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Abstract
A sensitive, reproducible and feasible measure of lung function for monitoring
the respiratory health is a prerequisite for the optimization of management of the
patients with cystic fibrosis (CF). Spirometry has been considered the method of
choice, although it is applicable only in children older than 6 years of age, as
good cooperation is necessary for its proper performance. However, over the last
15 years, scientific interest in gas dilution techniques and particularly in multiple
breath wash out (MBW) method has been revived. The most commonly reported
index of MBW is lung clearance index (LCI). The aim of this review is to present
the most recent developments in the application of LCI as a monitoring index of
respiratory status of CF patients. LCI is a sensitive and reproducible marker of
ventilation inhomogeneity. It is more sensitive than spirometry and, unlike
spirometry; it can be performed across the whole pediatric age range. Since it is
dependent on body size, until at least the age of 6 years, the relative and not the
absolute changes are more appropriate for providing clinically meaningful
conclusion on ventilation inhomogeneity. Until now, MBW has been mainly used
as a research tool. Based on the currently available data LCI cannot safely predict
high-resolution computed tomography findings in children with CF, especially in
infants. It can be used as an end-point measure for the assessment of beneficial
effect of interventions. However, its utility as an outcome measure for the efficacy
of therapeutic interventions seems to be dependent on the pathophysiologic
mechanisms that underlie each intervention. It seems that more studies,
especially longitudinal ones, are required in order to fully clarify the clinical
usefulness of LCI, not only in the research setting, but also in every day practice
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of CF clinic.
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Core tip: We herein present an overview of the applications of lung clearance index
(LCI) in monitoring the respiratory health status of children with cystic fibrosis (CF).
LCI is a more sensitive marker than spirometry and unlike spirometry it can be
performed across the entire pediatric age range. At present, it is mostly used in research
settings. However, as more data become available from longitudinal studies, it may be
proved to be a very useful marker of respiratory status monitoring in children with CF,
able to identify early those who are at risk for deterioration and allowing the early
application of more aggressive interventions.

Citation: Fretzayas A, Douros K, Moustaki M, Loukou I. Applications of lung clearance index
in monitoring children with cystic fibrosis. World J Clin Pediatr 2019; 8(2): 15-22
URL: https://www.wjgnet.com/2219-2808/full/v8/i2/15.htm
DOI: https://dx.doi.org/10.5409/wjcp.v8.i2.15

INTRODUCTION
Cystic fibrosis (CF) is a chronic inherited disorder that mainly impairs the lung health
and the nutritional status of the affected individuals. Advances in the early diagnosis
of the disease, optimal monitoring of the lung health and timely implementation of
the appropriate available therapies have improved the quality of life of CF patients as
well as their longevity[1]. The use of a sensitive, reproducible and feasible measure of
lung function for monitoring the respiratory health and documenting stability or
progression of the pulmonary disease is a prerequisite for the optimization of the
patients’ management. For decades, conventional spirometry, like in many other
respiratory disorders, was the technique of choice for evaluating respiratory status in
CF patients[2,3]. However, this technique is not applicable in infants and toddlers as
adequate cooperation and coordination are required for performing the test.
Additionally, even in cooperative subjects of the appropriate age, peripheral
extension of bronchiectasis, as it is seen on the CT scans, may deteriorate faster
compared to the spirometric indices[4,5]. This implies that spirometry is not sufficiently
sensitive for evaluating lung health in CF patients. For these reasons, scientific interest
in gas dilution techniques, in particular multiple breath wash out (MBW) measurements, has been revived over the last decade.
The aim of this review is to present an overview of the recent developments in the
application of lung clearance index (LCI), the main MBW outcome, in monitoring the
respiratory status of children with CF.

HISTORICAL-TECHNICAL BACKGROUND OF MBW
MBW test was first described by Fowler et al[6], in 1952. Fowler developed a method,
which could measure the extent of uneven ventilation by obtaining pulmonary
nitrogen clearance curves of single breath washouts from healthy subjects and from
patients with cardiorespiratory diseases[6]. This method was laborious and initially
received little attention. However, technological evolution and modifications in the
nitrogen washout curves led to a replenishment of interest in the application of the
method in the clinical setting[7]. The method has been used successfully since 1985 in
young children who could not cooperate to perform conventional spirometry, as only
spontaneous tidal breathing is required for MBW test[8].
The MBW procedure consists of two phases, a wash in and a wash out phase[9].
During the wash in phase the subject breaths an inert exogenous gas of known
concentration, more commonly sulfur hexafluoride, until the concentration of the
expired gas reaches the concentration of the delivered gas. At this point the wash out
phase of the procedure starts. When nitrogen, which is an inert intrinsic gas, is used
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there is no wash in period. During the wash out phase, the subject inhales room air (if
an exogenous gas was used in the wash in phase), or 100% oxygen (if the gas used in
the wash in phase was nitrogen). The wash out period is considered to be complete
when the inert gas concentration reaches the 1/40th of the initial level[10].
A number of parameters have been suggested for the description of the wash out
curve (flow and gas concentration plotted against time). The most commonly used is
LCI, whereas mixing ratio and moment ratio are less often reported[11].
LCI is defined as the number of lung turnovers that are required to reduce the inert
gas concentration to the 1/40th of the initial concentration. It is calculated by dividing
cumulative expired volume/functional residual capacity. LCI is, therefore, an easy to
compute and simple to understand index and it is considered the preferred outcome
parameter of ventilation inhomogeneity in CF studies[12].

CHARACTERISTICS OF MBW TECHNIQUE AND LCI
MEASUREMENT
Feasibility
As only relaxed tidal breathing is required for MBW test and the derived LCI index[10],
the test is expected to be feasible even in preschoolers. Quiet breathing is performed
through a facemask or a mouthpiece according to the age of the child. The success rate
of the test in the clinical setting, in unsedated preschoolers older than 3.5 years of age,
ranged from 75%-100%[13]. Longitudinal monitoring seems to be possible in this age
group as preschoolers who completed the first test were also able to complete the test
at the follow up visit[13]. Similar success rate (78%-87%) was observed in the research
setting[14]. However, the test is feasible only under sedation in infants and preschoolers
younger than 3.5 years of age. In this age group the success rate ranged from 78.9%100% in sedated subjects, who were either healthy or suffered from CF and other lung
diseases[15].

Short and long term repeatability of LCI
The mean coefficient of variation of LCI measurements in subjects with CF, within
one test occasion, was between 4 to 8% in most studies[16], with wide, however, range,
when reported. These values indicate that LCI is a rather reproducible test.
The knowledge of LCI fluctuation over time is essential for understanding when
differences in sequential measurements represent clinically meaningful changes of
ventilation inhomogeneity, and not simply measurements variability. The short and
long term variability of LCI measurements was acceptable in healthy children and
adolescents, ranging from 4.2%-5.1% for one and six months intervals respectively[17].
These observations indicate that the absolute change of LCI > 1 unit represents a
clinical relevant change [17] . Likewise, Singer et al [18] found that the coefficient of
repeatability between tests occasions performed 24 h apart, was 0.96 in children with
CF compared to 0.62 in controls. Their results also indicate that a change of LCI of at
least 1 unit is clinically meaningful in children with CF. However, later it was shown
by Svedberg et al[19] that higher LCI values were associated with higher variability for
both intra and inter test measurements. Therefore expressing in absolute numbers the
clinical relevant change of LCI may lead to over-representation of clinical meaningful
change. According to Svedberg et al[19]’s data a relative increase of > 17% (compared to
a previous measurement in a clinically stable CF patient) may be an indicator of lung
disease deterioration. Green et al[20] suggested that a change of LCI > 25%, between
sessions, indicate a clinically relevant change. As the upper limit of normal Svedberg
et al[19] used 1.64 SD whereas Green et al[20] 1.96 SD. In agreement with these findings,
Oude Engeberink et al[21] corroborated that in preschool children a relative change of
LCI > ± 15% is considered clinically relevant and confirmed the observation that LCI
variability was proportional to its mean. Therefore, they also supported the view that
the expression of LCI change in absolute numbers is biased.

