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Abstract
Chlamydophila pneumoniae  (C. pneumoniae) is an ob-
ligate, intracellular bacterium associated with a wide 
variety of acute and chronic diseases. C. pneumoniae  
infection is characterized by persistence and immuno-
pathological damage to host target tissues, including the 
lung. Over the past 20 years, a variety of studies have in-
vestigated a possible link between C. pneumoniae  infec-
tion and atherosclerosis, because of its role in all stages 
of atherosclerosis, from initial inflammatory lesions to 
plaque rupture. In the current highly active antiretrovi-
ral therapy (HAART) era, many human immunodeficien-
cy virus (HIV)-infected patients are experiencing health 
problems that accompany the aging process, mainly the 
risk of cardiovascular disease (CVD). There is renewed 
interest in a link between atherosclerotic CVD and as 
yet poorly defined environmental exposures, including 
infectious agents. On the one hand, the patient with 
HIV and lipodystrophy caused by HAART and exacer-
bated by C. pneumoniae  infection could be a factor of 
risk for atherosclerosis. An assessment of the therapy 

against C. pneumoniae  and HAART should always be 
conducted. It is advisable that HIV-acquired immune 
deficiency syndrome patients undergo a serological test 
to determine exposure to C. pneumoniae  and to assess 
treatment options. On the other hand, in patients with 
a positive serology to C. pneumoniae , an increment of 
the body mass index has been found; therefore, it is 
probable that the recurrent infection may play an im-
portant role in creating adverse endothelial conditions 
allowing the infection by C. pneumoniae  in its chronic 
form, to damage the endothelial surface. Vascular stud-
ies would be necessary for corroboration. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
According to World Health Organization estimates, 16.7 
million people around the globe die of  cardiovascular dis-
ease (CVD) each year[1]. Of  the total annual CVD deaths, 
about 8.6 million occur in women. Heart attack and 
stroke deaths are responsible for twice as many deaths 
in women as all cancers combined[2]. In 2001, CVD con-
tributed to nearly one-third of  global deaths. Low and 
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middle income countries contributed to 85 percent of  
CVD deaths[3]. 

On the other hand, antiretroviral therapy has dramati-
cally improved the life expectancy of  patients with human 
immunodeficiency virus (HIV)[4]. In the present highly ac-
tive antiretroviral therapy (HAART) era, many HIV-infect-
ed patients are experiencing health problems that accom-
pany the aging process, mainly the risk of  CVD. There is 
renewed interest in a link between atherosclerotic CVD 
and as yet poorly defined environmental exposures, in-
cluding infectious agents. If  epidemiologic and laboratory 
evidence eventually supports this association, atheroscle-
rosis could emerge as another non-communicable chronic 
condition related to infection. Chlamydophila pneumoniae 
(C. pneumoniae) has been one of  the most important agents 
associated with atherosclerosis. Two types of  observa-
tional studies are used to study an association between C. 
pneumoniae and atherosclerosis: seroepidemiology and the 
demonstration of  the organism in atherosclerotic tissue. 
The first suggestion that C. pneumoniae might be associ-
ated with atherosclerosis was in 1988 when Saikku et al[5] 
showed that persons with coronary artery disease (CAD) 
more frequently had C. pneumoniae antibody than popu-
lation controls. These seroepidemiologic findings have 
now been confirmed by many investigators around the 
world, and several studies with similar findings have been 
reported. Mainly, there are three types of  studies on the 
etiologic role for C. pneumoniae in atherosclerosis: animal 
models, possible mechanisms and clinical treatment tri-
als. The animal model studies focus on determining if  
C. pneumoniae can initiate or accelerate the atherosclerotic 
process. Clinical trials will provide evidence for the role of  
C. pneumoniae in complications of  atherosclerosis, usually 
myocardial infarction (MI) and related syndromes. 

C. PNEUMONIAE AND ATHEROSCLEROSIS
C. pneumoniae is an important cause of  pneumonia. Its 
prevalence was determined in community-acquired pneu-
monia during a period of  7 years in Italy. Serum samples 
from patients with pneumonia were evaluated using micro-
immunofluorescence (MIF) assays to detect C. pneumoniae-
specific IgG and IgM antibodies. 12.5% patients complied 
with the diagnostic criteria of  acute C. pneumoniae infec-
tion[6].

Implicating C. pneumoniae in the etiology of  athero-
sclerosis is quite a complicated process because the Koch 
postulates should be fulfilled before concluding that this 
pathogen is causally involved in human atherosclerosis. 

Lines of  evidence associating C. pneumoniae with ath-
erosclerosis include seroepidemiologic studies, direct de-
tection of  bacterial components in atherosclerotic lesions, 
occasional isolation of  viable organisms from coronary 
and carotid atheromatous tissue, and in vitro and animal 
experiments (previewed in[7-9]). Most cross-sectional and 
prospective studies have correlated seroprevalence with 
MI, chronic coronary heart disease (CHD), or stroke[7]. 
My colleagues and I evaluated the association between 
CVD and antibodies against Chlamydophila in a Mexican 
population. Study subjects included 70 CVD hospitalized 

patients. Serum IgG and IgM antibodies against C. pneu-
moniae were determined by MIF and compared with those 
from 140 healthy individuals, matched by age and sex. 
IgG antibodies against C. pneumoniae were found in 94.3% 
patients, as compared to only 37% of  healthy individu-
als (P < 0.001); therefore, an association between IgG 
antibodies against C. pneumoniae and CVD was found[10]. 
Likewise, we determined antibodies against C. pneumoniae 
in patients with acute MI and coronary risk factors. We 
studied 100 patients hospitalized in the Coronary Unit 
of  La Raza Medical Center, Mexico. The patients had 
increased seropositivity for C. pneumoniae since 70% pre-
sented antibodies[11].

The strongest evidence associating C. pneumoniae with 
atherosclerotic CVD has been detection of  bacterial 
components in atherosclerotic lesions. C. pneumoniae ap-
pears to display tropism for atheromas[9].

Detection of  C. pneumoniae antigens or DNA in inti-
mal thickened tissue and fatty streaks of  young adults and 
Alaskan Natives (the latter group at low risk for coronary 
atherosclerosis) supports an early microbial role in its 
pathogenesis[12]. Postmortem, the Alaskan retrospec-
tive study also positively correlated with prior systemic 
infection due to the presence of  C. pneumoniae in athero-
sclerotic lesions. Studies from Seattle reported a slightly 
higher detection rate in late stage lesions[9].

Detection of  C. pneumoniae in plaques has not cor-
related well with serology[7,11], so investigators have at-
tempted to predict endovascular infection through poly-
merase chain reaction (PCR) recognition of  microbial 
DNA in peripheral blood monocytes. The prevalence of  
C. pneumoniae DNA in these mononuclear cells has varied 
between studies (perhaps due to differences in both as-
say sensitivity and extraction procedures), but was 59% 
in coronary angiography patients compared with 44% in 
blood donors in one series; the rate appears to increase 
with age[13,14]. However, some authors have not detected 
circulating C. pneumoniae in CAD[15].

In vitro studies support hypothesis that C. pneumoniae 
might directly promote atherosclerosis. Infection of  hu-
man endothelial cells augments the production of  inflam-
matory cytokines and modulates expression of  adhesion 
molecules, enhancing recruitment of  inflammatory leu-
kocytes to the vessel wall[7]. Animal experiments have also 
explored the link between C. pneumoniae and atherosclero-
sis. Intranasal or intratracheal C. pneumoniae inoculation of  
New Zealand white rabbits fed a normal diet produced 
inflammatory changes of  the aorta[16].

Inflammatory changes without foam cells and typi-
cal atheromas have also been observed in C. pneumoniae 
infected mice fed a normal chow diet[9,17]. However, 
inoculation of  C. pneumoniae in mouse models led to ag-
gravation of  experimental atherosclerosis induced by a 
cholesterol-enriched diet[18].

C. PNEUMONIAE ANTIBODIES, ELEVATED 
BODY MASS INDEX AND CVD
The relationship between seropositivity for IgG antibod-
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ies of  C. pneumoniae and lipid levels has been studied[19]. 
The presence of  IgG antibodies to C. pneumoniae is evi-
dence of  exposure to the organism but a single measure-
ment will not distinguish between a primary infection, a 
repeat infection or a chronic infection. Previous studies 
showing an association between C. pneumoniae infection 
and lipid levels[20,21] largely ignored the role that con-
founding factors may have played in their findings. Sev-
eral factors may confound this association: for example, 
low socioeconomic status, has been related to both el-
evated total cholesterol[22] and C. pneumoniae infection[23], 
although these are not consistent findings[24,25]. The date 
at which blood was collected may also have confounded 
the association. Seasonal variation in total cholesterol and 
high-density lipoprotein (HDL) cholesterol is a recog-
nized phenomenon, with a total cholesterol peak[26,27] and 
HDL cholesterol trough[28] usually occurring during the 
winter months. The findings of  the study[19] are consistent 
with the observation by Laurila et al[20], in a cross sectional 
study of  male reindeer herders in Northern Finland, of  
decreased HDL, and HDL/total cholesterol ratio in sub-
jects with serological evidence of  C. pneumoniae infection. 
However, as in other studies of  C. pneumoniae infection in 
which total cholesterol was measured[24,25,29], Laurila et al[21] 
did not observe an association between seropositivity 
and cholesterol levels, though in a follow up study, total 
cholesterol was increased in subjects with evidence of  
chronic infection.

The most commonly reported infection-induced lipid 
abnormalities in man and experimental animals have 
been decreased HDL, cholesterol and elevated triglycer-
ides and very low density lipoprotein[30,31]. These effects 
are part of  the acute phase response, appear to be medi-
ated by cytokines such as tumor necrosis factor (TNF), 
interleukin (IL)-1, and IL-6[31], and have been observed in 
persons with serological evidence of C. pneumoniae infec-
tion[20]. The acute phase response to infection may there-
fore explain the association observed in the study[19], with 
C. pneumoniae seropositivity and lowered HDL cholesterol 
but does not convincingly explain the elevated total cho-
lesterol. The lipid response to chronic infection may be 
different from that which occurs in acute infection. 

This was the first study[19] to examine the relation be-
tween infection with C. pneumoniae and lipid levels in both 
men and women. In both sexes, an effect on total choles-
terol in the same direction was documented, but infected 
men had lower HDL cholesterol concentrations while 
infected women had higher concentrations. An epidemio-
logical robust association[19] was demonstrated between 
an atherogenic lipid profile and evidence of  infection 
with C. pneumoniae and although the possible mecha-
nism of  action may not be clear, this finding may have 
substantial public health implications. If  treatment of  
C. pneumoniae infection resulted in a sustained reduction 
in total cholesterol similar in magnitude to the increase 
seen in infected subjects in this study, data from meta-
analyses of  cholesterol lowering trials[32] would suggest an 
expected decrease in the risk of  ischemic heart disease in 

treated individuals (potentially 70% of  the population) of  
at least 20%. 

Manifestations of  CVD have been also associated 
with chronic infection by Helicobacter pylori (H. pylori). This 
was investigated in subjects classified according to serol-
ogy titers due to infection with C. pneumoniae and H. pylori, 
association between seropositivity and the degree of  
obesity and fasting insulin levels, as well as social factors. 
Frozen samples from serum of  310 middle-aged treated 
hypertensive and 288 age-matched and gender-matched 
normotensive controls from a defined population were 
analyzed. The body mass index (BMI) was calculated as 
kg/m2. Fasting blood samples were drawn for measure-
ment of  serum lipid levels, blood glucose, plasma insulin 
and serum lipids, including total cholesterol and triglycer-
ides. The titers for C. pneumoniae were determined by MIF. 
Subjects with combined positive serology for H. pylori and 
C. pneumoniae are characterized by greater age, lower socio-
economic class and higher BMI, as well as higher fasting 
levels of  insulin compared to seronegative subjects. Obe-
sity might be a marker not only for lower socioeconomic 
class but also for a greater than normal susceptibility to 
such infections[33].

C. pneumoniae infection has been linked to the de-
velopment of  CHD, but its relationship to CHD risk 
factors is less clear. The relation between past infection 
with C. pneumoniae and risk factors for CHD, including 
body weight amongst subjects with and without CHD 
was determined. Antibodies to C. pneumoniae and a range 
of  CHD risk factors were measured in 170 subjects, of  
whom 43 had recent onset angina. The prevalence of  
seropositivity was similar for subjects with and with-
out CHD and for those with or without hypertension. 
However on multivariate analysis, only BMI remained 
significant (P < 0.05). Although the study failed to find a 
greater prevalence of  antibodies to C. pneumoniae amongst 
subjects with recent onset angina, there were associations 
with a number of  cardiovascular risk factors. An increase 
in body weight appears to underscore these relation-
ships[34,35]. 

Whether serum chlamydial lipopolysaccharide (cLPS), 
C. pneumoniae antibodies and high-sensitivity C-reactive 
protein (hsCRP) levels are associated with BMI was ex-
plored. The study population consisted of  174 patients 
with symptomatic carotid stenosis, abdominal aortic 
aneurysm or occlusive aortic disease. Information on 
BMI, diabetes, smoking, hypercholesterolemia, and statin 
therapy was available. Serum C. pneumoniae IgG and IgA 
antibodies, cLPS, hsCRP and total endotoxin acitivity 
(totLPS) were measured. BMI correlated with cLPS (r = 
0.197, P < 0.01) and with hsCRP (rho = 0.195, P < 0.01); 
in addition, there was a positive correlation between 
cLPS and hsCRP (rho = 0.499, P < 0.01). A trend of  an 
increasing proportion of  C. pneumoniae IgG positivity (titer 
≥ 64, P = 0.018) and higher serum cLPS (P = 0.01) con-
centrations was observed across the BMI range. Elevated 
serum cLPS levels were associated with an elevated BMI. 
This is a novel finding and it strengthens the link between 
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chlamydial infection and obesity. A lack of  association 
between totLPS and BMI suggests that the association 
between infection and an elevated BMI may be specific 
to certain pathogens[36].

C. PNEUMONIAE INFECTION AND HIV
In 1991, the case of  an HIV infected adult with C. pneu-
moniae was reported. The patient presented with a clinical 
picture suggestive of  Pneumocystis carinii pneumonia (PCP) 
but did not respond to standard anti-PCP therapy. The 
diagnosis was eventually confirmed by bronchoscopy and 
serology. C. pneumoniae pneumonia should be considered 
in the differential of  pathogens that cause interstitial in-
filtrates in HIV infected individuals[37]. 

Seven hundred and sixty-four healthy subjects, 96 
HIV infected and 50 children with vertically transmitted 
HIV infection were studied. In the HIV infected popula-
tion, C. pneumoniae seroprevalence was higher than in im-
munocompetent controls (children, 26% vs 11%; adults, 
60% vs 40%). HIV infected subjects seem to be at higher 
risk of  developing C. pneumoniae infections. Further stud-
ies are needed to elucidate fully the pathogenic role of  
C. pneumoniae in HIV infected subjects, because this high 
antibody prevalence could be the result of  either a greater 
rate of  infection in immunocompromised subjects or a 
polyclonal immunoglobulin activation commonly found 
in HIV patients[38].

The significance of  chlamydia serum IgG and IgA 
antibodies was studied by immunoperoxidase assay in 
210 homosexual men at various stages of  HIV infection. 
Cross-sectional analysis of  chlamydia IgG antibodies 
indicated a significantly higher prevalence rate among 
acquired immune deficiency syndrome (AIDS) patients 
(27%) as compared to asymptomatic HIV seronegative 
subjects (6.0%) (P = 0.022). The geometric mean titer 
of  IgG antibodies to chlamydia was also significantly 
higher in AIDS patients (106.4) as compared to HIV se-
ronegative subjects (58.2) (P = 0.022)[39]. The prevalence 
of  C. pneumoniae antibodies was evaluated in an Italian 
population of  HIV infected and uninfected individuals 
in relation to the presence of  HIV risk factors. A statisti-
cally significant higher C. pneumoniae seroprevalence was 
found to be related, by multivariate analysis, to sex, age, 
and presence of  HIV risk factors but not to the presence 
of  HIV infection itself. Likewise, HIV infected subjects 
seem to have progressively lost their C. pneumoniae IgG 
antibodies in mid and advanced stages of  HIV infection. 
High C. pneumoniae IgG titers are rarely found in advanced 
stage HIV infected patients[40]. Later, the same authors 
described C. pneumoniae infection in patients seropositive 
for the HIV. They concluded that C. pneumoniae is a pos-
sible cause of  severe respiratory infection in Italian HIV 
infected immunocompromised patients, and its presence 
must be suspected when patients do not respond to ther-
apy with beta lactam agents or to anti-Pneumocystis carinii 
treatment[41].

The incidence of  C. pneumoniae respiratory tract infec-
tion was determined in HIV positive or AIDS patients. 

Twenty of  82 patients were found to have IgG antibodies 
to C. pneumoniae at titers ranging between 1:16 and 1:1024. 
Seven of  the patients had evidence of  acute C. pneumoniae 
infection. Results of  this study indicate that C. pneumoniae 
may play a role in the etiology of  respiratory tract infec-
tions in HIV positive patients; this fact should affect em-
pirical antibiotic therapy[42].

On the other hand, C. pneumoniae DNA was investigat-
ed by PCR, in cerebrospinal fluid (CSF) specimens from 
patients suffering from HIV-associated dementia complex 
(HADC). Four (17.3%) cases of  C. pneumoniae infection 
were identified among 23 HADC individuals with DNA 
amplification of  the major outer membrane protein gene 
and 16S rRNA gene sequences. Sequence analysis revealed 
significant homologies with C. pneumoniae compared to 
Chlamydia trachomatis (C. trachomatis) and Chlamydophila 
psittaci (C. psittaci). High mean levels of  CSF specific anti- 
C. pneumoniae antibodies and C. pneumoniae antibody spe-
cific index values were significantly elevated by enzyme-
linked immunosorbent assay in these patients. The results 
suggest a hypothetical role for C. pneumoniae in the patho-
genesis or progression of  HADC[43]. 

C. pneumoniae seropositivity is associated with CVD 
and HIV infection. Cell-mediated immune responses are 
important in the control of  Chlamydia pneumoniae, and 
such responses may be impaired in HIV infected patients. 
An assay for detection of  interferon (IFN)-γ in whole 
blood stimulated with Chlamydia pneumoniae antigen was 
developed and studied in HIV infected patients and un-
infected controls. Among 34 HIV infected patients, none 
had an IFN-γ response to C. pneumoniae antigen, com-
pared with five of  32 healthy controls (P < 0.001). Fewer 
HIV infected individuals elicited a serum IgG response 
when tested with a commercial enzyme immunoassay (P 
= 0.009), but this was not so for serum IgA (P = 0.12). 
Additionally, the IFN-γ and antibody assays showed a 
trend towards a bivariate response in normal controls. 
This indicates that cellular and antibody responses against 
C. pneumoniae may be mutually exclusive, with potential 
implications for the role of  this organism in the genesis 
of  CVD in both immunocompetent and HIV infected 
populations[44].

