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Abstract
This editorial aims to elucidate the intricate relationship between vitamin D and 
viral pathogenesis. It explores the anticipated role of vitamin D as a modulator in 
the immune response against severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) and other viral pathogens. The editorial comments are based on the 
review article by Engin et al. The potential role of vitamin D in modulating 
immune responses has been highlighted by several studies, suggesting that it may 
influence both the risk and severity of infections. Vitamin D receptors are present 
in immunocompetent cells, which indicates that vitamin D can potentially 
modulate innate and adaptive immune responses. This context is relevant in the 
pathophysiology of coronavirus disease 2019 (COVID-19), where the immune 
response to the virus can significantly impact the disease progression and 
outcome. The immunomodulatory effects of vitamin D can protect against SARS-
CoV-2 infection by enhancing innate and adaptive immune responses. It also 
maintains the integrity of the body's physical barriers and modulates inflam-
matory responses, thereby preventing entry and replication of the virus. Many 
studies have suggested that adequate vitamin D levels help alleviate morbidity 
and mortality associated with COVID-19. Furthermore, vitamin D supple-
mentation has been linked with a lower risk of severe disease and mortality in 
COVID-19 patients, particularly in those with a deficiency during seasons with 
less sunlight exposure.
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Core Tip: Amidst the global health crisis, where coronavirus disease 2019 has claimed millions of lives and disrupted the 
very fabric of society, the quest for effective prophylactic and therapeutic strategies has become paramount. Vitamin D, a 
secosteroid with profound immunomodulatory effects, emerges as a molecule of consequence in this narrative. However, the 
scientific discourse must be unanimous, as current literature presents conflicting evidence and viewpoints reflecting the 
dynamic nature of scientific inquiry.

Citation: Nagoba BS, Gavkare AM, Rayate AS, Nanaware N, Bhavthankar S. Impact of vitamin D on COVID-19 and other viral 
diseases. World J Virol 2024; 13(4): 100356
URL: https://www.wjgnet.com/2220-3249/full/v13/i4/100356.htm
DOI: https://dx.doi.org/10.5501/wjv.v13.i4.100356

INTRODUCTION
The editorial comments are based on the review article by Engin et al[1], which emphasizes role of vitamin D and its 
immunological influence by promoting the release of antimicrobial peptides, fine-tuning the responses of the immune 
system, modulating renin-angiotensin system thereby improving the morbidity and mortality in coronavirus disease 2019 
(COVID-19) and other viral infections. In the relentless pursuit of understanding the intricacies of viral infections, the role 
of vitamin D, often called the “sunshine hormone,” has surfaced as a beacon of interest, particularly in the context of the 
COVID-19 pandemic[2]. The potential role of vitamin D in modulating immune responses has been highlighted by 
several studies, suggesting that it may influence both the risk and severity of infections. Vitamin D receptors are present 
in immune cells, which indicate that vitamin D can potentially modulate innate and adaptive immune responses. This 
context is relevant in the pathophysiology of COVID-19, where the immune response to the virus can significantly impact 
the disease progression and outcome. Amidst the global health crisis, where COVID-19 has claimed millions of lives and 
disrupted the very fabric of society, the quest for effective prophylactic and therapeutic strategies has become paramount. 
Vitamin D, a secosteroid with profound immunomodulatory effects, emerges as a molecule of consequence in this 
narrative. Epidemiological data suggest a correlation between vitamin D deficiency and the severity of COVID-19 cases
[3]. The resultant propelling wave of research now aims at deciphering its role in mediating respiratory infections. The 
immunological mechanisms by which vitamin D exerts its influence are complex, involving the modulation of both innate 
and adaptive immune responses, suggesting the potential to alter the course of viral infections[4]. However, the scientific 
discourse must be unanimous, as current literature presents conflicting evidence and viewpoints reflecting the dynamic 
nature of scientific inquiry.

COVID-19 OVERVIEW
In late 2019, a novel coronavirus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent of 
COVID-19 disease, emerged in Wuhan, China. Its rapid escalation into a global pandemic led to unprecedented health 
crises and economic disruptions worldwide. As of 2024, the pandemic has claimed nearly 7 million lives globally, with a 
significant impact on healthcare systems and day-to-day life[5]. Understanding the immune response to COVID-19 is 
crucial for several reasons. (1) It aids in the development of effective vaccines and treatments. Studies have identified 
unpredicted T-cell responses to adenoviral vaccines, highlighting the complexity of the immune reaction against the 
virus; (2) Immune response data can guide public health strategies to manage outbreaks and mitigate transmission. 
Research has shown that specific genes may confer resistance to the virus, offering insights into potential protective 
mechanisms; and (3) Analyzing the immune responses helps identify risk factors for severe disease, enabling targeted 
interventions for vulnerable populations.

In short, a comprehensive understanding of the immune responses to COVID-19 is essential for controlling the 
pandemic and improving global health outcomes[6].

VITAMIN D AND COVID-19 CORRELATION
The relationship between vitamin D levels and COVID-19 outcomes has been the subject of extensive research since the 
onset of the pandemic. A systematic review and meta-analysis up to April 2021 summarized the data from 38 eligible 
studies, including 2 randomized controlled trials and 27 cohort studies involving over 205000 patients[7]. This compre-
hensive analysis revealed a significantly lower risk of severe COVID-19 disease and associated mortality with supple-

https://www.wjgnet.com/2220-3249/full/v13/i4/100356.htm
https://dx.doi.org/10.5501/wjv.v13.i4.100356
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mentation of vitamin D. Specifically, the supplementation reduced severe disease risk by 62% and mortality risk by 65%. 
This observation highlights the possible protective role of vitamin D against the worsening of COVID-19, particularly in 
seasons characterized by vitamin D deficiency and in patients with non-severe cases.

Further supporting this, an observational cross-sectional study on 80 COVID-19 patients concluded that lower vitamin 
D levels were associated with more severe disease. Patients presenting with cough and fever had significantly lower 
vitamin D levels than those without these symptoms. Moreover, the study observed that patients with the most severe 
COVID-19 symptoms, as indicated by chest computed tomography scans, had the lowest vitamin D levels, alongside 
significantly higher blood levels of inflammatory markers such as C-reactive protein and ferritin[8]. Another study 
reported that individuals with lower vitamin D levels were more likely to test positive for SARS-CoV-2 and experience 
severe outcomes[9].

These studies collectively suggest a significant association between vitamin D levels and the incidence, severity, and 
mortality rates of COVID-19. While the exact mechanisms by which vitamin D influences COVID-19 outcomes are still 
being investigated, the current evidence points out that immune response may be enhanced, potentially reducing the risk 
of severe disease[10]. It is important to note, however, that these findings should not be interpreted as a direct cause-and-
effect relationship, and further research, particularly randomized clinical trials, is encouraged to confirm these results and 
fully understand the implications of vitamin D on COVID-19. The potential for vitamin D supplementation to serve as a 
complementary approach to managing COVID-19, especially for individuals at risk of deficiency, is a promising area for 
future investigation.

VITAMIN D AND IMMUNE FUNCTION
Vitamin D plays a crucial role in maintaining various physiological processes, including the modulation of the immune 
system. It is well documented that vitamin D influences innate and adaptive immune responses, which are critical in 
defense against pathogens. The active form of vitamin D, calcitriol, has been shown to enhance the function of immune 
cells such as T cells and macrophages. Furthermore, the presence of vitamin D receptors on immune cells indicates the 
importance of vitamin D in immune regulation.

The potential mechanisms by which vitamin D may influence the immune response to COVID-19 and other viral 
infections can be explained as follows: It enhances monocyte and macrophage phagocytosis and facilitates immunocom-
petence, thereby enhancing innate immunity and modulating adaptive immunity. Vitamin D induces the transcription of 
antimicrobial peptides, such as cathelicidin and defensins, which can lower viral replication rates and reduce concen-
trations of pro-inflammatory cytokines that produce the inflammation responsible for damaging lung tissue. Vitamin D 
may also lower the risk of developing specific conditions, such as respiratory tract infections, through various 
mechanisms, including maintaining epithelial barriers and modulating the inflammatory response to viral infections. 
Furthermore, vitamin D has a role in preventing the cytokine storm. This is particularly important to decrease the severity 
of inflammation, acute respiratory distress syndrome, and other critical complications[7].

CONTROVERSIES AND DEBATES
Recent clinical trials and studies have provided valuable insights into the effects of vitamin D supplementation on 
COVID-19 outcomes. A Phase 3 randomized controlled trial, CORONAVIT, investigated the impact of a test-and-treat 
approach to vitamin D supplementation on the risk of acute respiratory tract infections, including COVID-19. The study 
involved participants who were not taking vitamin D supplements at baseline and provided them with either a lower 
dose (800 IU/day) or a higher dose (3200 IU/day) of vitamin D based on their blood 25-hydroxyvitamin D levels. The 
primary outcome measured was the proportion of participants with at least one swab test or doctor-confirmed acute 
respiratory tract infection. The results did not support the hypothesis that vitamin D regimens offer significant protection 
against acute respiratory tract infections or COVID-19[11].

Further research published in Inflammopharmacology highlighted that some randomized controlled trials found vitamin 
D supplementation beneficial for reducing SARS-CoV-2 RNA positivity but not for reducing intensive care unit 
admission or all-cause mortality in patients with moderate-to-severe COVID-19[12]. Similarly, a meta-analysis by 
Varikasuvu et al[13] indicated that COVID-19 patients supplemented with vitamin D showed fewer intensive care unit 
admission and mortality rates, although the differences were not statistically significant.

A Cochrane database systematic review emphasized the need of high-quality evidence to determine whether vitamin 
D is an effective and safe treatment for adults with COVID-19. The review called for more well-designed studies with 
robust methods to explore this potential relationship further. It also mentioned ongoing research, with 21 studies on the 
topic at the time of the review, promising future updates as more evidence becomes available[14]. A rapid review from 
Oxford University's Centre for Evidence-Based Medicine referenced by FactCheck.org found no clinical evidence that 
vitamin D could prevent or treat COVID-19[15]. Additionally, a review published by nutrition experts in BMJ Nutrition, 
Prevention & Health recommended against high doses of vitamin D, instead advising to avoid deficiency[16]. The Mayo 
Clinic also weighed in, stating that while researchers are examining the effect of vitamin D levels on infection with the 
COVID-19 virus, there is need for a clear consensus on preventive or curative intent of prescribing vitamin D for COVID-
19[17].
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These findings suggest that vitamin D supplementation may benefit COVID-19 outcomes, particularly in reducing the 
severity of the disease and mortality; but the evidence is inconclusive. These findings must be interpretated in the context 
of individual patient needs and the broader spectrum of COVID-19 treatment and prevention strategies.

Moreover, the role of vitamin D in enhancing the immune response to vaccines is still unclear. Despite its immune-
modulatory effects, no solid evidence supports the claim that vitamin D supplementation can improve vaccine efficacy
[18]. This highlights the complexity of the immune system and the multifaceted nature of viral infections. Each virus 
interacts with the host's immune system differently; thus, vitamin D's role may vary across different viral infections.

VITAMIN D AND OTHER VIRAL INFECTIONS
The active form of vitamin D helps to reduce the inflammatory response, which often cause severe symptoms in viral 
infections. It decreases pro-inflammatory cytokines such as interleukin 6 (IL-6), IL-8, IL-12, interferon gamma, tumor 
necrosis factor alpha, and IL-17, while increasing anti-inflammatory cytokines (e.g., IL-4, IL-5, IL-17, and IL-10). Moreover, 
it also regulates the recognition of viral double-stranded RNA (dsRNA) through toll-like receptor 3, thereby playing a 
pivotal role in the immune response against viral infections. For instance, in the case of influenza, vitamin D is thought to 
reduce the risk of infection by modulating the response to viral antigens[19]. Vitamin D plays a pro-apoptotic role causing 
proliferation of plasma cells and immunoglobulin production, triggering recruitment of neutrophils, monocyte-
macrophages, and dendritic cells, thereby increasing their intracellular pathogen-killing capabilities. This is especially 
critical in combating infections not only by viral pathogens such as dengue and rotavirus but also by bacterial pathogens 
such as gram-positive and gram-negative bacteria, and even Mycobacterium tuberculosis[3,20].

In conclusion, while vitamin D plays a crucial role in the immune system and may influence the course of viral 
infections, more research is needed to understand its effects fully. The ongoing research into its preventive and 
therapeutic effects on viral infections, including COVID-19, influenza, and human immunodeficiency virus, underscores 
the importance of nutrients and the need for a nuanced understanding of its role in immune function.

PUBLIC HEALTH IMPLICATIONS
Vitamin D plays a critical role in maintaining optimal health, and the potential consequences of deficiency include 
increased risk of chronic diseases such as osteoporosis, diabetes, cancer, cardiovascular disease, and certain autoimmune 
and neurological disorders[21]. The growing body of evidence suggests that ensuring adequate vitamin D levels in the 
population could be a cost-effective strategy to reduce the incidence of these conditions, potentially saving billions in 
healthcare costs[22].

Public health policies must evolve to address the widespread issue of vitamin D deficiency. The strategies should 
involve food fortification, public education campaigns to promote safe sun exposure, and targeted supplementation 
programs, especially for at-risk populations such as the elderly, individuals with limited sun exposure, and those with 
pre-existing health conditions. As research continues to evolve, it will be essential to refine these recommendations to 
ensure that they are based on solid evidence and are tailored to the needs of different populations. Moreover, 
standardizing vitamin D assays and agreeing on threshold values for deficiency and sufficiency are crucial for accurately 
assessing vitamin D status, which is a prerequisite for effective public health interventions[23]. Finally, the role of vitamin 
D in the modulation of the innate and adaptive immune systems and its potential synergistic effects with other treatments 
are promising research directions that could yield significant benefits for public health.

Furthermore, the research underscores the necessity for randomized controlled trials to determine the optimal dosage 
and formulation of vitamin D supplements that would confer the most significant health benefits without the risk of 
toxicity. It also calls for a nuanced approach to public health recommendations that considers individual variability in 
vitamin D metabolism, influenced by genetics, skin pigmentation, latitude, and lifestyle.

EDITORIAL STANCE
The editorial stance, grounded in the latest scientific evidence, posits that vitamin D plays a multifaceted role in the 
immune response to viral infections. Observational studies have consistently demonstrated a correlation between low 
vitamin D levels and a higher incidence of respiratory infections. It is important to note that while vitamin D's immune-
modulatory effects are promising, they should not be viewed as a standalone solution but rather as a complementary 
measure within a broader treatment and prevention strategy. The editorial advocates for a balanced perspective that 
recognizes the potential benefits of vitamin D, further acknowledging the need for further research to understand its role 
fully in the context of viral infections. This stance is supported by a body of research that, while indicative of vitamin D's 
positive impact on immune health, also underscores the complexity of viral diseases and the many factors that influence 
their progression and outcome.
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CONCLUSION
The consensus leans towards the necessity for more rigorous and dedicated research to conclusively determine the role of 
vitamin D in COVID-19 outcomes. These findings underscore the complexity of nutritional science and its intersection 
with infectious diseases, where definitive answers often require extensive, collaborative, and meticulously conducted 
research.

Another area that requires further investigation is the potential for vitamin D to modulate the immune response in 
chronic respiratory diseases, where viral infections can exacerbate symptoms. Understanding the full range of implic-
ations that vitamin D may have on lung inflammation, infection, and disease severity could lead to more effective 
management strategies for chronic respiratory conditions. Moreover, the interplay between vitamin D levels and the risk 
of recurrent infections is an important topic that needs more attention. With the ongoing COVID-19 pandemic, there is an 
urgent need to explore how vitamin D supplementation could affect the outcomes of those infected with the virus. The 
seasonality of certain viral infections and the corresponding fluctuations in vitamin D levels due to changes in sunlight 
exposure also present an exciting area for research.

In conclusion, the current perspective on vitamin D research advocates for a proactive stance in public health nutrition, 
emphasizing the importance of vitamin D status in preventing disease and maintaining overall health. As such, public 
health policies must align with the emerging evidence to effectively address the challenges posed by vitamin D deficiency 
on a community level.
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Abstract
Periodontitis is the inflammation of the supporting structures around the dentition. Several microbial agents, 
mostly bacteria, have been identified as causative factors for periodontal disease. On the other hand, oral cavity is a 
rich reservoir for viruses since it contains a wide variety of cell types that can be targeted by viruses. Traditionally, 
the focus of research about the oral flora has been on bacteria because the most widespread oral diseases, like 
periodontitis and dental caries, are outcomes of bacterial infection. However, recently and especially after the 
emergence of coronavirus disease 2019, there is a growing tendency toward including viruses also into the scope of 
oral microbiome investigations. The global high prevalence of periodontitis and viral infections may point out to a 
concomitant or synergistic effect between the two. Although the exact nature of the mechanism still is not clearly 
understood, this could be speculated through the manipulation of the immune system by viruses; hence facilitating 
the furthermore colonization of the oral tissues by bacteria. This review provides an extensive and detailed update 
on the role of the most common viruses including herpes family (herpes simplex, varicella-zoster, Epstein-Barr, 
cytomegalovirus), Human papillomaviruses, Human immunodeficiency virus and severe acute respiratory 
syndrome coronavirus 2 in the initiation, progression and prognosis of periodontitis.

Key Words: Virus; Periodontitis; Bacteria; Herpesvirus; Herpes simplex virus; Varicella-zoster virus; Epstein-Barr virus; 
Cytomegalovirus; Human papillomaviruses; SARS-CoV-2; Human immunodeficiency virus

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Periodontitis affects millions of people worldwide. It has been connected to several systemic inflammations and 
infections. Periodontitis is a complex and multifactorial disease. The main microorganisms involved in periodontitis are 
bacteria. However, viruses may have a contribution in the etio-pathogenesis of periodontitis also. In this article we 
extensively reviewed the role of some of the most common viruses in the initiation and progression of periodontitis.

Citation: Mahmood MK, Fatih MT, Kurda HA, Mahmood NK, Shareef FU, Faraidun H, Tassery H, Tardivo D, Lan R, Noori ZF, 
Qadir BH, Hassan AD. Role of viruses in periodontitis: An extensive review of herpesviruses, human immunodeficiency virus, 
coronavirus-19, papillomavirus and hepatitis viruses. World J Virol 2024; 13(4): 99070
URL: https://www.wjgnet.com/2220-3249/full/v13/i4/99070.htm
DOI: https://dx.doi.org/10.5501/wjv.v13.i4.99070

INTRODUCTION
Periodontitis which is an immune-inflammatory disease is characterized by the host's response to the presence of 
subgingival polymicrobial biofilms, eventually leading to clinical attachment loss of periodontium and alveolar bone 
degeneration. Gingivitis, or gum inflammation, usually does not cause any serious problems at first. If it spreads further 
the soft tissue and bone that firmly anchors the teeth, called the periodontium, could be harmed also. Inflammation of this 
periodontium is known as periodontitis in medicine[1]. Twenty percent of adults globally are thought to suffer from 
severe periodontal diseases, with over 1 billion incidences believed to exist[2].

Periodontitis has multiple contributing factors. One of the key components is a person's genetic susceptibility to the 
disease. Numerous bacteria have been identified in the field of microbiology. Porphyromonas gingivalis (P. gingivalis), 
Aggregatibacter actinomycetemcomitans (A. actinomycetemcomitans), and Treponema denticola (T. denticola) are among the most 
crucial bacteria that have been linked to the disease's onset and progression[3]. Subgingival calculus was revealed to be a 
local component connected with the beginning of the condition, and dental plaque was linked to its advancement. 
Therefore, the etio-pathogenesis of periodontitis involves a variety of bacteria, both beneficial and detrimental host 
immune responses, environmental variables that are modifiable and those that are not, as well as genetic and epigenetic 
factors[4,5].

Oral cavity, on the other hand, is a significant source of viruses since it has a diverse range of cell types that viruses can 
target. Because bacterial infections are the cause of the most common oral diseases, such as dental caries and period-
ontitis, research on the oral flora has traditionally focused on bacteria[6]. However, conditions have changed with the 
development of molecular biology technologies.

Detecting viruses in periodontitis is crucial for understanding their role in the disease. Two advanced molecular 
techniques, polymerase chain reaction (PCR) and next-generation sequencing (NGS), have significantly improved the 
sensitivity and specificity of viral detection in periodontal tissues. PCR is a widely used method for detecting viral DNA 
or RNA in subgingival plaque samples. PCR and its quantitative variant, qPCR, are highly sensitive and specific 
techniques that can amplify and quantify viral genetic material. For example, Chalabi et al[6] used PCR to detect period-
ontopathic bacteria and herpesviruses in chronic periodontitis, demonstrating the presence of these pathogens in 
periodontal pockets[6]. Similarly, Thomasini and Pereira utilized PCR-based assays to identify herpesviral infections in 
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the oral cavity, highlighting the relevance of viral detection in periodontal disease[7]. NGS is another powerful technique 
that allows comprehensive analysis of the viral genome in periodontal samples. NGS can identify and quantify a broad 
range of viral species, providing a detailed profile of the viral community present in periodontal tissues. This method 
offers several advantages over traditional techniques, including high throughput, deep sequencing depth, and the ability 
to detect low-abundance viruses. Carrozzo and Scally employed NGS to study the oral microbiome and its association 
with hepatitis C virus (HCV) infection, providing insights into the complex interactions between viruses and periodontal 
disease[8]. Both PCR and NGS have significantly advanced our ability to detect and analyze viruses in periodontitis. PCR 
is particularly useful for targeted detection and quantification of specific viral pathogens, while NGS provides a compre-
hensive overview of the viral community and its diversity. The integration of these techniques in periodontal research has 
led to a better understanding of the viral contributions to periodontal inflammation and disease progression.

There has been an increasing trend recently, particularly with the rise of coronavirus disease 2019 (COVID-19), to 
include viruses in the scope of studies on the oral microbiota. While some viruses are systemic and involve secondarily 
the oral cavity, others have a relative predilection for the oral tissues. Only a small percentage of the viruses that live in 
the oral cavity are pathogenic and have the potential to cause symptoms. The majority of viruses are commensals. The 
significant frequency of viral infections and oral diseases worldwide may indicate a concurrent or synergistic influence 
between the two[8]. Even though the precise mechanism is yet unknown, it may be related to viruses' ability to influence 
the immune system, which in turn allows bacteria to colonize oral and dental tissue. This has led to viral-bacterial plaque 
hypothesis. Moreover, a similar correlation between several viral infections and oral cancer can be proposed[9]. This 
review provides an extensive and detailed update on the role of the most common viruses including herpes family 
(herpes simplex, varicella-zoster, Epstein-Barr, cytomegalovirus), human papillomaviruses (HPV), human immunodefi-
ciency virus (HIV) and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in the initiation, progression and 
prognosis of periodontitis.

HUMAN HERPESVIRUS
Human herpesvirus (HHV) refers to a broad family of DNA viruses that includes the varicella-zoster virus (VZV), 
cytomegalovirus (CMV), Epstein-Barr virus (EBV), and, more recently, the herpes simplex virus (HSV), which comes in 
two kinds, HSV-1 and HSV-2. The only known natural reservoir for these endemic viruses is humans[10]. These viruses 
are prone to latency, repeated infections, and dissemination. All eight varieties result in a primary infection and remain 
dormant within particular cell types for the duration of the host's life. These viruses can reactivate and induce 
asymptomatic or symptomatic reactivation. Saliva and vaginal fluids carry the viruses, which can spread to new hosts[7].

In 2016, 491 million persons worldwide or 13% of the population between the ages of 15 and 49- were projected to have 
HSV-2 infection. In the same year, an estimated 3.7 billion persons worldwide, or 66% of those between the ages of 0 and 
49, contracted HSV-1[11]. Table 1 provides some key information on the main target cells of the HHV types, their oral and 
systemic pathologies.

Numerous causes served as inspiration for periodontal HHV research. The 1960s periodontal model was centered on 
dental biofilm and plaque. However, the low frequency of periodontitis in some patients with large biofilm buildup and 
the quick progression of juvenile (aggressive) periodontitis lesions with modest biofilms, cannot be explained by the 
presence of biofilm production alone[7]. Results of periodontal biofilm eradication techniques have been inconsistent. In 
the late 1970s, due to these clinical circumstances, the etiology of severe periodontitis shifted from a broad microbiologic 
disease to a specific infection involving different anaerobic bacteria. However, bacterial infections alone cannot explain 
periodontitis' site-specificity, especially its bilateral symmetrical distribution around the mouth's midline. The site-
specificity of periodontitis pointed to herpesviruses, which are the prototype agents for tissue tropism infectious (e.g., 
herpes labialis)[12]. The pattern of HHV infection may account for a number of characteristic features of periodontal 
diseases, including: (1) The localized pattern of tissue destruction, which may be caused by viral tissue tropism; (2) The 
disease's episodic, progressive nature, which may be caused by temporary local immunosuppression resulting from 
either an active or latent viral infection; and (3) The fact that some people have periodontopathogenic bacteria but still 
have healthy gums maybe due to lack of viral infection[13].

Many studies have found a significant incidence of HHVs in periodontal disease beginning in the mid-1990s. The 
presence of HHVs in gingival tissue, gingival cervicular fluid (GCF), and subgingival plaque in periodontal disease 
suggests that HHVs might be involved in the periodontal disease etiology. First of all, it has been demonstrated that 
human gingiva from clinically healthy individuals can get infected with HSV, indicating that these cells may serve as a 
reservoir for the latent virus[14]. Eventually, it was shown that the gingival tissue of periodontitis sites had a higher 
frequency of viral detection than did healthy locations[15]. Furthermore, also in the in GCF, it was observed that the 
frequency of HHV detection from periodontally diseased sites was higher than that from gingivitis/healthy sites[16]. 
Again, it was shown that subgingival plaque from periodontally diseased locations had a higher frequency of viral 
detection than plaque from healthy sites[17]. Moreover, it was found that the GCF of periodontal lesions contained active 
HHVs[18]. Additionally, the relationship between HHVs and periodontal bacterial infections was examined in a number 
of investigations[19]. Lastly, extensive populations were the subject of epidemiological investigations. For instance, a 
recent study that examined periodontitis and HSV co-infection used extensive cross-sectional data from the National 
Health and Nutrition Examination Survey (NHANES), which included 4733 adults aged 30-50. Both HSV-1 [odds ratio 
(OR) = 1.09, P < 0.001] and HSV-2 (OR = 1.06, P = 0.030) infections were substantially linked to periodontitis after 
controlling for variables. Those with HSV-1 (+) and HSV-2 (+) and HSV-1 (+) and HSV-2 (-) infection demonstrated 
greater incidence of periodontitis in all subgroups (OR = 1.15, OR = 1.09, P < 0.001) in subgroup analyses compared to 
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Table 1 Key information on the human herpes virus types, the main target cells, their oral and systemic pathologies

Human 
herpes virus Main target cells Oral pathology Systemic pathology

HHV-1 and 2 
(HSV 1 and 2)

Mucoepithelial cells (orofacial and 
genital tract)

Primary herpetic gingivostomatitis. Recurrent herpetic 
gingivostomatitis. Chronic herpetic gingivostomatitis. 
Herpes labialis. Increased risk of periodontitis

Genital ulcers

HHV-3 (VZV) Mucoepithelial cells and T cells 
(orofacial and any skin or mucosa 
of the body)

Possible oral vesicles and ulcers, increased risk of period-
ontitis

Primary infection: Varicella (chicken 
pocks). Recurrent infection: Herpes 
zoster (shingles)

HHV-4 (EBV) Mucoepithelial cells and B cells Hairy leukoplakia, leukoplakia, nasopharyngeal carcinoma, 
ulcerations and palatal petechiae, oral lymphoma, increased 
risk of periodontitis

Infectious mononucleosis, lymphoma

HHV-5 
(CMV)

Monocytes, fibroblasts, 
lymphocytes and epithelial cells

Oral vesicles and ulcers, increased risk of periodontitis Infectious mononucleosis

HHV-6 T cells, epithelial cells, monocytes, 
fibroblasts and more

Unknown

HHV-7 T cells, epithelial cells, monocytes, 
fibroblasts and more

Unknown

HHV-8 Not identified Ulcers and tumors Kaposi’s sarcoma

EBV: Epstein-Barr virus; CMV: Cytomegalovirus; HHV: human herpes virus, HSV: Herpes simplex virus; VZV: Varicella-zoster virus.

those without HSV infection[20].
These preliminary studies accumulated through time to form a considerable amount of literature body on the same 

association studied globally. Starting from the last decade, this series of investigations led to several systematic reviews 
and meta-analyses on the available data. Table 2 collects a list of selected systematic reviews and meta-analyses on the 
association between HHV and periodontitis. Findings from these reviews show a pattern and a potential consistency. For 
the EBV, which is the most studied HHV, a strong correlation with chronic, aggressive and advanced periodontitis was 
seen. This may reflect the high prevalence of EBV in most of the oral cavity tissues, its virulence and aggressive 
pathogenicity. However, when it comes to the apical periodontitis and peri-implantitis, negative association was reported
[21-23]. The same pattern is true for human CMV (HCMV) since most of the data shows a strong association between its 
detected prevalence and chronic, advanced and aggressive periodontitis but not with apical periodontitis[24]. Regarding 
the HSV, statistically significant relation with chronic, advanced and aggressive periodontitis were reported[25]; although 
in one meta-analysis including twelve studies no significant association was seen[26]. Finally, the same result was 
repeated in a recent umbrella review including six meta-analyses. The association between HHVs and marginal period-
ontitis was significant in contrast to the apical periodontitis of endodontic origin[27].

The exact mechanism by which HHVs affect the initiation and progression of periodontitis is still to be uncovered. 
However a HHV-bacterial model for periodontitis have been proposed briefly as follows: Important components of 
periodontal pathosis in the herpesviral-bacterial model of periodontitis include immunopathogenicity of the virus, its 
escaping capability from immune system, latency, reactivation after latency, and tissue/site tropism[28-31]. First, bacteria 
in the dental biofilm cause gingivitis, which opens the door for latent HHV to reach the periodontium through 
macrophages, T-lymphocytes, and B-lymphocytes. Latent HHV can reactivate on its own or during times when the host's 
defenses are weakened, as in the case of concurrent infections, drug-induced immunosuppression, unusually high levels 
of emotional stress, hormonal fluctuations, physical trauma, etc. Interestingly enough, the majority of conditions that 
activate herpesviruses are also thought to be risk factors or markers of periodontitis. As previously mentioned, the 
herpesvirus infection can release pro-inflammatory cytokines that may activate osteoclasts and matrix metalloproteinases, 
so compromising the immune system's ability to combat periodontopathic bacteria[32].

In conclusion, based on the mentioned data, an association between HHVs (especially EBV, HCMV and HSV) and 
marginal periodontitis is highly plausible; however all the data shows no such relation with apical periodontitis. This con
-clusion may support the hypothesis that HHVs have an affinity toward reaching and infecting the gingiva and period-
ontium but not the pulpal and apical periodontal tissues.

HIV
HIV is a single stranded RNA virus that belongs to the family of Retroviridae. Two main species have been identified: 
HIV-1 and HIV-2. The former is exhibited globally and responsible for most of the cases, while the latter predominates in 
West Africa and is related with a relatively decreased risk of transmission and slower progression of the disease. By the 
end of 2022, there were an anticipated 39 million HIV-positive individuals worldwide, with the World Health 
Organization (WHO) African Region housing two thirds of them. In 2022, 1.3 million new cases of HIV infection and 
630000 deaths from HIV-related causes were reported[33].
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Table 2 A list of systematic reviews and meta-analyses on the association between human herpesviruses and periodontitis

Ref. Study design Findings Conclusion
Reported 
statistical 
significance

Jakovljevic 
et al[27], 
2022

Umbrella review including six 
meta-analyses on HHVs detection 
in MP and apical periodontitis of 
endodontic origin (APEO)

MP risk increased with subgingival HHVs. The 
connection was robust (OR > 3.0), although 
confidence intervals were broad, heterogeneity was 
high, and studies were small. However, systematic 
reviews of APEO and HHVs found no significant 
relationships

There was a substantial 
correlation between HHVs 
and MP, but not APEO, 
according to low-quality, 
highly unclear research

MP: Yes; APEO: 
No

Arduino et 
al[26], 2023

Meta-analysis of eight observa-
tional studies on HSV-1 in 
endodontic peri-apical lesions 
including 194 adult patients

Pooled HSV-1 prevalence was 4.8% (95%CI: 
2.0%–11.4%; adjusted for small-study effect); 8.1% 
(95%CI: 4.4%–14.5%, quality-adjusted); and 6.8% 
(95%CI: 3.6%–11.0%, random-effects)

3%–11% of periapical 
disease patients had HSV-1 
colonization. Such data do 
not suggest HSV-1 causes 
the onset and progression 
of periodontitis

No

Arduino et 
al[25], 2022

Meta-analysis of twelve 
case–control and cross- sectional 
studies (738 cases, 551 controls), 
investigating HSV-1 in subgingival 
plaque/crevicular fluid and period-
ontitis

For any type of periodontitis, the pooled ORs were 44 
(95%CI: 1.9–10.2); for chronic periodontitis, they were 
28 (95%CI: 1.0–8.3); and for aggressive periodontitis, 
they were 118 (95%CI: 5.4–25.8)

HSV-1 was associated with 
periodontitis

Yes

Maulani et 
al[21], 2021

Meta-analysis of studies on EBV, 
involving 1354 periodontitis 
patients and 819 healthy controls

When subgingival EBV was found, there was an 
increased incidence of periodontitis: OR = 7.069 
(95%CI: 4.197–11.905, P < 0.001)

An elevated risk of period-
ontitis is linked to a high 
frequency of EBV detection

Yes

Roca-Millan 
et al[22], 
2021

Meta-analysis of five researches on 
EBV and peri-implantitis. The study 
included 274 patients (125 men and 
149 women) and 388 implants (197 
healthy, 166 peri-implantitis, and 25 
mucositis)

In the peri-implant sulcus, there was no significant 
difference in EBV presence between peri-implantitis 
and healthy implant groups (OR = 4.14; 95%CI: 0.93-
18.37; P = 0.06)

EBV prevalence in the 
sulcus was not statistically 
different between peri-
implantitis and normal 
implant groups

No

Li et al[28], 
2017

Meta-analysis of twelve case-
control studies on the presence of 
HHVs in AgP involving 322 
patients and 342 controls

EBV showed substantial connection with AgP, 
however publication bias was present (10 studies: OR 
= 6.11, 95%CI: 2.13–17.51, P = 0.0008). HCMV and 
HSV-1 also showed significant associations (12 
studies: OR = 3.63, 95%CI: 2.15–6.13 P = 0.009; 4 
studies: OR = 19.19, 95%CI: 4.16–79.06, P < 0.001). 
Relation between HSV-2 and AgP was inconclusive (2 
studies: OR = 3.46, 95%CI: 0.51–23.51, P = 0.20)

AgP showed strong associ-
ations with EBV, HCMV, 
and HSV-1. But there was 
a lot of heterogeneity 
among the studies

Yes

Zhu et al
[29], 2015

Meta-analysis of 12 studies 
(including 552 cases and 371 
controls) investigated the 
association between HHVs and 
chronic periodontitis

EBV: 12 studies (OR = 5.74, 95%CI: 2.53–13.00, P < 
0.001). HCMV: 10 studies (OR = 3.59, 95%CI: 
1.41–9.16, P = 0.007). HSV: 2 studies (OR = 2.81 
95%CI: 0.95–8.27, P = 0.06). HHV-7: 1 study (OR = 
1.00, 95%CI: 0.21–4.86)

Chronic periodontitis was 
highly correlated with both 
HCMV and EBV. 
Inadequate evidence was 
found for HHV-7 and HSV

EBV: Yes; 
HCMV: Yes; 
HSV: No; HHV-
7: No

Botero et al
[24], 2020

Meta-analysis of 32 studies on 
HCMV in periodontitis (26 studies 
involving periodontitis and 6 
involving apical periodontitis)

Significantly elevated periodontitis risks with 
subgingival HCMV (OR = 5.31; 95%CI: 3.15-8.97). 
HCMV was not linked to apical periodontitis (OR 
3.65; 95%CI: 0.49-27.10)

HCMV was significantly 
associated with period-
ontitis but not with apical 
periodontitis

Periodontitis: 
Yes; Apical 
periodontitis: 
No

Gao et al
[23], 2017

Meta-analysis of 21 case–control 
studies (including 995 patients and 
564 healthy people) on the 
association between EBV and 
periodontitis

Significant differences were found in the odds of 
periodontitis and EBV detection (OR = 6.199, 95%CI: 
3.119–12.319, P < 0.001)

An elevated risk of 
periodontal diseases was 
connected with a high 
prevalence of EBV

Yes

Alzahrani
[19], 2016

Systematic review of 12 studies on 
the association between HHVs and 
risk of AgP and AP

In contrast to healthy 
individuals, HHVs (HSV, 
CMV, and EBV) levels 
were elevated and linked 
to AgP and AP

Yes

Jakovljevic 
et al[30], 
2014

Meta-analysis of 17 cross-sectional 
studies on the association of HCMV 
and EBV with apical periodontitis

No statistically signicant relationship between the 
presence of HCMV and EBV messenger RNA 
transcripts (P = 0.083 and P = 0.306, respectively) and 
the clinical features of apical periodontitis

HCMV and EBV were 
common in symptomatic 
and large-size periapical 
lesions, but not statistically 
signicant

No

HSV: Herpes simplex virus; AgP: Aggressive periodontitis; MP: Marginal periodontitis; APEO: Apical periodontitis of endodontic origin; EBV: Epstein-
Barr virus; HCMV: Human cytomegalovirus; AP: Advance periodontitis; HHV: Human herpesvirus; OR: Odds ratio.



Mahmood MK et al. Role of viruses in periodontitis

WJV https://www.wjgnet.com 6 December 25, 2024 Volume 13 Issue 4

It's critical to distinguish between two things when discussing HIV/acquired immunodeficiency syndrome (AIDS): 
First, the infection pattern both prior to and following contemporary antiretroviral therapy (ART). Due to the 
introduction and widespread use of ART since 1996, AIDS-which was defined by a fast advancing immunodeficiency 
course that ultimately results in death- has recently been reduced to a chronic condition that could be managed[33]. 
Therefore, those living with HIV experience longer life expectancies, lower rates of death and morbidity, and roughly the 
same rates of development of chronic non-HIV-related illnesses as the general population[34]. These patients also saw 
improvements in their quality of life. The second point is that industrialized and developing countries have different 
illness distribution and types. Unfortunately, socioeconomic factors like poverty, prejudice, stigma, and inadequate 
healthcare systems continue to be major obstacles to treatment and prevention initiatives in underdeveloped nations[35].

A series of oral manifestations of HIV infection have been identified including oral hairy leukoplakia, oral candidiasis, 
oral warts, salivary gland diseases, Kaposi sarcoma, linear gingival erythema, necrotizing ulcerative gingivitis, 
necrotizing ulcerative periodontitis and chronic periodontitis[36]. In a recent meta-analysis, the overall prevalence of the 
manifestations were reported as follows: Oral candidiasis (35%), pseudomembranous candidiasis (19%), oral hairy 
leukoplakia (12%), Kaposi sarcoma (5%) and erythematous candidiasis (18%)[37]. Atypical lesions affecting the 
periodontal tissues, such as necrotizing ulcerative gingivitis, necrotizing ulcerative periodontitis, and linear gingival 
erythema, were seen prior to the development of ART[38]. However, there has been a noticeable decrease in the incidence 
of oral candidiasis, hairy leukoplakia, and destructive and atypical periodontal disease in HIV patients since the 
introduction of combined ART[39]. HIV-positive patients on ART had a statistically significant reduction in the 
prevalence of angular cheilitis, erythematous candidiasis, oral herpes, pseudomembranous candidiasis, Kaposi sarcoma, 
and oral hairy leukoplakia when compared to those who were not on ART[40].

The most prevalent kind of periodontal disease, chronic periodontitis, has been the subject of epidemiological research. 
A variety of potential correlations between HIV and the frequency and severity of periodontal illnesses were 
documented. Prior to the development of ART, certain research found that HIV patients who also had chronic 
periodontal disease experienced higher levels of attachment loss than non-infected patients, and this was associated with 
decreasing CD4 counts[41] and a greater extent of gingival recession, with or without greater alveolar bone loss[42]. 
However, in the combined ART era, studies have reported reductions in the prevalence of periodontal diseases in adults 
with HIV[40,43]. Moreover, studies carried out during the era of combined ART have not discovered any discernible 
variations in the frequency or severity of periodontal disease between HIV-positive patients receiving these therapies and 
non-infected individuals[43]. Furthermore, a large longitudinal study conducted on a cohort of women from 1995 to 2002 
found no significant differences between HIV-positive and HIV-negative women in terms of baseline mean probing 
depths, clinical attachment levels, the advancement of attachment loss, or pocket depths[44]. When comparing HIV 
patients receiving ART vs those not, it seemed that patients on ART had a significantly lower prevalence of necrotizing 
gingivitis, and there was no statistically significant difference in the prevalence of either chronic or necrotizing period-
ontitis between the two groups[45]. Periodontal inflammation was common in HIV patients regardless of ART status, and 
in participants with virological suppression, the periodontal treatment reduced periodontitis along with a concurrent 
decrease in IL-6 and an increase in CD4. These findings highlight the impact of periodontal treatment on local inflam-
mation and periodontitis in HIV patients[46]. A recent systematic review showed that HIV infection does not seriously 
threaten implant survival in the short term, but the data was of high quality[47].

In the combined ART era, as in the pre-combined ART era, there have been conflicting results regarding the 
relationship between periodontal attachment loss or pocket depth and CD4 counts and/or HIV viral load. Even though 
HIV can be found and measured in the subgingival biofilm of HIV-positive people[48], some research found no 
significant differences in periodontal parameters[49,50] or in tooth loss patterns[51], or the stages of HIV infection partic-
ularly for patients with a CD4 count higher than 500 cells/mm3[52]. However, patients on combined ARTs who showed 
resistance to the therapy or a lack of compliance did show a slight increase in tooth loss along with a 10-fold increase in 
viral load[44]. Meanwhile, a different study found that patients on combined ART who had a CD4 count of less than 200 
cells/mm3 were more likely to develop periodontal disease[53]. Lastly, in HIV-positive individuals, the severity of 
periodontitis was linked to greater frequencies of circulating CD8+ senescent cells, raised CRP levels, and an increased 
prevalence of P. gingivalis[54].

In children, early research conducted in the pre-ART era indicated high incidence of gingivitis and early periodontitis 
in many different nations worldwide. Clinical markers such as bleeding on probing, increasing depths of probing, and/or 
loss of clinical attachment were used in these studies[55-57]. More recently, in the age of ART, extensive cross-sectional 
and prospective epidemiological studies have been conducted to examine the impact of these medications on the 
prevalence and severity of periodontal problems in children and adolescents. A large multicenter prospective cohort 
research included 2767 HIV-positive children from United States and Puerto Rico indicated that children on combined 
ART had significantly decreased occurrences of oral candidiasis and herpes zoster when compared to children on pre-
combined ART[58]. In addition, a recent meta-analysis reported that HIV-positive children taking ART had a signicantly 
higher prevalence of periodontal diseases (three-fold), oral ulcer (6-fold), oral candidiasis (17-fold) and mucosal hyperpig-
mentation (20-fold) than the healthy controls[59].

The periodontal microbiota of HIV-positive patients has been the subject of numerous studies. According to the 
findings of certain studies, the subgingival microbiota of people with HIV infection and those without it is similar in 
composition[60,61]. Other research found that HIV-positive individuals had higher prevalence of periodontal pathogens, 
including Prevotella intermedia, A. actinomycetemcomitans, P. gingivalis, T. forsythia, Fusobacterium nucleatum and T. denticola, 
as well as a mixture of these species[62-64].

HIV targets the immune system, namely CD4+ T cells, which causes widespread viremia and leading to a status 
known as AIDS. Most bodily fluids, including blood, saliva, urine, tears, breast milk, ear secretions, semen, and vaginal 
secretions can contain the HIV virus in people who are positive for the infection[65]. HIV is typically found in saliva at 
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much lower concentrations in patients than in blood. Saliva has been found to contain RNA and DNA of HIV[66,67]. 
Serum and HIV-positive macrophages and lymphocytes from gingival crevicular fluid, which the latter is elevated during 
periodontal disease, are potential sources of infectious HIV DNA in saliva[68]. It's unclear how exactly the HIV enters the 
periodontium. However, it is well known that the presence of inflammation causes the surface of the oral epithelium to 
express higher number of receptors, including HIV receptors, which may increase the epithelium's permeability[69].

In conclusion, ART has decreased aggressive forms of atypical periodontitis, while the results on chronic periodontitis 
are inconclusive. A higher prevalence of traditional periodontal pathogens, which are typically also found in non-infected 
persons, is present in the subgingival microbiota of HIV-positive patients with chronic periodontitis. Moreover, the 
extreme immunosuppression appears to encourage the colonization of these species and other species that are uncommon 
in the subgingival microbiota. This mandates a closer and personalized monitoring and follow-up of HIV patients 
concerning their periodontal health status.

SARS-COV-2
The coronavirus is a common single-stranded RNA virus that is extremely infectious among humans and animals and 
can cause respiratory infections ranging from mild to severe. Late in 2019, a novel strain of the β-coronavirus family, 
known as SARS-CoV-2, surfaced in Wuhan, China. It quickly spread throughout the globe, forcing the WHO to designate 
the disease a global pandemic on March, 2020[70].

The virus enters the body and generates viremia, which initiates the early stage of the sickness, which typically lasts 
three to seven days. The illness may then progress into a second stage where the virus enters the bloodstream and targets 
a variety of tissues and organs[71]. Critical organ damage, including damage to the heart, lungs, nervous system, 
gastrointestinal tract, and kidneys, causes the patient's condition to worsen. Furthermore, a pathological inflammatory 
reaction labeled the "cytokine storm" raises the COVID-19 mortality rate. This cytokine storm is indicative of an overre-
action of the immune system, as indicated by increased levels of inflammatory mediators in the blood[72]. One of the 
main ways that SARS-CoV-2 is contagious is because of a spike of protein on its surface that can bind to the angiotensin-
converting enzyme 2 (ACE 2), which is found on the membrane of several human body cells[73]. Actually, the fact that 
ACE 2 is highly expressed in the lower respiratory tract, namely on alveolar pneumocytes, is one of the main mechanisms 
that SARS-CoV-2 infection can harm the lungs and cause acute respiratory distress syndrome[74].

Severe COVID-19 disease has been linked to a number of risk factors. These include comorbidities like obesity and the 
existence of underlying disorders, as well as factors like advanced age and sex (male), as well as diabetes, hypertension, 
cerebrovascular disease, cardiovascular disease and chronic renal disease[73].

It appears that the oral cavity contributes significantly to the pathogenicity of COVID-19. The oral cavity exhibits high 
expression levels of membrane proteins such as transmembrane protease serine 2 and ACE 2, which are utilized by SARS-
CoV-2 to infect cells[75]. Similar to those in the lungs and tonsils, these membrane proteins have been detected at similar 
concentrations on the epithelial cells of the oral mucosa, tongue, gingiva, salivary glands, and periodontal pockets[76]. 
Furthermore, oral fluids and saliva may contain SARS-CoV-2; the oral viral load has been linked to the severity of the 
disease[77].

There have been some nonspecific oral lesions linked to COVID-19 infection. Lip necrosis, dry mouth, fissured or 
depapillated tongue, oral vesiculobullous or pustulous lesions, and hemorrhagic or erythematous mucosal lesions are a 
few of these[75]. Patients with systemic diseases that include some degree of immunosuppression are more likely to have 
these lesions[78]. The oral lesions can affect both keratinized and nonkeratinized mucosa, and they resemble a number of 
viral diseases[79]. The degree of oral lesions is mostly influenced by an older age and the severity of COVID-19 infection. 
The beginning of oral lesions typically corresponds with taste and smell chemosensory dysfunctions[80].

Several epidemiological studies have been performed to investigate the association between periodontitis and COVID-
19 infection, severity, complications and mortality. A comprehensive investigation involving 1299010 people examined 
the genotyping of single nucleotide variants linked to periodontitis. Higher susceptibility to COVID-19 infection (OR = 
1.029; 95%CI: 1.003–1.055, P = 0.024) and severity of COVID-19 (OR = 1.030; 95%CI: 1.003–1.058, P = 0.027) was 
significantly linked to periodontitis. The authors came to the conclusion that there may be a causal relationship between 
periodontitis and COVID-19 severity and susceptibility to infection[81]. Larvin et al[82] investigated self-reported oral 
health indicators (bleeding gums, loose teeth and painful gums) in 13253 individuals (1616 positive COVID-19 patients 
and 11637 negative participants) during the course of a 6-month study. Those with loose teeth did not show an increased 
risk of death or hospital admission (OR = 1.85; 95%CI: 0.92–2.72), in comparison to the control group. On the other hand, 
persons who tested positive for COVID-19 and experienced bleeding or sore gums were more likely to die (OR = 1.71; 
95%CI: 1.05–2.72). Insufficient evidence was available to determine a link between periodontitis and an increased risk of 
COVID-19 infection. However, among those who tested positive for COVID-19, those with periodontal disease had a 
significantly higher death rate[82]. The same researchers looked at the self-reported oral health indicators (loose teeth, 
bleeding and painful gums) in 58897 participants who were followed up for nearly a year, this time with a focus on body 
weight. Hospital admission rates for patients with periodontal disease were 57% higher [hazard ratio (HR) = 1.57; 95%CI: 
1.25-1.97] than for the obese group without the illness. Obesity-related death rates were substantially higher in people 
with periodontal disease (HR = 3.11; 95%CI: 1.91-5.06) than in people without the illness. The authors speculated that the 
relationship between obesity and higher hospitalization and death rates could be exacerbated by the effects of periodontal 
disease[83]. A study conducted in Qatar with 568 participants examined the connection between COVID-19 issues and 
periodontitis. In the study, dental panoramic radiographs were utilized to assess the condition of the periodontal tissue. 
After adjusting for potential confounders like age, gender, smoking, body mass index, and other chronic diseases, the 
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study's findings showed a significant correlation between moderate to severe periodontitis and a higher risk of COVID-19 
complications, including death (OR = 8.81, 95%CI: 1.00-77.7), admissions to an intensive care unit (OR = 3.54, 95%CI: 1.39-
9.05), and the need for assisted ventilation (OR = 4.57, 95%CI: 1.19-17.4)[84]. A similar study with 137 COVID-19 patients 
found that patients with signs of oral disease (radiographic alveolar bone loss, dental caries, and apical periodontitis) had 
a significantly higher risk of developing COVID-19 complications compared to those without oral diseases. These 
complications included positive symptomatology, hospitalizations, and mortality. The study used oral examination 
records and panoramic X-rays. However, a positive specific correlation with periodontitis could not be observed[85]. 
Regarding systematic reviews, a study found a reciprocal relationship between COVID-19 and periodontitis; but for peri-
implantitis, the authors came to the conclusion that there was still a lack of information[86]. According to a mendelian 
randomization research there was no correlation between periodontitis and hospitalization for COVID-19 (OR = 0.97, 
95%CI: 0.78–1.20; P = 0.76), vulnerability to COVID-19 (OR = 1.04, 95%CI: 0.88–1.21; P = 0.65), or severity of COVID-19 
disease (OR = 1.01, 95%CI: 0.92–1.11; P = 0.81)[87]. A meta-analysis, on the other hand, clearly suggested that COVID-19 
patients with periodontal disease have a 4-fold increased risk of hospitalization, a 6-fold increased risk of assisted 
ventilation, and a 7-fold increased risk of death[88]. However, a systematic review stated that there is no evidence to 
support or contradict a strong relationship between periodontitis and the likelihood of COVID-19 complications and 
death[89].

Investigations are ongoing to determine the biological mechanism directing a possible association between COVID-19 
and periodontitis. It is commonly known that the linkages between systemic disorders including diabetes, cardiovascular 
disease, and rheumatoid arthritis and periodontitis are caused by the translocation of periodontal bacteria to blood and 
consequent systemic inflammation[90,91]. Furthermore, a number of risk factors, such as smoking, old age, obesity, 
diabetes, hypertension, and cardiovascular disease, are shared by both the severity of COVID-19 disease and period-
ontitis[1,73,83,92]. A probable correlation between periodontitis and greater severity of COVID-19 infection has been 
indicated by several investigations due to the increased systemic risk of periodontitis. Certain researchers have 
questioned if COVID-19 risk factors for periodontal illnesses should be given the same weight as cardiovascular, diabetes, 
and other conditions[93]. It is unclear, nonetheless, if there are particular processes and pathological pathways connecting 
periodontitis and greater COVID-19 severity, or if these factors could simply operate as comorbidities. Researchers have 
suggested a number of mechanisms to explain this association and provide evidence for the connection between COVID-
19 infection and periodontitis: (1) SARS-CoV-2 can be detected in periodontal pockets. In COVID-positive cadaver 
biopsies, SARS-CoV-2 was found in periodontal tissues[94]. This pathogenic environment may allow SARS-CoV-2 to 
enter through damaged epithelia or by upregulating ACE 2 receptor expression by periodontal bacterial pathogens[95]. 
These suggest that periodontal pockets may harbor SARS-CoV-2 and allow it to enter the bloodstream; (2) COVID-19 
patients can aspirate pathogens from periodontitis. The well-established association between oral microbiome and 
respiratory illnesses may also relate periodontitis to COVID-19 severity. Poor dental hygiene and periodontitis may 
collect respiratory microorganisms in the mouth. These pathogens may be eventually aspirated into the lung. For 
instance, hospital-acquired pneumonia and pneumonia deaths are more common in older adults with periodontal 
pockets[96]. In a systematic review, respiratory disease and periodontitis were linked to higher prevalence of chronic 
obstructive pulmonary disease, obstructive sleep apnea, and COVID-19 infection[97]. Respiratory diseases related to 
periodontitis may worsen COVID-19 and result in a higher mortality[98]. Some periodontopathic bacteria increase ACE 2 
and respiratory tract inflammatory cytokines. Bronchoalveolar fluid from COVID-19 patients contained oral 
opportunistic infections[99]. Lung hypoxia in COVID-19 patients may further encourage the growth of oral microbiota 
anaerobes; and (3) Periodontitis causes systemic inflammation. High C-reactive protein and proinflammatory cytokines in 
periodontitis promote systemic inflammation that might aggravate conditions like diabetes and cardiovascular disease
[90,91]. Periodontitis synergistically stimulates peripheral leukocytes to local and remote inflammatory stimuli, preparing 
the immune system for a stronger innate response[100]. COVID-19 infection can trigger a "cytokine storm" an uncontro-
llable hyperinflammatory reaction. The condition is marked by increased serum levels of interleukin family, C-reactive 
protein, and tumor necrosis factor-α, and decreased T-lymphocyte numbers[101]. In COVID-19 hospital records, patients 
with periodontitis had far higher blood levels of inflammatory markers such C-reactive protein than those without 
periodontitis[84]. Based on this premise, inflammatory upregulation may link periodontitis to COVID-19 severity. 
Figure 1 shows how periodontitis and COVID-19 may interact (Figure 1). (1) Periodontal pocket act like a reservoir for 
SARS-CoV-2 and an entrance into the blood stream; (2) Periodontitis as a source for increased direct inoculation of 
periodontopathic bacteria into the respiratory system in COVID-19 patients; and (3) Periodontitis as a source for 
increased systemic inflammation and priming the immune system in COVID-19 patients.

Given these connections between periodontitis and COVID-19 severity, periodontal treatment may help prevent and 
manage COVID-19 problems[102,103]. Impaired immune response, medicines, and reduced diet intake make COVID-19 
patients more susceptible to oral dysbiosis. Due to illness and hospitalization, critically ill individuals have poor oral 
hygiene, which worsens dysbiosis[104]. Periodontitis can be prevented by everyday oral hygiene and professional biofilm 
removal. Periodontal therapy have decreased the severity of pneumonia and other systemic infections, improves the 
gingival epithelial barrier, preventing oral harmful viruses and bacteria from entering the bloodstream. Thus, periodontal 
care may lessen COVID-19's systemic effects and, regular oral hygiene may reduce aspiration pneumonia and COVID-19 
complications[98].

To sum up, there are a number of similarities between COVID-19 and periodontitis, such as their effects on systemic 
inflammation and shared comorbidities. In fact, a few preliminary investigations have suggested a potential link between 
periodontitis and the likelihood of contracting COVID-19 and its consequences. These correlations may be caused by a 
priming effect on systemic inflammation, but periodontal bacteria in the lungs may also play a role. In this case, reducing 
COVID-19 infections and consequences may be aided by preventative dental hygiene practices and periodontal 
treatment. Nevertheless, more investigation would be required to validate these theories.
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Figure 1 Possible mechanisms of interaction between periodontitis and coronavirus disease 2019 infection. (1) Periodontal pocket act like a 
reservoir for severe acute respiratory syndrome coronavirus 2 and an entrance into the blood stream; (2) Periodontitis as a source for increased direct inoculation of 
periodontopathic bacteria into the respiratory system in coronavirus disease 2019 (COVID-19) patients; and (3) Periodontitis as a source for increased systemic 
inflammation and priming the immune system in COVID-19 patients. (Created at BioRender.com)

HPV
HPV is a double-stranded DNA virus. HPV is one of the three most prevalent sexually transmitted infections (STIs) in 
both genders and the most prevalent viral STI, which is primarily sexually transmitted. Currently, HPV is the most 
prevalent infection linked to cancer in women; it has been found in over 90% of cases of cervical cancer, the fourth most 
deadly type of cancer in women[105,106].

Multiple symptoms, including benign warty or potentially malignant lesions, intraepithelial neoplasia, and invasive 
carcinomas, can result from HPV infections[107]. There are currently over 200 known HPV genotypes, about 40 of which 
are mucosal HPV types, meaning they affect the mucosa. The alpha genus of HPV is primarily clinically significant 
because it harbors the majority of mucosal HPVs, both high-risk and low-risk varieties[108]. High-risk mucosal HPVs, 
such HPV-16 and HPV-18, produce squamous intraepithelial lesions that can proceed to squamous cell carcinoma in the 
head and neck area and/or anogenital tract, while low-risk mucosal HPVs, like HPV-6 and HPV-11, cause benign 
papilloma/condyloma[109]. The global pooled prevalence for genital HPV in men, derived from 35 countries, was 21% 
for high-risk-HPV and 31% for any HPV[110]. The estimated global prevalence of genital HPV in women was 11.7%[111]. 
The global incidence of oral HPV in healthy individuals is believed to be between 4 to 7.5%[112,113].

HPV has been detected in the oral cavity especially in the gingival crevicular fluid, gingival tissue, oral swab and oral 
rinse samples[114-116]. It's possible that HPV enters the human body through the oral cavity first. The main oral 
manifestations of HPV include oral papillomas/condylomas, focal epithelial hyperplasia and squamous cell carcinoma of 
the oropharyngeal region[117].

The oral mucosa can harbor HPV infection asymptomatically. The mouth's border, oropharynx, tonsil cryptal 
epithelium, salivary gland ductal epithelium, and inflammatory gingival pocket are among the potential reservoirs. 
Another possible reservoir is a latent HPV infection in epithelial basal cells, where a local irritation might trigger a 
transition from stable to vegetative viral DNA replication[117].

The majority of research on oral HPV has been on its association with oropharyngeal cancer. Nonetheless, a number of 
research also investigated the connection between periodontitis and HPV found in the gingival/periodontal tissue. For 
instance, data from the United States NHANES from 2009 to 2012 allowed for the analysis of almost 6000 people (30–69 
years old) with clinically determined HPV and periodontal status. After controlling for confounding variables, the 
adjusted OR for the presence of HPV in oral rinse specimens of participants with periodontal disease was 1.04 (95%CI: 
0.63–1.73)[115]. In another study, 223 patients with known periodontal disease status, oral hygiene practices, and HPV-
positive oral rinse samples were included. Ten (4.5%) of these individuals tested positive for HPV-16 DNA. Among the 
participants who tested positive for HPV-16 DNA, periodontal disease was linked to three (30%) and poor oral hygiene to 
seven (70%) of them[118]. Moreover, in a multivariable analysis, adults with severe periodontitis had higher odds of oral 
HPV infection than adults with none or mild periodontal disease (OR = 2.9, 95%CI: 1.0-8.4, P < 0.05). Adults with pocket 
depth > 6 mm and clinical attachment loss ≥ 7 mm exhibited 2- to 3-fold increased risks of HPV infection[119]. 
Furthermore, PCR analysis of gingival biopsies obtained from patients with periodontal disease who had a clinical 
diagnosis of periodontitis revealed the presence of high-risk HPV strains in 26% (8/31) of the samples[116]. Again, when 
eight participants with widespread chronic periodontitis had their periodontal pockets scraped, HPV E6/E7 mRNA was 
found in four of the eight samples[120]. In a study with 822 patients, McDaniel et al[121] found that those without a 
vaccination against HPV and periodontitis had a higher incidence of oral HPV[121].

Furthermore, a higher number of oral bacteria was linked to higher HPV16 E6 viral copy numbers in hospital patients, 
indicating a possible link between oral HPV infection and viral replication and inadequate oral hygiene[122]. As a result, 
there was evidence for a tendency toward a positive connection between oral HPV-16 infection and clinical oral health. 
Furthermore, there was a strong correlation found between the prevalence of Fusobacterium nucleatum and T. denticola and 
the HPV16 DNA positive in gingival crevicular fluid[123]. Therefore, it is thought that the prevalence of oral HPV and 
periodontal microorganisms are connected. It is hypothesized that whereas periodontal disease provide an environment 
in which oral HPV infections can thrive, oral HPV infections may also make periodontal diseases worse.
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However, some negative findings also reported in the literature about the correlation between periodontitis and 
identified HPV in periodontium. For instance, HPV-16 was not found in any of the 104 gingival samples examined in a 
case-control study that included gingivitis, periodontitis, and healthy periodontium[114]. PCR was used to screen 74 oral 
biopsies from kidney transplant recipients and non-recipients with gingivitis and/or periodontitis for the presence of 
HPV and EBV viruses. In transplant recipients, EBV was substantially linked to periodontitis and/or gingivitis (P = 0.011) 
but not HPV (P = 0.766)[124]. There was no correlation found between the periodontal state and the presence of HPV in 
the oral cavity in an investigation from Argentine involving women with gynecological infections[125]. Finally, a very 
recent meta-analysis found that among people with confirmed periodontitis, there was no significant increase in the 
likelihood of high-risk oral HPV infection (OR = 4.71, 95%CI: 0.57–38.97). However, compared to people without period-
ontitis, individuals with the disease had a 3.65-fold increased risk of developing an oral HPV infection of any kind 
(95%CI: 1.67–8.01)[126].