Reference values
Although it was initially considered that LCI was an age independent index in
healthy subjects, Lum et al[22] showed that LCI was dependent on body size. Absolute
reduction of LCI, which was large enough to be considered of clinical significance,
was observed till 6 years of age, whereas thereafter LCI was almost stabilized till early
adulthood. Therefore, appropriate reference equations are needed throughout
childhood in order to reliably interpret the LCI results. However, it should be noted,
that reference data should not be generalized to all different MBW systems or inert
gases[23].
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CORRELATION OF LCI WITH FINDINGS FROM LUNG
IMAGING
The main structural abnormalities that characterize the CF lung disease are
bronchiectasis and small airways disease[24]. These structural components are clearly
depicted by high-resolution computed tomography (HRCT), an accurate modality at
delineating not only the extent and severity of advanced lung disease but also early
lung disease[25]. However, its routine use for monitoring CF lung disease has been
questioned because of the risk posed by the radiation exposure[26]. Nevertheless,
spirometric indices cannot predict the HRCT findings as structural abnormalities were
not uncommon in children with CF and normal spirometric parameters[4]. By contrast,
LCI is a more sensitive indicator than spirometric indices for predicting HRCT
abnormalities in CF lung disease[27]. In a retrospective study of school age children and
adolescents with CF [ 2 7 ] the sensitivity of LCI for detecting HRCT defined
abnormalities ranged from 85% to 94% depending on the type of lung damage
(bronchiectasis, air trapping, or HRCT score). Therefore, LCI values within the normal
range almost precluded the possibility of CF lung disease detectable by HRCT scan.
These findings were corroborated by another prospective cross-sectional study in
young patients with CF (aged 6-26 years) who had normal FEV1 (> 80%predicted)[28].
It should be noted that due to technical reasons, in this sample population there was
an interval up to 243 d between CT performance and LCI measurement. In this
population LCI had a sensitivity of 88% to detect structural lung abnormalities of
HRCT, a positive predictive value of 88% but a negative predictive value as low as
63%. Therefore, these findings also supported the notion that an abnormal chest CT is
unlikely, but not impossible, in the presence of a normal LCI. Later, another study[29]
was conducted in a population of children with CF, aged 6-10 years, who underwent
lung function tests, including LCI measurement, and volumetric HRCT on the same
day. This study showed that LCI and HRCT scans have similar sensitivity to detect CF
lung diseases with an overall concordance of 81% for total CT score. However, they
found a positive predictive value of 88% and a low negative predictive value of 44%
for LCI in relation to the detection of HRCT structural abnormalities indicating that a
normal LCI did not preclude abnormal HRCT findings. The results of this study are
not comparable to the respective results of the two preceding ones as there were
methodological differences that are beyond the scope of this review to be presented in
detail.
It seems that the age of patients is an important factor for the relation of LCI values
with structural lung damage detected by HRCT. In a study (AREST CF program)[30]
that assessed infants with CF diagnosed with newborn screening, it was shown - after
controlling for age and infection status - that LCI values were not correlated with the
presence of bronchiectasis but only with air trapping.
In accordance to the AREST study[30], a more recent study[31] that included pediatric
patients with CF across the entire pediatric age spectrum (0-16 years) showed that LCI
was not sensitive for the detection of structural abnormalities in infancy. By contrast,
in preschool and school age children an elevated LCI had an 85% positive predictive
value for the detection of bronchiectasis, but a low negative predictive value of 55%
indicating that a normal LCI could not rule out bronchiectasis in almost half of the
cases.
Furthermore, a longitudinal three year study[32], which consisted of patients 6-53
years old, showed that 86% of LCI values in the first year of the study were indicative
of the presence or absence of structural lung changes depicted by HRCT scan three
years later.
Magnetic resonance imaging has also been used, in research setting, for the
detection of early lung disease in children across the entire age range[33]. It was shown
that there was a strong age independent correlation of LCI with airway
thickening/bronchiectasis detected by MRI. A moderate correlation with mucus
plugging/perfusion abnormalities was also observed. The majority of false negative
LCI results were detected in the younger children of the study.
Therefore, at present, LCI could not replace HRCT scans in CF children,
particularly the younger ones. More longitudinal studies are needed to explore
whether LCI could be used as a potential predictor of the presence and the extent of
structural lung damage detected by HRCT, in older children and adolescents.

LCI AS A MEASURE OF EFFICACY OF THERAPEUTIC
INTERVENTIONS
As LCI is a sensitive marker of ventilation inhomogeneity and it is easily performed
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even in infants, clinical trials were performed to evaluate whether LCI is a reliable
outcome measure for the detection of treatment effects of variable interventions.
LCI was improved after the administration of dornase alpha for 28 d, in children
with CF, older than 6 years of age, who had mild lung disease (FEV1 > 80%) [34] .
However, the results of this study should not be generalized in younger children as
well as in children with more severe lung disease. Similar findings were observed
after the administration of hypertonic saline in pediatric CF patients, aged older than
6 years, with a baseline FEV1 > 70%[35,36]. However, these results were found only in
studies with a duration of at least four weeks [35] , and children with mild lung
disease[36], whereas they were not corroborated in a trial[37] that assessed the short term
LCI change 24 h after hypertonic saline inhalation in children with a baseline FEV1 >
40%. This discordance may simply indicate that there is an additive effect of multiple
doses of hypertonic saline inhalation and/or a different response in treatment in
pediatric CF patients’ severe lung disease. It also seems that with the use of LCI zscore (z-LCI) change as an outcome measure, a significant treatment effect was
observed in infants and preschool children after the twice-daily administration of
hypertonic saline for 48 wk[38]. It needs to be emphasized here that, especially for
infancy and early childhood, z-LCI changes should be evaluated in order to adjust for
the body size dependence of LCI[22].
Most recently in a randomized controlled trial [39] which evaluated the clinical
response to ivacaftor in CF children older than 6 years, with mild lung disease (FEV1
> 90%) and at least one G551D-CFTR allele, it was shown that LCI was more sensitive
than spirometry in detecting response in this therapeutic intervention.
In contrast to the above-mentioned findings, the LCI response to antibiotic
administration for pulmonary exacerbation was variable. In a recent systematic
review [40] , it was shown that a significant but not necessarily clinically relevant
treatment effect was observed in patients who received antibiotics for pulmonary
exacerbations. Although there was a weak correlation with FEV1 changes, discordant
results between LCI and FEV1 changes were rather common. There are several
hypotheses that could explain the overall small LCI change, the considerable
heterogeneity of the observed results, and the discordance with FEV1 changes which,
however, are beyond the scope of this review.
It should be noted, however, that even paradoxical increase of LCI was observed
after antibiotic administration for pulmonary exacerbation[41]. It is speculated that
there are non-ventilating lung units during exacerbation that do not contribute to the
LCI values. Following antibiotic treatment, and due to the removal of mucus
plugging, these areas become ventilated - though not fully but only partially; their
partial aeration increases the LCI index[42].
Overall, it should be recognized that the various therapeutic interventions induce
LCI changes to the time interval between the intervention and the assessment of LCI;
the severity of the lung disease as it is reflected by baseline spirometric indices; the
different mechanisms that underlie the treatment effect of each intervention.

LCI AS A PREDICTOR FOR THE EVOLUTION OF LUNG
DISEASE
A question that was raised in the literature was whether LCI values in infancy or early
childhood could predict subsequent lung disease status. The London Cystic Fibrosis
collaboration (LCFC) followed up a newborn-screened CF cohort up to 2 years of
age[43]. They found that z-LCI at 2 years of age were not associated with the respective
results at 3 and 12 mo of age. Therefore, it was recognized in this study that up to 2
years of age LCI could not predict the evolution of the disease. It was, however, also
acknowledged that a long-term follow up in preschool and school years is essential
for determining whether early measured LCI could be served as a predictor of the
lung disease status in childhood.
LCFC also measured LCI and spirometric indices in preschool children (3-5 years)
with CF and in healthy controls[44] and repeated the measurement during early school
age (6-10 years). It was found that LCI at preschool age had a positive predictive value
of 94% for predicting spirometry or LCI abnormal results, whereas the negative
predictive value was as low as 62%. The future repeat of LCI and spirometry in this
cohort during late childhood and adolescence will reveal whether preschool age LCI
values are predictors for late childhood and adolescence lung health status in CF
subjects.
There is also limited data[45], in children aged 6-19 years, that LCI was a predictor of
the occurrence of pulmonary exacerbation during the subsequent 12 mo following the
measurement, even in the subgroup of patients with a normal FEV1.
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It seems therefore that tracking longitudinal changes of LCI may confer to the
prediction of lung health status in patients with CF. However the existing data are
rather limited and more longitudinal studies are needed for the clarification of this
issue.