To better understand the possible role of  C. pneumoniae 
infection in the pathogenesis of  epi-aortic lesions in 
HIV positive patients, the presence of  anti-C. pneumoniae 
antibodies was evaluated in a group of  individuals sub-
jected to ultrasonography of  the epi-aortic vessels. The 
presence of  specific antibodies in 129 subjects was de-
termined; 59 patients were HIV positive, 30 had carotid 
plaques and 29 had no lesions. The control group was 
composed of  70 subjects. All were subjected to ultraso-
nography of  the epi-aortic vessels. IgG, IgM and IgA anti- 
C. pneumoniae antibodies were measured with MIF and 
positive sera were tested for C. trachomatis and C. psittaci. 
No subjects were positive for IgM. Neither IgA nor IgG 
levels differed significantly in the three groups. The only 
highly significant variable was the use of  protease inhibi-
tors. Results suggest that the damage to the carotid wall in 
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HIV patients was not due to C. pneumoniae[45]. In contrast, 
our team determined whether the infection by C. pneumoniae 
is a risk factor for atherosclerosis in patients with AIDS. 
A case-control study of  43 patients with AIDS under 
HAART (16 cases and 27 controls) was conducted. To doc-
ument atherosclerosis, a carotid and transcranial Doppler 
ultrasound was performed. Anti-C. pneumoniae antibodies 
were determined using a MIF test for IgM and IgG levels. 
To study the atherosclerosis risk factors, odds ratios were 
calculated for each IgG anti-C. pneumoniae antibody titer. A 
titer of  1:64 significantly increased the risk of  atheroscle-
rosis. These results suggest that hypertriglyceridemia and 
C. pneumoniae infection coexistence significantly increases 
the risk of  atherosclerosis. The inverse geometric average 
of  the antibody titers against C. pneumoniae in individuals 
with atheromatous plaque fell to 64, (two titers above 
controls). This difference turned out to be statistically sig-
nificant. Exposure to C. pneumoniae with positive antibody 
(IgG) titers should be considered in any HIV diagnosed 
patient as a risk factor for atherosclerosis, having found 
that the inverse geometric averages of  antibody titers are 
significantly different when comparing cases and con-
trols, especially in patients with dyslipidemia, hypertrig-
lyceridemia or in patients whose treatments could cause 
these conditions. An assessment of  the therapy against 
C. pneumoniae and HAART should always be conducted. 
When we studied patients with concomitant hypertrig-
lyceridemia, we found that the association increased 
three-fold. It is advisable to serologically test HIV-AIDS 
patients to determine exposure to C. Pneumoniae and to 
assess treatment options[46].

ATHEROMAS IN HIV AND C. PNEUMONIA 
INFECTED INDIVIDUALS
The development of  anti-HIV antiretroviral therapies has 
significantly prolonged the life span of  infected individu-
als, leading to the need to further understand the virus’ 
impact on chronic disease processes such as atherosclero-
sis[47].

HIV infection is associated to accelerated atheroscle-
rosis and vasculopathy, and although the involved mecha-
nisms have yet to be elucidated, there are observations 
substantiating it: (1) An increase in the prevalence of  
cardiac risk factors in HIV-infected individuals; (2) The 
dyslipidemia reported after therapy with certain anti-HIV 
antiretrovirals; and (3) The pro-inflammatory effects due 
to monocyte/macrophage infiltration in HIV-infected 
individuals[47].

It has not been determined whether HIV per se can 
infect smooth muscle cells (SMCs) and hence hastens the 
development of  vascular disease[47]. 

Atherosclerotic lesions are characterized by thicken-
ing of  the intima and plaque formation, consisting of  fi-
brous tissue encapsulating a lipid core. These lesions have 
SMCs some of  which contain phagocytosed lipids. The 
presence of  abundant macrophages is also recognized, 
particularly surrounding the lipid core: this is known as 

an atheroma. Macrophages play a crucial role in lipid 
phagocytosis and their function is referred to as “scav-
enging” since they attempt to remove the fat particles 
infiltrating the intima. These macrophages may “super-
phagocytose” and lead to cell death and subsequent “fat 
spillover” thus leading to atheroma formation. In terms 
of  pathogenesis, atherosclerosis has been mainly con-
sidered a lipid disorder whereby an excessive lipid influx 
within the arterial wall and macrophage activity eventually 
foment lesion development in an attempt to eliminate lip-
ids. It is currently known that macrophages do not only 
act as scavenger cells but rather as veritable immunocom-
petent cells that interact with other inflammatory cells 
such as lymphocytes and mast cells[48].

Immunohistochemical analysis of  atherosclerotic 
plaques reveal the presence of  macrophages and T 
lymphocytes, frequently in close cell to cell contact[49,50]. 
Furthermore, a variable number of  these T lymphocytes 
appear to be activated[51]. Aside from macrophages and T 
lymphocytes, the atherosclerotic plaque also appears to 
contain clusters of  activated mast cells, particularly in the 
posterior area of  the lesions[52]. These aforementioned 
observations have led to the understanding that an im-
mune intraplaque mediating cellular function is present 
within the atherosclerotic plaque. Consequently, the 
release of  inflammation mediators or cytokines such as 
growth factors and other proteins from these cells may 
regulate a vast variety of  cellular processes affecting the 
components of  the atherosclerotic plaque; this would 
lead to a fine balance promoting plaque instability and its 
complications or, its stabilization[53].

Cytokines tend to be Th2 cell dependent, such as IFN-γ 
that may inhibit smooth muscle proliferation and decrease 
its ability to synthesize extracellular matrix. IFN-γ also 
increases the recruitment of  immunocompetent cells thus 
regulating the expression of  adhesion molecules on endo-
thelial cells and playing an important role in the perpetua-
tion of  the inflammatory process. Other cytokines such as 
IL-1 and TNF may induce SMC apoptosis[54].

Macrophages destabilize plaque by releasing matrix 
metalloproteinases (MMPs). The macrophage layer, partic-
ularly when foam-laden, produces several MMPs includ-
ing interstitial collagenase (MMP-1), stromelysin (MMP-3) 
and gelatinases MMP-2 and MMP-9. The release of  these 
proteinases is controlled by inflammatory cytokines such 
as TNF and IL-1. Mast cells may orchestrate this cytokine 
release since the severity of  the coronary syndrome cor-
relates directly with their activation and not with that of  
macrophages or T cells; mast cells may thus play a func-
tional role since they can release neutral proteases such as 
tryptase and chymase, both capable of  destroying compo-
nents of  the extracellular matrix[55].

Finally, we must mention another mechanism operat-
ing in the process of  immune activation within the arteri-
al wall and it relates to the influx of  modified lipoproteins 
such as oxidized low-density lipoprotein (OxLDL) within 
macrophages; these can induce non-antigen specific im-
mune activation, transforming monocytes into foam cells 
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that in turn, lead to functional changes such as the release 
of  growth factors, cytokines and enzymes. The specific 
activation of  the adaptive immune response may play an 
important role in atherosclerotic disease; some studies 
have even shown increased levels of  anti-OxLDL anti-
bodies as well as elevated titers against infectious agents. 
Some implicated microorganisms include c, H. pylori and 
C. pneumoniae, the most suspect. A relationship between 
MI and CAD has been established with antibody titers 
against C. pneumoniae, as first described by Saikku et al[5] 
and subsequently confirmed by other groups[56]. The fact 
that chronic or past exposure to the above mentioned mi-
croorganisms exacerbates inflammation and contributes 
to atherosclerosis has also been reported[57].

Chlamydia pneumoniae has been detected in atheroscle-
rotic lesions via several methods such as electron micros-
copy, immunohistochemistry, PCR and the microorgan-
ism has also been cultured from atherosclerotic plaques[8].

HIV infection has been associated with abnormal 
lipid profiles[58] and HAART may also cause lipid ab-
normalities and insulin resistance, both risk factors for 
atherosclerosis[59]. However, the role of  HIV infection per 
se and its effects on the vascular wall in atherosclerosis 
pathogenesis are not well understood, although the effect 
of  HIV infection on endothelial dysfunction and HIV 
infiltration of  macrophages and monocytes has been 
studied[60]. It has been shown that arterial SMCs express 
three relevant HIV receptors: CD4, CCR5 and CXCR4. 
They play a role in leukocyte viral entry[61]. SMCs are the 
predominant cell type in arteries.

One possibility correlating HIV infection and ath-
eroma formation suggests that HIV can directly infect 
SMCs and if  so, hasten vascular disease. SMC infection by 
HIV has been demonstrated in vivo and in vitro. HIV p24 
protein has been detected by confocal fluorescence mi-
croscopy in SMCs of  atherosclerotic plaques from HIV-
infected individuals. Also, SMCs can be infected in vitro 
via CD4-dependent mechanisms, CXCR4 or CCR5 che-
mokine receptors and endocytosis; this leads to a marked 
secretion of  CCl2/MCP-1 by SMCs, a critical mediator of  
atherosclerosis. SMC infection by HIV may be part of  a 
multifactorial mechanism that could explain the exacerbat-
ed atherosclerosis and vasculopathy seen in HIV-infected 
individuals[47].

DYSLIPIDEMIA, METABOLIC 
INFLAMMATORY CHANGES AND HIV
CVD risk associated with the fat redistribution seen 
among HIV infected individuals remains unexplained, 
but may be increased due to associated hyperlipidemia, 
hyperinsulinemia, increased visceral adiposity, and the 
prothrombotic state associated with these metabolic 
abnormalities[62]. Increased tissue type plasminogen ac-
tivator (tPA) antigen, a marker of  impaired fibrinolysis, 
predicts increased risk of  CAD mortality among patients 
with a history of  angina pectoris and CVD[63], as well as 
cerebrovascular events among individuals without a prior 

history of  CVD[64]. Further, there is a strong association 
between hyperinsulinemia and impaired glucose tolerance 
and levels of  plasminogen activator inhibitor-1 (PAI-1) 
and tPA in otherwise healthy adults[65], suggesting a mech-
anistic link between insulin resistant states and increased 
CVD. PAI-1 and tPA markers of  fibrinolysis were char-
acterized and correlated with an increased CVD risk in 
HIV positive lipodystrophic patients compared with con-
trols. The effect of  treatment with metformin on PAI-1 
and tPA antigen levels in patients with HIV associated fat 
redistribution was also analyzed. The data demonstrated 
impaired fibrinolysis in association with hyperinsulinemia 
and an increased waist to hip ratio in patients with HIV 
infection and fat redistribution. This suggests that met-
formin improves the overall cardiovascular risk profile in 
HIV infected patients with fat redistribution[66].

We would suggest that (Figure 1) on the one hand, the 
patient with HIV and lipodystrophy caused by HAART 
and exacerbated by C. pneumoniae infection, could be a risk 
factor for atherosclerosis. An assessment of  the therapy 
against C. pneumoniae and HAART should always be car-
ried out. It is advisable that HIV-AIDS patients undergo 
a serological test to determine exposure to C. pneumoniae, 
and to assess treatment options. On the other hand, in 
patients with a positive serology to C. pneumoniae, an in-
crease in BMI has been found; therefore, it is probable 
that the recurrent infection may play an important role in 
creating adverse endothelial conditions that allow the in-
fection by C. pneumoniae in its chronic form to damage the 
endothelial plate. Vascular studies would be necessary for 
corroboration. In obesity, adipose tissue is inflamed and 
many inflammatory molecules, such as IL-6 and TNF, are 
produced. This low-grade inflammation in adipose tissue 
induces insulin resistance and obesity, which are linked to 
metabolic syndrome, type 2 diabetes and CHD. Slightly 
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Positive serology against 
Chlamydophila pneumoniae

HIV patient 
under HAART

Patient with
BMI incremented

Lipodystrophy, 
dyslipidemia,

hipertriglyceridemia

Chronic damage in 
endothelial plate

Atherosclerosis

Figure 1  In the patient co infected with human immunodeficiency virus 
/chlamydia, under highly active antiretroviral therapy, a factor of risk can 
occur to develop lipodystrophy and other disorders of the metabolism 
of lipids as dyslipidemia or hipertriglyceridemia, conducting finally to 
atherosclerosis. Thus same, in patients with re infections and obesity, would 
be able to occur an activation in the mechanism of inflammation that has an 
important role in the pathogenesis of atherosclerosis resulting in a cycle of in-
flammation, activation and continuous cell recruitment. 
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elevated serum C-reactive protein (CRP) levels act as a 
marker of  systemic inflammation, and have been shown 
to increase the risk of  CHD. The synthesis of  CRP is 
regulated by IL-6, which has been assumed to originate 
largely from adipose tissue. 

CONCLUSION
C. pneumoniae is an obligate, intracellular bacterium associ-
ated with a wide variety of  acute and chronic diseases. 
C. pneumoniae infection is characterized by persistence 
and immunopathological damage to host target tissues, 
including the lung. Over the past 20 years, a variety of  
studies have investigated a possible link between C. pneu-
moniae infection and atherosclerosis, because of  its role 
in all stages of  atherosclerosis, from initial inflammatory 
lesions to plaque rupture. In the present HAART era, 
many HIV-infected patients are experiencing the health 
problems that accompany the aging process, mainly the 
risk of  CVD. There is renewed interest in a link between 
atherosclerotic CVD and as yet poorly defined environ-
mental exposures, including infectious agents. In addi-
tion, there is an association between possible chronic C. 
pneumoniae infection and obesity.
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Abstract
Staphylococcus aureus  (S. aureus) is an important hu-
man pathogen capable of causing a diverse range of 
infections. Once regarded as an opportunistic pathogen 
causing primarily nosocomial infections, recent years 
have seen the emergence of S. aureus  strains capable 
of causing serious infection even in otherwise healthy 
human hosts. There has been much debate about 
whether this transition is a function of unique geno-
typic characteristics or differences in the expression 
of conserved virulence factors, but irrespective of this 
debate it is clear that the ability of S. aureus  to cause 
infection in all of its diverse forms is heavily influenced 
by its ability to modulate gene expression in response 
to changing conditions within the human host. Indeed, 
the S. aureus  genome encodes more than 100 tran-
scriptional regulators that modulate the production of 
virulence factors either directly via  interactions with 
cis  elements associated with genes encoding virulence 
factors or indirectly through their complex interactions 

with each other. The goal of this review is to summarize 
recent work describing these regulators and their con-
tribution to defining S. aureus  as a human pathogen.
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INTRODUCTION
Staphylococcus aureus (S. aureus) is a rapidly evolving hu-
man pathogen that is a leading cause of  both chronic, 
biofilm-associated infections and acute, life-threatening 
toxemias. Its ability to cause these infections is dependent 
on its ability to coordinate the production of  a myriad 
of  virulence factors. These include exopolysaccharides, 
surface-associated protein adhesins, immune modulators, 
and extracellular proteins including a plethora of  toxins. 
S. aureus employs an equally remarkable array of  regula-
tory elements to coordinate the production of  these 
virulence factors. These elements include (1) small, non-
coding RNAs[1]; (2) alternative sigma factors (σB, σH, and 
σs) responsive to various stress conditions[2]; and (3) trans-
acting transcriptional regulators. It is the latter two groups 
that is the focus of  this review. Indeed, one of  the first 
reports of  a full S. aureus genome sequence identified 124 
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open-reading frames likely to encode transcriptional regu-
lators, 89 of  which had not been previously identified[3]. 
Generally speaking, these are DNA-binding proteins, 
although some have also been shown to modulate viru-
lence phenotypes via direct interactions with mRNA[4]. In 
general, these factors, some upon activation, are capable 
of  binding a specific sequence associated with their target 
genes and thereby either enhance or inhibit transcription, 
although in many cases it has proven difficult to identify a 
definitive recognition site. Many of  these targets are them-
selves regulatory factors, thus creating a complex network 
of  virulence gene expression.

Because DNA-binding proteins are located in the cy-
toplasm, it is imperative to have a mechanism of  sensing 
the external environment and translating that informa-
tion into an intracellular change in gene expression. As 
with other pathogens, this is often accomplished via two-
component systems. In some cases, the activating signals 
for these systems are known, but in most cases they have 
not been defined. S. aureus also produces many transcrip-
tional regulators that are not associated with a recognized 
two-component system, and the activating signals for 
most of  these also remain undefined. Nevertheless, an 
important role in virulence has been established for many 
of  these regulators, and summarizing these is the focus 
of  this review.

Two-component systems
Bacterial two-component systems create a communica-
tion bridge to the external environment, allowing the 
cell to translate an external stimulus into an intracellular 
change in gene expression. The defining components 
are a membrane-associated sensor histidine kinase (HK) 
and a cytoplasmic response regulator (RR). The genes 
encoding these components are often arranged in an 
operon, and therefore co-transcribed, with other genes 
involved in the same signaling pathway. After activation 
from an external signal, the HK typically dimerizes and 
trans-autophosphorylates[5]. This leads to phosphoryla-
tion of  the RR, characteristically at a conserved aspartic 
acid residue. Phosphorylation of  the RR induces a con-
formational change allowing it to bind DNA at a specific 
consensus sequence in a manner that alters transcription 
of  the target gene. Based on homology with recognized 
sensors and response regulators, S. aureus has at least 16 
two-component systems[6]. In addition to their role in 
pathogenesis, at least three of  these systems have been 
shown to modulate resistance to antibacterial agents[7], 
thus further emphasizing their important role in patho-
genesis of  S. aureus infection.

AgrAC
The most definitively characterized two-component 
system in S. aureus is the accessory gene regulator (agr), 
which was first identified as a transposon-insertion mu-
tant with a reduced capacity to produce multiple exotox-
ins[8]. AgrC is the sensor kinase, and it is responsive to the 

accumulation of  an extracellular auto-inducing peptide 
(AIP) that is encoded by agrD and processed for export 
by AgrB. Induction occurs in vitro as cultures enter the 
post-exponential growth phase as the AIP accumulates, 
thus making agr a prototype quorum-sensing regula-
tory system. This peptide recognition is a unique feature 
of  Gram-positive quorum-sensing systems, as Gram-
negative organisms sense small molecules, typically ho-
moserine lactones[9], rather than peptides. While agr itself  
is highly conserved, variation in the AIP and its AgrC 
receptor define interference groups, with the AIP of  each 
group inducing the expression upon interaction with its 
cognate receptor but inhibiting induction upon interac-
tion with the receptor from each of  the other groups[10]. 

After induction by AIP, AgrC autophosphorylates[11] 
and then phosphorylates AgrA, which is the cytoplasmic 
response regulator that until recently was thought to bind 
and activate only the agr-associated P2 and P3 promot-
ers. Induction of  the P2 promoter leads to increased 
transcription of  the agr operon (agrABCD), resulting in 
a positive feedback loop, while induction of  the P3 pro-
moter results in increased transcription of  RNAIII, with 
the latter being a primary downstream effector of  the agr 
system[12].