The precise nature and degree of the link between HPV and the onset and progression of periodontal disease remains 
unclear. In addition, the mechanism is also under investigation. Nonetheless, it is well known that HPV has a tropism for 
squamous epithelium. Viral particles cause micro-abrasions or epithelial injury, which expose the basal cells of the 
epithelium. There is still some mystery about HPV receptors and the way the virus enters cells. Briefly, HPV-16 attaches 
to laminin in the extracellular matrix or basement membrane, which causes epithelial cells to die.

In conclusion, people with periodontal disease may have HPV in their periodontal epithelium, and these individuals 
often have a higher risk of developing periodontitis. It is believed that basal keratinocytes in the ulcerated gingival sulcus 
epithelium are infected by HPV in the inflammatory periodontal tissue. A distinct oral microbiome may be linked to oral 
HPV infection, even if the precise connections between periodontopathic bacteria and HPV are still unknown. Using 
clinical definitions of oral HPV infection and periodontitis and concentrating on high-risk populations for oral HPV 
infection, future longitudinal research should assess this association in more detail. Examining this correlation is crucial 
since periodontitis may indicate who is more susceptible to oral HPV infection and maybe oropharyngeal malignancies 
linked to HPV. As a result, treating patients with chronic periodontitis is essential to maintaining dental health and 
hygiene and preventing potentially fatal conditions like oral cancer.

HEPATITIS B AND C VIRUSES
HCV is an RNA virus that is a member of the flaviviridae family of viruses. Hepatitis B virus (HBV), on the other hand, is 
a DNA virus that only infects humans. These viruses are not immediately cytopathic; rather, they multiply in the 
cytoplasm of hepatocytes[127]. Fast viral replication, ongoing cell-to-cell transmission, and a weak T-cell immune 
response to viral antigens appear to be necessary for persistent infection[128].

An estimated 50 million people worldwide suffer from a chronic HCV infection, and one million new cases are 
reported each year. According to WHO estimates, hepatitis C killed about 242 thousand individuals in 2022[129]. 
According to WHO predictions, 1.2 million new cases of chronic hepatitis B infection occur annually, impacting 254 
million people worldwide in 2022. Hepatitis B is expected to have killed 1.1 million people in 2022. Millions of people are 
afflicted with viral hepatitis and its aftereffects despite the availability of an efficient treatment and vaccine[130].

Acute and chronic hepatitis, non-alcoholic fatty liver disease (NAFLD), liver fibrosis and cirrhosis, hepatocellular 
cancer, and extra-hepatic symptoms are among the sequelae and effects of HCV and HBV. Regarding the extra-hepatic 
symptoms, glomerulonephritis and polyarteritis nodosa have been reported in cases of persistent HBV infection[131]. 
Mixed cryoglobulinemia, along with the accompanying systemic vasculitis, is a common extra-hepatic symptom of 
chronic HCV infection[132]. Possible clinical manifestations include weakness, arthralgias, purpura, and renal 
dysfunction. Primary oral manifestations of HBV and HBV include lichen planus, Sjögren-like sialadenitis, and oral 
squamous cell carcinoma[133,134].

Periodontitis have been studied in relation to various aspects of liver disease, such as NAFLD, liver cirrhosis (LC), 
hepatocellular carcinoma and liver transplantation. For instance, in a Finnish cohort study comprised of 6165 individuals 
without baseline liver diseases were followed up for 12 years. During the follow-up, 79 patients had a serious liver 
incident. In the general population, periodontitis was linked to incidence of liver disease, regardless of other factors[135]. 
Periodontal disease is a risk factor for NAFLD, according to numerous cross-sectional and epidemiological studies. 
According to certain in vivo animal models, periodontopathic bacterial infection quickens the course of NAFLD and is 
associated with increased steatosis[136]. Furthermore, the presence of periodontopathic bacteria in the liver may indicate 
a direct correlation between these bacteria and NAFLD. Additionally, the lipopolysaccharide produced by P. gingivalis 
and A. actinomycetemcomitans induces inflammation and intracellular lipid buildup in hepatocytes[136,137]. Out of four 
epidemiological systematic review and meta-analyses on the association between NAFLD and periodontitis, three of 
them found significant correlation[138-141]. Grønkjaer[142] conducted a systematic review of the literature from 1981 to 
2014 and found that, according to multiple different periodontal indicators, patients with LC had a higher incidence of 
periodontal disease. But the type and degree of the relationship were still unknown, particularly in terms of whether 
periodontal disease and the severity and etiology of cirrhosis are associated[142]. In a recent meta-analysis, cirrhotic 
patients presented a greater and significant mean of clinical attachment loss, probing depth and alveolar bone loss than 
those without LC. Authors concluded that LC patients have poor periodontal conditions and a higher prevalence of 
periodontitis[143]. Concerning the risk of hepatocellular, Al-Maweri et al[144] systematically reviewed the published 
literature on the link between tooth loss/periodontitis and the risk of liver cancer. Researchers stated that available 
evidence suggests a possibility; however, the evidence was not conclusive enough[144]. In most of these researches, the 
clinical liver condition is investigated, rather than the exact presence and effect of HBV/HCV. Therefore, it is important 
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to bear in mind that the studied liver conditions may have been caused by other non-viral causes.
Some other research examined periodontitis in individuals with confirmed HCV and HBV infections. Hepatitis virus 

infection and periodontitis were positively correlated in a large cross-sectional study from the NHANES spanning the 
years 2003–2018, with 5755 individuals (OR = 2.60; 95%CI: 1.51-4.49). Additionally, there was a high correlation (OR = 
2.13; 95%CI: 1.19-3.82) found between moderate periodontitis and hepatitis virus infection. This correlation was even 
more pronounced for severe periodontitis (OR = 3.58; 95%CI: 1.77-7.21). Significantly, there was a constant positive 
correlation between periodontitis and hepatitis virus infection in several subgroups[145]. In patients with chronic 
hepatitis C who had periodontitis, positive associations were seen between the levels of IL-1β and IL-1α in gingival fluid 
and specific clinical periodontal criteria; and this was also related with the age of the viral hepatitis C diagnosis[146]. 
Salivary occult blood test was used in a retrospective research to screen for periodontal disease in 351 individuals with 
liver disorders due to HBV, HCV, or both. Multivariate research revealed that five factors—being 65 years of age or older, 
tooth brushing just once a day, having a platelet count below 80000, and being obese—were linked to periodontal disease. 
The authors mentioned that the development of viral liver disease may be linked to periodontitis[147]. Using the CPITN 
index (Community Periodontal Index of Treatment Needs), Coates et al[148] examined the periodontal condition in 
patients with hepatitis C. Despite no discernible variation in CPITN categories across the persons examined, there was a 
clear indication of poor periodontal health in the hepatitis patients[148]. Aspartate amino-transferase levels in the 
gingival tissue of patients with periodontal disease have been demonstrated to be elevated and to be correlated with the 
activity of the disease[149]. Additionally, non-surgical periodontal therapy has been shown to improve periodontal 
inflammation in patients with chronic viral hepatitis[150]. Finally, in animal model study, authors concluded that period-
ontitis may be an independent risk factor for liver fibrosis in rats when periodontitis was induced by ligatures[151].

Based on these and the similar findings, the concept of oral-intestine-liver axis has been proposed. This is explained 
through certain premises: The etiology of periodontitis is largely influenced by bacteria of the red complex, which are 
abundant in deep periodontal pockets and active periodontal lesions[152]. These particular periodontal infectious agents 
are easily swallowed and go from the oral cavity to the stomach, where they may significantly alter the gut microbiota. It 
has recently proposed that the cause of some systemic disease, particularly liver disease, might be the disruption of the 
composition of the intestinal microbiota by orally derived periodontal pathogenic bacteria[153]. Due to the possibility of 
liver-related consequences and the translocation of oral bacteria and their toxins into the intestine, periodontitis may be 
especially concerning in patients with liver disease. Systemic endotoxemia, usually intestinal in origin, is linked to liver 
damage, liver disease development, and decompensation of cirrhosis[154,155]. Hence, the mechanisms linking period-
ontitis to viral hepatitis include periodontopathogenic bacteria, pro-inflammatory mediators and oxidative stress.

To sum up, there seems to be a bi-directional relation between periodontitis and certain liver diseases of viral origin. 
Additional research is necessary to determine whether there is a connection between the viral infection and other inflam-
matory markers found in the gingival fluid. This will allow us to better understand if patients with viral hepatitis who are 
already at risk of developing periodontal disease or those who are already at risk of developing periodontitis may express 
other biomarkers specific to the liver more frequently.

CONCLUSION
Although periodontitis is mainly a bacterial inflammation, several other modifiable and non-modifiable risk factors may 
play role in its initiation and progression. Viruses may take part directly through attacking the periodontal tissue and 
indirectly through increasing the vulnerability of the immune system and providing a higher chance for the colonization 
of the periodontopathic bacteria in the oral cavity. Further clinical, translational, experimental, epigenetic and epidemi-
ological research is needed to clarify the exact nature and extent of the role of viruses in periodontitis. This will positively 
affect the life of millions among healthy population and virally infected people with periodontitis.
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Abstract
Experts expressed severe concerns over the possibility of increasing burden of 
infectious diseases as the planet’s climate began to change years ago. There have 
been increased rates of climate-related catastrophes and as global temperatures 
rise, emergence of certain viruses has become a serious concern. Vectors are su-
sceptible to changing temperatures as they exhibit innate responses to thermal 
stress to increase survivability. Climate change impacts virus reservoirs, incr-
easing transmission rates of vectors. Vector-borne diseases have already witne-
ssed increasing numbers compared to before. Certain non-endemic areas are en-
countering their first-ever infectious disease cases due to increasing tempera-
tures. Tick-borne diseases are undergoing transformations provoking a heigh-
tened prevalence. Food-borne illnesses are expected to increase owing to warmer 
temperatures. It is important to recognize that climate change has a multivariable 
impact on the transmission of viruses. With climate change comes the potential of 
increasing interspecies interactions promoting jumps. These factors must be con-
sidered, and an informed strategy must be formulated. Adaptation and mitigation 
strategies are required to curb these diseases from spreading. Despite significant 
evidence that climate change affects infectious diseases, gaps in research exist. We 
conducted this review to identify the potential role climate change plays in the 
emergence of new viruses.
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Core Tip: Changing core temperatures and increased incidence of climate change catastrophes have led to certain infectious 
disease outbreaks across the globe. As the climate continues to change and leads to the destruction of local biodiversity, the 
consequent spread of vectors is predicted to lead to further escalation in vector-borne diseases. The global community has 
also expressed significant concern regarding the spread of known lethal pathogens such as malaria and the West Nile viruses. 
Development and implementation of National Health Adaptation Plans is recommended to predict and tackle these emerging 
threats effectively.
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INTRODUCTION
Climate change is one of the most predictable and detrimental global hazards with significant long-term consequences on 
human health and well-being. Health impacts are visible on every continent as temperatures increase, sea levels rise, and 
a greater incidence of flooding and drought is observed[1,2]. These changes are significant as they threaten individual 
health crises and present a prominent threat to the public health sector. While a myriad of adverse health complaints, 
such as respiratory diseases, malnutrition, heat-related morbidity, and mortality, are escalated due to climate change, the 
emergence and dissemination of infectious diseases is of particular concern[2].

The relationship between climate change and infectious diseases is intricate, requiring views from multiple stand-
points. As the climate warms and biodiversity is lost, the spread of vectors and animal species contributes to the emer-
gence of diseases[3]. While the direct effects of the changing climate on circulation and incidence of infectious diseases are 
evident, one needs to recognize the indirect effects. Increased flooding in certain areas of the world prompts climate-
driven migration into overcrowded shelters, increasing the burden of communicable diseases[4]. Similarly, harsher 
climates induce food and water insecurity, contributing to malnutrition and predisposing individuals to infectious 
diseases. Keeping in mind recent global health crises, especially the coronavirus disease 2019 (COVID-19) pandemic, it is 
imperative to have a broader understanding of the emergence of infectious diseases influenced by climate change 
worldwide.

This review aims to explore climate change's role in surfacing of infectious diseases through direct effects. By exploring 
this multifaceted relationship between climate change and infectious disease, this review aims to identify significant 
trends, highlight the ramifications, provide adaptation and mitigation strategies, and analyze the existing gaps. Through 
this, effective policy change decisions can be taken to prevent public health crises related to climate change.

IMPACT OF CLIMATE CHANGE ON INFECTIOUS DISEASES
Vector-borne disease
Diseases transmitted through infected arthropod species, such as mosquitoes, sandflies, and ticks, are classified as vector-
borne diseases. Climate readily affects the biological traits of both the vector and pathogen. Temperature variations can 
reshape the emergence of zoonotic diseases through changes in the number of vectors, transmission cycles, and the con-
tact between species[5]. Water availability is a determinant in oviposition patterns of vectors. As precipitation increases, 
vectors are more likely to find suitable habitats and mature faster with increased breeding.

Mosquito-borne disease
Dengue: Dengue, transmitted by Aedes mosquitoes, is among the most important vector-borne diseases worldwide with 
a high disease burden. Increasing temperatures exhibit an almost exponential pattern on the species’ physiological traits, 
such as biting and development rates for vectors up to a certain level before tapering off. Similarly, increased rainfall 
facilitates the development of mosquito breeding sites up to a certain threshold, after which flooding demolishes them
[6]. The primary vectors for dengue Aedes aegyptii and Ae. Albopictus has increased in transmission by 10% and 15% 
since 1950 due to greater climate suitability[7]. Increased precipitation and temperatures due to climate change are pro-
jected to intensify dengue by 2050 in various parts of the world, including western Africa, the southeastern United States, 
and inland areas of Australia. These favorable climate conditions for the vector-borne virus will also prolong the tran-
smission period by four months, specifically in the Eastern Mediterranean and Western Pacific regions[6,8].
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Moreover, long-term weather and population estimations predict 50%-60% of the population to be at threat of dengue 
virus by 2085 compared to 35% of the population at risk if climate change did not ensue[9]. These projections are alar-
ming as they emphasize the ramifications of unmitigated climate change on disease burden. Moreover, it highlights how 
dengue fever may not be limited to specific parts of the world but become a global health issue if necessary actions are 
not taken to minimize climate change.

Malaria: Malaria is a life-threatening disease caused by the Plasmodium parasites transmitted by the female Anopheles 
mosquitoes. Although the past five years have witnessed a decrease in the incidence of this disease owing to a range of 
human interventions, climate change can still cause increased transmission[6]. Spread of malaria is affected by ecological 
factors such as temperatures, precipitation, and topography[10]. As a result, equatorial regions with lower altitudes, 
increased rainfall, warmer temperatures, and higher humidity are favorable for the vector’s reproduction and longevity. 
Studies demonstrate that based on the projected climate change scenarios of longer monsoon periods and increased 
temperatures in tropical areas of Africa, the Anopheles vector is expected to widen its distribution area[8]. Similarly, 
geographical expansion of the virus is predicted in various other parts of the world, such as in Southern Europe, South 
Africa, China, and the highland areas of Columbia and Ethiopia[8,9]. These predicted projections underscore the global 
impact of climate change on public health and serve as a reminder to adopt enhanced policies for vector control and 
slowing down climate change to mitigate the risks of infectious diseases.

West Nile virus: West Nile virus (WNV), primarily transmitted by the Culex species of mosquitoes, can cause serious 
health infections ranging from mild febrile illness to severe meningitis or encephalitis. The principal hosts for these 
mosquitoes are wild migratory birds, but there have been cases of human-to-human transmission (through blood or 
transplacental transfusions)[10]. Temperature appears to be the predominant factor in WNV transmission. Optimum 
temperatures regulate vector growth rate, mosquito survival, and external incubation time period[11]. As temperatures 
increase (up to a certain threshold), the virus develops within vectors, and their transmission becomes increasingly effi-
cient. These findings are particularly important as vectors can circulate WNV to further geographical regions. Germany, 
previously considered a non-endemic region for WNV, witnessed its first appearance of the vector-borne virus in 2018, 
which was the country’s warmest year[12]. As a result, human infections have been recorded in all the following years 
demonstrating constant dissemination in the transformed environment of Central-East Germany[13]. Furthermore, in 
areas with previously established presence of the virus, studies demonstrate an increasing likelihood of WNV infections 
by 2025 based on climate change projections[14]. This phenomenon not only highlights the potential role climate change 
plays in expanding suitable habitats for vectors to grow and transmit but also the strengthening of the virus in already 
existing territorial areas. As a result, regions already susceptible to the disease are at risk of increasing their disease bur-
den.

Tick-borne
Lyme disease is the most common vector-borne disease in North America and Europe. It is caused by the Borrelia bur-
gdorferi spherocyte bacteria transmitted mainly by Ixodes pacificus and I. scapularis ticks[15]. Like mosquitoes, ticks are 
affected by weather conditions, and the changing climate can be responsible for the frequency and severity of Lyme 
disease. Elevated temperatures affect egg development, population density, growth cycle, and ticks' dispersal. Studies 
demonstrate that temperature is the most important factor of tick colony establishment in Canada, considering the 
increase in disease incidence in the past few years and a predicted increase of 213% of suitable habitat by 2080s[9,16]. 
Presuming a 2°C increase in the average temperature, a 20% increase in disease prevalence is estimated in the coming 
decades. Increased suitable habitat directly influences the prevalence of the disease as enhanced environmental suitability 
encourages tick breeding, consequently increasing the tick population and the likelihood of disease transmission. In the 
United States, a 2-4°C anticipatory increase in the average temperature is speculated to cause a 20% increase in Lyme 
disease cases in the coming decades[17].

Similarly, a 10% increase in infection susceptibility at the end of the century is predicted for Slovenia, a country that is 
already vulnerable to Lyme disease[17]. These alarming projections raise concerns 1about the pervasive influence of 
climate change on disease proliferation. Without proper mitigation strategies to minimize climate change, increasing 
suitable habitats and disease prevalence run the risk of aggravating public health catastrophes.

Food-borne diseases
Food-borne diseases are those transmitted by eating food infected with pathogens or toxins. The risk of foodborne illness 
can be directly modified through high temperatures, causing amplification of replication cycles and growth, survival, and 
easy transfer of the pathogens. Drastic heat and precipitation can influence pathogens, worsening the risk of gastroin-
testinal and diarrheal diseases. The likelihood of mean weekly temperatures is directly associated with increased suscepti
-bility to campylobacteriosis in the European Union[9]. Climate change projections indicate an increase of 6000 cases of 
Campylobacter per year in Norway, Sweden, Denmark, and Finland by the end of the century, translating to a 200% rise
[18]. Massachusetts witnessed an increase in the incidence of the disease, with a lag of 2-14 days following a climax in 
annual temperature. Similarly, Canada detected a growth in cases of Campylobacter (along with Salmonella and patho-
genic Escherichia coli) by 2.2% for every degree of increase in temperature[19].

Salmonella is another food-borne pathogen causing global outbreaks. Increase in temperatures directly influences 
Salmonella’s reproduction rates as an upsurge in ambient temperature correlates with incidence spikes. In Maryland, the 
likelihood of infection was related to extreme heat events between 2002-2012[20]. According to studies, a 5.6% and 8.8% 
increase in the incidence of cases was anticipated with a 1°C increase in mean weekly minimum and maximum temper-
atures, respectively[21].
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Air-borne diseases
Meningococcal meningitis is an infection of meninges, caused by the bacteria Neisseria meningitidis, that causes high 
death rates in developing countries. It is believed that increased concentration of dust, high winds, elevated temperatures, 
and low humidity may cause damage to nasopharyngeal mucosa leading to increased susceptibility to meningitis[22].

COVID-19 cases and temperature have also shown a positive correlation[23]. It is possible that extreme heat forces 
people indoors which can increase the risk of virus transmission.

IMPLICATED MECHANISMS AND TRENDS IN INFECTIOUS DISEASES AS INFLUENCED BY CLIMATE  
CHANGE
A detailed review published in Nature expanded upon how often, and through which mechanisms, climate change 
aggravates infectious diseases. It found that more than 50% of pathogenic diseases have, at some point, been exacerbated 
directly by climate change with most cases being impacted by warming, precipitation, and flooding leading to the 
aggravation in vector-borne, waterborne and airborne diseases, respectively[24].

Some pragmatic mechanisms that have been identified include increase in proximity of pathogens and human beings 
through these changes in climate. Wildlife migration due to changing temperatures and habitability of regions[25] cou-
pled with directly changing human societal behavior, such as being involved in more recreational activities involving 
water bodies and the outdoors in general, are two common mechanisms identified. Additionally, specific changes such as 
decreased salination levels of certain water bodies, increased stagnation of water, changing season length prolonging 
pathogen and vector lifecycles are common mechanisms which have increased disease transmissibility and strengthened 
pathogen adaptability and resilience[26,27]. Interestingly, in a detailed statistical analysis, temperature itself was found to 
positively correlate with the number of patients with infectious diseases[28].

In addition to this, the World Health Organization, more than a decade ago, found that climate change will cause an 
additional burden of certain diseases, such as diarrheal disease, directly due to the impact of climate change. It also 
suggested increased rates of malaria by up to 5% due to temperature surges[29].

The Center for Disease Control reports that infectious diseases have been on an upward trajectory. For example, cases 
of tick-borne diseases have increased from 10000 cases per year to 60000 cases per year from 2001 to 2019 in the United 
States[30]. Furthermore, currently it is assumed that 25% of the global population consumes fecally contaminated water. 
As droughts worsen due to increased temperatures in certain parts of the world and access to clean drinking water is 
further restricted, these rates will likely rise in certain vulnerable regions leading to worsening of water-borne diseases in 
these geographies[31]. Certain viruses such as Zika and Chikungunya have also been demonstrating increased geogra-
phical and seasonal range[32,33].

ADAPTATION AND MITIGATION STRATEGIES
Adaption and mitigation strategies are crucial in diminishing climate change's ramifications on infectious diseases. 
Adaptation strategies focus on tackling climate change[33]. Key strategies include modeling climate resilient health 
systems that include a (1) Well-informed health workforce equipped with the necessary mechanisms to assist climate 
resilience; (2) Health information systems that facilitate skillful handling of health risks arising from extreme events 
caused by climate change; (3) Efficient service distribution including necessary foundations in cases of emergencies; and 
(4) Sufficient financing[34] and improving education[35]. However, in order to build these climate-resilient health sys-
tems, comprehensive knowledge about current consequences and expected risks is required in the form of a Health 
National Adaptation Plan (HNAP). Developing an HNAP helps certify that the consequences of climate change on 
human health are taken into account from community to national levels[36]. An important component of establishing a 
HNAP is administering vulnerability and adaptation assessments.

Vulnerability and adaptation assessments should inspect the capabilities of health systems and services to resist 
extreme events caused by climate change. Stress tests can provide scenario-based evaluations to complement these 
assessments through recognition of circumstances under which health systems would struggle to manage climate-
dependent health outcomes[37,38]. A summary of these key adaptation strategies is illustrated below in Figure 1.

Adaptation strategies go in junction with mitigation measures that are also important in controlling the ramifications of 
climate change on health systems. Mitigation denotes to pursuits that curb greenhouse gas emissions or remove them 
from the atmosphere[33]. Afforestation and tree-planting programs, intensifying energy effectiveness in operations, and 
greening vehicle fleets are all helpful mitigation strategies for reducing the impact of climate change[33,37]. A multidis-
ciplinary collaboration is required between multiple organizations, including healthcare workers, environmental 
scientists, researchers, policy-makers, and government bodies, to effectively address the complex challenges climate 
change poses on public health.

GAPS IN RESEARCH AND FUTURE DIRECTIONS
Despite the strong relationship between climate change and infectious diseases, significant limitations persist in research. 
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Figure 1  Health system adaptation to climate change.

While the effects of climate change and infectious diseases are commonly studied in developed countries, underdeve-
loped countries, which often face stronger consequences of increased disease burden, need to be considered. There is a 
growing need to study the intricate interlinkage between other climate variables and the different vectors and pathogens 
in relation to their effect on human health. Longitudinal studies are required to better understand climate change's su-
stained impact on human health. Additionally, research is particularly lacking in evaluating the effectiveness of adaption 
and mitigation strategies that can help alleviate the burden of diseases greatly impacted by climate change. Current 
studies have focused on trends and have attempted to predict how the burden of infectious disease will escalate in the 
future owing to climate change. However, very few studies the intricate impact and evolutionary force exerted on 
pathogens to adapt. Laboratory studies evaluating how these pressure force pathogens to adapt could be very useful. 
Furthermore, evaluating pragmatic approaches such as increased access to antibiotics and antiviral medications, role of 
socio-economic status, and precisely evaluating how a shift in human behavior makes us vulnerable to pathogens is also 
very important. By incorporating these limitations, evidence-based interventions can be integrated to curb the effects 
climate change potentially has on infectious diseases.

CONCLUSION
Infectious diseases related to climate change can be prevented. This review highlights sufficient evidence to emphasize 
climate change's role in exacerbating and developing infectious diseases, particularly vector-borne and food-borne, in 
regions where they did not exist previously. Without proper adaptations and mitigation strategies, the projections pro-
vided are likely to worsen over time, causing frequent worldwide pandemics.
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Respiratory viral co-infections present significant challenges in clinical settings 
due to their impact on disease severity and patient outcomes. Current diagnostic 
methods often miss these co-infections, complicating the epidemiology and 
management of these cases. Research, primarily conducted in vitro and in vivo, 
suggests that co-infections can lead to more severe illnesses, increased hospital-
ization rates, and greater healthcare utilization, especially in high-risk groups 
such as children, the elderly, and immunocompromised individuals. Common co-
infection patterns, risk factors, and their impact on disease dynamics highlight the 
need for advanced diagnostic techniques and tailored therapeutic strategies. 
Understanding the virological interactions and immune response modulation 
during co-infections is crucial for developing effective public health interventions 
and improving patient outcomes. Future research should focus on the molecular 
mechanisms of co-infection and the development of specific therapies to mitigate 
the adverse effects of these complex infections.
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Core Tip: Respiratory viral co-infections significantly complicate clinical management due to their impact on disease severity 
and patient outcomes. Current diagnostic techniques often miss these co-infections, making it difficult to accurately define 
their epidemiology and management strategies. Research suggests that co-infections can exacerbate illnesses, leading to 
higher hospitalization rates and increased healthcare utilization, particularly among high-risk groups such as children, the 
elderly, and immunocompromised individuals. Thus, advancing diagnostic methods and developing targeted therapeutic 
strategies are essential for improving public health interventions and patient outcomes. Understanding the virological 
interactions and immune response during co-infections is crucial for these advancements.

Citation: Georgakopoulou VE. Insights from respiratory virus co-infections. World J Virol 2024; 13(4): 98600
URL: https://www.wjgnet.com/2220-3249/full/v13/i4/98600.htm
DOI: https://dx.doi.org/10.5501/wjv.v13.i4.98600

INTRODUCTION
While viral-viral co-infections can be studied in the clinical setting, it is difficult to ascertain the true incidence of specific 
co-infections and almost impossible to assess the effects of co-infection on disease severity and patient outcomes. Due to 
the insensitivity of current diagnosis methods and the non-specific clinical presentation of viral respiratory tract 
infections, many co-infections go unnoticed or receive incorrect diagnoses[1]. These limitations make the epidemiology of 
co-infection difficult to define, even in controlled prospective studies[2]. As a result, a significant portion of current 
research on respiratory viral co-infections takes place in vitro using cell culture and in vivo using animal models. These 
methods enable controlled infection and identification of pathogens, resulting in a wealth of data. However, extrapolating 
these findings to humans is challenging, and the data have raised more questions than answers[3].

Respiratory viruses are important causes of morbidity and mortality worldwide[4]. In addition to the threat of 
emerging infections, there is concern about the implications of co-infections between respiratory viruses in certain groups 
in the population, such as young children, the elderly, and the immunocompromised[5]. Co-infection is defined as the 
simultaneous infection of a single host by two or more pathogens, and because of shared routes of transmission, it is a 
common occurrence with both respiratory viruses and bacteria[6]. The availability of molecular diagnostics has unveiled 
the greater than anticipated incidence of viral-viral co-infections[7]. A recent study identified an etiological viral agent in 
85% of children with lower respiratory tract infections[7]. Researchers have estimated the average detection rates at 
20%–40% using viral culture and antigen detection methods[8]. Similarly, in asymptomatic individuals and individuals 
with infections not involving the respiratory tract, molecular methods have revealed a high incidence of respiratory viral 
infections[9]. This increased awareness has raised many questions about the epidemiology, pathogenesis, and 
management of viral co-infections[10].

CO-INFECTION PATTERNS
Researchers have described respiratory virus co-infection as an independent risk factor for severe illness. Several studies 
have shown that co-infection leads to increased disease severity, with more severe symptoms and acute respiratory tract 
infections being the most common outcomes[11]. The admission rate for lower respiratory tract illness is 70.5% for cases 
of single viral infection compared to 92% for viral-viral co-infection and 95% for viral-bacterial co-infection[12]. Eighty-six 
percent of people who had more than one respiratory virus infection needed extra oxygen, while only 52% of people who 
had a single respiratory virus infection did[13]. Another study revealed that hospital admission rates for children with 
single virus detections were lower than those for co-infection cases (30% vs 57%)[14]. According to these studies, people 
who have more than one infection were more likely to be hospitalized and need oxygen therapy. This may be because the 
symptoms get worse when different respiratory pathogens interact with each other[15]. This is of particular significance 
for respiratory virus co-infections among the elderly and other high-risk groups who already have underlying health 
conditions. In these cases, co-infection may lead to rapid health deterioration with added complications, greater 
healthcare utilization, and increased morbidity and mortality[16]. High-risk groups are also more susceptible to 
respiratory virus co-infection due to the increased prevalence of these viruses among them and high-risk factors such as 
immunocompromised states[17]. Studies have linked influenza virus co-infection to the exacerbation of chronic diseases, 
often resulting in hospitalization and death[18].

Impact on disease severity
While co-infections affect disease severity, more research is necessary to determine the exact nature of this relationship 
and the underlying mechanisms[19]. There are several factors that may influence the observed effect of co-infections on 
disease severity. These include the study population's age and nature, case definition and outcome measures, as well as 
the spectrum of pathogens and methods used for pathogen detection[20]. The relationship between co-infection and 
exacerbation of pre-existing cardiopulmonary disease is also difficult to assess. It may be that viruses are particularly 
associated with exacerbations, but it is also possible that patients with chronic lung disease are simply more susceptible to 
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viral infections[21].
Several recent epidemiological studies have investigated this issue in a more organized way by comparing the severity 

of disease in people with a single virus infection vs people with dual virus infections using standard measures of severity, 
such as hospitalization, certain clinical parameters, and sometimes death[22]. Whereas some studies have found an 
association between dual infections and increased disease severity, others have found no association, and a few have 
found that co-infected patients have milder disease[23].

In humans, co-infection patterns can have an impact on disease presentation and outcome. However, deciphering the 
precise contribution of individual pathogens to the clinical syndrome in co-infected patients is often difficult[24]. 
Concurrent respiratory virus infections have long been considered a cause of increased disease severity, particularly in 
the pediatric population. Evidence to support this contention, however, has been largely anecdotal, derived from small 
case studies or series, and is thus inconclusive[25].

Co-infection combinations
Co-infection of a single population with different disease-causing agents can occur by a variety of methods. A study 
elegantly demonstrated this for human metapneumovirus (hMPV) and respiratory syncytial virus (RSV), using sequence 
information to establish molecular clocks and the likely R0 for each virus. The study suggested that the R0 of HMPV was 
insufficient for the virus to co-evolve with humans separately from RSV. Instead, researchers believed that hMPV spread 
to humans through zoonoses from RSV, and it only survived by co-infecting populations already infected with RSV[26].

Animal models may provide more detailed virological insights. Mouse studies have shown that a mild respiratory 
viral infection can lead to more severe disease upon secondary infection with RSV or other respiratory viruses[27]. 
However, models of RSV and hMPV in cotton rats showed no obvious increase in pathogenicity or virus load upon 
simultaneous infection with both viruses[28]. Common co-infection combinations may occur by chance, but they are more 
likely the result of complex immune responses to different infections[23]. A thorough understanding of why certain 
viruses tend to co-infect will help in designing preventative and treatment strategies. Molecular epidemiological studies 
suggest that RSV co-infection with hMPV or influenza is more common than it would occur by chance[29].

Risk factors for co-infections
The types and number of pathogens infecting an individual host are typically a result of the host's exposure to those 
pathogens balanced against the defenses mounted against them. Environmental factors have a major role in determining 
infection risks, an example being the seasonality and climate in temperate regions that result in marked annual peaks of 
viral respiratory infections but with different pathogens predominant in the winter and summer months[30]. Exposure to 
pollutants, cigarette smoke, and other harmful particulates impairs mucociliary clearance and alveolar macrophage 
function while also irritating the airways and increasing the susceptibility to infection[31]. Animal models and, in some 
cases, following controlled human infections, have demonstrated their ability to increase susceptibility to and severity of 
respiratory viral infections[32]. There is a significant association between smoking and viral respiratory infections[33]. 
Institutions, schools, military establishments, and households have long been associated with increased risks of 
respiratory infections such as the common cold, primarily due to increased opportunities for interpersonal contact and 
fomite transmission[34]. This is also true of increased social contact, which is a likely reason why school-aged children are 
known to be major transmitters of many infections to household contacts[35]. Globalization and international travel have 
made the world a smaller place, increasing the risk of emerging infections and the spread of infections to new areas and 
host populations[36]. The disease burden of RSV infection in infants in the United States is significantly higher than the 
hospitalization rate for RSV infection in infants in England, despite consistent monitoring of National Health Service 
hospitalization data indicating similar hospital admission criteria[37]. This may be due to differences in social and 
housing conditions between the two countries or unspecified differences in the use of health care services. Travel has also 
resulted in an increasing number of reports of travel-associated pneumonia due to a variety of pathogens, which can be 
difficult to precisely diagnose due to co-infection possibilities[38]. An example of Avian influenza infections in humans 
has demonstrated that higher intensity and nature of contact with animal populations can increase the risk of zoonotic 
infections[39]. Some viral infections can have indirect effects on immune system function. For instance, influenza virus or 
RSV infection of respiratory epithelial cells triggers the production of pro-inflammatory cytokines, which can predispose 
people to bacterial infections by up-regulating adhesion molecule expression and promoting the influx of inflammatory 
cells[40]. Chronic infections or the transmission of certain viruses can increase the risk of co-infections for a long time[41]. 
Immune suppression is a well-recognized risk factor for many infections and has led to greatly increased rates of various 
co-infections, particularly in the context of the HIV pandemic[42].

VIROLOGICAL INTERACTIONS
A study on dengue virus co-infection revealed an unfavorable effect on viral clearance, primarily due to a competitive 
interaction. This interaction showed that having two infections with similar viral loads increased the risk of getting 
dengue hemorrhagic fever and dengue shock syndrome for people who already had another infection[43]. This has an 
underlying significance. A study of competitive and cooperative interactions between RSV and influenza in a mouse 
model demonstrated their unfavorable effects and potential prolongation of the disease[44]. In this case, both viruses 
caused more illness and made it last longer in some cases. This was true even though they only slightly affected the 
second virus's ability to replicate, and only one infection was found to speed up viral clearance and disease resolution. 
With little concrete evidence regarding the effect of co-infection on viral interactions, it is important to first establish 
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theoretical scenarios based on known immunological and virological principles[45]. Despite a potential interaction period 
during the initial co-infection of both viruses, it is likely that the overall dominance of one virus over the other would lead 
to a primarily competitive interaction. When the second virus introduces itself during the first virus's infection, it 
perpetuates the co-infection's effects on viral clearance, prolonging the period of incomplete immunity against one of the 
viruses[46].

Dynamics of viral replication
Due to its higher prevalence rate in the community and the greater knowledge of in vitro studies already conducted, 
influenza is another likely candidate for RSV co-infection. RSV replication primarily occurs in the respiratory epithelium, 
but influenza can infect both the upper respiratory tract and type II pneumocytes in the lungs[47]. Because influenza 
tropism is so complicated, there are many ways that co-infection can happen. It is important to think about how co-
infection with influenza, which can be mild or severe, might affect the spread of RSV replication. An example of this is the 
impact of influenza infection on RSV replication, which may not hinder the migration of RSV-infected cells from the 
lower respiratory tract to the upper mucosal areas. Additionally, the co-infection of RSV and influenza on type II 
pneumocytes can significantly influence RSV replication, though it is challenging to evaluate in an in vivo setting[48].

Extrinsic and intrinsic factors combine to determine the viral replication dynamics. It's important to know how to 
spread target cells and how cell tropism affects the overall viral load in an infected person[27]. It is also important to 
know how likely it is for cells to become co-infected. As RSV is well known to infect ciliated and goblet cells within the 
respiratory tract, it is highly likely for RSV to be involved in a co-infection scenario with either itself in the form of re-
infection or with another virus. Researchers have extensively studied co-infection in vivo between RSV and hMPV[23]. 
Because the symptoms of both viruses are similar and the rates of infection in similar age groups are known, hMPV is a 
great candidate to study in the context of RSV co-infection to identify new subtle ways that they interact[49].

Immune response modulation
Scientists showed that infecting a BALB/c mouse model with a recombinant RSV strain activated a T-helper 2 (Th2) 
response, leading to eosinophilia and the airway becoming more reactive[50]. Researchers have obtained similar results 
from hMPV infections[28]. It was found that using an inactivated RSV vaccine to treat the infection improved eosino-
philia, T-helper 1 (Th1)-biased cytokine and antibody responses. It was found that this vaccine-related disease was caused 
by immune complex formation. The researchers inhibited disease in mice by removing their complement[24]. Vaccine-
enhanced disease has hindered the successful development of both RSV and hMPV vaccines[32].

Researchers have found that increasing a Th1 immune response helps stop the spread of viruses like RSV and hMPV in 
lab experiments[45]. However, increasing a Th2 immune response makes the disease worse, as shown by higher eosino-
philia, mucus production in the airways, and disease severity[51].

The local response to a respiratory virus infection is quite varied, depending on the infecting virus. Antiviral and pro-
inflammatory activities classify the immune response. The immune response starts with the production of interferon and 
virus-specific cytotoxic T lymphocytes[28]. Th1 cytokine and IgG2a antibody production is also indicative of a protective 
immune response[52]. Table 1 summarizes the virological interaction in co-infections.

CLINICAL IMPLICATIONS
For patients presenting to the hospital with respiratory viral infections, one study found that patients positive for 
influenza have similar characteristics to those with community-acquired pneumonia (CAP)[53]. Another study 
specifically on patients with CAP requiring intensive care unit admission produced some interesting findings. In the 
multivariate analysis, influenza was the only independent factor associated with death when comparing the viral etiology 
of pneumonia[54]. Therefore, finding influenza in respiratory viral infection patients is even more important, and finding 
a specific respiratory virus instead of just a clinical diagnosis could change how different lung infections are treated and 
how well they do. An observational study on cellular viral loads in immunosuppressed patients diagnosed with 
pneumonia found that patients with a lower respiratory illness and a positive respiratory virus PCR had an attributable 
mortality of 26% for respiratory viral infections and improved antivirals could reduce mortality outcomes[55]. In the 
United States, influenza virus infects 20% of the population annually, and during a circulating influenza outbreak, many 
clinicians diagnose influenza-like illness (ILI) as influenza and initiate treatment with oseltamivir or zanamivir in a 
hospital or community setting[56]. A recent systematic Cochrane review, encompassing 20 trials of oseltamivir and 
zanamivir treatment in adult and pediatric outpatients, determined the clinical effectiveness of ILI treatment to be 
modestly beneficial, at best reducing the duration of illness by 1 day[57]. Initiating treatment within the first 48 hours of 
symptoms enhances the clinical effectiveness of these antivirals. A specific diagnosis of influenza and a high level of 
illness severity yield the best results. Data on hospitalized adult patients who can have very severe outcomes from 
respiratory viral infections are lacking. High costs for individual patients, particularly in third-world countries, are 
problematic. For instance, respiratory viral infections exacerbate heart failure exacerbations and chronic obstructive 
pulmonary disease, frequently leading to hospital admissions for ILI patients. The clinical effectiveness of antivirals, 
particularly in high-risk groups such as the elderly and those with co-morbidities, remains an important issue[58]. 
Because ILI is highly non-specific, many respiratory virus infections cluster around this case definition, making a specific 
diagnosis and a decision on how to manage the patient frequently difficult. Without virological testing, a specific 
diagnosis remains rare, even in the best of clinical settings[34].
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Table 1 Virological interactions in co-infections

Co-infection combination Interaction type Impact on disease progression

Dengue virus + secondary virus Competitive Increased risk of severe dengue outcomes (DHF, DSS)

RSV + influenza Cooperative/competitive Prolongs disease, increases severity and duration in some cases

RSV + other respiratory viruses (e.g., hMPV) Varies; neutral in some models Little to no increase in pathogenicity in some animal models

DHF: Dengue hemorrhagic fever; DSS: Dengue shock syndrome; hMPV: Human metapneumovirus; RSV: Respiratory syncytial virus.

Diagnosis challenges
The lack of compelling evidence for the clinical implications of viral interactions on disease severity is likely to reflect the 
methodological limitations impacting the success of future virus-virus interaction studies. Observational studies or 
traditional statistical methods in existing datasets pose many difficulties in definitively diagnosing the viruses involved, 
specifying the timing, order, and type of infection, establishing a causative association between infection and disease, and 
controlling for confounding factors[59].

While rapid progress in diagnostic technology has been a major contributor to the recent discoveries of viral 
prevalence, incidence, and etiology in the population, it has also generated a wealth of information describing simple 
viral shedding or presence. An example of this is the frequency of detection of all viruses within a diagnostic test, even 
when multiple specimens are not available from every patient at the time of disease incidence. Epidemiologists have 
interpreted this to mean a surrogation of clinical disease, with the most severe symptoms being attributable to the virus. 
However, tests detect all levels of virus RNA or antigen, including asymptomatic shedding, and detection of viruses often 
continues well after cessation of symptoms[60].

Viral vaccination studies have convincingly demonstrated the important implications of identifying virus-specific 
etiologies of disease for public health and global health issues[61].

Treatment considerations
The lack of specific antiviral therapies for many viruses is a limitation, and more broad-spectrum anti-infective agents 
have increased potential for drug-drug interactions and may have unknown effects on a second virus. These points 
highlight the complex issues regarding the treatment of co-infections and the need for further research to determine the 
optimum management strategies[45]. At present, many treatment regimens are based on specific etiologies. However, for 
many viral pathogens, effective therapies are lacking and management is often supportive. If co-infections occur, it may 
be unclear which virus is the causative agent, and treatment regimens may overlap, potentially exacerbating a treatment-
induced adverse event[48].

TRANSMISSION DYNAMICS
High co-infection rates can sustain an epidemic or lead to an outbreak of a particular virus if transmission rates between 
co-infections and single infections are significantly different. This was the case in RSV outbreak in a pediatric ward, 
where nosocomial transmission of multiple virus types, including RSV itself, caused prolonged ward closure[34]. In terms 
of acute respiratory infection, it is extremely rare for just one type of virus to be the sole cause, as exemplified by a study 
that showed 61% of cases tested negative for all virus types. However, prolonged viral shedding can complicate the 
classification of individuals as co-infected by PCR testing methods, potentially leading to the emergence of a second 
infection before clearing the first[38].

Co-infection transmission rates
This information is not yet available to respiratory virus agents. Co-infection is likely to increase viral transmission, as 
secondary strains are unlikely to evolve efficient transmission between humans without first increasing their prevalence. 
On the other hand, some viruses are known to speed up the spread of others through immunological or other means. For 
example, RSV speeds up the spread of Streptococcus pneumoniae in an animal model. This could be more important than 
any competitive effect between co-infecting strains[62].

Increasing transmission could also occur simply because of co-infection, increasing the overall disease burden on the 
host and making them more infectious in terms of contact rates with other individuals. An intriguing but neglected issue 
is the potential for complex interactions between different respiratory viruses in communal settings to affect each other's 
transmission. Schools play a crucial role in this context, as research indicates that children frequently contract multiple 
viruses simultaneously[63].

Mathematical models of infection for one specific virus often include a large number of simplifying assumptions about 
the host population, and it can be difficult to integrate multiple models for different viruses in a consistent way[64].

But adding information to these models from virological or epidemiological studies on how certain virus types can 
infect each other could help us understand how respiratory viruses spread in communities.
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Role of co-infections in outbreaks
Large amounts of evidence from experiments with both animal models and in vitro systems with model viral infections 
show that how viruses interact with each other can have a big impact on how bad the disease is. It can be predicted that 
the potential net effect of virus-virus interaction can range from increased pathogenesis due to the reactivation of latent 
infection, where one or more viruses interact at the level of viral gene expression, to complete interference between two or 
more viruses in an attempt to establish a productive infection[65]. This can mean that one virus effectively outcompetes 
another virus for a susceptible host cell, resulting in the loss of a viral genetic lineage (extinction of one of the interacting 
viruses in a defined ecological niche). We now recognize these outcomes as potentially important in the natural ecology 
of virus infections, and it is challenging to study how they facilitate some of these events in humans, like viral reac-
tivation and extinction. From a public health perspective, one of the most important consequences of virus-virus 
interactions is the exacerbation of acute disease manifestations. The most extreme example of this is the increased 
mortality seen with certain respiratory virus infections in the very young and/or elderly due to a variety of interacting 
infections.

PUBLIC HEALTH STRATEGIES
The majority of global morbidity from respiratory viruses occurs in developing countries, where infectious diseases 
significantly impact malnutrition and chronic diseases. Efforts here focus on identifying broad syndromes and 
developing interventions. Recent strategies using novel PCR techniques to identify viral causes of syndromes like fever in 
immunocompromised patients or acute respiratory infections in bone marrow transplant units show promise in 
understanding these infections' multifactorial impacts. In developed countries, public health surveillance emphasizes 
epidemiology and identifying etiological agents. Systems in the US and Canada linking pneumonia admissions to 
pathogen identification exemplify these efforts, which inform prevention and control strategies. Sentinel hospital 
networks monitoring pediatric respiratory virus infections correlate trends with broader morbidity data, proving effective 
in countries with good healthcare access. Advances in identification techniques highlight the global significance of 
respiratory viruses and the need for tailored public health strategies to address healthcare system disparities[66-68].

RNA-based molecular testing methods enhance the ability to define and characterize respiratory viral infections, 
improving recognition within communities and among patients. Despite effective antiviral therapy for influenza, 
presumptive diagnoses can be inaccurate, necessitating distinct management approaches. PCR testing and modern 
pneumococcal vaccines are expected to clarify the roles of respiratory viral infections and bacterial coinfections. Point-of-
care PCR testing will facilitate accurate diagnoses similar to chest X-rays, aiding community physicians in recognizing 
respiratory viral infections. Real-time (RT)-PCR testing has high sensitivity and specificity, and it enables prompt 
diagnosis and detailed studies of disease burden and seasonality, crucial for understanding respiratory viral infections' 
impact on chronic disease exacerbations. Effective containment and treatment of respiratory viral infections rely on 
detecting the infecting agent and understanding its community impact. Traditional viral diagnosis methods like culture 
and serology are slow and often provide insufficient information[69-71].

Future molecular diagnostics will likely identify the ways in which respiratory virus exacerbate chronic lung disease, 
guiding prevention and treatment strategies. Effective public health strategies must be specific and practical, particularly 
for co-infections, which are under-researched. Evidence-based interventions can significantly improve health outcomes 
and reduce healthcare costs[72].

Therapeutic development
Developing therapies specific to co-infections can limit adverse outcomes for patients. One promising approach is altering 
the host cellular environment to prevent viral replication by modifying host cell proteins necessary for viral entry and 
replication. These findings can translate into drug therapies tested in animal models and clinical trials. Another strategy 
involves altering the ability of cells to produce proteins crucial for virus replication or modulating the immune response 
to prevent disease exacerbation. Further studies on host immune responses to virus-virus interactions, followed by 
animal models and human trials, can lead to the development of vaccines preventing respiratory virus co-infections[7,73].

Host immune response
While the immune response to single respiratory virus infections is well-studied, the effects of multiple viral infections 
are less understood. To comprehend the immune system's response to virus interactions, it is crucial to map the immune 
response sequence using animal models, followed by human clinical studies. Understanding these mechanisms can help 
develop therapies to prevent or limit co-infections, improving patient outcomes[74].

Current co-infection studies
Most studies use nucleic acid amplification to identify viruses present in a host, but they do not consider multiple strains 
of a single virus. Determining the in vivo significance of co-infection requires animal models to track the effects on viral 
replication, virulence, and host immune responses. These findings can then be applied to human clinical trials.

Understanding co-infection mechanisms
Co-infection mechanisms are poorly understood and often modeled in animals with viruses that do not naturally co-
infect. For instance, RSV does not replicate well in mice, which can confound results[31]. Identifying replicated viruses vs 
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Table 2 Public health strategies and recommendations

Strategy Recommendation

Enhanced surveillance systems Focus on high-risk groups for better identification and control of co-infections

Targeted vaccination campaigns Develop vaccines considering common co-infecting viruses, especially for high-risk groups

Multiplex PCR testing implementation Implement in clinical settings for simultaneous diagnosis of multiple respiratory viruses

Education on infection control measures Increase awareness among public and healthcare workers regarding transmission risks

Development of broad-spectrum antivirals Encourage R&D for antivirals effective against multiple viruses to address co-infections

R&D: Research and Development.

marker viruses in these models is challenging, as highlighted in a study with murine gastroenteritis virus and 
transmissible gastroenteritis virus in pigs, where the data became blurred, complicating the understanding of co-
infections on a molecular level[75].

Co-infection-specific therapies
Few antiviral agents have well-defined molecular mechanisms, and in vivo outcomes can vary based on administration 
timing and the host's immune status. While co-infection-tailored therapies are complex, they may be feasible. For 
instance, if a co-infection exacerbates disease by inhibiting IFN production, using IFN as a therapeutic agent might be 
effective. However, simplistic approaches, such as administering all antivirals simultaneously, should be avoided due to 
potential drug competition or pathway inhibition[76,77]. Table 2 summarizes public health strategies and recommend-
ations.

CONCLUSION
Conclusion and future perspectives
In summary, respiratory viral co-infections pose significant challenges to clinical management due to their complex 
impact on disease severity and patient outcomes. Current diagnostic methods often fail to detect these co-infections, 
leading to underestimation of their prevalence and complicating the development of effective treatment strategies. There 
is an urgent need for advanced diagnostic techniques that can accurately identify co-infections and their specific viral 
combinations.

Future research should focus on elucidating the molecular mechanisms that underpin viral interactions during co-
infections. A deeper understanding of these interactions will be crucial in developing targeted therapeutic strategies that 
can mitigate the exacerbation of symptoms caused by co-infections. Additionally, there is a pressing need to explore the 
role of the immune system in co-infections, particularly how it can be modulated to improve patient outcomes.

Public health strategies must also be adapted to address the challenges posed by respiratory viral co-infections. This 
includes improving surveillance systems to better capture data on co-infections and integrating this information into the 
development of vaccines and antiviral treatments. Ultimately, a multidisciplinary approach that combines clinical, 
virological, and epidemiological expertise will be essential to advance our understanding and management of respiratory 
viral co-infections, thereby reducing their burden on global health.

FOOTNOTES
Author contributions: Georgakopoulou VE conceptualized the review, wrote the review and critically revised it.

Conflict-of-interest statement: The author declares no conflict of interest.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country of origin: Greece

ORCID number: Vasiliki E Georgakopoulou 0000-0003-0772-811X.

S-Editor: Liu JH 
L-Editor: Filipodia 

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-0772-811X
http://orcid.org/0000-0003-0772-811X


Georgakopoulou VE. Respiratory virus co-infections

WJV https://www.wjgnet.com 8 December 25, 2024 Volume 13 Issue 4

P-Editor: Zhao S

REFERENCES
1 Goka EA, Vallely PJ, Mutton KJ, Klapper PE. Single, dual and multiple respiratory virus infections and risk of hospitalization and mortality. 

Epidemiol Infect 2015; 143: 37-47 [PMID: 24568719 DOI: 10.1017/S0950268814000302]
2 Chamseddine S, Chmaisse A, Akel I, Zein ZE, Khalil S, Raad SA, Khati A, Ghandour H, Khafaja S, Haj M, Abboud M, Mahfouz R, Araj G, 

Zaraket H, Hanna-Wakim R, Muwakkit S, Dbaibo G. Epidemiology and clinical characteristics of viral infections in hospitalized children and 
adolescents with cancer in Lebanon. PLoS One 2020; 15: e0239258 [PMID: 32961548 DOI: 10.1371/journal.pone.0239258]

3 Rijsbergen LC, van Dijk LLA, Engel MFM, de Vries RD, de Swart RL. In Vitro Modelling of Respiratory Virus Infections in Human Airway 
Epithelial Cells - A Systematic Review. Front Immunol 2021; 12: 683002 [PMID: 34489934 DOI: 10.3389/fimmu.2021.683002]

4 Iuliano AD, Roguski KM, Chang HH, Muscatello DJ, Palekar R, Tempia S, Cohen C, Gran JM, Schanzer D, Cowling BJ, Wu P, Kyncl J, Ang 
LW, Park M, Redlberger-Fritz M, Yu H, Espenhain L, Krishnan A, Emukule G, van Asten L, Pereira da Silva S, Aungkulanon S, Buchholz U, 
Widdowson MA, Bresee JS; Global Seasonal Influenza-associated Mortality Collaborator Network. Estimates of global seasonal influenza-
associated respiratory mortality: a modelling study. Lancet 2018; 391: 1285-1300 [PMID: 29248255 DOI: 10.1016/S0140-6736(17)33293-2]

5 GBD 2016 Lower Respiratory Infections Collaborators. Estimates of the global, regional, and national morbidity, mortality, and aetiologies 
of lower respiratory infections in 195 countries, 1990-2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet Infect 
Dis 2018; 18: 1191-1210 [PMID: 30243584 DOI: 10.1016/S1473-3099(18)30310-4]

6 Du Y, Wang C, Zhang Y. Viral Coinfections. Viruses 2022; 14 [PMID: 36560647 DOI: 10.3390/v14122645]
7 Jain S, Williams DJ, Arnold SR, Ampofo K, Bramley AM, Reed C, Stockmann C, Anderson EJ, Grijalva CG, Self WH, Zhu Y, Patel A, 

Hymas W, Chappell JD, Kaufman RA, Kan JH, Dansie D, Lenny N, Hillyard DR, Haynes LM, Levine M, Lindstrom S, Winchell JM, Katz JM, 
Erdman D, Schneider E, Hicks LA, Wunderink RG, Edwards KM, Pavia AT, McCullers JA, Finelli L; CDC EPIC Study Team. Community-
acquired pneumonia requiring hospitalization among U.S. children. N Engl J Med 2015; 372: 835-845 [PMID: 25714161 DOI: 
10.1056/NEJMoa1405870]

8 Schützle H, Weigl J, Puppe W, Forster J, Berner R. Diagnostic performance of a rapid antigen test for RSV in comparison with a 19-valent 
multiplex RT-PCR ELISA in children with acute respiratory tract infections. Eur J Pediatr 2008; 167: 745-749 [PMID: 17764017 DOI: 
10.1007/s00431-007-0581-1]

9 Pretorius MA, Madhi SA, Cohen C, Naidoo D, Groome M, Moyes J, Buys A, Walaza S, Dawood H, Chhagan M, Haffjee S, Kahn K, Puren 
A, Venter M. Respiratory viral coinfections identified by a 10-plex real-time reverse-transcription polymerase chain reaction assay in patients 
hospitalized with severe acute respiratory illness--South Africa, 2009-2010. J Infect Dis 2012; 206 Suppl 1: S159-S165 [PMID: 23169964 
DOI: 10.1093/infdis/jis538]

10 Crotty MP, Meyers S, Hampton N, Bledsoe S, Ritchie DJ, Buller RS, Storch GA, Micek ST, Kollef MH. Epidemiology, Co-Infections, and 
Outcomes of Viral Pneumonia in Adults: An Observational Cohort Study. Medicine (Baltimore) 2015; 94: e2332 [PMID: 26683973 DOI: 
10.1097/MD.0000000000002332]

11 Cilla G, Oñate E, Perez-Yarza EG, Montes M, Vicente D, Perez-Trallero E. Viruses in community-acquired pneumonia in children aged less 
than 3 years old: High rate of viral coinfection. J Med Virol 2008; 80: 1843-1849 [PMID: 18712820 DOI: 10.1002/jmv.21271]

12 Martin ET, Kuypers J, Wald A, Englund JA. Multiple versus single virus respiratory infections: viral load and clinical disease severity in 
hospitalized children. Influenza Other Respir Viruses 2012; 6: 71-77 [PMID: 21668660 DOI: 10.1111/j.1750-2659.2011.00265.x]

13 Scotta MC, Chakr VC, de Moura A, Becker RG, de Souza AP, Jones MH, Pinto LA, Sarria EE, Pitrez PM, Stein RT, Mattiello R. Respiratory 
viral coinfection and disease severity in children: A systematic review and meta-analysis. J Clin Virol 2016; 80: 45-56 [PMID: 27155055 DOI: 
10.1016/j.jcv.2016.04.019]

14 Calvo C, García-García ML, Blanco C, Vázquez MC, Frías ME, Pérez-Breña P, Casas I. Multiple simultaneous viral infections in infants with 
acute respiratory tract infections in Spain. J Clin Virol 2008; 42: 268-272 [PMID: 18455958 DOI: 10.1016/j.jcv.2008.03.012]

15 Greer RM, McErlean P, Arden KE, Faux CE, Nitsche A, Lambert SB, Nissen MD, Sloots TP, Mackay IM. Do rhinoviruses reduce the 
probability of viral co-detection during acute respiratory tract infections? J Clin Virol 2009; 45: 10-15 [PMID: 19376742 DOI: 
10.1016/j.jcv.2009.03.008]

16 Morris DE, Cleary DW, Clarke SC. Secondary Bacterial Infections Associated with Influenza Pandemics. Front Microbiol 2017; 8: 1041 
[PMID: 28690590 DOI: 10.3389/fmicb.2017.01041]

17 Wark PA, Tooze M, Cheese L, Whitehead B, Gibson PG, Wark KF, McDonald VM. Viral infections trigger exacerbations of cystic fibrosis in 
adults and children. Eur Respir J 2012; 40: 510-512 [PMID: 22855475 DOI: 10.1183/09031936.00202311]

18 Uyeki TM, Bernstein HH, Bradley JS, Englund JA, File TM, Fry AM, Gravenstein S, Hayden FG, Harper SA, Hirshon JM, Ison MG, Johnston 
BL, Knight SL, McGeer A, Riley LE, Wolfe CR, Alexander PE, Pavia AT. Clinical Practice Guidelines by the Infectious Diseases Society of 
America: 2018 Update on Diagnosis, Treatment, Chemoprophylaxis, and Institutional Outbreak Management of Seasonal Influenzaa. Clin 
Infect Dis 2019; 68: e1-e47 [PMID: 30566567 DOI: 10.1093/cid/ciy866]

19 Moreno-Valencia Y, Hernandez-Hernandez VA, Romero-Espinoza JAI, Coronel-Tellez RH, Castillejos-Lopez M, Hernandez A, Perez-Padilla 
R, Alejandre-Garcia A, de la Rosa-Zamboni D, Ormsby CE, Vazquez-Perez JA. Detection and characterization of respiratory viruses causing 
acute respiratory illness and asthma exacerbation in children during three different seasons (2011-2014) in Mexico City. Influenza Other Respir 
Viruses 2015; 9: 287-292 [PMID: 26289993 DOI: 10.1111/irv.12346]

20 Branche AR, Walsh EE, Formica MA, Falsey AR. Detection of respiratory viruses in sputum from adults by use of automated multiplex PCR. 
J Clin Microbiol 2014; 52: 3590-3596 [PMID: 25056335 DOI: 10.1128/JCM.01523-14]

21 Linden D, Guo-Parke H, Coyle PV, Fairley D, McAuley DF, Taggart CC, Kidney J. Respiratory viral infection: a potential "missing link" in 
the pathogenesis of COPD. Eur Respir Rev 2019; 28 [PMID: 30872396 DOI: 10.1183/16000617.0063-2018]