CONCLUSION
LCI is a sensitive marker for the assessment of respiratory status of children with CF.
However, more data from longitudinal studies is needed, in order to clarify which
relative change is of clinical importance for identifying the patients who are at risk for
respiratory deterioration. Should this information be available, the LCI would be a
potential useful marker for monitoring pediatric patients with CF, in every day
clinical practice. Until then several obstacles should also be overcome, taking into
consideration that the results from different equipment and different inert gasses are
not comparable.
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Abstract
Necrotizing enterocolitis (NEC) is among the most common and devastating
diseases encountered in premature infants, yet the true etiology continues to be
poorly understood despite decades of research. Recently, gut bacterial dysbiosis
has been proposed as a risk factor for the development of NEC. Based on this
theory, several best clinical practices designed to reduce the risk of NEC have
been proposed and/or implemented. This review summarizes the results of
recent clinical trials and meta-analyses that support some of the existing clinical
practices for reducing the risk of NEC in premature infants. It is evident that
human milk feeding can reduce the incidence of NEC. While most of the studies
demonstrated that probiotic supplementation can significantly reduce the
incidence of NEC in premature infants, there are still some concerns regarding
the quality, safety, optimal dosage, and treatment duration of probiotic
preparations. Antibiotic prophylaxis does not reduce the incidence of NEC, and
prolonged initial empirical use of antibiotics might in fact increase the risk of
NEC for high-risk premature infants. Lastly, standardized feeding protocols are
strongly recommended, both for prevention of postnatal growth restriction and
NEC.
Key words: Necrotizing enterocolitis; Prevention; Human milk feeding; Probiotics;
Empiric antibiotics; Standardized feeding protocols
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In this review, we summarize some of the clinical practices recommended to
reduce the risk of necrotizing enterocolitis (NEC) in premature infants. Firstly, it is
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evident that human milk feeding can reduce the incidence of NEC. Secondly, while most
of the studies demonstrated that probiotic supplementation can significantly reduce the
incidence of NEC in premature infants, there are still some concerns regarding the
quality of probiotic preparations, safety, optimal dosage, and treatment duration. Thirdly,
initial empiric antibiotic use should be restricted in daily practice to reduce the incidence
of NEC. Lastly, standardized feeding protocols are recommended both for prevention of
postnatal growth restriction and NEC.

Citation: Jin YT, Duan Y, Deng XK, Lin J. Prevention of necrotizing enterocolitis in
premature infants – an updated review. World J Clin Pediatr 2019; 8(2): 23-32
URL: https://www.wjgnet.com/2219-2808/full/v8/i2/23.htm
DOI: https://dx.doi.org/10.5409/wjcp.v8.i2.23

INTRODUCTION
Necrotizing enterocolitis (NEC) is among the most common and devastating diseases
encountered in premature infants, yet the true etiology continues to be poorly
understood, despite decades of research. Prematurity remains the most consistent risk
factor, although term babies can develop NEC with a much lower incidence. Based on
a recent large study from the Canadian Neonatal Network, approximately 5.1% (1.3%12.9%) of infants with a gestational age < 33 wk develop NEC, and the incidence
increases with decreasing gestational age[1]. Despite advances in care in the neonatal
intensive care unit (NICU), the estimated mortality rate associated with NEC ranges
between 20% and 30%, with the highest rate among infants requiring surgery.
Following recovery from the acute phase of NEC, long term complications include
intestinal stricture and short bowel syndrome[2-4].
The classical presentation of NEC includes feeding intolerance, abdominal
distension, and bloody stools after 8-10 d of age when feeding enterally. The signs and
symptoms are quite variable, ranging from feeding intolerance to evidence of a
fulminant intra-abdominal catastrophe with peritonitis, sepsis, shock, and death.
Many theories have attempted to elucidate the true pathogenesis since Santulli et al[5]
first described a series of NEC cases in premature infants with respiratory distress
syndrome. Most theories about the pathogenesis of NEC have focused on the most
important risk factors, such as immaturity, formula feeding, and the presence of
bacteria[6]. More recently, gut bacterial dysbiosis has been proposed as the main risk
factor for the development of NEC [7] . Based on this theory, several best clinical
strategies are being recommended to reduce the risk of NEC. These include breast
milk feeding, restrictive use of antibiotics, supplementation with probiotics, and
standardized feeding protocols (SFPs). The purpose of this review is to summarize the
results of the recent clinical trials that provide evidence supporting these practices in
premature infants as methods to reduce the risk of NEC.

LITERATURE REVIEW
A search was conducted in PubMed (http://www.ncbi.nlm.nih.gov/pubmed/) for
studies published before 15 June 2018. The search included all terms related to NEC
and preventive interventions, including human milk feeding, probiotics, prophylactic
antibiotics, and SFPs, utilizing PubMed MeSH terms and free-text words and their
combinations through the appropriate Boolean operators. Similar criteria were used
for searching MEDLINE. The review was limited to clinical studies involving human
subjects. All relevant articles were accessed in full text following PRISMA guidelines.
The manual search included references of retrieved articles. We reported the results in
tables and text.

HUMAN MILK FEEDING
The unique properties of human milk promote an improved host defense and
gastrointestinal function. Several well controlled clinical trials have demonstrated that
human milk feeding can reduce the incidence of NEC. The results of the recent
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randomized trials are summarized in Table 1[8-12]. Cristofalo et al[9] and Schanler et al[12]
demonstrated that human milk feeding could reduce the incidence of NEC in
premature infants compared to those fed with preterm formula in their randomized
trials. Sullivan et al[10] studied a total of 207 infants and found that feeding with an
exclusively human milk-based diet is associated with a significantly lower rate of
NEC than a diet of human milk fortified with bovine milk-based products. Human
milk feeding also reduces the incidence of late onset sepsis in premature infants[12].
Human donor milk is considered a safe alternative when the mother's own milk is
not available. When the mother's breast milk supply was deficient, the short-term
outcomes related to safety and efficacy were similar in very low birth weight (VLBW)
infants who were fed with pasteurized donor milk or with preterm formula in the first
10 d of life[8]. For feeding extremely preterm infants, donor milk offered little shortterm preponderance over preterm formula[8,11]. However, by using the Cochrane
Neonatal search strategy, Quigley et al[13] performed a systematic review and metaanalysis of formula versus donor breast milk for feeding preterm or low birth weight
(LBW) infants. They identified 11 randomized or quasi-randomized trials in which
1809 infants participated, and they concluded that donor milk feeding decreased the
risk of NEC based on the meta-analysis. However, formula-fed infants had higher inhospital rates of weight gain, linear growth and head growth[13]. Furthermore, infants
fed with donor human milk-based fortifier had approximately 64% lower odds of
developing NEC compared to those fed with bovine-based fortifiers[14]. It is clear that
human milk feeding can reduce the risk of NEC. Recently, the policy statement from
the American Academy of Pediatrics on the use of human breast milk states that
preterm infants should only receive their own mother’s milk or pasteurized human
donor milk when their own mother’s milk is not available[15].
Human milk colostrum is high in protein, fat-soluble vitamins, minerals, and
immunoglobulins. The benefit of colostrum for newborn infants has been well
established. However, most extremely premature infants are usually not ready to be
fed in the first few days of life for a variety of reasons. Several studies support the use
of colostrum for oral care to provide immunotherapy in preterm infants. The efficacy
of oropharyngeal colostrum therapy (OCT) in the prevention of NEC in VLBW infants
has been reviewed, and a meta-analysis on this topic was recently published[16]. Only
randomized controlled trials and quasi-randomized trials performed in VLBW infants
or preterm infants with gestational age < 32 wk were included for the meta-analysis.
As a result, a total of 148 subjects (77 in OCT arm and 71 in control arm) in four trials
were analyzed, and no statistically significant difference in the incidence of NEC was
demonstrated. The authors concluded that the current evidence was not sufficient to
enable the recommendation of OCT as a routine clinical practice in the prevention of
NEC[16].