AgrA was also recently shown to bind the promoter 
region of  the gene clusters encoding phenol-soluble 
modulins (PSMs)[13]. PSMs are small toxins that lyse hu-
man neutrophils[14], a key host defense against staphylo-
coccal infection. While PSMs are found in virtually all 
S. aureus isolates, the levels in which they are produced 
vary widely among different strains due to differences in 
the level of  agr expression. This has been correlated with 
increased virulence in several animal models of  S. aureus 
infection, although not necessarily owing to the increased 
production of  PSMs alone[15-17].

RNAIII is the effector molecule of  the agr regulatory 
system. Although RNAIII includes the gene encoding 
delta-toxin, which is itself  a PSM[18], its primary contribu-
tion to virulence is regulatory. It is a stable RNA charac-
terized by 14 stem-loop structures and two long helices 
separating two independent domains[19], and it is these 
stem-loops that are responsible for its regulatory effects[1]. 
RNAIII production is induced by the binding of  phos-
phorylated AgrA to the P3 promoter, thus accounting 
for its increased production in vitro as cultures enter the 
post-exponential growth phase and AIP accumulates to a 
critical threshold. In general, induction results in reduced 
production of  surface-associated proteins and enhanced 
production of  exotoxins[20].

The phenotype of  an RNAIII mutant is characterized 
by major changes at the transcriptional level. However, 
RNAIII itself  functions primarily at a post-transcription-
al level to affect accessory transcription factors leading 
to changes in virulence gene expression. For instance, 
transcription of  the gene encoding staphylococcal pro-
tein A (spa) is increased in the absence of  RNAIII, but 
this is due to the fact that RNAIII normally represses 
production of  other transcription factors (e.g., SarT, Rot, 
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and ultimately SarS) that would otherwise promote spa 
transcription[21]. Thus, in the absence of  RNAIII, this 
repression does not occur, which results in the continued 
high level expression of  spa. Additionally, RNAIII binds 
spa mRNA in a manner that both limits translation and 
promotes RNase III-mediated degradation[22].

This latter mechanism also plays a primary role in 
the RNAIII-mediated induction of  toxin production[20]. 
This occurs via both direct and indirect pathways. For 
instance, in the case of  hla, which encodes α toxin, the 
hla transcript forms a stem-loop structure that sequesters 
the Shine-Delgarno sequence, thus limiting translation. 
RNAIII overcomes this limitation by binding the hla 
transcript and relieving this stem-loop structure[23]. The 
translation of  hla is thus upregulated in the presence of  
RNAIII via a direct interaction between RNAIII and hla 
mRNA. In other cases, the regulatory functions are medi-
ated indirectly via the interaction between RNAIII and 
the rot transcript. Specifically, the regulatory functions of  
Rot (repressor of  toxins) and Agr are antagonistic, with 
RNAIII limiting the production of  Rot by binding to 
the Shine-Dalgarno sequence of  the rot transcript and, 
as with the spa transcript, both inhibiting translation and 
targeting the existing transcript for degradation by RNas-
eIII[1]. In addition to its regulation of  the genes encoding 
individual virulence factors, RNAIII also modulates the 
expression of  other two-component systems including 
ArlRS, SaeRS and SrrAB, but the mechanism by which 
this occurs is not known[24-26].

Taken together, these results imply that agr plays a 
central role in S. aureus regulatory circuits. This is also 
reflected in the observation that mutation of  agr has 
been consistently associated with a reduced capacity to 
cause infection[27]. Indeed, a primary determinant of  the 
hypervirulence of  isolates of  the USA300 clonal lineage 
is their high level expression of  agr and consequent high 
level production of  critical exotoxins including α toxin 
and PSMs[27]. At the same time, this does not mean that 
agr expression is critical in all forms of  S. aureus infection. 
One specific phenotype that may be particularly impor-
tant in this regard is biofilm formation, with the high-
level expression of  agr generally being associated with a 
reduced capacity to form a biofilm[28-30]. It has been pro-
posed that induction of  agr expression may be important 
in promoting dispersal of  S. aureus cells from an estab-
lished biofilm, perhaps by inducing the production of  
extracellular proteases and/or nucleases[31]. This suggests 
that the expression of  agr needs to be carefully controlled 
in the cells during biofilm development. However, several 
reports have documented the isolation of  agr mutants di-
rectly from patients suffering from S. aureus infection[32,33], 
and it has even been suggested that agr dysfunction may 
be adaptive for survival within an infected host[34]. In 
fact, this is one specific context in which agr mutants 
have been shown to preferentially accumulate[34], perhaps 
owing to both the negative impact of  agr on biofilm for-
mation and the fact that its expression is metabolically 
expensive[35].

SaeRS
The saeRS two-component system was first identified as 
a transposon-insertion mutant deficient in exoprotein 
production[36]. saePQRS is transcribed as a 4-gene operon 
(saePQRS), with SaeS and SaeR being the sensor and re-
sponse regulator respectively. A definitive role for SaeP 
and SaeQ has not yet been determined, although they 
may be involved in stabilization of  SaeS in the membrane 
and/or modulating its return to the dephosphorylated 
state[37]. Once phosphorylated, SaeR binds to a spe-
cific target sequence (GTTAAN6GTTAA) to activate 
transcription of  saePQRS itself[38]. This is very similar, 
although not identical, to the AT-rich consensus bind-
ing site identified by Nygaard et al[39] based on alignments 
with additional SaeR-regulated target genes[39].

Several studies have demonstrated that sae also modu-
lates the production of  virulence factors other than tox-
ins including surface proteins and capsule biosynthesis 
components[38,40-43]. Several experimental observations 
suggest that saePQRS is downstream of  agr, as well as 
other regulatory loci. Transcription of  saePQRS is activat-
ed by agr but is repressed by SigB, while SaeRS does not 
seem to affect transcription of  agr, sigB or sarA, suggest-
ing that SaeRS acts as an important downstream regula-
tor within the S. aureus global regulatory network[36,42,44,45]. 
Genetic experiments on exoprotein production also 
suggest that saePQRS is downstream of  and epistatic 
to agr[42]. Furthermore, inactivation of  either agr or sae 
had a comparable impact on the virulence of  a USA300 
isolate in a murine pneumonia model[46]. However, while 
inactivation of  agr or sae results in reduced production of  
extracellular proteins, the exoprotein profiles of  the two 
mutants are not identical[36,47]. It is also clear from several 
studies that the two regulons are not equivalent[39,41,43]. 
For instance, inactivation of  sae results in decreased tran-
scription of  the fnbA and fnbB genes[39,41], both of  which 
encode fibronectin-binding proteins, while inactivation 
of  agr has the opposite effect[48]. Thus, while sae seems to 
function downstream of  agr, it is also capable of  regulat-
ing its target genes independent of  agr.

One of  the most commonly studied strains of  S. 
aureus is Newman, which has a naturally occurring point 
mutation in saeS resulting in substitution of  a leucine with 
a proline (L18P). This results in increased kinase activity 
leading to constitutive activation of  SaeR and increased 
transcription of  the saePQRS genes[49]. However, only cer-
tain target genes within the SaeRS regulon are differen-
tially regulated in Newman due to the polymorphism of  
SaeS. Class I target genes are sensitive to the SaeSP allele 
and Class II genes are not. Although the mechanistic ba-
sis for this difference is not clear, it does not appear to be 
due to a gene dosage effect[41]. When SaeSL is cloned into 
wild-type Newman, it is dominant over SaeSP, suggesting 
instability of  the system upon over-production, perhaps 
due to SaeS phosphatase rather than kinase activity[41].

Inactivation of  sae is associated with increased tran-
scription of  several genes encoding extracellular prote-
ases and increased accumulation of  the corresponding 
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proteases themselves[50], and this may well have an indi-
rect effect on other virulence phenotypes of  S. aureus. 
For instance, Newman is one of  the few strains in which 
inactivation of  the staphylococcal accessory regulator 
(sarA) does not result in an α toxin-deficient phenotype, 
and it was recently demonstrated that this is due to the 
hyperactivity of  SaeSP leading to the reduced production 
of  extracellular proteases, and consequent reduced deg-
radation of  the toxin, rather than transcriptional changes 
associated with hla[51].

The environmental cues modulating SaeRS activ-
ity have not been clearly defined but are associated with 
stress conditions including high salt, low pH, and subin-
hibitory concentrations of  antibiotic[44]. Because SaeRS 
is induced by hydrogen peroxide and α-defensins, and 
because many toxins are SaeRS-regulated, it has been hy-
pothesized that this system could promote escape from 
polymorphonuclear leukocytes after phagocytosis[44]. 
Indeed, it has been demonstrated that an saeRS mutant 
strain has an impaired ability to survive in human neutro-
phils after phagocytosis[43].

ArlRS
Fournier et al[52] used transposon mutagenesis to identify 
genes involved in the regulation of  the multidrug efflux 
pump NorA and identified arlS, inactivation of  which 
resulted in increased resistance to quinolones. ArlS is the 
sensor and ArlR is the response regulator of  this two-
component system. A subsequent study confirmed that 
ArlRS also modulates the production of  exoproteins, 
but in this case the phenotype was opposite to that of  
an agr mutant, with an arlRS mutant exhibiting increased 
production of  multiple exoproteins[52]. Additionally, an 
agr/arl double mutant exhibited an exoprotein phenotype 
comparable to the isogenic arl mutant, suggesting that 
arlRS is upstream rather than downstream of  agr. In con-
trast, arlRS induces expression of  sarA. To the extent that 
sarA is a major repressor of  protease production, this is 
consistent with the observation that protease activity is 
increased in an arlRS mutant[53]. Whether these effects are 
direct or indirect remains unclear.

Together, these results suggest that arlRS may be a 
key regulatory element that defines the “balance” be-
tween agr and sarA. Both of  these regulatory elements 
have been implicated in biofilm formation, and arlRS has 
also been shown to have an impact in this regard. Specifi-
cally, inactivation of  arlRS results in increased autolysis 
and an enhanced capacity to form a biofilm[52]. The fact 
that the biofilm phenotype appears to be independent 
of  any effect on production of  the ica-encoded poly-N-
acetylglucosamine (PNAG)[54], together with the dem-
onstration that extracellular DNA released from lysed 
S. aureus cells contributes to biofilm formation[55], sug-
gest that increased autolysis may be responsible for the 
biofilm phenotype. However, the biofilm formed by an 
arlRS mutant is sensitive to exogenous proteinases, sug-
gesting that this biofilm is also at least partially dependent 
on protein-protein interactions[54]. This is consistent with 

the observation that inactivation of  arlRS results in dra-
matically increased amounts of  extracellular and surface-
associated protein A[53], both of  which have been shown 
to contribute to S. aureus biofilm formation[56]. Finally, 
arlRS has been shown to promote the production of  ad-
ditional virulence factors including the exfoliative toxin 
and capsular polysaccharides, the latter being an indirect 
effect mediated through its positive regulation of  MgrA 
production[57-59]. 

LytSR
Like arlRS, the lytSR two-component system is a negative 
regulator of  S. aureus autolysis[60] and biofilm formation[61], 
and in fact arlRS is an activator of  lytSR transcription[62]. 
These phenotypes are likely to be connected in that cur-
rent models suggest that lytSR, together with CidR, col-
lectively control the release of  extracellular DNA (eDNA) 
by influencing expression of  the lrgAB and cidABC oper-
ons, respectively, in modulating the production of  murein 
hydrolases and consequently cell lysis[63]. Specifically, CidR 
activation of  cid operon results in increased production 
of  murein hydrolases, increased release of  eDNA, and an 
increased capacity to form a biofilm, while activation of  
the lrgAB operon by LytSR has the opposite effects[55,64]. 
Although a cause-and-effect relationship between these 
phenotypes has not been proven, extracellular nuclease, 
whether applied exogenously or produced by S. aureus, 
has been shown to limit biofilm formation at least under 
certain in vitro conditions[29,64,65].

SrrAB
The srrAB two-component system was first identified 
based on homology with the ResDE two-component 
system in B. subtilis[66]. In response to oxygen stress, 
SrrAB represses expression of  agr and the genes encod-
ing certain exotoxins, including TSST-1[66]. However, it 
also represses transcription of  spa and the production of  
protein A, which suggests that the impact of  srrAB is not 
mediated directly through its regulation of  agr but rather 
by direct interactions between the SrrA response regula-
tor and the target genes themselves[67,68]. SrrAB also posi-
tively regulates expression of  the icaADBC operon and 
production of  PNAG, apparently by repressing transcrip-
tion of  the icaR-encoded repressor[67]. Whether the effect 
of  SrrAB on the production of  protein A or PNAG af-
fects biofilm formation remains unknown, but the latter 
has been correlated with increased resistance to phagocy-
tosis[47,69]. The link between oxygen availability, the activ-
ity of  SrrAB, and the production of  multiple types of  
virulence factors provides an important example of  the 
link between central metabolic processes and virulence in 
S. aureus, a link that is also increasingly being made in the 
context of  other S. aureus regulatory elements[70].

HssRS
The hssRS two-component system is an iron-responsive 
system that is highly conserved among Gram-positive 
pathogens including B. anthracis, L. monocytogenes, S. epider-
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midis and E. faecalis, suggesting a conserved mechanism 
of  iron acquisition among these organisms[71]. Iron is an 
essential nutrient for many bacterial species during in-
fection[71,72]. However, free iron is severely limited in the 
human body but rather is complexed with a variety of  
iron-binding proteins. Therefore, in order for bacterial or-
ganisms to acquire iron they must have a mechanism for 
freeing complexed iron. In vivo, S. aureus can acquire iron 
in the form of  heme, likely accessed via lysis of  eryth-
rocytes, using highly efficient transport systems that can 
move heme into the bacterial cytoplasm[73-75]. However, a 
high level of  heme is toxic to the bacterial cell. To avoid 
toxicity, S. aureus senses heme by HssS resulting in HssR 
phosphorylation and binding to the promoter of  hrtAB, 
which encodes an iron efflux pump that maintains intra-
cellular heme homeostasis[76]. Whether there is cross-talk 
between this system and heme uptake systems, however, 
has not been demonstrated. In the absence of  HrtAB, in-
tracellular iron builds up causing a stress response charac-
terized by the increased production of  multiple virulence 
factors. Indeed, an hrtAB mutant is more virulent than 
the wild-type[71], likely due to the stress response induced 
by increasing intracellular heme.

Other two-component systems
The preceding discussion of  two-component systems 
in S. aureus is by no means comprehensive, but it does 
summarize the impact of  some of  the best character-
ized systems. However, in the interest of  inclusivity, we 
would note the existence of  other, less well-characterized 
systems including KdpDE, which has been shown to 
link the AI-2/LuxS quorum-sensing system with capsule 
production[77]; VraSR, which induces a stress response to 
cell-wall inhibitors such as β-lactams and vancomycin[78]; 
GraSR, which aids in resistance to oxidative stress, heat 
stress, and vancomycin resistance[79]; BceAB, which is 
associated with altered susceptibility to bacitracin[7], and 
NsaRS, which plays a role in biofilm formation as well as 
cell envelope stability in response to cell wall and mem-
brane disruption[80]. An additional two-component system 
that stands out from the others because it is the only one 
that is essential in S. aureus is WalKR (YycGF), which has 
been shown to be involved in peptidoglycan crosslinking 
and biofilm formation[81-83].

OTHER TRANSCRIPTIONAL REGULATORS
SarA-family
A primary class of  transcriptional regulators that are not 
part of  a two-component regulatory system, but do in-
teract in multiple pathways with such systems, is the SarA 
family. The first gene encoding a member of  this family, 
also identified in a screen of  a transposon mutant library 
based on altered production of  exotoxins, was designated 
the sar[84], which was subsequently changed to sarA based 
on identification of  additional homologs now totaling 
11[85]. Members of  the SarA family have been shown to 
interact with each other forming part of  a complex regu-

latory network controlling virulence factors (Figure 1). 
While all are winged-helix DNA-binding proteins, they 
can be divided into three structural families consisting of  
(1) relatively small, single-domain proteins (SarA, SarR, 
SarT, SarV, SarX and Rot); (2) larger, two-domain pro-
teins (SarS, SarU, and SarY) in which each domain shares 
homology with the smaller homologs; and (3) small 
homologs with similarity to the MarR protein of  Gram-
negative bacteria (SarZ and MgrA)[85]. 

SarA
SarA, the prototype member of  the SarA family, was 
identified in a screen of  transposon-insertion mutants 
in the S. aureus strain DB based in part on its increased 
production of  multiple exoproteins, a phenotype which 
clearly distinguished sarA from agr[84]. Based on this, it 
was proposed that sarA may function as a “counter-
regulatory system to that of  agr”. This is consistent with 
the hypothesis that many regulatory functions in S. aureus 
are defined by the “balance” between agr and sarA, an is-
sue that is discussed in more detail below in the specific 
context of  biofilm formation. However, subsequent stud-
ies also confirmed that SarA binds to intergenic region 
between the agr P2 and P3 promoters[86,87] and is required 
for maximal transcription of  agr[88]. Thus, it has become 
clear that SarA modulates the production of  S. aureus 
virulence factors via both agr-dependent and agr-indepen-
dent pathways.

The sarA locus is complex and includes three pro-
moters (P1, P2, and P3) that drive the production of  
three transcripts (sarB, sarC and sarA respectively), with 
all three sharing the same termination site just down-
stream of  the gene encoding SarA. The upstream sarA 
P2 and P3 promoters modulate the production of  SarA 
by an unknown mechanism[89]. Specifically, inactivation of  
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sarR

sarV

agr

sarZ

sarT

mgrA

sarA

sarUsarX

sarS
rot

Figure 1  Proposed genetic regulatory network involving sarA family 
genes and agr in Staphylococcus aureus. The model is constructed from 
published studies[25,29,31,86,101,105,106,109,110,114,115,120-125,129,130,135,141,144] that are mostly 
based on a limited number of laboratory strains. Therefore, it may not be entire-
ly applicable to all strains. Arrows indicate activation; blocked arrows indicate 
repression.
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P2 and P3 results in reduced production of  SarA from 
the P1 promoter, and while the effect is relatively modest 
(approximately 2-fold), it appears to be functionally rel-
evant with respect to both the agr-dependent and agr-in-
dependent pathways of  SarA-mediated regulation[89]. This 
may account for the inability to demonstrate a difference 
between the three transcripts in complementation studies 
using a multi-copy vector targeting the cna promoter[90].