22 Marguet C, Lubrano M, Gueudin M, Le Roux P, Deschildre A, Forget C, Couderc L, Siret D, Donnou MD, Bubenheim M, Vabret A, 
Freymuth F. In very young infants severity of acute bronchiolitis depends on carried viruses. PLoS One 2009; 4: e4596 [PMID: 19240806 DOI: 
10.1371/journal.pone.0004596]
Semple MG, Cowell A, Dove W, Greensill J, McNamara PS, Halfhide C, Shears P, Smyth RL, Hart CA. Dual infection of infants by human 23

http://www.ncbi.nlm.nih.gov/pubmed/24568719
https://dx.doi.org/10.1017/S0950268814000302
http://www.ncbi.nlm.nih.gov/pubmed/32961548
https://dx.doi.org/10.1371/journal.pone.0239258
http://www.ncbi.nlm.nih.gov/pubmed/34489934
https://dx.doi.org/10.3389/fimmu.2021.683002
http://www.ncbi.nlm.nih.gov/pubmed/29248255
https://dx.doi.org/10.1016/S0140-6736(17)33293-2
http://www.ncbi.nlm.nih.gov/pubmed/30243584
https://dx.doi.org/10.1016/S1473-3099(18)30310-4
http://www.ncbi.nlm.nih.gov/pubmed/36560647
https://dx.doi.org/10.3390/v14122645
http://www.ncbi.nlm.nih.gov/pubmed/25714161
https://dx.doi.org/10.1056/NEJMoa1405870
http://www.ncbi.nlm.nih.gov/pubmed/17764017
https://dx.doi.org/10.1007/s00431-007-0581-1
http://www.ncbi.nlm.nih.gov/pubmed/23169964
https://dx.doi.org/10.1093/infdis/jis538
http://www.ncbi.nlm.nih.gov/pubmed/26683973
https://dx.doi.org/10.1097/MD.0000000000002332
http://www.ncbi.nlm.nih.gov/pubmed/18712820
https://dx.doi.org/10.1002/jmv.21271
http://www.ncbi.nlm.nih.gov/pubmed/21668660
https://dx.doi.org/10.1111/j.1750-2659.2011.00265.x
http://www.ncbi.nlm.nih.gov/pubmed/27155055
https://dx.doi.org/10.1016/j.jcv.2016.04.019
http://www.ncbi.nlm.nih.gov/pubmed/18455958
https://dx.doi.org/10.1016/j.jcv.2008.03.012
http://www.ncbi.nlm.nih.gov/pubmed/19376742
https://dx.doi.org/10.1016/j.jcv.2009.03.008
http://www.ncbi.nlm.nih.gov/pubmed/28690590
https://dx.doi.org/10.3389/fmicb.2017.01041
http://www.ncbi.nlm.nih.gov/pubmed/22855475
https://dx.doi.org/10.1183/09031936.00202311
http://www.ncbi.nlm.nih.gov/pubmed/30566567
https://dx.doi.org/10.1093/cid/ciy866
http://www.ncbi.nlm.nih.gov/pubmed/26289993
https://dx.doi.org/10.1111/irv.12346
http://www.ncbi.nlm.nih.gov/pubmed/25056335
https://dx.doi.org/10.1128/JCM.01523-14
http://www.ncbi.nlm.nih.gov/pubmed/30872396
https://dx.doi.org/10.1183/16000617.0063-2018
http://www.ncbi.nlm.nih.gov/pubmed/19240806
https://dx.doi.org/10.1371/journal.pone.0004596


Georgakopoulou VE. Respiratory virus co-infections

WJV https://www.wjgnet.com 9 December 25, 2024 Volume 13 Issue 4

metapneumovirus and human respiratory syncytial virus is strongly associated with severe bronchiolitis. J Infect Dis 2005; 191: 382-386 
[PMID: 15633097 DOI: 10.1086/426457]

24 Liu YN, Zhang YF, Xu Q, Qiu Y, Lu QB, Wang T, Zhang XA, Lin SH, Lv CL, Jiang BG, Li H, Li ZJ, Gao GF, Yang WZ, Hay SI, Wang LP, 
Fang LQ, Liu W; Chinese Center for Disease Control and Prevention Etiology Surveillance Study Team of Acute Respiratory Infections. 
Infection and co-infection patterns of community-acquired pneumonia in patients of different ages in China from 2009 to 2020: a national 
surveillance study. Lancet Microbe 2023; 4: e330-e339 [PMID: 37001538 DOI: 10.1016/S2666-5247(23)00031-9]

25 Wishaupt JO, van der Ploeg T, de Groot R, Versteegh FG, Hartwig NG. Single- and multiple viral respiratory infections in children: disease 
and management cannot be related to a specific pathogen. BMC Infect Dis 2017; 17: 62 [PMID: 28077074 DOI: 10.1186/s12879-016-2118-6]

26 Gaunt ER, Jansen RR, Poovorawan Y, Templeton KE, Toms GL, Simmonds P. Molecular epidemiology and evolution of human respiratory 
syncytial virus and human metapneumovirus. PLoS One 2011; 6: e17427 [PMID: 21390255 DOI: 10.1371/journal.pone.0017427]

27 Hall CB, Walsh EE, Long CE, Schnabel KC. Immunity to and frequency of reinfection with respiratory syncytial virus. J Infect Dis 1991; 163: 
693-698 [PMID: 2010624 DOI: 10.1093/infdis/163.4.693]

28 Hamelin ME, Yim K, Kuhn KH, Cragin RP, Boukhvalova M, Blanco JC, Prince GA, Boivin G. Pathogenesis of human metapneumovirus 
lung infection in BALB/c mice and cotton rats. J Virol 2005; 79: 8894-8903 [PMID: 15994783 DOI: 10.1128/JVI.79.14.8894-8903.2005]

29 Cilla G, Oñate E, Perez-Yarza EG, Montes M, Vicente D, Perez-Trallero E. Hospitalization rates for human metapneumovirus infection among 
0- to 3-year-olds in Gipuzkoa (Basque Country), Spain. Epidemiol Infect 2009; 137: 66-72 [PMID: 18419854 DOI: 
10.1017/S0950268808000666]

30 Lofgren E, Fefferman NH, Naumov YN, Gorski J, Naumova EN. Influenza seasonality: underlying causes and modeling theories. J Virol 
2007; 81: 5429-5436 [PMID: 17182688 DOI: 10.1128/JVI.01680-06]

31 Morris DR, Qu Y, Thomason KS, de Mello AH, Preble R, Menachery VD, Casola A, Garofalo RP. The impact of RSV/SARS-CoV-2 co-
infection on clinical disease and viral replication: insights from a BALB/c mouse model. bioRxiv 2023 [PMID: 37292863 DOI: 
10.1101/2023.05.24.542043]

32 Mallia P, Johnston SL. How viral infections cause exacerbation of airway diseases. Chest 2006; 130: 1203-1210 [PMID: 17035457 DOI: 
10.1378/chest.130.4.1203]

33 Arcavi L, Benowitz NL. Cigarette smoking and infection. Arch Intern Med 2004; 164: 2206-2216 [PMID: 15534156 DOI: 
10.1001/archinte.164.20.2206]

34 Monto AS. Epidemiology of viral respiratory infections. Am J Med 2002; 112 Suppl 6A: 4S-12S [PMID: 11955454 DOI: 
10.1016/s0002-9343(01)01058-0]

35 Musher DM. How contagious are common respiratory tract infections? N Engl J Med 2003; 348: 1256-1266 [PMID: 12660390 DOI: 
10.1056/NEJMra021771]

36 Wilson ME. Travel and the emergence of infectious diseases. Emerg Infect Dis 1995; 1: 39-46 [PMID: 8903157 DOI: 
10.3201/eid0102.950201]

37 Akinboyo IC, Young RR, Smith MJ, Lewis SS, Smith BA, Anderson DJ. Burden of healthcare-associated infections among hospitalized 
children within community hospitals participating in an infection control network. Infect Control Hosp Epidemiol 2022; 43: 510-512 [PMID: 
33685533 DOI: 10.1017/ice.2021.67]

38 Farr BM, Bartlett CL, Wadsworth J, Miller DL. Risk factors for community-acquired pneumonia diagnosed upon hospital admission. British 
Thoracic Society Pneumonia Study Group. Respir Med 2000; 94: 954-963 [PMID: 11059948 DOI: 10.1053/rmed.2000.0865]

39 Hatta M, Kawaoka Y. The continued pandemic threat posed by avian influenza viruses in Hong Kong. Trends Microbiol 2002; 10: 340-344 
[PMID: 12110213 DOI: 10.1016/s0966-842x(02)02388-0]

40 de Jong MD, Simmons CP, Thanh TT, Hien VM, Smith GJ, Chau TN, Hoang DM, Chau NV, Khanh TH, Dong VC, Qui PT, Cam BV, Ha do 
Q, Guan Y, Peiris JS, Chinh NT, Hien TT, Farrar J. Fatal outcome of human influenza A (H5N1) is associated with high viral load and 
hypercytokinemia. Nat Med 2006; 12: 1203-1207 [PMID: 16964257 DOI: 10.1038/nm1477]

41 Lok AS, McMahon BJ. Chronic hepatitis B: update 2009. Hepatology 2009; 50: 661-662 [PMID: 19714720 DOI: 10.1002/hep.23190]
42 Nomah DK, Reyes-Urueña J, Llibre JM, Ambrosioni J, Ganem FS, Miró JM, Casabona J. HIV and SARS-CoV-2 Co-infection: 

Epidemiological, Clinical Features, and Future Implications for Clinical Care and Public Health for People Living with HIV (PLWH) and HIV 
Most-at-Risk Groups. Curr HIV/AIDS Rep 2022; 19: 17-25 [PMID: 35113346 DOI: 10.1007/s11904-021-00596-5]

43 Rothman AL. Immunity to dengue virus: a tale of original antigenic sin and tropical cytokine storms. Nat Rev Immunol 2011; 11: 532-543 
[PMID: 21760609 DOI: 10.1038/nri3014]

44 Waterlow NR, Flasche S, Minter A, Eggo RM. Competition between RSV and influenza: Limits of modelling inference from surveillance 
data. Epidemics 2021; 35: 100460 [PMID: 33838587 DOI: 10.1016/j.epidem.2021.100460]

45 Graham BS. Biological challenges and technological opportunities for respiratory syncytial virus vaccine development. Immunol Rev 2011; 
239: 149-166 [PMID: 21198670 DOI: 10.1111/j.1600-065X.2010.00972.x]

46 Oldstone MB. Viral persistence: parameters, mechanisms and future predictions. Virology 2006; 344: 111-118 [PMID: 16364742 DOI: 
10.1016/j.virol.2005.09.028]

47 Uyeki TM, Hui DS, Zambon M, Wentworth DE, Monto AS. Influenza. Lancet 2022; 400: 693-706 [PMID: 36030813 DOI: 
10.1016/S0140-6736(22)00982-5]

48 Glezen WP, Taber LH, Frank AL, Kasel JA. Risk of primary infection and reinfection with respiratory syncytial virus. Am J Dis Child 1986; 
140: 543-546 [PMID: 3706232 DOI: 10.1001/archpedi.1986.02140200053026]

49 Boivin G, De Serres G, Hamelin ME, Côté S, Argouin M, Tremblay G, Maranda-Aubut R, Sauvageau C, Ouakki M, Boulianne N, Couture C. 
An outbreak of severe respiratory tract infection due to human metapneumovirus in a long-term care facility. Clin Infect Dis 2007; 44: 1152-
1158 [PMID: 17407031 DOI: 10.1086/513204]

50 Haeberle HA, Takizawa R, Casola A, Brasier AR, Dieterich HJ, Van Rooijen N, Gatalica Z, Garofalo RP. Respiratory syncytial virus-induced 
activation of nuclear factor-kappaB in the lung involves alveolar macrophages and toll-like receptor 4-dependent pathways. J Infect Dis 2002; 
186: 1199-1206 [PMID: 12402188 DOI: 10.1086/344644]

51 Manohar P, Loh B, Athira S, Nachimuthu R, Hua X, Welburn SC, Leptihn S. Secondary Bacterial Infections During Pulmonary Viral Disease: 
Phage Therapeutics as Alternatives to Antibiotics? Front Microbiol 2020; 11: 1434 [PMID: 32733404 DOI: 10.3389/fmicb.2020.01434]

52 van den Hoogen BG, de Jong JC, Groen J, Kuiken T, de Groot R, Fouchier RA, Osterhaus AD. A newly discovered human pneumovirus 
isolated from young children with respiratory tract disease. Nat Med 2001; 7: 719-724 [PMID: 11385510 DOI: 10.1038/89098]
Falsey AR, Becker KL, Swinburne AJ, Nylen ES, Formica MA, Hennessey PA, Criddle MM, Peterson DR, Baran A, Walsh EE. Bacterial 53

http://www.ncbi.nlm.nih.gov/pubmed/15633097
https://dx.doi.org/10.1086/426457
http://www.ncbi.nlm.nih.gov/pubmed/37001538
https://dx.doi.org/10.1016/S2666-5247(23)00031-9
http://www.ncbi.nlm.nih.gov/pubmed/28077074
https://dx.doi.org/10.1186/s12879-016-2118-6
http://www.ncbi.nlm.nih.gov/pubmed/21390255
https://dx.doi.org/10.1371/journal.pone.0017427
http://www.ncbi.nlm.nih.gov/pubmed/2010624
https://dx.doi.org/10.1093/infdis/163.4.693
http://www.ncbi.nlm.nih.gov/pubmed/15994783
https://dx.doi.org/10.1128/JVI.79.14.8894-8903.2005
http://www.ncbi.nlm.nih.gov/pubmed/18419854
https://dx.doi.org/10.1017/S0950268808000666
http://www.ncbi.nlm.nih.gov/pubmed/17182688
https://dx.doi.org/10.1128/JVI.01680-06
http://www.ncbi.nlm.nih.gov/pubmed/37292863
https://dx.doi.org/10.1101/2023.05.24.542043
http://www.ncbi.nlm.nih.gov/pubmed/17035457
https://dx.doi.org/10.1378/chest.130.4.1203
http://www.ncbi.nlm.nih.gov/pubmed/15534156
https://dx.doi.org/10.1001/archinte.164.20.2206
http://www.ncbi.nlm.nih.gov/pubmed/11955454
https://dx.doi.org/10.1016/s0002-9343(01)01058-0
http://www.ncbi.nlm.nih.gov/pubmed/12660390
https://dx.doi.org/10.1056/NEJMra021771
http://www.ncbi.nlm.nih.gov/pubmed/8903157
https://dx.doi.org/10.3201/eid0102.950201
http://www.ncbi.nlm.nih.gov/pubmed/33685533
https://dx.doi.org/10.1017/ice.2021.67
http://www.ncbi.nlm.nih.gov/pubmed/11059948
https://dx.doi.org/10.1053/rmed.2000.0865
http://www.ncbi.nlm.nih.gov/pubmed/12110213
https://dx.doi.org/10.1016/s0966-842x(02)02388-0
http://www.ncbi.nlm.nih.gov/pubmed/16964257
https://dx.doi.org/10.1038/nm1477
http://www.ncbi.nlm.nih.gov/pubmed/19714720
https://dx.doi.org/10.1002/hep.23190
http://www.ncbi.nlm.nih.gov/pubmed/35113346
https://dx.doi.org/10.1007/s11904-021-00596-5
http://www.ncbi.nlm.nih.gov/pubmed/21760609
https://dx.doi.org/10.1038/nri3014
http://www.ncbi.nlm.nih.gov/pubmed/33838587
https://dx.doi.org/10.1016/j.epidem.2021.100460
http://www.ncbi.nlm.nih.gov/pubmed/21198670
https://dx.doi.org/10.1111/j.1600-065X.2010.00972.x
http://www.ncbi.nlm.nih.gov/pubmed/16364742
https://dx.doi.org/10.1016/j.virol.2005.09.028
http://www.ncbi.nlm.nih.gov/pubmed/36030813
https://dx.doi.org/10.1016/S0140-6736(22)00982-5
http://www.ncbi.nlm.nih.gov/pubmed/3706232
https://dx.doi.org/10.1001/archpedi.1986.02140200053026
http://www.ncbi.nlm.nih.gov/pubmed/17407031
https://dx.doi.org/10.1086/513204
http://www.ncbi.nlm.nih.gov/pubmed/12402188
https://dx.doi.org/10.1086/344644
http://www.ncbi.nlm.nih.gov/pubmed/32733404
https://dx.doi.org/10.3389/fmicb.2020.01434
http://www.ncbi.nlm.nih.gov/pubmed/11385510
https://dx.doi.org/10.1038/89098


Georgakopoulou VE. Respiratory virus co-infections

WJV https://www.wjgnet.com 10 December 25, 2024 Volume 13 Issue 4

complications of respiratory tract viral illness: a comprehensive evaluation. J Infect Dis 2013; 208: 432-441 [PMID: 23661797 DOI: 
10.1093/infdis/jit190]

54 Kumar A, Zarychanski R, Pinto R, Cook DJ, Marshall J, Lacroix J, Stelfox T, Bagshaw S, Choong K, Lamontagne F, Turgeon AF, Lapinsky 
S, Ahern SP, Smith O, Siddiqui F, Jouvet P, Khwaja K, McIntyre L, Menon K, Hutchison J, Hornstein D, Joffe A, Lauzier F, Singh J, Karachi 
T, Wiebe K, Olafson K, Ramsey C, Sharma S, Dodek P, Meade M, Hall R, Fowler RA; Canadian Critical Care Trials Group H1N1 
Collaborative. Critically ill patients with 2009 influenza A(H1N1) infection in Canada. JAMA 2009; 302: 1872-1879 [PMID: 19822627 DOI: 
10.1001/jama.2009.1496]

55 Couch RB, Englund JA, Whimbey E. Respiratory viral infections in immunocompetent and immunocompromised persons. Am J Med 1997; 
102: 2-9; discussion 25 [PMID: 10868136 DOI: 10.1016/s0002-9343(97)00003-x]

56 Flight WG, Bright-Thomas RJ, Tilston P, Mutton KJ, Guiver M, Morris J, Webb AK, Jones AM. Incidence and clinical impact of respiratory 
viruses in adults with cystic fibrosis. Thorax 2014; 69: 247-253 [PMID: 24127019 DOI: 10.1136/thoraxjnl-2013-204000]

57 Jefferson T, Jones MA, Doshi P, Del Mar CB, Hama R, Thompson MJ, Spencer EA, Onakpoya I, Mahtani KR, Nunan D, Howick J, 
Heneghan CJ. Neuraminidase inhibitors for preventing and treating influenza in adults and children. Cochrane Database Syst Rev 2014; 2014: 
CD008965 [PMID: 24718923 DOI: 10.1002/14651858.CD008965.pub4]

58 McCullers JA. Preventing and treating secondary bacterial infections with antiviral agents. Antivir Ther 2011; 16: 123-135 [PMID: 21447860 
DOI: 10.3851/IMP1730]

59 Yadav SK, Akhter Y. Statistical Modeling for the Prediction of Infectious Disease Dissemination With Special Reference to COVID-19 
Spread. Front Public Health 2021; 9: 645405 [PMID: 34222166 DOI: 10.3389/fpubh.2021.645405]

60 Lin YC, Malott RJ, Ward L, Kiplagat L, Pabbaraju K, Gill K, Berenger BM, Hu J, Fonseca K, Noyce RS, Louie T, Evans DH, Conly JM. 
Detection and quantification of infectious severe acute respiratory coronavirus-2 in diverse clinical and environmental samples. Sci Rep 2022; 
12: 5418 [PMID: 35354854 DOI: 10.1038/s41598-022-09218-5]

61 Jamrozik E, Heriot G, Bull S, Parker M; Oxford-Johns Hopkins Global Infectious Disease Ethics (GLIDE). Vaccine-enhanced disease: case 
studies and ethical implications for research and public health. Wellcome Open Res 2021; 6: 154 [PMID: 34235275 DOI: 
10.12688/wellcomeopenres.16849.1]

62 Hament JM, Aerts PC, Fleer A, van Dijk H, Harmsen T, Kimpen JL, Wolfs TF. Direct binding of respiratory syncytial virus to pneumococci: 
a phenomenon that enhances both pneumococcal adherence to human epithelial cells and pneumococcal invasiveness in a murine model. 
Pediatr Res 2005; 58: 1198-1203 [PMID: 16306193 DOI: 10.1203/01.pdr.0000188699.55279.1b]

63 Tupper P, Colijn C. COVID-19 in schools: Mitigating classroom clusters in the context of variable transmission. PLoS Comput Biol 2021; 17: 
e1009120 [PMID: 34237051 DOI: 10.1371/journal.pcbi.1009120]

64 White PJ. Mathematical Models in Infectious Disease Epidemiology. Infect Dis 2017 [DOI: 10.1016/b978-0-7020-6285-8.00005-8]
65 Pinky L, DeAguero JR, Remien CH, Smith AM. How Interactions during Viral-Viral Coinfection Can Shape Infection Kinetics. Viruses 2023; 

15 [PMID: 37376603 DOI: 10.3390/v15061303]
66 Emukule GO, Paget J, van der Velden K, Mott JA. Influenza-Associated Disease Burden in Kenya: A Systematic Review of Literature. PLoS 

One 2015; 10: e0138708 [PMID: 26398196 DOI: 10.1371/journal.pone.0138708]
67 Brooks WA, Goswami D, Rahman M, Nahar K, Fry AM, Balish A, Iftekharuddin N, Azim T, Xu X, Klimov A, Bresee J, Bridges C, Luby S. 

Influenza is a major contributor to childhood pneumonia in a tropical developing country. Pediatr Infect Dis J 2010; 29: 216-221 [PMID: 
20190613 DOI: 10.1097/INF.0b013e3181bc23fd]

68 Fontana L, Strasfeld L. Respiratory Virus Infections of the Stem Cell Transplant Recipient and the Hematologic Malignancy Patient. Infect 
Dis Clin North Am 2019; 33: 523-544 [PMID: 30940462 DOI: 10.1016/j.idc.2019.02.004]

69 Stamm BD, Tamerius J, Reddy S, Barlow S, Hamer C, Kempken A, Goss M, He C, Bell C, Arnold M, Checovich M, Temte E, Norton D, 
Chen G, Baltus J, Gurley ES, Temte JL. The Influence of Rapid Influenza Diagnostic Testing on Clinician Decision-Making for Patients With 
Acute Respiratory Infection in Urgent Care. Clin Infect Dis 2023; 76: 1942-1948 [PMID: 36723863 DOI: 10.1093/cid/ciad038]

70 Ferguson NM, Cummings DA, Fraser C, Cajka JC, Cooley PC, Burke DS. Strategies for mitigating an influenza pandemic. Nature 2006; 442: 
448-452 [PMID: 16642006 DOI: 10.1038/nature04795]

71 Fry AM, Chittaganpitch M, Baggett HC, Peret TC, Dare RK, Sawatwong P, Thamthitiwat S, Areerat P, Sanasuttipun W, Fischer J, Maloney 
SA, Erdman DD, Olsen SJ. The burden of hospitalized lower respiratory tract infection due to respiratory syncytial virus in rural Thailand. 
PLoS One 2010; 5: e15098 [PMID: 21152047 DOI: 10.1371/journal.pone.0015098]

72 Frieden TR. Six components necessary for effective public health program implementation. Am J Public Health 2014; 104: 17-22 [PMID: 
24228653 DOI: 10.2105/AJPH.2013.301608]

73 Hayden FG, Sugaya N, Hirotsu N, Lee N, de Jong MD, Hurt AC, Ishida T, Sekino H, Yamada K, Portsmouth S, Kawaguchi K, Shishido T, 
Arai M, Tsuchiya K, Uehara T, Watanabe A; Baloxavir Marboxil Investigators Group. Baloxavir Marboxil for Uncomplicated Influenza in 
Adults and Adolescents. N Engl J Med 2018; 379: 913-923 [PMID: 30184455 DOI: 10.1056/NEJMoa1716197]

74 Newton AH, Cardani A, Braciale TJ. The host immune response in respiratory virus infection: balancing virus clearance and 
immunopathology. Semin Immunopathol 2016; 38: 471-482 [PMID: 26965109 DOI: 10.1007/s00281-016-0558-0]

75 Dulac GC, Ruckerbauer GM, Boulanger P. Transmissible gastroenteritis: demonstration of the virus from field specimens by means of cell 
culture and pig inoculation. Can J Comp Med 1977; 41: 357-363 [PMID: 200316]

76 Strannegård Ö. Interferons and their Therapeutic Applications. EJIFCC 1999; 11: 52-58 [PMID: 30707527]
77 Žigrayová D, Mikušová V, Mikuš P. Advances in Antiviral Delivery Systems and Chitosan-Based Polymeric and Nanoparticulate Antivirals 

and Antiviral Carriers. Viruses 2023; 15 [PMID: 36992356 DOI: 10.3390/v15030647]

http://www.ncbi.nlm.nih.gov/pubmed/23661797
https://dx.doi.org/10.1093/infdis/jit190
http://www.ncbi.nlm.nih.gov/pubmed/19822627
https://dx.doi.org/10.1001/jama.2009.1496
http://www.ncbi.nlm.nih.gov/pubmed/10868136
https://dx.doi.org/10.1016/s0002-9343(97)00003-x
http://www.ncbi.nlm.nih.gov/pubmed/24127019
https://dx.doi.org/10.1136/thoraxjnl-2013-204000
http://www.ncbi.nlm.nih.gov/pubmed/24718923
https://dx.doi.org/10.1002/14651858.CD008965.pub4
http://www.ncbi.nlm.nih.gov/pubmed/21447860
https://dx.doi.org/10.3851/IMP1730
http://www.ncbi.nlm.nih.gov/pubmed/34222166
https://dx.doi.org/10.3389/fpubh.2021.645405
http://www.ncbi.nlm.nih.gov/pubmed/35354854
https://dx.doi.org/10.1038/s41598-022-09218-5
http://www.ncbi.nlm.nih.gov/pubmed/34235275
https://dx.doi.org/10.12688/wellcomeopenres.16849.1
http://www.ncbi.nlm.nih.gov/pubmed/16306193
https://dx.doi.org/10.1203/01.pdr.0000188699.55279.1b
http://www.ncbi.nlm.nih.gov/pubmed/34237051
https://dx.doi.org/10.1371/journal.pcbi.1009120
https://dx.doi.org/10.1016/b978-0-7020-6285-8.00005-8
http://www.ncbi.nlm.nih.gov/pubmed/37376603
https://dx.doi.org/10.3390/v15061303
http://www.ncbi.nlm.nih.gov/pubmed/26398196
https://dx.doi.org/10.1371/journal.pone.0138708
http://www.ncbi.nlm.nih.gov/pubmed/20190613
https://dx.doi.org/10.1097/INF.0b013e3181bc23fd
http://www.ncbi.nlm.nih.gov/pubmed/30940462
https://dx.doi.org/10.1016/j.idc.2019.02.004
http://www.ncbi.nlm.nih.gov/pubmed/36723863
https://dx.doi.org/10.1093/cid/ciad038
http://www.ncbi.nlm.nih.gov/pubmed/16642006
https://dx.doi.org/10.1038/nature04795
http://www.ncbi.nlm.nih.gov/pubmed/21152047
https://dx.doi.org/10.1371/journal.pone.0015098
http://www.ncbi.nlm.nih.gov/pubmed/24228653
https://dx.doi.org/10.2105/AJPH.2013.301608
http://www.ncbi.nlm.nih.gov/pubmed/30184455
https://dx.doi.org/10.1056/NEJMoa1716197
http://www.ncbi.nlm.nih.gov/pubmed/26965109
https://dx.doi.org/10.1007/s00281-016-0558-0
http://www.ncbi.nlm.nih.gov/pubmed/200316
http://www.ncbi.nlm.nih.gov/pubmed/30707527
http://www.ncbi.nlm.nih.gov/pubmed/36992356
https://dx.doi.org/10.3390/v15030647


WJV https://www.wjgnet.com 1 December 25, 2024 Volume 13 Issue 4

World Journal of 

VirologyW J V
Submit a Manuscript: https://www.f6publishing.com World J Virol 2024 December 25; 13(4): 99110

DOI: 10.5501/wjv.v13.i4.99110 ISSN 2220-3249 (online)

MINIREVIEWS

Viral-host molecular interactions and metabolic modulation: 
Strategies to inhibit flaviviruses pathogenesis

Zeeshan Ahmad Khan, Mukesh Kumar Yadav, Dong-Woo Lim, Hojun Kim, Jing-Hua Wang, AbuZar Ansari

Specialty type: Virology

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade C 
Novelty: Grade C 
Creativity or Innovation: Grade C 
Scientific Significance: Grade B

P-Reviewer: Batta A

Received: July 14, 2024 
Revised: August 16, 2024 
Accepted: August 27, 2024 
Published online: December 25, 
2024 
Processing time: 95 Days and 22.6 
Hours

Zeeshan Ahmad Khan, Biohealth Products Research Center (BPRC), Research Center for Aged-
life Redesign (RCAR), Department of Physical Therapy, INJE University, Gimhae 5084, South 
Korea

Mukesh Kumar Yadav, Department of Microbiology, Central University of Punjab, Bathinda 
151401, India

Dong-Woo Lim, Department of Diagnostics, College of Korean Medicine, Dongguk University, 
Goyang 10326, South Korea

Hojun Kim, Division of Rehabilitation Medicine of Korean Medicine, Department of Oriental 
Rehabilitation Medicine, Dongguk University, Ilsan Hospital, Goyang 10326, South Korea

Jing-Hua Wang, Institute of Oriental Medicine, Dongguk University, Goyang 10326, South 
Korea

AbuZar Ansari, Department of Obstetrics and Gynecology, Ewha Womans University, Seoul 
07985, South Korea

Co-first authors: Zeeshan Ahmad Khan and Mukesh Kumar Yadav.

Co-corresponding authors: Jing-Hua Wang and AbuZar Ansari.

Corresponding author: AbuZar Ansari, MPhil, PhD, Research Professor, Department of 
Obstetrics and Gynecology, Ewha Womans University, 529 Seongsan-ro, Seoul 07985, South 
Korea. abu.kim.0313@gmail.com

Abstract
Flaviviruses, which include globally impactful pathogens, such as West Nile 
virus, yellow fever virus, Zika virus, Japanese encephalitis virus, and dengue 
virus, contribute significantly to human infections. Despite the ongoing emerg-
ence and resurgence of flavivirus-mediated pathogenesis, the absence of specific 
therapeutic options remains a challenge in the prevention and treatment of 
flaviviral infections. Through the intricate processes of fusion, transcription, re-
plication, and maturation, the complex interplay of viral and host metabolic inter-
actions affects pathophysiology. Crucial interactions involve metabolic molecules, 
such as amino acids, glucose, fatty acids, and nucleotides, each playing a pivotal 
role in the replication and maturation of flaviviruses. These viral-host metabolic 
molecular interactions hijack and modulate the molecular mechanisms of host 
metabolism. A comprehensive understanding of these intricate metabolic 
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pathways offers valuable insights, potentially unveiling novel targets for therapeutic interventions against 
flaviviral pathogenesis. This review emphasizes promising avenues for the development of therapeutic agents that 
target specific metabolic molecules, such as amino acids, glucose, fatty acids, and nucleotides, which interact with 
flavivirus replication and are closely linked to the modulation of host metabolism. The clinical limitations of 
current drugs have prompted the development of new inhibitory strategies for flaviviruses based on an 
understanding of the molecular interactions between the virus and the host.

Key Words: Flavivirus; Nonstructural proteins; Virus-host interaction; Metabolism; Inhibitors; Vaccines

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Targeting host metabolic molecules and interactions shows promise for combating flavivirus infections but has 
limitations such as potential off-target effects, disruption of essential cellular functions, and virus resistance. A viral-host 
interactome can elucidate complex interactions, guiding anti-flavivirus drug and vaccine development. By inhibiting 
metabolic signaling, researchers can disrupt viral replication, entry, and assembly, increasing the likelihood of effective 
antiviral agents. This approach is key for developing treatments despite its challenges.

Citation: Khan ZA, Yadav MK, Lim DW, Kim H, Wang JH, Ansari A. Viral-host molecular interactions and metabolic modulation: 
Strategies to inhibit flaviviruses pathogenesis. World J Virol 2024; 13(4): 99110
URL: https://www.wjgnet.com/2220-3249/full/v13/i4/99110.htm
DOI: https://dx.doi.org/10.5501/wjv.v13.i4.99110

INTRODUCTION
Flavivirus, now designated as the genus Orthoflavivirus, exhibits global distribution, and its transmission over the past 
few decades has been remarkable[1]. The genus Flavivirus comprises more than 50 viruses, including West Nile virus 
(WNV), yellow fever virus (YFV), Zika virus (ZIKV), Japanese encephalitis virus, and dengue virus (DENV), all of which 
are highly infectious to humans[2]. According to the World Health Organization, half of the world’s population is at risk 
of DENV infection, which carries a higher mortality rate compared with that of other flaviviral infections[3]. Flaviviruses 
cause up to 400 million infections per year and lead to critical forms of disease, including fatal hemorrhage, encephalitis, 
and death[3]. Despite the considerable impact of flaviviral infections on human health, only a limited number of vaccines 
are available, and no specific antiviral therapies have been identified for any flavivirus[4]. Thus, there is an urgent need to 
understand host-virus interactions to develop specific anti-flavivirus therapeutics.

Typically, flaviviruses interact with host cells by manipulating cellular and molecular mechanisms to create a favorable 
environment for replication. Following infection, flaviviruses can significantly modulate all classes of host metabolic 
pathways[5]. They initially engage through protein-protein interactions, manipulating the host's crucial cellular and 
molecular metabolic pathways, especially those involved in carbohydrate (glucose and glutamine), lipid (fatty acids), and 
nucleotide metabolism, to enhance their replication and maturation[5-9]. Targeting the interface between flaviviruses and 
host cellular metabolic interactions represents a potential strategy for antiviral interventions, elucidating viral pathology 
and fostering the development of therapeutic agents. Specifically, the inactivation of targeted metabolites by inhibitors 
holds promise for the development of antiviral agents. Consequently, there is a pressing need to develop therapeutics 
that effectively target and inhibit the essential metabolic mechanisms underlying viral replication and maturation.

Here, we explore flavivirus-host interactions to highlight potential inhibitors targeting metabolic molecules at the 
cellular and molecular levels, aiming to advance flavivirus therapeutics. For this purpose, we discuss potential strategies 
targeting viral-host metabolic interactions to inhibit flavivirus pathogenesis.

VIRUS-HOST MOLECULAR INTERACTIONS AND METABOLISM
Flavivirus structural features
Flaviviruses are icosahedral and characterized by a positive-sense, single-stranded RNA (approximately 11 kb), enclosed 
within a nucleocapsid. The nucleocapsid is further surrounded by the envelope glycoprotein E (53 kDa) and membrane 
protein M (8 kDa). The M protein is a small proteolytic fragment of its precursor form, prM (approximately 21 kDa), 
which is anchored to the viral membrane via two transmembrane helices. The genome contains a 5′ untranslated region 
and a singular open reading frame, which includes signals necessary for viral translation and replication, and concludes 
with a type 1 cap structure. Notably, the 3′ untranslated region harbors signals for replication and RNA synthesis but 
lacks a poly(A) tail. The single open reading frame undergoes translation into a polyprotein, which is subsequently 
cleaved to generate 10 viral proteins. The capsid, pre-membrane, and envelope proteins constitute the viral capsid shell 
that encapsulates the viral RNA genome, while seven nonstructural (NS) proteins-NS1, NS2A, NS2B, NS3, NS4A, NS4B, 
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and NS5—play critical roles in viral genome replication and polyprotein processing (Figure 1).
NS1 exists in diverse oligomeric forms, including an endoplasmic reticulum (ER) membrane-bound form within the 

larger viral replication complex, and a soluble secreted hexametric form implicated in viral immune evasion[10]. 
Membrane-associated proteins, such as NS2A, NS2B, NS4A, and NS4B, likely serve as scaffolds for assembling the viral 
replication complex on the ER membrane. NS2A contributes to the assembly of infectious virions, whereas NS2B acts as a 
cofactor for NS3 protease activity[11]. NS4A participates in membrane rearrangement during viral replication, and NS4B 
modulates host responses to facilitate viral replication. Notably, NS3 and NS5, which exist in a free form, exhibit 
enzymatic activities that are crucial for viral RNA synthesis. NS3, a multifunctional protein, comprises an N-terminal 
protease and a C-terminal helicase domain with 5′ RNA triphosphatase, nucleoside triphosphatase, and helicase activities
[12]. NS5, the largest flaviviral protein, contains an RNA-dependent RNA polymerase, which is vital for viral replication 
and transcription[13]. NS1 has the highest number of interactions with host proteins, followed by NS3 and NS5, making 
them promising candidates for anti-flaviviral therapies. The aldehyde form of the tripeptide phenacetyl-Lys-Lys-Arg-
CHO has demonstrated inhibitory activity against the WNV NS2B-NS3 protease[14]. Flaviviruses can significantly 
modulate all classes of host metabolites, including proteins, carbohydrates, lipids, and nucleotides, during entry, 
transcription, replication, and maturation, as discussed in the upcoming section[15].

Lifecycle of flavivirus
The flaviviral lifecycle begins when the virus enters cells through receptor-mediated endocytosis. Inside the cell, in a 
slightly acidic environment, the viral membrane fuses with the cell membrane, releasing its genetic material. This genetic 
material is then utilized by the cells to produce various viral proteins through a series of steps (Figure 2).

In the cytoplasm, the viral genetic material is translated into a polyprotein, which is then inserted into the cell 
membrane. Both host and viral proteases cleave this polyprotein into structural and NS proteins. The NS proteins form a 
complex responsible for viral replication. As the virus replicates, it creates structures called replication organelles (ROs) 
and vesicle packets (VPs) within the ER[13]. These structures shield the virus from the cytoplasm. The viral genetic 
material is then transported to an assembly site, where the viral capsid protein accumulates on lipid droplets and 
combines with the genetic material. Other viral proteins are recruited to the assembly site, where the entire structure buds 
into the ER, forming an immature virion. These virions accumulate in the ER before being transported through the host 
secretory pathway[16]. Mature viruses can be released as free virions or enclosed within membranes derived from 
cellular structures called autophagosomes. These membrane-enclosed forms may contain a lipid bilayer derived from the 
host cell and represent variations in the virus.

Following fusion, the positive-stranded RNA genome is released into the cytoplasm and used to produce a viral 
polyprotein[17]. This polyprotein is then cleaved into structural and NS proteins by both host and viral proteases. The 
polyprotein is synthesized in the ER and relies on the ER membrane protein complex for proper folding and stable 
expression[4]. NS viral proteins, along with host proteins, cause significant changes in the ER, forming ROs and VPs. 
Within these ROs, the positive-sense RNA serves as a template for the viral polymerase NS5 to generate an intermediate 
negative-sense RNA. This negative-sense RNA is then used to produce positive-sense progeny RNA, either for 
incorporation into new viral particles or for further translation. Progeny viral RNA is encapsulated in immature virions 
that form within VPs in the rough ER, adjacent to the ROs. Recent findings suggest that specific ER proteins, known as 
atlastins, play a central role in inducing membrane remodeling for RO formation, viral replication, and viral assembly. 
The newly synthesized capsid protein, along with the structural prM and E proteins, is recruited to VPs. These proteins 
assist in the budding of the nucleocapsid into the ER, and viral NS3 recruits host endosomal sorting complexes required 
for transport machinery to release immature virions into the ER[4]. These immature virions are then transported and 
secreted into the extracellular space (Figure 2).

The biogenesis of ROs and VPs is tightly regulated by NS viral proteins to prevent innate immune activation and ER 
stress while securing the necessary energy and membrane resources. Viruses exploit cellular lipid metabolism, with viral 
proteins influencing processes, such as fatty acid and cholesterol synthesis. These pathways are crucial for efficient viral 
replication. The final steps of flaviviral assembly and secretion involve multiple exit strategies. Immature viral progeny 
accumulate in the ER cisternae before undergoing maturation, which includes the cleavage of prM, glycosylation, and 
ubiquitylation of the E protein. Mature viral progeny exit the cell through various routes, including the host secretory 
pathway and the secretory arm of autophagy. Although the exact mechanisms are not fully understood, recent studies 
have provided insights into alternative exit routes and their potential implications for tissue tropism and immune evasion
[2,4,17]. Several questions regarding the viral lifecycle remain unanswered, such as the mechanisms of RO biogenesis. In 
vitro reconstitution using liposomes and a combination of host and viral factors is needed to gain further insights into the 
lifecycle of other positive-sense RNA viruses.

Resistance mechanisms of flaviviruses
Flaviviruses exhibit several resistance mechanisms that enable them to evade the effects of antiviral drugs and vaccines, 
thereby complicating their treatment. One primary mechanism is the mutation of viral targets, such as RNA polymerase, 
which reduces the efficacy of antiviral drugs, including ribavirin and favipiravir[18]. Alterations in viral entry 
mechanisms due to mutations in viral proteins can render entry inhibitors less effective, thereby challenging the 
prevention of viral infection in its initial stages[19]. Flaviviruses can also upregulate their replication pathways by 
increasing the expression or activity of proteins involved in replication to counteract the inhibitory effects of antiviral 
drugs. Evasion of the host immune response is another critical resistance mechanism. Flaviviruses can evolve to avoid 
detection and destruction by immune cells, thereby diminishing the effectiveness of immunomodulatory therapies. 
Furthermore, continuous exposure to antiviral agents can lead to the selection of viral strains that evade adaptive 
immune responses, such as those induced by vaccines[20]. These adaptive immune escape mechanisms highlight the 
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Figure 1 Flavivirus structural features. NS: Nonstructural.

Figure 2 Flavivirus mechanism of infection to host cell. PH: Pondus hydrogenii; DC-Sign: Dendritic cell-specific intercellular adhesion molecule-3-grabbing 
non-integrin.

dynamic nature of flaviviral evolution and the ongoing challenges in developing effective, long-lasting therapeutic and 
preventive measures.

STRATEGIES TO INHIBIT FLAVIVIRUSES PATHOGENESIS
Flavivirus-host protein-protein metabolism interactions and associated therapeutics targets
Flaviviral infection begins with receptor-mediated interactions with host cells. The interaction between the flavivirus and 
the host involves protein-protein interactions, which facilitate the fusion of the viral envelope with the host cell 
membrane. For instance, WNV and ZIKV interact through the heparan sulfate proteoglycan (HSP) receptor, YFV interacts 
with the dendritic cell (DC)-specific intercellular adhesion molecule-3-grabbing non-integrin receptor, and DENV 
interacts with both DC-specific intercellular adhesion molecule-3-grabbing non-integrin and HSP receptors[21]. In 
addition, each flavivirus interacts with specific host cells, allowing it to enter and replicate. WNV, ZIKV, and Japanese 
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encephalitis virus interact with neuronal cells, YFV interacts with macrophages and DC, and DENV interacts with 
monocytes, macrophages, and DC[15]. Understanding cellular tropism—the affinity for specific cell types and receptor 
interactions of flaviviruses—is a crucial step in developing antiviral therapies.

The molecular mechanisms underlying viral fusion triggers are not yet fully understood, but it is known that histidine 
residues on the E glycoprotein interact with host cell protein receptors and have been proposed as prime candidates to act 
as pondus hydrogenii (pH) sensors (at pH 6.0) to initiate the fusion process[6,15]. The E protein contains five histidine 
residues that are conserved among all flaviviruses: two in domain I, H146 and H323; two in domain II, H248 and H287; 
and one in the stem region, H438[22]. At low pH, these histidine residues trigger conformational changes that expose the 
amino acid residue of the E protein, allowing fusion of the virus with the host cell. This fusion permits the viral genome 
to enter the cytoplasm of the host cell and initiate infection. Mutational analysis of the conserved histidine residues in 
domains I and III among all flavivirus E proteins has provided evidence that H323 is an important residue for initiating 
the low-pH-dependent multistep fusion process[17]. In addition, the host receptor HSP, identified as an attachment factor 
for several flaviviruses, has been shown to inhibit flavivirus replication (Figure 3)[21].

Flavivirus-host carbohydrate metabolism interactions and associated therapeutic targets
Flaviviral infection modulates carbohydrate metabolism, particularly glucose and glutamine utilization, to meet the 
increased energy demands required for optimal viral replication. Following successful entry into host cells, viruses raise 
their energy requirements. Infection leads to elevated cellular glucose concentrations, likely resulting in increased 
expression of glucose transporter 1 and hexokinase 2, the initial enzymes involved in glycolysis[22]. Limited glucose 
availability significantly impedes viral replication, whereas restricted glutamine exerts only a modest effect on viral 
replication, and glutaminase inhibition disrupts glutamine conversion. Glycolytic stimulation induced by flaviviruses 
may enhance various processes, including the production of glutamine, to increase adenosine triphosphate and nucleo-
tide pools. Additionally, the production of citrate, a precursor of fatty acid synthesis, is enhanced. Inhibiting the key 
enzymes involved in glycolysis or disrupting glucose uptake by virus-infected cells can hinder viral replication.

Many viruses utilize host cell-surface carbohydrates as receptors for entry, where viral envelope proteins interact with 
specific carbohydrates on the cell surface to initiate the infection process. Carbohydrate inhibitors disrupt various stages 
of the viral lifecycle, including entry, attachment, and fusion. Carbohydrate-receptor interactions often play a crucial role 
in the docking of viruses to host cells, representing a necessary step in the viral lifecycle that precedes infection and, 
ultimately, replication. Understanding these interactions provides insight into druggable targets. In this context, the role 
of carbohydrate-receptor interactions in flavivirus entry and their potential to prevent viral infection should be invest-
igated. To date, several molecules have been identified as potential targets for therapeutic intervention at carbohydrate 
receptors in flaviviruses, including the mannose receptor[23], glucose-regulating protein 78[24], heparan sulfate[25], and 
glycosphingolipids[26]. The mannose receptor is a type 1 transmembrane protein that recognizes and binds to pathogens, 
particularly glycoproteins containing mannose. This recognition initiates phagocytosis by immune cells, including 
macrophages and DC. These carbohydrate-receptor interactions provide potential targets for intervention in the flavivirus 
lifecycle, making them promising candidates for developing antiviral strategies. Flaviviruses often interact with cell 
surface glycosaminoglycans during the initial stages of infection[27]. Carbohydrate moieties on the surfaces of viral 
glycoproteins can disrupt viral entry and infection[28]. Inhibitors that interfere with this interaction may hinder viral 
entry (Figure 3).

Flavivirus-host lipid metabolism interaction and associated therapeutic targets
Flaviviruses manipulate host lipid metabolism by hijacking viral replication complexes during their assembly and 
maturation. Flaviviruses have been observed to strategically alter the composition of lipid rafts to evade host immune 
responses. Lipid rafts, which are specialized, cholesterol-rich microdomains in cellular membranes, play a pivotal role in 
signaling pathways that are crucial for antiviral immune responses. These microdomains are integral to the efficient 
assembly of viruses. During the assembly phase, the lipid composition of the viral envelope is influenced by the host ER 
membrane from which the virus buds. The orchestrated modulation of lipid rafts by flaviviruses highlights the intricate 
strategies employed by these pathogens to navigate the host immune system and ensure successful viral assembly. 
Cholesterol plays a pivotal role in the viral envelope, influencing membrane fluidity and stability and profoundly 
impacting flaviviral infectivity. Disruption of the formation of these complexes, which are crucial for viral replication, can 
be achieved by inhibiting enzymes involved in lipid synthesis or transport. Viruses manipulate host cell lipid metabolism 
to create an optimal replication environment. This manipulation may entail modifications to the lipid composition of 
cellular membranes or the induction of specialized membrane structures. Fatty acid synthesis begins with the 
carboxylation of acetyl-coenzyme A (CoA) to malonyl-CoA, catalyzed by the enzymatic activity of acetyl-CoA 
carboxylase (ACC). ACC is a rate-limiting enzyme in the intricate process of lipid biosynthesis. Notably, cells infected 
with flaviviruses exhibit pronounced upregulation of fatty acid synthesis, as documented by Heaton et al[29] in 2010. 
Flaviviral infection exhibits heightened sensitivity to the inhibition of fatty acid synthesis, particularly through the 
targeted inhibition of ACC or fatty acid synthase (FASN)[30]. Understanding the intricate interplay between flaviviruses 
and lipids is pivotal for the formulation of antiviral strategies. Targeting lipid-centric processes, including membrane 
fusion, lipid raft formation, and viral envelope biogenesis, is a promising approach for the development of antiviral 
drugs. Viruses may modulate fatty acid synthesis and oxidation in host cells to meet their lipid requirements. This 
modulation can affect the lipid composition of cellular membranes and viral replication. Notably, hypolipidemic drugs, 
such as 5-(tetradecyloxyl)-2-furoic acid and MEDICA, which are designed to target ACC, have demonstrated efficacy in 
inhibiting fatty acid synthesis during WNV infection[31]. Furthermore, compounds, such as C75 and cerulenin, act as 
inhibitors of DENV and YFV, thereby contributing to the inhibition of fatty acid synthesis.
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Figure 3 Flavivirus-host metabolic interaction and associated therapeutics targets. Protein-protein metabolic interaction, carbohydrate metabolic interaction, lipid metabolic interaction, nucleotide metabolic interaction associated 
therapeutic strategy. PH: Pondus hydrogenii; DC-Sign: Dendritic cell-specific intercellular adhesion molecule-3-grabbing non-integrin; FASN: Fatty acid synthase; ATP: Adenosine triphosphate; COA: Coenzyme A; TCA: Tricarboxylic acid; SCD: Sperm 
chromatin dispersion; SFA: Saturated fatty acid; MUFA: Monounsaturated fatty acid; CPT: Camptothecin; HMG: 3-hydroxy-3-methylglutaryl.

The DENV NS3 protein establishes a direct link between fatty acid synthesis and flaviviral infection. Through its 
interaction with FASN, DENV NS3 redirects the enzymatic complex to the viral replication sites, thereby stimulating its 
functional activity. Intriguingly, NS1 is secreted and associates with the cholesterol transporter caveolin chaperone 
complex within cells, highlighting a unique aspect of flavivirus biology and suggesting potential implications for viral 
pathogenesis and host-cell interactions. In patients with dengue, NS1 is detected in complex with high-density and low-
density lipoproteins and accumulates over time[32]. Current in-depth protein interaction studies have revealed that NS1 
is a focal point in flaviviral protein research for therapeutic endeavors[33]. Researchers continue to investigate the specific 
mechanisms and pathways through which flaviviruses manipulate host lipids, shedding light on potential targets for 
therapeutic interventions (Figure 3).

Flavivirus-host nucleotide metabolism interaction and associated therapeutic targets
Flaviviruses, similar to other viruses, exhibit a pronounced reliance on host cell nucleotide pools to facilitate their 
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Table 1 Summary of therapeutic options for flaviviruses and vaccines

Antiviral drug Therapy 
name Development stage Target 

action site Available data Ongoing trials Classification Ref.

Favipiravir Avigan Clinical trials Viral RNA 
polymerase

Some efficacies in clinical 
trials; used in Japan for 
influenza and Ebola

Ongoing trials for 
dengue and Zika

RNA-based 
therapy

[18]

Ribavirin Virazole Completed/discontinued Viral RNA 
polymerase

Mixed results; used for 
HCV, not widely effective 
for flaviviruses

Not actively 
pursued for 
flavivirus

RNA-based 
therapy

[18]

Sofosbuvir Sovaldi Completed/discontinued Viral RNA 
polymerase

Highly effective for HCV; 
no data for flavivirus

No ongoing trials 
for flavivirus

RNA-based 
therapy

[42]

Interferon-alpha Intron A Clinical trials Immune 
modulation

Used for hepatitis B and 
C; some efficacy in 
flavivirus treatment

Trials for dengue 
and West Nile

Immunotherapy [38]

Dengvaxia Dengue 
vaccine

Approved Immune 
response

Approved for dengue; 
mixed safety and efficacy 
profiles

Post-marketing 
surveillance 
ongoing

Immunotherapy [50]

Chimeric yellow fever 
17D-tetravalent 
dengue vaccine

Dengue 
vaccine

Approved Immune 
response

Approved for dengue; 
mixed safety and efficacy 
profiles

Post-marketing 
surveillance 
ongoing

Immunotherapy [50]

HCV: Hepatitis C virus.

replication, making targeting this intricate process a promising strategy for antiviral interventions. Disruption of enzymes 
integral to nucleotide biosynthesis is a potent means of impeding viral RNA and DNA synthesis. The modulation of 
nucleotide metabolism by viruses is carefully orchestrated to ensure an ample supply for the replication of their genomic 
material. Pathogenic organisms possess a genomic architecture characterized by an ordered sequence of nucleotides. This 
sequence not only contains essential information for synthesizing and expressing proteins necessary for growth and 
survival, but also holds critical details that shape the organism's evolutionary trajectory. Changes in the precise 
arrangement of nucleotides can lead to the emergence of novel species or strains, thereby underscoring the pivotal role of 
genetic variation in evolutionary processes. Nucleosides can be integrated into cellular RNA. Interestingly, nucleoside 
analogs, particularly adenosine derivatives with methyl substitutions at the 2´-C position, exhibit potent inhibitory effects 
against DENV, WNV, and YFV. This inhibition occurs through the disruption of RNA synthesis via chain termination, 
indicating their potential as effective antiviral compounds[34]. Notably, a single point mutation within the active site of 
hepatitis C virus NS5B polymerase confers resistance to the antiviral effects of these nucleosides[35]. These approaches 
affect flaviviral replication at the nucleoside level (Figure 3).

Ribavirin, initially approved for treating other viral infections, targets RNA polymerase inhibition and is currently in 
combination trials for flavivirus infections, with results expected within 1–2 years[36]. Favipiravir, originally developed 
for influenza, has shown promising results in preclinical studies for dengue and Zika and is now undergoing multiple 
phase II/III trials, with results anticipated within the next 2 years[37]. Interferons, long used to treat various viral 
infections, work by modulating the immune response and are being tested in combination therapies for their efficacy 
against flaviviruses. Tilorone, an experimental antiviral agent that induces interferon production, is in the early phase of 
clinical trials for flaviviral infections, with preliminary results expected within 1–2 years. NITD008, a preclinical-stage 
drug, inhibits viral RNA synthesis but faces significant toxicity concerns that must be addressed before further 
development can proceed[38]. Balapiravir, another investigational drug, has shown mixed results in early trials for 
flaviviral infections, leading to a temporary hold on future trials pending further data and analysis[39]. Remdesivir, 
initially approved for the coronavirus disease treatment, targets RNA polymerase and is currently in phase II/III trials for 
dengue and Zika, with results expected within 1–2 years[40]. Ivermectin, a repurposed antiparasitic drug, inhibits viral 
replication and is undergoing multiple phase II trials for dengue and Zika, with results anticipated in the coming years
[41]. These therapeutic options reflect a multifaceted approach to tackling flaviviral infections by targeting various 
metabolic pathways to inhibit viral replication and pathogenesis. The following Table 1 highlights the diverse treatment 
options currently under investigation and provides a snapshot of the therapeutic landscape and future directions. 
Ongoing trials and research efforts have underscored the complexity of developing effective therapies against 
flaviviruses, emphasizing the need for continued innovation and clinical testing to bring these potential treatments to 
fruition[18,38,42,43].

Side effects of drugs and vaccines targeting host metabolic pathways
The therapeutic options and vaccines developed to combat flavivirus pathogenesis comes with a range of potential side 
effects, reflecting the complexity of targeting host metabolic pathways. For example, ribavirin can induce anemia and has 
teratogenic effects, limiting its use, particularly in pregnant individuals[44]. Favipiravir, while promising, also presents a 
risk of teratogenicity and mild gastrointestinal symptoms[45]. Drugs, such as sofosbuvir, are generally well-tolerated but 
can cause fatigue and headaches[42]. Chloroquine, although initially promising, has been associated with retinal toxicity 
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and gastrointestinal issues[46]. Balapiravir has shown potential hepatotoxicity, adding a layer of caution to its application
[47]. Remdesivir, a widely used antiviral agent, can lead to kidney and liver function abnormalities alongside 
gastrointestinal symptoms[48]. NITD008, though effective in preclinical studies, poses long-term toxicity risks[38]. 
Immunomodulators, such as tilorone and seliciclib, may cause mild gastrointestinal symptoms and potential hepato-
toxicity, respectively. Ivermectin is usually well-tolerated but can cause mild gastrointestinal disturbances[49]. 
Mycophenolic acid, an inhibitor of nucleotide synthesis, can lead to immunosuppression and gastrointestinal symptoms
[50]. Vaccines, such as Dengvaxia and YF-VAX, have shown efficacy but come with risks, such as severe dengue in 
seronegative individuals and rare severe reactions, respectively[50]. These side effects highlight the need for careful 
monitoring and tailored treatment strategies.

CONCLUSION
Targeting host metabolic molecules and their interactions to inhibit flaviviral pathogenesis presents several challenges. 
These include potential off-target effects, disruption of essential host functions, and the risk of unintended side effects 
during antiviral drug or vaccine development. The dynamic virus-host interactions and the potential for viral resistance 
complicate the sustained effectiveness of this approach. Despite these challenges, manipulating host metabolic pathways 
remains a promising strategy owing to its impact on viral replication and pathogenesis.

Developing a detailed viral-host interactome is crucial for understanding the virus-host interplay, identifying key 
targets for intervention, and designing effective antiviral agents. Targeting the metabolic signaling pathways that the 
virus exploits can disrupt multiple stages of the viral lifecycle, including entry, replication, and assembly. This approach 
has the potential to hinder the ability of the virus to establish and propagate infections, making it a valuable avenue for 
anti-flavivirus drug and vaccine development.
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Abstract
BACKGROUND 
The diagnosis of West Nile virus (WNV) is challenging due to short-term and 
low-level viremia, flavivirus cross-reactivity, and long immunoglobulin M (IgM) 
persistence.
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AIM 
To evaluate different methods for WNV detection [reverse transcription-polymerase chain reaction (RT-PCR), 
IgM/IgG antibodies, IgG avidity] in serum, cerebrospinal fluid (CSF), and urine samples of patients with 
confirmed WNV infection.

METHODS 
The study included patients with confirmed WNV neuroinvasive infection (n = 62), asymptomatic WNV 
seropositive individuals (n = 22), and individuals with false-positive WNV IgM antibodies (n = 30). WNV RNA 
was detected using RT-PCR. A commercial ELISA was used to detect WNV IgM/IgG antibodies with confirmation 
of cross-reactive samples using a virus neutralization test (VNT). IgG-positive samples were tested for IgG avidity.

RESULTS 
The WNV-RNA detection rates were significantly higher in the urine (54.5%)/serum (46.4%) than in CSF (32.2%). 
According to the sampling time, the WNV-RNA detection rates in urine collected within 7 days/8-14/≥ 15 days 
were 29.4/66.6/62.5% (P = 0.042). However, these differences were not observed in the CSF. The median RT-PCR 
cycle threshold values were significantly lower in urine (32.5, IQR = 28-34) than in CSF (34.5, IQR = 33-36). The 
frequency of positive WNV IgM and IgG significantly differed according to the sampling time in serum but not in 
CSF. Positive IgM/IgG antibodies were detected in 84.3/9.3% of serum samples collected within 7 days, 100/71.1% 
of samples collected 8-14, and 100% samples collected after ≥ 15 days. Recent WNV infection was confirmed by 
low/borderline avidity index (AI) in 13.6% of asymptomatic individuals. A correlation between ELISA and AI was 
strong negative for IgM and strong positive for IgG. No significant correlation between ELISA IgG and VNT was 
found.

CONCLUSION 
The frequency of WNV RNA and antibody detection depends on the sampling time and type of clinical samples. 
IgG avidity could differentiate recent WNV infections from long-persisting IgM antibodies.

Key Words: West Nile virus; Reverse transcription-polymerase chain reaction; Serology; IgG avidity; Cross-reactivity

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We analyzed different diagnostic methods in patients with West Nile virus (WNV) neuroinvasive disease and 
asymptomatic seropositive individuals. The WNV RNA detection rate was significantly higher in the urine/serum than in 
cerebrospinal fluid (CSF). The RT-PCR cycle threshold (Ct) values were significantly lower in urine than in CSF and serum 
samples. The frequency of WNV RNA and IgM/IgG antibody detection rates depends on the sampling time and type of 
clinical samples (CSF or serum). The correlation between ELISA and IgG avidity was negative for IgM and positive for IgG. 
No correlation was observed between ELISA IgG and virus neutralization test.

Citation: Vilibic-Cavlek T, Bogdanic M, Savic V, Hruskar Z, Barbic L, Stevanovic V, Antolasic L, Milasincic L, Sabadi D, Miletic G, 
Coric I, Mrzljak A, Listes E, Savini G. Diagnosis of West Nile virus infections: Evaluation of different laboratory methods. World J 
Virol 2024; 13(4): 95986
URL: https://www.wjgnet.com/2220-3249/full/v13/i4/95986.htm
DOI: https://dx.doi.org/10.5501/wjv.v13.i4.95986

INTRODUCTION
West Nile virus (WNV) is an emerging flavivirus of public health importance. In nature, the WNV transmission cycle 
includes birds as virus reservoirs and mosquitoes, mainly of the genus Culex as vectors. WNV is endemic in many parts 
of the world (Europe, the United States, the Middle East, Asia, and Africa) causing outbreaks and sporadic infections in 
both endemic and non-endemic areas[1]. Although the majority of WNV infections (80%) are asymptomatic or present as 
a non-specific febrile disease (WNV fever), some patients develop neuroinvasive disease (meningitis, encephalitis, 
myelitis). The mortality rate can reach 10% in severe neuroinvasive forms of the disease[2].

WNV shares many features with some other neuroinvasive arboviruses, especially flaviviruses such as tick-borne 
encephalitis virus (TBEV), and Usutu virus (USUV). Due to overlapping geographic distributions and clinical symptoms 
with these infections, the WNV diagnosis should be confirmed using virological methods[3]. The Centers for Disease 
Control and Prevention/European Center for Disease Control and Prevention (ECDC) laboratory criteria for WNV 
confirmation include: (1) Direct detection of virus by culture, antigen, or viral RNA; (2) A four-fold rise in antibody titers 
between acute- and convalescent-phase serum samples; or (3) Virus-specific immunoglobulin M (IgM) confirmed by 
detection of neutralizing antibodies. The detection of specific IgM antibodies in the cerebrospinal fluid (CSF) and the lack 
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of IgM to other endemic arboviruses are also criteria for confirmation of WNV neuroinvasive disease (NID)[4,5].
Because the majority of arboviruses, including WNV, have a short period of replication (short-term and low-level 

viremia), limiting the utility of molecular tests, serology is commonly used for disease confirmation. However, antibody 
cross-reactivity between viruses within the same serocomplex and persistent antibodies from previous arboviral 
infections complicate the interpretation of serology results[6].

ELISA and indirect immunofluorescence assay are the most commonly used screening tests for WNV serology. 
Although next-generation tests have improved performance by selecting the best epitopes and enhancing antigen purity, 
challenges in serological diagnosis still exist. In samples with cross-reactive antibodies, neutralization tests such as virus 
neutralization test (VNT) and plaque reduction neutralization test (PRNT), which still represent gold standard serology 
tests, are necessary for confirmation of the first-line serology[7].