ADMINISTRATION OF PROBIOTICS
Establishment of a normal intestinal microbial colonization after birth is vital for
proper maturity of the innate immune system and maintenance of intestinal barrier
function. It has been proposed that disruption of the normal gut microbiota formation
may play a major role in the pathogenesis of NEC in premature infants[17]. Probiotics
are live micro-organisms that, upon ingestion at certain amounts, confer health to the
host. It is known that probiotics can produce bacteriostatic and bactericidal
substances, thus having immunomodulatory effects; furthermore, they prevent
colonization of pathogens by competing for adhesion to the intestinal mucosa[18]. One
strategy to prevent NEC is oral administration of probiotics to alter the balance of the
gut microbiome in favor of non-pathogenic bacteria. In the past two decades, multiple
randomized clinical trials in preterm infants have been performed to evaluate the
effect of probiotic administration on NEC prevention. The results of these studies are
summarized in Table 2. A total of 10520 infants have now been enrolled in probioticNEC studies, and a cumulative pooled meta-analysis of the effects of probiotics on
NEC was recently published[19]. In these trials, a wide variety of probiotic strains,
dosages, and durations were used. Despite the clinical heterogeneity, the conclusion
of the cumulative meta-analysis was that probiotic treatment decreased the incidence
of NEC (average estimate of treatment effect, relative risk: 0.53; 95%CI: 0.42-0.66)[19].
Therefore, it is clear that some oral probiotics can prevent NEC and decrease mortality
in preterm infants. However, it is unclear whether a single probiotic or a mixture of
probiotics is most effective for the prevention of NEC. Furthermore, some questions
remain unanswered regarding the quality of probiotic products, safety, optimal
dosage, and treatment duration.
Probiotics are not all equally effective in preventing NEC in preterm infants. A
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Table 1 Summary of five randomized controlled trials of human milk feeding on the risk of necrotizing enterocolitis
NEC ≥ stage II, %
Ref.

Yr

GA

BW

N

Study

Mortality, %

LOS, %

Control
Study Control P < 0.05 Study Control P < 0.05 Study Control P < 0.05

Corpeleijn et
al[8]

2016

-

< 1500

373

DM

PF

9.3

8.9

No

13.7

12.7

No

36.6

34.7

No

Cristofalo et
al[9]

2013

-

500-1250

53

HM

PF

3

21

Yes

0

8

No

55

79

No

Sullivan et al[10] 2010

-

500-1250 207

HM

Bovine
milk

5.8

15.9

Yes

-

-

-

19

13

No

Schanler et
al[11]

2005

< 30

-

243

DM

PF

6

9

No

3

3.6

No

1

4.8

No

Schanler et
al[12]

1999 26-30

-

108

HM

PF

1.6

13

Yes

-

-

-

31

48

Yes

BW: Birth weight; LOS: Late onset sepsis; NEC: Necrotizing enterocolitis.

variety of probiotic strains have been tested in different trials. A detailed analysis of
the published data on the effects of probiotics for preterm infant regarding specific
probiotic strains was recently performed by the ESPGHAN Working Group on
Probiotics, Prebiotics and Committee on Nutrition [20] . They concluded that both
Lactobacillus rhamnosus GG and Bifidobacterium lactis Bb-12/B94 appeared to be
effective in reducing NEC. Both the combination of Lactobacillus rhamnosus GG with
Bifidobacterium longum BB536 and the combination of Bifidobacterium lactis Bb-12 with
Bifidobacterium longum BB536, however, showed no measurable effect. They suggest
that we need to more precisely define the optimal treatment strategies before the
routine clinical use of probiotics in preterm infants for NEC prevention can be
recommended. Another recent meta-analysis concluded that multiple strains of
probiotics were associated with a significantly lower incidence of NEC, with a pooled
OR of 0.36 (95%CI: 0.24-0.53; P < 0.00001)[21]. As probiotics are neither drugs nor
devices, they fall into a peculiar category of medical intervention and are therefore not
strictly regulated. Because the cost of probiotics is low and the consequences of NEC
can be devastating, given the available evidence and safety profile of probiotics from
the large number of infants studied, a strong argument can be made for the routine
use of probiotics in all preterm infants during their NICU stay[22]. By offering donor
milk to infants at high risk when no maternal milk was available, along with the
routine use of probiotics, no confirmed NEC cases were reported in a NICU in
Canada for over a year[22]. A much lower incidence of NEC was also observed in Japan
where the use of probiotics in preterm infants was routine[23]. Based upon this strong
evidence, Dr. Taylor[22] argues that NEC can be easily prevented by the routine use of
human milk and prophylactic probiotics.
In fact, a large number of commercially available probiotic preparations have been
used in different clinical settings. However, all of these products have not been
approved as prescription medications through routine vigorous rules and regulations.
Concerns regarding the quality of probiotics and the risk of probiotic-associated
sepsis have been raised. For example, an increased incidence of NEC associated with
routine administration of a particular probiotic preparation, Infloran™, in extremely
preterm infants was recently reported[24]. In this observational study, the routine use
of probiotics was implemented in 2008 in one NICU. Infants born at < 28 wk
gestational age were prospectively followed and compared with historical controls.
Routine use of Infloran™ in infants was associated with an increase in stage II or
higher NEC (13.3% vs 5.9%, P = 0.010). Surgical NEC was 12.1% vs 5.9% (P = 0.029).
Adjusting for confounders (sex, gestational age, antenatal steroids and human milk)
did not change those trends (P = 0.019). Therefore, some experts propose that if an
NICU plans to pursue the use of probiotics as a routine supplementation for preterm
infants, a quality improvement approach should be utilized to measure the desired
effect of probiotics on the risk of NEC and to assess their safety[19].

RESTRICT EMPIRIC ANTIBIOTIC USE
Empiric antibiotics are commonly used in preterm infants immediately after birth due
to the possibility that infection caused preterm labor and the relatively high risk for
sepsis in VLBW infants. Because the presence of bacteria is one of the main risk factors
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Table 2 Summary of 23 randomized controlled trials of probiotics on the risk of necrotizing enterocolitis
NEC ≥ stage II, %
Ref.

Yr

GA

BW

N

Mortality, %

LOS, %

Study
Study

Control P < 0.05 Study

Control P < 0.05 Study

Control P < 0.05

Shashidhar et
al[25]

2017

-

750-1499

104

L.
acidophilus, L.
rhamnosus, B.
longum
and S.
boulardii

4.1

12.5

No

1.9

5.7

No

-

-

-

GüneyVaral et
al[26]

2017

≤ 32

≤ 1500

110

L.
rhamnosus, L.
casei, L.
plantorum
and B.
animalis

0

10

Yes

1.4

22.5

Yes

17.1

35

No

Xu et
al[27]

2016

30-37

15002500

125

S.
boulardii

0

0

No

-

-

-

7.8

12.2

No

Hays et
al[28]

2016

25-31

700-1600

199

B. lactis,
B.
longum,
B. lactis
and B.
longum.

5.5

5.8

No

-

-

-

-

-

-

Costeloe
et al[29]

2016

23-30

-

1310

B. breve

9.4

10.0

No

8.3

8.5

No

11.2

11.7

No

Patole
et al[30]

2014

< 33

-

159

B. breve

0

1.3

No

0

0

No

22

16

No

Totsu et
al[31]

2014

-

< 1500

283

B.
bifidum

0

0

No

1.3

0

No

8.5

13.1

No

Benor
et al[32]

2014

-

≤ 1500

58

L.
acidophilus and B.
lactis

4

18.2

No

1

2

NO

24

18

No

Oncel
et al[33]

2014

≤ 32

≤ 1500

454

L. reuteri

4.0

5.0

No

7.5

10

No

6.5

12.5

Yes

Jacobs
et al[34]

2013

< 32

< 1500

1099

B.
infantis,
S.
thermoph
ilus, and
B. lactis

2.0

4.4

Yes

4.9

5.1

No

14.2

16.5

No

Serce et
al[35]

2013

≤ 32

≤ 1500

208

S.
boulardii

6.7

6.7

No

3.8

4.8

No

24.3

18.3

No

FernándezCarrocera et
al[36]

2013

-

< 1500

150

L.
acidophilus, L.
rhamnosus, L.
casei, L.
plantarum,
B.
infantis
and S.
thermophillus

8.0

16.0

No

1.3

9.3

No

-

-

-

Demirel
et al[37]