Both the signals that modulate SarA production 
and/or activity and the binding site for SarA are poorly 
defined. The DNA-binding activity of  SarA is altered by 
redox state in vitro[91]. A recent report also demonstrated 
that SarA is phosphorylated by at least two serine/threo-
nine kinases (Stk1/PknB and a poorly defined kinase 
encoded by SA0077) and that this also alters its DNA-
binding capacity[92]. Two approaches have been taken 
to identifying the SarA binding site, with the first be-
ing alignment of  the promoter regions of  genes whose 
RNA products are altered in sarA mutants[93] and the 
second being the relatively unbiased approach of  selec-
tive enhancement of  systematic evolution of  ligands by 
exponential enrichment (SELEX)[94], but generally speak-
ing both approaches failed to define the characteristics 
of  a definitive binding site beyond it being AT rich. It 
has been suggested on this basis that SarA may act as 
an architectural accessory protein rather than a classic 
transcription factor, a suggestion that is supported by the 
observation that SarA supports E. coli lambda phage in-
tegrase mediated site-specific recombination[91]. A recent 
report describing the interaction between SarA, SarR (see 
below) and cis elements within the agr promoter region 
also suggested that SarA binding may locally bend DNA 
in a fashion that brings AgrA into a favorable conforma-
tion to initiate transcription, particularly at the agr P2 pro-
moter[87].

Irrespective of  the mechanism involved, it is clear 
that inactivation of  sarA results in major changes in the 
production and/or persistence of  multiple RNA tran-
scripts and that this has a global impact on the S. aureus 
virulon. Transcriptional profiling comparisons between 
the 8325-4 strain RN6390 and the clinical osteomyelitis 
isolate UAMS-1 demonstrate that this is somewhat strain-
dependent, with the impact of  mutating sarA in the latter 
being comparatively greater than the impact in the for-
mer[24]. RN6390 has defects in at least two genes that also 
have a major impact on global regulatory circuits. One of  
these is in rsbU, which results in reduced activity of  the 
sigB regulon[47]. This is consistent with the observation 
that sigB has been shown to increase expression of  sarA 
and reduce the level of  RNAIII[95]. In this respect it is im-
portant to note that 8325-4 strains also have a mutation 
in tcaR, which results in reduced production of  SarS[96], 
a SarA homolog also shown to influence the regulatory 
functions of  SarA (see below).

As with agr, inactivation of  sarA has been shown to 
attenuate virulence in multiple animal models of  S. aureus 
infection including endopthalmitis, septic arthritis, osteo-
myelitis, and endocarditis[97-99]. Interestingly, all of  these 

infections can arguably be said to be biofilm associated, 
an important observation given that inactivation of  sarA 
has been consistently shown to result in a reduced capac-
ity to form a biofilm[28]. In this respect it is also important 
to note that the impact of  sarA on biofilm formation is 
opposite to that of  agr[29], thus suggesting that the role of  
sarA in biofilm formation is independent of  its regulation 
of  agr. Indeed, in RN6390, a strain which expresses agr at 
high levels, inactivation of  agr enhances biofilm forma-
tion in a manner that is reversed by concomitant inactiva-
tion of  sarA, thus demonstrating that the impact of  sarA 
is epistatic to agr in this context. Taken together, such 
results are consistent with the hypothesis that a primary 
determinant of  the overall patterns of  S. aureus virulence 
factor production is the “balance” between expression 
of  agr and sarA[24], perhaps to the point of  determining 
the relative capacity of  different S. aureus strains to cause 
chronic, biofilm-associated infections vs acute, toxin-
mediated disease.

There are several possible explanations for the 
biofilm-deficient phenotype of  sarA mutants includ-
ing the reduced expression of  the icaADBC operon 
resulting in decreased production of  PNAG, and the 
increased production of  extracellular nucleases and pro-
teases[29,31,64,65,100,101]. It seems unlikely that the decreased 
production of  PNAG plays a predominant role given 
that inactivation of  sarA has a greater impact on biofilm 
formation than inactivation of  icaADBC[28]. Similarly, ex-
tracellular DNA has been shown to contribute to biofilm 
formation, but inactivation of  the genes encoding S. aure-
us exonucleases has relatively little impact on the biofilm-
deficient phenotype of  sarA mutants[64,65]. In contrast, 
inactivation of  the genes encoding extracellular proteases 
has a significant impact on the ability of  sarA mutants 
to form a biofilm[24,29,102]. The effect of  these proteases 
is presumably mediated via degradation of  surface-
associated proteins including FnbA, FnbB and protein A 
(Spa), all of  which contribute to biofilm formation in S. 
aureus and have been shown to be produced in reduced 
amounts in sarA mutants owing to protease-mediated 
degradation[51,103,104].

Interestingly, the increased production of  extracellular 
proteases has also been shown to result in the reduced 
accumulation of  critical extracellular toxins in sarA mu-
tants, at least under in vitro conditions[51]. These include α 
toxin and PSMs, both of  which have been implicated as 
primary determinants of  the hypervirulence of  USA300 
isolates[105]. Thus, while agr and sarA have opposite effects 
on the production of  extracellular proteases, inactivation 
of  either generally results in a toxin-deficient phenotype. 
This also suggests an alternative explanation for the re-
duced virulence of  sarA mutants, although the relative 
contribution of  these two sarA-dependent phenotypes in 
this respect remains to be determined. 

Finally, the impact of  SarA on exotoxin production 
has been shown to be heavily influenced by SaeRS, with 
the hyperactivity of  SaeRS in Newman attenuating the in-
creased production of  extracellular proteases to a degree 
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that impacts the α toxin and PSM phenotypes of  a New-
man sarA mutant[51]. This, together with the impact of  
SarA on expression of  agr, provides direct indications of  
the interactive role of  SarA in S. aureus regulatory circuits. 
Additional interactions involving other SarA homologs 
are described below.

SarR
SarR was discovered based on its affinity for the sarAP2 
promoter, with the binding of  SarR repressing sarA[106]. 
In contrast, SarA binds its own promoters to enhance 
transcription, thus providing an example in which SarA 
and SarR serve competitive roles in modulating gene 
transcription. These two proteins also serve the opposing 
roles with respect to Agr since binding of  SarA, together 
with AgrA, promote transcription from the agr P2 pro-
moter whereas binding of  SarR has the opposite effect[87].
It should be noted that SarR was originally shown to 
activate agr P2 promoter[107,108]. This discrepancy was at-
tributed to the difference in sigB[87] but it is unclear how 
sigB reverses the effect. SarR promotes transcription of  
the proteases Aur and SspA, and may be involved in the 
SarA-dependent repression of  these proteases, presum-
ably also via competition for binding sites in the pro-
moter regions[109]. In addition, SarR also binds to the rot 
promoter[107,108] but it is not known how SarR affects Rot. 
Thus, SarR plays an important but opposing role to SarA 
in both the agr-dependent and agr-independent pathways 
of  SarA-mediated regulation. Based on these findings, 
SarR likely plays an important role in virulence due to its 
regulation of  the well-characterized regulators SarA, Rot 
and Agr.

SarS
SarS (previously designated SarH1) was discovered us-
ing a search for proteins with affinity for the promoter 
region of  agr-P3, spa, hla and ssp. However, SarS only af-
fects expression of  spa and hla but not RNAIII or ssp[110]. 
SarS is an activator of  spa and a repressor of  hla but it 
is repressed by Agr and SarA and activated by SigB and 
TcaR[96,111]. The fact that SarS is regulated by SigB and 
TcaR may explain why SarA affects hla transcription dif-
ferently in RN6390, in which both SigB and TcaR are 
defective, than in other clinical isolates[111,112].

SarT/SarU
SarT was originally described by Schmidt et al[113] fol-
lowing a search for SarA homologs[113]. The sarT gene 
encodes a 118-residue protein and is present in certain 
strains of  S. aureus including members of  Clonal Com-
plex 8 (CC8), to which CA-MRSA strains of  the USA300 
lineage and RN6390 belong, but absent in other clinical-
ly-relevant strains such as UAMS-1 (CC30 lineage)[113,114]. 
In the RN6390 background, sarT and agr are mutually 
repressive thus forming a negative feedback loop. In ad-
dition, sarT is also repressed by SarA[115]. Repression of  
agr by SarT was thought to explain the repression of  hla 
by SarT in RN6390[115,116]. However, a later study shows 

that SarT represses hla via sae independently of  agr and rot 
in strain COL[117]. A high level of  agr in RN6390[118] may 
account for this difference. In RN6390, SarT also induces 
expression of  protein A but indirectly through activation 
of  sarS. 

Adjacent to but divergently transcribed from sarT is 
sarU, whose expression is repressed by SarT[116]. Addition-
ally, inactivation of  sarU results in a reduction of  both 
RNAII and RNAIII expression, suggesting a positive ef-
fect of  SarU on agr. Because sarT has been shown to be 
repressed by agr, these relationships implicate a feedback 
loop involving SarT, SarU and RNAIII[116].

Recent studies have concluded that sarT and sarU 
are expressed at undetectable levels by northern blot[119]. 
However, deletion studies have revealed downstream ef-
fects of  these genes, suggesting that they are expressed 
at very low but relevant levels[113,115,116]. For instance, it has 
been shown that a significant number of  spontaneous 
non-hemolytic variants arise in biofilms that are pheno-
typically but not genotypically agr deficient. Transcrip-
tional profiling of  these variants found a 6-fold reduction 
in sarU suggesting SarU may be responsible for the agr 
deficiency[120]. These results imply that SarU may play a 
key role during biofilm-associated infections by modulat-
ing agr. 

SarV
SarV was identified based on homology to SarA family. 
Both SarA and MgrA repress sarV gene expression. SarV 
is involved in regulation of  autolysis, which may be part 
of  the common pathway through which SarA and MgrA 
control autolysis[121]. Under laboratory conditions, sarV 
is poorly transcribed and the protein is not detectable in 
various strains in all phases of  growth, likely due to re-
pression by SarA and MgrA[119].

SarX
SarX was also identified based on sequence homology 
with the SarA family of  transcription regulators. SarX 
has been shown to have maximal expression during the 
stationary phase of  growth[122]. MgrA positively regulates 
sarX gene expression. SarX also acts as a repressor of  
the agr locus and can therefore regulate other genes via 
Agr[122]. SarX is highly expressed in RN6390 but is only 
expressed at very low levels in several tested strains[122] 
possibly due to difference in SigB in these strains. SarX 
has been shown to activate biofilm formation in S. epi-
dermidis[123] raising the possibility that it may also have an 
effect on biofilm in S. aureus.

SarZ
SarZ was originally identified as a regulator of  hemoly-
sins and promotes virulence in both silkworm and mouse 
infection models[124]. SarZ positively regulates agr and 
mgrA expression but negatively regulates expression of  
sarA. SarZ affects surface proteins, toxins and biofilm 
through modulating the aforementioned global regulators 
as well as direct activation on SspA protease[125]. However, 
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SarZ binding to the promoters of  various target genes is 
nonspecific[124,126]. In addition, SarZ activates SarS and is 
activated by MgrA[125]. SarZ and MgrA therefore interact 
in a positive feedback loop. SarZ expression is growth 
phase dependent, with maximum expression during early 
exponential phase[126]. Like MgrA, SarZ senses oxidative 
stress via a conserved cysteine residue providing another 
connection between metabolism and virulence[127,128]. 

MgrA
MgrA, also referred to as Rat and NorR, was identified 
in three independent laboratories[129-131]. MgrA regulates a 
multitude of  virulence factors as well as antibiotic resis-
tance[130,131]. Truong-Bolduc et al[130,132] initially described 
MgrA (NorR) as a regulator of  NorA, which is a multi-
drug efflux pump providing quinolone resistance by 
direct DNA binding to the NorA promoter[130,132]. Bind-
ing of  MgrA to the NorA promoter is dependent on 
phosphorylation by the kinase Stk1 (PknB), and RsbU is 
involved in dephosphorylation of  MgrA leading to strain-
dependent differences in MgrA function[133,134].

MgrA has been shown to up-regulate expression of  
175 genes and down-regulate expression of  180 genes[59]. 
It was later shown that MgrA regulates hla and spa ex-
pression through agr-dependent and independent path-
ways[135]. In addition, MgrA has been found to repress 
biofilm formation, which is dependent on surface pro-
teins, in part, through agr-dependent pathway and DNA 
release, probably by affecting LytSR and LrgAB[129,135,136].

MgrA has been shown to affect virulence in animal 
models of  infection[59,137]. MgrA acts as a redox-switch as 
oxidation of  the unique cysteine residue leads to its dis-
sociation of  MgrA from DNA[137]. Small molecules that 
disrupt the DNA-binding of  MgrA had been shown to 
attenuate S. aureus virulence in mice[138] suggesting that 
MgrA could be a potential drug target.

Rot
Rot, repressor of  toxins, is yet another SarA homolog[139]. 
It shares a high degree of  sequence similarity to other 
members of  the SarA family, but differs by its pI value 
(pI 5.0), which is more acidic than other SarA- homologs 
(pI values ranging from 8.5 to 10.7). Rot was first iden-
tified using transposon mutagenesis and screening for 
mutants capable of  restoring the expression of  α toxin 
and proteases in an agr-negative background[139]. Tran-
scription of  rot originates from at least three promoters 
and is growth-phase dependent[140,141]. Rot has an oppos-
ing effect on virulence gene expression by comparison 
to agr[139,142]. RNAIII blocks the translation of  rot mRNA 
via an antisense mechanism, which explains why the regu-
latory function of  Rot is only detected in agr deficient 
strains[20,143]. ClpX, a molecular chaperone, has also been 
shown to modulate Rot expression, likely by stimulating 
translation of  the rot mRNA via a mechanism indepen-
dent of  RNAIII[144]. Rot has also been shown to repress 
α-toxin production by repressing the SaeRS two-compo-
nent system[117]. In addition to toxins, Rot also positively 

regulates protein A[21,112,144,145]. 

AraC/XylS family transcription regulators
The S. aureus genome contains 6 ORFs with homology 
to the AraC/XylS family of  transcriptional regulators. Of  
these, two have been characterized and demonstrated to 
play a role in biofilm formation[146,147]. Rbf  was first iden-
tified using transposon mutagenesis in a screening for 
biofilm-deficient mutants and demonstrated to control 
biofilm in response to NaCl and glucose[147]. It was later 
determined that Rbf  promotes biofilm formation via 
repression of  icaR, a repressor of  the icaADBC operon 
whose gene products synthesize PNAG. However, Rbf  
is unable to bind specifically at the icaR promoter[148,149] 
suggesting other regulators or post-translational modi-
fication of  Rbf  may be involved. Rbf  has been shown 
to promote virulence in a murine foreign-body infection 
model[150].

Rsp, another AraC family regulator, has recently 
been characterized and shown to regulate biofilm forma-
tion[146]. However, Rsp differs from Rbf  by repressing 
biofilm by negatively regulating surface proteins; in par-
ticular, FnbA, which has been shown to promote biofilm 
formation in the cell accumulation phase[151]. Interestingly, 
Rsp inhibits biofilm through repression of  FnbA at the 
stage of  primary attachment by direct binding to the pro-
moter of  fnbA[146].

CodY
CodY functions as a highly conserved regulatory tran-
scription factor in low-GC Gram-positive bacteria and 
has recently been identified as a regulator of  several 
virulence factors in S. aureus[152-154]. CodY acts in response 
to metabolite effectors such as GTP and the branched-
chain amino acids isoleucine, leucine, and valine[153], all of  
which interact with a branched-chain amino acid domain 
on CodY, facilitating the direct binding of  CodY to sev-
eral promoters associated with virulence genes[155]. It is 
thought that CodY primarily acts as a negative regulator 
of  virulence genes in S. aureus[156]. Microarray analysis and 
DNase footprinting of  codY mutant clinical isolates have 
recently identified several negatively regulated targets 
of  CodY including agr, ica, and hla[153,155]. The agr locus is 
responsible for regulation of  many virulence factors and 
thus, the repression of  this locus by CodY has profound 
phenotypic effects on the expression of  virulence genes 
in S. aureus. For example, capsular polysaccharide produc-
tion is repressed by CodY through agr as well as by direct 
promoter binding[155]. 

Apart from direct regulation of  virulence genes, 
CodY also affects metabolic regulation in S. aureus via 
amino acid synthesis, carbon flow, nitrogen assimilation, 
and transport systems[153]. CodY is activated in nutrient-
replete environments, repressing virulence factors and 
metabolic synthesis genes. For example, CodY is associ-
ated with repression of  a lactate dehydrogenase (ldh1), 
which interconverts pyruvate and lactate[157]. S. aureus 
strains lacking ldh1 show significant attenuation of  viru-

Junecko JM et al . Regulatory elements in S. aureus



71 August 25, 2012|Volume 2|Issue 4|WJCID|www.wjgnet.com

lence[157]. Thus, CodY is able to regulate virulence via di-
rect binding of  virulence gene promoters and via inhibi-
tion of  metabolic regulatory pathways providing another 
regulatory link between metabolism and virulence[70,156]. 

CodY is repressed by the intracellular chaperone 
ClpC[40], possibly via ClpC-induced proteolytic degrada-
tion in association with ClpP. Although CodY acts as a 
repressor of  virulence genes, it can also be negatively 
regulated under various environmental conditions, elimi-
nating the repressive effect of  CodY on virulence genes.

Sigma factors
Sigma factors are highly conserved among bacterial 
species. They provide promoter specificity to the RNA 
polymerase, and are highly regulated by anti-sigma fac-
tors via direct binding of  the protein[158]. There are cur-
rently four identified Sigma factors in S. aureus: SigA, 
which is responsible for transcription of  housekeeping 
genes; SigB, which is responsible for the transcription of  
stress-response genes; SigS, which controls expression 
of  genes required for overall fitness and survival[2]; and 
SigH, which has a demonstrated involvement in compe-
tence and more recently, prophage integration and exci-
sion[159,160].

The most thoroughly studied of  these is SigB, which 
is transcribed from the four-gene operon rsbUVWsigB 

that encodes an anti-sigma factor (RsbW), anti-anti-sigma 
factor (RsbV) and RsbU, an anti-RsbV phosphatase[95,161].
The regulation of  SigB is very tightly controlled by 
RsbW, RsbV and RsbU (Figure 2). SigB controls expres-
sion of  an array of  genes responsible for the survival 
of  hydrogen peroxide-induced stress and desiccation as 
well as production of  the carotenoid staphyloxanthin and 
extracellular proteases[161-164]. SigB has also been demon-
strated to aid in heat tolerance and resistance to cell-wall 
active antibiotics[165,166]. The repressive effect of  SigB on 
V8 proteases positively regulates biofilm formation[162] 
because the presence of  extracellular proteases has 
been correlated with the inability to form a biofilm[164]. 
SigB regulates its target genes either by recognizing a 
conserved sequence or by downstream regulators. For 
example, SigB effect on sarA or agr expression has been 
reported[95,167]. More recently, SigB has been shown to 
regulate several extracellular virulence factors and capsule 
through SpoVG[168,169], demonstrating a role for SigB in 
virulence as a response to stress.