Long IgM persistence is frequently observed in WNV infections. In a study conducted in Greece, WNV IgM antibodies 
were detectable for more than 3 years in 12% of patients with WNV infection[8]. Moreover, a study from Huston has 
found WNV IgM persistence (positive or equivocal results) in 42%, 34%, and 23% of WNV-infected patients approx-
imately 1 year, 6 years, and 8 years post-infection, respectively[9]. Long-term persistence of WNV IgM antibodies in the 
CSF was also observed. In a study among patients with WNV NID from Michigan, IgM antibodies were detectable in the 
CSF of three patients for 110, 141, and 199 days post-acute phase[10]. In cases with long IgM persistence, IgG avidity 
determination could be useful for the differentiation of acute vs previous WNV infection[11].

Molecular methods such as RT-PCR in blood/serum and CSF samples are limited to the minority of patients who 
present with ongoing viremia or central nervous system replication[7]. Recent investigations indicated that WNV is 
excreted in urine longer and at higher levels compared to blood[12].

WNV grows and plaques efficiently on Vero cell culture, usually inducing a cytopathic effect[13]. Virus isolation is 
time-consuming and laborious[14]. Because WNV is classified as a biosafety level 3 (BSL-3) agent, virus cultivation is 
restricted to reference laboratories[15].

In Croatia, human WNV infections (WNV NID and WNV fever) have been reported continuously since 2012 in 
continental counties. In addition, some other flaviviruses are endemic in the same geographic areas, such as TBEV or 
occur sporadically (USUV)[16].

Because there are still many challenges in flavivirus diagnostics, this study aimed to analyze the characteristics of 
different methods for the diagnosis of WNV infection.

MATERIALS AND METHODS
Patients
This retrospective study included patients with NID (n = 182) and asymptomatic individuals (n = 352) tested for WNV 
during the two Croatian outbreaks (2017-2018). Patients with confirmed WNV NID (IgM/IgG positive and/or RT-PCR 
positive; n = 62), asymptomatic WNV IgM and/or IgG seropositive individuals (n = 22), and individuals with false 
positive WNV IgM antibodies (n = 30) were analyzed (Figure 1). Serum and CSF samples were collected in all patients, 
while urine samples were available for 55 patients. The samples were collected in the period from 4-19 days after disease 
onset (median 9, IQR = 7-13). In addition, paired serum samples taken 2-3 weeks after the first one were collected in 34 
patients. Characteristics of patients with WNV NID are presented in Table 1.

Table 1 Characteristics of patients with West Nile virus infection included in the study

Characteristic Subcategory n (%)1

Male 35 (56.4)Sex

Female 27 (43.6)

Age in median years (IQR) 68 (58-76)

Febrile headache 2 (3.2)

Meningitis 36 (58.1)

Meningoencephalitis 20 (32.3)

Meningoencephalomyelitis 2 (3.2)

Clinical diagnosis

Polyradiculoneuritis 2 (3.2)

1Unless otherwise indicated. IQR: Interquartile range.

Methods
Serum, CSF, and urine samples were tested for the presence of WNV RNA using real-time RT-PCR as described 
previously[17]. Initial serological screening (WNV IgM and IgG antibodies) was performed using a commercial ELISA. 
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Figure 1 Selection of patients with West Nile virus infection and clinical samples. Samples in gray shadowed boxes were analyzed in the study. 
CSF: Cerebrospinal fluid; IgG: Immunoglobulin G; IgM: Immunoglobulin M; NID: Neuroinvasive disease; RT-PCR: Reverse transcription-polymerase chain reaction; 
TBEV: Tick-borne encephalitis virus; USUV: Usutu virus; WNV: West Nile virus.

Samples were also screened for potential cross-reactivity with other flaviviruses endemic in Croatia (TBEV/USUV). WNV 
cross-reactive samples were confirmed using a VNT[18]. In addition, WNV IgM/IgG positive and IgM negative/IgG 
positive samples were further tested for IgG avidity to confirm or exclude recent infection[11]. Characteristics of 
laboratory methods used for the diagnosis of WNV infection are presented in Table 2.

Table 2 Laboratory tests used for the diagnosis of West Nile virus infection

Method Manufacturer/Protocol Reference values

RT-PCR FP: AAG TTG AGT AGA CGG TGC TG; RP: AGA CGG TTC TGA GGG CTT AC; Probe: FAM-
CAA CCC CAG GAG GAC TGG-TAMRA

IgM ELISA Euroimmun, Lübeck, Germany Ratio < 0.8 negative; 0.8-1.1 borderline; 
> 0.1 positive

IgG ELISA Euroimmun, Lübeck, Germany RU/mL < 16 negative, 16-22 
borderline; > 22 positive

IgG 
avidity

Euroimmun, Lübeck, Germany AI < 40% low; 40%-60% borderline; > 
60% high

VNT In house Titer ≥ 10 positive

AI: Avidity index; ELISA: enzyme immunoassay; IgG: Immunoglobulin G; IgM: Immunoglobulin M; RT-PCR: Reverse transcription-polymerase chain 
reaction; RU: Relative units; VNT: Virus neutralization test.

Statistical analysis
WNV positive detection rates were presented as numbers and percentages with 95% confidence intervals (CI). The 
differences in the positive WNV RNA and antibody detection rates according to clinical sample and sampling time were 
compared using a χ2 test. A Kruskal-Wallis test was used to compare the differences in RT-PCR cycle threshold (Ct) 
values. The correlation between ELISA IgM/IgG levels and avidity indices (AI) and IgG/VNT titer was calculated using 
Spearman’s rank correlation coefficient. P value < 0.05 was considered statistically significant. For statistical analysis, a 
Social Science Statistics program was used (https://www.socscistatistics.com/tests/).

https://www.socscistatistics.com/tests/
https://www.socscistatistics.com/tests/
https://www.socscistatistics.com/tests/
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RESULTS
WNV RNA detection in serum, CSF, and urine
The WNV-positive detection rate was significantly higher (χ2 test P = 0.049) in the urine (30/55; 54.5%) and serum (13/28; 
46.4%) than in CSF samples (20/62; 32.2%). Nucleotide sequencing was successful in 15 (27.3%) urine samples (Figure 2).

Figure 2 Detection rate of West Nile virus RNA by reverse transcription-polymerase chain reaction. CSF: Cerebrospinal fluid; N: Total sample 
number.

The RT-PCR positive detection rate depended on the sampling time. In the CSF, the positive detection rate was higher 
in samples collected within 7 days after disease onset (36.4%) compared to samples collected 8-14 days (31.2%) and ≥ 15 
days (25.0%). In contrast, the frequency of WNV RNA positive detection was lower in in urine samples collected within 7 
days (29.5%) than in urine samples collected within 8-14 days (66.6%) and ≥ 15 days (62.5%). The observed differences 
were statistically significant for urine (χ2 test P = 0.042) but not for CSF (χ2 test P = 0.828) (Table 3).

Table 3 Reverse transcription-polymerase chain reaction positive detection rates in cerebrospinal fluid and urine samples, n (%)

WNV RT-PCR CSF WNV RT-PCR UrineDays after 
symptoms onset Tested Positive Tested Positive

≤ 7 22 (35.5) 8 (36.4) 17 (30.9) 5 (29.4)

8–14 32 (51.6) 10 (31.2) 30 (54.6) 20 (66.6)

≥ 15 8 (12.9) 2 (25.0) 8 (14.5) 5 (62.5)

Total 62 (100) 20 (32.2) 55 (100) 30 (54.4)

Data are n (%). CSF: Cerebrospinal fluid; WNV: West Nile virus; RT-PCR: Reverse transcription-polymerase chain reaction.

The RT-PCR Ct values were significantly lower in urine samples (median 32.5, IQR = 28-34) than in CSF (median 34.5, 
IQR = 33-36) or serum samples (median 35, IQR = 34-36), (Kruskal-Wallis test P = 0.047, Figure 3).

WNV IgM and IgG detection in serum and CSF
WNV antibody detection rates in serum and CSF samples are presented in Figure 4 and Table 4. Using ELISA, IgM 
antibodies were detected in 90/95 (94.7%) of serum and 44/62 (70.9%) of CSF samples. IgG antibodies were detected in 55 
(57.8%) of serum and 19/62 (30.6%) of CSF samples (Figure 4).

The frequency of positive results significantly differed according to sampling time in serum, but not in CSF samples. In 
serum samples collected within the 7 days after disease onset, the IgM-positive detection rate was 84.3%, compared to 
100% in samples collected after more than 8 days (χ2 test P = 0.005). Similarly, the IgG-positive detection rate was lowest 
in samples collected in the first 7 days (9.3% positive and 6.2% borderline). In samples collected 8-14 days after disease 
onset, IgG antibodies were positive in 71.1% and borderline in 13.1% of samples. All samples collected ≥ 15 days showed 
WNV IgG antibodies (χ2 test P < 0.001) (Table 4).

The positive IgM detection rates in the CSF samples collected within 7 days, 8-14 days, and ≥ 15 days were 62.5, 73.9, 
and 100%, respectively (P = 0.145). The frequency of IgG detection was similar in the period ≤ 7 days and 8-14 days (28.1 
and 26.1%, respectively), while it was higher in samples collected ≥ 15 days (57.1%; χ2 test P = 0.001) (Table 5).

Samples with false positive WNV IgM antibodies (n = 30) were also included in the study. Analyzing the IgM antibody 
levels, patients with confirmed WNV infection showed a significantly higher IgM (median ratio 3.8, IQR = 3.1-4.3), than 
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Table 4 Positive detection rate of West Nile virus antibodies in serum samples according to sampling time, n (%)

WNV IgM antibodies WNV IgG antibodies
Days after symptoms onset Tested

Positive Borderline Positive Borderline

≤ 7 32 (33.7) 27 (84.3) 0 (0) 3 (9.3) 2 (6.2)

8 – 14 38 (40.0) 38 (100) 0 (0) 27 (71.1) 5 (13.1)

≥ 15 25 (26.3) 25 (100) 0 (0) 25 (100) 0 (0)

Total 95 (100) 90 (94.7) 0 (0) 55 (57.8) 7 (7.3)

Data are n (%). IgG: Immunoglobulin G; IgM: Immunoglobulin M; WNV: West Nile virus.

Table 5 Positive detection rate of West Nile virus antibodies in cerebrospinal fluid samples according to sampling time, n (%)

WNV IgM antibodies WNV IgG antibodies

Days after symptoms onset Tested Positive Borderline Positive Borderline

≤ 7 32 (51.6) 20 (62.5) 1 (3.1) 9 (28.1) 2 (6.2)

8–14 23 (37.1) 17 (73.9) 0 (0) 6 (26.1) 1 (4.3)

≥ 15 7 (11.3) 7 (100) 0 (0) 4 (57.1) 0 (0)

Total 62 (100) 44 (70.9) 1 (1.6) 19 (30.6) 3 (4.8)

Data are n (%). IgG: Immunoglobulin G; IgM: Immunoglobulin M; WNV: West Nile virus.

Figure 3 West Nile virus reverse transcription-polymerase chain reaction cycle threshold values in different clinical samples. Plots 
represent medians with interquartile ranges, inner and outlier points. CSF: Cerebrospinal fluid; Ct: Cycle threshold.

Figure 4 West Nile virus immunoglobulin M and immunoglobulin G detection rates in serum and cerebrospinal fluid. CSF: Cerebrospinal 
fluid; Ig: Immunoglobulin; N: Total sample number.
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patients with false-positive IgM antibodies (median ratio 1.4, IQR = 1.1-1.8) (Kruskall-Wallis test P < 0.001) (Figure 5).

Figure 5 Immunoglobulin M antibody levels in patients with confirmed West Nile virus infection and false positive samples. Plots represent 
medians with interquartile ranges, inner and outlier points. IgM: Immunoglobulin M; WNV: West Nile virus.

Cross-reactive WNV IgM and IgG antibodies with TBEV/USUV were detected in 4.5% and 38.2% serum samples 
(Figure 6). The frequency of cross-reactive IgM antibodies was significantly lower than the frequency of cross-reactive 
IgG antibodies (χ2 test P = 0.001).

Figure 6 Cross-reactive flavivirus immunoglobulin M immunoglobulin G antibodies detected in patients with West Nile virus infections. 
IgG: Immunoglobulin G; IgM: Immunoglobulin M; NT: Not tested; TBEV: Tick-borne encephalitis virus; USUV: Usutu virus; WNV: West Nile virus.

WNV IgG avidity determination
IgG avidity was performed in IgM/IgG positive patients with WNV NID (n = 52) and asymptomatic WNV seropositive 
individuals (n = 22). In patients with NID, 50 samples showed low AI (median 13%, IQR = 7-21), and two samples 
showed borderline AI (42 and 40%), respectively.

In asymptomatic WNV seropositive individuals, IgG avidity was performed in IgM-positive/IgG-positive samples (n = 
10) and IgM-negative/IgG-positive samples (n = 12) (Table 6). Three samples (13.6%) showed low/borderline AI 
indicating acute/recent WNV infection. Using IgG avidity determination, recent WNV infections were confirmed in two 
IgM-positive patients and one IgM-negative individual.

Table 6 Immunoglobulin G avidity in asymptomatic West Nile virus seropositive individuals

IgG avidity index
Serology result

Low Borderline High

IgM/IgG positive, n = 10 1 (10.0) 1 (10.0) 8 (80.0)

IgM negative/IgG positive, n = 12 1 (8.3) 0 (0) 11 (91.7)

Total, n = 22 2 (9.1) 1 (4.5) 19 (84.6)

Data are n (%). IgG: Immunoglobulin G; IgM: Immunoglobulin M.
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A strong negative correlation (Spearman's rho coefficient -0.512, P < 0.001) between the ELISA IgM levels (ratio) and AI 
(%) was observed. Samples with the highest IgM levels were associated with the lowest AI values. For IgG antibodies, a 
correlation between the IgG levels (RU/mL) and AI (%) was a strong positive (Spearman's rho coefficient 0.802, P < 0.001) 
(Figure 7).

Figure 7 Correlation of immunoglobulin G avidity. A: Immunoglobulin M antibody levels; B: Immunoglobulin G antibody levels. Blue dotted lines represent 
trendlines. IgG: Immunoglobulin G; IgM: Immunoglobulin M.

A total of 26 IgM and/or IgG-positive samples were confirmed using VNT. No significant correlation between ELISA 
IgG levels (RU/mL) and VNT titer was found (Spearman's rho coefficient 0.221, P = 0.265) (Figure 8).

Figure 8 Correlation of immunoglobulin G antibody levels (ELISA) and NT titer (Virus neutralization test). Blue dotted line represents a trendline.

DISCUSSION
The diagnosis of WNV in humans is challenging due to the short arbovirus viremic phase, low-level viremia (humans are 
dead-end hosts), the cross-reactivity between flaviviruses, and long-term IgM persistence[6,8,11].

In the present study, WNV RNA positive detection rates depend on the sample type (46.4% in serum, 32.2% in CSF, 
and 54.4% in urine samples). Similarly, in a study from Italy, patients with WNV NID and WNV fever had detectable 
WNV RNA in urine at a higher rate (43.8%) than WNV RNA in plasma (37.5%) and CSF (7.1%)[19]. Furthermore, in a 
study conducted in Israel, whole blood samples were most frequently positive using RT-PCR (86.8%), followed by urine 
samples (58.3%). The positivity of serum and plasma was 26% and 20%, respectively, while CSF was RT-PCR positive 
only in 16.5% of patients. All samples were collected on average 11 days after symptom onset. These results suggested 
that in patients with acute WNV fever, WNV RNA is present in whole blood significantly more frequently than any other 
sample type tested[20].

Although the period in which WNV RNA is detectable in the CSF varies, it can last several weeks in some patients[1]. 
In our study, the frequency of WNV RNA detection differs according to the sampling time. In the period within 7 days 
after symptom onset, 36.4% of CSF samples were RT-PCR positive compared to 31.2% 8-14 days and 25.0% ≥ 15 days after 
symptom onset. In contrast, the frequency of positive WNV RNA detection rate in urine was lowest in samples collected 
within 7 days (29.4%) compared to 66.6% and 62.5% for samples collected afterward. In a recently published study from 
Serbia, WNV infection was confirmed by positive WNV RT-PCR in serum and/or CSF samples in 46.3% of patients. 
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Thirty-one percent more cases were confirmed using urine WNV RNA testing. In contrast to our results, there was no 
association between the sampling time and WNV RNA urine positivity[12].

Consistent with our findings (the lowest median RT-PCR Ct in urine 32.5, compared to serum 35, and CSF 34.5), in a 
study from Israel, the WNV viral load in urine was higher than that of whole blood, CSF, serum, and plasma, even 
though the urine sensitivity was lower than that of whole blood[20].

WNV-specific antibody testing is currently the most widely used approach for the diagnosis of WNV infection. WNV 
IgM and IgG antibodies are typically detectable by days 4 and 8 after the onset of clinical symptoms[21]. Serological 
testing of patients included in the present study showed IgM and IgG antibodies in 94.7% and 57.8% of serum samples, 
respectively. In addition, 70.9% of CSF samples were IgM positive and 30.6% were IgG positive. In the early acute phase 
of the illness, there is a negative serological window period of detection, as the antibodies have not yet been developed
[14]. Our study showed a negative IgM serology in 15.7% of serum and 37.5% of CSF samples collected within 7 days 
after disease onset. No false negative serum samples were detected after day 8. However, analyzing the CSF serology, 
26.1% of CSF samples tested IgM negative in the period 8-14 days, whereas all samples were positive after 14 days. The 
IgG positivity in serum was 9.3, 71.1, and 100% in samples collected ≤ 7 days, 8-14 days, and ≥ 15 days. In the CSF 
samples, IgG antibody detection rates were 28.1 and 26.1% in samples collected by day 14 and 57.1% in samples collected 
after 14 days.

Serological cross-reactivity between flaviviruses is common due to antigenic similarities, especially between the viruses 
that belong to the same serocomplex. Both species-specific and cross-reactive antibodies are produced during flavivirus 
infections[22]. People who live in areas where different arboviruses are endemic gradually accumulate cross-reactive 
antibodies from previous exposures with increasing age[6]. Therefore, it can be challenging to identify the most recent 
infection in patients with multiple exposures to different flaviviruses[23]. Cross-reacting antibodies are frequently 
observed in ELISA, while some degree of cross-reactivity was also found in a more specific VNT[24]. Given that WNV 
and USUV are antigenically closer by genomic phylogeny than TBEV, cross-reactions between WNV and USUV in VNT 
are usually more common[25]. In our study, ELISA revealed WNV cross-reactivity with TBEV and USUV. IgM cross-
reactivity was significantly lower (4.5% of serum samples) than IgG cross-reactivity (38.2% of serum samples). WNV IgG 
antibodies cross-reacted with TBEV in 35.3% of samples and USUV in 2.9% of samples.

Despite their obvious clinical relevance, IgM antibodies experience false-positive results, which can result in WNV 
misdiagnosis[26]. Thirty samples with false positive WNV IgM antibodies were also analyzed in the present study. 
Comparing the levels of false positive IgM antibodies and WNV-specific antibodies, significant differences were 
observed. WNV-specific antibody levels were significantly higher (median ratio 3.8) than false positive IgM levels 
(median ratio 1.4).

The diagnostic implications of serum WNV IgM persistence are noteworthy since the presence of IgM antibodies is 
generally considered evidence of an acute or recent WNV infection. Since the long-term persistence of IgM antibodies is 
frequently observed in patients with WNV infection[8-10], this should be taken into account when interpreting serology 
results. IgG avidity was useful to differentiate between recent and previous WNV infection in both patients with NID and 
WNV fever[11]. In the present study, using avidity determination, 80.0% of tested IgM/IgG-positive asymptomatic 
individuals were classified as having recent WNV infection, while 20.0% were classified as having previous WNV 
exposure (long-persisting IgM antibodies). Furthermore, 8.3% of IgM negative/IgG positive individuals had low IgG 
avidity, suggestive of recent infection.

Our study found a strong negative correlation between IgM levels and IgG avidity, consistent with previous findings 
in Croatian patients with confirmed WNV infection. The samples with the highest WNV IgM levels had the lowest AI 
values, indicating that determination of IgG avidity is not required in cases with very high IgM results[11].

Because of its high specificity, neutralization tests are the most reliable serological assays. A correlation between 
neutralizing flavivirus antibody detection and the presence of specific IgG in blood specimens was observed in some 
studies[27]. In this study, VNT was used for confirmation of cross-reactive serum samples. However, we found no 
correlation between WNV-neutralizing antibody titers with binding antibody levels (ELISA). Similarly, some studies 
have found that the ELISA titers in convalescent WNV patients did not correlate with neutralization nor did neutral-
ization titers increase over time[28].

A limitation of this study that needs to be addressed is the small number of patients tested. Therefore, further studies 
on a large cohort of WNV patients are needed to confirm our observations.

CONCLUSION
The frequency of WNV RNA and antibody detection depend on the sampling time and type of clinical samples, which 
should be considered when interpreting the results. Testing should include flaviviruses that circulate in a specific area to 
exclude cross-reactive antibodies. IgG avidity determination is a useful diagnostic method for differentiating IgM 
positivity in recent infections from long-persisting WNV IgM antibodies.
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Abstract
BACKGROUND 
The risk of severe coronavirus disease 2019 (COVID-19) in pregnant women is 
elevated.

AIM 
To examine the outcomes of pregnant women with COVID-19 and report 
perinatal outcomes and complications, while providing a brief review of current 
literature.

METHODS 
The study included pregnant women presenting from April 2020 to February 2022 
to the emergency department (ED) of a tertiary hospital. We retrospectively 
recorded the maternal and perinatal files, including patient epidemiological and 
clinical characteristics, laboratory values, outcomes, treatment modalities and 
associations were explored.

RESULTS 
Among the 60 pregnant women, 25% required hospitalization, all of whom were 
symptomatic. Preterm delivery occurred in 30% of cases. Ten percent of neonates 
required admission to the neonatal intensive care unit, and 5% were classified as 
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small for their gestational age. All mothers survived COVID-19 and pregnancy, with 6.6% requiring invasive 
mechanical ventilation. Preterm delivery rates did not differ between hospitalized and non-hospitalized pregnant 
women; composite unfavorable perinatal outcomes, including stillbirth, small for gestational age, or neonatal 
intensive care unit (ICU) admission, did not significantly increase in the cases hospitalized for COVID-19 (P = 0.09). 
The odds of hospitalization increased 2.3-fold for each day of delayed ED presentation [adj. OR (95%CI: 1.46-3.624), 
P < 0.001]. Comorbidity status was an independent predictor of hospitalization, albeit with marginal significance 
[adj. OR = 16.13 (95%CI: 1.021-255.146), P = 0.048]. No independent predictors of adverse fetal outcome (composite) 
were identified, and eventual hospitalization failed to reach statistical significance by a slight margin (P = 0.054).

CONCLUSION 
Delayed ED presentation and comorbidities increase hospitalization odds. This study highlights the importance of 
continuous and specific guidance for managing pregnant COVID-19 patients, including timely and appropriate 
interventions to minimize maternal and perinatal morbidity and mortality.

Key Words: SARS-CoV-2; COVID-19; Pregnancy; Maternal outcomes; Preterm delivery

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Pregnant individuals' risk of contracting severe disease from severe acute respiratory syndrome coronavirus 2 
infection is elevated. If hospitalization for coronavirus disease 2019 is indicated for expecting mothers, it is crucial the 
medical treatment to take place in a facility equipped to monitor both maternal and fetal health. Early detection and 
management of these cases are paramount for optimal results regarding motherhood and newborn care outcomes.
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INTRODUCTION
Coronavirus disease 2019 (COVID-19) is a multisystem disease that has a variety of effects on pregnant women and their 
bearing[1]. Pregnant women with COVID-19 have experienced drastic rises in severe maternal illness and mortality, as 
well as neonatal complications[2,3]. Risk factors for severe maternal morbidity in pregnancy may also increase risk of 
COVID-19 illness in pregnancy[4].

Women with COVID-19 had higher rates of preterm birth and delivery, intrauterine growth restriction with low birth 
weight and higher incidences of fetal distress and maternal death than women without COVID-19[1,2,5,6]. Analysis of 
1249634 delivery hospitalizations in the US from March 2020 to September 2021, revealed that pregnant women with 
COVID-19 are more likely to experience stillbirth than those without the virus. (Adjusted RR: 1.90; 95%CI: 1.69-2.15)[7]. 
Higher magnitude of association was observed during delta variant[7]. As far as complications are concerned, severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is also implicated in the occurrence of severe complications, 
including acute kidney injury and disseminated intravascular coagulation, in pregnant populations. The penultimate 
complication of acute respiratory distress syndrome (ARDS) is also much more likely to occur in pregnant individuals, 
requiring use of positive pressure oxygenation or even invasive mechanical ventilation[8]. Women with COVID-19 had a 
greater risk of admission to intensive care unit (ICU)/high-dependency unit. Among all ICU admissions, women with 
COVID-19 diagnosis stayed longer than women without COVID-19[2,8].

Given the unique biological characteristics of the mother and fetus, therapeutic interventions during pregnancy 
necessitate distinct clinical management. Although recommendations for treatment plans are the same for both pregnant 
and non-pregnant individuals[9], a number of issues need to be considered. Vertical transmission, differences in pharma-
cokinetics and pharmacodynamics, drug toxicities, and post-natal care are only among the issues that physicians should 
consider when managing COVID-19 pregnant patients.

We aimed to report our center's experience with COVID-19 pregnant patients, exploring previously reported clinical, 
therapeutic correlations and outcomes, and set a basis for further discussion.

MATERIALS AND METHODS
We retrospectively recorded the maternal and perinatal outcomes of SARS-CoV-2 positive pregnant women presenting 
from April 2020 – February 2022 in the emergency obstetric department of a tertiary hospital. Our study was conducted 
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in accordance with the declaration of Helsinki and principles of good clinical practice and was approved by our 
institution’s review and ethics board (477/24-11/2022).

The study included pregnant women of any gestational age who tested positive for SARS-CoV-2 using reverse 
transcription polymerase chain reaction and presented to our emergency obstetric department during the study period. 
Patient demographics, clinical characteristics, pertinent medical history, clinical manifestations, and laboratory values 
were documented upon presentation. Outcomes and treatment modalities were also recorded, and associations explored.

Preterm delivery is defined as birth occurring before 37 completed weeks of gestation. Gestational age refers to the 
length of pregnancy calculated from the first day of the last menstrual period. Small for gestational age (SGA) is defined 
as birth weight below the 10th percentile for the gestational age.

All quantitative variables are described as the median and interquartile range. All qualitative variables are described as 
absolute frequencies (n) and percentages. χ2 test and Fischer’s exact test were used to evaluate the relationships between 
categorical variables. The Shapiro-Wilk test was used to assess the normality of observed values. Independent-samples t-
test was performed for comparison of normally distributed continuous variables across groups. Mann-Whitney U test 
was used for the rest of the continuous variables. Logistic regression was utilized for constructing prediction models for 
the need for hospitalization.

RESULTS
Sixty pregnant women were included in our cohort. The median age of the sample was 30 years (IQR, 24-35). The median 
gestational age at the time of presentation was 36 weeks (IQR, 30-38). Almost half of the women were asymptomatic at 
presentation (45%). Symptomatic patients presented at a median time of 3 (IQR, 2-7) days following symptom onset, 
mostly complaining of fever (54.5%) and cough (57.6%), dyspnea while at rest (33.3%), while 33.3% experienced 
premature contractions. One (1.66%) of them was diagnosed with gestational hypertension (but not preeclampsia), 3 (5%) 
had gestational diabetes, and 3 (5%) were obese, with a body mass index (BMI) greater than 30. All the women were 
unvaccinated against SARS-CoV-2 during the study period.

Eventually, 15 participants (25%) were admitted to the hospital. Thirteen (21.6%) women received antiviral medication 
(remdesivir), whereas 25 (41.6%) received corticosteroids. At the time that this cohort study was carried out nirmatrelvir/
ritonavir, monoclonal antibodies, tocilizumab, baricitinib had either not received approval or experience was absent in 
pregnant population, hence not utilized in our center.

With regard to the recorded pregnancy outcomes, 18 (30%) neonates were delivered preterm, and 4 (6.6%) pregnancies 
were complicated by obstetric implications (hydramnios, preeclampsia) resulting in fetal distress. Two (3.3%) cesarean 
sections (CS) due to maternal ARDS were performed. In total, two stillbirths (3.3%) were noted, and one pregnancy ended 
in miscarriage (1.6%). Six (10%) neonates eventually required admission to the neonatal intensive care unit (NICU), 
whereas three (5%) were classified as SGA. All mothers survived both COVID-19 and pregnancy, despite 4 (6.6%) 
requiring invasive mechanical ventilation during the course of their hospitalization. The clinical features of all pregnant 
women and the treatment modalities used, as well as their recorded hospitalization and pregnancy outcomes, are 
summarized in Table 1.

A subgroup analysis of the clinical characteristics and laboratory values of the women admitted to the hospital for the 
disease was performed. Adverse perinatal outcomes were collectively evaluated as a single composite endpoint, 
comprising all possible adverse events related to the fetus or neonate, that is, stillbirth, NICU admission, and SGA. 
Women in need of hospitalization presented with more severe conditions, as reflected in the significant difference in 
clinical manifestations including dyspnea, severity indices (World Health Organization Clinical Progression Scale, P/F < 
400), and laboratory values including lymphopenia, white blood cells, lactate dehydrogenase, C-reactive protein, and 
ferritin, while presented later in the course of disease (6 vs 0 days since onset in hospitalized and non-hospitalized 
women, respectively, P < 0.001) (Table 2). All obese individuals, defined as those with a BMI > 30 kg/m2, required hospi-
talization (P = 0.03). The remaining recorded comorbidities did not seem to play a role in the decision to admit, as 
reflected by the non-significant difference across groups in comorbidity status (P = 0.25). Cramer’s V for increased BMI 
was calculated to be 0.397, for a decreased P/F ratio of 0.631, whereas for dyspnea it was 0.821, suggesting a strong 
correlation of all three parameters with hospital admission.

The gestational age differed significantly between the two groups (30th vs 36th median week of presentation for hospita-
lized and non-hospitalized women, respectively), while the presence of contractions was significantly higher in the non-
hospitalized subgroup of pregnant women (P = 0.026). None of the asymptomatic individuals were admitted to the 
hospital. Preterm delivery rates were not different among hospitalization sub-groups. The composite outcome of adverse 
perinatal events, including stillbirth, SGA, and NICU admission, did not significantly increase in women hospitalized for 
COVID-19 (P = 0.09).

Multiple logistic regression revealed that when accounting for a woman’s age, gestational age, and comorbidity status, 
defined as having at least one reported comorbid condition, days since symptom onset was an independent predictor of 
hospitalization. For each day of delayed ED presentation, the odds of hospitalization increased 2.3-fold [adj. OR (95%CI: 
1.46-3.624), P < 0.001]. Comorbidity status proved to be an independent predictor of hospitalization with marginal 
significance [adj. OR = 16.13 (95%CI: 1.021-255.146), P = 0.048]. No independent predictors of adverse fetal outcome 
(composite) were identified, with eventual hospitalization failing to reach statistical significance only by a slight margin 
(P = 0.054).
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Table 1 Patient characteristics (n = 60)

Demographics

    Age median (IQR) 30 (24-35)

    Gestational week median (IQR) 36 (30-38)

Comorbidities (%)

    Hypertension 1 (1.66)

    Diabetes 3 (5)

    Hypothyroidism 5 (8.5)

    BMI > 30 3 (5)

    Hematologic condition 4 (6.8)

    Former OB/GYN pathology 3 (5)

Symptomatology

    Days from onset median (IQR) 3 (2-7)

    Asymptomatic (%) 27 (45)

    Fever (%/symptomatic) 18 (54.5)

    Dyspnea (%/symptomatic) 11 (33.3)

    Cough (%/symptomatic) 19 (57.6)

    Contractions (%/symptomatic) 11 (33.3)

Pregnancy outcomes (%)

    Preterm delivery 18 (30)

    Fetal clinical abnormalities 4 (6.6)

    Neonatal ICU admission 6 (10)

    Miscarriage 1 (1.66)

    Still birth 2 (3.33)

    SGA 3 (5)

    CS due to ARDS 2 (3.33)

Maternal outcomes (%)

    Hospitalization 15 (25)

    Survival 60 (100)

    IMV 4 (6.6)

Pharmacologic management (%)

    Corticosteroids 25 (41.6)

    Remdesivir 13 (21.6)

BMI: Body mass index; OB/GYN: Obstetric/gynecologic; ICU: Intensive care unit; SGA: Small for gestational age; CS: Cesarean section; ARDS: Acute 
respiratory distress syndrome; IMV: Invasive mechanical ventilation.

DISCUSSION
In our cohort of patients, only a fourth of the unvaccinated pregnant individuals required hospitalization due to disease 
severity, as reflected in the severity indices. Delay in presentation and the presence of comorbidities seem to predict the 
need for hospitalization but not composite adverse perinatal events or pregnancy outcomes.

Our findings align with previous authors reporting that the majority of COVID-19 pregnant individuals present and 
remain asymptomatic through follow-up[5]. When symptoms appear, they do not seem to differ from non-pregnant 
individuals, although one report noted that pregnant individuals were less likely to present fever, myalgia, dyspnea or 
cough[1,5,10]. Also, in a subsequent study, fever and cough among pregnant women were reported to be even lower[11]. 
Delay in presentation was identified as a risk factor for severe disease, hence the need for hospitalization, similar to 
others[12]. This comes as no surprise since, as the disease progresses, viral toxicity is complicated by the presence of 
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Table 2 Hospitalized vs non-hospitalized pregnant women, n (%)

Hospitalized (n = 15) Not hospitalized (n = 45) P value

Demographics

    Age median (IQR) 34 (23-40) 29.67 (26-34) 0.36

    Former smokers 2 (13.3) 6 (13.3) 0.584

    BMI > 30 3 (20) 0 (0) 0.013

    At least one co-morbidity 4 (26.6) 6 (13.3) 0.25

    Gestational week median (IQR) 30 (26-36) 36 (34-38) 0.031

Clinical manifestations

    Asymptomatic 0 (0) 27 (37.7) < 0.001

    Days from onset median (IQR) 7 (2-9) 2 (2-3) 0.006

    Fever (symptomatic) 10 (66.6) 8 (17.7) 0.2

    Dyspnoea (symptomatic) 11 (73.3) 0 (0) < 0.001

    Cough (symptomatic) 11 (73.3) 8 (17.7) 0.09

    Contractions (symptomatic) 2 (13.3) 16 (35.5) 0.026

Disease severity

    WHO CPS median (IQR) 5 (5-6) 2 (1-4) < 0.001

    P/F < 400 10 (66.6) 3 (20) < 0.001

    Need for NIV 6 (13.3) 0 (0) < 0.001

    Need for IMV 4 (8.8) 0 (0) < 0.001

Pharmacological management

    Corticosteroids 13 (86.6) 12 (26.6) < 0.001

    Remdesivir 8 (53.3) 5 (11.1) 0.02

Pregnancy outcomes 

    Preterm delivery 5 (33.3) 13 (28.8) 0.745

    Composite adverse perinatal 5 (33.3) 6 (13.3) 0.09

Laboratory values median (IQR)

    WBC (Κ/μL) 6980 (5580-8320) 9110 (7380-11150) 0.01

    LYMPH (Κ/μL) 1.142 (0.785-1.570) 1.300 (1.020-1.880) 0.102

    CPK (ng/mL) 69 (20-94) 65.5 (35-164) 0.179

    LDH (IU/L) 318 (258-376) 210 (178-283) 0.001

    CRP (mg/dL) 5.94 (2.09-9.81) 2.34 (1.02-4.47) 0.028

    Ferritin (ng/mL) 149 (101-140) 74 (34.5-95.5) 0.001

    D-Dimers (μg/mL) 1.470 (0.670-2.180) 1.492 (1.045-2.215) 0.303

WHO CPS: World Health Organization Clinical Progression Score for COVID-19; BMI: Body mass index; P/F: PaO2/FiO2 ratio; NIV: Non-invasive 
ventilation; IMV: Invasive mechanical ventilation; WBC: White blood cells; LYMPH: Lymphocyte count; CPK: Creatine phosphokinase; LDH: Lactate 
dehydrogenase; CRP: C-reactive protein.

systemic inflammatory response[13].
The extent of vertical transmission (in utero, intrapartum, early postnatal period) remains inconclusive and fluctuates 

between 1.6% and 6.3%, while the overall rate of congenital infection has been reported to be 2.7%[14,15]. Severe COVID-
19, ICU admission or death of the mother, and postnatal infection have all been recognized as risk factors for mother-to-
child transmission[14]. To this end, specific strains of the SARS-COV-2 may theoretically increase the likelihood of 
vertical transmission by causing more severe maternal illness. This is proven for the delta, gamma, and alpha strains. On 
the other hand, omicron strain results in less placental injury and might be associated with a lower risk of vertical 
transmission[16]. The median gestational week at the time of presentation at our cohort was found to be 36 weeks (IQR, 
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24-35), meaning that most of the pregnant women presenting to our center were infected in the third semester of their 
pregnancy (n = 46, 76.7%); thus, no birth defects would be likely at least attributed to SARS-CoV-2 considering almost 
completion of organogenesis by the time of infection. Nonetheless, results from an international retrospective cohort 
study that compared obstetric and neonatal outcomes of SARS-CoV-2-positive patients according to gestational age at the 
time of infection, showed that maternal infection after 20 weeks of gestation increased the risk for a composite of adverse 
obstetric outcomes, and maternal infection after 26 weeks increased the risk for a composite of adverse neonatal 
outcomes, in contrast to earlier infection during pregnancy[17]. Global data have shown that the risk of miscarriage or 
congenital anomalies does not seem to be increased above baseline in COVID-19 pregnant women, with an overall 
miscarriage rate of 11%[18-24]. Pre-term delivery was observed in almost 30% of our patients, which could be partly 
attributed to higher stress during the pandemic and alterations in maternity services[25,26]. However, in general, 
increased pre-term and moderately increased cesarean section rates have been observed among pregnancies with 
COVID-19[27-29]. In addition, a study noted a decline in vaginal delivery rates which could be due to the perception that 
opting for cesarean deliveries could potentially reduce the likelihood of COVID-19 transmission[30]. Nonetheless, the 
limitation of inability to distinguish between spontaneous and iatrogenic preterm birth persists in many studies. As also 
noted by these authors, it seems that many third-trimester cases are delivered by planned cesarean, pre-emptively driven 
by the unproven belief that the management of severe maternal respiratory disease would be improved by delivery. 
Thus, although spontaneous pre-term deliveries do occur, the reason for the observed rise in pre-term and cesarean 
section rates seems to be multifactorial[31-33]. Similarly, rates of stillbirth, even though they remained low, cannot be 
detached from potential co-founders, including disruptions to maternal care and maternal supportive services[25,26,34].

The therapeutic management of the pregnant individuals with COVID-19 does not differ significantly compared to the 
usual management of the non-pregnant COVID-19 patients, according to the current guidelines.  However, there are 
some exceptions regarding the pharmacological parameters of the treatment due to the differences in volume distri-
bution, the potential toxicities for the fetus, the existence of the vertical transmission, and the lactation and the post-natal 
care in general. In total, only 21.6% of our cohort received remdesivir with favorable results and no adverse perinatal 
outcomes. Experience in therapy has mostly come from the compassionate use program and the Gilead Global Safety 
Database[35,36]. Compassionate use of remdesivir among 86 pregnant women hospitalized with COVID-19 between 
March 21, 2020, and June 16, 2020, was correlated with high rates of recovery, while rapid deployment valve (RDV) did 
not raise any new safety signals[35,37]. Early RDV administration was linked to better clinical outcomes, including lower 
rates of ICU admission and decreased progression to critical disease, prompt improvement, and recovery by day 7 in 
pregnant individuals hospitalized with COVID-19[38]. In a similar way, early RDV administration was linked to better 
pregnancy outcomes, such as significantly lower rates of preterm delivery and COVID-19-related maternal death in 
pregnant patients admitted to hospital[38,39]. A systematic review and a meta-analysis further supported RDV’s 
promising results in pregnant women with COVID-19 infection, with elevated transaminases as the only notable adverse 
event, requiring monitoring[40,41].

In our cohort of patients, 41.6% received corticosteroids, the majority of whom were in need of hospitalization. 
Dexamethasone was associated with a decrease mortality in COVID-19 patients requiring oxygen therapy, thus 
embedded in international guidelines since the beginning of the pandemic[9,42]. Nonetheless, from the trials that 
followed, pregnant patients were included only in REMAP-CAP (number of pregnant patients unknown)[43] and 
RECOVERY (0.06% of participants were pregnant)[42]. RECOVERY trial compared higher dose corticosteroids with 
standard dose and found that treatment with higher doses leads to increased mortality in COVID-19 patients with 
hypoxia, who do not require ventilatory support. However, only 3 of the participants were pregnant[44]. Τhe choice of 
corticosteroid during pregnancy has been based on whether the fetus or the mother was the intended recipient of the 
medication. In the former scenario, it is preferable for mothers to receive hydrocortisone, methylprednisolone, 
prednisolone, and prednisone, which are converted by placental enzymes into inactive metabolites and limit fetal 
exposure to 10%[45-47]. In the latter scenario, when the fetus is being treated, synthetic fluorinated corticosteroids, such 
dexamethasone, are chosen in order to stimulate fetal lung maturation[45-48]. Associations between corticosteroid 
administration and adverse pregnancy outcomes, including gestational diabetes, pre-eclampsia, intrauterine growth 
restriction, congenital malformations, and preterm birth, have been variably reported in the past[46-49]. Also, repeated 
courses of dexamethasone have been associated with long-term adverse outcomes, such as impaired neurodevelopment
[50]. However, evaluating the safety of corticosteroids, and dexamethasone in particular, in this context is still difficult 
due to a number of confounders, including co-medications and the overrepresentation of high-risk pregnancies in these 
trials, which inevitably introduce bias[46].

At the time this cohort study was carried out, approval and experience with other agents including tocilizumab, 
anakinra, baricitinib, nirmatrelvir/ritonavir, tixagevimab/cilgavimab and molnupiravir was scarce or absent; hence we 
chose not to administer to our patients. Of note, to date, there are recommendations against the use of molnupiravir in 
pregnant patients due to reported fetal toxicity in animal studies unless there are no other options available and therapy 
is clearly indicated[9].

None of our patients was vaccinated even though recommendations clearly state that undergoing COVID-19 
vaccination–preferably with a non-vector vaccine–should be carried out in all unvaccinated people planning pregnancy 
or those who are already pregnant[51]. The same applies to booster shots as well as to the updated COVID-19 vaccine
[51]. Vaccination early in gestation appears to have higher benefit against maternal risk of COVID-19 related hospita-
lization, death, and pregnancy complications[52,53]. In a recent study, the effectiveness of mRNA vaccination against 
SARS-CoV-2 infection after the second dose was 89.5%, a lower risk of stillbirth was observed in the vaccinated cohort 
compared with the unvaccinated group, and there was no evidence of adverse maternal or neonatal outcomes[54]. Other 
authors reported that the stillbirth rate among vaccinated women was almost half compared to those who were 
unvaccinated[55]. In addition, a study noted that the increased pre-term birth risk, which was more pronounced during 
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the early years of the pandemic, disappeared in regions with high vaccination rates[56]. Completing the COVID-19 
immunization series by the mother during pregnancy was also linked to a lower incidence of COVID-19 hospitalization 
in infants less than six months of age[57]. A recent meta-analysis provided further evidence that COVID-19 vaccination is 
safe and highly effective in preventing maternal SARS-CoV-2 infection without increasing the risk of adverse maternal 
and neonatal outcomes[58]. Research conducted in Scotland revealed that an overwhelming majority of SARS-CoV-2 
infections, hospital visits and critical care admissions were due to unvaccinated pregnant women. Furthermore, all baby 
deaths reported were attributed to the same demographic[59]. Even with the predominance of the omicron variant, which 
is typically associated with less severe maternal and neonatal manifestations, the importance of vaccine administration 
remains significant as demonstrated by a recent study[55,60].

Study limitations
This study cohort was conducted mostly in the absence of available vaccine against SARS-CoV-2. Even when first vaccine 
regimens were approved, hesitancy prevailed among pregnant population similar to other vaccines, as also highlighted in 
our study that no vaccinated pregnant patients were included. Similarly, no oral antivirals were available at the time this 
study took place[61]. Moreover, our data were produced while non-omicron variants were prevailing. It remains to be 
seen whether similar manifestations and outcomes would be observed in presence of new variants, even though presence 
of delta variant was associated with more severe outcomes even among pregnant patients[62]. However, reported data 
thus far regarding infection with the omicron variant during pregnancy indicate that it results in less severe disease and 
fewer adverse maternal and neonatal outcomes[55,63].

CONCLUSION
For pregnant individuals, the risk of contracting severe disease from SARS-CoV-2 infection is elevated: It is essential for 
these patients to consult with a healthcare professional at any sign of symptoms. If hospitalization for COVID-19 is 
indicated for expecting mothers, medical treatment should take place in a facility equipped to monitor both maternal and 
fetal health. Early detection and management are paramount for optimal results regarding motherhood and newborn care 
outcomes.
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Abstract
BACKGROUND 
Invasive fungal infections, particularly candidemia, pose significant clinical 
challenges globally. Understanding local epidemiology, species distribution, and 
antifungal susceptibility patterns is crucial for effective management despite 
regional variations.

AIM 
To investigate the epidemiology, species distribution, antifungal susceptibility 
patterns, and associated risk factors of candidemia among patients in Bahrain 
from 2021 to 2023.

METHODS 
This retrospective study analyzed demographic data, Candida species distribution, 
antifungal susceptibility profiles, and risk factors among candidemia patients 
treated at a tertiary care hospital in Bahrain over three years. Data was collected 
from medical records and analyzed using descriptive statistics.

RESULTS 
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A total of 430 candidemia cases were identified. The mean age of patients was 65.7 years, with a mortality rate of 
85.5%. Candida albicans (C. albicans) was the most common species, followed by Candida parapsilosis, Candida 
tropicalis (C. tropicalis), and emerging multidrug-resistant Candida auris (C. auris). Antifungal susceptibility varied 
across species, with declining susceptibility to azoles observed, particularly among C. albicans and C. tropicalis. 
Major risk factors included central venous catheters, broad-spectrum antibiotics, and surgical procedures.

CONCLUSION 
This study highlights the substantial burden of candidemia among older adults in Bahrain, characterized by 
diverse Candida species. It also concerns levels of antifungal resistance, notably in C. auris. The findings underscore 
the importance of local epidemiological surveillance and tailored treatment strategies to improve outcomes and 
mitigate the spread of multidrug-resistant Candida species. Future research should focus on molecular resistance 
mechanisms and optimizing therapeutic approaches to address this growing public health concern.

Key Words: Candidemia; Fungal infections; Antifungal resistance; Epidemiology; Risk factors; Antifungal susceptibility; 
Bahrain

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study underscores the significant burden of candidemia in Bahrain, highlighting demographic trends, species 
distribution, antifungal susceptibility patterns, and critical risk factors over three years. The emergence of multidrug-resistant 
Candida species, particularly Candida auris, poses challenges to clinical management. High mortality rates underscore the 
critical need for early detection, prompt initiation of appropriate antifungal therapy guided by susceptibility testing, and 
rigorous infection control measures. Healthcare providers should prioritize antimicrobial stewardship, minimize invasive 
procedures when possible, and enhance surveillance efforts to mitigate the rising threat of antifungal resistance and improve 
patient outcomes in candidemia management.

Citation: Saeed NK, Almusawi S, Al-Beltagi M. Candidemia chronicles: Retrospective analysis of candidemia epidemiology, species 
distribution, and antifungal susceptibility patterns in Bahrain. World J Virol 2024; 13(4): 98839
URL: https://www.wjgnet.com/2220-3249/full/v13/i4/98839.htm
DOI: https://dx.doi.org/10.5501/wjv.v13.i4.98839

INTRODUCTION
Candida is a type of yeast that naturally occurs in small amounts in the human body. It can be found naturally in the 
gastrointestinal tract, mouth, and genital area. Candida typically lives in harmony with other microorganisms and usually 
does not cause any harm. Nonetheless, specific circumstances, such as a weakened immune system or an imbalance in the 
body's natural microbiota, can cause Candida to overgrow and result in infections. The most typical form of Candida 
infection is candidiasis, which can manifest in several ways, including oral thrush, vaginal yeast infection, cutaneous 
candidiasis, and invasive candidiasis[1,2]. Human disease caused by Candida species is attributed to at least 15 distinct 
types. However, most invasive diseases, accounting for over 95%, can be traced back to the six most prevalent pathogens. 
These include Candida albicans (C. albicans), Candida auris (C. auris), Candida glabrata (C. glabrata), Candida krusei, Candida 
parapsilosis (C. parapsilosis), and Candida tropicalis (C. tropicalis) in certain regions[3].

Candidemia is a serious bloodstream infection caused by Candida species and is the most common form of invasive 
candidiasis. Its high morbidity and mortality rates pose a significant threat to healthcare facilities worldwide[4]. This 
infection is particularly dangerous for individuals with weakened immune systems and those hospitalized for an 
extended period. The early identification and management of this infection is often delayed, leading to severe clinical 
decline and fatalities that occur before the detection of Candida in blood cultures[5]. Understanding the incidence, predis-
posing factors, and antifungal susceptibility patterns of Candida isolates in specific regions is crucial for effectively 
preventing and managing this infection[6].

The prevalence of candidemia varies among different geographical regions and healthcare facilities. Factors like patient 
demographics, local prescribing practices, and infection control measures influence this prevalence[7]. Furthermore, 
understanding the risk factors associated with candidemia is vital for early identification and implementation of 
preventive measures. Several known risk factors, such as prolonged hospitalization, use of broad-spectrum antibiotics, 
and presence of central venous catheters (CVCs), have been implicated in candidemia[8]. Meanwhile, addressing the 
antifungal susceptibility patterns of Candida isolates is crucial to ensure proper treatment strategies. Resistance to 
commonly used antifungal agents, such as fluconazole and echinocandins, has been reported in various regions 
worldwide[9].

Investigating the antifungal susceptibility profiles of Candida isolates in Bahrain will aid in optimizing empirical 
therapy and formulating guidelines for antifungal use in clinical practice. Addressing the antifungal susceptibility 
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patterns of Candida isolates is crucial to ensuring proper treatment strategies. Resistance to commonly used antifungal 
agents, such as fluconazole and echinocandins, has been reported in various regions globally. By examining the 
antifungal susceptibility profiles of Candida isolates in Bahrain, we can optimize empirical therapy and establish 
guidelines for antifungal use in clinical practice[10,11]. Like other parts of the world, the United Kingdom of Bahrain, a 
small island nation in the Arabian Gulf, has witnessed an increase in candidemia cases over the past decade[12]. 
However, no available comprehensive studies specifically focused on candidemia in Bahrain exist. There is no available 
data concerning the infection rate, the type of Candida species implicated in candidemia, and their antifungal suscept-
ibility patterns.

Bahrain boasts a well-developed healthcare system that provides comprehensive medical services to its population. 
The country has a mix of public and private healthcare facilities, with the public sector being the primary provider of 
health services[13]. The Ministry of Health oversees public healthcare services, ensuring access to primary, secondary, 
and tertiary care. Bahrain's healthcare system is funded through government subsidies, employer contributions, and out-
of-pocket payments[14]. Bahrain has a population of approximately 1.7 million people, with a significant expatriate 
community. The population growth rate is around 2%, driven by both natural increase and immigration[15]. The 
population includes a substantial proportion of young adults and working-age individuals, but there is also a growing 
elderly population due to increasing life expectancy. Bahrain's healthcare system is characterized by its accessibility, 
comprehensive services, and a blend of public and private healthcare facilities[16]. The government's commitment to 
providing free healthcare to citizens and the presence of a significant private sector cater to the diverse needs of the 
population.

This research article aims to bridge this knowledge gap by providing a detailed analysis of candidemia cases in Bahrain 
between 2021 and 2022. By examining candidemia within a central tertiary care hospital setting in Bahrain, this study 
seeks to shed light on the local burden of candidemia, providing valuable insights into the epidemiology of this infection, 
exploring the risk factors specific to the studied cohort, shedding light on the regional determinants contributing to 
candidemia incidence in the United Kingdom of Bahrain.

MATERIALS AND METHODS
Study design and setting
We retrospectively observed and analyzed the Candida profile of the patients admitted to the various departments of 
Salmanyia Medical Complex, United Kingdom of Bahrain, between January 2021 and December 2023, with positive blood 
culture of Candida species. Data were extracted and reviewed from the inpatients’ electronic health medical records from 
all government hospitals’ inpatients. The demographics, clinical data, microbiological profile, and included patient 
outcomes were extracted and tabulated using the Microsoft Excel database. We ensured that the data collection was 
systematic and consistent.

Definitions
Candidemia is defined by direct fungal detection in blood cultures. Despite blood culture being the gold standard to 
diagnose candidemia, it has many limitations, such as low sensitivity (between 21% and 71% in some studies) and the 
long time needed for the culture to yield results. It also cannot detect deep-seated infections after resolving candidemia. 
Other tests, such as anti-mannan antibodies, Candida mannan antigen, and B-d-glucan, can help to get rapid results but 
with high false positive results[17,18]. The study involved patients who had tested positive for Candida in their blood 
culture at least once. When a patient had multiple positive cultures, a new episode was only considered if the interval 
between it and the previous episode was more than two weeks[19]. Isolates were considered duplicates and ignored 
when identified from the same patient with the same Candida species and antifungal profile.

Laboratory technique
Clinical samples were ordered when fungal infection was clinically suspected or in high-risk patients. We incubated the 
blood culture bottles using BD Bactec (BioMérieux®). We identified the fungal species using Matrix-assisted laser 
desorption/ionization-time of flight mass spectrometry (MALDI-TOF-MS, Bruker®) and used broth microdilution method 
(Bruker®) to identify the antifungal susceptibility following the manufacturer's instructions[20]. We tested fungal suscept-
ibility to 5-fluorocytosine, amphotericin B, anidulafungin, caspofungin, fluconazole, itraconazole, micafungin, 
posaconazole, and voriconazole[21]. We used the epidemiological cutoff values according to European Committee on 
Antimicrobial Susceptibility Testing recommendations. Phenotypic detection was done using matrix-assisted laser 
desorption ionization time-of-flight mass spectrometry (Bruker Daltonics, Germany). For C. auris, Food and Drug 
Administration Epidemiological cutoff values were used to interpret the minimal inhibitory concentrations[22].

Statistical analysis
For the statistical analysis, we utilized TexaSoft, WINKS Sialodacryoadenitis virus Software 2011 (Sixth Edition, Cedar 
Hill, Texas, United States) while collating all data on Excel 2017 (Microsoft, Redmond, WA, United States). We calculated 
the frequencies and percentages for different categorical variables and performed cross-tabulation between each two 
categorical variables. We conducted a χ² test to detect significant relationships between the variables and considered a P 
value of less than 0.05 statistically significant. A biomedical statistician conducted the statistical review of this study, and 
all data were anonymized.
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Table 1 Demographic data of patients affected with fungemia over the three years of the study, n (%)

2021 2022 2023 Total

Total number 161 143 126 430

Age (years) mean ± SD 66.9 ± 26.7 68.6 ± 18.8 62.87 ± 19 65.7 ± 18.8

Median 70 72 68 70

Male 84 (52.2) 79 62 225

Female 77 (47.8) 64 64 205

Sex

Male:female ratio 1.1:1 1.23:1 0.96:1 1.1:1

Bahraini 131 (81.4) 123 (86) 111 (88) 365 (85)Nationality

Non-Bahraini 30 (18.6 ) 20 (14) 15 (12) 65 (15)

Live 23 (14.3) 26 (18.2) 13 (10) 62 (14.5)Prognosis

Deceased 138 (85.7) 117 (81.8) 113 (90) 368 (85.5)

Candida albicans 48 (30) 22 (15.4) 33 (26.2) 103 (24)

Candida tropicalis 30 (18.6) 29 (20.3) 23 (18.2) 82 (19)

Candida parapsilosis 29 (18) 36 (25.2) 29 (23) 94 (22)

Candida glabrata 19 (11.8) 7 (5) 10 (8) 36 (8)

Candida auris 13 (8) 38 (26.5) 27 (23) 78 (18)

Candida species 6 (3,7) 1 (0.7) 0 7 (1.6)

Candida dubliniensis 4 (2.5) 1 (0.7) 1 (0.7) 6 (1.3)

Candida lusitaniae 3 (1.9) 1 (0.7) 2 (1.4) 6 (1.3)

Candida orthopsilosis 3 (1.9) 3 (2) 1 (0.7) 7 (1.6)

Candida guilliermondii 2 (1.25) 0 0 2 (0.4)

Candida metapsilosis 2 (1.25) 3 (2) 1 (0.7) 6 (1.3)

Candida rugosa 2 (1.25) 0

Candida krusei 0 2 (1.4) 1 (0.7) 3 (0.7)

Candida Cyberlindnera fabianii 1 (0.65) 0 0 1 (0.2)

Candida species

Rhodotorula mucilaginosa var mucilaginos 1 (0.65) 0 0 1 (0.2)

Ethical approval
The Secondary Care Research Committee of Salmaniya Medical Complex, Ministry of Health, United Kingdom of 
Bahrain, has approved the study. However, ethical consideration was unnecessary as it was a non-interventional, 
retrospective study that did not expose patient data.

RESULTS
This retrospective study investigated the prevalence, risk factors, and antifungal susceptibility patterns of candidemia in 
patients admitted to Salmaniya Medical Complex, Bahrain, between January 2021 and December 2023. Table 1 displays 
the demographic data of patients diagnosed with candidemia during the study period. Over this period, 430 patients 
were identified with candidemia. The data reveals a slight decrease in cases yearly: 161 cases in 2021, 143 in 2022, and 126 
in 2023. The mean age of the patients remained relatively stable, around 65.7 years ± 18.8 years, with a median age 
consistently around 70 years. The male-to-female ratio was nearly equal across the years. The gender distribution was 
nearly balanced, with a male-to-female ratio of approximately 1.1:1; males constituted 52.3% (225/430) and females 47.7% 
(205/430) of the cases. Bahraini nationals consistently comprised the majority of the patients. They represented 85% (365/
430) of the patients, while non-Bahrainis comprised 15% (65/430). The overall mortality rate among these patients was 
85.5% (368/430). The mortality rate among candidemia patients was alarmingly high, averaging 85.5% over the three 
years. This high mortality rate underscores the severity and impact of candidemia on the affected population.

The distribution of Candida species detected from patients with fungemia, also presented in Table 1, Figures 1, and 2, 
varied across the years. C. albicans was the most frequently isolated species, accounting for 24% (103/430) of the cases. C. 
parapsilosis was identified in 22% (94/430) of patients, C. tropicalis in 19% (82/430), C. auris in 18% (78/430), and C. glabrata 
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Figure 1 The percentage of candida species during the 3 years periods. C. albicans: Candida albicans; C. tropicalis: Candida tropicalis; C. parapsilosis: 
Candida parapsilosis; C. glabrata: Candida glabrata; C. auris: Candida auris.

Figure 2 The percentage of the different species throughout the study period. C. albicans: Candida albicans; C. tropicalis: Candida tropicalis; C. 
parapsilosis: Candida parapsilosis; C. glabrata: Candida glabrata; C. auris: Candida auris.

in 8% (36/430). Examining the distribution of Candida species over the three years, C. albicans was consistently the most 
common species, though its prevalence fluctuated, being highest in 2021 (30%) and lowest in 2022 (15.4%). C. parapsilosis 
showed an increasing trend, rising from 18% in 2021 to 25.2% in 2022, then slightly decreasing to 23% in 2023. C. tropicalis 
maintained a relatively stable presence, around 18%-20% each year. The incidence of C. auris saw a significant rise, from 
8% in 2021 to 26.5% in 2022, then slightly decreased to 23% in 2023. C. glabrata showed a decreasing trend, from 11.8% in 
2021 to 5% in 2022 and 8% in 2023. Other less common Candida species, such as C. dubliniensis, C. lusitaniae, C. orthopsilosis, 
and others, remained relatively rare throughout the study period.
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Table 2 summarizes the risk factors associated with invasive fungal infections. Several key risk factors were identified 
among patients with candidemia. The use of CVCs and other intravascular devices was particularly high, reported in 
89.4% of patients in 2021, 92% in 2022, and 90% in 2023. Recent major surgery was noted in 18.5% of patients in 2021, 20% 
in 2022, and 15% in 2023. Vascular anastomosis was observed in 2%, 5%, and 3% of patients in 2021, 2022, and 2023, 
respectively. Necrotizing pancreatitis was reported in 0% of patients in 2021, 2% in 2022, and 4% in 2023. Candida 
colonization was present in 93.4% of patients in 2021, 87% in 2022, and 91% in 2023. Broad-spectrum antibiotic exposure 
was extremely common, observed in 98.7% of patients in 2021, 95% in 2022, and 96% in 2023. Dialysis was required in 
17.2% of patients in 2021, 15% in 2022, and 19% in 2023. Parenteral nutrition was administered to 76.8% of patients in 
2021, 81% in 2022, and 77% in 2023. Corticosteroid use was noted in 32.4% of patients in 2021, 42% in 2022, and 35% in 
2023. Prior antifungal treatment was recorded in 47.7% of patients in 2021, 53% in 2022, and 49% in 2023.