2013

≤ 32

≤ 1500

271

S.
boulardii

4.4

5.1

No

3.7

3.6

No

14.9

15.4

No

Rojas et
al[38]

2012

≤ 2000

750

L. reuteri

2.4

4.0

No

5.9

7.4

No

9.1

10.6

No

AlHosni
et al[39]

2012

-

501-1000

101

L.
rhamnosus and B.
infantis

6.0

7.8

No

6

7.8

No

26.0

31.4

No

Braga
et al[40]

2011

-

750-1499

231

B. breve
and L.
casei

0

3.6

Yes

21.8

24.1

No

33.6

37.5

No
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Sari et
al[41]

2011

< 33

< 1500

221

L.
sporogenes

6.5

9

No

2.7

3.6

No

26.4

23.4

No

Mihatsch
et al[18]

2010

< 30

< 1500

183

B. lactis

2.2

4.5

No

2.2

1.1

No

-

-

-

Samanta
et al[42]

2009

< 32

< 1500

274

B.
infantis,
B.
bifidum,
B.
longum
and L.
acidophilus

5.5

15.8

Yes

4.4

14.7

Yes

14.3

19.5

Yes

Lin et
al[43]

2008

< 34

< 1500

434

B.
bifidum
and L.
acidophilus

1.8

6.5

Yes

0.9

4.1

No

19.8

11.5

No

Lin et
al[44]

2005

-

< 1500

367

L.
acidophilus and B.
infantis

1.1

5.3

Yes

3.9

10.7

Yes

12.3

19.3

Yes

BinNun et
al[45]

2005

-

≤ 1500

145

B.
infantis,
S.
thermophilus, and
B. bifidus

4

16.4

Yes

0

20.5

Yes

-

-

-

Dani et
al[46]

2002

< 33

< 1500

585

L.
rhamnosus

1.4

2.8

No

-

-

-

4.7

4.1

No

BW: Birth weight; LOS: Late onset sepsis; NEC: Necrotizing enterocolitis.

for NEC, some believe that the use of prophylactic antibiotics may decrease the risk of
NEC. Others feel that the opposite is true and that the altered normal postnatal gut
colonization due to antibiotic use may contribute to the pathogenesis of NEC[17].
Several randomized controlled clinical trials have been performed to evaluate the
effect of prophylactic antibiotic administration on the risk of NEC. The results of
randomized controlled trials are summarized in Table 3[47-51]. Although Siu et al[50]
found that prophylactic oral vancomycin conferred some protection against NEC in
VLBW infants, Tagare et al[47], Kenyon et al[48] and Owen et al[51] found no protective
effect of routine antibiotic use in low risk preterm neonates. Rather, their data suggest
that antibiotic may increase the risk of NEC. The efficacy of prophylactic antibiotic
usage in the prevention of NEC in premature infants was reviewed, and a metaanalysis on this topic was recently published[52]. Only randomized controlled trials or
retrospective cohort studies in LBW infants or preterm infants were included in the
meta-analysis. As a result, a total of 5207 infants were included in nine studies. Based
on their meta-analysis, the authors conclude that the current evidence does not
support the use of prophylactic antibiotics to reduce the incidence of NEC for highrisk premature infants[52].
On the other hand, restricting the use of initial empiric antibiotics course may be
important. There is increasing recognition that prolonged empirical antibiotic use
might increase the risk of NEC for high-risk premature infants. Cotton et al [53]
investigated initial empirical antibiotic practices for 4039 extremely low birth weight
(ELBW) infants, and 2147 infants in the study cohort received initial empirical
antibiotic treatment for more than 5 d. The data suggest that the administration of
empiric antibiotics for more than 4 d when the blood culture is negative increases
odds of NEC or death in ELBW infants. They suggest that prolonged initial empirical
antibiotic therapy for infants with sterile cultures may be associated with increased
risk of subsequent death or NEC and should be used with caution. In another
retrospective 2:1 control-case analysis from Yale, 124 cases of NEC were matched with
248 controls. Infants with NEC were less likely to have had respiratory distress
syndrome (P = 0.018) and more likely to have achieved full enteral feeding (P = 0.028)
than were the controls. The risk of NEC significantly increased with duration of
antibiotic exposure when infants with culture-confirmed sepsis were removed from
the cohort, and exposure to antibiotics for more than 10 d resulted in an approximately three-fold increase in NEC risk[54].
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Table 3 Summary of five randomized controlled trials of prophylactic antibiotics on the risk of necrotizing enterocolitis
NEC ≥ stage II, %
Ref.

Yr

GA

BW

N

Study

Stud Contro
y
l

P<
0.05

Mortality, %
Stud Contro
y
l

LOS, (%)

P<
0.05

Stud Contro
y
l

P<
0.05

Tagare et
al[47]

2010 < 37

-

140

Amoxicillin clavulanic acid and
amikacin

13.0

4.2

Yes

2.9

2.8

No

1.4

14.1

Yes

Kenyon et
al[48]

2002 < 37

-

4809

Co-amoxiclav

1.6

0.3

Yes

5.7

6.2

No

6.2

7.9

No

Oei et al[49]

2001 ≤ 32

Siu et al[50]

1998

Owen et
al[51]

1993 24-33

-

-

43

Erythromycin

4.5

4.8

No

4.5

4.8

No

-

-

-

<
1500

140

Vancomycin

12.7

27.5

Yes

15.5

18.8

No

-

-

-

-

117

Ampicillin

14

3.5

Yes

6.8

12

No

3.4

10

No

BW: Birth weight; LOS: Late onset sepsis; NEC: Necrotizing enterocolitis.

STANDARDIZED FEEDING PROTOCOL
A current challenge in clinical NEC research is the high variation in feeding practices.
It is clear that consistency in approach to feeding intolerance, feeding advancement
and breast milk promotion all impact NEC. SFPs address a consistent approach to the:
(1) preferred feeding substance; (2) advancement and fortification of feeding; (3)
criteria to stop and specifying how to re-start feedings once held; (4) identification and
handling of feeding intolerance; and (5) initiation and duration of trophic feeding.
SFPs are simple, inexpensive, effective, and transmissible methods for prevention of
postnatal growth restriction in premature infants.
In 2015, a total of 482 infants were enrolled in a feeding bundle study, which was a
prospective quality improvement project to standardize a protocol for initiating and
advancing enteral feeds, and to improve the nutritional care of neonates admitted to
the NICU[55]. In this study, the feeding bundle included breast milk feeding, initiating
feedings within 24 h of birth, fortification of breast milk with additional calcium,
phosphorus and vitamin D, and the use of trophic feeding for 5 d for ELBW infants
followed by daily increases of 10 to 20 mL/kg per day if criteria for tolerance are met.
The rate of NEC after bundle implementation was decreased compared to the baseline
rate of NEC prior to bundle implementation. Therefore, the authors suggest that early
initiation and advancement of enteral feedings does not increase NEC risk, but may
actually improve the outcomes[55]. In 2016, Gephart et al[14] reviewed papers published
and found that studies consistently showed lower or unchanged NEC rates when
SFPs were used. They combined data from nine observational studies of infants with
birth weight < 1500 g and showed overall reduced odds of NEC by 67% (OR = 0.33,
95%CI: 0.17, 0.65, P = 0.001) when SFPs were used. Therefore, it is possible that SFPs
reduce the risk of NEC.