CONCLUSION
In this review, we describe several regulators involved in 
virulence regulation. These represent only a fraction of  
all regulators encoded in the S. aureus genome. S. aureus 
is a pathogen that can cause a wide range of  diseases and 
can infect almost every tissue. It is thus not surprising 
that a large number of  regulators are needed to modulate 
the production of  various virulence factors in different 
environmental conditions in the host. What is surpris-
ing is the high degree of  complexity of  the interactions 
among the regulators. Compounding the complexity is 
the finding that virulence genes in different strains of-
ten are regulated differently. The molecular mechanisms 
underlying some of  the strain differences have been 
illustrated but most have not. Nonetheless, significant 
progress has been made toward understanding virulence 
gene regulation. However, most of  the results have been 
obtained by in vitro studies. The big challenge that lies 
ahead would be to test the in vitro results in suitable ani-
mal models to better understand virulence gene regula-
tion in pathogenesis. With the rise of  antibiotic resistance 
and the prevalence of  multi-drug resistant isolates, fully 
understanding the virulence regulation in pathogenesis 
may provide sound rationale for identifying regulators as 
potential targets for anti-staphylococcal drug therapies. 
Targeting a cellular factor not absolutely required for sur-
vival, such as a virulence regulator, may lessen selective 
pressures, and therefore resistance, while still attenuating 
virulence of  the organism[170,171].
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Abstract
Approximately 7 million people worldwide acquire a 
healthcare associated infection each year. Despite ag-
gressive monitoring, hand washing campaigns and 
other infection control measures, nosocomial infec-
tions (NI) rates, especially those caused by antibiotic 
resistant pathogens, are unacceptably high worldwide. 
Additional ways to fight these infections need to be de-
veloped. A potential overlooked and neglected source 
of nosocomial pathogens are those found in non-intru-
sive soft and hard surfaces located in clinical settings. 
Soft surfaces, such as patient pyjamas and beddings, 
can be an excellent substrate for bacterial and fungal 
growth under appropriate temperature and humidity 
conditions as those present between patients and the 
bed. Bed making in hospitals releases large quantities 
of microorganisms into the air, which contaminate the 
immediate and non-immediate surroundings. Microbes 
can survive on hard surfaces, such as metal trays, bed 
rails and door knobs, for very prolonged periods of 
time. Thus soft and hard surfaces that are in direct or 
indirect contact with the patients can serve as a source 
of nosocomial pathogens. Recently it has been demon-
strated that copper surfaces and copper oxide contain-
ing textiles have potent intrinsic biocidal properties. 
This manuscript reviews the recent laboratory and clini-

cal studies, which demonstrate that biocidal surfaces 
made of copper or containing copper can reduce the 
microbiological burden and the NI rates.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
A nosocomial, or hospital-acquired, infection is a new 
infection that develops in a patient during hospitalization. 
Nosocomial infections (NI) are a worldwide problem 
that occur both in developed and in developing countries. 
For example, in the United States approximately 2 million 
patients annually contract an infection while being hospi-
talized[1], and it is the fourth among the causes of  death 
in the United States only behind heart disease, cancer 
and stroke[2]; in Europe in 2007 there were about 3 mil-
lion healthcare associated infections (HAI), of  which ap-
proximately 50 000 resulted in death[3]; in Germany alone 
around 500 000 to 600 000 NI occurred during 2006[4]; 
methicillin-resistant Staphylococcus aureus (MRSA) infec-
tions alone are estimated to affect more than 150 000 
patients annually in the European Union[5]; in Australia, 
more than 177 000 NI occur per year[6]; in the province 
of  Quebec, Canada, the rate of  NI is estimated to be 
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around 11%[7]; and the rates of  NI in developing coun-
tries are even higher[8-11]. 

NI can be bacterial, viral, fungal, or even parasitic[12-15]. 
Some of  the most common nosocomial pathogens are 
staphylococci (especially Staphylococcus aureus), Pseudomonas 
aeruginosa (P. aeruginosa), Escherichia coli (E. coli), Clostridium 
difficile (C. difficile), Streptococcus species, Enterobacter spe-
cies, Acinetobacter species, Klebsiella species, influenza 
virus and noroviruses[16-21]. The prevalence rates of  path-
ogens that cause NI and have a high level of  resistance to 
antibiotic treatments, such as multidrug-resistant (MDR) 
P. aeruginosa, extended-spectrum β-lactamase produc-
ing Enterobacteriaceae, MDR Acinetobacter baumannii, 
MRSA, and vancomycin resistant enterococci (VRE), are 
constantly increasing around the globe[22-28], creating a 
serious threat to the spread and treatment of  infectious 
diseases, because the resistant pathogens are significantly 
more difficult to treat (e.g.,[29]). 

Many measures to reduce the risk of  pathogens trans-
mission are sought by health care officials, physicians 
and scientists. These include improvement of  national 
surveillance of  NI, use of  aggressive antibiotic control 
programs to reduce the spread of  antibiotic-resistant 
strains, healthcare staff  education for improved hygiene, 
isolation of  infected patients, ultraviolet light sterilization, 
use of  disposable equipment, development of  patient 
care techniques to reduce risks of  infection, improved 
cleaning techniques, improvement of  cleaning equipment 
and sanitary facilities, increase in nursing and janitorial re-
sources and better nutrition (e.g.,[30-34]). It is estimated that 
by using several of  the above strategies simultaneously 
about one third of  NI may be eliminated[35,36]. These 
measures are not the scope of  this review and are widely 
described elsewhere in the literature (e.g.,[31,37-40]). But it 
is clear that even in clinical settings where all or most of  
these measures are implemented, the rates of  NI are still 
too high, and thus new approaches to further fight these 
infections need to be explored.

NI may occur via several manners. It is recognized by 
the infection control community that the most important 
and frequent modes of  transmission of  nosocomial path-
ogens are through direct-contact between an infected or 
colonized person (e.g., health worker, visitor or patient) 
and a susceptible host[41-44], and indirectly via contaminat-
ed intrusive medical devices[44-49], from the patient’s own 
flora from one part of  the host’s body to another[50], and 
via airborne particles[21,51-55].

In addition to the above well described modes of  
transmission of  nosocomial pathogens, others[56] and 
we[57] hypothesised that contaminated textiles in hospitals 
might be an important source of  microbes contributing 
to endogenous, indirect-contact, and aerosol transmis-
sion of  nosocomial-related pathogens. Textiles are an 
excellent substrate for bacterial and fungal growth under 
appropriate moisture and temperature conditions, and it 
was shown that bacteria and fungi can survive for pro-
longed periods in hospital fabrics[58,59]. Microbial shedding 
from the body occurs continuously[60]. Microbial shed-

ding is greater in patients[54,61]. Thus a bacterium, when 
shed into a textile fabric between the patient and the bed, 
either on his pyjama, pillowcase, sheet, or mattress, would 
readily proliferate since the moisture and temperature in 
the textile microenvironment would promote its prolif-
eration. Others and we presented data that substantiate 
this premise[62-65]. Importantly, it was found by others 
that bed making releases large quantities of  microorgan-
isms into the atmosphere and the bacteria levels in the 
air fall back to background levels only after approximately 
30 min[52,66-68]. The released bacteria were shown to con-
taminate adjacent surfaces, such as bed sheets, over bed 
tables, and patients’ clothing, and even adjacent rooms via 
the air-conditioning systems. Similar results were reported 
following undressing and redressing of  patients[69]. 

The contribution of  contaminated hard surfaces, such 
as floors, bedrails, bedside tables and door knobs, to NI 
has been demonstrated too (e.g.,[70-80]). Similarly, contami-
nated textiles, such as contaminated sheets and pyjamas, 
in addition to being a source of  aerosol transmission of  
microorganisms, can also directly contaminate the hospi-
tal personnel[56,76,81,82]. Hospital staff, even by using protec-
tive equipment such as gloves, can contaminate them by 
touching the contaminated textiles or contaminated sur-
faces and then transferring the microorganisms to other 
patients directly or indirectly by contaminating other sur-
faces, such as door knobs[76,83]. For example, it was found 
that 65% of  the nurses who performed activities on pa-
tients with MRSA in wounds or urine, contaminated their 
nursing uniforms or gowns with MRSA. This in turn, can 
readily contaminate the clothing and hands of  healthcare 
workers[54,76,83]. High similar contamination of  gloves and 
gowns with MDR Acinetobacter baumannii by healthcare 
workers interacting with colonized patients has also been 
reported[84]. Furthermore, it was found that 42% of  per-
sonnel with no direct contact with patients contaminated 
their gloves by touching contaminated surfaces[76]. 

Thus, we further hypothesized that use of  antimicro-
bial textiles, especially in those that are in close contact 
with the patients, may significantly reduce bioburden in 
clinical settings and consequently reduce the risk of  NI[57]. 
Being all surfaces biocidal in a hospital environment 
would further reduce the risk of  pathogen transmission 
and NI since most common nosocomial pathogens can 
remain viable on surfaces for months[43,85]. Indeed, it has 
been shown that environmental disinfection interrupts 
the transmission of  microbial pathogens[79,80,83,86,87]. How-
ever, there are increasing concerns that routine surface 
disinfection procedures in health care settings are fre-
quently inadequate and possibly counterproductive[88,89]. 
Consequently, the notion that having potent safe biocidal 
non-intrusive hard and soft surfaces in medical settings, 
in direct or indirect contact with patients, capable of  re-
ducing the microbiological burden that would significant-
ly contribute to reduction in transmission of  nosocomial 
pathogens, is gaining recognition by the scientific com-
munity. This review focuses on the studies demonstrating 
that hard and soft surfaces containing copper reduce the 
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microbiological burden in clinical settings and the NI 
rates. 

COPPER HAS POTENT BIOCIDAL 
PROPERTIES
Copper and copper compounds have a wide spectrum of  
antibacterial, antifungal and antiviral properties (reviewed 
in[90,91]). The wide range of  microorganisms, including 
gram negative and gram positive bacteria, yeast, fungi and 
enveloped and non-enveloped viruses, that have been 
shown to be killed by copper or copper compounds, are 
summarized in Table 1. Importantly, copper surfaces or 
copper compounds have also been shown to be effica-
cious against hard-to-kill spores[92-98]. 

Copper exerts its toxicity to microorganisms through 
several parallel mechanisms, which eventually may lead 
to the microorganisms’ death even within minutes of  
their exposure to copper[94,99-106]. These include plasma 
membrane permeabilization, membrane lipid peroxida-
tion, alteration of  proteins and inhibition of  their bio-
logical assembly and activity and denaturation of  nucleic 
acids[90,91]. In general, the redox cycling between Cu2+ 
and Cu1+, which can catalyze the production of  highly 
hydroxyl radicals, with subsequent damage to lipids, pro-
teins, DNA and other biomolecules[90,107], makes copper 
further reactive and a particularly effective antimicrobial. 
Interestingly, two different “kill modes”, under dry and 
wet conditions, have been attributed to copper surfac-
es[101,102,104,105].

BIOCIDAL SOFT SURFACES IN THE 
HEALTHCARE ENVIRONMENT
Copper oxide is a non-soluble form of  copper that, simi-
larly to other copper compounds, has potent wide spec-
trum biocidal properties[90]. It has, therefore, been chosen 
as the active copper form to be introduced into textile 
fibres from which woven and non-woven fabrics can be 
produced[64,108,109]. These copper-impregnated products 
possess permanent broad-spectrum anti-bacterial, anti-
fungal and antiviral properties that are not affected by 
washings[64,91,99,108-112] (Table 1). This technology, for ex-
ample, enables the production of  biocidal fabrics (which 
inter alia kill antibiotic resistant bacteria)[64,91,108,109], anti-
fungal socks (which inter alia alleviate symptoms of  
athlete’s foot)[108,113], anti-viral masks and filters (which 
inter alia deactivate HIV-1, Influenza A and other virus-
es)[99,106,110,111], and anti-dust mite mattress-covers (which 
may reduce mite-related allergies)[108,114]. 

As explained in the previous chapter, we hypothesized 
that contaminated beddings may be an important over-
looked source of  nosocomial pathogens and therefore 
the use of  potent biocidal beddings, especially pyjamas 
and sheets, that are in contact with the patients, may sig-
nificantly reduce bioburden in clinical settings and con-
sequently reduce the risk of  NI[57]. Indeed, a pilot study 

with 30 patients, who slept overnight on regular sheets 
and then overnight on sheets containing copper-oxide 
demonstrated a statistically significant lower bacterial 
colonization on the copper-oxide containing sheets than 
on regular-sheets[64], clearly supporting our hypothesis. 

Importantly, the development of  biocidal textiles with 
the purpose of  using them in clinical settings to reduce 
HAI is gaining momentum and other biocidal active 
ingredients have or are being explored. These include 
Cliniweave®[115], organofunctional silane[116], citric acid[117], 
silver[118,119], triclosan[120], quaternary ammonium com-
pounds[121], chitosan and zeolite[122,123]. For biocidal textiles 
to be introduced into the hospital textiles they should 
have wide spectrum antimicrobial, antifungal and anti-
viral properties, be effective against the already existent 
antibiotic resistant microorganisms involved in NI, not 
allow for the development of  microorganisms against 
the active component in them, be efficacious for the life 
of  the material, not be affected by commercial washings, 
not cause skin irritation or sensitization and be safe to 
humans following continuous dermal exposure. Some of  
the above active ingredients have thus been found not 
to be appropriate for use in hospital related applications 
(e.g.,[120,124]). 

Until recently, only a few trials in clinical settings have 
been performed with biocidal textiles. It was found that 
bioburden was significantly lower on garments worn by 
nurses when the garments were made from a silver and 
copper containing antibacterial fabric[125]. The antibacte-
rial textiles were tested in two hospital units, an oncology 
surgery unit and an intensive care unit. Each garment 
was provided with a piece of  test fabric sewed either on 
the right or left side of  the garment, while the regular 
fabric of  the garment on the other side was used as a 
control. Thirty garments were tested in each unit. They 
were all sterilized, so they would be free of  bacteria at 
the beginning of  the experiment. The nurses wore the 
same number of  garments with the treated area on the 
left side 1 d and on the right side the following day. Both 
active and control sides of  each garment were sampled 
simultaneously and the bioburden determined. The 
number of  colony forming units (CFU) was significantly 
lower on the bioactive patches than on the control areas. 
The mean reduction rate was about 30% for the 60 gar-
ments tested. Reduction of  about 50% of  bioburden 
on sheets containing copper oxide compared to regular 
sheets, when used overnight by general ward patients, was 
demonstrated[64]. Similarly, reduction of  bioburden on 
blankets containing a bound organofunctional silane was 
also reported[116]. Recently in a 16 wk, blinded cross-over 
clinical trial that compared levels of  bacterial contamina-
tion, a significantly fewer MRSA colonies were detected 
on scrubs impregnated with nano-sized particles that in-
crease the surface tension of  the scrubs than on standard 
scrubs (http://www.vestexprotects.com/press/view/8-
Vestagen-Announces-Completion-of-First-Clinical-
Trial-of-Vestex). In contrast, a study that compared the 
contamination rates of  silver containing jackets and pants 
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Table 1  Demonstrated biocidal efficacy of copper

Hard surface Soft surface Other Ref.

Bacteria
   Acinetobacter baumannii1 + +  + [130,164] UR2

   Acinetobacter calcoaceticus/baumannii - -  + [93,94,165]
   Acinetobacter johnsonii + - - [105] 
   Acinetobacter lwoffii - - + [166] 
   Bacillus cereus + - + [101,167-169] 
   Bacillus globigii - - + [92] 
   Bacillus subtilis - + + [165,169-175] 
   Bacillus macerans - - + [176]
   Brachybacterium conglomeratum + - - [105] 
   Brevibacterium - + - UR
   Campylobacter jejuni + - - [129] 
   Citrobacter freundi - - + [165,177] 
   Clostridium difficile + - + [93,97,98] 
   Clostridium tyrobutyricum - - + [95] 
   Corynebacterium xerosis - + - UR
   Deinococcus radiodurans + - - [101] 
   Desulfovibrio desulfuricans - - + [178] 
   Edwardsiella tarda - - + [179] 
   Enterobacter aerogenes - - + [168,180] 
   Enterobacter cloacae + + + [127,128,168,175] 
   Enterococcus sp.1 - - + [93] 
   Enterococcus faecalis1 + + + [64,108,112,136,137,168,180]
   Enterococcus faecium1 + - - [127,128,137,155,181] 
   Enterococcus gallinarum + - - [137] 
   Enterococcus hirae + - - [182] 
   Escherichia coli + + + [64,100,101,105,108,109,112,127,128,133,139,147,155,165,

168-172,181,183-193]
   Klebsiella pneumoniae + + + [112,130,165,193-195] 
   Kocuria marina + - - [105] 
   Kocuria palustris + - - [105] 
   Legionella pneumophila + - + [93,140,159,196-198] 
   Listeria monocytogenes + + + [64,140,180,199,200] 
   Mycobacterium tuberculosis1 + - - [130] 
   Micrococcus luteus + + - [105,127,128] UR
   Morganella morganii - - + [177] 
   Pantoea stewartii + - - [105] 
   Photobacterium leiognathi - + - [112] 
   Proteus mirabilis - - + [194] 
   Proteus vulgaris - - + [168] 
   Pseudomonas aeruginosa + + + [112,127,128,130,144,164,167,168,171,172,175,201,202] 
   Pseudomonas fluorescens + - - [199] 
   Pseudomonas nitroreducens - - + [169] 
   Pseudomonas oleovorans + - - [105] 
   Pseudomonas putita - - + [203] 
   Pseudomonas striata + - - [176] 
   Salmonella spp. + + + [64,129,165,183] 
   Salmonella typhi + - + [141,174,177,190,194,203,204] 
   Salmonella typhimurium + - - [141,142,199,201] 
   Sarcina lutea - - + [167] 
   Serratia marcescens - - + [171] 
   Shewanella putrefaciens + - - [199] 
   Shigella dysenteriae - - + [194] 
   Shigella flexnerii + - + [165,174,177,204] 
   Sphingomonas panni + - - [105] 
   Staphylococcus aureus1 + + + [64,93,94,105,108,109,112,127,128,130,131,134,138,165,167-172,