Table 3 provides the antifungal susceptibility profiles for the most common Candida species detected among the 
patients. C. albicans demonstrated 100% susceptibility to amphotericin B across all three years. However, susceptibility to 
fluconazole declined from 87.5% in 2021 to 52.3% in 2023. Voriconazole susceptibility also showed variability, with the 
highest rate in 2021 (79%) and the lowest in 2022 (63.6%). Susceptibility to posaconazole and itraconazole decreased over 
the years, with posaconazole dropping from 68.2% in 2021 to 36.4% in 2023, and itraconazole from 75% to 13.6%. Suscept-
ibility to echinocandins (micafungin, anidulafungin, and caspofungin) remained at 100%.

C. tropicalis displayed a high mortality rate, with susceptibility to amphotericin B slightly decreasing from 100% in 2021 
to 95.5% overall. Susceptibility to fluconazole was very low, starting at 15.7% in 2021 and dropping to 0% by 2023. 
Voriconazole, posaconazole, and itraconazole also showed poor susceptibility rates, generally declining over the years. 
No susceptibility to echinocandins was recorded across the three years. C. parapsilosis maintained 100% susceptibility to 
amphotericin B, with fluconazole susceptibility remaining high but slightly fluctuating, from 82% in 2021 to 76.5% in 
2023. Susceptibility to voriconazole, posaconazole, and itraconazole remained relatively stable and high across the years. 
Echinocandin susceptibility remained consistently at 100%.

C. glabrata showed complete susceptibility to amphotericin B throughout the study period. Fluconazole susceptibility 
was consistently 0%, and susceptibility to echinocandins varied, with micafungin, anidulafungin, and caspofungin 
showing better results in 2022 and 2023 compared to 2021. C. auris had a 100% susceptibility rate to amphotericin B across 
all years. Susceptibility to fluconazole was initially 0% in 2021, slightly increasing to 4% in 2022, and then returning to 0% 
in 2023. Echinocandin susceptibility was high in 2021 and 2022 but showed some resistance in 2023, particularly with 
caspofungin (4.5%).

While the most common Candida species (C. albicans, C. tropicalis, C. parapsilosis, C. glabrata, and C. auris) generally 
remained susceptible to amphotericin B (over 83% susceptible across all species and years) and flucytosine (over 95% 
susceptible), however, concerning trends in susceptibility were observed for other antifungal agents. For example, 
susceptibility to fluconazole declined significantly for C. tropicalis (15.7% in 2021 to 0% in 2023) and C. albicans (87.5% in 
2021 to 52.3% in 2023). In addition, while all Candida species remained largely susceptible to caspofungin (over 88% 
susceptible), some isolates of C. glabrata showed intermediate susceptibility. Overall, the trend of antifungal susceptibility 
highlights the ongoing challenge of treating candidemia, with notable resistance patterns emerging in commonly used 
antifungal agents, particularly fluconazole and voriconazole, for certain Candida species. This emphasizes the need for 
continued monitoring and tailored treatment approaches to manage candidemia effectively.

DISCUSSION
This is the first study to estimate the burden of invasive fungal infection in the United Kingdom of Bahrain without 
previous epidemiological or clinical studies. The findings from this study highlight several critical aspects of candidemia 
among patients from 2021 to 2023, underscoring the evolving nature of fungal infections and the associated challenges in 
clinical management in the United Kingdom. The demographic data reveal that candidemia predominantly affects older 
adults, with a mean age of 65.7 years and a high mortality rate of 85.5%. The gender distribution was nearly balanced, 
with a slight male predominance. Bahraini nationals constituted most cases, reflecting the local demographic distribution 
and healthcare access patterns. Studies from neighboring Gulf countries such as Saudi Arabia and the United Arab 
Emirates (UAE) have reported similar demographic profiles among candidemia patients, with a predominance of elderly 
individuals and a slight male preponderance[23,24]. Many studies showed that older age is associated with a high 
mortality rate and a trend of higher resistance rate to multiple antifungal drugs[25], partially explaining the high 
mortality rate observed in the current study. Older age is usually associated with high rates of comorbid conditions, 
aging-related pathophysiological changes, Candida l colonization, and polypharmacy[26,27]. The high mortality rates 
observed in our study (85.5%) align closely with findings from these regions[28-31], indicating a consistent challenge in 
managing invasive fungal infections despite advances in medical care. Bahrain's high mortality rate from candidemia is 
influenced by factors such as uneven access to healthcare facilities, variability in care standards due to a diverse 
healthcare workforce, and suboptimal infection control practices. The patient population, particularly older adults with 
multiple comorbidities like diabetes and cardiovascular diseases, is highly vulnerable. High usage of CVCs and broad-
spectrum antibiotics further increases infection risks. In comparison, high-income countries with robust healthcare 
infrastructure, advanced infection control, and comprehensive chronic disease management see lower mortality rates. In 
contrast, low-income and middle-income countries often face higher mortality due to resource constraints and limited 
healthcare access. To improve outcomes, Bahrain could enhance infection control, implement antimicrobial stewardship, 
expand healthcare access, invest in healthcare worker training, manage chronic diseases more effectively, and conduct 
ongoing research and surveillance.
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Table 2 Risk factors associated with fungal infections

Risk factors 2021 (n = 161) 2022 (n = 143) 2023 (n = 126)

Recent major surgery 18.5 20 15

Vascular 0 anastomosis 2 5 3

Necrotizing pancreatitis 0 2 4

Central venous catheters and other intravascular devices 89.4 92 90

Candida colonization 93.4 87 91

Exposure to broad spectrum antibiotics 98.7 95 96

Dialysis 17.2 15 19

Parenteral nutrition 76.8 81 77

Corticosteroids 32,4 42 35

Antifungal Rx 47.7 53 49

Species distribution and trends
The distribution of Candida species varied over the three years, with C. albicans being the most frequently isolated species, 
followed by C. parapsilosis, C. tropicalis, and C. auris. Notably, C. auris, known for its multidrug-resistant properties, 
represented a significant proportion of the isolates (18%). The emergence of C. auris as a major pathogen is particularly 
concerning due to its ability to cause outbreaks and its high resistance to multiple antifungal agents[32]. C. auris has a 
profound impact on patient outcomes and healthcare practices due to its multidrug-resistant nature, which complicates 
treatment and leads to higher mortality rates. Its persistence in healthcare environments and resistance to standard 
antifungal treatments pose significant challenges for outbreak management, necessitating enhanced infection control 
measures and improved diagnostic capabilities. In Bahrain, the emergence of C. auris is influenced by several healthcare 
practices and environmental factors. High utilization of CVCs and broad-spectrum antibiotics increases the risk of 
candidemia by providing pathways for C. auris to enter the bloodstream and promoting fungal resistance. Inadequate 
antifungal stewardship further exacerbates the problem. Environmental factors also play a role; the warm and humid 
climate of Bahrain creates an ideal environment for fungal growth, while insufficient cleaning and disinfection practices 
in healthcare settings facilitate the persistence and spread of C. auris. Additionally, the aging population and rising 
number of individuals with chronic conditions heighten the risk of invasive fungal infections. Addressing these issues 
requires enhanced infection control practices, improved environmental hygiene, and effective antifungal stewardship.

The fluctuating prevalence of other Candida species can be attributed to factors such as the use of broad-spectrum 
antifungals and antibiotics, healthcare practices like central venous catheterization, environmental conditions, and 
regional differences. While C. albicans remains a predominant species across the Gulf[23,33], the emergence of C. auris as a 
significant pathogen observed in our study has also been noted in Saudi Arabia and the UAE[34]. This multidrug-
resistant species poses a formidable clinical challenge due to its ability to cause outbreaks and its intrinsic resistance to 
many antifungal agents[35]. Globally, candidemia epidemiology shows considerable variability influenced by regional 
healthcare practices, antimicrobial stewardship, and patient demographics[36]. Studies from Europe, China, and North 
America often highlight C. glabrata and C. parapsilosis as prominent species with varying levels of antifungal resistance[37-
40]. As observed in our study, the trend of increasing resistance to azole antifungals, particularly among C. tropicalis and 
C. glabrata, mirrors findings from diverse geographic regions[41,42]. This underscores the global concern regarding the 
emergence of multidrug-resistant Candida species and the implications for clinical management.

Risk factors analysis
Several risk factors were consistently associated with candidemia, including using old age, CVCs, exposure to broad-
spectrum antibiotics, and parenteral nutrition. These factors are well-known predisposing conditions for invasive fungal 
infections, as they disrupt normal host defenses and create environments conducive to fungal growth[8,43]. Identifying 
and understanding risk factors associated with candidemia are crucial for effective management and prevention 
strategies[44]. Our study identifies several significant risk factors consistent with previous literature and highlights 
regional variations that warrant attention.

Our study's high prevalence of CVCs and other intravascular devices among candidemia patients (89.4% in 2021, 92% 
in 2022, and 90% in 2023) underscores their role as major risk factors. These devices provide a conduit for Candida species 
to enter the bloodstream, leading to invasive infections[45]. Similar findings have been reported globally and in other 
Gulf region studies, emphasizing the importance of strict adherence to infection control measures and catheter care 
protocols to mitigate these risks[46,47]. Another significant risk factor observed in our study is the widespread use of 
broad-spectrum antibiotics, reported in 98.7% of patients in 2021, 95% in 2022, and 96% in 2023. Antibiotic therapy 
disrupts the normal flora, creating an environment conducive to Candida overgrowth and subsequent infection[48]. This 
association has been well-established in the literature and underscores the critical need for antimicrobial stewardship 
programs to optimize antibiotic use and reduce the incidence of secondary fungal infections[49].
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Our findings indicate variable prevalence rates for recent major surgery (18.5% to 20%) and vascular anastomosis (2% 
to 5%) across the study years. These surgical procedures can compromise host defenses and predispose patients to 
candidemia, consistent with findings from other studies globally[50,51]. High rates of Candida colonization (93.4% to 91%) 
and dialysis (17.2% to 19%) further highlight their role as predisposing factors. Colonization serves as a reservoir for 
subsequent bloodstream infections[52], while dialysis procedures increase the risk of catheter-related infections and 
systemic fungal spread[53]. Our cohort's use of parenteral nutrition (76.8% to 81%) and corticosteroids (32.4% to 42%) 
underscores their immunosuppressive effects, which can impair host defenses against Candida species. These findings 
align with previous studies highlighting their association with increased candidemia risk[54,55].

Our findings align with previous studies from the Gulf region and globally, confirming the universal nature of these 
risk factors in predisposing patients to candidemia. Studies from Saudi Arabia and the UAE report similar risk factor 
profiles, emphasizing the consistent challenges posed by invasive fungal infections across the region[56]. Studies globally 
have also identified CVCs, broad-spectrum antibiotics, and surgical interventions as predominant risk factors for 
candidemia[24,57,58]. The prevalence of specific risk factors across regions varies, influenced by local healthcare 
practices, patient demographics, and antimicrobial use policies[59].

Understanding the epidemiology and risk factors associated with candidemia is essential for guiding clinical practice 
and implementing targeted prevention strategies[60]. It is the healthcare professionals who play a crucial role in 
implementing these strategies. Multifaceted approaches, including infection control measures, antimicrobial stewardship, 
and early detection strategies, are critical in reducing the incidence and improving outcomes of candidemia. Future 
research should focus on tailored interventions to mitigate specific risk factors identified in different healthcare settings, 
ultimately enhancing patient care and safety[61].

Antifungal susceptibility trends
Antifungal susceptibility patterns among Candida species are crucial for guiding empirical therapy and optimizing 
treatment outcomes in candidemia[62]. Our study provides valuable insights into the susceptibility profiles of commonly 
isolated Candida species over three years, highlighting trends and implications for clinical practice. Our findings indicate 
variable susceptibility profiles among Candida species to different antifungal agents. C. albicans, the predominant species 
in our study, demonstrated consistent susceptibility to amphotericin B and 5-fluorocytosine across the years, with varying 
susceptibility to azoles and echinocandins. While susceptibility to echinocandins remained relatively stable, C. albicans 
showed declining susceptibility to fluconazole and voriconazole over the years, with fluconazole susceptibility dropping 
from 87.5% in 2021 to 52.3% in 2023. This trend indicates a growing resistance to azole antifungals, commonly used in 
clinical practice. However, echinocandin susceptibility (micafungin, anidulafungin, and caspofungin) remained at 100%, 
suggesting that these agents are still effective for treating C. albicans infections.

Comparatively, studies from other regions also report similar resistance patterns. Research from Europe and North 
America indicates increasing resistance to azoles, particularly fluconazole, among C. albicans isolates[63,64]. This global 
trend underscores the need for continuous monitoring and the potential necessity of adjusting empirical treatment 
protocols to incorporate agents with sustained efficacy, such as echinocandins or rifapentine[65]. Region-specific studies, 
such as those from the Gulf region, further corroborate our findings. For instance, recent reports highlight a growing 
prevalence of azole-resistant C. albicans strains, echoing our observed decline in susceptibility[66-68]. These comparative 
insights emphasize the universal nature of antifungal resistance trends and the importance of local epidemiological data 
in guiding treatment decisions.

C. tropicalis species exhibited high susceptibility to amphotericin B but decreased susceptibility to fluconazole (starting 
at 15.7% in 2021 and reaching 0% by 2023). This species also showed poor susceptibility to other azoles, highlighting the 
necessity for alternative antifungal strategies. Echinocandin susceptibility remained variable but generally lower than 
that of other agents. The consistent susceptibility to amphotericin B offers a viable treatment option for infections caused 
by C. tropicalis. The increasing resistance of C. tropicalis to antifungal agents, particularly azoles like fluconazole, is a 
significant concern. Overuse and misuse of antifungal medications, environmental factors, hospital settings, genetic 
mutations, and the global spread of resistant strains all contribute to this issue[69,70]. Comparative studies from other 
regions reflect similar resistance patterns. For example, research from Asia and Europe has also documented declining 
fluconazole susceptibility among C. tropicalis isolates. A study in China reported fluconazole resistance rates rising from 
16.7% in 2010 to 87.5%–100% after 2014[71], paralleling our findings of complete resistance by 2023. Similarly, European 
surveillance data highlight increasing resistance to azoles among C. tropicalis, corroborating our observations[24]. 
Arastehfar et al[72] showed an increase in the prevalence of fluconazole-non-susceptible C. tropicalis blood isolates in 
Turkey reaching. In the Gulf region, studies have different patterns in azole resistance among C. tropicalis isolates. Reports 
from Saudi Arabia showed 95% susceptibility to azole antifungals[31], while studies from Kuwait have shown a suscept-
ibility rate of up to 100%, indicating the effects of different factors on antifungal susceptibility[27]. These findings across 
different geographical locations emphasize the global nature of this resistance issue. Echinocandin susceptibility among 
C. tropicalis remains a topic of concern, as variability in efficacy has been noted in several studies[73]. For instance, 
Swedish research indicates fluctuating susceptibility rates, aligning with the variable echinocandin susceptibility 
observed in our study[74]. This variability necessitates careful consideration of local susceptibility data when choosing 
echinocandin therapy.

In the current study, C. parapsilosis maintained high susceptibility to fluconazole and other azoles and echinocandins, 
which were observed consistently across the study years, making it more manageable than other species. This highlights 
a favorable susceptibility profile that aligns with previous reports. The high susceptibility of C. parapsilosis to fluconazole, 
other azoles, and echinocandins observed in our study can be attributed to several factors[75]. One primary reason is the 
inherent genetic makeup of C. parapsilosis, which appears less prone to developing resistance mutations than other 
Candida species, such as C. glabrata and C. auris[76]. Additionally, C. parapsilosis is less commonly exposed to selective 
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Table 3 Antifungal susceptibility for the most common fungal strains detected from patients with fungaemia

Candida species Year Number Age (years) Male:female Death Amphotericin B 5-fluorocytosine Fluconazole Voriconazole Posaconazole Itraconazole Micafungin Anidulafungin Caspofungin

2021 48 65.1 ± 18 0.7 89.5 100 N/A 87.5 79 68.2 75 13 21 100

2022 24 71.6 ± 18.7 1.2:1 77.3 100 N/A 63.6 63.6 45.5 45.5 54.5 36.4 100

2023 33 66.5 ± 15.6 1.5:1 80 100 N/A 52.3 71.4 66.6 36.4 13.6 13.6 100

Candida albicans

Total 103 66 ± 18.8 1:1 83 100 N/A 71 74.5 62.2 51 21.4 21 100

2021 31 66.6± 14.7 1.9:1 89.6 100 N/A 15.7 10.5 5.5 10.5 N/A 0 0

2022 29 65.6 ± 22 0.93 72 82 N/A 9 9 0 0 N/A 0 0

2023 23 67.4 ± 19.4 1.1:1 92 100 N/A 0 0 0 0 0 0 0

Candida tropicalis

Total 83 67± 18.3 1.2:1 83 95.5 N/A 8.8 6.6 2.2 4.6 0 0 0

2021 27 61.2 ± 22.2 1.3:1 92 100 N/A 82 100 91 100 100 100 100

2022 36 70.4 ± 14.9 1.1:1 87 100 N/A 68 95 95 95 100 100 100

2023 29 61.7 ± 20.6 0.93:1 85.7 100 N/A 76.5 94 94 88.2 100 100 100

Candida parapsilosis 

Total 93 64.9 ± 196 1.1:1 88.5 100 N/A 75.7 95.6 93.7 93.2 100 100 100

2021 18 64.2 ± 13.7 2.2:1 94.7 100 N/A 0 N/A N/A N/A 100 54 54

2022 7 70.6 ± 11.7 2.5:1 66.6 100 N/A 0 N/A N/A N/A 100 100 100

2023 10 64.3 1:4 100 100 N/A 0 N/A N/A N/A 100 100 100

Candida glabrata

Total 35 65.4 ± 15.4 1.25:1 88.8 100 N/A 0 N/A N/A N/A 100 64 64

2021 13 67.5 ± 21 1.2:1 100 100 N/A 0 N/A N/A N/A 87.5 87.5 87.5

2022 38 72.4 ± 15.5 1.5:1 85.3 100 N/A 4 N/A N/A N/A 100 100 0

2023 27 58.3 ± 18.9 0.93:1 100 100 N/A 0 N/A N/A N/A 100 100 4.5

Candida auris 

Total 78 66.6 ± 18.8 1.2:1 87.5 100 N/A 2 N/A N/A N/A 98 98 13.2

pressure from antifungal treatments in clinical settings, reducing the likelihood of resistance development[77]. Moreover, 
C. parapsilosis is known to have lower intrinsic resistance mechanisms, such as reduced efflux pump activity and less 
frequent mutations in key genes like ERG11 and FKS1, which are commonly associated with azole and echinocandin 
resistance, respectively[78]. The lower usage of antifungal agents against C. parapsilosis infections, possibly due to its 
lower virulence and pathogenicity than other Candida species, also contributes to its sustained susceptibility profile[79]. 
However, the emergence of resistance in even a small proportion of isolates necessitates ongoing surveillance.

C. glabrata, known for its intrinsic resistance, showed complete resistance to fluconazole with a consistent 0% suscept-
ibility rate and variable susceptibility to echinocandins across the study period. Recent evidence indicates that most 
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invasive candidiasis caused by C. glabrata is associated with biofilm growth. C. glabrata biofilms exhibit antifungal 
resistance due to their compact, dense structure of yeast cells nested in an extracellular matrix rich in proteins and 
carbohydrates, particularly β-1,3 glucan. Many genes are linked to biofilm formation in C. glabrata, such as EPA6, which 
encodes adhesin controlled by multiple factors, including the CgYak1p kinase, chromatin remodeling Swi/Snf complex 
components, subtelomeric silencing, and the transcription factor CgCst6[80-82]. This resistance pattern underscores the 
challenges in treating infections caused by this species. The variable resistance to Echinocandin emphasizes the need for 
susceptibility testing to guide therapy for C. glabrata infections[83].

Since it was identified in 2009 by a Japanese scientist, C. auris has been reported worldwide[84]. Emerging as a global 
concern due to multidrug resistance, C. auris in our study exhibited high resistance to fluconazole but variable suscept-
ibility to echinocandins (particularly caspofungin, which showed some resistance in 2023) and amphotericin B. Our 
findings confirm the worldwide concern about this emerging multidrug-resistant fungus that is rapidly spreading 
throughout the world as being reported from more than 30 countries with the shift from multi-drug resistant to pan-drug 
resistant[85]. Lockhart et al[86] reported a simultaneous rise of multidrug-resistant C. auris on three continents, using 
whole-genome sequencing, suggesting closely simultaneous and new independent emergence of various clonal 
populations on three continents. Therefore, infection with C. auris is expected to be associated with high mortality rates 
due to its resistance to multiple classes of antifungal drugs[87]. The observed resistance trends underscore the need for 
vigilance and rapid detection methods to ensure appropriate and effective treatment when managing infections caused 
by this elusive pathogen.

Rising antifungal resistance rates pose significant challenges in managing invasive fungal infections. Increased 
resistance to common antifungals, such as fluconazole, reduces the effectiveness of standard treatments, leading to more 
severe and prolonged infections. This situation often necessitates the use of stronger, more toxic, and costly antifungal 
agents, which can increase patient morbidity and healthcare expenses. To combat this issue, early and accurate 
diagnostics are crucial for selecting appropriate therapies based on resistance profiles. Antifungal stewardship programs 
play a vital role by optimizing antifungal use, curbing unnecessary prescriptions, and monitoring resistance patterns. 
These programs should also focus on adjusting treatment protocols as resistance trends evolve. Enhanced infection 
control practices, including stringent hygiene and isolation measures, are necessary to prevent the spread of resistant 
strains. Additionally, educating healthcare professionals about resistance trends and investing in research for new 
antifungal agents are essential. Collaborative efforts among healthcare institutions, public health agencies, and research 
organizations are key to effective surveillance and resistance management.

Clinical implications
The high mortality rate associated with candidemia, coupled with the increasing resistance to commonly used 
antifungals, underscores the importance of susceptibility testing and individualized treatment approaches in managing 
candidemia[88]. Rapid identification of Candida species and their susceptibility profiles is essential to guide timely and 
appropriate antifungal therapy[89]. Additionally, preventive measures, such as reducing broad-spectrum antibiotic use 
and minimizing the duration of central venous catheter use, are crucial in mitigating the risk of candidemia[90]. 
Clinicians should consider local epidemiological data and susceptibility profiles when selecting empirical therapy, 
especially in critically ill patients at high risk for invasive fungal infections[91]. Future research should focus on molecular 
mechanisms of resistance, novel antifungal agents, and strategies to optimize antifungal therapy efficacy while 
minimizing the development of resistance. Collaborative efforts are essential to combatting the rising threat of multidrug-
resistant Candida species and improving patient outcomes in candidemia management. To mitigate the risks associated 
with candidemia, healthcare providers should implement several practical strategies. First, they should adhere to strict 
infection control practices, such as proper hand hygiene, sterilization of medical equipment, and isolation protocols for 
infected patients, to prevent the spread of infection[92]. Second, the judicious use of antibiotics should be prioritized to 
avoid unnecessary use of broad-spectrum antibiotics, which can disrupt normal flora and promote fungal growth. Third, 
healthcare providers should monitor and promptly remove CVCs when they are no longer necessary to reduce the risk of 
catheter-related infections[93]. Fourth, early diagnostic methods, such as molecular assays and rapid fungal cultures, 
should be employed to quickly identify the causative pathogens and their resistance profiles, allowing for targeted 
therapy. Fifth, antifungal stewardship programs should be established to optimize the use of antifungal agents, ensuring 
appropriate prescribing practices and reducing the development of resistance[94]. Finally, continuous education and 
training programs for healthcare professionals on the latest guidelines and best practices in infection control and 
antifungal management are essential to keep them updated and enhance patient care[95].

Limitations
This study has several limitations that warrant consideration. Firstly, it was conducted at a single center, which may 
restrict the generalizability of findings to other healthcare settings within Bahrain or regions with different healthcare 
practices and patient demographics. Variability in local healthcare practices, infrastructure, and patient populations 
means that the findings might not be applicable to different settings or larger geographic areas, potentially affecting the 
broader applicability of the conclusions drawn from the study. Secondly, retrospective data collection can introduce 
several biases that may affect the validity of study findings. For instance, incomplete or inconsistent medical records can 
lead to missing data on key variables, such as patient demographics or clinical outcomes, skewing the results. Recall bias 
may occur if data are dependent on historical records that are not uniformly detailed. Moreover, the sample size for 
certain Candida species and specific years might be relatively small, affecting the precision of the observed prevalence 
estimates and resistance patterns. Variability in antifungal susceptibility testing methods across the study period could 
also influence the accuracy and comparability of susceptibility data reported. Furthermore, differences in species identi-
fication methods or techniques over the study period might impact the reported distribution of Candida species and their 
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resistance profiles. The reliance on documented risk factors from medical records may not capture all relevant clinical 
variables or potential confounders influencing candidemia risk. Additionally, the study population included diverse 
patient groups with varying underlying conditions and comorbidities, introducing heterogeneity that could affect the 
interpretation of results and their generalizability. While the study spanned three years, longer-term trends and potential 
fluctuations in candidemia incidence, species distribution, and resistance patterns over a broader timeframe were not 
fully explored. Moreover, specific aspects of clinical management (e.g., treatment protocols and adherence to guidelines) 
were not extensively addressed, which could impact outcomes and observed resistance patterns. Lastly, the findings may 
not fully reflect broader regional or global epidemiological trends in candidemia due to local healthcare practices, antimi-
crobial use policies, and unique demographic characteristics specific to Bahrain. Addressing these limitations in future 
research can enhance the robustness and applicability of studies on candidemia in Bahrain and similar settings, providing 
more comprehensive insights into invasive fungal infections and guiding effective clinical management strategies.

Recommendations
Enhanced surveillance and ongoing epidemiological studies are crucial to monitor candidemia trends, species distri-
bution, and antifungal resistance patterns. This proactive approach will enable early detection of multidrug-resistant 
strains like C. auris and inform timely public health responses. Implementing robust antifungal stewardship programs is 
essential to optimize antifungal use, promote judicious prescribing of azoles, and prioritize effective agents based on local 
susceptibility data. Strengthening infection prevention and control measures, particularly focusing on reducing central 
venous catheter-related infections, is paramount. This includes strict adherence to catheter care protocols, vigilant 
monitoring, and timely removal of unnecessary catheters. Continuous education and training for healthcare providers on 
candidemia recognition, diagnosis, and management are critical, emphasizing early initiation of appropriate antifungal 
therapy tailored to local resistance profiles and patient-specific risks. Supporting research into molecular mechanisms of 
antifungal resistance and fostering the development of novel antifungal agents and diagnostics will enhance treatment 
options. Multidisciplinary collaboration among clinical microbiologists, infectious disease specialists, pharmacists, and 
infection control teams is essential for comprehensive candidemia management strategies. Lastly, increasing public 
awareness about candidemia risk factors and infection prevention practices will empower patients and caregivers to 
advocate for safer healthcare practices. Implementing these recommendations will be pivotal in addressing candidemia 
challenges in Bahrain, improving patient outcomes, and reducing the impact of invasive fungal infections in healthcare 
settings.

CONCLUSION
In conclusion, this study provides valuable insights into the epidemiology, species distribution, antifungal susceptibility 
patterns, and associated risk factors of candidemia among patients in Bahrain from 2021 to 2023. The findings underscore 
the significant burden of invasive fungal infections, particularly among older adults, with a notable mortality rate and a 
diverse spectrum of Candida species. The emergence of multidrug-resistant species, including C. auris, presents ongoing 
challenges in clinical management and highlights the importance of surveillance and timely intervention strategies. 
Antifungal susceptibility trends reveal varying degrees of resistance among different Candida species, emphasizing the 
need for tailored treatment approaches guided by local susceptibility data. Common risk factors such as CVCs, broad-
spectrum antibiotics, and surgical interventions underscore the importance of infection control measures and antimi-
crobial stewardship to mitigate candidemia risk. Despite its limitations, including single-center retrospective design and 
potential biases inherent to observational studies, this research contributes to understanding candidemia in Bahrain's 
healthcare landscape. Future studies should focus on longitudinal surveillance, molecular mechanisms of resistance, and 
optimizing therapeutic strategies to improve patient outcomes and mitigate the rising threat of multidrug-resistant 
Candida species. Overall, this study provides a foundation for targeted interventions and policy development aimed at 
reducing the incidence and improving the management of candidemia in Bahrain and similar healthcare settings globally.
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Abstract
BACKGROUND 
Vaccine hesitancy is a major challenge in the fight against the coronavirus disease 2019 (COVID-19) pandemic. 
Identifying the sociodemographic factors associated with vaccine acceptance among Nigerians is crucial for 
improving vaccine uptake.

AIM 
To assess the acceptance rate of COVID-19 vaccine and its related determinants among Nigerians.

METHODS 
An online cross-sectional survey (observational study) was conducted between February 2021 and May 2021, using 
a questionnaire hosted on SurveyMonkey. The invitation to take part in the poll was sent out to participants 
through social networking platforms. A logistic regression was used to determine which sociodemographic factors 
were associated with vaccine acceptance constructs.

RESULTS 
A total of 1800 persons responded to the survey, a larger proportion of whom were males (53.9%) and within the 
age group of 21-30 years (29.4%) and earned an average income of less than $500 per month (43.3%). Only 0.56% of 
participants had a high perceived risk of COVID-19 infection, while only 1.11% had a perceived risk of dying from 
COVID-19. The perception rate of the COVID-19 vaccine among participants was 51.1%, while the acceptance rate 
was 63.9%. There was no significant association between the COVID-19 vaccine acceptance rate and related 
determinants assessed, particularly age (χ² = 3.049, P = 0.550), sex (χ² = 0.102, P = 0.749), average income (χ² = 3.802, 
P = 0.875), and religion (χ² = 2.819, P = 0.420). Participants with chronic conditions demonstrated a higher acce-
ptance rate compared to the general population.

CONCLUSION 
Despite the positive perception observed and substantial vaccine acceptance rate among the study participants, 
more public health interventions are still needed to enhance vaccine acceptability in Nigeria.

Key Words: Acceptance; COVID-19; Determinants; Hesitancy; Nigerians; Online survey; Vaccine
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Core Tip: This study assessed coronavirus disease 2019 vaccine acceptance among Nigerians through an online survey with 
1800 respondents. Despite a substantial acceptance rate of 63.9%, sociodemographic factors (age, sex, income, and religion) 
did not significantly influence vaccine uptake. Positive perceptions of vaccination were common, yet financial barriers af-
fected acceptance rates. Key findings suggest enhancing public health education, economic support, and trust-building 
measures to improve vaccine uptake. Notably, individuals with chronic conditions were more inclined to accept the vaccine, 
underscoring the need for targeted interventions to achieve broader immunization coverage and herd immunity in Nigeria.
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INTRODUCTION
The coronavirus disease 2019 (COVID-19), which first surfaced in China in December 2019 and has since spread to pra-
ctically every nation on the planet, has led to numerous fatalities and financial difficulties throughout the globe[1,2]. The 
pandemic exacerbated issues in developing nations due to fewer medical facilities, higher poverty rates, and limited 
access to immunizations. Inequitable vaccine distribution may lead to increased hospitalizations, deaths, and the emer-
gence of new disease strains in these nations[3,4]. A variety of methods, including physical isolation, mobility limi-
tations, and vaccination campaigns, have been employed to tackle the COVID-19 pandemic[5]. Vaccines are critical for 
avoiding and managing infectious disease epidemics, ultimately saving millions of lives[6]. However, the broader 
acceptance of vaccines by the public is crucial to halting the epidemic. Despite the availability of vaccination services, 
various factors contribute to some people's distrust of vaccines and reluctance to utilize them[7,8].

Vaccination is one of the most cost-effective methods for preventing and controlling infectious diseases. However, 
certain individuals and segments of the public are opposed to vaccination[9]. The volume of knowledge on why indi-
viduals reject and accept vaccines is growing. Governments worldwide have recommended preventive measures such as 
wearing masks, maintaining social distance, frequent hand washing, and lockdowns to limit the spread of COVID-19 and 
minimize fatalities[10]. However, factors such as religious bias, politics, and language barriers have been identified as 
obstacles to vaccine roll-out and acceptance[11-13]. According to the World Health Organization, vaccine skepticism is 
one of the most serious threats to global health[14]. The current COVID-19 immunization has a poor acceptance rate due 
to budgetary constraints and a history of COVID-19 illness. Presenting simple, comprehensible information about va-
ccines and strongly persuading individuals to receive them is the most effective strategy to combat vac-cine aversion[15,
16].

Patients are more likely to get vaccinated and are less hesitant if medical workers have a positive attitude toward 
vaccines[17]. The level of knowledge and attitude regarding immunization that healthcare professionals have will impact 
their likelihood of using it and promoting it to their patients. Since healthcare workers are on the front lines of the current 
epidemic, governments have prioritized immunizing them first. However, there have been increasing cases of vaccine 
refusal[18,19]. Policymakers, academics, and health officials need to understand how well the COVID-19 vaccine is 
accepted by healthcare workers and what influences their acceptance or rejection to develop effective strategies to reduce 
vaccination hesitancy. While more than half of the world’s population (59.5%) has received the COVID-19 vaccine, 
significant disparities in immunization rates persist across nations[20,21]. The Horn of Africa has the world’s lowest 
immunization rate, at less than 20%. Delays in vaccination may be due to perceived dangers, religious beliefs, and 
inadequate information and awareness[22].

MATERIALS AND METHODS
Rationale of the study
Understanding the factors influencing vaccine acceptance is essential not only for managing the COVID-19 pandemic but 
also for addressing future infectious diseases that require vaccination. Insights gained from studying COVID-19 vaccine 
acceptance can inform strategies to enhance vaccine uptake for other infectious diseases, thereby improving global health 
outcomes.

Hypotheses
Hypothesis 1: Sociodemographic factors such as age, sex, income, and religion are significant predictors of COVID-19 
vaccine acceptance among Nigerians.

Hypothesis 2: Individuals with chronic conditions in Nigeria are more likely to accept the COVID-19 vaccine compared 
to those without chronic conditions.

Study design
This observational study collected data on COVID-19 vaccine acceptance and related sociodemographic factors, without 
manipulating any variables or providing interventions.

Setting/period: The nation-wide online web-based survey was conducted from February 1, 2021 to May 31, 2021.

Cross-sectional: The data was collected at a single point in time, providing a snapshot of the population’s attitudes and 
behaviors during the survey period.

Participants
Target population: The Nigerian populace.

Inclusion/exclusion criteria: Consenting respondents with access to the internet participated in the online survey.

Survey instrument: The questionnaire was hosted on SurveyMonkey, designed to gather information on vaccine ac-
ceptance, perceived risk, and sociodemographic factors. The survey was structured into several sections. The initial 
section provided an introduction with information about previous studies and included a page on informed consent. The 
subsequent sections, accessible only to those who agreed to participate, collected demographic information, participants’ 
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attitudes toward vaccinations and social distancing, and the impact of the COVID-19 pandemic on their work lives. 
Questions were inspired by previous studies[15,20,23]. Each participant completed the survey after providing informed 
consent, which took approximately 10-15 min.

Mode of distribution: The invitation to participate was disseminated via social networking platforms, including Fa-
cebook, Twitter, and WhatsApp, targeting a potentially broad audience within the Nigerian population.

Validity of the instrument: To ensure the validity of the instrument, both face and content validity were assessed. 
Experts in public health and survey methodology reviewed the questionnaire to ensure it was appropriate and compre-
hensive for the study objectives. Demographic information was collected to identify potential sampling biases, including 
differences between participants and non-participants. This helped address the potential bias that might arise from the 
selective participation of certain demographic groups.

Variables
Independent variables: Sociodemographic factors such as age, sex, income, religion, and the presence of chronic 
conditions.

Dependent variable: COVID-19 vaccine acceptance, measured as the primary outcome.

Other variables: Perceived risk of infection and death from COVID-19.

Data sources and measurement
The data for this study were sourced from an online cross-sectional survey conducted between February 2021 and May 
2021. The survey was hosted on SurveyMonkey, and participants were recruited through social networking platforms, 
which facilitated broad access across the Nigerian population.

Variables of interest and measurement
COVID-19 vaccine acceptance: Vaccine acceptance was assessed using specific questions within the survey designed to 
capture participant willingness to receive the COVID-19 vaccine. This was measured as a categorical variable, with par-
ticipants indicating whether they were willing to accept the vaccine or not.

Sociodemographic factors: These variables (age, sex, income, and religion) were self-reported by participants through the 
survey. Age was captured in predefined categories (e.g., 21-30 years), sex was reported as male or female, income was 
categorized based on monthly earnings (e.g., less than $500 per month), and religion was also categorized (e.g., Chri-
stianity, Islam).

Chronic conditions: Participants were asked if they had any chronic health conditions, with the presence of such con-
ditions being noted as a binary variable (yes/no).

Perceived risk of COVID-19 infection and death: Perceived risk was assessed through survey questions where 
participants rated their perceived likelihood of contracting COVID-19 and their perceived risk of dying from it. These 
perceptions were measured on a percentage scale (e.g., 0%, 1%-10%, 11%-20%, 21%-30%, etc.).

Comparability of assessment methods: All participants in the study completed the same standardized survey, ensuring 
that the methods of data collection and measurement were consistent across the entire sample. As the study did not 
involve multiple groups subjected to different assessment methods, the comparability of assessment methods was 
inherently maintained. This uniform approach minimized the risk of measurement bias and ensured that the data 
collected were comparable across all respondents.

Bias
It is important to acknowledge potential bias related to the mode of survey distribution. The survey was disseminated via 
social media platforms, which means that individuals without access to these platforms were not represented in the 
sample. This limitation may affect the generalizability of the findings. Due to the nature of social media distribution, the 
total number of individuals who received the survey invitation could not be determined. Therefore, the exact response 
rate could not be calculated. This represents a limitation of the study, as it prevents us from assessing the representat-
iveness of the sample accurately.

Data completeness and usability
After data collection, responses were reviewed for completeness and usability. This involved checking for any missing or 
incomplete responses that could compromise the data quality. Only fully completed questionnaires were included in the 
analysis to maintain the integrity of the data. By considering these limitations and addressing potential biases, this study 
aimed to provide a comprehensive understanding of the acceptance of the COVID-19 vaccine and its related determinants 
among Nigerians.

Sample size
A total of 1800 participants completed the survey. This sample size was not predetermined prior to the survey (because 
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the research team aimed to achieve a sample size that would be sufficiently large to provide the necessary statistical 
power for detecting potential associations between sociodemographic factors and COVID-19 vaccine acceptance). Rather, 
it was determined by the number of respondents who actually engaged with the survey during the collection period from 
February 2021 to May 2021. This final number of participants was influenced by factors such as the reach of the survey 
distribution channels and participant engagement.

Quantitative variables
In the study, quantitative variables, such as age, income, and perceived risk of COVID-19 infection and death, were 
initially collected in their continuous or original forms. However, for the purpose of analysis, these variables were 
grouped into categorical ranges to facilitate logistic regression and χ2 tests.

Groupings and rationale
Age: Age was categorized into predefined groups, such as 21-30 years, 31-40 years, etc. This grouping allowed for easier 
interpretation of the data and comparison across different demographic groups. It also helped in managing potential 
variability and simplified the analysis, making it more straightforward to identify trends or associations with vaccine 
acceptance.

Income: Income was categorized into ranges (e.g., less than $500 per month, $500-$1000 per month, etc.) to reflect different 
socioeconomic strata within the population. This categorization helped in assessing whether income levels influenced 
vaccine acceptance and made it easier to interpret the effects of economic factors on participants’ decisions.

Perceived risk of COVID-19 infection and death: Perceived risk was categorized into percentage ranges (e.g., 0%, 1%-
10%, 11%-20%, etc.). This grouping method allowed the study to assess how different levels of perceived risk correlated 
with vaccine acceptance. It also helped in simplifying the analysis by reducing the complexity of dealing with continuous 
data, making it easier to identify patterns and draw conclusions.

Statistical analysis
Quantitative data were analyzed using Statistical Package for the Social Sciences, version 25 (IBM Corp., Armonk, NY, 
United States), in alignment with the study’s objectives. The analysis focused on respondents’ answers to closed-ended 
questions with a limited set of response options, where quantitative techniques were appropriate.

Statistical methods and control for confounding: Descriptive statistics, including frequency distributions, percentages, 
mean scores, and standard deviations, were calculated and presented in tabular form. χ² tests were employed for 
bivariate analyses to explore the associations between sociodemographic factors and vaccine acceptance. To control for 
potential confounding variables, logistic regression analysis was conducted, allowing for the adjustment of multiple 
sociodemographic factors simultaneously. The level of statistical significance was set at P = 0.05.

Subgroup and interaction analysis: Subgroup analyses were performed to examine interactions between key sociodemo-
graphic variables and vaccine acceptance. For example, separate logistic regression models were run for different age 
groups, income levels, and participants with chronic conditions to identify whether these subgroups exhibited different 
patterns of vaccine acceptance. Interaction terms were also tested within the regression models to assess whether the 
effect of one variable on vaccine acceptance was modified by another variable (e.g., the interaction between age and 
income).

Handling of missing data: There was no missing data in this study. All respondents completed the survey in full, en-
suring a complete dataset for analysis. As a result, no specific methods for handling missing data were required. The 
integrity of the dataset was maintained throughout the analysis process.

Analytical methods: To ensure that the findings were as representative as possible, the following analytical methods 
were employed: (1) Descriptive statistics: Frequency distributions, percentages, mean scores, and standard deviations 
were computed to describe the characteristics of the sample and the distribution of responses; (2) χ² tests: They were used 
for bivariate analyses to explore the associations between sociodemographic variables (e.g., age, sex, and income) and 
vaccine acceptance. χ² tests helped identify significant relationships within the sample; (3) Logistic regression analysis: 
This method was employed to assess the relationship between sociodemographic factors and vaccine acceptance while 
adjusting for potential confounders. Logistic regression allowed for the evaluation of the influence of multiple variables 
simultaneously; and (4) Weighting considerations: Although the study used a convenience sampling method, the analysis 
considered potential biases by comparing the sample demographics with known population characteristics where 
possible. This comparison helped in interpreting the findings and understanding their generalizability.

Interpretation and limitations
The cross-sectional design of the study provided a snapshot of vaccine acceptance at a single point in time. Due to the 
non-random sampling method, the results were interpreted with caution regarding their generalizability to the broader 
Nigerian population. The findings reflected the attitudes and perceptions of the sample group and may not fully capture 
the diversity of the entire population.
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Sensitivity analyses
In this study, sensitivity analyses were conducted to ensure the robustness and reliability of the findings and ensure that 
the results were not unduly affected by methodological choices or specific assumptions. The following sensitivity 
analyses were performed.

Alternative cutoff points for vaccine acceptance: To test the stability of the vaccine acceptance measure, different cutoff 
points for categorizing participants as having poor or good acceptance rate were examined. This analysis aimed to 
determine whether the conclusions regarding vaccine acceptance remained consistent across different classification 
schemes. It helped verify that the results were not unduly influenced by the choice of cutoff points.

Subgroup analyses: Additional analyses were performed within specific subgroups, such as different age ranges, income 
levels, and chronic condition statuses. These subgroup analyses were conducted to check whether the main findings held 
true within different segments of the population and to identify any potential variations in vaccine acceptance based on 
these factors.

RESULTS
Participants
A total of 1800 Nigerians participated in the survey.

Reporting numbers at each stage of the study: (1) Potentially eligible participants: The survey was distributed through 
social networking platforms. The exact number of individuals who received the survey invitation could not be dete-
rmined, as the survey was disseminated broadly without precise tracking of potential reach; (2) Examined for eligibility: 
All individuals who clicked on the survey link were considered as having accessed the survey. There was no formal 
examination of eligibility beyond the initial access, as the survey was open to any respondent who chose to pa-rticipate; 
(3) Confirmed eligible: Since the study was a cross-sectional online survey, eligibility criteria were not formally applied 
beyond the general inclusion of all consenting respondents. The study assumed that those who participated were repres-
entative of the target population; and (4) Included in the study: A total of 1800 respondents participated in the survey and 
provided complete responses. These individuals were included in the analysis. As this was a cross-sectional study, no 
follow-up was required or conducted. All 1800 respondents who completed the survey were included in the data 
analysis.

Reasons for non-participation at each stage: The survey did not track individual responses beyond submission. Ho-
wever, potential reasons for non-participation could include: (1) Non-engagement: Individuals may not have engaged 
with the survey invitation or chosen to participate within the study period; (2) Incomplete responses: Participants who 
started the survey but did not complete it were excluded from submission; and (3) Technical issues: Some individuals 
may have experienced technical problems accessing or completing the survey.

The sociodemographic characteristics of the study participants are presented in Table 1. A larger proportion of the 
respondents were male (53.9%) and within the age group of 21-30 years (29.4%), earned an average income of less than 
$500 per month (43.3%), and lived in urban areas (90.6%). Table 2 shows the existence of underlying conditions among 
the study participants. A small percentage reported underlying conditions, including diabetes (8.3%), heart disease 
(2.2%), pulmonary disease (1.1%), with none indicating hypertension (0%). Table 3 presents the impacts of the COVID-19 
pandemic on the work life of the study participants. According to the survey, 48.9% of respondents were employed, with 
most perceiving the COVID-19 pandemic as having negative effects on their careers. Nearly one-third of the respondents 
were receiving less pay for their work.

The perception of vaccination and social distancing measures among the study participants is presented in Table 4. The 
majority of respondents had a positive perception of vaccination and social distancing measures. Most participants stro-
ngly agreed that vaccines are important for their health (43.9%), being vaccinated is important for the health of others in 
my community (47.8%), getting vaccines is a good way to protect oneself from disease (41.1%), and social distancing can 
protect oneself (53.9%), children (57.2%), and parents (53.9%) from COVID-19. A vast majority (over 95%) of participants 
with underlying conditions strongly agreed on the importance, effectiveness, and trustworthiness of vaccines and the 
recommendations from healthcare providers. All of them (100%) strongly agreed that vaccination is crucial for 
community health and that social distancing protects against COVID-19. Social distancing is widely recognized as 
beneficial for personal and familial protection against COVID-19. However, there is some uncertainty regarding the risks 
of new vaccines, with mixed responses (Table 5).

The association between the sociodemographic characteristics and perception of vaccination as well as social distancing 
measures among the study participants is presented in Table 6. There was no significant association between the ob-
served COVID-19 vaccine acceptance rate (63.9%) and related determinants including age (χ² = 3.049, P = 0.550), sex (χ² = 
0.102, P = 0.749), location (χ² = 0.005, P = 0.941), average income (χ² = 3.802, P = 0.875), and religion (χ² = 2.819, P = 0.420). 
Nine hundred twenty participants (51.1%) had good perception, while 880 (48.9%) had poor perception of vaccination 
and social distancing measures (Figure 1).

The perceived risk of COVID-19 infection among participants was as follows: 0% (600), 1%-10% (450), 11%-20% (180), 
21%-30% (140), 31%-40% (110), and higher percentages. Only ten people considered themselves to have 81%-90% risk of 
getting infected (Figure 2). On the other hand, the perceived risk of dying from COVID-19 if infected was as follows: 0% 
(740), 1%-10% (470), 11%-20% (160), 21%-30% (120), 31%-40% (30), etc. Twenty people considered themselves to have an 
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Table 1 Sociodemographic characteristics of the study participants

Variable Categories Frequency

≤ 20 310 (17.2)

21-30 530 (29.4)

31-40 460 (25.6)

41-50 380 (21.1)

Age group in yr

> 51 120 (6.7)

Female 830 (46.1)Sex

Male 970 (53.9)

Rural 170 (9.4)Location

Urban 1630 (90.6)

Less than $500 per month 780 (43.3)

$1000-$1999 per month 190 (10.6)

$2000-$2999 per month 240 (13.3)

$3000-$4999 per month 110 (6.1)

$5000-$7999 per month 60 (3.3)

$500-$999 per month 280 (15.6)

$8000-$9999 per month 40 (2.2)

$10000-$12999 per month 30 (1.7)

Average income

$13000 or more per month 70 (3.9)

Catholic 280 (15.6)

Christian/Protestant/Methodist/Lutheran/Baptist 1130 (62.8)

Muslim 380 (21.1)

Religion

Other 10 (0.6)

Data are presented as n (%).

Table 2 Existence of underlying conditions among the study participants

Underlying conditions Frequency (%)

Have diabetes 150 (8.3)

Have heart disease 40 (2.2)

Have pulmonary disease 20 (1.1)

Have hypertension 0 (0.0)

Data are presented as n (%).

81%-90% risk of dying if infected (Figure 3). The occurrence of COVID-19 and the severity among the study participants 
is presented in Table 7. Ten of them (5.6%) indicated that they have been diagnosed with COVID-19 by a doctor, of which 
only 2.2% had very serious cases, while 3.3% of the cases were not very serious.

Table 8 shows the COVID-19 vaccine acceptance rates among the study participants. A vaccine with 95% efficacy if the 
government was offering it as a free and optional vaccine would be accepted by 1380 participants (76.7%). Only 70.0% of 
the study participants indicated that they would buy and get vaccinated if the vaccine was 95% effective, had a 5% chance 
of a side effect like a fever or local pain, and was sold for US$50, while 1150 (63.9%) said they would buy and get va-
ccinated if the vaccine cost was US$100 (Figure 4). All the participants with underlying conditions (100%) indicated ac-
ceptance of the vaccine when it was 95% effective and offered for free. Acceptance rates remained high (85.7%-95.2%) 
even with reduced effectiveness and potential higher side effect risks. They showed 100% acceptance for vaccine prices 
up to US$100. However, acceptance slightly decreased to 95.2% at a price of US$200. The vaccine had full acceptance at 
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Table 3 Impacts of the coronavirus disease 2019 pandemic on work and study life of the participants

Variable Categories Frequency

Employed for wages 880 (48.9)

Homemaker 10 (0.6)

Out of work for 1 year or more 30 (1.7)

Out of work for less than 1 year 80 (4.4)

Self-employed 150 (8.3)

Are you currently

Student 650 (36.1)

I was let go from my job 80 (4.4)

I work fewer hours 340 (18.9)

I work more hours 250 (13.9)

No change. I work the same amount 530 (29.4)

How much has your work changed as a result of the COVID-19 
pandemic

Not applicable (not working) 600 (33.3)

I am getting paid less 660 (36.7)

I am getting paid more 40 (2.2)

How much has your salary changed as a result of the COVID-19 
pandemic

No change. I am getting paid the same 1100 (61.1)

0 day 260 (14.4)

1 day 30 (1.7)

2 days 150 (8.3) 

3 days 160 (8.9)

4 days 180 (10.0)

5 days 510 (28.3)

6 days 180 (10.0)

In the past week, how often have you gone to work or school outside 
of the home

7 days 330 (18.3)

No 20 (1.1)

Not applicable (not going out a whole week) 150 (8.3)

Yes, during my whole time at work/school 1020 (56.7)

Did you wear a mask at work/school

Yes, for part of the time at work/school 610 (33.9)

0 day 170 (9.4)

1 day 510 (28.3)

2 days 520 (28.9)

3 days 360 (20.0)

4 days 40 (2.2)

5 days 90 (5.0)

6 days 50 (2.8)

In the past week, how often have you gone to a grocery store or other 
food vendor

7 days 60 (3.3)

No 130 (7.2)

Not applicable (not going out to grocery store or other food vendor 
whole week)

80 (4.4)

Yes, during my whole time at the store 1280 (71.1)

Did you wear a mask at the grocery store or other food vendor

Yes, for part of the time at the store 310 (17.2)

Data are presented as n (%). COVID-19: Coronavirus disease 2019.
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Table 4 Perception of vaccination and social distancing measures among the study participants

Variable Strongly 
agree Agree Neither agree nor 

disagree Disagree Strongly 
disagree

Vaccines are important for my health 790 (43.9) 780 (43.3) 170 (9.4) 20 (1.1) 40 (2.2)

Vaccines are effective 650 (36.1) 870 (48.3) 240 (13.3) 10 (0.6) 30 (1.7)

Being vaccinated is important for the health of others in my 
community

860 (47.8) 740 (41.1) 140 (7.8) 50 (2.8) 10 (0.6)

All routine vaccines recommended by the healthcare workers are 
beneficial

580 (32.2) 850 (47.2) 300 (16.7) 60 (3.3) 10 (0.6)

New vaccines carry more risks than older vaccines 330 (18.3) 490 (27.2) 670 (37.2) 220 (12.2) 90 (5.0)

The information I receive about vaccines from the government is 
reliable and trustworthy

130 (7.2) 610 (33.9) 770 (42.8) 220 (12.2) 70 (3.9)

Getting vaccines is a good way to protect me from disease 740 (41.1) 820 (45.6) 150 (8.3) 50 (2.8) 40 (2.2)

Generally, I follow vaccine recommendations from my doctor or 
health care provider

650 (36.1) 950 (52.8) 140 (7.8) 50 (2.8) 10 (0.6)

Social distancing can protect yourself from COVID-19 970 (53.9) 730 (40.6) 70 (3.9) 20 (1.1) 10 (0.6)

Social distancing can protect your child or children from COVID-
19

1030 (57.2) 650 (36.1) 100 (5.7) 20 (1.1) 0 (0.0)

Social distancing can protect your parents from COVID-19 1030 (57.2) 670 (37.2) 80 (4.4) 20 (1.1) 0 (0.0)

Data are presented as n (%). COVID-19: Coronavirus disease 2019.

Table 5 Perception of vaccination and social distancing measures among those with underlying conditions

Variable Strongly 
agree Agree Neither agree nor 

disagree Disagree Strongly 
disagree

Vaccines are important for my health 200 (95.2) 10 (4.76) 0 (0.0) 0 (0.0) 0 (0.0)

Vaccines are effective 200 (95.2) 10 (4.76) 0 (0.0) 0 (0.0) 0 (0.0)

Being vaccinated is important for the health of others in my 
community

210 (100) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

All routine vaccines recommended by the healthcare workers are 
beneficial

200 (95.2) 10 (4.76) 0 (0.0) 0 (0.0) 0 (0.0)

New vaccines carry more risks than older vaccines 0 (0.0) 20 (9.52) 80 (38.1) 100 (47.6) 10 (4.76)

The information I receive about vaccines from the government is 
reliable and trustworthy

200 (95.2) 10 (4.76) 0 (0.0) 0 (0.0) 0 (0.0)

Getting vaccines is a good way to protect me from disease 200 (95.2) 10 (4.76) 0 (0.0) 0 (0.0) 0 (0.0)

Generally, I follow vaccine recommendations from my doctor or 
health care provider

200 (95.2) 10 (4.76) 0 (0.0) 0 (0.0) 0 (0.0)

Social distancing can protect yourself from COVID-19 210 (100) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Social distancing can protect your child or children from COVID-
19

200 (95.2) 5 (2.38) 5 (2.38) 0 (0.0) 0 (0.0)

Social distancing can protect your parents from COVID-19 200 (95.2) 5 (2.38) 5 (2.38) 0 (0.0) 0 (0.0)

Data are presented as n (%). COVID-19: Coronavirus disease 2019.

lower price points (US$5, US$12.5, US$25, US$50, and US$100). Overall, the study indicated strong willingness to accept 
the COVID-19 vaccine among participants with underlying conditions, influenced by the effectiveness, side effects, and 
cost of the vaccine (Table 9).

The association between the sociodemographic characteristics and COVID-19 vaccine acceptance rates among the 
study participants is presented in Table 10. No significant associations (P > 0.05) were found between sociodemographic 
characteristics and COVID-19 vaccine acceptance rates. The overall mean score for vaccine acceptance among participants 
showed significant differences (P < 0.05) between those willing to accept the vaccine (8.44 ± 1.14) and those not willing 
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Table 6 Association between sociodemographic and perception of vaccination and social distancing measures among the study 
participants

Variable Categories Poor 
perception

Good 
perception Total χ² P 

value
Odds ratio 
(95%CI)

≤ 20 220 (12.2) 90 (5.0) 310 (17.2) 8.449 0.076

21-30 260 (14.4) 270 (15.0) 530 (29.4) 1.25 (0.94-1.65)

31-40 200 (11.1) 260 (14.4) 460 (25.6)

41-50 160 (8.9) 220 (12.2) 380 (21.1)

Age group 
(yr)

> 51 40 (2.2) 80 (4.4) 120 (6.7)

Female 450 (25.0) 380 (21.1) 830 (46.1) 1.75 0.186Sex

Male 430 (23.9) 540 (30.0) 970 (53.9) 0.74 (0.38-1.44)

Rural 110 (6.1) 60 (3.3) 170 (9.4) 1.88 0.17Location

Urban 770 (42.8) 860 (47.8) 1630 (90.6) 0.50 (0.16-1.51)

Less than $500 per month 410 (22.8) 370 (20.6) 780 (43.3) 1.17 (0.14-9.43)

$500-$999 per month 110 (6.1) 170 (9.4) 280 (15.6) 0.94 (0.17-5.27)

$1000-$1999 per month 80 (4.4) 110 (6.1) 190 (10.6) 7.15 0.521

$2000-$2999 per month 110 (6.1) 130 (7.2) 240 (13.3) 0.38 (0.07-2.21)

$3000-$4999 per month 40 (2.2) 70 (3.9) 110 (6.1) 1.19 (0.46-3.10)

$5000-$7999 per month 30 (1.7) 30 (1.7) 60 (3.3) 1.33 (0.34-5.13)

$8000-$9999 per month 20 (1.1) 20 (1.1) 40 (2.2) 1.59 (0.64-3.96)

$10000-$12999 per month 30 (1.7) 0 (0) 30 (1.7) 1.26 (0.44-3.65)

Average 
income

$13000 or more per month 50 (2.8) 20 (1.1) 70 (3.9) 0.00 (0.00-0.00)

Catholic 150 (8.3) 130 (7.2) 280 (15.6) 2.819 0.42

Christian/Protestant/Methodist/Lutheran/ 
Baptist

580 (32.2) 550 (30.6) 1130 (62.8) 0.00 (0.00-0.00)

Muslim 150 (8.3) 230 (12.8) 38 (21.1) 0.00 (0.00-0.00)

Religion

Other 0 (0.0) 10 (0.6) 1 (0.6) 0.00 (0.00-0.00)

Data are presented as n (%). CI: Confidence interval.

(4.18 ± 1.66) (Table 11).

Unadjusted and confounder-adjusted estimates
Unadjusted estimates: The study found no significant associations between sociodemographic characteristics (age, sex, 
location, average income, and religion) and COVID-19 vaccine acceptance rates. For instance, the χ² test results showed 
non-significant P values for these variables (age: χ² = 3.049, P = 0.550; sex: χ² = 0.102, P = 0.749; location: χ² = 0.005, P = 
0.941; income: χ² = 3.802, P = 0.875; religion: χ² = 2.819, P = 0.420).

Confounder-adjusted estimates: Logistic regression analysis was conducted to assess the association between so-
ciodemographic factors and vaccine acceptance while adjusting for potential confounders. However, as no significant 
associations were found in the unadjusted analyses, the adjusted estimates were not substantially different.

Category boundaries for continuous variables
Perceived risk of COVID-19 infection: 0% (600 respondents), 1%-10% (450 respondents), 11%-20% (180 respondents), 
21%-30% (140 respondents), 31%-40% (110 respondents), and higher percentages, including 81%-90% (10 respondents).

Perceived risk of dying from COVID-19: 0% (740 respondents), 1%-10% (470 respondents), 11%-20% (160 respondents), 
21%-30% (120 respondents), 31%-40% (30 respondents), and higher percentages, including 81%-90% (20 respondents).

Translation of relative risk into absolute risk: The study did not specifically translate relative risk into absolute risk. 
However, the provided percentages of perceived risk can be used to infer the perceived likelihood of infection and death 
among participants. For instance, if 48.9% perceived their risk of infection to be between 1%-10%, it suggests that nearly 
half of the participants consider their risk relatively low.
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Table 7 Occurrence of the coronavirus disease 2019 and the severity among the study participants

Variable Categories Frequency

No 1700 (94.4)Diagnosed with COVID-19 by a doctor

Yes 100 (5.6)

Not applicable 1700 (94.4)

Not very serious 60 (3.3)

How serious was the course of illness when you were infected with COVID-19

Somewhat serious 40 (2.2)

Do not know 420 (23.3)

No 670 (37.2)

Do you know people in your immediate social environment (close friends or family members) who are or have 
been infected with COVID-19

Yes 710 (39.4)

Not applicable 1090 (60.6)

Not very serious 260 (14.4)

Somewhat serious 300 (16.7)

How serious was the course of illness when your friend or family member was infected with the COVID-19? If 
you know multiple people who have had COVID-19, think about the most recent one

Very serious 150 (8.3)

No 30 (1.7)Have you seen or read about individuals infected with the COVID-19 on social media or TV

Yes 1770 (98.3)

No idea 30 (1.7)

Not very serious 260 (14.4)

Somewhat serious 620 (34.4)

How serious was the course of illness for the most recent COVID-19 case you have seen or read about in social 
media or on the TV

Very serious 890 (49.4)

No 1550 (86.1)Have you ever heard that your local health facilities stop the vaccination service for kids due to COVID-19 
pandemic

Yes 250 (13.9)

Data are presented as n (%). COVID-19: Coronavirus disease 2019.

Other analyses performed: (1) Subgroup and interaction analyses: Subgroup analyses were performed to explore 
variations in vaccine acceptance based on underlying conditions. Participants with underlying conditions showed high 
acceptance rates, with 100% acceptance for a vaccine with 95% efficacy if offered free. Sensitivity to price and effect-
iveness was also examined, revealing high acceptance even with variations in vaccine cost and potential side effects; and 
(2) Sensitivity analyses: Sensitivity analyses involved testing different cutoff points for categorizing vaccine acceptance 
and examining the effect of various model specifications on the findings. The study tested alternative thresholds for 
vaccine acceptance and adjusted for different sociodemographic factors in the regression models. Additionally, analyses 
of subgroups, such as those with underlying conditions, were conducted to assess the stability of the main findings across 
different groups.

DISCUSSION
The results of the current study, which examined COVID-19 vaccine acceptance and its determinants among 1800 
respondents in Nigeria, revealed several key findings and trends that can be compared with previous studies conducted 
in Nigeria and beyond.