CONCLUSION
In this review, we summarize the results of the recent clinical trials and meta-analyses
that support some of the common clinical practices to reduce the risk of NEC in
premature infants. Firstly, it is evident that human milk feeding can reduce the
incidence of NEC. We suggest enhanced lactation support in all NICUs, as well as the
establishment of more human milk banks in NICUs. Secondly, while most of the
studies demonstrated that probiotic supplementation can significantly reduce the
incidence of NEC in premature infants, there are still some concerns in regards to the
quality of probiotic preparations, safety, optimal dosage, and treatment duration.
Thirdly, antibiotic prophylaxis does not reduce the incidence of NEC, and prolonged
empirical use of antibiotics may in fact increase the risk of NEC for high-risk
premature infants. Therefore, restricting initial empiric antibiotic use should be
implemented in daily practice. Lastly, SFPs are recommended both for prevention of
postnatal growth restriction and NEC.
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Abstract
BACKGROUND
Respiratory syncytial virus (RSV) is a leading cause of lower respiratory
infections among children.
AIM
To investigate the proportion of RSV and non-RSV respiratory viral infections
among hospitalized children ≤ 5 years.
METHODS
Hospitalized children aged < 5 years, with a diagnosis of acute lower respiratory
infections (ALRI), admitted between August 2011-August 2013, were included.
Cases were defined as laboratory-confirmed RSV and non-RSV respiratory
viruses by direct fluorescence assay from the nasopharyngeal wash.
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RESULTS
Of 383 1-59 mo old children hospitalized with an acute lower respiratory
infection, 33.9% (130/383) had evidence of viral infection, and RSV was detected
in 24.5% (94/383). Co-infections with RSV and other respiratory viruses
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(influenza A or B, adenovirus, para influenza 1, 2 or 3) were seen in children 5.5%
(21/383). Over 90% of the RSV-positive children were under 2 years of age. RSV
was detected throughout the year with peaks seen after the monsoon season.
Children hospitalized with RSV infection were more likely to have been exposed
to a shorter duration of breastfeeding of less than 3 mo. RSV positive children
had a shorter hospital stay, although there were significant complications
requiring intensive care. Use of antibiotics was high among those with RSV and
non-RSV viral infections.
CONCLUSION
Our study provides evidence of a high proportion of RSV and other virusassociated ALRI among hospitalized children in India. RSV infection was
associated with fewer days of hospital stay compared to other causes of lower
respiratory infections. A high level of antibiotic use was seen among all
respiratory virus-associated hospitalizations. These results suggest the need for
implementing routine diagnostics for respiratory pathogens in order to minimize
the use of unnecessary antibiotics and plan prevention strategies among pediatric
populations.
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Core tip: The study shows that a significant proportion of young children hospitalized for
acute lower respiratory tract infection were associated with respiratory syncytial virus
(RSV) and other viral infections. Early diagnosis of viral infections using a simple test
such as the RSV and viral direct fluorescence assay test, in settings where PCR is not
feasible, would be useful in the timely institution of appropriate care, minimization of
antibiotic overuse, and appropriate follow-up care for complications and sequelae,
potentially leading to a reduction of costs of medical care.
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INTRODUCTION
Globally, acute lower respiratory infections (ALRI) are an important cause of
morbidity and mortality in children < 5 years of age[1]. Molecular diagnostic methods
have identified respiratory syncytial virus (RSV), as the most common viral cause of
ALRI-related death; other prominent viruses are human metapneumovirus,
parainfluenza viruses, influenza viruses A and B and adenoviruses[2,3]. In 2015, Shi et
al[4] reported an estimated annual burden of RSV of 33.1 million globally (22% of all
episodes of ALRI) resulting in 3.2 million hospitalizations and 59600 deaths of
children < 5 years, with about 99% of RSV-related childhood mortality occurring in
low and middle-income countries (LMICs)[4].
Recent literature on pediatric ALRI in LMICs highlights increasing incidence of
RSV, a major cause of death of infants < 1 year of age and of ALRI during the first few
months of an infant’s life[5]. RSV is also gaining prominence in India; recent hospitalbased studies indicate that RSV constitutes up to 16% of children hospitalized with
acute lower respiratory tract infections (LRTIs), with incidence highest in infants aged
below 6 mo[6]. The common respiratory symptoms are recurrent episodes of wheezing
mimicking early childhood asthma and may persist as lung function abnormality till
adolescence [7] . Known risk factors include low birth weight, smoking during
pregnancy, attendance at a child care facility, crowded household, low parental
education, exposure to second-hand smoke, history of atopy and lack of breastfeeding[8]. Furthermore, RSV infections tend to be associated with hospitalization and
mortality in high-risk cases[7].
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Detection of RSV using rapid, sensitive and specific diagnostic tests aids good
clinical management. Viral isolation by tissue culture is regarded as the gold standard
but has limited availability. Real-time reverse transcriptase PCR (RT-PCR) is more
sensitive but not routinely performed in clinical diagnostic laboratories in LMICs due
to high expense, the need for technical expertise and high laboratory standards to
prevent contamination[9]. Direct fluorescent antibody assay (DFA) has been used as a
simple detection tool for RSV antigen detection [10] . DFA has a sensitivity and
specificity of 77.8% and 96.8% respectively and can detect RSV antigens even in
conditions where the virus cannot be isolated[10,11].
The objective of the study was to investigate the proportion of RSV and non-RSV
respiratory viral infections as a cause of ALRI among 1-59 mo old children admitted
to a tertiary care hospital in southern India. The study also sought to assess the
seasonality, clinical features, risk factors and outcome of RSV and non-RSV
respiratory viral infections among these hospitalized children.

MATERIALS AND METHODS
Patients and settings
This prospective study was conducted at a tertiary care center in south India between
August 2011 and August 2013, on children aged between 1 mo and 5 years,
hospitalized for ALRI. The study site, St. John’s Medical College Hospital, Bengaluru,
Karnataka, India center to local as well as to referred cases from neighboring states
like Andhra Pradesh and Tamil Nadu[12]. ALRI was defined as acute respiratory
infection with evidence of respiratory distress and age-specific fast breathing (≤ 2 mo
age: ≥ 60 breaths/min; 2-12 mo, ≥ 50 breaths/min; 1-5 years, ≥ 40 breaths/min)[13].
Features of respiratory distress include chest indrawing, stridor, nasal flaring or
grunting, inability to breastfeed or drink, with or without danger signs such as central
cyanosis, lethargy or unconsciousness. Bronchiolitis was defined as a viral LRTI in
children < 2 years of age characterized byclinical features of small airways obstruction
causing symptoms of ALRI. Bronchopneumonia was defined as symptoms of ALRI
with chest X-ray findings of hyperinflation with bilateral interstitial infiltrates and
peribronchial cuffing. Lobar pneumonia was defined as symptoms of ALRI with
confluent lobar consolidation. Reactive airway disease was defined as respiratory
illness associated with wheeze secondary to allergen exposure. The study excluded
children with empyema, hydropneumothorax or tuberculosis and those with nonrespiratory causes of respiratory distress. Informed consent was obtained from the
caregivers of eligible children. Detailed patient history and clinical observations were
recorded. Vital signs and oxygen saturation were monitored and routine laboratory
investigations were performed as indicated. Ethical clearance was obtained from the
Institutional Ethics Committee (IRB No 134/2008) at St. Johns Medical College
Hospital prior to initiating the study.

Sample collection
Nasopharyngeal (NP) wash were collected using a 5 French infant feeding tube cut to
4 cm length, 1.5 mL of sterile saline was quickly introduced into each nostril and
immediately aspirated back into a 2 mL disposable sterile syringe. The aspirated
sample was transferred into a sterile centrifuge tube, maintained at 4 ºC and
transported to the microbiology laboratory immediately on an ice pack (4 °C) within 1
h of collection[14].

Slide preparation and direct immunofluorescence assay
The NP sample was centrifuged and the pallet was smeared on a slide, air dried and
placed in cold acetone (-20 ºC) for a minimum of 30 min for fixation. Slides were
stained using SimulFluor Respiratory Screen kit (Chemicon International, United
States), in accordance with the manufacturer’s instructions.

Statistical analysis
The data was compiled in an excel spreadsheet. Descriptive statistics were reported
using mean and standard deviation for variables with a normal distribution, and
median for variables without a normal distribution. The association between the
presence of RSV infection and RSV-related risk factors were assessed by χ2 test or
Fisher’s exact test (for categorical variables) and by independent t-test (for continuous
variables). The analysis was done by using the Statistical software STATA/IC version
12.1 and P < 0.05 was considered significant.
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RESULTS
Study population
Between August 2011 and August 2013, 9600 children were admitted to the inpatient
ward; of these 408 were 1-59 mo old at the time of admission, had ALRI, and were
considered eligible for the study. There were 20 caregivers of patients who declined
consent citing reasons of non-interest or refusal of permission for the NP wash
procedure, and 5 were excluded due to the presence of other diagnoses (2 were
diagnosed with pulmonary tuberculosis, and 3 were diagnosed with bacterial
pneumonia (one blood culture positive for Staphylococcus aureus and two bronchoalveolar lavage fluid positive for Pseudomonas aeuruginosa and Enterobacter species).
The remaining 383 children were included in the study. The median age of subjects
was 8 mo (inter quartile range 5-15 mo), and 89.0% were less than 2 years of age.
There were 68.7% males, and the subjects resided in Karnataka (64.2%), Andhra
Pradesh (19.1%) and Tamil Nadu (15.9%). The majority lived in urban areas (66.8%).