175,181,184,199,200,205,206]
   Staphylococcus epidermidis + + + [105,168,191,195,207] UR
   Staphylococcus haemolyticus + - - [105] 
   Staphylococcus hominis + - - [105] 
   Staphylococcus warnerii + - - [105] 
   Stenotrophomonas maltophilia - - + [164] 
   Streptococcus faecalis - + - [175] 
   Streptococcus pyogenes - - + [168] 
   Streptococcus sp. - - + [165,208]
   Vibrio cholerae1 + - + [141,190,209] 
   Yersinia pseudotuberculosis - - + [180] 
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   Xanthomonas compestris - - + [202] 
Fungi/Yeast 
   Alternaria brassicae - - + [202] 
   Aspergillus bransilensis - + - UR
   Aspergillus carbonarius - - + [210] 
   Aspergillus flavus + - + [96,172,203,204] 
   Aspergillus fumigatus + - + [96,211] 
   Aspergillus niger + + + [96,114,172,202,211-214]
   Aspergillus oryzae - - + [212] 
   Candida albicans + + + [64,96,104,108,109,112-114,130,168,169,173,193,204,211,214,215] 
   Candida glabrata - - + [168,180,194,204]
   Candida krusei - - + [168] 
   Candida parapsilosis - - + [168] 
   Candida tropicalis - - + [168,180] 
   Cronobacter sakazakii - - + [216] 
   Cryptococcus neoformans - - + [211] 
   Culvularia lunata - - + [195] 
   Epidermophyton floccosum - - + [211] 
   Fusarium culmonium + - - [96] 
   Fusarium oxysporium + - + [96,202] 
   Fusarium solani + - + [96,195,204] 
   Microsporum canis - - + [204,211] 
   Myrothecium verrucaria - - + [212] 
   Penicillium chrysogenum + - - [96] 
   Pleurotus ostreatus - - + [185] 
   Pycnoporus cinnabarinus - - + [185] 
   Rhizoctonia bataicola - - + [195,203] 
   Rhizoctonia solani - - + [213] 
   Rhizopus stolonifer - - + [203] 
   Saccharomyces cerevisiae + - + [103,104,169,217] 
   Torulopsis pintolopesii - - + [215] 
   Trichoderma viride - - + [212] 
   Trichophyton longifusus - - + [204] 
   Trichophyton mentagrophytes - + + [113,114,194,212]
   Tricophyton rubrum - + + [113,211]
   Tricophyton schoenleinii - - + [194] 
Virus
   Avian influenza - + + [111,205] 
   Adenovirus type 1 + + - [99,218] 
   Bacteriophages - - + [219-223]
   Coxsackie virus types B2 and B4 + - - [218] 
   Cytomegalovirus - + - [99] 
   Echovirus 4 + - - [218] 
   Herpes simplex virus - - + [219,220] 
   Human immunodeficiency virus - + + [99,108,110,224] 
   Infectious bronchitis virus - - + [225]
   Influenza A + + - [99,111,135] 
   Junin virus - - + [220]
   Measles - + - [99] 
   Parainfluenza 3 - + - [99] 
   Poliovirus + - + [222,226]
   Pichinde - + - [99] 
   Punta Toro - + - [99] 
   Respiratory syncytial virus - + - [99] 
   Rhinovirus 2 - + - [99] 
   Simian rotavirus SA11 + - - [218] 
   Vaccinia - + - [99] 
   West nile virus - + - [108]
   Yellow fever - + - [99] 

1Tested also against antibiotic resistant pathogens; 2Unpublished data.

and of  standard textile clothing used by 10 emergency 
workers did not find any significant difference in the ex-
tent of  microbial contamination between the textiles[119]. 
It may be that a larger sample size was required to prove 
the silver containing fabric efficacy. It should be taken 
into consideration that in contrary to in vitro conditions, 

a continual re-inoculation with pathogens occurs during 
real-life health care scenarios. In addition, the killing of  
the microorganisms is not on contact, as it takes time for 
the biocidal textiles to kill the exposed microorganisms. 
Thus, obtaining sterile hospital or health-care associated 
fabrics by biocidal textiles in a healthcare environment 
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cannot be expected. Obviously, trials demonstrating that 
the use of  biocidal textiles does not only reduce biobur-
den in clinical settings, but also reduces NI rates, still 
need to be conducted.

BIOCIDAL HARD SURFACES IN THE 
HEALTHCARE ENVIRONMENT
On February 2008 the USA Environmental Protection 
Agency (EPA) permitted the USA Copper Association 
to make public health claims and state that copper alloy 
products kill 99.9% of  disease causing bacteria within 2 
h and continue to do so when re-exposed[126]. This ap-
proval has now been given to 355 different copper alloys 
(including brass and bronze) following many years of  
independent laboratory testing based on rigorous EPA 
approved protocols. Copper is the only hard surface 
metal that has received approval by the EPA to make 
antimicrobial public health claims. In addition to the 
tests conducted by the USA Copper Association in order 
to obtain the approval for the registered health claims, 
the biocidal properties of  copper surfaces was demon-
strated by many others as well[96-98,100-102,104,105,127-142]. As can 
be seen in Table 1, copper surfaces can be regarded as 
a wide spectrum biocidal surface, as it has been found 
to be efficacious against a wide array of  gram positive 
and negative bacteria, fungi and viruses. The biocidal 
efficacy of  copper surfaces increases with the copper 
concentration[97,101,104,127,128,130,133,134,137,139], exposure peri-
ods[96-98,100-102,104,127-130,133-135,137,139,140,143], humidity[127,128,131,136] 
and temperature[98,129,131,133,144]. The higher the microorgan-
ism inoculum load is the longer it takes to reach complete 
elimination of  the exposed microorganisms[133,134,137]. In 
contrast to stainless steel, which is the metal most widely 
used in hospital care environments, copper surfaces are 
highly reactive, and thus residual soil and build-up of  
microbial cells is more likely to occur in copper surfaces 
than on stainless steel[145]. Different cleaning solutions or 
products may have different effects on the continual effi-
cacy of  the copper surfaces[145] and thus the right cleaning 
and appropriate cleaning protocols of  copper surfaces 
need to be developed[102]. 

Importantly, the significant contribution of  copper 
surfaces to the reduction of  bioburden in clinical settings 
has recently been demonstrated[132,146,147]. One trial was 
conducted in the United Kingdom[146], one in South Af-
rica[147] and one in Germany[132]. 

In the United Kingdom study[146] the efficacy of  cop-
per surfaces to reduce bioburden was examined in a busy 
acute medical ward, which included gastroenterology pa-
tients, and a cross-over model was utilized. A toilet seat, 
tap handles and a ward entrance door push plate each 
containing copper (60%-70% copper content) were sam-
pled for the presence of  microorganisms and compared 
to equivalent standard, non-copper-containing items in 
the same ward. The items were installed at least 6 mo 
prior to the commencement of  the study to allow both 
healthcare workers and staff  to become accustomed to 

the copper containing items. The hospital staff  followed 
their standard cleaning routines, which included disinfec-
tion of  both the control and test fixtures approximately 
every 2 h. The items were sampled once weekly for 10 
wk at 07:00 and at 17:00 to determine the number of  
microorganisms present following quite and busy time 
periods, respectively. The following specific indicator 
bacteria were quantified: methicillin-sensitive Staphylococcus 
aureus (MSSA), MRSA, VRE, C. difficile and E. coli. After 
5 wk, the copper-containing and non-copper-containing 
items were interchanged to exclude any possibility of  bias 
according to preferential use of  any particular item based 
on location. Median numbers of  microorganisms har-
bored by the copper-containing items were between 90% 
and 100% lower than their control equivalents at both 
sampling time-points, the microbial loads being highly 
statistically significantly different between the matched 
tested items (P values ranging from < 0.05 to < 0.0001). 
Three of  the indicator microorganisms (MSSA, VRE and 
E. coli) were only isolated from control items. MRSA and 
C. difficile were not isolated during this study. 

In the South Africa study[147], a comparative controlled 
study was conducted at a busy walk-in primary healthcare 
clinic in a rural region. Two similar adjacent consulting 
rooms were chosen. One was fitted with copper sheets 
(99.9% pure copper) on desk and trolleys that were in 
constant contact with staff  and patients and on top of  
cupboards and windowsills where contact was less fre-
quent. The other room remained with its original surfaces 
that did not include any copper surfaces. Cleaning proce-
dures were the same for both rooms and no disinfectants 
were used. Samples for microbiological determinations 
were taken from 5 equivalent touch surfaces from each 
room. Sampling was undertaken for a period of  4 and a 
half  days every 6 wk by the same person for a period of  
6 mo. Samples were taken before cleaning (at 7 am), post 
cleaning but pre consultation (at 8 am) and post consul-
tation (at 4 pm). The temperature and humidity in both 
sampling rooms were comparable during the study period 
covered - winter, spring and summer. The average num-
ber of  consultations in each room during each sampling 
series during the 6 mo study was similar (65 study and 
68 control room). Statistically significantly lower overall 
mean total CFU for all copper surfaces, including those 
in constant contact with staff  and patients and those with 
less frequent contact, were found (P < 0.001), being the 
mean reduction 71%.

In the German study[132], an oncological/pneumologi-
cal and a geriatric ward was used to test the efficacy of  
copper surfaces in reducing bioburden. All touch sur-
faces in patient bed rooms, rest rooms and staff  rooms 
were replaced with new surfaces composed of  metallic 
copper-containing alloys, while matched rooms, where 
no changes were made in the touch surfaces, served as 
controls rooms. All surfaces were routinely cleaned each 
morning with a disinfectant. The trial lasted 32 wk, 16 in 
the summer and 16 in the winter. During both test peri-
ods of  16 wk, the total number of  CFU on metallic cop-
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per-containing surfaces was 63% of  that on the control 
surfaces (P < 0.001). When analyzing per surface area, 
the differences were significant for door knobs, which 
had the highest overall microbial load. Bacterial loads in 
push plates and light switches were similar between the 
test and control samples. Interestingly, after disinfection 
of  the copper and control surfaces, microbial repopula-
tion of  the surfaces was significantly delayed on copper 
alloys (P < 0.05).

In addition to the above studies, a clinical study was 
undertaken to compare the surface microbial contamina-
tion associated with pens constructed of  either a copper 
alloy or stainless steel used by nurses on intensive care 
units. A significantly lower level of  microbial contamina-
tion was found on the copper alloy pens[148]. 

Another study, conducted in the UK, investigated 
the efficacy of  using biocidal hard surfaces impregnated 
with a silver based technology in reducing microbial con-
tamination in a real-life hospital environment[149]. Two 
outpatient units were included in the 18 mo study. One 
unit was refurbished with the silver containing products, 
which included door knobs, blinds, tiles, sack holders and 
light switches. The other unit contained untreated items 
and served as a control. Both units were similar in terms 
of  volume of  people and layout and were subjected to 
similar standard cleaning practice. Both units were al-
lowed to function for 12 mo before microbiological 
swabbing commenced. Swabs were collected over a 5-mo 
period from both units. The CFU counts in the unit 
containing the silver impregnated products were between 
62% to 98% lower than the matched unit. CFU counts 
from the silver-treated materials were between 70% (fab-
rics) to 99% (laminates) lower than untreated equivalents. 
In addition, the bacterial contamination on untreated 
products in the ward containing the silver-impregnated 
products was on average 43.5% lower compared with un-
treated matched products in the control unit. 

The above described trials clearly demonstrate that 
biocidal hard surfaces found in heath-care settings offer 
the potential to significantly reduce the number of  mi-
croorganisms in the clinical environment and thus reduce 
the risk of  HAI. However, the use of  biocidal surfaces 
should not act as a replacement for cleaning in clinical 
areas, but as an adjunct in the fight against HAI.

IS MICROBIAL RESISTANCE TO COPPER 
A CONCERN?
Bacterial resistance is a major concern in infection con-
trol, as exemplified by the highly antibiotic resistant bac-
teria (with up to 2200-fold decreased sensitivity to the 
antibiotic (e.g.,[150]) that have evolved in less than 50 years 
of  antibiotic usage, making infected patient treatment 
extremely difficult (e.g.,[29]). Thus, the possibility of  devel-
opment of  resistance to biocides is a real concern[151,152]. 
Importantly, as opposed to antibiotics, in spite of  copper 
being a part of  the earth for millions of  years, and being 

used by humans from the beginning of  the civilization, 
no microorganisms that are highly resistant to copper 
have been found, but only microorganisms with reduced 
copper sensitivity (increased copper tolerance). For ex-
ample, Enterococci bacteria isolated from the gut of  pigs, 
which were fed for many months with high concentra-
tions of  copper in their diet, were 7 fold less susceptible 
to copper than Enterococci bacteria isolated from pigs 
not fed with copper[153,154]. The increased tolerance to 
copper is achieved by the induction of  an efflux pump in 
the tolerant bacteria[154]. Outstandingly, the Enterococci 
and E. coli tolerant bacteria isolated from pig farms fol-
lowing the use of  copper sulfate as feed supplement were 
rapidly killed when spread in a thin, moist layer on copper 
alloys with 85% or greater copper content or under dry 
conditions[155]. Tolerance, but not resistance, was found in 
nitrifying soil microorganisms exposed to Cu for nearly 
80 years under field conditions[156]. Similarly, the spray of  
copper-containing compounds for years on vegetable and 
fruit crops to limit the spread of  plant pathogenic bacte-
ria and fungi, has favored the spread of  copper tolerant 
genes among saprophytic and plant pathogenic bacte-
ria[157]. The increased tolerance to copper was found to 
be associated with the amount of  soluble copper and not 
with the total amount of  copper[158]. Thus, even in soils 
where the concentration of  copper was very high, but in 
a non-soluble form, no increase in tolerance to copper 
was observed[158]. The copper active ingredient used in 
the biocidal textiles is copper oxide, a non-soluble form 
of  copper. Importantly, no resistant bacteria evolved 
in vitro when consecutively exposed to repeated fabrics 
containing 1% copper oxide[112]. Interestingly, bacteria 
were isolated from copper-containing surfaces and some 
exhibited prolonged (1 to 3 d) survival on dry but not on 
moist copper surfaces[105]. None of  these isolates strains 
was copper resistant in culture[105]. Survival on copper-
containing surfaces appeared to be the consequence of  
either endospore formation, survival on patches of  dirt, 
or a special ability to endure a dry metallic copper sur-
face. 

The reason why no resistance to copper, but only tol-
erance, is found in microorganisms exposed to constant 
relatively high doses of  copper, may be because copper 
exerts its biocidal/antimicrobial activity not through one 
mechanism (as most antibiotics), but through several par-
allel non-specific mechanisms[90,91]. As briefly mentioned 
previously, these mechanisms include: (1) denaturation 
of  nucleic acids by binding to and/or disordering helical 
structures and/or by cross-linking between and within 
nucleic acid strands; (2) alteration of  proteins and inhibi-
tion of  their biological assembly and activity; (3) plasma 
membrane permeabilization; and (4) membrane lipid per-
oxidation. Furthermore, widespread appearance of  bacte-
ria tolerant or resistant to copper contact killing appears 
unlikely as plasmid DNA is completely degraded after 
cell death by contact killing, preventing the transfer of  re-
sistance determinants between organisms[137] and copper 
contact killing is very rapid precluding the acquisition of  
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resistance during cell division[102]. 
Thus, even though some organisms have mechanisms 

of  tolerance to excess copper as described above, in gen-
eral, all microorganisms cannot cope when exposed to 
high concentrations of  copper and are irreversibly dam-
aged. As a result, despite having been present throughout 
human history, and despite repeated historic use of  cop-
per as an antimicrobial agent over the centuries, copper 
was and remains a broad-spectrum biocidal/antimicrobial 
compound and yet no bacteria fully resistant to copper 
have been discovered.

CONCLUSION
Similar to the efficient control of  Legionella infections 
and the reduction of  molds and yeasts that has been 
achieved in hospital systems by simply incorporating cop-
per-silver ionization devices into the hospital water dis-
tribution systems[159-161], the use of  soft and hard surfaces 
containing biocidal copper in products such as those de-
scribed in Figure 1, may play an important role in reduc-
tion of  NI in hospital care environments. Furthermore, as 
NI are now spreading out from the hospital environment 
into the community (e.g.,[162,163]), the use of  textiles, such as 
those impregnated with copper oxide, and hard surfaces 
containing a high percentage of  copper, may not only 
significantly contribute to the reduction of  HAI, but may 
also confer protection when used in homes for the elderly 
and in other environments where immune compromised 
individuals are at high risk of  contracting infections. 

ACKNOWLEDGMENTS
I thank Ms. Myriam Edith Gargiulo for her technical help 

and good suggestions.

REFERENCES
1	 Vallés J, Ferrer R. Bloodstream infection in the ICU. Infect 

Dis Clin North Am 2009; 23: 557-569
2	 Klevens RM, Edwards JR, Richards CL, Horan TC, Gaynes 

RP, Pollock DA, Cardo DM. Estimating health care-associat-
ed infections and deaths in U.S. hospitals, 2002. Public Health 
Rep 2007; 122: 160-166

3	 European Centre for Disease Prevention and Control. An-
nual Epidemiological Report on Communicable Diseases in 
Europe 2010. Available from: URL: http://www.nric.org.
uk/integratedcrd.nsf/d20f15baa90306438025755c0048057f/
cb4a43418caa9428802577fb004c0c7d?OpenDocument

4	 Kerwat K, Graf J, Wulf H. [Nosocomial infections]. Anasthe-
siol Intensivmed Notfallmed Schmerzther 2010; 45: 30-31

5	 Köck R, Becker K, Cookson B, van Gemert-Pijnen JE, Har-
barth S, Kluytmans J, Mielke M, Peters G, Skov RL, Struelens 
MJ, Tacconelli E, Navarro Torné A, Witte W, Friedrich AW. 
Methicillin-resistant Staphylococcus aureus (MRSA): burden 
of disease and control challenges in Europe. Euro Surveill 
2010; 15: 19688

6	 Ferguson JK. Preventing healthcare-associated infection: 
risks, healthcare systems and behaviour. Intern Med J 2009; 
39: 574-581

7	 Loi modifiant la Loi sur les services de santé et les services 
sociaux concernant la prestation sécuritaire de services de 
santé et de services sociaux. Available from: URL: http://
www2.publicationsduquebec.gouv.qc.ca/dynamicSearch/
telecharge.php?type=5&file=2002C71F.PDF

8	 Joshi R, Reingold AL, Menzies D, Pai M. Tuberculosis 
among health-care workers in low- and middle-income 
countries: a systematic review. PLoS Med 2006; 3: e494

9	 Hughes AJ, Ariffin N, Huat TL, Abdul Molok H, Hashim 
S, Sarijo J, Abd Latif NH, Abu Hanifah Y, Kamarulzaman 
A. Prevalence of nosocomial infection and antibiotic use at 
a university medical center in Malaysia. Infect Control Hosp 
Epidemiol 2005; 26: 100-104

10	 Rosenthal VD, Maki DG, Salomao R, Moreno CA, Mehta Y, 

84 August 25, 2012|Volume 2|Issue 4|WJCID|www.wjgnet.com

Patient
   Gowns
   Pajamas
   Robes

Bed
   Flat/fitted Sheet
   Top Sheet
   Pillow cases
   Blankets
   Incontinence Pads
   Bed Rails

Garment
   Lab Coats
   Scrubs
   Nursing

Environment
   Bath towels
   Bath Robes
   Tile/Coating
   Toilet Seats
   HEPA filters
   Room dividers
   Chairs/furniture
   Flooring/carpets

Device
   Dressings
   Tables
   Trays
   Phones

Figure 1  Use of copper in the detailed products, which are in direct or indirect contact with patients, may significantly contribute to the reduction of 
nosocomial pathogen loads and nosocomial infections. HEPA:

Borkow G et al . Biocidal surfaces against nosocomial infections



85 August 25, 2012|Volume 2|Issue 4|WJCID|www.wjgnet.com

Higuera F, Cuellar LE, Arikan OA, Abouqal R, Leblebicioglu 
H. Device-associated nosocomial infections in 55 intensive 
care units of 8 developing countries. Ann Intern Med 2006; 
145: 582-591

11	 Rosenthal VD. Device-associated nosocomial infections in 
limited-resources countries: findings of the International 
Nosocomial Infection Control Consortium (INICC). Am J In-
fect Control 2008; 36: S171.e7-S171.12

12	 Alangaden GJ. Nosocomial fungal infections: epidemiology, 
infection control, and prevention. Infect Dis Clin North Am 
2011; 25: 201-225

13	 Peleg AY, Hooper DC. Hospital-acquired infections due to 
gram-negative bacteria. N Engl J Med 2010; 362: 1804-1813 

14	 Turnidge JD, Kotsanas D, Munckhof W, Roberts S, Bennett 
CM, Nimmo GR, Coombs GW, Murray RJ, Howden B, John-
son PD, Dowling K. Staphylococcus aureus bacteraemia: a 
major cause of mortality in Australia and New Zealand. Med 
J Aust 2009; 191: 368-373

15	 Nevez G, Chabé M, Rabodonirina M, Virmaux M, Dei-Cas 
E, Hauser PM, Totet A. Nosocomial Pneumocystis jirovecii 
infections. Parasite 2008; 15: 359-365

16	 Jones RN. Microbial etiologies of hospital-acquired bacterial 
pneumonia and ventilator-associated bacterial pneumonia. 
Clin Infect Dis 2010; 51 Suppl 1: S81-S87

17	 Utsumi M, Makimoto K, Quroshi N, Ashida N. Types of in-
fectious outbreaks and their impact in elderly care facilities: 
a review of the literature. Age Ageing 2010; 39: 299-305

18	 Leclair MA, Allard C, Lesur O, Pépin J. Clostridium difficile 
infection in the intensive care unit. J Intensive Care Med 2010; 
25: 23-30

19	 Koopmans M. Noroviruses in healthcare settings: a chal-
lenging problem. J Hosp Infect 2009; 73: 331-337

20	 Zilberberg MD. Clostridium difficile-related hospitaliza-
tions among US adults, 2006. Emerg Infect Dis 2009; 15: 
122-124

21	 Lindsley WG, Blachere FM, Davis KA, Pearce TA, Fisher 
MA, Khakoo R, Davis SM, Rogers ME, Thewlis RE, Posada 
JA, Redrow JB, Celik IB, Chen BT, Beezhold DH. Distribu-
tion of airborne influenza virus and respiratory syncytial 
virus in an urgent care medical clinic. Clin Infect Dis 2010; 50: 
693-698

22	 Mulvey MR, Simor AE. Antimicrobial resistance in hospi-
tals: how concerned should we be? CMAJ 2009; 180: 408-415 

23	 Kunz AN, Brook I. Emerging resistant Gram-negative aero-
bic bacilli in hospital-acquired infections. Chemotherapy 2010; 
56: 492-500

24	 Coque TM, Baquero F, Canton R. Increasing prevalence of 
ESBL-producing Enterobacteriaceae in Europe. Euro Surveill 
2008; 13: pii=19044

25	 Song JH, Chung DR. Respiratory infections due to drug-
resistant bacteria. Infect Dis Clin North Am 2010; 24: 639-653 

26	 Dean N. Methicillin-resistant Staphylococcus aureus in 
community-acquired and health care-associated pneumonia: 
incidence, diagnosis, and treatment options. Hosp Pract (Min-
neap) 2010; 38: 7-15

27	 Heintz BH, Halilovic J, Christensen CL. Vancomycin-resis-
tant enterococcal urinary tract infections. Pharmacotherapy 
2010; 30: 1136-1149

28	 Croft AC, D’Antoni AV, Terzulli SL. Update on the antibac-
terial resistance crisis. Med Sci Monit 2007; 13: RA103-RA118 

29	 Durai R, Ng PC, Hoque H. Methicillin-resistant Staphylo-
coccus aureus: an update. AORN J 2010; 91: 599-606; quiz 
607-609

30	 Pratt RJ, Pellowe CM, Wilson JA, Loveday HP, Harper PJ, 
Jones SR, McDougall C, Wilcox MH. epic2: National evi-
dence-based guidelines for preventing healthcare-associated 
infections in NHS hospitals in England. J Hosp Infect 2007; 65 
Suppl 1: S1-S64

31	 Curtis LT. Prevention of hospital-acquired infections: review 
of non-pharmacological interventions. J Hosp Infect 2008; 69: 

204-219 
32	 Hamilton D, Foster A, Ballantyne L, Kingsmore P, Bedwell 

D, Hall TJ, Hickok SS, Jeanes A, Coen PG, Gant VA. Perfor-
mance of ultramicrofibre cleaning technology with or with-
out addition of a novel copper-based biocide. J Hosp Infect 
2010; 74: 62-71

33	 Wren MW, Rollins MS, Jeanes A, Hall TJ, Coën PG, Gant 
VA. Removing bacteria from hospital surfaces: a laboratory 
comparison of ultramicrofibre and standard cloths. J Hosp 
Infect 2008; 70: 265-271

34	 Dancer SJ, White LF, Lamb J, Girvan EK, Robertson C. Mea-
suring the effect of enhanced cleaning in a UK hospital: a 
prospective cross-over study. BMC Med 2009; 7: 28

35	 Weinstein RA. Nosocomial infection update. Emerg Infect 
Dis 1998; 4: 416-420

36	 Scheckler WE, Brimhall D, Buck AS, Farr BM, Friedman C, 
Garibaldi RA, Gross PA, Harris JA, Hierholzer WJ, Martone 
WJ, McDonald LL, Solomon SL. Requirements for infra-
structure and essential activities of infection control and 
epidemiology in hospitals: a consensus panel report. Society 
for Healthcare Epidemiology of America. Infect Control Hosp 
Epidemiol 1998; 19: 114-124

37	 Bearman GM, Munro C, Sessler CN, Wenzel RP. Infection 
control and the prevention of nosocomial infections in the in-
tensive care unit. Semin Respir Crit Care Med 2006; 27: 310-324 

38	 Boyce JM, Pittet D. Guideline for Hand Hygiene in Health-
Care Settings. Recommendations of the Healthcare Infection 
Control Practices Advisory Committee and the HIPAC/
SHEA/APIC/IDSA Hand Hygiene Task Force. Am J Infect 
Control 2002; 30: S1-46

39	 Dancer SJ. Hospital cleaning in the 21st century. Eur J Clin 
Microbiol Infect Dis 2011; 30: 1473-1481

40	 Muto CA, Jernigan JA, Ostrowsky BE, Richet HM, Jarvis 
WR, Boyce JM, Farr BM. SHEA guideline for preventing 
nosocomial transmission of multidrug-resistant strains of 
Staphylococcus aureus and enterococcus. Infect Control Hosp 
Epidemiol 2003; 24: 362-386

41	 Kampf G, Kramer A. Epidemiologic background of hand 
hygiene and evaluation of the most important agents for 
scrubs and rubs. Clin Microbiol Rev 2004; 17: 863-893, table of 
contents

42	 Ayliffe GA, Babb JR, Davies JG, Lilly HA. Hand disinfec-
tion: a comparison of various agents in laboratory and ward 
studies. J Hosp Infect 1988; 11: 226-243

43	 Dancer SJ. Importance of the environment in meticillin-
resistant Staphylococcus aureus acquisition: the case for hos-
pital cleaning. Lancet Infect Dis 2008; 8: 101-113

44	 Gastmeier P, Stamm-Balderjahn S, Hansen S, Zuschneid I, 
Sohr D, Behnke M, Vonberg RP, Rüden H. Where should 
one search when confronted with outbreaks of nosocomial 
infection? Am J Infect Control 2006; 34: 603-605

45	 Hellmann M, Mehta SD, Bishai DM, Mears SC, Zenilman 
JM. The estimated magnitude and direct hospital costs of 
prosthetic joint infections in the United States, 1997 to 2004. J 
Arthroplasty 2010; 25: 766-771.e1

46	 Noimark S, Dunnill CW, Wilson M, Parkin IP. The role of 
surfaces in catheter-associated infections. Chem Soc Rev 2009; 
38: 3435-3448

47	 Rosenthal VD, Maki DG, Jamulitrat S, Medeiros EA, Todi 
SK, Gomez DY, Leblebicioglu H, Abu Khader I, Miranda 
Novales MG, Berba R, Ramírez Wong FM, Barkat A, Pino 
OR, Dueñas L, Mitrev Z, Bijie H, Gurskis V, Kanj SS, Mapp 
T, Hidalgo RF, Ben Jaballah N, Raka L, Gikas A, Ahmed A, 
Thu le TA, Guzmán Siritt ME. International Nosocomial In-
fection Control Consortium (INICC) report, data summary 
for 2003-2008, issued June 2009. Am J Infect Control 2010; 38: 
95-104.e2

48	 Trautner BW, Darouiche RO. Catheter-associated infections: 
pathogenesis affects prevention. Arch Intern Med 2004; 164: 
842-850

Borkow G et al . Biocidal surfaces against nosocomial infections



86 August 25, 2012|Volume 2|Issue 4|WJCID|www.wjgnet.com

49	 von Eiff C, Jansen B, Kohnen W, Becker K. Infections associ-
ated with medical devices: pathogenesis, management and 
prophylaxis. Drugs 2005; 65: 179-214

50	 Kropec A, Huebner J, Riffel M, Bayer U, Benzing A, Geiger K, 
Daschner FD. Exogenous or endogenous reservoirs of noso-
comial Pseudomonas aeruginosa and Staphylococcus aureus 
infections in a surgical intensive care unit. Intensive Care Med 
1993; 19: 161-165

51	 Allen KD, Green HT. Hospital outbreak of multi-resistant 
Acinetobacter anitratus: an airborne mode of spread? J Hosp 
Infect 1987; 9: 110-119

52	 Shiomori T, Miyamoto H, Makishima K, Yoshida M, Fujiyo-
shi T, Udaka T, Inaba T, Hiraki N. Evaluation of bedmaking-
related airborne and surface methicillin-resistant Staphylo-
coccus aureus contamination. J Hosp Infect 2002; 50: 30-35 

53	 Wilson RD, Huang SJ, McLean AS. The correlation between 
airborne methicillin-resistant Staphylococcus aureus with 
the presence of MRSA colonized patients in a general inten-
sive care unit. Anaesth Intensive Care 2004; 32: 202-209

54	 Beggs CB. The airborne transmission of infection in hospital 
buildings: fact or fiction? Indoor Built Environ 2003; 12: 9-18

55	 Srikanth P, Sudharsanam S, Steinberg R. Bio-aerosols in in-
door environment: composition, health effects and analysis. 
Indian J Med Microbiol 2008; 26: 302-312

56	 Nicas M, Sun G. An integrated model of infection risk in a 
health-care environment. Risk Anal 2006; 26: 1085-1096 

57	 Borkow G, Gabbay J. Biocidal textiles can help fight nosoco-
mial infections. Med Hypotheses 2008; 70: 990-994

58	 Neely AN, Maley MP. Survival of enterococci and staphylo-
cocci on hospital fabrics and plastic. J Clin Microbiol 2000; 38: 
724-726

59	 Neely AN, Orloff MM. Survival of some medically impor-
tant fungi on hospital fabrics and plastics. J Clin Microbiol 
2001; 39: 3360-3361

60	 Noble WA. Dispersal of microorganisms from skin. In: 
Noble WC, editor. Microbiology of human skin. 2nd ed. 
London: Lloyd-Luke Ltd., 1981: 77-85

61	 Coronel D, Escarment J, Boiron A, Dusseau JY, Renaud F, 
Bret M, Freney J. Infection et contamination bacterienne de 
l'environnement des patients: les draps. Reanimation 2001; 
10S: 43-44

62	 Reiss-Levy E, McAllister E. Pillows spread methicillin-resis-
tant staphylococci. Med J Aust 1979; 1: 92

63	 Ndawula EM, Brown L. Mattresses as reservoirs of epidemic 
methicillin-resistant Staphylococcus aureus. Lancet 1991; 337: 
488

64	 Gabbay J, Borkow G, Mishal J, Magen E, Zatcoff R, Shemer-
Avni Y. Copper oxide impregnated textiles with potent bio-
cidal activities. J Ind Text 2006; 35: 323-335

65	 Malnick S, Bardenstein R, Huszar M, Gabbay J, Borkow 
G. Pyjamas and sheets as a potential source of nosocomial 
pathogens. J Hosp Infect 2008; 70: 89-92

66	 GREENE VW, BOND RG, MICHAELSEN GS. Air handling 
systems must be planned to reduce the spread of infection. 
Mod Hosp 1960; 95: 136-144

67	 Solberg CO. A study of carriers of Staphylococcus aureus 
with special regard to quantitative bacterial estimations. Acta 
Med Scand Suppl 1965; 436: 1-96

68	 Rutala WA, Katz EB, Sherertz RJ, Sarubbi FA. Environmen-
tal study of a methicillin-resistant Staphylococcus aureus 
epidemic in a burn unit. J Clin Microbiol 1983; 18: 683-688 

69	 Noble WC, Davies RR. Studies on the dispersal of staphylo-
cocci. J Clin Pathol 1965; 18: 16-19

70	 Weber DJ, Rutala WA, Miller MB, Huslage K, Sickbert-Ben-
nett E. Role of hospital surfaces in the transmission of emerg-
ing health care-associated pathogens: norovirus, Clostridium 
difficile, and Acinetobacter species. Am J Infect Control 2010; 
38: S25-S33

71	 Sabino R, Sampaio P, Carneiro C, Rosado L, Pais C. Isolates 
from hospital environments are the most virulent of the Can-

dida parapsilosis complex. BMC Microbiol 2011; 11: 180 
72	 Young JM, Naqvi M, Richards L. Microbial contamination of 

hospital bed handsets. Am J Infect Control 2005; 33: 170-174 
73	 Hota B. Contamination, disinfection, and cross-colonization: 

are hospital surfaces reservoirs for nosocomial infection? 
Clin Infect Dis 2004; 39: 1182-1189

74	 Lu PL, Siu LK, Chen TC, Ma L, Chiang WG, Chen YH, Lin 
SF, Chen TP. Methicillin-resistant Staphylococcus aureus 
and Acinetobacter baumannii on computer interface surfaces 
of hospital wards and association with clinical isolates. BMC 
Infect Dis 2009; 9: 164

75	 Mutters R ,  Nonnenmacher C, Susin C, Albrecht U, 
Kropatsch R, Schumacher S. Quantitative detection of Clos-
tridium difficile in hospital environmental samples by real-
time polymerase chain reaction. J Hosp Infect 2009; 71: 43-48 

76	 Boyce JM, Potter-Bynoe G, Chenevert C, King T. Environ-
mental contamination due to methicillin-resistant Staphylo-
coccus aureus: possible infection control implications. Infect 
Control Hosp Epidemiol 1997; 18: 622-627 

77	 Goodman ER, Platt R, Bass R, Onderdonk AB, Yokoe DS, 
Huang SS. Impact of an environmental cleaning interven-
tion on the presence of methicillin-resistant Staphylococcus 
aureus and vancomycin-resistant enterococci on surfaces in 
intensive care unit rooms. Infect Control Hosp Epidemiol 2008; 
29: 593-599

78	 Bhalla A, Pultz NJ, Gries DM, Ray AJ, Eckstein EC, Aron 
DC, Donskey CJ. Acquisition of nosocomial pathogens on 
hands after contact with environmental surfaces near hos-
pitalized patients. Infect Control Hosp Epidemiol 2004; 25: 
164-167

79	 Eckstein BC, Adams DA, Eckstein EC, Rao A, Sethi AK, 
Yadavalli GK, Donskey CJ. Reduction of Clostridium Dif-
ficile and vancomycin-resistant Enterococcus contamination 
of environmental surfaces after an intervention to improve 
cleaning methods. BMC Infect Dis 2007; 7: 61

80	 Hayden MK, Bonten MJ, Blom DW, Lyle EA, van de Vijver 
DA, Weinstein RA. Reduction in acquisition of vancomycin-
resistant enterococcus after enforcement of routine environ-
mental cleaning measures. Clin Infect Dis 2006; 42: 1552-1560 

81	 Gustafson TL, Kobylik B, Hutcheson RH, Schaffner W. 
Protective effect of anticholinergic drugs and psyllium in a 
nosocomial outbreak of Norwalk gastroenteritis. J Hosp Infect 
1983; 4: 367-374

82	 Takahashi A, Yomoda S, Tanimoto K, Kanda T, Kobayashi 
I, Ike Y. Streptococcus pyogenes hospital-acquired infection 
within a dermatological ward. J Hosp Infect 1998; 40: 135-140 

83	 Cozad A, Jones RD. Disinfection and the prevention of infec-
tious disease. Am J Infect Control 2003; 31: 243-254

84	 Morgan DJ, Liang SY, Smith CL, Johnson JK, Harris AD, 
Furuno JP, Thom KA, Snyder GM, Day HR, Perencevich EN. 
Frequent multidrug-resistant Acinetobacter baumannii con-
tamination of gloves, gowns, and hands of healthcare work-
ers. Infect Control Hosp Epidemiol 2010; 31: 716-721

85	 Kramer A, Schwebke I, Kampf G. How long do nosocomial 
pathogens persist on inanimate surfaces? A systematic re-
view. BMC Infect Dis 2006; 6: 130

86	 Hsu J, Abad C, Dinh M, Safdar N. Prevention of endemic 
healthcare-associated Clostridium difficile infection: review-
ing the evidence. Am J Gastroenterol 2010; 105: 2327-2329; 
quiz 2340

87	 Wilson AP, Smyth D, Moore G, Singleton J, Jackson R, Gant 
V, Jeanes A, Shaw S, James E, Cooper B, Kafatos G, Cookson 
B, Singer M, Bellingan G. The impact of enhanced cleaning 
within the intensive care unit on contamination of the near-
patient environment with hospital pathogens: a randomized 
crossover study in critical care units in two hospitals. Crit 
Care Med 2011; 39: 651-658

88	 Sattar SA. Promises and pitfalls of recent advances in chemi-
cal means of preventing the spread of nosocomial infections 
by environmental surfaces. Am J Infect Control 2010; 38: 

Borkow G et al . Biocidal surfaces against nosocomial infections



87 August 25, 2012|Volume 2|Issue 4|WJCID|www.wjgnet.com

S34-S40
89	 Carling PC, Bartley JM. Evaluating hygienic cleaning in 

health care settings: what you do not know can harm your 
patients. Am J Infect Control 2010; 38: S41-S50

90	 Borkow G, Gabbay J. Copper as a biocidal tool. Curr Med 
Chem 2005; 12: 2163-2175

91	 Borkow G, Gabbay J. Copper, an ancient remedy returning 
to fight microbial, fungal and viral infections. Curr Chem Biol 
2009; 3: 272-278