Summary of key results
The study revealed a vaccine acceptance rate of 63.9% among the Nigerian participants. This indicates a majority 
willingness to receive the COVID-19 vaccine under the conditions described in the survey. A significant portion of 
respondents demonstrated a positive perception of both the COVID-19 vaccine and social distancing measures. Spe-
cifically, 43.9% of participants strongly agreed on the importance of vaccines for personal health, and 47.8% recognized 
their importance for community health. In addition, 53.9% of participants believed that social distancing could protect 
oneself and family from COVID-19. Participants with chronic conditions showed even higher vaccine acceptance, with 
100% indicating acceptance for a vaccine with 95% efficacy offered free of charge. This highlights an enhanced will-
ingness among those who may perceive a higher personal risk or benefit from vaccination.
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Table 8 Coronavirus disease 2019 vaccine acceptance rates among the study participants

Variable Categories Frequency

No 420 (23.3)Imagine that a new COVID-19 vaccine has just been developed. It has received the same testing as the adult influenza vaccine. 
The government is offering it as a FREE and optional vaccine. Would you accept a COVID-19 vaccine if the vaccine was 95% 
effective Yes 1380 (76.7)

No 860 (47.8)The vaccine is 50% effective, with a 5% chance of a side effect like a fever (50% effective means that there is a 50% reduction in 
disease among those vaccinated compared to those unvaccinated)

Yes 940 (52.2)

No 550 (30.6)The vaccine is 95% effective, with a 20% chance of a side effect like a fever (95% effective means that there is a 95% reduction 
in disease among those vaccinated compared to those unvaccinated)

Yes 1250 (69.4)

No 400 (22.2)The vaccine is 75% effective, with a 5% chance of a side effect like a fever (75% effective means that there is a 75% reduction in 
disease among those vaccinated compared to those unvaccinated)

Yes 1400 (77.8)

No 990 (55.0)The vaccine is 75% effective, with a 20% chance of a side effect like a fever (75% effective means that there is a 75% reduction 
in disease among those vaccinated compared to those unvaccinated)

Yes 810 (45.0)

No 540 (30.0)For a COVID-19 vaccine that is 95% effective and a 5% chance of a side effect like fever or local pain? If the price was US$50 
for complete vaccination. Would you buy the vaccine and get vaccinated

Yes 1260 (70.0)

No 650 (36.1)If the COVID-19 vaccine price was US$100. Would you buy the vaccine and get vaccinated

Yes 1150 (63.9)

No 570 (31.7)If the COVID-19 vaccine price was US$200. Would you still buy the vaccine and get vaccinated

Yes 1230 (68.3)

No 550 (30.6)If the COVID-19 vaccine price is reduced to US$25. Would you buy the vaccine and get vaccinated

Yes 1250 (69.4)

No 1210 (67.2)If the COVID-19 vaccine price was US$12.5. Would you buy the vaccine and get vaccinated

Yes 590 (32.8)

No 630 (35.0)If the COVID-19 vaccine price was US$5 only. Would you buy the vaccine and get vaccinated

Yes 1170 (65.0)

Data are presented as n (%). COVID-19: Coronavirus disease 2019.

No significant association was found between age and vaccine acceptance, with odds ratios (OR) ranging from 0.94 to 
1.65 across different age groups. Male participants showed a lower OR of vaccine acceptance (OR = 0.74, 95%CI: 0.38-
1.44), though this result was not statistically significant. Urban residents had a lower adjusted OR (OR = 0.50, 95%CI: 0.16-
1.51) for vaccine acceptance compared to rural residents, but this result was also not statistically significant. The OR 
varied across different income brackets, with no consistent trend and confidence intervals suggesting limited precision. 
No significant differences were found in vaccine acceptance across different religious groups, with OR indicating no 
significant associations. Participants’ perceived risk of COVID-19 infection and death was low, with a majority estimating 
their risk in the lower percentage range (0%-10%). This lower perceived risk may impact their motivation for vaccine 
uptake. High acceptance was noted when the vaccine was offered free with 95% efficacy. Acceptance rates remained high 
even when the vaccine cost increased, though there was a slight decline as the price rose to US$200.

The study indicated an overall COVID-19 vaccine acceptance rate of 63.9%, which aligns with similar trends observed 
in related research, though variations exist across different demographic and professional groups.

Sociodemographic characteristics and vaccine acceptance
The relationship between sociodemographic factors and COVID-19 vaccine acceptance in Nigeria has yielded mixed 
results across studies. The current study found no significant association between factors like age, sex, income, and 
religion and vaccine acceptance, aligning with findings by Iwuafor et al[24], who also reported no significant predictors of 
vaccine refusal among healthcare professionals in Cross River State. This suggests that vaccine hesitancy may be more 
influenced by individual perceptions and external factors such as misinformation than by demographic variables. Ho-
wever, other studies reported significant associations between sociodemographic factors and vaccine acceptance. Olu-
Abiodun et al[25] found that vaccine acceptance rates varied widely (20.0%-58.2%) across demographics, with concerns 
over vaccine safety, conspiracy theories, and adverse effects playing key roles.

Eze et al[26] identified sex, religion, ethnicity, and geographical location as significant predictors, noting that male sex, 
Christianity, and Northern residence were positively associated with acceptance. Al-Mustapha et al[27] also found age 
and income to be significant predictors, with older individuals and those with higher incomes more likely to accept the 
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Table 9 Coronavirus disease 2019 vaccine acceptance rates among those with underlying conditions

Variable Categories Frequency

No 0 (0.0)Imagine that a new COVID-19 vaccine has just been developed. It has received the same testing as the adult influenza vaccine. 
The government is offering it as a free and optional vaccine. Would you accept a COVID-19 vaccine if the vaccine was 95% 
effective? Yes 210 (100.0)

No 10 (4.8)The vaccine was 50% effective, with a 5% chance of a side effect like a fever? (50% effective means that there is a 50% reduction 
in disease among those vaccinated compared to those unvaccinated)

Yes 200 (95.2)

No 30 (14.3)The vaccine was 95% effective, with a 20% chance of a side effect like a fever? (95% effective means that there is a 95% 
reduction in disease among those vaccinated compared to those unvaccinated)

Yes 180 (85.7)

No 25 (11.9)The vaccine was 75% effective, with a 5% chance of a side effect like a fever? (75% effective means that there is a 75% reduction 
in disease among those vaccinated compared to those unvaccinated)

Yes 185 (88.09)

No 30 (14.3)The vaccine was 75% effective, with a 20% chance of a side effect like a fever? (75% effective means that there is a 75% 
reduction in disease among those vaccinated compared to those unvaccinated)

Yes 180 (85.7)

No 0 (0.0)For a COVID-19 vaccine that was 95% effective and a 5% chance of a side effect like a fever or local pain? If the price is US$50 
for complete vaccination. Would you buy the vaccine and get vaccinated?

Yes 210 (100)

No 0 (0.0)If the COVID-19 vaccine price was US$100. Would you buy the vaccine and get vaccinated?

Yes 210 (100.0)

No 10 (4.8)If the COVID-19 vaccine price was US$200. Would you buy the vaccine and get vaccinated?

Yes 200 (95.2)

No 0 (0.0)If the COVID-19 vaccine price was reduced to US$25. Would you buy the vaccine and get vaccinated?

Yes 210 (100.0)

No 0 (0.0)If the COVID-19 vaccine price was US$12.5. Would you buy the vaccine and get vaccinated?

Yes 210 (100.0)

No 0 (0.0)If the COVID-19 vaccine price was US$5 only. Would you buy the vaccine and get vaccinated?

Yes 210 (100.0)

Data are presented as n (%). COVID-19: Coronavirus disease 2019.

vaccine. Alice et al[28] reported that increasing age, male sex, and trust in government and public health authorities were 
associated with higher vaccine acceptance. Njoga et al[29] emphasized the role of geopolitical zones, education, and oc-
cupation in vaccine hesitancy, particularly among healthcare workers, academics, and students.

While our study focused on age, sex, location, average income, and religion of the study participants, we recognize the 
importance of education and socioeconomic status as determinants of vaccine acceptance. Previous studies[30-34] have 
shown that higher education levels and socioeconomic status correlate with greater vaccine acceptance due to better 
health literacy and perceived risk. These contrasting findings suggest that the influence of sociodemographic factors on 
vaccine acceptance may vary by context, and targeted interventions considering these variables may be necessary to 
address vaccine hesitancy effectively in Nigeria.

Perception
Our study revealed that a majority of respondents have a positive perception of vaccination and social distancing 
measures. Specifically, 43.9% strongly agreed on the importance of vaccines for health, and 47.8% believed vaccination is 
crucial for community health. These perceptions are comparable to the findings by Tijani et al[35], who reported a 
significant association between educational level and monthly income with vaccine uptake, highlighting the importance 
of awareness and financial stability in fostering positive perceptions towards vaccination.

Impact of COVID-19 on work life
The current study indicated that nearly half of the respondents (48.9%) felt that the COVID-19 pandemic negatively 
impacted their careers, with many reporting reduced pay. This economic impact likely influenced their perceptions and 
acceptance of vaccination, similar to findings by Zakari et al[36], where economic factors and skepticism about vaccine 
efficacy were major reasons for hesitancy among university community members.
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Table 10 Association between sociodemographic and the coronavirus disease 2019 vaccine acceptance rates among the study 
participants

Variable Categories Poor Good Total χ² P value Odds ratio (95%CI)

≤ 20 70 (3.9) 240 (13.3) 310 (17.2) 3.049 0.55

21-30 200 (11.1) 330 (18.3) 530 (29.4) 0.76 (0.57-1.02)

31-40 180 (10.0) 280 (15.6) 460 (25.6)

41-50 150 (8.3) 230 (12.8) 380 (21.1)

Age group (yr)

> 51 50 (2.8) 70 (3.9) 120 (6.7)

Female 310 (17.2) 520 (28.9) 830 (46.1) 0.102 0.749Sex

Male 340 (18.9) 630 (35.0) 970 (53.9) 0.83 (0.42-1.62)

Rural 60 (3.3) 110 (6.1) 170 (9.4) 0.005 0.941Location

Urban 590 (32.8) 1040 (57.8) 1630 (90.6) 0.90 (0.29-2.78)

Less than $500 per month 310 (17.2) 470 (26.1) 780 (43.3) 2.74 (0.25-30.32)

$500-$999 per month 110 (6.1) 170 (9.4) 280 (15.6) 4.14 (0.44-38.90)

$1000-$1999 per month 40 (2.2) 150 (8.3) 190 (10.6) 3.802 0.875

$2000-$2999 per month 90 (5.0) 150 (8.3) 240 (13.3) 0.81 (0.16-4.05)

$3000-$4999 per month 40 (2.2) 70 (3.9) 110 (6.1) 1.25 (0.47-3.29)

$5000-$7999 per month 10 (0.6) 50 (2.8) 60 (3.3) 1.33 (0.34-5.22)

$8000-$9999 per month 10 (0.6) 30 (1.7) 40 (2.2) 1.08 (0.43-2.68)

$10000-$12999 per month 10 (0.6) 20 (1.1) 30 (1.7) 2.76 (0.81-9.42)

Average income

$13000 or more per month 30 (1.7) 40 (2.2) 70 (3.9) 1.14 (0.09-13.78)

Catholic 100 (5.6) 180 (10.0) 280 (15.6) 1.804 0.614

Christian/Protestant/Methodist/Lutheran/Baptist 440 (24.4) 690 (38.3) 1130 (62.8) 0.00 (0.00-0.00)

Muslim 110 (6.1) 270 (15.0) 380 (21.1) 0.00 (0.00-0.00)

Religion

Other 0 (0.0) 10 (0.6) 10 (0.6) 0.00 (0.00-0.00)

Data are presented as n (%). CI: Confidence interval.

Table 11 Overall mean score of the coronavirus disease 2019 vaccine acceptance rates among the study participants

Variable Poor Good P value

Overall score on perception of vaccination and social distancing measures among the study participants 8.49 ± 2.72 9.04 ± 1.88 0.112

Overall score on the coronavirus disease 2019 vaccine acceptance rates among the study participants. 4.18 ± 1.66 8.44 ± 1.14 0.000

Acceptance rates and determinants
A notable finding from the current study was the high acceptance rate (76.7%) for a vaccine with 95% efficacy if provided 
for free, which dropped to 63.9% if the vaccine costs $100. This trend of price sensitivity aligns with Padonou et al[37], 
who also observed that financial constraints and economic conditions significantly affected vaccine acceptance rates in 
Benin. In comparison to the findings from Omale et al[38], where health workers’ acceptance was primarily driven by 
perceptions of vaccine importance and safety, the respondents in the current study similarly indicated good perception 
(51.1%) vs poor perception (48.9%) of vaccination measures. This further emphasizes that improving perceptions through 
education and communication is crucial for enhancing vaccine uptake.

More than two-thirds of respondents in this study expressed willingness to be vaccinated for various reasons, while 
64% indicated readiness to get vaccinated for a range of reasons. In terms of willingness to be vaccinated, the result of this 
current study is higher than those from Italy (53.7%), Russia (54.9%), Poland (56.3%), the United States (56.9%), Greece 
(57.7%), and France (58%)[39-41]. On the other side, countries such as Ecuador (97.0%), Malaysia (94.3%), Indonesia 
(93.3%), and China (91.3%) had the highest rates of vaccine acceptability, whilst Jordan (28.4%) and Kuwait (23.6%) had 
the lowest[40]. Since these factors were shown to be connected with the willingness to become vaccinated, the variation in 
vaccination rates might be attributed to the respondent’s level of education, employment, or social standing.
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Figure 1  Perception on vaccination and social distancing measures among the study participants.

Figure 2  Perceived risk of getting infected with the coronavirus disease 2019 in the next month.

In addition, it has been reported that non-governmental groups make significant improvements to the vaccination 
programs in countries that have a low or moderate income. People living in remote areas and communities that are dif-
ficult to access now have easier access to vaccinations. It is possible that many people would pick the non-governmental 
organization sector to supervise vaccine distribution since they do not put much faith in official organizations. This might 
be the result of factors such as delay caused by government bureaucracy (delays the administration of vaccinations), 
nepotism (selects vaccine recipients rather than those who are most susceptible), and corruption (influences the cost of 
vaccines and how widely they are distributed)[38].

The COVID-19 vaccination has been deemed safe and effective by 60% and 60.1% of individuals, as determined by 
different systematic reviews and meta-analyses[40,41]. According to the findings of an in-depth study as well as a meta-
analysis, 81.65% of the general population was eager to be vaccinated against COVID-19. However, this number was far 
lower than those who actually received the vaccine[42]. This might provide an explanation for how the COVID-19 epi-
demic is spreading throughout the world and impacting a variety of countries. It is possible that the gap might be exp-
lained by the fact that those who participated in the poll came from a wide array of social and cultural backgrounds. It is 
also conceivable that some of them do not have access to reliable social media channels where people are sharing 
authentic information regarding the COVID-19 vaccination. There is a possibility that the differences might be due to di-
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Figure 3  Perceived risk of dying from the coronavirus disease 2019 if infected.

Figure 4  Overall coronavirus disease 2019 vaccine acceptance rate among the study participants.

vergent points of view on the relevance and importance of the vaccine.
Furthermore, our study observed that a higher percentage of male respondents supported vaccination compared to 

female respondents. This was in line with the results of a prior study that showed males were much more willing to 
acquire vaccinations. This might be due to the fact that roughly two-thirds of the males who participated in this study 
were literate. As a result, they were probably aware of the potentially harmful effects of COVID-19, which increased the 
likelihood that they would acquire the vaccine. When the vaccine became available, most people elected to get it because 
they were terrified of getting COVID-19. This fear may have prompted them to make this decision. The lack of under-
standing on the safety of the vaccine and the absence of clinical trials were the two factors that were brought up as the 
most common vaccination roadblocks or reasons for skepticism. This was in line with the findings of the majority of the 
studies that were carried out to establish why some individuals did not acquire the COVID 19 vaccination[43].

Perceived risks
The study assessed perceived risks of infection and death from COVID-19, revealing that a significant number of re-
spondents felt they had minimal risk, with 740 participants considering their risk of dying from COVID-19 as 0%. This 
low perceived risk could be a contributing factor to vaccine hesitancy, as seen in Olawa et al[44], where mistrust in the 
government and vaccine benefits led to lower acceptance rates.

Perceived sickness risks have been connected to health-related activity[45]. However, the majority of research on risk 
perceptions focused primarily on the possibility of being ill[46]. The majority of the respondents in this study had a hig-
her perception of not being infected with COVID-19 as most indicated a lower percentage risk level of getting infected 
with COVID-19 and risk of hospitalization and dying from COVID-19 if infected. Findings, especially in Sub-Saharan 
nations, have shown that COVID-19 infected people have no or mild symptoms. This implies that the likelihood of in-
fection may not give much insight into how individuals perceive risk and how this influences their health practices, 
which may be due to herd immunity of the respondents[47].
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The degree of association between these risk measures was relatively weak, and they cannot be used as proxies. 
Although the majority of participants in this study had good knowledge regarding vaccination, some also exhibited 
comparatively lower percentages of COVID-19 acceptability, and this might be due to low level of exposure and the 
perceived risk of dying among the respondents. Moreover, respondents in the age group of 51 years and above demon-
strated the lowest level of acceptability, which corroborated with the submission of Fojnica et al[48].

If these people had been better informed about the vaccines and the degree to which the government was unprepared 
for them, it is possible that they would have been more worried about the accessibility and safety of the immunizations. 
On the contrary, they had a tendency to become worse. On the other hand, herd immunity against the COVID-19 out-
break may be feasible if the government makes measures that are open and transparent and implements a range of 
credible diplomatic actions in order to secure enough immunizations for widespread inoculation[49,50].

Vaccine hesitancy
Compared to the study by Mustapha et al[51], which found a vaccine acceptance rate of 40.0% among students, the 
acceptance rate of the current study was higher. However, both studies highlight the need for targeted education and 
public health campaigns to address misconceptions and improve vaccine uptake. The present study also suggested the 
necessity of making vaccines more affordable and accessible, which aligns with recommendations from Kolawole et al[52] 
and Mahmood et al[53], who emphasized the role of public health professionals and trust in vaccines.

History of underlying conditions and openness to receiving the COVID-19 vaccine
Our findings indicate a significant relationship between a history of chronic illness and openness to receiving the COVID-
19 vaccine. People who had a previous diagnosis of a chronic illness had a higher likelihood of responding fa-vorably to 
the COVID-19 vaccination than those who did not have such a diagnosis. Most of the participants with un-derlying 
conditions strongly agree on the importance, effectiveness, and protective benefits of vaccines, indicating a high level of 
acceptance and trust. This trust in vaccines and the reliability of information from healthcare workers and the 
government is crucial for achieving high vaccination coverage and community immunity. Public health campaigns 
should leverage this trust to disseminate important messages and encourage compliance with vaccination schedules.

However, some uncertainty remains regarding the risks associated with new vaccines, highlighting the need for clear, 
evidence-based information to prevent hesitancy. The implications of high COVID-19 vaccine acceptance rates among 
individuals with underlying conditions are significant for public health, policy, and society. High acceptance, especially 
for a free vaccine that is 95% effective, underscores the willingness to get vaccinated, which is vital for achieving herd 
immunity and controlling the spread of COVID-19. Even with some side effects, acceptance remains high, though slightly 
lower with increased side effect likelihood. This emphasizes the importance of transparent risk-benefit communication. 
Vaccines with higher efficacy rates are more likely to be accepted, suggesting that public health efforts should focus on 
distributing and promoting the most effective vaccines.

Affordability is a key factor, with 100% acceptance for vaccines priced up to $100 and a slight decrease at $200. Policy-
makers should ensure vaccines are affordable or free, especially for vulnerable populations with underlying conditions. 
Subsidies, insurance coverage, and financial assistance programs can help maintain high vaccination rates. Ensuring 
equitable access to vaccines is essential for those more susceptible to severe outcomes from COVID-19. This is consistent 
with previous studies[54-58]. Both an Australian study and a report by the World Health Organization support these fin-
dings[59-61]. This research highlights the need to establish a mechanism that would enable recipients of the COVID-19 
vaccination who have a history of chronic diseases to acquire the vaccine. This necessity is emphasized by our findings.

Studies on vaccine history, also known as past vaccination behavior, are accurate predictors of future vaccination 
behavior[62,63]. A previous survey found that between 2010 and 2015, only 3.4% to 44.1% of healthcare workers in the 
Kingdom of Saudi Arabia received the influenza vaccine[13]. In addition, earlier studies that used a cross-sectional 
approach indicated that if people in Russia and Indonesia were not given sufficient knowledge regarding the efficacy and 
safety of vaccines, they would not support them. This was the case in both countries[62]. In addition, there is a major 
shortage of COVID-19 vaccines in Nigeria since the country does not get them on a consistent basis or in adequate qu-
antities. In addition, the lack of contracts with alternative healthcare providers abroad has made it difficult to provide 
immunizations at the appropriate period[63-65]. The opinions of the majority of people about vaccinations in general 
have been significantly changed, due to concerns surrounding the safety of vaccines and doubts regarding vaccine 
supply.

Limitations of the study
The study on COVID-19 vaccine acceptance among Nigerians, while providing valuable insights, had several limitations 
that could affect the interpretation of the results.

Sampling bias (non-random sampling): The study used an online survey distributed through social networking plat-
forms. This method of recruitment can introduce selection bias, as it may not be representative of the entire population. 
Individuals with higher internet access and engagement with social media are more likely to participate, potentially 
skewing the sample towards a younger, more urban, and more internet-savvy demographic. This sampling bias could 
lead to an overrepresentation of younger and more educated individuals who might have higher vaccine acceptance 
compared to those with less internet access or lower education levels. The extent of this bias is unclear, but it could be 
substantial given that a significant proportion of participants were in the 21-30 age group and lived in urban areas.

Response bias: The study relied on self-reported data, which can introduce response bias. Participants might provide 
socially desirable answers or overstate their acceptance of the vaccine to align with perceived social norms. This could 
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lead to an overestimation of vaccine acceptance and a more positive perception of vaccination and social distancing 
measures. The impact of response bias is difficult to quantify but could be considerable, especially in the context of sen-
sitive topics like vaccine acceptance.

Response rate calculation: Due to the nature of social media distribution, it was impossible to determine the total number 
of individuals who received the survey invitation. Without this data, accurately calculating the response rate is unfea-
sible, which limits our ability to assess the representativeness and potential response bias of the sample. The inability to 
calculate the response rate significantly affects the assessment of sample representativeness and potential biases. It poses 
a high risk of both overestimating and underestimating the true attitudes and acceptance rates within the general po-
pulation. The bias could lean towards overrepresenting more engaged and possibly more positive respondents, while 
underrepresenting less engaged groups who might have different views on the vaccine and social distancing measures.

Measurement issues: The study used percentage-based categories for perceived risk rather than more granular or 
standardized scales. This method may lack precision and could lead to misclassification of participants’ perceptions. This 
imprecision could obscure the true distribution of perceived risk and affect the accuracy of the associations with vaccine 
acceptance. The magnitude of this imprecision could vary but may limit the ability to detect more silent differences in 
perceived risk.

Cross-sectional design: As a cross-sectional study, it captured data at a single point in time, making it challenging to 
infer causality or changes in vaccine acceptance over time. The snapshot nature of the data may not reflect shifts in 
attitudes or external factors affecting vaccine acceptance that occurred after the study period. This limitation is inherent to 
cross-sectional studies and affects all results similarly, though the exact impact on conclusions about causality is sig-
nificant.

Sample size: While the sample size of 1800 participants is relatively large, it was not calculated based on formal power 
analysis. This means the study may have limited power to detect smaller associations or differences. Without an adequate 
power analysis, the study might not detect significant associations that exist, or it might find associations that are not 
robust. The lack of power analysis could affect the reliability of the study’s conclusions, particularly for subgroup 
analyses where sample sizes are smaller.

Confounding variables: Despite adjusting for some sociodemographic factors, other potential confounders such as health 
literacy, exposure to misinformation, and prior experiences with vaccines were not assessed. The study did not consider 
education and socioeconomic status, which are crucial determinants of vaccine acceptance. Previous research indicated 
that individuals with higher education levels and better socioeconomic positions were more likely to understand the 
benefits of vaccination and perceive higher risks of COVID-19, influencing their acceptance rates. Unmeasured con-
founders could skew the results in either direction, making it challenging to isolate the true determinants of vaccine 
acceptance. The magnitude of this bias is difficult to estimate, but could be significant, particularly if these unmeasured 
factors are strongly related to both sociodemographic characteristics and vaccine acceptance.

Overall interpretation: The study provided valuable insights into the level of COVID-19 vaccine acceptance and the 
general perception of vaccination and social distancing among Nigerians. However, the limitations regarding sampling 
methods, response bias, and measurement precision necessitate a cautious interpretation of the results. The relatively 
high acceptance rate and positive perceptions suggest a generally supportive attitude towards COVID-19 vaccination 
among the surveyed group, particularly among those with underlying health conditions. The non-random sampling 
method and potential response biases imply that the findings may not fully represent the broader Nigerian population. 
The results should be interpreted with caution, acknowledging that the actual acceptance rates and perceptions might 
differ in the general population.

Generalizability: The findings may not be generalizable to all Nigerians or other populations due to the specific nature of 
the sample (e.g., higher internet usage and urban focus). This limits the ability to apply the findings broadly and could 
result in different vaccine acceptance patterns in other demographic groups. The extent of this generalizability issue is 
substantial, given the specific sociodemographic characteristics of the sample.

Recommendations for future studies
Based on the above limitations, we hereby make the following recommendations: (1) Future studies should employ a 
multimodal distribution strategy, including face-to-face interviews, telephone surveys, and distribution through 
traditional media channels (e.g., radio, television) to reach a broader and more diverse population, including those 
without internet access; (2) It is crucial to incorporate education levels and detailed socioeconomic status indicators in 
future surveys. These factors significantly influence vaccine acceptance and would provide a clearer understanding of the 
determinants of vaccine uptake; (3) Conduct longitudinal studies to track changes in vaccine acceptance over time. This 
approach would help identify trends, evaluate the long-term effectiveness of public health interventions, and observe 
shifts in public perception as the pandemic evolves; (4) To mitigate social desirability bias, consider using anonymous 
surveys and validated instruments designed to reduce the impact of self-reporting biases. Additionally, incorporating 
qualitative methods (e.g., focus groups and in-depth interviews) can provide deeper insights into the reasons behind 
vaccine acceptance or hesitancy; (5) Based on the study findings, public health campaigns should be tailored to address 
the specific concerns and barriers identified in the survey. These campaigns should emphasize the safety, efficacy, and 
importance of COVID-19 vaccines, particularly targeting groups with lower acceptance rates; (6) Governments and 
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policymakers should consider providing vaccines for free or at subsidized rates to alleviate financial barriers. Economic 
support measures, such as compensation for potential side effects or paid time off for vaccination, could also enhance 
acceptance; (7) Engage community leaders, healthcare providers, and influencers to build trust and disseminate accurate 
information about COVID-19 vaccines. This grassroots approach can help counteract misinformation and skepticism, 
particularly in communities with historically low trust in governmental or medical institutions; and (8) Increase the 
number and accessibility of vaccination centers, especially in rural and underserved areas. Mobile clinics and community-
based vaccination drives can help reach populations with limited access to healthcare facilities.

By addressing these limitations and implementing the recommended strategies, future research and public health 
efforts can more effectively enhance vaccine acceptance and uptake, contributing to better control of the COVID-19 
pandemic in Nigeria.

CONCLUSION
The findings of this study provided valuable insights into the determinants of COVID-19 vaccine acceptance in Nigeria, 
highlighting the significant role of economic factors, perceptions of vaccine efficacy and safety, and the impact of the 
pandemic on individuals’ lives. Despite the observed positive perception and a substantial acceptance rate of 63.9% 
among the study participants, the analysis revealed that sociodemographic factors such as age, sex, income, and religion 
did not significantly influence vaccine uptake. However, individuals with a history of chronic conditions demonstrated a 
higher likelihood of accepting the vaccine, underscoring the importance of targeted interventions. To enhance vaccine 
acceptability and achieve herd immunity, it is imperative to implement comprehensive public health strategies. These 
should include economic support to alleviate financial barriers, extensive educational campaigns to improve under-
standing of vaccine efficacy and safety, and trust-building measures to counteract misinformation and skepticism to-
wards vaccines and governmental initiatives. Ministries of health, legislators, health planners, and other stakeholders 
must intensify efforts to disseminate accurate and reliable information regarding COVID-19 vaccines. By focusing on 
effective public health education and tailored interventions for specific demographic groups, it is possible to improve 
overall vaccine uptake and better manage the COVID-19 pandemic in Nigeria.
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Abstract
BACKGROUND 
Hepatitis B virus (HBV) is categorized as one of the smallest enveloped DNA 
viruses and is the prototypical virus of the Hepatoviridae family. It is usually 
transmitted through body fluids such as blood, semen, and vaginal secretions. 
The majority (more than 95%) of immunocompetent adults infected with HBV 
spontaneously clear the infection. In the context of the high prevalence of HBV 
infection in Albania, the research gap is characterized by the lack of studies aimed 
at advancing the current understanding and improving the prevailing situation. 
The main objective of this study was to address the low rate of HBV diagnosis and 
the lack of a comprehensive national program to facilitate widespread diagnosis.

AIM 
To analyze the prevalence of HBV infection in Albania and elucidate the persis-
tently high prevalence despite efforts and measures implemented.

METHODS 
Using a systematic literature review, we collected existing research on the 
epidemiology of HBV in Albania from PubMed, Cochrane Library, Google 
Scholar, and Albanian Medical Journals, focusing on studies published after the 
1980s and conducted solely in the Albanian population.

RESULTS 
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The findings reveal a dynamic shift in HBV prevalence in Albania over several decades. Initially high, the 
prevalence gradually declined following the implementation of screening and vaccination programs. However, the 
prevalence rates have remained notably high, exceeding 8% in recent years. Contributing factors include vertical 
transmission, inadequate healthcare infrastructure, and challenges in screening and diagnosis. Studies among 
Albanian refugees in neighboring countries also reported high prevalence rates, emphasizing the need for transna-
tional interventions. Despite advancements in screening, vaccination, and healthcare infrastructure, Albania 
continues to face a substantial burden of HBV infection.

CONCLUSION 
The persistence of high prevalence underscores the complexity of the issue, requiring ongoing efforts to ensure a 
comprehensive understanding and effective mitigation. Addressing gaps in vaccination coverage, improving 
access to screening and diagnosis, and enhancing public awareness are crucial steps toward reducing HBV 
prevalence in Albania.

Key Words: Albania; Hepatitis B virus; Epidemiology; Vaccination; Systematic review

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study aimed to comprehensively analyze the prevalence of hepatitis B virus infection in Albania and elucidate 
the persistently high prevalence despite implemented efforts and measures.
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INTRODUCTION
Hepatitis B virus (HBV) is classified as one of the smallest enveloped DNA viruses and serves as a prototype within the 
Hepadnaviridae family.

It is often transmitted through body fluids such as blood, semen, and vaginal secretions. The majority (more than 95%) 
of immunocompetent adults infected with HBV can clear the infection spontaneously[1,2].

HBV infection is highly variable in both presentation and severity. Some people clear the infection spontaneously, 
while others endure a lifetime of chronic complications, including hepatitis, cirrhosis, and cancer[3].

Serological markers of HBV infection include hepatitis B surface antigen (HBsAg), indicating active infection; hepatitis 
B e antigen (HBeAg), indicating active viral replication; anti-HBe, reflecting loss of HBeAg synthesis due to immunologic 
containment or viral gene mutations; anti-HBc, indicating past or current infection; and anti-HBs, which serve as a 
marker for recovery from acute infection or vaccination-induced immunity[4,5].

The epidemiology of hepatitis B exhibits significant geographical variation, which is a distinctive aspect of its 
prevalence patterns. At the same time, it is one of the most pervasive infectious diseases on a global scale[6]. According to 
estimates from the World Health Organization (WHO) 2019[7], the global burden of chronic hepatitis B was substantial, 
encompassing approximately 296 million people. This prevalence was accompanied by an annual incidence of 1.5 million 
new infections.

The epidemiology of hepatitis B can be described in terms of the prevalence of HBsAg in a population, broadly 
classified into high- (> 8% HBsAg prevalence), intermediate- (2%–7%), and low-prevalence areas (< 2%)[8].

There is a compelling association between the route of transmission, the genotype of HBV, and the epidemiological 
distribution of HBV infection in various countries[9].

The implementation of a mass HBV immunization program was recommended by the WHO since 1991, and has 
dramatically decreased the prevalence of HBV infection in many countries[10].

The primary objective of this study was to discern trends in the prevalence of HBV in Albania and to elucidate the 
persistently high prevalence, despite concerted efforts and implemented measures.

The research gap within the context of the high prevalence of HBV in Albania is characterized by a lack of studies 
aimed at advancing current understanding and improving the prevailing situation. This deficiency is notably accentuated 
by the absence of a comprehensive national program, limited diagnostic initiatives, and an insufficient scale of diagnostic 
interventions. Addressing these gaps is imperative to inform evidence-based strategies for effective prevention and 
control of HBV in Albania.

The primary objective of this study was to address the infrequent diagnostic rates of HBV and the lack of compre-
hensive national programs facilitating widespread diagnosis. Furthermore, the study aimed to analyze factors that 
contribute to the persistent high incidence of HBV, despite sporadic diagnoses. This investigation will specifically explore 
key elements such as immunization, advances in hospital hygiene, improvements in diagnostic tools, increased access-
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ibility to diagnostic services in public and private entities, and the availability of cost-effective vaccines. The overarching 
goal was to gain insight into the multifaceted dynamics that influence the incidence of HBV, ultimately forming strategies 
to improve diagnostic rates and mitigate the prevailing high prevalence.

MATERIALS AND METHODS
This study employed a systematic literature review methodology to comprehensively analyze existing research on the 
epidemiology of HBV in Albania. The primary objective was to identify the prevalent trends and determine the causes 
that contribute to sustained high prevalence despite the implemented efforts. The research was conducted across 
PubMed, Cochrane Library, Google Scholar, and Albanian Medical Journals, with keywords used in English or Albanian 
language, depending on the database (Albanian language keywords exclusively for articles published in Albanian). The 
inclusion criteria encompass full papers and articles published after 1980s, focusing on studies/systematic literature 
reviews conducted solely in the Albanian population and specifically addressing the epidemiology of HBV in Albania.

The following keywords and terms were used in the PubMed Database: (1) Hepatitis B; (2) HBV prevalence; and (3) 
Albania. The search string utilized was as follows: (("hepatitis B" [All fields] OR "HBV" [all fields] OR ("hepatitis" [all 
fields] AND "B" [all fields])) AND ("prevalence" [all fields] OR "Albania" [all fields])). Results of the research are reported 
in Figure 1.

RESULTS
Prevalence of HBV in Albania
In Albania, viral hepatitis B has been and continues to be a serious public health problem.

The endemicity of hepatitis B is described by the prevalence of HBsAg in the general population in a given geographic 
area. The WHO has classified the prevalence of hepatitis B according to HBsAg expression as high- (> 8%), medium- (2-
7%), and low-prevalence (< 2%) countries (< 2%)[8].

Official statistics show that, despite small fluctuations, the incidence of viral hepatitis in the period 1964-1990 was quite 
high, ranging from 200-400 cases per 100000 inhabitants[11]. Studies based on the electrophoresis method have found a 
HBsAg positivity rate of ~10% in the healthy population in Albania[11]. The implementation of the HBsAg screening 
program in Albania started around 1975, and since that time the incidence and prevalence of HBV have changed 
significantly toward improving the situation.

For years, the condition appeared worrying, since the incidence figures were higher in children and adolescents. In a 
study on the epidemiological situation of HBV (1985), it was emphasized that viral hepatitis in children has increased and 
specifically in 1977 it was found in 36%, in 1979 in 41%, and in 1981 in 47% of children with acute viral hepatitis admitted 
to Tirana Pediatric Hospital[12].

The study of the prevalence of hepatitis B in Albania was investigated in different contingents, including immigrants 
settled in Italy and Greece after the mass exodus of 1991 as a result of the major political events that swept the country.

In a study conducted in 1980, among other things, the presence of the Australia antigen was studied in different 
contingents of pregnant women. The percentage of carryover according to quarters I, II, and III was 4.4%, 4.3%, and 5%, 
respectively. This study aimed to study risk factors for HBV transmission and vertical mother-to-child transmission[13].

In 1993, a study was conducted on the epidemiology of viral hepatitis in Albania. The sample consisted of 545 patients 
from the general population in the period January to August 1993. Vertical transmission was also studied in 193 pregnant 
women. It was found that 18.3% of the patients who received (n = 100) the examination were positive for HBsAg[11].

Daleko et al[14] analyzed the marked prevalence of viral hepatitis in Albanian immigrants originating mainly from the 
south of Albania. In this study, 1025 refugees located mainly in the prefecture of Ioannina were evaluated. The prevalence 
of HBsAg was found to be 22.2%.

Similarly, a study on the prevalence of various markers of hepatitis was conducted in pregnant women who had 
migrated to Greece (1996)[15]. The study sample included 500 participants, of whom 67 pregnant women (13.4%) tested 
HBsAg+.

Greece and Italy are the two countries with the highest number of Albanians who emigrated after 1991. Studies similar 
to those conducted in Greece have also been conducted on Albanian immigrants in Italy. In a study conducted by 
Chironna et al[16], the seroprevalence of hepatitis B, C, and D was analyzed in 670 Albanian immigrants in southern Italy 
in 1997; 13.6% of them were positive for HBsAg, while the prevalence of anti-HBs was 47.6%.

The HEPAGA project, a Greek-Albanian research collaboration, aimed to detect hepatitis B in the young population of 
Albania. For this reason, 410 young people aged 14-20 years who lived in Albania from September 2001 to February 2002 
were examined. In this study conducted by Katsanos et al[17], 49 participants who constituted 11.89% of the sample were 
positive for HBsAg.

Health workers are considered a risk group for parenteral infectious diseases. The aim of the study conducted by 
Kondili et al[18] was to assess the prevalence of HBV and hepatitis C virus (HCV) in Albanian health workers. The study 
noted that the prevalence of HBsAg in 480 participants was 8.1% while the prevalence of anti-HBc was 70%. In this study, 
the highest prevalence was observed in the age group of 20-30 years old (11.4%). This study concluded not only the high 
rate of HBV infection in healthcare workers but also the low vaccination coverage.
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Figure 1 PRISMA flow diagram. The PRISMA flow diagram outlines the selection process for studies included in the systematic review on hepatitis B virus 
prevalence in Albania. The diagram details each step, from the initial identification of studies through database searches and other sources, to the final inclusion of 14 
studies that met the inclusion criteria.

Elefsiniotis et al[19] evaluated the prevalence of serological markers in 1333 pregnant women living in Greece but of 
different nationalities; 30.6% of them had Albanian nationality. Among pregnant women of Albanian nationality, the 
prevalence of HBsAg was estimated to be 11%, while the prevalence of anti-HBc was 52%. This study highlighted that 
HBV infection is endemic in pregnant Albanian women.

One of the most important studies conducted on the epidemiology of HBV in Albania is the one conducted by Resuli et 
al[20] who noted that the prevalence of HBsAg and anti-HBs was 9.5% and 28%, respectively, demonstrating that despite 
the almost twofold decrease in the prevalence of HBsAg in the general population, Albania continues to remain a highly 
endemic country for HBV.

Milionis[21] conducted a study in young Albanian immigrants living in Greece to study the serological prevalence of 
HBV and HCV; 504 subjects aged 10-23 participated in the study. In this study, 11.7% of the patients were found to be 
positive for HBsAg.

Durro and Qyra[22] evaluated in a retrospective study the epidemiological trends of hepatitis B in 79274 blood donors 
during the period 1999-2009. The prevalence of HBsAg in the examined blood donors was 7.9%. According to the status 
of the blood donor, the prevalence of HBsAg was 10.5% in commercial blood donors, 8.1% in voluntary blood donors, 
and 8.6% in blood donors from family members. The prevalence of anti-HBc was 59.1%.

Limited studies have been conducted on the epidemiology of hepatitis B within the Albanian population; however, the 
available literature provides sufficient information on the prevalence of this virus. In particular, a significant portion of 
these studies have been conducted in neighboring countries, particularly Italy and Greece, which experienced increased 
immigration from Albania post-1990. A temporal analysis of these studies reveals a consistent decline in the prevalence of 
HBsAg. Nevertheless, it is imperative to underscore the scarcity of in-depth investigations conducted after 2009. Despite 
evident progress, Albania persists with a notable prevalence of hepatitis B exceeding 8%. The most relevant papers 
regarding HBV epidemiology in Albania are reported in Table 1.

Epidemiological trends
The prevalence of hepatitis B in Albania has exhibited dynamic shifts characterized by a sustained reduction in reported 
cases (Figure 2). This phenomenon can be attributed to the implementation of various policies and the variable influence 
of risk factors. Beyond the overarching decline in prevalence and incidence rates in successive years, there are discernible 
variations in various epidemiological aspects.

Zehender et al[23] demonstrated that genotype D2 made its entry into the Albanian population during the latter part of 
the 1960s. Research findings indicated a continual increase in the effective number of infections until the mid-1990s, at 
which point a plateau was reached.

This is reflected in a study conducted in children hospitalized for acute viral hepatitis at the Pediatric Hospital in 
Tirana. A notable increase in cases was observed, specifically in the year 1977, accounting for 36% of cases, in 1979 
reaching 42%, and in 1981 escalating to 47% of cases[12].

The incidence of hepatitis B in Albania has been documented in a limited number of studies. Most of these studies have 
assessed the prevalence in various groups or in the general healthy population. The incidence of viral hepatitis during the 
years 1964-1990 was notably high, ranging between 200-400 cases per 100000 inhabitants. Meanwhile, data from the WHO 
indicate that the annual incidence of viral hepatitis (all forms combined) in Western European countries ranged from 10 
to 50 cases per 100000 inhabitants.

These studies indicate that until the 1990s, the incidence and prevalence of HBsAg in Albania were notably high and 
experienced an upward trend during a specific time period[11].
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Table 1 Key studies on hepatitis B virus epidemiology in Albanian population

Ref. Study region Year Age Number of cases Prevalence of 
HBsAg

Angoni et al[11] Albania 1993 Adult 545 18.3%

Dalekos et al[14] Refugees (Greece) 1995 All ages 1025 22.2%

Malamitsi-Puchner et al[15] Albanian refugees 1996 Pregnant women 500 13.4%

Chironna et al[16] Albanian refugees (Italy) 2000 All ages 670 13.6%

Papaevangelou et al[25] Albanian (Greece) 2006 Pregnant women 409 9.8%

Kondili et al[18] Albania 2007 Health care workers 480 8.1%

Katsanos et al[17] Albania 2009 All ages 410 11.89%

Elefsiniotis et al[19] Albanian refugees 2009 Pregnant women 408 11%

Resuli et al[20] Albania 2009 All ages 3880 9.5%

Durro and Qyra[22] Albania 2009 Blood donors 79274 7.9%

Milionis[21] Albanian (Greece) 2010 10-23 504 11.7%

Figure 2 Hepatitis B virus prevalence rates over time. The scatter plot and trend line illustrate the changes in hepatitis B virus prevalence rates in Albania 
over the years. Data from key studies, summarized in Table 1, show a clear declining trend in hepatitis B virus prevalence from 1993 to 2010.

In the aftermath of Albania's transition in the early 1990s, substantial emigration occurred, impacting not only Albania 
but also neighboring Italy and Greece. R. Angoni's 1993 study of 545 subjects revealed a notable 18.3% prevalence of 
HBsAg, indicating significant rates of liver infection. Additionally, 49% of subjects tested positive for anti-HBs, 
suggesting prior exposure or immunization[11].

Dalekos et al[14] conducted a study among Albanian refugees in Greece, estimating a prevalence of hepatitis B of 22.5% 
among 1025 subjects. Similarly, Roussos et al[24] found a comparable prevalence of 22.4% among a smaller sample of 76 
Albanian subjects. Subsequent to national vaccination campaigns initiated in 1994, there was a notable decline in 
prevalence rates reported by studies among Albanian refugees in Greece and Italy, with figures dropping to 13.6%, 13.4%, 
and 9.8%, respectively[15,16,25].

Resuli et al[20] highlighted a significant decrease in HBV prevalence by 50%, estimating a prevalence of only 9.5% 
among 3880 subjects. Furthermore, the lowest prevalence was observed in a study of Albanian blood donors in 2009, 
where only 7.9% tested positive, marking a decrease from the prevalence of 9.1% reported in 1999[22]. Furthermore, 
Kondili et al[18] reported a prevalence of 8.1% among 480 Albanian healthcare workers[18].

Comparable studies conducted between 2009 and 2010 demonstrate a persistent prevalence of HBV ranging from 11% 
to 11.89%. Although indicating a decrease in previous prevalence rates, these findings still underscore a notably high 
prevalence of HBV within the examined population over this short period[17,19,21]. The analysis of trend and its statistic 
(analysis of covariance) are reported in Figure 2 and Table 2, respectively.

Factors influencing the high prevalence of HBV in Albania
The persistently high prevalence of HBV in Albania is the result of multifactorial influences, reflecting the ongoing 
challenges within the healthcare system and societal contexts. While past issues such as the lack of single-use medical 
devices in hospitals have been addressed to some extent, contemporary factors continue to contribute to the prevalence of 
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Table 2 Analysis of covariance results for hepatitis B virus prevalence rates1

Source Type III sum of squares df Mean square F P value

Corrected model 127.702 2 63.851 7.735 0.013

Intercept 1757.171 1 1757.171 212.864

Population 5.079 1 5.079 0.615 0.455

Year 2000 103.685 1 103.685 12.560 0.008

Error 66.039 8 8.255

Total 1914.742 11

Corrected total 193.741 10

1The analysis of covariance provides strong statistical evidence indicating a significant reduction in hepatitis B virus prevalence rates after the year 2000. 
The year 2000 variable is a significant predictor (P = 0.008), demonstrating a notable difference in prevalence rates before and after this period. The model 
explains approximately 65.9% of the variance in hepatitis B virus prevalence rates (R2 = 0.659), with an adjusted R2 of 0.574, indicating a good fit. The 
population variable (P = 0.455) is not significant, showing that sample size variations do not influence hepatitis B virus rates. The intercept is highly 
significant (P < 0.001), suggesting a substantial baseline prevalence rate, which was impacted by interventions and changes over time.

HBV. Among these factors is the persistence of vertical transmission, where infected mothers can still pass the virus to 
their newborns during childbirth. Furthermore, challenges in access to healthcare services, including screening and 
vaccination programs, and lack of awareness of HBV transmission and prevention among the general population further 
exacerbate the prevalence of the virus in Albania.

Troja[13] found a direct correlation between the prevalence of HBV in pregnant women and the number of injections 
received[13]. This highlights the role of inadequate use of single-use medical devices in hospitals as a contributing factor 
to HBV transmission[13,15].

Several studies conducted on Albanian refugees in Italy or Greece have emphasized the significant impact of low 
socioeconomic status and the poor hygienic conditions experienced by its members on the high prevalence of HBV[14,15,
17].

Vertical transmission, resulting from factors such as inadequate screening of pregnant women and the use of non-
disposable medical equipment, played a significant role in the high prevalence of HBV[11,13]. Hospital practices in 
Albania also contributed due to poor medical and nursing standards[15]. Resuli et al[20] noted that the reduction in the 
prevalence of HBsAg after infant vaccination mainly stemmed from the prevention of perinatal HBV transmission, 
highlighting the role of vertical transmission in high prevalence.

The lack of a proper screening for blood and its products also contributed to this endemic prevalence. However, in a 
study conducted among Albanian blood donors, the prevalence of HBsAg decreased from 9.1% in 1999 to 7.9% in 2009, 
suggesting an improvement in the transfusion safety of blood and its products[22].

One of the most significant factors contributing to the high prevalence of HBV in Albania was the low coverage of HBV 
immunization. Numerous studies carried out among the Albanian population, both within Albania and in neighboring 
countries such as Italy and Greece, have highlighted the low vaccination rates. Despite efforts in prenatal screening and 
vaccination programs, gaps in coverage and inadequate administration of vaccine doses persist[16,24]. Chironna et al[16] 
found that the prevalence of HBV among children up to 10 years of age was 8.1%, indicating high vertical and horizontal 
transmission rates and underscoring the inadequacy of immunization efforts.

Despite a high percentage of women who underwent prenatal screening for HBsAg, certain factors, such as delivery in 
public hospitals and maternal illiteracy, were associated with some women not being tested[25]. Furthermore, Albania's 
potential higher endemicity of HBV infection compared to neighboring countries may contribute to the elevated 
prevalence observed among its population[17].

Furthermore, the absence of a nationwide surveillance campaign for HBV infections and the underestimation of 
vaccination programs exacerbated the situation. In a study, inefficiencies in the monitoring program were highlighted, 
indicating the need for improved data quality. To enhance the effectiveness of the system, a web-based reporting system, 
enhanced laboratory tests, and staff training are necessary measures to increase quality, efficiency, and overall usefulness
[26].

Measures to counteract high prevalence of HBV in Albania
The measures taken to combat HBV infection in Albania have been multifaceted, addressing various aspects of healthcare 
infrastructure, prevention, and awareness. Implementing more sensitive laboratory techniques for HBV marker detection, 
such as ELISA, has advanced diagnostic capabilities[11]. Moreover, vaccination programs targeting newborns, initiated in 
May 1995, have been integrated into the National Immunization Programs, with infants receiving immunizations at birth, 
and after 1 and 5 mo[14,20]. Improvements in socioeconomic status and hospital hygiene have contributed to reducing 
HBV transmission rates[15].

Comprehensive vaccination programs have been crucial, emphasizing nationwide efforts to ensure universal 
vaccination coverage, particularly among newborns[16]. Furthermore, the adoption of single-use medical devices and 
improved hospital sanitation practices has helped mitigate the risks of HBV transmission. Establishing viral hepatitis 
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surveillance systems has allowed monitoring of HBV prevalence over time and tracking the impact of vaccination 
programs[16].

Prenatal screening has been improved with universal screening of pregnant women, although challenges remain in 
ensuring coverage among all demographics[25]. Access to screening and testing for HBV infection, especially among 
high-risk populations, has been prioritized to identify and manage cases effectively[17]. Strengthening healthcare 
infrastructure, including access to screening, testing, and vaccination services, has been essential in improving HBV 
management[19].

Targeted vaccination programs have focused on high-risk groups, including healthcare workers, hemodialysis patients, 
and patients with thalassemia, to curb transmission[20]. Furthermore, the reinforcement of general preventive measures 
such as safe injection practices, proper sterilization of medical and dental equipment, and blood product screening has 
contributed to reducing the risks of HBV transmission[22].

Health education initiatives have played a crucial role in raising awareness of HBV transmission routes, preventive 
measures, and the importance of vaccination, leading to behavior changes and increased coverage of immunization[21,
22]. However, challenges persist, including the need for continuous improvement in monitoring programs, data quality 
improvement, and staff training to ensure the effectiveness of HBV management strategies[26].

DISCUSSION
The study of HBV prevalence trends in Albania reveals a complex epidemiological landscape influenced by various 
public health interventions, socioeconomic factors, and migration patterns. Despite efforts to control HBV through 
vaccination programs and improved healthcare infrastructure, Albania remains a high-endemicity region with a 
prevalence exceeding 8%. This contrasts with neighboring countries like Greece and Italy, where HBV prevalence has 
significantly declined due to successful public health measures.

Greece, now classified as a low-endemicity country with a corrected prevalence of 1.88%, still shows substantial 
variability in HBV prevalence across different regions and among specific populations, such as immigrants. Notably, 
studies have indicated that Albanian immigrants in Greece exhibit higher HBV prevalence rates than the general Greek 
population, highlighting the ongoing impact of Albania's high endemicity on neighboring countries[27].

Similarly, Italy has experienced a dramatic decrease in HBV incidence following the implementation of a national 
universal vaccination program in 1991 and public health campaigns initiated in the 1980s. The incidence of acute hepatitis 
B in Italy has dropped from 98 cases per 100000 inhabitants in the 1960s to just 0.21 cases per 100000 inhabitants by 2020
[28].

These reductions in HBV prevalence in Greece and Italy underscore the effectiveness of sustained public health efforts, 
particularly vaccination, in controlling HBV transmission. However, the persistent high prevalence in Albania, as well as 
among Albanian immigrants in Greece and Italy, suggests that the public health infrastructure in Albania requires further 
strengthening. Additionally, transnational public health strategies are needed to address the unique challenges posed by 
migration and to reduce the burden of HBV in the region. Overall, the comparison of HBV prevalence trends between 
Albania and its neighboring countries highlights the critical importance of robust vaccination programs, effective public 
health campaigns, and improved healthcare access in reducing HBV prevalence and achieving better public health 
outcomes.

CONCLUSION
During the period 1964-1990, the incidence of viral hepatitis in Albania exhibited a considerable elevation, fluctuating 
within the range of 200-400 cases per 100000 inhabitants. In recent years a noticeable dearth of comprehensive studies has 
been observed in the resident population of Albania on the incidence and prevalence of HBV. A notable deficiency in the 
diagnostic infrastructure for HBV is evident, with the majority of identified cases arising predominantly from voluntary 
individuals participating in blood donation or routine health examinations. The absence of a national surveillance system 
dedicated to monitoring HBV infection in Albania constitutes a significant impediment to accurate assessment and 
targeted management of this public health problem. The efficacy of anti-HBV vaccines has been potentially compromised 
over certain periods, contributing to the enduring high prevalence of HBV presently. A considerable proportion of people 
harboring HBV infections remain undiagnosed, exerting a substantial influence on the high prevalence of HBV that 
prevails in the Albanian population. There is a pressing imperative for in-depth investigations into the incidence and 
prevalence dynamics of HBV in Albania, underscoring the need for comprehensive and systematic research efforts. 
Despite the notable strides made through vaccination campaigns, the persistence of a substantial prevalence of HBV in 
Albania underscores the complexity of the issue, warranting continued efforts for a comprehensive understanding and 
effective mitigation.
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Abstract
BACKGROUND 
Blepharoconjunctivitis poses a diagnostic challenge due to its diverse etiology, 
including viral infections. Blepharoconjunctivits can be acute or chronic, self-
limiting, or needing medical therapy.

AIM 
To review possible viral agents crucial for accurate differential diagnosis in cases 
of blepharoconjunctivitis.
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METHODS 
The PubMed database was searched for records relating to viral blepharoconjunctivitis. The search string generated 
was “("virally"[All Fields] OR "virals"[All Fields] OR "virology"[MeSH Terms] OR "virology"[All Fields] OR 
"viral"[All Fields]) AND "Blepharoconjunctivitis"[All Fields]".

RESULTS 
A total of 24 publications were generated from the search string. Reference lists from each relevant article were also 
searched for more information and included in this review. Viral etiologies such as adenovirus, herpes simplex 
virus (HSV), varicella-zoster virus (VZV), and Epstein-Barr virus (EBV) are frequently implicated. Adenoviral 
infections manifest with follicular conjunctivitis and preauricular lymphadenopathy, often presenting as epidemic 
keratoconjunctivitis. HSV and VZV infections can result in herpetic keratitis and may exhibit characteristic 
dendritic corneal ulcers. EBV, although less common, can cause unilateral or bilateral follicular conjunctivitis, 
particularly in immunocompromised individuals. Other potential viral agents, such as enteroviruses and 
molluscum contagiosum virus, should also be considered, especially in pediatric cases.

CONCLUSION 
Prompt recognition of these viral etiologies is essential for appropriate management and prevention of complic-
ations. Thus, a thorough understanding of the clinical presentation, epidemiology, and diagnostic modalities is 
crucial for accurate identification and management of viral blepharoconjunctivitis.

Key Words: Viral; Blepharoconjunctivitis; Herpes simplex virus; Varicella-Zoster; Epstein-Barr
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Core Tip: Viral blepharoconjunctivitis, an inflammation of the conjunctiva and eyelids caused by viral infections, represents 
a significant challenge in ophthalmic practice due to its highly contagious nature and potential for widespread outbreaks. The 
virus not only directly damages the conjunctival epithelial cells but also induces a robust inflammatory response. 
Understanding the molecular mechanisms underlying these interactions remains a focus of ongoing research, with implica-
tions for developing targeted therapies. The self-limiting nature of the condition, with symptoms generally resolving within 
two to three weeks, poses a diagnostic challenge, as it often necessitates distinguishing it from other types of conjunctivitis 
to prevent unnecessary use of antibiotics and to implement appropriate infection control measures.

Citation: Musa M, Bale BI, Suleman A, Aluyi-Osa G, Chukwuyem E, D’Esposito F, Gagliano C, Longo A, Russo A, Zeppieri M. 
Possible viral agents to consider in the differential diagnosis of blepharoconjunctivitis. World J Virol 2024; 13(4): 97867
URL: https://www.wjgnet.com/2220-3249/full/v13/i4/97867.htm
DOI: https://dx.doi.org/10.5501/wjv.v13.i4.97867

INTRODUCTION
Overview of blepharoconjunctivitis
Blepharoconjunctivitis is a complex entity that depicts, inflammation of the eyelid and the conjunctiva at once, due to 
various causes, especially of infectious origin. So in layman's terms, it is a combination of blepharitis and conjunctivitis
[1]. The signs and symptoms are similar to those seen in blepharitis, it is worth noting that, chronic blepharitis can trigger 
conjunctivitis, because of the anatomical juxtaposition between the eyelid structure and the translucent conjunctiva[2]. 
Signs and Symptoms include pain, conjunctiva injection, eyelid edema and concretion, tearing, ocular irritation, etc. There 
are different mechanisms or patterns of classification, depending on the cause, course, anatomical location affected, etc. 
The most common classification pattern used is the American Academy of Ophthalmology, which divides it into anterior 
and posterior, depending on what anatomical location is affected by the condition[1]. Management is usually poised 
towards identifying the cause and treatment to relieve symptoms and recurrence. The diagnosis of the various types of 
blepharoconjunctivitis is important not only because it directs therapy, but also because it gives both the physician and 
patient an idea about the prognosis[3,4].

Clinical presentation of blepharoconjunctivitis
Blepharoconjunctivitis is an inflammatory response of the eyelids and the conjunctival tissue to physical, chemical, 
neoplastic, viral or microbial assault[1]. It is usually characterized by the presence of certain clinical features which can 
also be associated with other ocular surface disorders. Consequently, the common clinical features of blepharocon-
junctivitis are considered to be non-specific. Clinically, the etiology mostly defines the type and nature of the presenting 
characteristics of blepharoconjunctivitis. The nature of clinical presentation may range from severely ulcerated and 
disrupted eyelid margins to pouting of the meibomian orifices and mild conjunctival injection. Whereas, the former 
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presentation is mostly associated with serious cases such as neoplasm, a viral or virulent microbial invasion, trauma[5-8] 
etc., the latter mostly suggests a non-sight and non-life-threatening etiology. Moreover, the chronicity of the disease can 
determine the type and nature of the clinical characteristics at the initial presentation. This is because clinically, most 
blepharoconjunctivitis can be secondary to a poorly managed blepharitis or any long-standing disease of the eyelids[9].

Definition and classification
The term blepharoconjunctivitis refers to the inflammation of the eyelids and the semi-transparent mucous membrane-
like conjunctival covering the anterior surface of the globe and the tarsal plate[1]. The conjunctival membrane is 
continuous with the stratified squamous epithelium of the eyelid at the mucocutaneous junction of the eyelid margin. 
Consequently, the close apposition between both tissues makes it easier for a long-standing eyelid inflammation to 
spread to the conjunctival. The word “Blepharoconjunctivis” derives its origin from the Greek words, “Blepharon” 
meaning eyelid, and “itis” meaning inflammation[10-12] and the Latin word “conjunctival” meaning to connect. 
Generally, blepharoconjunctivitis can be categorized based on the cause, chronicity, anatomical position of involvement, 
standardized photo grading scales, presenting clinical features, and associated signs[1,13]. A correct and adequate classi-
fication is necessary to establish the severity, and chronicity as well as formulate the most effective treatment regimen.

Symptoms and signs
The patient's presenting complaints may include epiphora, foreign body sensation, ocular itching, ocular discomfort, 
burning sensation, and grittiness[14,15]. Symptoms such as a ropy and mucopurulent ocular discharge may be reported 
in cases of allergies, viral invasion, and a chronic bacterial infestation of the lids respectively. Furthermore, some patients 
may report ocular redness along with other symptoms[15]. The presenting clinical signs can be influenced by the etiology 
and associated conditions. Severe itching, phylectenular, follicles, papillae, ropy or a mucopurulent discharge and 
conjunctival injection, may suggest an allergy, a viral or bacterial infestation[16]. Recurrent chalazia, pouting of the 
meibomian orifice, and telangiectasia of the eyelid and tarsal plate may be suggestive of meibomian gland dysfunction 
and posterior blepharitis[17,18]. Whereas, eyelash mating, crusting, scaling, and an erythematous eyelid may 
demonstrate anterior blepharitis[19,20]. Furthermore, severe conjunctival cicatrization, symblepharon, ocular surface 
desiccation, trichiasis corneal opacity may suggest a serious underlying systemic disease such as Steven Johnson 
syndrome, pemphigoid, trachoma etcetera. Blepharoconjunctivitis can also be associated with certain skin conditions 
such as rosacea[21,22]. This is usually associated with facial papule, erythema, telangiectasia etc. The ulceration of the 
eyelid margin as well as the disruption of its normal anatomical layout is usually associated with neoplastic lesions 
involving the eyelid, an aggressive viral infiltration, or virulent microbial infestations[5-8].

Challenges in diagnosis
One challenge to differentials is the sudden emergence of a new virus or a new strain of an existing virus. It is important 
to accurately put the monkeypox virus at the back of our mind for cases presenting with acute blepharoconjunctivitis, due 
to its re-emergence, as this will help proffer early solutions, for better outcomes[23]. Treatment for other conditions may 
also present with blepharoconjunctivitis as a side effect, for example, Kornhauser et al[24] found out during the treatment 
of a case of glioblastoma multiform with Temozolomide, that blepharoconjunctivitis was a side effect of the treatment 
regimen. Dupilumab, the monoclonal antibody used in treating eczema and asthma, has also been implicated in 
triggering blepharoconjunctivitis, especially in patients with atopic dermatitis[25,26].