Etiology of respiratory illness
Viral etiology (RSV, influenza A or B, adenovirus, para influenza 1, 2 or 3) was
confirmed in 130 (33.9%) of 383 children hospitalized for ALRI. RSV was positive in 94
(24.5%), non-RSV viruses in 57 (14.8%), while co-infection with RSV and non-RSV
viruses was seen in 21 (5.5%) children (Table 1). Among the children with RSV
infection, 86 (91.5%) children were in the age group 1 mo to 24 mo, and 32 (34%) were
children 1-6 mo of age. A peak of RSV positive cases was seen after the rainy season
during the months of August through November (Figure 1). A smaller peak was also
noted during January and February. The seasonality of other viruses mirrored the
pattern of RSV infection.

Clinical features and correlates
The predominant physician-assigned clinical diagnosis was bronchiolitis (173/383,
45.1%). Others were bronchopneumonia (135/383, 35.2%), lobar pneumonia (24/383,
6.2%) and reactive airway disease (51/383, 13.3%). Those with RSV infection had fever
(23.8%), rhinorrhea (24.6%), cough, (23.5%), chest retractions (25.6%), auscultatory
wheeze (22.9%), and auscultatory crepitations (25.7%). Chest radiographs were
obtained in 189 of 383 children who had severe ALRI at admission or those who did
not respond to first-line treatment. Radiographic abnormalities were detected in 162
children; 135 had evidence of hyperinflation with bilateral interstitial infiltrates
suggestive of bronchopneumonia, 24 had focal lung consolidative changes and 3 had
evidence of cardiomegaly without lung field abnormalities.
In univariate analysis, RSV infection was significantly associated with being
exclusively breastfed for less than 3 mo, compared to those exclusively breastfed for 312 mo (unadjusted OR 1.98, 95%CI: 1.69-3.22). There was no significant association
between RSV infection and independent variables such as low birth weight,
prematurity, complicated neonatal course, family history of asthma, household
smoking or indoor wood fuel usage (Tables 2 and 3). There was no significant
association between other viruses (influenza A or B, adenovirus, para influenza 1, 2 or
3) and risk factors mentioned in Table 2. Laboratory parameters including total white
blood cell count, and absolute lymphocyte count was similar between RSV-positive
and RSV-negative patients.

Outcome
Mean hospital stay was 4.6 d (SD 5.1); and 8.3 d (SD 6.5) in RSV-positive and RSVnegative children, respectively (P = 0.031) (Table 4). The length of PICU stay (P =
0.547), oxygen use (P = 0.176), and qualitative antibiotic use (P = 0.110) were similar in
both groups. Antibiotics were used among 56 (59.5%) and 21 (36.8%) of RSV-positive
and non-RSV virus-positive children, respectively. Most commonly used first-line
antibiotics were amoxicillin/amoxicillin-clavulanic acid/or ceftriaxone. Respiratory
complications such as acute respiratory distress syndrome and respiratory failure
requiring PICU admission took place among 13.8% (13/94) of RSV-positive, 8.7%
(5/57) of non-RSV positive and 16.6% (42/253) of viral negative children. Of the 57
children admitted to PICU, 46 recovered well while 11 had residual respiratory
symptoms including persistent tachypnea and persistent oxygen requirement. There
was no mortality recorded in this study (Table 5).

DISCUSSION
Viral-associated respiratory illness among hospitalized children 1-59 mo old at our
single center tertiary care hospital in southern India was seen among a third of those
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Table 1 Respiratory syncytial virus and non-respiratory syncytial viruses associated with lower
respiratory tract infection in young children
RSV

94 (24.5%)

All virus (RSV and/or other virus1)

130 (34.0%)

Co-infection with multiple viruses

21 (5.5%)

Non-RSV viruses alone1

57 (14.8%)

Virus-negative

253 (66%)

Total enrolled

383

1

Other viruses include infection with parainfluenza viruses, influenza viruses A and B and adenoviruses.
RSV: Respiratory syncytial virus.

with ALRI. RSV was the predominant viral etiological agent, and over a quarter had
evidence of mixed viral pathogens in the respiratory tract that may be etiologically
linked to the respiratory illness.RSV and other respiratory viruses are a major cause of
pediatric ALRI in India. ALRI constitutes one of the principal causes of death among
children under-five of the developing countries[8,15] and RSV has been documented as
an important cause of ALRI in pediatric age group[8,14]. In India, studies have shown
high ALRI incidence rates of 15.0 per 1000 child years in the under-five age group
with the incidence being 3.6 times higher among boys as compared to girls[16]. The
highest rates of ALRI generally occur in the first year of life. RSV infection in the very
young causes substantial complications such as respiratory failure, prolonged
hospitalization, and high mortality similar to seasonal influenza. Previous hospitalbased studies from India reported hospital RSV prevalence of 11.4-26.0% (22.1%[14];
20.2% [17] ; 21.3% [18] ; 12.0% [19] ; 26.0% [20] ), although the variability in these studies
precludes any direct comparison with the present study. RSV-associated ALRI
incidence ranging from 2.4% to 21.2% have been reported in different countries[21].
Hospital-based studies have reported a significant association between being male
and having RSV-related ALRI[22]. Nair et al[5] concluded in a recent meta-analysis that
RSV is the most common cause of childhood LRTI and a major cause of admission to
hospital as a result of severe LRTI and that 99.0% of the RSV-related deaths take place
among resource-limited countries. The study showed that India, China, Nigeria,
Pakistan, and Indonesia together account for a total of 16 million cases of RSV
infections, accounting for half of the global cases of under-5 childhood deaths in the
world[1].
In India, routine laboratory diagnoses of viral ALRI remains unavailable and
unexplored, even in tertiary care centers. Viral etiology of ALRI largely remains
unknown and most cases are empirically treated with antibiotics. Gold standard test
like viral isolation and RT-PCR are more sensitive but not routinely performed in
clinical diagnostic laboratories in LMICs due to high expense LMICs due to high
expense. However, in resource-limited settings, DFA still has value for the diagnosis
of ALRI[23]. Compared to culture, DFA has sensitivities of 72% to 94% and specificities
of 95% to 100%[24]. The DFA kit used in this study, SimulFluor Respiratory Screen Kit
(Chemicon) was easy to perform and results were available within 4-5 h. It tested for a
panel of seven respiratory viruses; RSV, Influenza A, and B, Parainfluenza 1 to 3 and
Adenovirus [10,11] . Limitations of DFA include the degree of subjectivity in the
evaluation of the result, as well as the need for a high level of technical skill and
sample quality for the assay[25].
Early diagnosis facilitates early management and helps combat ALRIs. In India,
antibiotics use in pediatric ALRI is very common even if a viral cause is suspected. A
Cochrane review on the effectiveness of antibiotics in children fewer than two years
old diagnosed with bronchiolitis did not ﬁnd enough evidence to support the use of
antibiotics [26] . Antibiotics can be used if there is clear documented evidence of
secondary bacterial infections[8]. Early diagnosis of a viral respiratory infection has the
potential to reduce the rampant use of antibiotics.
As established by the results, this study demonstrates that exclusive breastfeeding
for over 3 mo of age, seems to have some protective effect against RSV and other
respiratory viral infections. Significance between exclusive breastfeeding and
decreased incidence of RSV positive illnesses have been reported[27]. However, there is
no association between exclusive breastfeeding and wheezing illnesses associated
with RSV as wheezing can be secondary to a maternal history of allergy and asthma
or pet exposure[28]. This possibly can be explained by the fact that RSV is caused by
infection and breastfeeding is often thought to confer some protection against it[29],
whereas wheezing may be immune to any protective effects of breastfeeding since
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Figure 1

Figure 1 Seasonality patterns of respiratory syncytial virus-positive and non-respiratory syncytial virus viralassociated lower respiratory tract infection in young children.1Other viruses include infection with influenza A, B,
para influenza 1, 2, 3 and adenovirus.

high IgE levels have been found to share an association with the presence of
wheezing.
Our finding showed a high rate of respiratory complications in 13.8% (13/94), 8.7%
(5/57) and 16.6% (42/253) of children with RSV positive, non-RSV positive and viral
negative results. Out of these, 6 children were mechanically ventilated with a median
of 4 d (range 3-5 d). Our findings were consistent with previous studies done by
Kholy et al[30] in which 10% (24/240) of patients were admitted to PICU with a median
duration of 6.5 d and 14 patients required mechanical ventilation.