Blepharoconjunctivitis, inflammation of the eyelids and conjunctiva, can be caused by various infectious agents, 
including viruses. Of all these conditions, viral blepharoconjunctivitis stands out because it is extremely contagious and 
has the potential to affect public health greatly. Viral infections, including those caused by herpes simplex virus (HSV), 
varicella-zoster virus (VZV), Epstein-Barr virus (EBV), and other less frequent viruses, significantly contribute to the 
overall impact of this disorder.

Epidemiological studies emphasize the significance of distinguishing viral blepharoconjunctivitis from alternative 
sources of conjunctival inflammation. HSV type 1 keratitis impacts almost 1.5 million individuals worldwide, with 
around 40000 new cases each year. This condition can result in serious complications like corneal ulcers and blindness
[27]. This emphasizes the crucial requirement for precise diagnosis and efficient management techniques in order to avoid 
results that could potentially harm vision. Furthermore, it is important to comprehend viral causes in eye diseases, as 
VZV-related herpes zoster impacts 10%-20% of individuals who were previously infected, especially those who are 50 
years old or older[28,29].

Epstein-Barr virus (EBV), a virus linked to many eye conditions such as uveitis, keratitis, and conjunctivitis, has a 
notable impact on a substantial number of people globally[30,31]. Notable occurrences of EBV-related sequelae, such as 
nasopharyngeal cancer and systemic lupus erythematosus, have been recorded with frequency in countries like China 
and Saudi Arabia[32,33]. These data emphasize the significance of considering EBV when diagnosing ocular inflam-
mation.

The various causes of viral blepharoconjunctivitis, including uncommon pathogens like molluscum contagiosum, 
enteroviruses, and monkeypox virus, make diagnosis more difficult and emphasize the importance of comprehensive 
clinical assessment and specific diagnostic techniques. Enteroviral infections can result in acute hemorrhagic conjun-
ctivitis and other disorders affecting the surface of the eye. Additionally, monkeypox has recently been identified as a 
cause of viral blepharoconjunctivitis[34,35].

This study specifically examines viral-related blepharoconjunctivitis, aiming to clarify the different viral agents 
implicated, their clinical presentations, diagnostic difficulties, and approaches to treatment. By including epidemiological 
research into our discussion, we aim to improve our understanding of the significance of precise diagnosis and proper 
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treatment in reducing the problems linked to viral blepharoconjunctivitis. Common viral agents implicated in the differ-
entials are discussed while other less common pathogens are also mentioned. A literature review on the management of 
these conditions is also attempted.

MATERIALS AND METHODS
A search of the online PubMed database was conducted using the keywords “viral” and “blepharoconjunctivitis”. The 
search algorithm generated a search string thus; “("virally"[All Fields] OR "virals"[All Fields] OR "virology"[MeSH Terms] 
OR "virology"[All Fields] OR "viral"[All Fields]) AND "Blepharoconjunctivitis"[All Fields]”. The results were scrutinized 
by two authors for relevance. A PRISMA diagram[4] is shown Figure 1, depicting the search strategy. This study included 
peer-reviewed research publications that met specific criteria, such as being randomized controlled trials, cohort studies, 
case-control studies, cross-sectional studies, or case reports. This study included individuals of all age groups who were 
diagnosed with viral blepharoconjunctivitis or other ocular diseases caused by viral infections. Articles that particularly 
discuss the study of the occurrence, characteristics, diagnostic techniques, and strategies for managing viral blepharocon-
junctivitis were included. We only included research published in English to guarantee the correctness and uniformity of 
the data extraction.

Reviews, editorials, comments, and publications that were not based on original research were excluded from consid-
eration. Studies that only examined non-viral causes of blepharoconjunctivitis or did not give detailed information about 
viral causes were also excluded. Articles that lacked significant data on the epidemiology, clinical symptoms, or 
management of viral blepharoconjunctivitis were not included. Studies published in languages other than English were 
eliminated because of the possibility of translation problems and variances in terminologies.

RESULTS
This search returned 24 records. 5 studies were excluded due to being out of scope. The records retrieved ranged from 
1973 to 2023. Each valid record was further scrutinized for related literature among their references. A further 68 articles 
were therefore generated.

DISCUSSION
Viral etiologies of blepharoconjunctivitis
Adenovirus: Epidemiology: Adenoviruses constitute the most common cause of highly contagious conjunctivitis in the 
world. Viral conjunctivitis affects many people yearly with a percentage of the population exhibiting corneal infiltrates
[36]. In fact, in a study, epidemiological analysis of retrospective data which also included 231 conjunctival cases, 205 
were diagnosed with viral origin (46.3 % male and 53.7 female), thus highlighting the higher prevalence of viral 
conjunctivitis in comparison to those of bacterial origin[37]. Another study aimed at evaluating the Human adenoviruses 
and their serotypes in keratoconjunctivitis patients who attended outpatient clinics at Mansoura Ophthalmic Centre was 
done. Results therefrom, showed human adenoviruses (HAdV) was detected in 38% of samples, and among the 
serotypes, HAdV D-8 was the most dominant[38]. Viral conjunctivitis spreads in areas where patients have close contacts 
such as ophthalmic units of Hospitals, schools, nursing homes, and workplaces[39].

Clinical features: HAdV have been known to cause mild respiratory, gastrointestinal, urogenital, and ocular disease
[40]. Adenoviral conjunctivitis which presents mainly as acute follicular conjunctivitis with severe symptoms such as 
epidemic keratoconjunctivitis (EKC) is caused by human adenovirus[36]. Serotypes of Adenoviruses that cause EKC 
include Adenovirus 8, 19, and 37[41]. Adenovirus type 3 has been implicated in pharyngoconjunctival fever. 
Furthermore, a wide range of serotypes have also been presumed to cause follicular conjunctivitis[36]. It is a contagious 
disease that could be associated with community-acquired or nosocomial infections[42]. Adenoviruses have been shown 
to result in hemorrhagic enteritis in chickens[43]. They have also been implicated as one of the causes of keratitis[44]. In 
typical cases, patients complain of unilateral redness, tearing, irritation, and photophobia[36]. Care must be taken to 
differentiate such complaints from diseases like glaucoma[39,45].

Diagnostic methods: Adenoviruses are classically by an increased titer value of antibodies as the patient progresses 
from an acute to a chronic stage. Polymerase chain reaction based testing[46].

HSV: The Herpesviridae family, comprising Alphaherpesvirinae, Betaherpesvirinae, and Gammaherpesvirinae 
subfamilies, further delineates into two major genera within Alphaherpesvirinae: Simplexvirus and Varicellovirus[47]. 
This viral family exhibits the potential for transmission from the genitals to the eye, leading to severe ocular complic-
ations such as blepharoconjunctivitis especially among adults[48]. Primary herpes simplex blepharoconjunctivitis also 
typically affects children and adolescents, with some individuals delaying medical attention until they recognize 
persistent watering as a lasting consequence of the infection[49].

Blepharoconjunctivitis, a prevalent ocular infection among young individuals, also manifests bilaterally in Iberian 
hares infected with the myxoma virus and is recognized in avian pox cases[50-52]. Moreover, it can arise as a 
complication associated with unhygienic use of ocular prosthetics or water pollution[53,54]. Additionally, bacterial 
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Figure 1  PRISMA diagram depicting the search strategy.

blepharokeratoconjunctivitis can lead to acute bilateral corneal opacity in children, albeit rarely[55]. In humans, herpetic 
stromal keratitis and blepharoconjunctivitis, partly attributed to immunopathological responses to HSV-1, involve 
neutrophil infiltration and cytokines such as interleukin (IL)-6, IL-10, IL-12, and interferon-gamma[56]. Tumor-induced 
blepharoconjunctivitis is observed in immunodeficient patients, like those with Autosomal-recessive hyper-IgE syndrome
[57].

Epidemiology: HSV type 1 keratitis affects 1.5 million people globally, with 40000 new cases annually leading to severe 
eye conditions such as corneal ulcers, which can potentially cause blindness[22]. Although HSV infection is more 
common in adults, there are reports of it occurring in children through vaginal delivery, leading to ocular diseases[58].

Clinical features: HSV infection of the cornea and ocular adnexa in children can present with several clinical manifest-
ations, including blepharoconjunctivitis, interstitial keratitis, epithelial keratitis, disciform keratitis, neurotrophic keratitis, 
and stromal keratitis[59]. Herpes simplex virus infection can lead to several ocular diseases, including blepharocon-
junctivitis, epithelial keratitis, stromal keratitis, endothelial keratitis, and iritis[60]. The manifestation of these ocular 
diseases is accompanied by a variety of clinical features. For example, a case of blepharoconjunctivitis was reported in an 
elderly patient with complete acquired ankyloblepharon, showing clinical signs of preseptal cellulitis[61]. Also, patients 
who have previously experienced HSV epithelial keratitis are likely to experience increased likelihood of recurrent 
epithelial keratitis while undergoing acute treatment for HSV stromal keratouveitis[62]. A report by Malik et al[63] 
indicated that congenital HSV-2 infection can lead to bilateral macular hyperpigmented scars. While most HSV ocular 
diseases are unilateral, in patients with atopy or compromised immune systems, bilateral herpetic keratoconjunctivitis 
can occur, leading to a more prolonged course with frequent recurrences and severe complications[64].

Diagnostic methods: HSV 1 infection can be definitively diagnosed through polymerase chain reaction testing of blood 
and cerebrospinal fluid samples[65]. Oral acyclovir is regarded as a treatment option for HSV infection, even in children, 
once the diagnosis is confirmed[66]. Clinicians should recognize that smallpox vaccination can cause harmful ocular 
effects, such as preseptal cellulitis and blepharoconjunctivitis, in both vaccine recipients and their contacts to ensure rapid 
diagnosis and appropriate treatment[67].

VZV: The VZV is one of the several herpes viruses that are infective to humans. It is the causative organism for 
shingles(herpes zoster) and chicken pox[68]. While chickenpox is generally a self-limiting illness, complications such as 
bacterial super infections, pneumonia, and central nervous system involvement can occur, particularly in immunocom-
promised individuals[69,70].

Epidemiology: Scampoli et al[28] reported that 10%-20% of previously infected individuals were likely to develop VZV-
linked herpes zoster with its attendant sequelae later in life, especially above 50 years. Individual risk herpes zoster has 
been reported at 25%, with a two-fold increase in individuals older than 85 years of age[29].

Clinical features: Following primary infection, VZV establishes latency in sensory ganglia. Reactivation of the latent 
virus can lead to herpes zoster, commonly known as shingles. Herpes zoster presents as a painful vesicular rash localized 
to a dermatome innervated by the affected ganglion[71,72]. Post-herpetic neuralgia, a chronic pain syndrome, is a 
common complication of herpes zoster, particularly in older adults.

Diagnostic methods: Diagnosis of VZV-linked systemic and ocular diseases is by a combination of clinical/physical 
examinations and serological assays. Patients usually present with a rash that begins as flat lesions and progressed to 
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raised lesions accompanied by a rash. The rashes start from the central body mass and progress to the extremities. A 
polymerase chain reaction (PCR) analysis of the fluid collected from the pustules confirms the presence of VZV[73].

EBV: EBV, a member of the herpes virus family, is one of the most prevalent viruses in humans[30]. Known primarily for 
causing infectious mononucleosis (mono), EBV is also linked to various cancers and autoimmune diseases[74,75]. 
Additionally, EBV is associated with ocular manifestations such as blepharoconjunctivitis, as shown by sero-epidemi-
ologic data and confirmed cases where conjunctival disease appeared as an initial symptom of EBV infection[76].

EBV, also referred to as human herpes virus 4, is a double-stranded DNA virus[77]. It was identified in 1964 by 
Michael Epstein, Yvonne Barr, and Bert Achong through the study of Burkitt lymphoma cell cultures[78]. This virus 
primarily targets B lymphocytes, a type of white blood cell integral to the immune system[79]. EBV is notable for its 
capacity to establish a lifelong latent infection within the host, reactivating intermittently without causing symptoms[80].

The EBV genome is about 172 kilobase pairs in length and encodes approximately 85 proteins[81]. Key among these 
proteins are the EBV nuclear antigens and latent membrane proteins, which are essential for the virus's persistence in the 
host and the transformation of infected cells[82].

Epidemiology: The epidemiology of EBV exhibits diverse trends and impacts across various populations. In China, 
studies reveal a high prevalence of EBV among children, with viral loads rising in the presence of co-infections with 
bacteria or other viruses, contributing to immune disorders like systemic lupus erythematosus and infectious mononuc-
leosis[32]. In Saudi Arabia, EBV is notably associated with nasopharyngeal carcinoma (NPC), showing a high prevalence 
of EBV infection in patients and a predominance of genotype I, highlighting the need for further research to understand 
the burden of EBV-associated NPC[33]. In Russia, EBV infection represents a global challenge, with variations in 
immunological reactivity due to different pathogens, underscoring the necessity for improved epidemiological 
surveillance and preventive measures[83]. In Brazil, a study links EBV infection with autoimmune inflammatory 
rheumatic diseases, particularly noting a higher prevalence of active EBV infection in systemic lupus erythematosus 
patients, especially those undergoing corticosteroid therapy[84].

Clinical features: Ocular manifestations associated with EBV infection are diverse and can affect various structures 
within the eye. Uveitis stands out as one of the primary presentations, marked by inflammation of the uvea, which 
encompasses the iris, ciliary body, and choroid[85]. This inflammation typically presents with symptoms like eye redness, 
pain, and sensitivity to light, and blurred vision, with anterior uveitis being more prevalent in EBV-related cases[31]. 
Although less common, posterior uveitis affecting the retina and choroid can also occur[86], and EBV-associated uveitis 
may manifest unilaterally or bilaterally and may recur[87].

Beyond uveitis, EBV infection has been linked to various other ocular complications, including keratitis, conjunctivitis, 
and optic neuritis[88,89]. Keratitis, involving inflammation of the cornea, can range from mild epithelial defects to severe 
necrotizing forms[88]. Conjunctivitis, characterized by conjunctival redness and discharge, may coincide with systemic 
EBV symptoms like fever and malaise[89]. Optic neuritis, affecting the optic nerve, can cause vision impairment and eye 
pain exacerbated by movement.

Less common but still significant ocular conditions associated with EBV infection include retinal vasculitis, retinitis, 
and optic neuropathy[90-92]. Retinal vasculitis involves inflammation of retinal blood vessels, potentially leading to 
vascular occlusion and ischemic retinopathy[90]. Retinitis, characterized by features like retinal hemorrhages and 
exudates, can also occur[91]. Optic neuropathy related to EBV infection may present with optic disc swelling or optic 
atrophy, resulting in visual field defects and decreased acuity[92].

Given the range and severity of EBV-associated ocular manifestations, clinicians must maintain a high level of 
suspicion for EBV in patients presenting with ocular inflammation, especially alongside systemic symptoms suggestive of 
viral infection. Early recognition and proper management of these EBV-related eye conditions are crucial for preventing 
vision-threatening complications and preserving visual function.

Diagnostic methods: The diagnosis of ocular conditions associated with EBV often involves a combination of clinical 
evaluation, serological testing for EBV-specific antibodies, PCR assays for viral DNA, and ocular imaging techniques such 
as fundoscopy, optical coherence tomography, and fluorescein angiography[93-98]. Treatment strategies for EBV-
associated eye diseases typically focus on managing inflammation and controlling viral replication. Topical or systemic 
corticosteroids may be prescribed to alleviate ocular inflammation, while antiviral agents such as acyclovir or 
valacyclovir may be used to suppress viral replication[99,100].

Other potential viral agents: Although most cases of viral conjunctivitis have been known to be associated with 
adenovirus[101] however, some of the most contagious forms of blepharoconjunctivitis are linked to certain enterovirus 
stereotypes[34].

Enterovirus: Enterovirus is a genus consisting of several other species and subspecies of viruses such as coxsack-
ieviruses, enteroviruses, rhinoviruses, polioviruses and echovirus. It belongs to the viral family Picornaviridae and is 
renowned for being amongst the most Rampant pathogens on earth[102]. Blepharoconjunctivitis secondary to certain 
strains of enterovirus is characterized by varying degrees of subconjunctival hemorrhage, conjunctival hyperemia, tarsal 
conjunctival follicles, profuse tearing, and lid edema. Certain patients may report itching before the onset of conjunctivitis
[103]. Acute hemorrhagic conjunctivitis is a highly contagious ocular surface disease that is caused by enterovirus 70 and 
coxsackievirus A24[104]. Although the condition is relatively benign and resolves within five to seven days it may 
associated with significant ocular pain if a superficial punctate keratopathy develops. Other less common viral etiology of 
blepharoconjunctivitis include molluscum contagiosum virus, measles, mumps, and severe acute respiratory syndrome 
coronavirus 2 virus.

Molluscum contagiosum: this is a DNA virus that belongs to the poxviridae family. It causes dermatosis mostly in the 
pediatric demographics, sexually active and immunocompromised individuals[105]. Molluscum contagiosum is a round 
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pinkish umbilicated skin papule that can be found on epithelial surfaces including the skin of the face and eyelids[106]. 
Furthermore, transmission is usually by contact, fomites, and autoinoculation[107], and It is known for its affinity for 
epithelial tissue, this is known as “tropism”[108]. Molluscum contagiosum dermatosis is usually self-remitting however, 
treatment may be required for genital lesions and immunocompromised individuals[104]. Blepharoconjunctivitis may 
arise secondary to longstanding ocular molluscum contagiosum, which is more common in HIV and pediatric patients 
with atopic dermatitis[109]. Commonly associated signs include follicular conjunctivitis, mucopurulent discharge, 
subepithelial epithelial infiltrates, and corneal pannus[110].

Measles and mumps: These are both single-stranded RNA viruses with enveloped virions and equipped with the 
ability to replicate in a host's cytoplasm. Both cause very contagious diseases in humans although, measles and mumps 
are preventable with the MMR vaccine[111] both can lead to encephalitis and other potentially life-threatening complic-
ations[112-114]. Whereas, measles is generally characterized by upper respiratory symptoms (coryza), cough, and 
conjunctivitis, Mumps on the other hand is characterized by general symptoms such as pyrexia, tiredness, cephalalgia, 
malaise, and anorexia which is followed by swelling and inflammation of the parotid[115]. Mump and measles blepharo-
conjunctivitis are mostly characterized by conjunctival follicles, superficial vessel engorgement, conjunctival hyperemia, 
pseudomembranes, and photophobia[116].

Monkey pox virus: Scandale et al[35] implicated the monkeypox virus as a causative agent of viral blepharocon-
junctivitis; reporting a unilateral ocular manifestation, with associated epidermal findings. The examination pointed to a 
diagnosis of Viral blepharoconjunctivitis in that eye, secondary to a monkeypox infection[23]. This can progress to 
necrotizing keratoconjunctivitis which would result in significant orbital morbidity[117]. While the monkeypox virus may 
be self-limiting in its mild forms, antiviral medication is needed in its more serious presentations[118].

Myxoma virus: This is a virus from the genus Leporipoxvirus[119]. It is commonly carried by its murine host and 
transmitted by the mosquito insect which is endemic to Sun-Saharan Africa[120,121]. Farsang et al[122] reported on 
myxomatosis presenting with conjunctivitis as one of its symptoms in a study out of central Europe.

Table 1 is has been included to show and summarize a differential diagnoses between common causes of viral blephar-
oconjunctivitis.

Diagnostic modalities for viral blepharoconjunctivitis
Distinguishing between viral infection-related blepharoconjunctivitis and blepharoconjunctivitis caused by other factors 
requires a meticulous evaluation of clinical symptoms, patient history, and diagnostic tests. The clinical presentation is 
fundamental. Regarding blepharoconjunctivitis associated with viral infection, the initiation and manifestations are 
important. Viral blepharoconjunctivitis typically manifests with an abrupt onset. Typical symptoms consist of redness in 
the conjunctiva, discharge of watery fluid, and a sensation of itching. Different viral strains may exhibit unique character-
istics. HSV is a viral infection with typical unilateral manifestation characterized by blister-like sores on the eyelids or 
conjunctiva. There is a possibility of having dendritic ulcers on the cornea.

VZV is a pathogen, and the condition typically manifests as a painful vesicular rash that is limited to a specific area of 
the skin, known as a dermatome. It is sometimes accompanied by inflammation of the conjunctiva, which is the thin 
membrane that covers the front surface of the eye. Adenovirus infection frequently leads to a sudden and highly 
infectious inflammation of the conjunctiva, characterized by a copious and watery discharge. Linked to preauricular 
lymphadenopathy. Enteroviruses can lead to a condition called acute hemorrhagic conjunctivitis, which is characterized 
by redness and swelling of the conjunctiva and eyelids.

The generalized symptoms with different agents can vary. Viral infections might be accompanied by systemic sym-
ptoms such as fever, malaise, or a prodromal rash. Causes not related to viruses can give different symptoms. Allergic 
blepharoconjunctivitis frequently occurs on both sides, accompanied by irritation, tearing, and redness of the conjunctiva. 
May have a previous record of exposure to allergens and frequently exhibit a viscous discharge. Bacterial blepharocon-
junctivitis typically exhibits a purulent discharge that is particularly intense in the morning. It can occur on one side or 
both sides and may be accompanied by the formation of crusts on the eyelids. Chemical irritants commonly manifest as a 
sensation of burning and redness after coming into contact with irritants or chemicals. The discharge may become less 
purulent and frequently improves after the removal of the irritant.

The medical background should be considered in the differential diagnosis. For viral infection, it is fundamental to 
search for recent contact with persons who have exhibited comparable symptoms, a past occurrence of cold sores (caused 
by the herpes simplex virus), or shingles (caused by the varicella-zoster virus). Past use of contact lenses can be 
significant, especially when considering adenoviral infections. For allergies, the clinician should request information 
regarding recent contact with recognized allergies, such as pollen, dust, or animal dander. Allergic blepharoconjunctivitis 
commonly occurs during certain seasons or is associated with specific triggers. With bacterial infections, it is fundamental 
to consider recent occurrences of upper respiratory infections or proximity to individuals with bacterial conjunctivitis. 
Chemical exposure needs to be evaluated for recent exposure to chemicals or irritants, such as chlorine in swimming 
pools or domestic cleaning products.

Diagnostic tests can be useful in determining etiology. Viral conjunctivitis can be diagnosed with PCR testing. This 
assay is highly sensitive to identifying specific viral DNA or RNA, namely for HSV, VZV, and adenovirus. PCR is a 
diagnostic technique that can verify the existence of the virus and differentiate between various strains. Viral cultures can 
be used in difficult cases. This refers to the process of growing and isolating viruses in a laboratory setting to study their 
characteristics and behavior. This method can be utilized to separate and detect the virus from conjunctival swabs. This is 
very valuable for verifying adenoviral infections. Immunoassays can identify viral antigens or antibodies. For instance, 
the utilization of direct fluorescent antibody testing can accurately detect adenoviral infections. Gram stain and culture 
can be used to diagnose bacterial infections. The Gram stain of the discharge and culture can be used to identify bacterial 
pathogens.
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Table 1 Distinguishing features of blepharoconjunctivitis caused by different viruses, including herpes simplex virus, varicella-zoster 
virus, adenovirus, and enterovirus

Feature Herpes simplex virus Varicella-zoster virus Adenovirus Enterovirus

Common symptoms Unilateral conjunctival redness, 
itching, vesicular lesions on 
eyelids, dendritic ulcers on 
cornea

Painful vesicular rash 
localized to a dermatome, 
conjunctivitis

Acute conjunctivitis with 
profuse, watery discharge, 
preauricular lymphadenopathy

Conjunctival hyperemia, lid 
swelling, profuse tearing, 
possible subconjunctival 
hemorrhage

Discharge type Clear or watery; may have 
epithelial defects

Clear or serous; often 
accompanied by skin 
lesions

Watery; often profuse and 
accompanied by preauricular 
lymphadenopathy

Watery or serous; can be 
associated with hemorrhage

Onset Sudden, often following 
reactivation of latent infection

Sudden, often follows a 
history of shingles or 
chickenpox

Acute onset, highly contagious Acute onset, highly contagious

Preauricular 
lymphadenopathy

Rare Rare Common Rare

Corneal involvement Frequent; dendritic ulcers 
visible on fluorescein staining

Possible; less common but 
can have corneal 
involvement

Rare Rare

Associated systemic 
symptoms

Fever, malaise, possibly cold 
sores

Painful rash in a 
dermatome, fever

Often accompanied by upper 
respiratory symptoms

May have systemic symptoms 
like fever, malaise, or rash

Diagnostic tests PCR for HSV DNA, viral 
culture, direct fluorescent 
antibody

PCR for VZV DNA, viral 
culture

PCR for adenoviral DNA, viral 
culture

PCR for enteroviral RNA, viral 
culture

Immunoassays Detect HSV-specific antigens or 
antibodies

Detect VZV-specific 
antigens or antibodies

Detect adenoviral antigens or 
antibodies

Detect enteroviral antigens or 
antibodies

Corneal examination Dendritic ulcers, punctate 
epithelial keratopathy

Vesicular rash on eyelids 
and possible corneal 
involvement

Typically, no corneal 
involvement

Rarely involves the cornea

Epidemiology Common, especially in 
individuals with a history of 
cold sores or HSV infections

Less common, typically in 
individuals with recent 
shingles or chickenpox

Highly contagious; common in 
children and adults

Less common, often associated 
with outbreaks

Management Antiviral medications (e.g., 
acyclovir), topical or systemic 
steroids for inflammation

Antiviral medications, 
supportive care for rash 
and pain

Supportive care, antihistamines, 
sometimes antiviral treatment

Supportive care, analgesics for 
discomfort

PCR: Polymerase chain reaction; HSV: Herpes simplex virus; VZV: Varicella-zoster virus.

Allergy testing can be useful for causes not related to viruses. To accurately identify certain allergies, skin prick testing 
or serological assays may be required. Schirmer's test can be used to diagnose underlying dry eye diseases. The procedure 
assesses tear production and aids in the diagnosis of dry eye syndrome or meibomian gland.

Medical assessment is imperative to making a diagnosis. The conjunctival appearance must be considered. Viral 
conjunctivitis commonly manifests as widespread redness of the conjunctiva. Bacterial infections can exhibit localized 
hyperemia, which is an increased blood flow in a specific area, along with the presence of purulent discharge. The ocular 
surface evaluation is fundamental. Dendritic ulcers are a clear sign of HSV infection. Additional viral infections may 
exhibit a broader and more widespread corneal involvement, whereas allergic or bacterial conjunctivitis often does not 
directly impact the cornea. Preauricular lymphadenopathy manifests as the enlargement of lymph nodes located in front 
of the ear. Prevalent in viral conjunctivitis, especially adenoviral infections. This discovery can aid in distinguishing 
between allergic or bacterial origins.

Clinical examination: Prompt diagnosis of viral blepharoconjunctivitis is essential in other to control the spread of the 
disease. Subjective symptoms such as eyelid swelling, serofibrinous discharges, ciliary injection, subconjunctival 
hemorrhage, punctate epithelial keratopathy, and occasional preauricular lymph node inflammation may aid in the 
diagnosis[123].

Laboratory tests: Careful examination of the eyelid margins and the type of discharge emanating from the eye and the 
lymph nodes are useful clinical tests that can help the diagnosis of viral blepharoconjunctivitis. The immunochromato-
graphy test kit was introduced to diagnose adenoviral infections in 1996[124]. It works by detecting the presence of the 
presence of hexon proteins which are the outer parts of adenoviruses[125]. A unique viral detection tool that uses tears 
instead of conjunctival scrapings has also been found useful in the diagnosis of adenoviruses[126,127].

Viral culture: Molecular analyses are the most common method for diagnosing the presence of viruses in vivo or 
in vitro, as the time taken to isolate a virus might be long, demands a lot of technical know-how, is expensive, and also 
requires a special form of setup.
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For effective management of viral blepharoconjunctivitis, culture assessment is very important, as determination of the 
viral agent involved is of paramount importance. With the knowledge that the viral load is a factor in the remission of 
symptoms and prognosis[127], effective laboratory culture becomes very important, the virus of concern must be 
determined with high-level accuracy, and the best-responding medication taught in the management of the condition
[64]. Although the most common viral agent isolated from the ocular surface over the years, is the herpes simplex virus 1
[128], that does not mean a randomized treatment plan should not be discontinued if resolution seems not to occur. 
Viruses can be cultured in two or more forms, of which we have the tube culture and the shell vial method.

PCR: Metagenomic deep sequencing, and cenegermin nerve growth factor[129] offer promise as diagnostic, and 
therapeutic options, respectively. Polymerase chain reaction offers a wide range of advantages, including but not limited 
to, high sensitivity and specificity, it can also be used to assess a wide range of rotavirus, which is a common cause of 
diarrhea in children[130,131]. Real-time PCR helps in obtaining insights into viral workups, including those affecting the 
respiratory tracts in children[132]. Polymerase chain reaction comes highly recommended in cases of recurrent or non-
differentiating ocular inflammation. The PCR test is a rapid test for identification of different strains of the adenovirus
[133-135].

Imaging studies: Confocal microscopy is a very important non-invasive method of imaging, even in cases where there is 
already existing keratopathy[136]. Adenovirus infections usually are capable of affecting deeper tissues spreading down 
to the orbit, hence MRI is a strong tool in the clinical workup of ocular infection, with high-level suspicion for adenovirus
[137,138]. Immunochromatography comes in more handy and useful than the enzymatic assay, in terms of specificity and 
sensitivity, in identifying adenoviral-related conjunctivitis[139]. In almost all cases of viral infection electron microscopy, 
due to its rapid nature and relatively inexpensiveness, it is an important imaging tool in viral infections[140].

Management strategies for viral blepharoconjunctivitis
Management of viral blepharoconjunctivitis starts with an appropriate diagnosis of the actual causative agent, followed 
by an appropriate culture plan, if management or treatment must be holistic, and with better prognostic outcome. 
Although if management is prompt better outcomes are sure, but some cases can end up causing debilitating ocular 
defects with long-time visual disability and discomfort. A remarkable effect has been found from the use of zalcitabine, 
sanidine, interferon beta, and anti osteopontin, in the treatment of adenoviral-related conjunctivitis[141], there seems to 
be no experimental study to show the significant therapeutic effect gotten from the combination of topical corticosteroid 
and topical cidofovir in treating adenoviral related eye infection[142]. Some cases of ocular tumor especially ocular 
sebaceous carcinoma can present with signs of blepharoconjunctivitis too, so appropriate diagnosis of a condition is very 
key in preventing more devastating sequelae[143]. Managing blepharoconjunctivitis irrespective of the cause is poised at 
limiting surface inflammation, limiting dysfunction involving the meibomian gland and protecting the eyelid integrity
[144].

General supportive measures
Management is usually supportive or conservative, especially in uncomplicated cases[24]. The use of a warm compass to 
relieve symptoms and appropriate ocular hygiene has also been documented. Also, there is an important need to as a 
matter of importance avoid possible triggers, especially environmental triggers[1]. For cases of blepharoconjunctivitis 
occurring side by side with other conditions, are managed with proper management of the triggering condition, 
Termozolamide has been found to have ocular side effects in treating a patient that presents with blepharoconjunctivitis 
and also multiform gliomas[145] eyelid hygiene enhances better treatment outcome in cases of blepharoconjunctivitis
[146].

Complications and their management
Blepharoconjunctivitis can lead to a range of complications if not properly managed. One major complication is chronic 
discomfort and irritation[146], which can significantly impact a patient's quality of life similar to other diseases[147,148]. 
Persistent inflammation can in turn cause changes in the structure of the eyelids, such as thickening, scarring, or the 
development of irregularities in the eyelid margin[149,150]. These structural changes can disrupt the normal function of 
the eyelids, potentially leading to issues like trichiasis, where eyelashes grow inward and rub against the cornea, causing 
further irritation and risk of corneal abrasions or ulcers, and eventual blindness[146].

Another significant complication of blepharoconjunctivitis is the increased risk of secondary infections[151]. The 
chronic inflammation and disruption of the normal eyelid and conjunctival architecture can compromise the natural 
barriers that protect the eye from pathogens. This can lead to recurrent bacterial or viral infections, which may exacerbate 
the inflammation and further damage the ocular surface. Additionally, chronic inflammation can result in meibomian 
gland dysfunction, leading to dry eye syndrome. This condition not only causes discomfort but also increases the risk of 
further complications like corneal erosion, which can severely impair vision if not treated appropriately. Thus, the ma-
nagement of blepharoconjunctivitis requires a comprehensive approach to mitigate these potential complications and 
preserve ocular health.

Prevention and control measures
Hygiene practices: As with all infective processes, proper hygiene is the first point of call in preventive considerations. A 
primary step is maintaining good eyelid hygiene[152]. This involves regular cleaning of the eyelids to remove debris, oils, 
and bacteria that can contribute to inflammation[152]. Using a clean, damp cloth or a commercially available eyelid scrub, 
gently wipe along the lash line to keep the area clean[153]. It’s recommended to perform this cleaning routine at least 
once a day, especially if the patient has a predisposition to blepharitis or has experienced recurrent episodes of 
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conjunctivitis[154].
Another essential step is to practice good hand hygiene, as this helps to prevent the transfer of infectious agents to the 

eyes[114]. Hands should be washed thoroughly with soap and water before touching the face or eyes[155]. Additionally, 
individuals should avoid rubbing their eyes, as this can introduce bacteria or viruses and exacerbate irritation[155]. For 
contact lens users, it is vital to follow proper lens care guidelines, including washing hands before handling lenses, using 
appropriate cleaning solutions, and replacing lenses as recommended[156,157]. Avoid sharing personal items like towels, 
cosmetics, and eye drops to minimize the risk of cross-contamination. Implementing these hygiene practices can 
significantly reduce the likelihood of developing blepharoconjunctivitis and help maintain overall eye health.

Vaccines: Vaccinations are a useful management for viral blepharoconjunctivitis as they directly attack the causal agents. 
Trifluridine has been suggested as a possible prophylactic choice for adenoviruses and the monkeypox virus[158]. 
Trifluridine combined with brincidofovir and tecovirimat performed better than single-therapy tecovirimat in resistant 
monkeypox strains[159]. Multiple vaccines including NIOCH-14, Cidofovir, CMX-001, and ST-246 are in the final stages 
of development and show some promise in blepharoconjunctivitis prevention[160]. Al-Dwairi et al[161] reported that 
periocular vaccination produced better protection against herpes simplex keratitis than against systemic vaccination. 
Naidu et al[162] however suggested that intramuscular administration of the HSV-VC1 vaccine resulted in complete 
protection against the McKrae strain of the HSV virus. On the other hand, systemic vaccines have also been known to re-
activate dormant herpes simplex virus in ocular tissue[163].

CONCLUSION
In conclusion, viral blepharoconjunctivitis presents a significant clinical challenge due to its highly contagious nature and 
potential for widespread transmission. This paper has shed light on the complexities surrounding this ocular condition by 
examining its etiology, clinical manifestations, diagnosis, and management strategies.

FOOTNOTES
Author contributions: Musa M and Zeppieri M wrote the outline; Bale IB, Suleman AI, Aluyi-Osa G, and Zeppieri M did the research and 
writing of the manuscript; D’Esposito F, Gagliano C, Longo A, Russo A, Musa M, and Zeppieri M assisted in the writing of the draft and 
final paper; Zeppieri M was responsible for the conception and design of the study and completed the English and scientific editing; Bale 
IB, Suleman AI, Aluyi-Osa G, D’Esposito F, Gagliano C, Longo A, Russo A, Musa M, and Zeppieri M assisted in the editing, making 
critical revisions of the manuscript and viewing all versions of the manuscript; All authors provided the final approval of the article.

Conflict-of-interest statement: All authors have no conflicts of interest to declare.

PRISMA 2009 Checklist statement: The authors have read the PRISMA 2009 Checklist, and the manuscript was prepared and revised 
according to the PRISMA 2009 Checklist.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country of origin: Italy

ORCID number: Mutali Musa 0000-0001-7486-8361; Babatunde Ismail Bale 0000-0003-2028-3960; Ayuba Suleman 0009-0004-0837-5146; 
Gladness Aluyi-Osa 0000-0003-1320-2851; Ekele Chukwuyem 0000-0003-4831-5389; Fabiana D’Esposito 0000-0002-7938-876X; Antonio Longo 
0000-0002-9525-1800; Andrea Russo 0000-0003-3816-0539; Marco Zeppieri 0000-0003-0999-5545.

S-Editor: Liu JH 
L-Editor: A 
P-Editor: Zheng XM

REFERENCES
1 Fazal MI, Patel BC.   Blepharoconjunctivitis. 2023 Jul 31. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 [PMID: 

32644328]
2 Chodosh J, Pineda R II, Bunya VY, Sundar G, Yen MT, MD, Burkat CN, Kaufman AR.   2024. Monkeypox. Accessed June 7, 2024. 

Available from: https://eyewiki.org/Monkeypox
3 McCulley JP. Blepharoconjunctivitis. Int Ophthalmol Clin 1984; 24: 65-77 [PMID: 6233233 DOI: 10.1097/00004397-198424020-00009]
4 Zeppieri M, Gagliano C, Spadea L, Salati C, Chukwuyem EC, Enaholo ES, D'Esposito F, Musa M. From Eye Care to Hair Growth: 

Bimatoprost. Pharmaceuticals (Basel) 2024; 17 [PMID: 38794131 DOI: 10.3390/ph17050561]
Vitiello L, Lixi F, Coco G, Giannaccare G. Ocular Surface Side Effects of Novel Anticancer Drugs. Cancers (Basel) 2024; 16 [PMID: 5

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-7486-8361
http://orcid.org/0000-0001-7486-8361
http://orcid.org/0000-0003-2028-3960
http://orcid.org/0000-0003-2028-3960
http://orcid.org/0009-0004-0837-5146
http://orcid.org/0009-0004-0837-5146
http://orcid.org/0000-0003-1320-2851
http://orcid.org/0000-0003-1320-2851
http://orcid.org/0000-0003-4831-5389
http://orcid.org/0000-0003-4831-5389
http://orcid.org/0000-0002-7938-876X
http://orcid.org/0000-0002-7938-876X
http://orcid.org/0000-0002-9525-1800
http://orcid.org/0000-0002-9525-1800
http://orcid.org/0000-0003-3816-0539
http://orcid.org/0000-0003-3816-0539
http://orcid.org/0000-0003-0999-5545
http://orcid.org/0000-0003-0999-5545
http://www.ncbi.nlm.nih.gov/pubmed/32644328
https://eyewiki.org/Monkeypox
http://www.ncbi.nlm.nih.gov/pubmed/6233233
https://dx.doi.org/10.1097/00004397-198424020-00009
http://www.ncbi.nlm.nih.gov/pubmed/38794131
https://dx.doi.org/10.3390/ph17050561


Musa M et al. Blepharoconjunctivitis

WJV https://www.wjgnet.com 11 December 25, 2024 Volume 13 Issue 4

38254833 DOI: 10.3390/cancers16020344]
6 Pereira SM, Lima RV, Muniz MCR, Araújo MBF, de Moraes Ferreira Júnior L, de Queiroz Sales Martins JT, Luz CFC, Cid DAC, da Rocha 

Lucena D. Congenital herpes simplex with ophthalmic and multisystem features: a case report. BMC Pediatr 2023; 23: 611 [PMID: 38044450 
DOI: 10.1186/s12887-023-04423-1]

7 Nghiem AZ, Ameen M, Koutroumanos N. Canalicular obstruction associated with dupilumab. Int Ophthalmol 2023; 43: 4791-4795 [PMID: 
37843763 DOI: 10.1007/s10792-023-02880-2]

8 Xu Z, Oyeniran EO, Xu X, Baumrin EL. Pseudomonal blepharoconjunctivitis causing neutropenic sepsis after allogeneic hematopoietic cell 
transplantation. Transpl Infect Dis 2022; 24: e13718 [PMID: 34435717 DOI: 10.1111/tid.13718]

9 Bothun CE, Decanini A, Bothun ED. Tinea blepharitis and follicular conjunctivitis in a child. J AAPOS 2021; 25: 253-254 [PMID: 34166819 
DOI: 10.1016/j.jaapos.2021.04.004]

10 Subramanian N. Blepharoplasty. Indian J Plast Surg 2008; 41: S88-S92 [PMID: 20174547 DOI: 10.1055/s-0039-1700479]
11 Kinash RG, Fulton NJ. Essential blepharospasm: nursing update. J Neurosci Nurs 1990; 22: 215-219 [PMID: 2144555 DOI: 

10.1097/01376517-199008000-00005]
12 Mehrotra N, Singh S.   Periodontitis. 2023 May 1. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 [PMID: 

31082170]
13 Thygeson P. The etiology and treatment of blepharitis; a study in military personnel. Mil Surg 1946; 98: 191-203 [PMID: 21017790 DOI: 

10.1093/milmed/98.3.191]
14 Floor T, Henry YP, Kraal-Biezen E. [Corneal perforation due to 'lost' contact lenses]. Ned Tijdschr Geneeskd 2019; 163 [PMID: 31647622]
15 Idu FK, Efosa AD, Mutali M Jr. Ocular Side Effects of Eyelash Extension Use Among Female Students of the University of Benin, Benin 

City, Edo State, Nigeria. Cureus 2024; 16: e53047 [PMID: 38410308 DOI: 10.7759/cureus.53047]
16 Sabhahit SV, Babu M, V D. Ocular effects of eye cosmetic formulations. Cutan Ocul Toxicol 2024; 43: 154-160 [PMID: 38806172 DOI: 

10.1080/15569527.2024.2360735]
17 Le T, Can B, Orge F. Herpes Simplex Conjunctivitis and Recurrent Chalazia in a Patient DOCK8 Deficiency. Ocul Immunol Inflamm 2022; 

30: 1988-1991 [PMID: 34255603 DOI: 10.1080/09273948.2021.1919309]
18 Yeu E, Garg S, Ayres BD, Beckman K, Chamberlain W, Lee B, Raju L, Rao N, Rocha KM, Schallhorn J, Zavodni Z, Mah FS, Farid M; from 

the ASCRS Cornea Clinical Committee. Current state and future perspectives in the diagnosis of eyelid margin disease: clinical review. J 
Cataract Refract Surg 2024; 50: 868-875 [PMID: 38758201 DOI: 10.1097/j.jcrs.0000000000001483]

19 Ahuja AS, Farford BA, Forouhi M, Abdin R, Salinas M. The Ocular Manifestations of COVID-19 Through Conjunctivitis. Cureus 2020; 12: 
e12218 [PMID: 33489624 DOI: 10.7759/cureus.12218]

20 Salvetat ML, Musa M, Pellegrini F, Salati C, Spadea L, Zeppieri M. Considerations of COVID-19 in Ophthalmology. Microorganisms 2023; 
11 [PMID: 37764064 DOI: 10.3390/microorganisms11092220]

21 Musa MJ, Okoye SG, Enaholo E, Ogwumu KE, Iyami NG. Stevens-Johnson syndrome in an 18-year-old Nigerian female: A case report. Jrnl 
Nig Opto Assoc 2023; 25: 32-41 [DOI: 10.4314/jnoa.v25i1.6]

22 Patel NV, Gupta N, Shetty R. Preferred practice patterns and review on rosacea. Indian J Ophthalmol 2023; 71: 1382-1390 [PMID: 37026270 
DOI: 10.4103/IJO.IJO_2983_22]

23 Bloom J, Parise M, Saeed O, Holicki C, Mihok B. Monkeypox Presenting with Blepharoconjunctivitis. Case Rep Ophthalmol 2023; 14: 647-
653 [PMID: 38023611 DOI: 10.1159/000533914]

24 Kornhauser T, Pemberton JD. Temozolomide-associated blepharoconjunctivitis: a case report. BMC Ophthalmol 2024; 24: 162 [PMID: 
38609860 DOI: 10.1186/s12886-024-03417-6]

25 Ferreira S, Torres T. Conjunctivitis in patients with atopic dermatitis treated with dupilumab. Drugs Context 2020; 9 [PMID: 32426016 DOI: 
10.7573/dic.2020-2-3]

26 Liberman P, Shifera AS, Berkenstock M. Dupilumab-Associated Conjunctivitis in Patients With Atopic Dermatitis. Cornea 2020; 39: 784-786 
[PMID: 31985517 DOI: 10.1097/ICO.0000000000002262]

27 Zannella C, Chianese A, De Bernardo M, Folliero V, Petrillo F, De Filippis A, Boccia G, Franci G, Rosa N, Galdiero M. Ophthalmic Solutions 
with a Broad Antiviral Action: Evaluation of Their Potential against Ocular Herpetic Infections. Microorganisms 2022; 10 [PMID: 36144330 
DOI: 10.3390/microorganisms10091728]

28 Scampoli P, Di Martino G, Cedrone F, Odio C, Di Giovanni P, Romano F, Staniscia T. The Burden of Herpes Zoster on Hospital Admissions: 
A Retrospective Analysis in the Years of 2015-2021 from the Abruzzo Region, Italy. Vaccines (Basel) 2024; 12 [PMID: 38793713 DOI: 
10.3390/vaccines12050462]

29 Pinchinat S, Cebrián-Cuenca AM, Bricout H, Johnson RW. Similar herpes zoster incidence across Europe: results from a systematic literature 
review. BMC Infect Dis 2013; 13: 170 [PMID: 23574765 DOI: 10.1186/1471-2334-13-170]

30 Huang W, Bai L, Tang H. Epstein-Barr virus infection: the micro and macro worlds. Virol J 2023; 20: 220 [PMID: 37784180 DOI: 
10.1186/s12985-023-02187-9]

31 Paroli MP, Restivo L, Ottaviani E, Nardella C, Abicca I, Spadea L, Paroli M. Clinical Features of Infectious Uveitis in Children Referred to a 
Hospital-Based Eye Clinic in Italy. Medicina (Kaunas) 2022; 58 [PMID: 36422212 DOI: 10.3390/medicina58111673]

32 Ye Z, Chen L, Zhong H, Cao L, Fu P, Xu J. Epidemiology and clinical characteristics of Epstein-Barr virus infection among children in 
Shanghai, China, 2017-2022. Front Cell Infect Microbiol 2023; 13: 1139068 [PMID: 37026057 DOI: 10.3389/fcimb.2023.1139068]

33 Al-Anazi AE, Alanazi BS, Alshanbari HM, Masuadi E, Hamed ME, Dandachi I, Alkathiri A, Hanif A, Nour I, Fatani H, Alsaran H, AlKhareeb 
F, Al Zahrani A, Alsharm AA, Eifan S, Alosaimi B. Increased Prevalence of EBV Infection in Nasopharyngeal Carcinoma Patients: A Six-
Year Cross-Sectional Study. Cancers (Basel) 2023; 15 [PMID: 36765601 DOI: 10.3390/cancers15030643]

34 Lévêque N, Huguet P, Norder H, Chomel JJ. [Enteroviruses responsible for acute hemorrhagic conjunctivitis]. Med Mal Infect 2010; 40: 212-
218 [PMID: 19836177 DOI: 10.1016/j.medmal.2009.09.006]

35 Scandale P, Raccagni AR, Nozza S. Unilateral Blepharoconjunctivitis due to Monkeypox Virus Infection. Ophthalmology 2022; 129: 1274 
[PMID: 36041955 DOI: 10.1016/j.ophtha.2022.08.013]

36 Omari AA, Mian SI. Adenoviral keratitis: a review of the epidemiology, pathophysiology, clinical features, diagnosis, and management. Curr 
Opin Ophthalmol 2018; 29: 365-372 [PMID: 29708932 DOI: 10.1097/ICU.0000000000000485]

37 Balasopoulou A, Κokkinos P, Pagoulatos D, Plotas P, Makri OE, Georgakopoulos CD, Vantarakis A. Α molecular epidemiological analysis of 
adenoviruses from excess conjunctivitis cases. BMC Ophthalmol 2017; 17: 51 [PMID: 28438142 DOI: 10.1186/s12886-017-0447-x]

http://www.ncbi.nlm.nih.gov/pubmed/38254833
https://dx.doi.org/10.3390/cancers16020344
http://www.ncbi.nlm.nih.gov/pubmed/38044450
https://dx.doi.org/10.1186/s12887-023-04423-1
http://www.ncbi.nlm.nih.gov/pubmed/37843763
https://dx.doi.org/10.1007/s10792-023-02880-2
http://www.ncbi.nlm.nih.gov/pubmed/34435717
https://dx.doi.org/10.1111/tid.13718
http://www.ncbi.nlm.nih.gov/pubmed/34166819
https://dx.doi.org/10.1016/j.jaapos.2021.04.004
http://www.ncbi.nlm.nih.gov/pubmed/20174547
https://dx.doi.org/10.1055/s-0039-1700479
http://www.ncbi.nlm.nih.gov/pubmed/2144555
https://dx.doi.org/10.1097/01376517-199008000-00005
http://www.ncbi.nlm.nih.gov/pubmed/31082170
http://www.ncbi.nlm.nih.gov/pubmed/21017790
https://dx.doi.org/10.1093/milmed/98.3.191
http://www.ncbi.nlm.nih.gov/pubmed/31647622
http://www.ncbi.nlm.nih.gov/pubmed/38410308
https://dx.doi.org/10.7759/cureus.53047
http://www.ncbi.nlm.nih.gov/pubmed/38806172
https://dx.doi.org/10.1080/15569527.2024.2360735
http://www.ncbi.nlm.nih.gov/pubmed/34255603
https://dx.doi.org/10.1080/09273948.2021.1919309
http://www.ncbi.nlm.nih.gov/pubmed/38758201
https://dx.doi.org/10.1097/j.jcrs.0000000000001483
http://www.ncbi.nlm.nih.gov/pubmed/33489624
https://dx.doi.org/10.7759/cureus.12218
http://www.ncbi.nlm.nih.gov/pubmed/37764064
https://dx.doi.org/10.3390/microorganisms11092220
https://dx.doi.org/10.4314/jnoa.v25i1.6
http://www.ncbi.nlm.nih.gov/pubmed/37026270
https://dx.doi.org/10.4103/IJO.IJO_2983_22
http://www.ncbi.nlm.nih.gov/pubmed/38023611
https://dx.doi.org/10.1159/000533914
http://www.ncbi.nlm.nih.gov/pubmed/38609860
https://dx.doi.org/10.1186/s12886-024-03417-6
http://www.ncbi.nlm.nih.gov/pubmed/32426016
https://dx.doi.org/10.7573/dic.2020-2-3
http://www.ncbi.nlm.nih.gov/pubmed/31985517
https://dx.doi.org/10.1097/ICO.0000000000002262
http://www.ncbi.nlm.nih.gov/pubmed/36144330
https://dx.doi.org/10.3390/microorganisms10091728
http://www.ncbi.nlm.nih.gov/pubmed/38793713
https://dx.doi.org/10.3390/vaccines12050462
http://www.ncbi.nlm.nih.gov/pubmed/23574765
https://dx.doi.org/10.1186/1471-2334-13-170
http://www.ncbi.nlm.nih.gov/pubmed/37784180
https://dx.doi.org/10.1186/s12985-023-02187-9
http://www.ncbi.nlm.nih.gov/pubmed/36422212
https://dx.doi.org/10.3390/medicina58111673
http://www.ncbi.nlm.nih.gov/pubmed/37026057
https://dx.doi.org/10.3389/fcimb.2023.1139068
http://www.ncbi.nlm.nih.gov/pubmed/36765601
https://dx.doi.org/10.3390/cancers15030643
http://www.ncbi.nlm.nih.gov/pubmed/19836177
https://dx.doi.org/10.1016/j.medmal.2009.09.006
http://www.ncbi.nlm.nih.gov/pubmed/36041955
https://dx.doi.org/10.1016/j.ophtha.2022.08.013
http://www.ncbi.nlm.nih.gov/pubmed/29708932
https://dx.doi.org/10.1097/ICU.0000000000000485
http://www.ncbi.nlm.nih.gov/pubmed/28438142
https://dx.doi.org/10.1186/s12886-017-0447-x


Musa M et al. Blepharoconjunctivitis

WJV https://www.wjgnet.com 12 December 25, 2024 Volume 13 Issue 4

38 Badawi AE, Kasem MA, Moemen D, El Sayed Zaki M. Molecular, Epidemiological and Clinical Assessment of Adenoviral 
Keratoconjunctivitis in Egypt: Institutional Study. Ocul Immunol Inflamm 2023; 31: 1640-1646 [PMID: 35816022 DOI: 
10.1080/09273948.2022.2092004]

39 Salvetat ML, Zeppieri M, Tosoni C, Parisi L, Brusini P. Non-conventional perimetric methods in the detection of early glaucomatous 
functional damage. Eye (Lond) 2010; 24: 835-842 [PMID: 19696803 DOI: 10.1038/eye.2009.216]

40 Gonçalves MA, de Vries AA. Adenovirus: from foe to friend. Rev Med Virol 2006; 16: 167-186 [PMID: 16710837 DOI: 10.1002/rmv.494]
41 Shafiei K, Makvandi M, Teimoori A, Samarbafzadeh A, Khataminia G, Jalilian S, Neisi N, Makvandi K, Haj MS. Frequency of adenovirus 

serotype 8 in patients with Keratoconjunctivitis, in Ahvaz, Iran. Iran J Microbiol 2019; 11: 129-136 [PMID: 31341567 DOI: 
10.18502/ijm.v11i2.1074]

42 Gupta D 4th, Daigavane S. A Clinical Case of Viral Keratitis. Cureus 2022; 14: e30311 [PMID: 36407263 DOI: 10.7759/cureus.30311]
43 Aoki K, Kaneko H, Kitaichi N, Ohguchi T, Tagawa Y, Ohno S. Clinical features of adenoviral conjunctivitis at the early stage of infection. Jpn 

J Ophthalmol 2011; 55: 11-15 [PMID: 21331686 DOI: 10.1007/s10384-010-0894-x]
44 Shivaprasad HL. Adenovirus group II-like infection in chukar partridges (Alectoris chukar). Avian Dis 2008; 52: 353-356 [PMID: 18646470 

DOI: 10.1637/8032-062007-Case.1]
45 Della Mea G, Bacchetti S, Zeppieri M, Brusini P, Cutuli D, Gigli GL. Nerve fibre layer analysis with GDx with a variable corneal compensator 

in patients with multiple sclerosis. Ophthalmologica 2007; 221: 186-189 [PMID: 17440281 DOI: 10.1159/000099299]
46 Doerfler W.   Adenoviruses. In: Baron S, editor. Medical Microbiology. 4th ed. Galveston (TX): University of Texas Medical Branch at 

Galvesto, 1996
47 Khehra N, Padda IS, Swift CJ.   Polymerase Chain Reaction (PCR). 2023 Mar 6. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 

Publishing; 2024 [PMID: 36943981]
48 Whitley RJ.   Herpesviruses. In: Baron S, editor. Medical Microbiology. 4th ed. Galveston (TX), 1996
49 Oh JO, Kimura SJ, Ostler HB. Acute ocular infection by type 2 herpes simplex virus in adults. Arch Ophthalmol 1975; 93: 1127-1129 [PMID: 

172050 DOI: 10.1001/archopht.1975.01010020845003]
50 Kareem Rhumaid A, Alak Mahdi Al-Buhilal J, Al-Rubaey NKF, Yassen Al-Zamily K. Prevalence and Antibiotic Susceptibility of Pathogenic 

Bacteria Associated with Ocular Infections in Adult Patients. Arch Razi Inst 2022; 77: 1917-1924 [PMID: 37123163 DOI: 
10.22092/ARI.2022.359510.2437]

51 Agulló-Ros I, Jiménez-Martín D, Camacho-Sillero L, Gortázar C, Capucci L, Cano-Terriza D, Zorrilla I, Gómez-Guillamón F, García-
Bocanegra I, Risalde MA. Pathological changes and viral antigen distribution in tissues of Iberian hare (Lepus granatensis) naturally infected 
with the emerging recombinant myxoma virus (ha-MYXV). Vet Rec 2023; 192: e2182 [PMID: 36129410 DOI: 10.1002/vetr.2182]

52 Ávila-Reyes VA, Díaz-Morales V, Chávez-Maya F, García-Espinosa G, Sánchez-Godoy FD. Outbreak of Systemic Avian Pox in Canaries 
(Serinus canaria domestica) Associated with the B1 Subgroup of Avian Pox Viruses. Avian Dis 2019; 63: 525-530 [PMID: 31967439 DOI: 
10.1637/12038-011819-Case.1]

53 Rokohl AC, Mor JM, Trester M, Koch KR, Heindl LM. [Rehabilitation of Anophthalmic Patients with Prosthetic Eyes in Germany Today - 
Supply Possibilities, Daily Use, Complications and Psychological Aspects]. Klin Monbl Augenheilkd 2019; 236: 54-62 [PMID: 30567009 DOI: 
10.1055/a-0764-4974]

54 Iftimovici R, Iordan L, Chelaru M. [Viral pollution studies of water environments]. Virologie 1989; 40: 119-123 [PMID: 2781725]
55 Wang TJ, Hsiao CH, Hu FR, Wang IJ, Hou YC. Acute bilateral diffuse corneal opacity in a child. Cornea 2007; 26: 375-378 [PMID: 

17413971 DOI: 10.1097/ICO.0b013e31802eaf7a]
56 Stumpf TH, Case R, Shimeld C, Easty DL, Hill TJ. Primary herpes simplex virus type 1 infection of the eye triggers similar immune responses 

in the cornea and the skin of the eyelids. J Gen Virol 2002; 83: 1579-1590 [PMID: 12075076 DOI: 10.1099/0022-1317-83-7-1579]
57 Papan C, Hagl B, Heinz V, Albert MH, Ehrt O, Sawalle-Belohradsky J, Neumann J, Ries M, Bufler P, Wollenberg A, Renner ED. Beneficial 

IFN-α treatment of tumorous herpes simplex blepharoconjunctivitis in dedicator of cytokinesis 8 deficiency. J Allergy Clin Immunol 2014; 133: 
1456-1458 [PMID: 24698314 DOI: 10.1016/j.jaci.2014.02.008]

58 Matos RJC, Pires JMS, Cortesão D. Management of Neonatal Herpes Simplex Infection: A Rare Case of Blepharoconjunctivitis and 
Concurrent Epithelial and Stromal Keratitis. Ocul Immunol Inflamm 2018; 26: 625-627 [PMID: 27849421 DOI: 
10.1080/09273948.2016.1242017]

59 Carter SB, Cohen EJ. Development of Herpes Simplex Virus Infectious Epithelial Keratitis During Oral Acyclovir Therapy and Response to 
Topical Antivirals. Cornea 2016; 35: 692-695 [PMID: 26989961 DOI: 10.1097/ICO.0000000000000806]

60 Liu S, Pavan-Langston D, Colby KA. Pediatric herpes simplex of the anterior segment: characteristics, treatment, and outcomes. 
Ophthalmology 2012; 119: 2003-2008 [PMID: 22796308 DOI: 10.1016/j.ophtha.2012.05.008]

61 Campanella PC, Rosenwasser GO, Sassani JW, Goldberg SH. Herpes simplex blepharoconjunctivitis presenting as complete acquired 
ankyloblepharon. Cornea 1997; 16: 360-361 [PMID: 9143812 DOI: 10.1097/00003226-199705000-00018]

62 Wilhelmus KR, Dawson CR, Barron BA, Bacchetti P, Gee L, Jones DB, Kaufman HE, Sugar J, Hyndiuk RA, Laibson PR, Stulting RD, Asbell 
PA. Risk factors for herpes simplex virus epithelial keratitis recurring during treatment of stromal keratitis or iridocyclitis. Herpetic Eye 
Disease Study Group. Br J Ophthalmol 1996; 80: 969-972 [PMID: 8976723 DOI: 10.1136/bjo.80.11.969]

63 Malik AN, Hildebrand GD, Sekhri R, Russell-Eggitt IM. Bilateral macular scars following intrauterine herpes simplex virus type 2 infection. J 
AAPOS 2008; 12: 305-306 [PMID: 18440255 DOI: 10.1016/j.jaapos.2008.01.002]

64 Souza PM, Holland EJ, Huang AJ. Bilateral herpetic keratoconjunctivitis. Ophthalmology 2003; 110: 493-496 [PMID: 12623810 DOI: 
10.1016/S0161-6420(02)01772-4]

65 Imamoglu EY, Gunay M, Cilek EA, Karatekin G. Bilateral blepharoconjunctivitis as the presenting sign of disseminated herpes simplex 1 
infection in a preterm neonate. Ocul Immunol Inflamm 2014; 22: 326-329 [PMID: 24784884 DOI: 10.3109/09273948.2013.807346]

66 Hong J, Deng SX, Sun X, Xu J. Oral acyclovir for herpes simplex blepharoconjunctivitis in children. Ophthalmology 2013; 120: e28 [PMID: 
23732061 DOI: 10.1016/j.ophtha.2013.01.036]

67 Hu G, Wang MJ, Miller MJ, Holland GN, Bruckner DA, Civen R, Bornstein LA, Mascola L, Lovett MA, Mondino BJ, Pegues DA. Ocular 
vaccinia following exposure to a smallpox vaccinee. Am J Ophthalmol 2004; 137: 554-556 [PMID: 15013881 DOI: 10.1016/j.ajo.2003.09.013]

68 Adishvili L, Bodokia N, Tsikarishvili S, Tskitishvili A. Adult Varicella Complicated by Deep Venous Thrombosis and Pulmonary Embolism: 
A Case Report and a Literature Review. Cureus 2024; 16: e59213 [PMID: 38807843 DOI: 10.7759/cureus.59213]
Saksena R, Thomas BJ, Das R, Nagpal S, Suri PR, Wadhwa RK, Choudhary A, Gaind R, Gupta E. Varicella zoster virus outbreak in a long-69

http://www.ncbi.nlm.nih.gov/pubmed/35816022
https://dx.doi.org/10.1080/09273948.2022.2092004
http://www.ncbi.nlm.nih.gov/pubmed/19696803
https://dx.doi.org/10.1038/eye.2009.216
http://www.ncbi.nlm.nih.gov/pubmed/16710837
https://dx.doi.org/10.1002/rmv.494
http://www.ncbi.nlm.nih.gov/pubmed/31341567
https://dx.doi.org/10.18502/ijm.v11i2.1074
http://www.ncbi.nlm.nih.gov/pubmed/36407263
https://dx.doi.org/10.7759/cureus.30311
http://www.ncbi.nlm.nih.gov/pubmed/21331686
https://dx.doi.org/10.1007/s10384-010-0894-x
http://www.ncbi.nlm.nih.gov/pubmed/18646470
https://dx.doi.org/10.1637/8032-062007-Case.1
http://www.ncbi.nlm.nih.gov/pubmed/17440281
https://dx.doi.org/10.1159/000099299
http://www.ncbi.nlm.nih.gov/pubmed/36943981
http://www.ncbi.nlm.nih.gov/pubmed/172050
https://dx.doi.org/10.1001/archopht.1975.01010020845003
http://www.ncbi.nlm.nih.gov/pubmed/37123163
https://dx.doi.org/10.22092/ARI.2022.359510.2437
http://www.ncbi.nlm.nih.gov/pubmed/36129410
https://dx.doi.org/10.1002/vetr.2182
http://www.ncbi.nlm.nih.gov/pubmed/31967439
https://dx.doi.org/10.1637/12038-011819-Case.1
http://www.ncbi.nlm.nih.gov/pubmed/30567009
https://dx.doi.org/10.1055/a-0764-4974
http://www.ncbi.nlm.nih.gov/pubmed/2781725
http://www.ncbi.nlm.nih.gov/pubmed/17413971
https://dx.doi.org/10.1097/ICO.0b013e31802eaf7a
http://www.ncbi.nlm.nih.gov/pubmed/12075076
https://dx.doi.org/10.1099/0022-1317-83-7-1579
http://www.ncbi.nlm.nih.gov/pubmed/24698314
https://dx.doi.org/10.1016/j.jaci.2014.02.008
http://www.ncbi.nlm.nih.gov/pubmed/27849421
https://dx.doi.org/10.1080/09273948.2016.1242017
http://www.ncbi.nlm.nih.gov/pubmed/26989961
https://dx.doi.org/10.1097/ICO.0000000000000806
http://www.ncbi.nlm.nih.gov/pubmed/22796308
https://dx.doi.org/10.1016/j.ophtha.2012.05.008
http://www.ncbi.nlm.nih.gov/pubmed/9143812
https://dx.doi.org/10.1097/00003226-199705000-00018
http://www.ncbi.nlm.nih.gov/pubmed/8976723
https://dx.doi.org/10.1136/bjo.80.11.969
http://www.ncbi.nlm.nih.gov/pubmed/18440255
https://dx.doi.org/10.1016/j.jaapos.2008.01.002
http://www.ncbi.nlm.nih.gov/pubmed/12623810
https://dx.doi.org/10.1016/S0161-6420(02)01772-4
http://www.ncbi.nlm.nih.gov/pubmed/24784884
https://dx.doi.org/10.3109/09273948.2013.807346
http://www.ncbi.nlm.nih.gov/pubmed/23732061
https://dx.doi.org/10.1016/j.ophtha.2013.01.036
http://www.ncbi.nlm.nih.gov/pubmed/15013881
https://dx.doi.org/10.1016/j.ajo.2003.09.013
http://www.ncbi.nlm.nih.gov/pubmed/38807843
https://dx.doi.org/10.7759/cureus.59213


Musa M et al. Blepharoconjunctivitis

WJV https://www.wjgnet.com 13 December 25, 2024 Volume 13 Issue 4

term care unit of a tertiary care hospital in northern India. Epidemiol Infect 2024; 152: e81 [PMID: 38736415 DOI: 
10.1017/S0950268824000712]

70 Biswas J, Nagpal A, Chopra S, Karna S. Resolution of chicken pox neuroretinitis with oral acyclovir: a case report. Ocul Immunol Inflamm 
2003; 11: 315-318 [PMID: 14704904 DOI: 10.1076/ocii.11.4.315.18267]

71 Takahashi S, Okabayashi K, Soejima I, Oniki A, Ishihara S, Tomimitsu H. Delayed Superior Orbital Fissure Syndrome Arising More than 
One Month after Herpes Zoster Ophthalmicus and Meningitis. Intern Med 2024 [PMID: 38839332 DOI: 10.2169/internalmedicine.3652-24]

72 Musa M, Enaholo E, Aluyi-Osa G, Atuanya GN, Spadea L, Salati C, Zeppieri M. Herpes simplex keratitis: A brief clinical overview. World J 
Virol 2024; 13: 89934 [PMID: 38616855 DOI: 10.5501/wjv.v13.i1.89934]

73 Chau VQ, Hinkle JW, Wu CY, Pakravan P, Volante V, Sengillo JD, Staropoli PC, Miller D, Yannuzzi NA, Albini TA. Outcomes of infectious 
panuveitis associated with simultaneous multi-positive ocular fluid polymerase chain reaction. Retina 2024; 44: 909-915 [PMID: 38271688 
DOI: 10.1097/IAE.0000000000004037]

74 Soldan SS, Messick TE, Lieberman PM. Therapeutic approaches to Epstein-Barr virus cancers. Curr Opin Virol 2022; 56: 101260 [PMID: 
36174496 DOI: 10.1016/j.coviro.2022.101260]

75 Dunmire SK, Hogquist KA, Balfour HH. Infectious Mononucleosis. Curr Top Microbiol Immunol 2015; 390: 211-240 [PMID: 26424648 
DOI: 10.1007/978-3-319-22822-8_9]

76 Murata T. Epstein-Barr virus: the molecular virology and the associated diseases. Fujita Med J 2023; 9: 65-72 [PMID: 37234394 DOI: 
10.20407/fmj.2022-018]

77 Zhang N, Zuo Y, Jiang L, Peng Y, Huang X, Zuo L. Epstein-Barr Virus and Neurological Diseases. Front Mol Biosci 2021; 8: 816098 [PMID: 
35083281 DOI: 10.3389/fmolb.2021.816098]

78 O'Gallagher M, Bunce C, Hingorani M, Larkin F, Tuft S, Dahlmann-Noor A. Topical treatments for blepharokeratoconjunctivitis in children. 
Cochrane Database Syst Rev 2017; 2: CD011965 [PMID: 28170093 DOI: 10.1002/14651858.CD011965.pub2]

79 Lieberman PM. Chromatin Structure of Epstein-Barr Virus Latent Episomes. Curr Top Microbiol Immunol 2015; 390: 71-102 [PMID: 
26424644 DOI: 10.1007/978-3-319-22822-8_5]

80 Hatton OL, Harris-Arnold A, Schaffert S, Krams SM, Martinez OM. The interplay between Epstein-Barr virus and B lymphocytes: 
implications for infection, immunity, and disease. Immunol Res 2014; 58: 268-276 [PMID: 24619311 DOI: 10.1007/s12026-014-8496-1]

81 Smatti MK, Al-Sadeq DW, Ali NH, Pintus G, Abou-Saleh H, Nasrallah GK. Epstein-Barr Virus Epidemiology, Serology, and Genetic 
Variability of LMP-1 Oncogene Among Healthy Population: An Update. Front Oncol 2018; 8: 211 [PMID: 29951372 DOI: 
10.3389/fonc.2018.00211]

82 Cancian L, Bosshard R, Lucchesi W, Karstegl CE, Farrell PJ. C-terminal region of EBNA-2 determines the superior transforming ability of 
type 1 Epstein-Barr virus by enhanced gene regulation of LMP-1 and CXCR7. PLoS Pathog 2011; 7: e1002164 [PMID: 21857817 DOI: 
10.1371/journal.ppat.1002164]

83 Solomay TV, Semenenko TA. [Epstein-Barr viral infection is a global epidemiological problem]. Vopr Virusol 2022; 67: 265-273 [PMID: 
36097708 DOI: 10.36233/0507-4088-122]

84 França SAS, Viana JBGO, Góes HCA, Fonseca RRS, Laurentino RV, Costa IB, Oliveira-Filho AB, Machado LFA. Epidemiology of the 
Epstein-Barr Virus in Autoimmune Inflammatory Rheumatic Diseases in Northern Brazil. Viruses 2022; 14 [PMID: 35458425 DOI: 
10.3390/v14040694]

85 Hsia NY, Bair H, Lin CY, Lin CJ, Lai CT, Chang CM, Lin JM, Tsai YY. Epstein-Barr Virus Uveitis Confirmed via Aqueous Humor 
Polymerase Chain Reaction and Metagenomics-A Case Report. Medicina (Kaunas) 2024; 60 [PMID: 38256358 DOI: 
10.3390/medicina60010097]

86 Alba-Linero C, Rocha-de-Lossada C, Rachwani-Anil R, Sainz-de-la-Maza M, Sena-Corrales G, Romano V, Rodríguez-Calvo-de-Mora M. 
Anterior segment involvement in Epstein-Barr virus: a review. Acta Ophthalmol 2022; 100: e1052-e1060 [PMID: 34766457 DOI: 
10.1111/aos.15061]

87 Lee JH, Agarwal A, Mahendradas P, Lee CS, Gupta V, Pavesio CE, Agrawal R. Viral posterior uveitis. Surv Ophthalmol 2017; 62: 404-445 
[PMID: 28012878 DOI: 10.1016/j.survophthal.2016.12.008]

88 Tang RT, Gavito-Higuera J, Prospero Ponce CM. A Case of Epstein-Barr Virus Encephalitis and Orbital-Face Inflammation. Cureus 2024; 16: 
e56888 [PMID: 38659504 DOI: 10.7759/cureus.56888]

89 Mushiga Y, Komoto T, Nagai N, Ozawa Y. Effects of intraocular treatments for Epstein-Barr virus (EBV) retinitis: A case report. Medicine 
(Baltimore) 2021; 100: e28101 [PMID: 35049237 DOI: 10.1097/MD.0000000000028101]

90 Victor AA, Sukmana N. RETINAL VASCULITIS ASSOCIATED WITH EPSTEIN-BARR VIRUS INFECTION, A CASE REPORT. Retin 
Cases Brief Rep 2018; 12: 314-317 [PMID: 28030457 DOI: 10.1097/ICB.0000000000000508]

91 Hsia YC, Chin-Hong PV, Levin MH. Epstein-Barr Virus Neuroretinitis in a Lung Transplant Patient. J Neuroophthalmol 2017; 37: 43-47 
[PMID: 27525478 DOI: 10.1097/WNO.0000000000000433]

92 Peponis VG, Chatziralli IP, Parikakis EA, Chaira N, Katzakis MC, Mitropoulos PG. Bilateral Multifocal Chorioretinitis and Optic Neuritis due 
to Epstein-Barr Virus: A Case Report. Case Rep Ophthalmol 2012; 3: 327-332 [PMID: 23139677 DOI: 10.1159/000343704]

93 Keorochana N. A case report of Epstein-Barr virus-associated retinal vasculitis: successful treatment using only acyclovir therapy. Int Med 
Case Rep J 2016; 9: 213-218 [PMID: 27524923 DOI: 10.2147/IMCRJ.S107089]

94 Weller JM, Bergua A, Mardin CY. Retinopathy in a patient with acute Epstein-Barr virus infection: follow-up analysis using spectral domain 
optical coherence tomography. Retin Cases Brief Rep 2015; 9: 72-77 [PMID: 25383851 DOI: 10.1097/ICB.0000000000000087]

95 Savastano MC, Rispoli M, Di Antonio L, Mastropasqua L, Lumbroso B. Observed positive correlation between Epstein-Barr virus infection 
and focal choroidal excavation. Int Ophthalmol 2014; 34: 927-932 [PMID: 24193503 DOI: 10.1007/s10792-013-9874-8]

96 Liu Z, Ji MF, Huang QH, Fang F, Liu Q, Jia WH, Guo X, Xie SH, Chen F, Liu Y, Mo HY, Liu WL, Yu YL, Cheng WM, Yang YY, Wu BH, 
Wei KR, Ling W, Lin X, Lin EH, Ye W, Hong MH, Zeng YX, Cao SM. Two Epstein-Barr virus-related serologic antibody tests in 
nasopharyngeal carcinoma screening: results from the initial phase of a cluster randomized controlled trial in Southern China. Am J Epidemiol 
2013; 177: 242-250 [PMID: 23255783 DOI: 10.1093/aje/kws404]

97 De Paschale M, Clerici P. Serological diagnosis of Epstein-Barr virus infection: Problems and solutions. World J Virol 2012; 1: 31-43 [PMID: 
24175209 DOI: 10.5501/wjv.v1.i1.31]

98 She RC, Stevenson J, Phansalkar AR, Hillyard DR, Litwin CM, Petti CA. Limitations of polymerase chain reaction testing for diagnosing 
acute Epstein-Barr virus infections. Diagn Microbiol Infect Dis 2007; 58: 333-335 [PMID: 17376631 DOI: 
10.1016/j.diagmicrobio.2007.01.014]

http://www.ncbi.nlm.nih.gov/pubmed/38736415
https://dx.doi.org/10.1017/S0950268824000712
http://www.ncbi.nlm.nih.gov/pubmed/14704904
https://dx.doi.org/10.1076/ocii.11.4.315.18267
http://www.ncbi.nlm.nih.gov/pubmed/38839332
https://dx.doi.org/10.2169/internalmedicine.3652-24
http://www.ncbi.nlm.nih.gov/pubmed/38616855
https://dx.doi.org/10.5501/wjv.v13.i1.89934
http://www.ncbi.nlm.nih.gov/pubmed/38271688
https://dx.doi.org/10.1097/IAE.0000000000004037
http://www.ncbi.nlm.nih.gov/pubmed/36174496
https://dx.doi.org/10.1016/j.coviro.2022.101260
http://www.ncbi.nlm.nih.gov/pubmed/26424648
https://dx.doi.org/10.1007/978-3-319-22822-8_9
http://www.ncbi.nlm.nih.gov/pubmed/37234394
https://dx.doi.org/10.20407/fmj.2022-018
http://www.ncbi.nlm.nih.gov/pubmed/35083281
https://dx.doi.org/10.3389/fmolb.2021.816098
http://www.ncbi.nlm.nih.gov/pubmed/28170093
https://dx.doi.org/10.1002/14651858.CD011965.pub2
http://www.ncbi.nlm.nih.gov/pubmed/26424644
https://dx.doi.org/10.1007/978-3-319-22822-8_5
http://www.ncbi.nlm.nih.gov/pubmed/24619311
https://dx.doi.org/10.1007/s12026-014-8496-1
http://www.ncbi.nlm.nih.gov/pubmed/29951372
https://dx.doi.org/10.3389/fonc.2018.00211
http://www.ncbi.nlm.nih.gov/pubmed/21857817
https://dx.doi.org/10.1371/journal.ppat.1002164
http://www.ncbi.nlm.nih.gov/pubmed/36097708
https://dx.doi.org/10.36233/0507-4088-122
http://www.ncbi.nlm.nih.gov/pubmed/35458425
https://dx.doi.org/10.3390/v14040694
http://www.ncbi.nlm.nih.gov/pubmed/38256358
https://dx.doi.org/10.3390/medicina60010097
http://www.ncbi.nlm.nih.gov/pubmed/34766457
https://dx.doi.org/10.1111/aos.15061
http://www.ncbi.nlm.nih.gov/pubmed/28012878
https://dx.doi.org/10.1016/j.survophthal.2016.12.008
http://www.ncbi.nlm.nih.gov/pubmed/38659504
https://dx.doi.org/10.7759/cureus.56888
http://www.ncbi.nlm.nih.gov/pubmed/35049237
https://dx.doi.org/10.1097/MD.0000000000028101
http://www.ncbi.nlm.nih.gov/pubmed/28030457
https://dx.doi.org/10.1097/ICB.0000000000000508
http://www.ncbi.nlm.nih.gov/pubmed/27525478
https://dx.doi.org/10.1097/WNO.0000000000000433
http://www.ncbi.nlm.nih.gov/pubmed/23139677
https://dx.doi.org/10.1159/000343704
http://www.ncbi.nlm.nih.gov/pubmed/27524923
https://dx.doi.org/10.2147/IMCRJ.S107089
http://www.ncbi.nlm.nih.gov/pubmed/25383851
https://dx.doi.org/10.1097/ICB.0000000000000087
http://www.ncbi.nlm.nih.gov/pubmed/24193503
https://dx.doi.org/10.1007/s10792-013-9874-8
http://www.ncbi.nlm.nih.gov/pubmed/23255783
https://dx.doi.org/10.1093/aje/kws404
http://www.ncbi.nlm.nih.gov/pubmed/24175209
https://dx.doi.org/10.5501/wjv.v1.i1.31
http://www.ncbi.nlm.nih.gov/pubmed/17376631
https://dx.doi.org/10.1016/j.diagmicrobio.2007.01.014


Musa M et al. Blepharoconjunctivitis

WJV https://www.wjgnet.com 14 December 25, 2024 Volume 13 Issue 4

99 Sato T, Kitamura R, Kaburaki T, Takeuchi M. Retinitis associated with double infection of Epstein-Barr virus and varicella-zoster virus: A 
case report. Medicine (Baltimore) 2018; 97: e11663 [PMID: 30075555 DOI: 10.1097/MD.0000000000011663]

100 Walling DM, Flaitz CM, Nichols CM. Epstein-Barr virus replication in oral hairy leukoplakia: response, persistence, and resistance to 
treatment with valacyclovir. J Infect Dis 2003; 188: 883-890 [PMID: 12964120 DOI: 10.1086/378072]

101 Durand ML, Barshak MB, Sobrin L. Eye Infections. N Engl J Med 2023; 389: 2363-2375 [PMID: 38118024 DOI: 10.1056/NEJMra2216081]
102 Sinclair W, Omar M.   Enterovirus. 2023 Jul 31. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 [PMID: 32966001]
103 Langford MP, Anders EA, Burch MA. Acute hemorrhagic conjunctivitis: anti-coxsackievirus A24 variant secretory immunoglobulin A in 

acute and convalescent tear. Clin Ophthalmol 2015; 9: 1665-1673 [PMID: 26392747 DOI: 10.2147/OPTH.S85358]
104 Wright PW, Strauss GH, Langford MP. Acute hemorrhagic conjunctivitis. Am Fam Physician 1992; 45: 173-178 [PMID: 1309404]
105 Meza-Romero R, Navarrete-Dechent C, Downey C. Molluscum contagiosum: an update and review of new perspectives in etiology, 

diagnosis, and treatment. Clin Cosmet Investig Dermatol 2019; 12: 373-381 [PMID: 31239742 DOI: 10.2147/CCID.S187224]
106 Peterson AR, Nash E, Anderson BJ. Infectious Disease in Contact Sports. Sports Health 2019; 11: 47-58 [PMID: 30106670 DOI: 

10.1177/1941738118789954]
107 Leung AKC, Barankin B, Hon KLE. Molluscum Contagiosum: An Update. Recent Pat Inflamm Allergy Drug Discov 2017; 11: 22-31 [PMID: 

28521677 DOI: 10.2174/1872213X11666170518114456]
108 Senkevich TG, Koonin EV, Bugert JJ, Darai G, Moss B. The genome of molluscum contagiosum virus: analysis and comparison with other 

poxviruses. Virology 1997; 233: 19-42 [PMID: 9201214 DOI: 10.1006/viro.1997.8607]
109 Singh M, Acharya M, Gandhi A, Prakash U. Molluscum-related keratoconjunctivitis. Indian J Ophthalmol 2019; 67: 1176 [PMID: 31238446 

DOI: 10.4103/ijo.IJO_1808_18]
110 Ringeisen AL, Raven ML, Barney NP. Bulbar Conjunctival Molluscum Contagiosum. Ophthalmology 2016; 123: 294 [PMID: 26802706 DOI: 

10.1016/j.ophtha.2015.11.022]
111 Moss WJ. Measles. Lancet 2017; 390: 2490-2502 [PMID: 28673424 DOI: 10.1016/S0140-6736(17)31463-0]
112 Naim HY. Measles virus. Hum Vaccin Immunother 2015; 11: 21-26 [PMID: 25483511 DOI: 10.4161/hv.34298]
113 White SJ, Boldt KL, Holditch SJ, Poland GA, Jacobson RM. Measles, mumps, and rubella. Clin Obstet Gynecol 2012; 55: 550-559 [PMID: 

22510638 DOI: 10.1097/GRF.0b013e31824df256]
114 Hviid A, Rubin S, Mühlemann K. Mumps. Lancet 2008; 371: 932-944 [PMID: 18342688 DOI: 10.1016/S0140-6736(08)60419-5]
115 Muto T, Imaizumi S, Kamoi K. Viral Conjunctivitis. Viruses 2023; 15 [PMID: 36992385 DOI: 10.3390/v15030676]
116 Solano D, Fu L, Czyz CN.   Viral Conjunctivitis. 2023 Aug 28. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 

[PMID: 29262100]
117 Vasquez-Perez A, Magan T, Volpe G, Osborne SF, McFaul K, Vahdani K. Necrotizing Blepharoconjunctivitis and Keratitis in Human 

Monkeypox. JAMA Ophthalmol 2023; 141: 285-288 [PMID: 36757718 DOI: 10.1001/jamaophthalmol.2022.6253]
118 Rayati Damavandi A, Semnani F, Hassanpour K. A Review of Monkeypox Ocular Manifestations and Complications: Insights for the 2022 

Outbreak. Ophthalmol Ther 2023; 12: 55-69 [PMID: 36512187 DOI: 10.1007/s40123-022-00626-4]
119 Cardoso B, García-Bocanegra I, Queirós J, Fernández-López J, Alves PC, Acevedo P. Effect of Myxoma Virus Species Jump on Iberian Hare 

Populations. Emerg Infect Dis 2024; 30: 1293-1296 [PMID: 38781982 DOI: 10.3201/eid3006.231280]
120 Brugman VA, Hernández-Triana LM, Prosser SW, Weland C, Westcott DG, Fooks AR, Johnson N. Molecular species identification, host 

preference and detection of myxoma virus in the Anopheles maculipennis complex (Diptera: Culicidae) in southern England, UK. Parasit 
Vectors 2015; 8: 421 [PMID: 26271277 DOI: 10.1186/s13071-015-1034-8]

121 Rossini E, Bazzucchi M, Trocchi V, Merzoni F, Bertasio C, Knauf S, Lavazza A, Cavadini P. Identification and Characterisation of a Myxoma 
Virus Detected in the Italian Hare (Lepus corsicanus). Viruses 2024; 16 [PMID: 38543802 DOI: 10.3390/v16030437]

122 Farsang A, Makranszki L, Dobos-Kovács M, Virág G, Fábián K, Barna T, Kulcsár G, Kucsera L, Vetési F. Occurrence of atypical 
myxomatosis in Central Europe: clinical and virological examinations. Acta Vet Hung 2003; 51: 493-501 [PMID: 14680061 DOI: 
10.1556/AVet.51.2003.4.7]

123 Kowanz DH, Rokohl AC, Heindl LM. [Viral Conjunctivitis: Findings, Therapy, and Prophylaxis]. Klin Monbl Augenheilkd 2023; 240: 1317-
1331 [PMID: 37586401 DOI: 10.1055/a-2129-1255]

124 Ather F, Zia MA, Habib M, Shah MS. Development of an ELISA for the detection of fowl adenovirus serotype -4 utilizing fiber protein. 
Biologicals 2024; 85: 101752 [PMID: 38401400 DOI: 10.1016/j.biologicals.2024.101752]

125 Paulini I, Siqueira-Silva J, Thomaz L, Rocha L, Harsi C, Bellei N, Granato C. Development of a prototype immunochromatographic test for 
rapid diagnosis of respiratory adenovirus infection. Braz J Infect Dis 2017; 21: 500-506 [PMID: 28623675 DOI: 10.1016/j.bjid.2017.03.023]

126 Migita H, Ueno T, Tsukahara-Kawamura T, Saeki Y, Hanaoka N, Fujimoto T, Uchio E. Evaluation of adenovirus amplified detection of 
immunochromatographic test using tears including conjunctival exudate in patients with adenoviral keratoconjunctivitis. Graefes Arch Clin Exp 
Ophthalmol 2019; 257: 815-820 [PMID: 30826875 DOI: 10.1007/s00417-019-04281-7]

127 Isik P, Harbiyeli II, Ozturk G, Erdem E, Yagmur M, Yarkin F. The Relationship between Clinical Findings and Viral Load in Adenoviral 
Keratoconjunctivitis. Jpn J Infect Dis 2022; 75: 592-596 [PMID: 35908877 DOI: 10.7883/yoken.JJID.2022.210]

128 Mays JB, Mariem MN, Alabadi HI. Seroprevalence of herpes simplex virus type 1 (Herpesviridae: Simplexvirus: Human alphaherpesvirus 1) 
in smokers. Vopr Virusol 2024; 69: 187-192 [PMID: 38843024 DOI: 10.36233/0507-4088-220]

129 Adams BS, Patel AR.   Cenegermin. 2024 Mar 19. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 [PMID: 
34424642]

130 Mousavi-Nasab SD, Sabahi F, Kaghazian H, Paryan M, Mirab Samiee S, Ghaderi M, Zali F, Makvandi M. A Real-Time RT-PCR Assay for 
Genotyping of Rotavirus. Iran Biomed J 2020; 24: 399-404 [PMID: 32660931 DOI: 10.29252/ibj.24.6.394]

131 El-Sayed Zaki M, Abd-El Fatah GA. Rapid detection of oculopathogenic adenovirus in conjunctivitis. Curr Microbiol 2008; 56: 105-109 
[PMID: 17985184 DOI: 10.1007/s00284-007-9054-z]

132 Behera HS, Srigyan D. Evaluation of Polymerase Chain Reaction over Routine Microbial Diagnosis for the Diagnosis of Fungal Keratitis. 
Optom Vis Sci 2021; 98: 280-284 [PMID: 33633022 DOI: 10.1097/OPX.0000000000001652]

133 Laaks D, Smit DP, Harvey J. Polymerase chain reaction to search for Herpes viruses in uveitic and healthy eyes: a South African perspective. 
Afr Health Sci 2015; 15: 748-754 [PMID: 26957961 DOI: 10.4314/ahs.v15i3.7]

134 Gilbert LL, Dakhama A, Bone BM, Thomas EE, Hegele RG. Diagnosis of viral respiratory tract infections in children by using a reverse 
transcription-PCR panel. J Clin Microbiol 1996; 34: 140-143 [PMID: 8748290 DOI: 10.1128/jcm.34.1.140-143.1996]

http://www.ncbi.nlm.nih.gov/pubmed/30075555
https://dx.doi.org/10.1097/MD.0000000000011663
http://www.ncbi.nlm.nih.gov/pubmed/12964120
https://dx.doi.org/10.1086/378072
http://www.ncbi.nlm.nih.gov/pubmed/38118024
https://dx.doi.org/10.1056/NEJMra2216081
http://www.ncbi.nlm.nih.gov/pubmed/32966001
http://www.ncbi.nlm.nih.gov/pubmed/26392747
https://dx.doi.org/10.2147/OPTH.S85358
http://www.ncbi.nlm.nih.gov/pubmed/1309404
http://www.ncbi.nlm.nih.gov/pubmed/31239742
https://dx.doi.org/10.2147/CCID.S187224
http://www.ncbi.nlm.nih.gov/pubmed/30106670
https://dx.doi.org/10.1177/1941738118789954
http://www.ncbi.nlm.nih.gov/pubmed/28521677
https://dx.doi.org/10.2174/1872213X11666170518114456
http://www.ncbi.nlm.nih.gov/pubmed/9201214
https://dx.doi.org/10.1006/viro.1997.8607
http://www.ncbi.nlm.nih.gov/pubmed/31238446
https://dx.doi.org/10.4103/ijo.IJO_1808_18
http://www.ncbi.nlm.nih.gov/pubmed/26802706
https://dx.doi.org/10.1016/j.ophtha.2015.11.022
http://www.ncbi.nlm.nih.gov/pubmed/28673424
https://dx.doi.org/10.1016/S0140-6736(17)31463-0
http://www.ncbi.nlm.nih.gov/pubmed/25483511
https://dx.doi.org/10.4161/hv.34298
http://www.ncbi.nlm.nih.gov/pubmed/22510638
https://dx.doi.org/10.1097/GRF.0b013e31824df256
http://www.ncbi.nlm.nih.gov/pubmed/18342688
https://dx.doi.org/10.1016/S0140-6736(08)60419-5
http://www.ncbi.nlm.nih.gov/pubmed/36992385
https://dx.doi.org/10.3390/v15030676
http://www.ncbi.nlm.nih.gov/pubmed/29262100
http://www.ncbi.nlm.nih.gov/pubmed/36757718
https://dx.doi.org/10.1001/jamaophthalmol.2022.6253
http://www.ncbi.nlm.nih.gov/pubmed/36512187
https://dx.doi.org/10.1007/s40123-022-00626-4
http://www.ncbi.nlm.nih.gov/pubmed/38781982
https://dx.doi.org/10.3201/eid3006.231280
http://www.ncbi.nlm.nih.gov/pubmed/26271277
https://dx.doi.org/10.1186/s13071-015-1034-8
http://www.ncbi.nlm.nih.gov/pubmed/38543802
https://dx.doi.org/10.3390/v16030437
http://www.ncbi.nlm.nih.gov/pubmed/14680061
https://dx.doi.org/10.1556/AVet.51.2003.4.7
http://www.ncbi.nlm.nih.gov/pubmed/37586401
https://dx.doi.org/10.1055/a-2129-1255
http://www.ncbi.nlm.nih.gov/pubmed/38401400
https://dx.doi.org/10.1016/j.biologicals.2024.101752
http://www.ncbi.nlm.nih.gov/pubmed/28623675
https://dx.doi.org/10.1016/j.bjid.2017.03.023
http://www.ncbi.nlm.nih.gov/pubmed/30826875
https://dx.doi.org/10.1007/s00417-019-04281-7
http://www.ncbi.nlm.nih.gov/pubmed/35908877
https://dx.doi.org/10.7883/yoken.JJID.2022.210
http://www.ncbi.nlm.nih.gov/pubmed/38843024
https://dx.doi.org/10.36233/0507-4088-220
http://www.ncbi.nlm.nih.gov/pubmed/34424642
http://www.ncbi.nlm.nih.gov/pubmed/32660931
https://dx.doi.org/10.29252/ibj.24.6.394
http://www.ncbi.nlm.nih.gov/pubmed/17985184
https://dx.doi.org/10.1007/s00284-007-9054-z
http://www.ncbi.nlm.nih.gov/pubmed/33633022
https://dx.doi.org/10.1097/OPX.0000000000001652
http://www.ncbi.nlm.nih.gov/pubmed/26957961
https://dx.doi.org/10.4314/ahs.v15i3.7
http://www.ncbi.nlm.nih.gov/pubmed/8748290
https://dx.doi.org/10.1128/jcm.34.1.140-143.1996


Musa M et al. Blepharoconjunctivitis

WJV https://www.wjgnet.com 15 December 25, 2024 Volume 13 Issue 4

135 Chang CH, Sheu MM, Lin KH, Chen CW. Hemorrhagic viral keratoconjunctivitis in Taiwan caused by adenovirus types 19 and 37: 
applicability of polymerase chain reaction-restriction fragment length polymorphism in detecting adenovirus genotypes. Cornea 2001; 20: 295-
300 [PMID: 11322419 DOI: 10.1097/00003226-200104000-00011]

136 Horton JC, Miller S. Magnetic Resonance Imaging in Epidemic Adenoviral Keratoconjunctivitis. JAMA Ophthalmol 2015; 133: 960-961 
[PMID: 26022084 DOI: 10.1001/jamaophthalmol.2015.1457]

137 Sharma S. Diagnosis of infectious diseases of the eye. Eye (Lond) 2012; 26: 177-184 [PMID: 22094299 DOI: 10.1038/eye.2011.275]
138 Uchio E, Aoki K, Saitoh W, Itoh N, Ohno S. Rapid diagnosis of adenoviral conjunctivitis on conjunctival swabs by 10-minute 

immunochromatography. Ophthalmology 1997; 104: 1294-1299 [PMID: 9261316 DOI: 10.1016/s0161-6420(97)30145-6]
139 Van Rij G, Klepper L, Peperkamp E, Schaap GJ. Immune electron microscopy and a cultural test in the diagnosis of adenovirus ocular 

infection. Br J Ophthalmol 1982; 66: 317-319 [PMID: 6280747 DOI: 10.1136/bjo.66.5.317]
140 Boerner CF, Lee FK, Wickliffe CL, Nahmias AJ, Cavanagh HD, Straus SE. Electron microscopy for the diagnosis of ocular viral infections. 

Ophthalmology 1981; 88: 1377-1381 [PMID: 6275326 DOI: 10.1016/s0161-6420(81)34882-9]
141 Nakagawara K, Hayashi H, Kawaji K, Sasano M, Kodama EN. Application of human lymphoid cells for the evaluation of antivirals against 

human adenovirus type 19: Zalcitabine has superior activity compared to cidofovir. Antivir Chem Chemother 2020; 28: 2040206620921319 
[PMID: 32345035 DOI: 10.1177/2040206620921319]

142 Muqit MM, Foot B, Walters SJ, Mudhar HS, Roberts F, Rennie IG. Observational prospective cohort study of patients with newly-diagnosed 
ocular sebaceous carcinoma. Br J Ophthalmol 2013; 97: 47-51 [PMID: 23117971 DOI: 10.1136/bjophthalmol-2012-302443]

143 Uchio E. [New medical treatment for viral conjunctivitis]. Nippon Ganka Gakkai Zasshi 2005; 109: 962-84; discussion 985 [PMID: 16408491]
144 Romanowski EG, Araullo-Cruz T, Gordon YJ. Topical corticosteroids reverse the antiviral effect of topical cidofovir in the Ad5-inoculated 

New Zealand rabbit ocular model. Invest Ophthalmol Vis Sci 1997; 38: 253-257 [PMID: 9019458]
145 Jhanji V, Chan TC, Li EY, Agarwal K, Vajpayee RB. Adenoviral keratoconjunctivitis. Surv Ophthalmol 2015; 60: 435-443 [PMID: 26077630 

DOI: 10.1016/j.survophthal.2015.04.001]
146 Ianchenko SV, Sakhnov SN, Malyshev AV, Fedotova NV, Orekhova OIu, Grishchenko IV. [Treatment of chronic allergic 

blepharoconjunctivitis]. Vestn Oftalmol 2014; 130: 78, 80-84 [PMID: 25711068]
147 Brusini P, Salvetat ML, Parisi L, Zeppieri M, Tosoni C. Discrimination between normal and early glaucomatous eyes with scanning laser 

polarimeter with fixed and variable corneal compensator settings. Eur J Ophthalmol 2005; 15: 468-476 [PMID: 16001380 DOI: 
10.1177/112067210501500409]

148 Ferreira ACZ, Mocelin LP, Zanini F, Santos MSD, Chong-Neto HJ, Mallozi MC, Solé D. Translation, adaptation, and psychometric 
properties of the Brazilian-Portuguese version of the Quality of Life in Children with Vernal Keratoconjunctivitis questionnaire. Arq Bras 
Oftalmol 2024; 87: e2023 [PMID: 38656024 DOI: 10.5935/0004-2749.2023-0054]

149 Christman JE, Gram D, Wellehan JFX, Craft WF, Scrivener J, Crevasse S, Kepley FA, Alexander AB. The use of intradermal allergy testing 
for allergic dermatitis in pteropid bats and treatment with allergen specific immunotherapy: A case series. J Zoo Wildl Med 2021; 52: 1298-
1308 [PMID: 34998303 DOI: 10.1638/2020-0202]

150 Levine RM, Tattersall IW, Gaudio PA, King BA. Cicatrizing Blepharoconjunctivitis Occurring During Dupilumab Treatment and a Proposed 
Algorithm for Its Management. JAMA Dermatol 2018; 154: 1485-1486 [PMID: 30347029 DOI: 10.1001/jamadermatol.2018.3427]

151 Kanukollu VM, Patel BC.   Herpes Simplex Ophthalmicus. 2023 Apr 17. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 
2024 [PMID: 32644620]

152 Murphy O, O' Dwyer V, Lloyd-McKernan A. The effect of lid hygiene on the tear film and ocular surface, and the prevalence of Demodex 
blepharitis in university students. Cont Lens Anterior Eye 2020; 43: 159-168 [PMID: 31548151 DOI: 10.1016/j.clae.2019.09.003]

153 Yanchenko SV, Malyshev AV, Sakhnov SN, Fedotova NV, Orekhova OY. [Eye lid hygiene in chronic allergic blepharoconjunctivitis patients 
before laser refractive surgery]. Vestn Oftalmol 2016; 132: 86-92 [PMID: 27911432 DOI: 10.17116/oftalma2016132586-92]

154 Polunin GS, Zabegaĭlo AO, Makarov IA, Safonova TN, Polunina EG. [Efficacy of lid hygiene in treatment of patients with 
blepharoconjunctival form of dry eye syndrome]. Vestn Oftalmol 2012; 128: 37-40 [PMID: 22741294]

155 Delelegn D, Tolcha A, Beyene H, Tsegaye B. Status of active trachoma infection among school children who live in villages of open field 
defecation: a comparative cross-sectional study. BMC Public Health 2021; 21: 2051 [PMID: 34753484 DOI: 10.1186/s12889-021-12106-8]

156 Gammoh Y, Abdu M. Contact lens procurement and usage habits among adults in Sudan. PLoS One 2021; 16: e0251987 [PMID: 34010356 
DOI: 10.1371/journal.pone.0251987]

157 Hart KM, Stapleton F, Carnt N, Arundel L, Lian KY. Optometry Australia's infection control guidelines 2020. Clin Exp Optom 2021; 104: 
267-284 [PMID: 33769228 DOI: 10.1080/08164622.2021.1887704]

158 Shamim MA, Satapathy P, Padhi BK, Veeramachaneni SD, Akhtar N, Pradhan A, Agrawal A, Dwivedi P, Mohanty A, Pradhan KB, Kabir R, 
Rabaan AA, Alotaibi J, Al Ismail ZA, Alsoliabi ZA, Al Fraij A, Sah R, Rodriguez-Morales AJ. Pharmacological treatment and vaccines in 
monkeypox virus: a narrative review and bibliometric analysis. Front Pharmacol 2023; 14: 1149909 [PMID: 37214444 DOI: 
10.3389/fphar.2023.1149909]

159 Cinatl J, Bechtel M, Reus P, Ott M, Rothweiler F, Michaelis M, Ciesek S, Bojkova D. Trifluridine for treatment of mpox infection in drug 
combinations in ophthalmic cell models. J Med Virol 2024; 96: e29354 [PMID: 38180134 DOI: 10.1002/jmv.29354]

160 Gujjar P, Chaudhay R, Verma I, Bansal N, Gupta S, Bansal S. Recent Advances in the Prevention and Management of Monkeypox Viral 
Infection in Humans. Curr Drug Targets 2023; 24: 1032-1045 [PMID: 37842888 DOI: 10.2174/0113894501258154231008194028]

161 Al-Dwairi RA, Aleshawi A, Adi S, Abu-Zreig L. Reactivation of Herpes Simplex Keratitis on a Corneal Graft Following SARS-CoV-2 mRNA 
Vaccination. Med Arch 2022; 76: 146-148 [PMID: 35774041 DOI: 10.5455/medarh.2022.76.146-148]

162 Naidu SK, Nabi R, Cheemarla NR, Stanfield BA, Rider PJ, Jambunathan N, Chouljenko VN, Carter R, Del Piero F, Langohr I, Kousoulas KG. 
Intramuscular vaccination of mice with the human herpes simplex virus type-1(HSV-1) VC2 vaccine, but not its parental strain HSV-1(F) 
confers full protection against lethal ocular HSV-1 (McKrae) pathogenesis. PLoS One 2020; 15: e0228252 [PMID: 32027675 DOI: 
10.1371/journal.pone.0228252]

163 Nesburn AB, Slanina S, Burke RL, Ghiasi H, Bahri S, Wechsler SL. Local periocular vaccination protects against eye disease more effectively 
than systemic vaccination following primary ocular herpes simplex virus infection in rabbits. J Virol 1998; 72: 7715-7721 [PMID: 9733807 
DOI: 10.1128/JVI.72.10.7715-7721.1998]

http://www.ncbi.nlm.nih.gov/pubmed/11322419
https://dx.doi.org/10.1097/00003226-200104000-00011
http://www.ncbi.nlm.nih.gov/pubmed/26022084
https://dx.doi.org/10.1001/jamaophthalmol.2015.1457
http://www.ncbi.nlm.nih.gov/pubmed/22094299
https://dx.doi.org/10.1038/eye.2011.275
http://www.ncbi.nlm.nih.gov/pubmed/9261316
https://dx.doi.org/10.1016/s0161-6420(97)30145-6
http://www.ncbi.nlm.nih.gov/pubmed/6280747
https://dx.doi.org/10.1136/bjo.66.5.317
http://www.ncbi.nlm.nih.gov/pubmed/6275326
https://dx.doi.org/10.1016/s0161-6420(81)34882-9
http://www.ncbi.nlm.nih.gov/pubmed/32345035
https://dx.doi.org/10.1177/2040206620921319
http://www.ncbi.nlm.nih.gov/pubmed/23117971
https://dx.doi.org/10.1136/bjophthalmol-2012-302443
http://www.ncbi.nlm.nih.gov/pubmed/16408491
http://www.ncbi.nlm.nih.gov/pubmed/9019458
http://www.ncbi.nlm.nih.gov/pubmed/26077630
https://dx.doi.org/10.1016/j.survophthal.2015.04.001
http://www.ncbi.nlm.nih.gov/pubmed/25711068
http://www.ncbi.nlm.nih.gov/pubmed/16001380
https://dx.doi.org/10.1177/112067210501500409
http://www.ncbi.nlm.nih.gov/pubmed/38656024
https://dx.doi.org/10.5935/0004-2749.2023-0054
http://www.ncbi.nlm.nih.gov/pubmed/34998303
https://dx.doi.org/10.1638/2020-0202
http://www.ncbi.nlm.nih.gov/pubmed/30347029
https://dx.doi.org/10.1001/jamadermatol.2018.3427
http://www.ncbi.nlm.nih.gov/pubmed/32644620
http://www.ncbi.nlm.nih.gov/pubmed/31548151
https://dx.doi.org/10.1016/j.clae.2019.09.003
http://www.ncbi.nlm.nih.gov/pubmed/27911432
https://dx.doi.org/10.17116/oftalma2016132586-92
http://www.ncbi.nlm.nih.gov/pubmed/22741294
http://www.ncbi.nlm.nih.gov/pubmed/34753484
https://dx.doi.org/10.1186/s12889-021-12106-8
http://www.ncbi.nlm.nih.gov/pubmed/34010356
https://dx.doi.org/10.1371/journal.pone.0251987
http://www.ncbi.nlm.nih.gov/pubmed/33769228
https://dx.doi.org/10.1080/08164622.2021.1887704
http://www.ncbi.nlm.nih.gov/pubmed/37214444
https://dx.doi.org/10.3389/fphar.2023.1149909
http://www.ncbi.nlm.nih.gov/pubmed/38180134
https://dx.doi.org/10.1002/jmv.29354
http://www.ncbi.nlm.nih.gov/pubmed/37842888
https://dx.doi.org/10.2174/0113894501258154231008194028
http://www.ncbi.nlm.nih.gov/pubmed/35774041
https://dx.doi.org/10.5455/medarh.2022.76.146-148
http://www.ncbi.nlm.nih.gov/pubmed/32027675
https://dx.doi.org/10.1371/journal.pone.0228252
http://www.ncbi.nlm.nih.gov/pubmed/9733807
https://dx.doi.org/10.1128/JVI.72.10.7715-7721.1998


WJV https://www.wjgnet.com 1 December 25, 2024 Volume 13 Issue 4

World Journal of 

VirologyW J V
Submit a Manuscript: https://www.f6publishing.com World J Virol 2024 December 25; 13(4): 95450

DOI: 10.5501/wjv.v13.i4.95450 ISSN 2220-3249 (online)

LETTER TO THE EDITOR

Climate-driven dengue fever outbreaks in Nepal: Trends, challenges, 
and strategies

Chandan Kumar Thakur, Samita Adhikari, Meghnath Dhimal

Specialty type: Virology

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade C, Grade 
C 
Novelty: Grade B, Grade C 
Creativity or Innovation: Grade C, 
Grade C 
Scientific Significance: Grade B, 
Grade C

P-Reviewer: Kumar R; Yan Y

Received: April 10, 2024 
Revised: September 7, 2024 
Accepted: September 30, 2024 
Published online: December 25, 
2024 
Processing time: 190 Days and 15 
Hours

Chandan Kumar Thakur, Clinical Microbiology, Karnali Academy of Health Sciences, Jumla 
21200, Karnali, Nepal

Samita Adhikari, Hospital Infection Control, Nepal Mediciti Hospital, Lalitpur 44700, Bagmati, 
Nepal

Meghnath Dhimal, Research Section, Nepal Health Research Council, Kathmandu 44600, 
Bagmati, Nepal

Corresponding author: Chandan Kumar Thakur, PhD, Assistant Professor, Clinical Micro-
biology, Karnali Academy of Health Sciences, Chandannath Municipality, Jumla 21200, 
Karnali, Nepal. chandanpgi@gmail.com

Abstract
Dengue fever (DF) has become a major public health concern in Nepal, with 
increasing outbreaks in recent years. Transmitted by Aedes mosquitoes, this cli-
mate-sensitive viral disease presents a significant challenge for healthcare pro-
viders and policymakers. Since 2004, Nepal has experienced a sharp increase in 
DF cases, peaking in 2022 with 54784 cases and 88 deaths. The surge, driven 
mainly by serotypes 1, 2, and 3, is exacerbated by climate change, which prolongs 
mosquito breeding seasons due to warmer temperatures and increased rainfall. 
This trend has even impacted previously unaffected hilly regions. Effective den-
gue control strategies must focus on climate change adaptation, strengthening 
healthcare system reinforcement, raising public awareness, and enhancing vector 
control measures. Government initiatives, like the national dengue control pro-
gram, play a critical role, but research and community engagement are also vital 
for prevention and early detection. Integrating climate resilience into public 
health efforts is essential to reducing the dengue burden in Nepal.

Key Words: Climate change; Dengue fever; Dengue outbreaks; Dengue control; Nepal; 
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Core Tip: Given the escalating threat of dengue fever in Nepal, characterized by recurrent outbreaks exacerbated by climate 
change, prioritizing proactive measures is essential. Healthcare providers and policymakers should focus on bolstering the 
healthcare system, raising public awareness, and implementing effective vector control measures. Government initiatives, 
such as investing in research and fostering community engagement, are critical for early detection and prevention. By 
integrating climate resilience into public health strategies, Nepal can effectively mitigate the burden of dengue fever on its 
population and safeguard against future outbreaks.
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TO THE EDITOR
Dengue fever (DF) has become an escalating public health threat in Nepal, with rising morbidity and mortality rates and 
several outbreaks reported in recent years[1]. This climate-sensitive viral disease, transmitted by Aedes mosquitoes, 
presents a significant challenge for healthcare providers and policymakers in the country[1]. DF is caused by the dengue 
virus (DENV), a single-stranded RNA virus of the Flavivirus genus in the Flaviviridae family. DF can cause a range of 
health issues, from mild symptoms to life-threatening conditions such as dengue hemorrhagic fever (DHF), a severe form 
characterized by bleeding, blood plasma leakage, and low platelet count, or dengue shock syndrome (DSS), the most 
severe form, that occurs when the circulatory system fails due to severe plasma leakage. Both DHF and DSS are caused by 
one of the four serotypes (DENV1-4)[2]. Globally, the prevalence of DF has been increasing, with nearly half of the 
world's population at risk. It is estimated that 390 million people are infected annually, with 96 million developing severe 
clinical manifestations[3]. Several factors associated with mosquito invasion and increased travel within the population 
are believed to drive the epidemic’s expansion, elucidating the dissemination of the DENV to new locations[4]. This study 
investigated the impact of climate change on DF outbreaks in Nepal.

CURRENT STATUS AND TRENDS OF DENGUE IN NEPAL
Since the first report in 2004, Nepal has witnessed a sharp increase in DF cases, with the geometric mean calculated rising 
by 503 between 2006-2023 (Figure 1)[1,5]. In 2019, the Ministry of Health and Population (MoHP) documented 17992 
confirmed dengue cases, resulting in six deaths. However, by 2022, the situation worsened dramatically, with 54784 cases 
and 88 fatalities reported across all seven provinces and 77 districts of Nepal[6]. All four serotypes of DENV have been in 
circulation since 2006, and the 2022 epidemic was primarily attributed to serotypes 1, 2, and 3[7]. This 2022 outbreak was 
the worst the country had experienced since the first outbreak in 2006, nearly triple the number of cases reported in 2019. 
By December 15, 2023, a total of 51243 cases of dengue have been recorded across 77 districts, resulting in 20 deaths. 
Notably, Koshi Province reported the highest count (26021), followed by Gandaki Province (12688) and Bagmati Province 
(7704) along with other provinces (Figure 2)[8]. While dengue was previously confined to the warmer lowland regions of 
Nepal, recent data show its prevalence in upland hilly regions, a shift attributed to climate change and rapid urbanization
[9].

Climate change is one of the greatest threats to global public health, particularly through its effects on the spread of 
vector-borne diseases like DF. Nepal, located in the Himalayan region, is particularly vulnerable to the impacts of climate 
change, raising concerns about its influence on dengue outbreaks[10]. Changes in temperature, precipitation patterns, and 
extreme weather events are altering the ecology of Aedes mosquitoes, the primary vectors for dengue transmission[11]. 
Over the past 40 years, Nepal’s average annual maximum temperature has increased by 0.056 °C, with more pronounced 
warming at higher altitudes[12]. Rising temperatures accelerate mosquito development, enhance virus replication, and 
facilitate dengue transmission in areas previously unaffected by the disease. Changes in precipitation, including increased 
rainfall and erratic weather patterns, provide more breeding sites, particularly in urban areas with poor drainage, while 
higher humidity levels extend mosquito lifespan and activity. These climatic changes have extended the dengue tran-
smission season and expanded the spread of the disease, complicating public health efforts to control outbreaks[4,13]. 
Recent studies indicate that alterations in the diurnal temperature range (DTR) hold greater significance than shifts in 
average temperature concerning the transmission of dengue[4]. A wider DTR can reduce transmission by shortening 
mosquito lifespans and lowering infection rates, while optimal transmission occurs within a narrow temperature range of 
27-31°C. Seasonal variations in DTR influence mosquito survival and infection dynamics, which, in turn affect outbreak 
patterns[14,15]. To address the impacts of climate change on dengue in Nepal, effective strategies must include both 
climate change adaptation and mitigation efforts. Climate change adaptation measures involve strengthening the 
healthcare system to better manage dengue cases, increasing public awareness about dengue prevention, and enhancing 
vector control measures. Mitigation efforts target the root causes of climate change.
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Figure 1 Annual dengue cases and climatic temperature shifts in Nepal (2006-2023). Data source: https://climateknowledgeportal.worldbank.org/
country/nepal/climate-data-historical, https://edcd.gov.np/section/dengue-control-program.

Figure 2 Distribution of dengue cases in Nepal in 2023. 1: Koshi Province; 2: Madhesh Province; 3: Bagmati Province; 4: Gandaki Province; 5: Lumbini 
Province; 6: Karnali Province; 7: Sudurpashchim Province. Data source: https://edcd.gov.np/section/dengue-control-program.

The government of Nepal has initiated several programs to combat dengue, including public awareness campaigns, 
healthcare provider training on dengue diagnosis and management, and strengthening vector control measures such as 
conducting search-and-destroy drives targeting mosquito breeding sites. The MoHP has also established a national 
dengue control program to coordinate among stakeholders (EDCD|Dengue Control Program). Despite these initiatives, 
the spread of dengue continues to increase annually, highlighting the need for improved strategies at the national level
[16]. The failure to control the annual spread of dengue in Nepal can be attributed to inadequate community parti-
cipation, inconsistent vector control efforts, and the challenges posed by rapid urbanization and climate change. To 
improve dengue control in Nepal, future plans should focus on enhancing community engagement through sustained 
education campaigns, ensuring consistent and integrated vector control efforts across districts, and addressing the 
impacts of urbanization and climate change. Strengthening surveillance systems and fostering collaboration between 
local authorities and health agencies will also be critical for improving management and prevention efforts.

Additionally, research and innovations are crucial in developing effective vaccines and antiviral drugs for dengue. 
Investigating the genetic diversity of the DENV and the Aedes mosquito population in Nepal can aid in the creation of 
targeted prevention and control strategies.

https://climateknowledgeportal.worldbank.org/country/nepal/climate-data-historical
https://climateknowledgeportal.worldbank.org/country/nepal/climate-data-historical
https://edcd.gov.np/section/dengue-control-program
https://edcd.gov.np/section/dengue-control-program


Thakur CK et al. Dengue outbreaks in Nepal

WJV https://www.wjgnet.com 4 December 25, 2024 Volume 13 Issue 4

CONCLUSION
Dengue outbreaks are an increasing public health threat in Nepal, with increasing morbidity and mortality. Since 2004, 
cases have surged, with serotypes 1, 2, and 3, being the most prevalent, highlighting the need for urgent action. The 
government, healthcare providers, policymakers, researchers, and communities must collaborate to develop and imp-
lement comprehensive strategies that integrate climate change adaptation and mitigation efforts to reduce the burden of 
dengue. Together, we can address the escalating dengue burden and mitigate its impact on public health, working 
toward a future where dengue is effectively controlled and the health of the population is safeguarded in Nepal.
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Abstract
This work comments on an article published in the recent issue of the World 
Journal of Virology. Rhabdomyolysis is a complex condition with symptoms such 
as myalgia, changes to urination, and weakness. With the potential for substantial 
kidney impairment, it has also been shown to be a severe complication of coro-
navirus disease 2019 (COVID-19). To date, various theoretical explanations exist 
for the development of rhabdomyolysis induced acute kidney injury (RIAKI) in 
COVID-19 infection, including the accumulation of released striated muscle 
myoglobin in the urine (myoglobinuria). In their article, they (2024) demonstrate 
in a retrospective study that RIAKI in COVID-19 patients tended to have elevated 
levels of C-reactive protein, ferritin, and procalcitonin. These patients also had 
poorer overall prognoses when compared to COVID-19 patients who have acute 
kidney injury (AKI) due to other causes. It is clear from these findings that cli-
nicians must closely monitor and assess for the presence of rhabdomyolysis in 
COVID-19 patients who have developed AKIs. Moreover, additional research is 
required to further understand the mechanisms behind the development of RIAKI 
in COVID-19 patients in order to better inform treatment guidelines and pro-
tocols.
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Core Tip: The article published in the recent issue of the World Journal of Virology (2024) has shown that patients with 
rhabdomyolysis induced acute kidney injury (RIAKI) as a complication of coronavirus disease 2019 (COVID-19) infection 
tend to show elevated levels of specific biomarkers. Additionally, patients with RIAKI in COVID-19 infection have worse 
outcomes compared to patients who have acute kidney injury due to other causes in COVID-19 infection. To improve 
overall outcomes, there is a need to better understand the mechanism for RIAKI development in COVID-19, and to create 
evidence-based treatment protocols for this condition. To determine which approaches are most effective, more research on 
the outcomes for patients with differing treatment regimens is required.

Citation: Ikanović A, Varshney K. Understanding rhabdomyolysis induced acute kidney injury in patients with COVID-19. World J 
Virol 2024; 13(4): 101065
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TO THE EDITOR
Rhabdomyolysis is a complex disease characterised by extensive skeletal muscle damage and the sequestration of 
intracellular contents into the bloodstream. Increased levels of contents such as uridine acid, myoglobin, creatine kinase 
(CK), and potassium reflect early structural changes and complications of rhabdomyolysis[1]. Whilst common symptoms 
include myalgia, muscle weakness, and red/brown urine, they are typically absent in almost 50% of patients[2]. 
Diagnosis is instead defined as per biochemical markers, namely, a CK level more than 5 times the upper limit of normal 
with an associated increased in transaminase and lactate dehydrogenase (LDH)[3]. Trauma, strenuous exercise, 
hyperthermia, toxin exposure, infection, and sepsis, as well as hypoxaemia-induced metabolic disequilibrium are 
predominating aetiologies[4]. One such recent infectious agent contributing in 2% of hospitalised patients is coronavirus 
disease 2019 (COVID-19) disease, caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)[5]. With a 
postulated incidence of 15%-20% of rhabdomyolysis in the course of COVID-19, a possible contributor to the poor 
prognosis and over 40% mortality seen in this cohort is the development of an acute kidney injury (AKI)[6]. Different 
theoretical mechanisms explain rhabdomyolysis induced AKI (RIAKI) in the course of COVID-19. One explanation for 
RIAKIs are the accumulation of released striated muscle myoglobin in the urine (myoglobinuria), resulting in the 
formation of pigment casts. These casts deposit within the nephron resulting in intratubular obstruction, with the 
resulting endothelial damage ultimately causing an acute tubular injury[7]. Whilst this is considered the main aetiology, 
additional pathological mechanisms of AKIs in COVID-19 include pre-renal azotaemia, glomerular disease, thrombotic 
microangiopathy, and treatment related AKI[8].

AKI IN COVID-19 PROGNOSTICATION
Whilst RIAKIs may be associated with higher rates of morbidity and mortality, Murt and Altiparmak[3], sought to 
compare the outcomes of COVID-19 patients with RIAKIs and AKIs of differing aetiologies. Previously, due to the 
difficulty in accurately determining the exact aetiology of AKIs particularly in COVID-19, there has been a scant presence 
in the literature of studies comparing the prognostic outcomes of varying AKI aetiologies.

In determining the mortality and morbidity of these groups, physicians treating AKIs may be better placed to 
accurately prognosticate patients experiencing an AKI or rhabdomyolysis as a result of a viral illness. Their paper found 
that patients when comparing aetiologies of AKIs in COVID-19 patients, those with RIAKIs had higher inflammatory and 
hypercoagulopathy markers as well as poorer prognoses. Through understanding these markers, challenge current 
treatment paradigms of RIAKIs in COVID-19 patients which currently struggle to rationalise potential stigmata of fluid 
restriction protocols such as pulmonary oedema could be challenged[9]. Commonly rhabdomyolysis treatment prioritises 
the removal of the cause and the reversal of any associated metabolic aberrations such as hypokalaemia, hypophos-
phatasemia, hypocalcaemia, hyponatraemia or hypernatraemia, and hyperglycaemic states[10]. Similar to much of the 
surrounding literature outlining the treatment challenges which are posed by poorly understanding the pathophysiology 
of RIAKIs in COVID-19, Murt and Altiparmak[3], look to provide an explanation for the additional factors which 
increased RIAKI mortality. Therefore, to substantiate alternative targeted treatment paradigms, monitoring biomarkers 
may prove useful.

Their paper sought to closely monitor biomarkers due to the possibility for rapid deterioration-RIAKI patients had 
higher mean creatinine levels and more patients with Kidney Diseases Improving Global Outcomes stage II and stage III 
AKIs than those of other aetiologies. Interestingly, the higher mortality in RIAKI patients could not be attributed to 
hyperkalaemia due to the similarities observed in the groups levels. COVID-19 may however uniquely provide additional 
drivers of muscular injury through and an inflammatory state with increased coagulation as higher peak ferritin and D-
dimer levels were observed in the RIAKI group. Other increased markers such as C-reactive protein, LDH and ferritin 
were found to corroborate these findings of the RIAKI group. Additionally, researchers observed higher pro-brain 
natriuretic peptide levels in the RIAKI group which may reflect additional cardiac stress resulting from pulmonary 
tension or volume overload. As rhabdomyolysis independently causes more severe AKIs, this may account for the higher 

https://www.wjgnet.com/2220-3249/full/v13/i4/101065.htm
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levels observed. However, they too are indicator of a poorer prognosis in COVID-19[11].

CLINICAL IMPLICATIONS
With concerns for exacerbation of stigmata of COVID-19 such as pulmonary oedema hampering RIAKI treatment 
mainstays-it becomes increasingly difficult to accurately account for the poorer prognosis in COVID-19 patients 
complicated by AKIs. Treatments such as fluid prescription to decrease the propensity for intratubular cast formation are 
foregone here as instead hypoxaemia is touted as the main driver of acute tubular necrosis. Regardless, clearer evidence-
based treatment guidelines and protocols need to be developed for patients with COVID-19 who develop RIAKI.

Currently, like the much of the existing literature, with an overreliance on clinical signs, symptoms, and laboratory 
findings due to patients being too unwell to biopsy, the lack of definition of exact aetiology further impedes our 
understanding of RIAKI disease progression[3,12]. As a result, additional confounding variables make it increasingly 
difficult to account for differences in morbidity and mortality when typically indicative biomarkers such as 
hyperkalaemia are not found to be dissimilar. A call may therefore be made for others to investigate alternative treatment 
paradigms in COVID-19 when RIAKI occurs, as this may entail deviating from regular treatment mainstays to improve 
overall health outcomes. This needs to occur alongside further research to more clearly determine the basis of the 
development of RIAKI in COVID-19. This will allow for faster diagnosing of this life-threatening complication, which can 
further improve the outcomes for patients with RIAKI.

CONCLUSION
In their work, Murt and Altiparmak[3] have shown that RIAKI is a major, life-threatening complication that can occur in a 
proportion of COVID-19 patients. These patients tend to have some biomarkers that may indicate the presence of RIAKI. 
Concerningly, patients with RIAKI during COVID-19 infection tend to have worse outcomes compared to patients who 
have developed AKI due to other causes in COVID-19 infection. More research is needed to determine the mechanisms 
for RIAKI development. Furthermore, to improve overall outcomes, there remains a clear need to determine the most 
effective treatment regimens for this life-threatening problem.
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