Limitations of the study
In this study, we focused only on the viral causes of ALRI as they are the most
common etiological agents and there are limited studies from south India. However,
we did not address key questions about bacterial etiology and the possible role of
viral and bacterial co-infections. We had a small sample size which was insufficient to
make finer observations regarding differences in age, clinical profile, or factors
determining severity between specific viral species.
We find that a significant proportion of young children hospitalized for acute LRTI
is associated with RSV and other viral infections. Early diagnosis of viral infections
using a simple test such as the RSV and viral DFA test, in settings where PCR is not
feasible, would be useful in the timely institution of appropriate care, minimization of
antibiotic overuse, and appropriate follow-up care for complications and sequelae,
potentially leading to a reduction of costs of medical care.
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Table 2 Risk factors for respiratory syncytial virus infection
Variable
Birth weight (≥ 2500 g)

Breast fed exclusively for ≥ 3 mo

Gestational age (≥ 37 wk)

Neonatal complications

RSV negative (n = 289)

RSV positive (n = 94)

P value

No

55 (75.3)

18 (24.7)

0.980

Yes

234 (75.4)

76 (24.6)

No

66 (68.0)

31 (32.0)

Yes

223 (77.9)

63 (22.1)

No

33 (75.0)

11 (25.0)

Yes

256 (75.5)

83 (24.5)

No

241 (74.8)

81 (25.2)

Yes

48 (78.6)

13 (21.4)

No

256 (75.9)

81 (24.1)

Yes

33 (71.7)

13 (28.3)

No

220 (73.8)

78 (26.2)

Yes

69 (81.1)

16 (18.9)

Indoor with partition

202 (74.2)

70 (25.8)

Indoor without partition

85 (78.7)

23 (21.3)

Open air

2 (66.6)

1 (33.4)

Electric

2 (100)

0 (0)

Family history of asthma

History of smoking in the household

Kitchen type

Cooking fuel

Kerosene

6 (66.6)

3 (33.4)

Liquefied petroleum gas

241 (74.8)

81 (25.2)

Wood/dung

40 (80.0)

10 (20.0)

No

245 (75.2)

81 (24.8)

Yes

44 (77.2)

13 (22.8)

PICU admission

0.049

0.940

0.522

0.532

0.165

0.484

0.695

0.741

RSV: Respiratory syncytial virus; PICU: Pediatric intensive care unit.

Table 3 Risk factors among respiratory viral infection
Variable

No virus detected (n = 253)

Birth weight (≥ 2500 g)

Breast fed exclusively for ≥ 3 mo

Gestational age (≥ 37 wk)

Neonatal complications

Family history of asthma

P value
0.623

No

48

22

Yes

205

108

No

198

92

Yes

55

38

No

30

14

Yes

223

116

No

214

111

Yes

39

19

No

214

114

Yes

27

16

No

195

106

Yes

58

24

Indoor with partition

174

99

Indoor without partition

77

30

Open air

2

1

No

214

112

Yes

39

18

History of smoking in the household

Kitchen type

Respiratory viral positive (n = 130)

PICU admission

0.106

0.752

0.836

0.751

0.315

0.313

0.683

RSV: Respiratory syncytial virus; PICU: Pediatric intensive care unit.
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Table 4 Comparison of outcome between respiratory syncytial virus positive and respiratory syncytial virus negative
RSV
Days of

P value
Positive

Negative

Hospital stay

4.0 (1.0-17.0)

4.0 (1.0-65.0)

0.031

Oxygen use

1.5 (1.0-9.0)

2.0 (1.0-65.0)

0.176

Antibiotic use

4.0 (1.0-12.0)

4.0 (1.0-29.0)

0.303

Nebulization use

3.0 (1.0-17.0)

4.0 (1.0-65.0)

0.012

PICU stay

2.5 (1.0-10.0)

2.00 (1.0-20.0)

0.547

RSV: Respiratory syncytial virus; PICU: Pediatric intensive care unit.

Table 5 Association of signs and symptoms with respiratory syncytial virus infection
Variable

RSV positive(n = 94)

RSV negative(n = 289)

P value

Yes

63 (23.8)

201 (76.2)

0.645

No

31 (26.0)

88 (74.0)

Yes

81 (24.6)

248 (75.4)

No

13 (24.0)

41 (76.0)

Yes

85 (23.5)

276 (76.5)

No

9 (40.9)

13 (59.1)

Yes

62 (24.5)

191 (75.5)

No

32 (24.6)

98 (75.4)

Yes

45 (22.9)

151 (77.1)

No

49 (26.2)

138 (73.8)

Auscultatory crepitations

Yes

73 (25.7)

210 (76.3)

No

21 (21.0)

79 (79.0)

Chest retractions

Yes

52 (25.6)

151 (74.4)

No

42 (23.3)

138 (76.6)

Fever

Rhinorrhea

Cough

Fast breathing

Wheezing

0.931

0.066

0.981

0.461

0.338

0.604

RSV: Respiratory syncytial virus; PICU: Pediatric intensive care unit.

ARTICLE HIGHLIGHTS
Research background
Respiratory syncytial virus (RSV) is the most frequent agent of viral-associated acute lower
respiratory diseases (ALRI) and is known to be associated with hospitalization and mortality
among high-risk cases.

Research motivation
Early diagnosis of viral infections using a simple test such as the RSV and viral fluorescent
antibody assay (DFA) test, in settings where PCR is not feasible, would be useful in the timely
institution of appropriate supportive care, minimization of antibiotic overuse, and appropriate
follow-up care for complications and sequelae, potentially leading to a reduction of costs of
medical care.

Research objectives
The principal objective of the study was to investigate the proportion of RSV and non-RSV
respiratory viral infections as a cause of ALRI among 1-59 mo old children admitted to a tertiary
care hospital in India. The study also assesses the seasonality, clinical features, risk factors and
outcome of RSV and non-RSV respiratory viral infections among these hospitalized children.

Research methods
The prospective study was conducted on hospitalized children aged < 5 years, with a diagnosis
of acute lower respiratory infections (ALRI), admitted between August 2011-August 2013, were
included. Nasopharyngeal (NP) swabs were obtained from eligible children, and transported to
the laboratory in suitable media. Slides were prepared from the media, and DFA staining was
performed using SimulFluor Respiratory Screen kit on NP wash samples.

Research results
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The median age of subjects was 8 mo (inter quartile range 5-15 mo), and 89.0% were less than 2
years of age. Viral etiology (RSV, influenza A or B, adenovirus, para influenza 1, 2 or 3) was
confirmed in 33.9% (130/383) of children hospitalized for ALRI. RSV was positive in 24.5%
(94/383) non-RSV viruses in 14.8% (57/383) while co-infection with RSV and non-RSV viruses
was seen in 5.5% (21/383) children. A peak of RSV positive cases was seen after the rainy season
during the months of August through November. The RSV infection was significantly associated
with being exclusively breastfed for less than 3 mo. There was no significant association between
RSV infection and independent variables such as low birth weight, prematurity, complicated
neonatal course, family history of asthma, household smoking or indoor wood fuel usage. Mean
hospital stay was 4.6 ± 5.1 d and 8.3 ± 6.5 d in RSV-positive and RSV-negative children,
respectively. The respiratory complications such as acute respiratory distress syndrome and
respiratory failure requiring PICU admission, were 13.8% (13/94), 8.7% (5/57) and 16.6%
(42/253) of children with RSV positive, non-RSV positive and viral negative results.

Research conclusions
A high proportion of RSV and other virus-associated ALRI were seen among hospitalized
children in India. The study demonstrates that exclusive breastfeeding for over 3 mo of age, may
have a protective effect against RSV and other respiratory viral infections. The viral DFA test
was easy to perform and results were available within 4-5 h.

Research perspectives
Early diagnosis of viral infections using a simple test such as the RSV and would be useful in the
timely institution of appropriate supportive care, minimization of antibiotic overuse, and
appropriate follow-up care for complications and sequelae, potentially leading to a reduction of
costs of medical care.
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