92	 Cross JB, Currier RP, Torraco DJ, Vanderberg LA, Wagner 
GL, Gladen PD. Killing of bacillus spores by aqueous dis-
solved oxygen, ascorbic acid, and copper ions. Appl Environ 
Microbiol 2003; 69: 2245-2252

93	 Gant VA, Wren MW, Rollins MS, Jeanes A, Hickok SS, Hall 
TJ. Three novel highly charged copper-based biocides: safety 
and efficacy against healthcare-associated organisms. J Anti-
microb Chemother 2007; 60: 294-299

94	 Hall TJ, Wren MW, Jeanes A, Gant VA. A comparison of 
the antibacterial efficacy and cytotoxicity to cultured human 
skin cells of 7 commercial hand rubs and Xgel, a new copper-
based biocidal hand rub. Am J Infect Control 2009; 37: 322-326 

95	 Mato Rodriguez L, Alatossava T. Effects of copper on ger-
mination, growth and sporulation of Clostridium tyrobutyri-
cum. Food Microbiol 2010; 27: 434-437

96	 Weaver L, Michels HT, Keevil CW. Potential for preventing 
spread of fungi in air-conditioning systems constructed us-
ing copper instead of aluminium. Lett Appl Microbiol 2010; 
50: 18-23

97	 Weaver L, Michels HT, Keevil CW. Survival of Clostridium 
difficile on copper and steel: futuristic options for hospital 
hygiene. J Hosp Infect 2008; 68: 145-151

98	 Wheeldon LJ, Worthington T, Lambert PA, Hilton AC, 
Lowden CJ, Elliott TS. Antimicrobial efficacy of copper sur-
faces against spores and vegetative cells of Clostridium diffi-
cile: the germination theory. J Antimicrob Chemother 2008; 62: 
522-525 

99	 Borkow G, Sidwell RW, Smee DF, Barnard DL, Morrey JD, 
Lara-Villegas HH, Shemer-Avni Y, Gabbay J. Neutralizing 
viruses in suspensions by copper oxide-based filters. Antimi-
crob Agents Chemother 2007; 51: 2605-2607

100	 Espírito Santo C, Taudte N, Nies DH, Grass G. Contribu-
tion of copper ion resistance to survival of Escherichia coli 
on metallic copper surfaces. Appl Environ Microbiol 2008; 74: 
977-986

101	 Espírito Santo C, Lam EW, Elowsky CG, Quaranta D, 
Domaille DW, Chang CJ, Grass G. Bacterial killing by dry 
metallic copper surfaces. Appl Environ Microbiol 2011; 77: 
794-802

102	 Grass G, Rensing C, Solioz M. Metallic copper as an antimi-
crobial surface. Appl Environ Microbiol 2011; 77: 1541-1547 

103	 Ohsumi Y, Kitamoto K, Anraku Y. Changes induced in the 
permeability barrier of the yeast plasma membrane by cu-
pric ion. J Bacteriol 1988; 170: 2676-2682

104	 Quaranta D, Krans T, Espírito Santo C, Elowsky CG, Do-
maille DW, Chang CJ, Grass G. Mechanisms of contact-me-
diated killing of yeast cells on dry metallic copper surfaces. 
Appl Environ Microbiol 2011; 77: 416-426

105	 Santo CE, Morais PV, Grass G. Isolation and characterization 
of bacteria resistant to metallic copper surfaces. Appl Environ 
Microbiol 2010; 76: 1341-1348 

106	 Borkow G, Covington CY, Gautam B, Anzala O, Oyugi J, 
Juma M, Abdullah MS. Prevention of human immunode-
ficiency virus breastmilk transmission with copper oxide: 
proof-of-concept study. Breastfeed Med 2011; 6: 165-170 

107	 Valko M, Morris H, Cronin MT. Metals, toxicity and oxida-
tive stress. Curr Med Chem 2005; 12: 1161-1208

108	 Borkow G, Gabbay J. Putting copper into action: copper-
impregnated products with potent biocidal activities. FASEB 
J 2004; 18: 1728-1730

109	 Borkow G, Gabbay J. Endowing textiles with permanent po-

tent biocidal properties by impregnating them with copper 
oxide. JTATM 2006; 5: 1-3

110	 Borkow G, Lara HH, Covington CY, Nyamathi A, Gabbay 
J. Deactivation of human immunodeficiency virus type 1 
in medium by copper oxide-containing filters. Antimicrob 
Agents Chemother 2008; 52: 518-525

111	 Borkow G, Zhou SS, Page T, Gabbay J. A novel anti-influen-
za copper oxide containing respiratory face mask. PLoS One 
2010; 5: e11295

112	 Borkow G, Okon-Levy N, Gabbay J. Copper oxide impreg-
nated wound dressing: biocidal and safety studies. Wounds 
2010; 22: 301-310

113	 Zatcoff RC, Smith MS, Borkow G. Treatment of tinea pedis 
with socks containing copper-oxide impregnated fibers. Foot 
(Edinb) 2008; 18: 136-141

114	 Mumcuoglu KY, Gabbay J, Borkow G. Copper oxide-
impregnated fabrics for the control of house dust mites. Int J 
Pest Manage 2008; 54: 235-240

115	 O’Hanlon SJ, Enright MC. A novel bactericidal fabric coat-
ing with potent in vitro activity against meticillin-resistant 
Staphylococcus aureus (MRSA). Int J Antimicrob Agents 2009; 
33: 427-431

116	 White WC, Bellfield R, Ellis J, Vandendaele IP. Controlling 
the spread of nosocomial infections in hospital wards by the 
use of antimicrobials on textiles, facilities and devices. MED-
TEX 07 - Fourth International Conference and Exhibition on 
Healthcare and Medical Textiles; 2007 Jul 16-18; Bolton, UK

117	 Bischof Vukušić S, Flinčec Grgac S, Budimir A, Kalenić S. 
Cotton textiles modified with citric acid as efficient anti-
bacterial agent for prevention of nosocomial infections. Croat 
Med J 2011; 52: 68-75

118	 Lansdown AB. Silver in health care: antimicrobial effects 
and safety in use. Curr Probl Dermatol 2006; 33: 17-34

119	 Groß R, Hübner N, Assadian O, Jibson B, Kramer A; Work-
ing Section for Clinical Antiseptic of the German Society for 
Hospital Hygiene. Pilot study on the microbial contamina-
tion of conventional vs. silver-impregnated uniforms worn 
by ambulance personnel during one week of emergency 
medical service. GMS Krankenhhyg Interdiszip 2010; 5: Doc09 

120	 Yazdankhah SP, Scheie AA, Høiby EA, Lunestad BT, Heir E, 
Fotland TØ, Naterstad K, Kruse H. Triclosan and antimicro-
bial resistance in bacteria: an overview. Microb Drug Resist 
2006; 12: 83-90

121	 Huang J, Murata H, Koepsel RR, Russell AJ, Matyjaszewski 
K. Antibacterial polypropylene via surface-initiated atom 
transfer radical polymerization. Biomacromolecules 2007; 8: 
1396-1399

122	 Takai K, Ohtsuka T, Senda Y, Nakao M, Yamamoto K, Mat-
suoka J, Hirai Y. Antibacterial properties of antimicrobial-
finished textile products. Microbiol Immunol 2002; 46: 75-81 

123	 Ranjbar-Mohammadi M, Arami M, Bahrami H, Mazaheri F, 
Mahmoodi NM. Grafting of chitosan as a biopolymer onto 
wool fabric using anhydride bridge and its antibacterial 
property. Colloids Surf B Biointerfaces 2010; 76: 397-403

124	 Kalyon BD, Olgun U. Antibacterial efficacy of triclosan-
incorporated polymers. Am J Infect Control 2001; 29: 124-125 

125	 Renaud FNR, Doré J, Freney HJ, Coronel B, Dusseau JY. 
Evaluation of antibacterial properties of a textile product 
with antimicrobial finish in a hospital environment. J Ind 
Text 2006; 36: 89-94

126	 United States Environmental Protection Agency. Rereg-
istration Eligibility Decision (RED) for Coppers. 2009; p8. 
Available from: http://www.epa.gov/oppsrrd1/REDs/
copper_red_amend.pdf 

127	 de Veer I, Wilke K, Rüden H. [Bacterial reducing qualities of 
copper-containing and non-copper-containing materials. I. 
Contamination and sedimentation in humid and dry condi-
tions]. Zentralbl Hyg Umweltmed 1993; 195: 66-87

128	 De Veer I, Wilke K, Rüden H. [Bacteria-reducing properties 
of copper-containing and non-copper-containing materials. 

Borkow G et al . Biocidal surfaces against nosocomial infections



88 August 25, 2012|Volume 2|Issue 4|WJCID|www.wjgnet.com

II. Relationship between microbiocide effect of copper-con-
taining materials and copper ion concentration after contam-
ination with moist and dry hands]. Zentralbl Hyg Umweltmed 
1994; 195: 516-528

129	 Faúndez G, Troncoso M, Navarrete P, Figueroa G. Antimi-
crobial activity of copper surfaces against suspensions of Sal-
monella enterica and Campylobacter jejuni. BMC Microbiol 
2004; 4: 19

130	 Mehtar S, Wiid I, Todorov SD. The antimicrobial activity of 
copper and copper alloys against nosocomial pathogens and 
Mycobacterium tuberculosis isolated from healthcare facili-
ties in the Western Cape: an in-vitro study. J Hosp Infect 2008; 
68: 45-51

131	 Michels HT, Noyce JO, Keevil CW. Effects of temperature 
and humidity on the efficacy of methicillin-resistant Staphy-
lococcus aureus challenged antimicrobial materials contain-
ing silver and copper. Lett Appl Microbiol 2009; 49: 191-195 

132	 Mikolay A, Huggett S, Tikana L, Grass G, Braun J, Nies DH. 
Survival of bacteria on metallic copper surfaces in a hospital 
trial. Appl Microbiol Biotechnol 2010; 87: 1875-1879

133	 Noyce JO, Michels H, Keevil CW. Use of copper cast alloys 
to control Escherichia coli O157 cross-contamination during 
food processing. Appl Environ Microbiol 2006; 72: 4239-4244 

134	 Noyce JO, Michels H, Keevil CW. Potential use of copper 
surfaces to reduce survival of epidemic meticillin-resistant 
Staphylococcus aureus in the healthcare environment. J Hosp 
Infect 2006; 63: 289-297

135	 Noyce JO, Michels H, Keevil CW. Inactivation of influenza 
A virus on copper versus stainless steel surfaces. Appl Envi-
ron Microbiol 2007; 73: 2748-2750

136	 Robine E, Boulangé-Petermann L, Derangère D. Assessing 
bactericidal properties of materials: the case of metallic sur-
faces in contact with air. J Microbiol Methods 2002; 49: 225-234 

137	 Warnes SL, Green SM, Michels HT, Keevil CW. Biocidal 
efficacy of copper alloys against pathogenic enterococci 
involves degradation of genomic and plasmid DNAs. Appl 
Environ Microbiol 2010; 76: 5390-5401

138	 Weaver L, Noyce JO, Michels HT, Keevil CW. Potential ac-
tion of copper surfaces on meticillin-resistant Staphylococcus 
aureus. J Appl Microbiol 2010; 109: 2200-2205

139	 Wilks SA, Michels H, Keevil CW. The survival of Escherich-
ia coli O157 on a range of metal surfaces. Int J Food Microbiol 
2005; 105: 445-454

140	 Wilks SA, Michels HT, Keevil CW. Survival of Listeria 
monocytogenes Scott A on metal surfaces: implications for 
cross-contamination. Int J Food Microbiol 2006; 111: 93-98 

141	 Sharan R, Chhibber S, Reed RH. Inactivation and sub-lethal 
injury of salmonella typhi, salmonella typhimurium and vib-
rio cholerae in copper water storage vessels. BMC Infect Dis 
2011; 11: 204

142	 Sharan R, Chhibber S, Reed RH. A murine model to study 
the antibacterial effect of copper on infectivity of Salmonella 
enterica serovar Typhimurium. Int J Environ Res Public Health 
2011; 8: 21-36

143	 Sharan R, Chhibber S, Attri S, Reed RH. Inactivation and 
sub-lethal injury of Escherichia coli in a copper water storage 
vessel: effect of inorganic and organic constituents. Antonie 
Van Leeuwenhoek 2010; 98: 103-115

144	 Elguindi J, Wagner J, Rensing C. Genes involved in copper 
resistance influence survival of Pseudomonas aeruginosa on 
copper surfaces. J Appl Microbiol 2009; 106: 1448-1455

145	 Airey P, Verran J. Potential use of copper as a hygienic sur-
face; problems associated with cumulative soiling and clean-
ing. J Hosp Infect 2007; 67: 271-277

146	 Casey AL, Adams D, Karpanen TJ, Lambert PA, Cookson 
BD, Nightingale P, Miruszenko L, Shillam R, Christian P, 
Elliott TS. Role of copper in reducing hospital environment 
contamination. J Hosp Infect 2010; 74: 72-77

147	 Marais F, Mehtar S, Chalkley L. Antimicrobial efficacy of 
copper touch surfaces in reducing environmental bioburden 

in a South African community healthcare facility. J Hosp In-
fect 2010; 74: 80-82

148	 Casey AL, Karpanen TJ, Adams D, Lambert PA, Nightingale 
P, Miruszenko L, Elliott TS. A comparative study to evaluate 
surface microbial contamination associated with copper-con-
taining and stainless steel pens used by nurses in the critical 
care unit. Am J Infect Control 2011; 39: e52-e54

149	 Taylor L, Phillips P, Hastings R. Reduction of bacterial con-
tamination in a healthcare environment by silver antimicro-
bial technology. J Infect Prev 2009; 10: 6-12

150	 Goto H, Shimada K, Ikemoto H, Oguri T. Antimicrobial 
susceptibility of pathogens isolated from more than 10,000 
patients with infectious respiratory diseases: a 25-year longi-
tudinal study. J Infect Chemother 2009; 15: 347-360

151	 Maillard JY. Bacterial resistance to biocides in the healthcare 
environment: should it be of genuine concern? J Hosp Infect 
2007; 65 Suppl 2: 60-72

152	 Maillard JY. Antimicrobial biocides in the healthcare envi-
ronment: efficacy, usage, policies, and perceived problems. 
Ther Clin Risk Manag 2005; 1: 307-320

153	 Aarestrup FM, Hasman H. Susceptibility of different bacte-
rial species isolated from food animals to copper sulphate, 
zinc chloride and antimicrobial substances used for disinfec-
tion. Vet Microbiol 2004; 100: 83-89 

154	 Hasman H, Kempf I, Chidaine B, Cariolet R, Ersbøll AK, 
Houe H, Bruun Hansen HC, Aarestrup FM. Copper resis-
tance in Enterococcus faecium, mediated by the tcrB gene, is 
selected by supplementation of pig feed with copper sulfate. 
Appl Environ Microbiol 2006; 72: 5784-5789

155	 Elguindi J, Moffitt S, Hasman H, Andrade C, Raghavan S, 
Rensing C. Metallic copper corrosion rates, moisture content, 
and growth medium influence survival of copper ion-resis-
tant bacteria. Appl Microbiol Biotechnol 2011; 89: 1963-1970 

156	 Fait G, Broos K, Zrna S, Lombi E, Hamon R. Tolerance of 
nitrifying bacteria to copper and nickel. Environ Toxicol Chem 
2006; 25: 2000-2005

157	 Andersen GL, Menkissoglou O, Lindow SE. Occurrence and 
properties of copper-tolerant strains of pseudomonas sy-
ringae isolated from fruit trees in California. Phytopathology 
1991; 81: 648-656

158	 Saeki K, Kunito T, Oyaizu H, Matsumoto S. Relationships 
between bacterial tolerance levels and forms of copper and 
zinc in soils. J Environ Qual 2002; 31: 1570-1575

159	 Stout JE, Yu VL. Experiences of the first 16 hospitals using 
copper-silver ionization for Legionella control: implications 
for the evaluation of other disinfection modalities. Infect Con-
trol Hosp Epidemiol 2003; 24: 563-568

160	 Lin YE, Stout JE, Yu VL. Controlling Legionella in hospital 
drinking water: an evidence-based review of disinfection 
methods. Infect Control Hosp Epidemiol 2011; 32: 166-173 

161	 Pedro-Botet ML, Sanchez I, Sabria M, Sopena N, Mateu L, 
García-Núñez M, Rey-Joly C. Impact of copper and silver 
ionization on fungal colonization of the water supply in 
health care centers: implications for immunocompromised 
patients. Clin Infect Dis 2007; 45: 84-86

162	 Olesevich M, Kennedy A. Emergence of community-
acquired methicillin-resistant Staphylococcus aureus soft 
tissue infections. J Pediatr Surg 2007; 42: 765-768

163	 Patyi M, Varga É, Kristóf K. Curiosities of the methicillin-
resistant Staphylococcus aureus survey - possibility of pseu-
do-outbreak and transmission to household contacts. Acta 
Microbiol Immunol Hung 2011; 58: 135-144

164	 Huang HI, Shih HY, Lee CM, Yang TC, Lay JJ, Lin YE. In 
vitro efficacy of copper and silver ions in eradicating Pseu-
domonas aeruginosa, Stenotrophomonas maltophilia and 
Acinetobacter baumannii: implications for on-site disinfec-
tion for hospital infection control. Water Res 2008; 42: 73-80 

165	 Cortes P, Atria AM, Contreras M, Garland MT, Peña O, 
Corsini G. Magnetic properties and antibacterial activity of 
tetranuclear copper complexes bridged by oxo group. J Chil 

Borkow G et al . Biocidal surfaces against nosocomial infections



89 August 25, 2012|Volume 2|Issue 4|WJCID|www.wjgnet.com

Chem Soc 2006; 51: 957-960
166	 Moore G, Hall TJ, Wilson AP, Gant VA. The efficacy of the 

inorganic copper-based biocide CuWB50 is compromised by 
hard water. Lett Appl Microbiol 2008; 46: 655-660

167	 Podunavac-Kuzmanović S, Cvetković D. Antimicrobial 
investigations of copper(II) complexes with some 1-benzyl-
benzimidazole derivatives. Rev Roum Chim 2010; 55: 363-367

168	 Arslan H, Duran N, Borekci G, Koray Ozer C, Akbay C. 
Antimicrobial activity of some thiourea derivatives and their 
nickel and copper complexes. Molecules 2009; 14: 519-527 

169	 Sun LM, Zhang CL, Li P. Characterization, antimicrobial ac-
tivity, and mechanism of a high-performance (-)-epigallocat-
echin-3-gallate (EGCG)-CuII/polyvinyl alcohol (PVA) nano-
fibrous membrane. J Agric Food Chem 2011; 59: 5087-5092 

170	 Ruparelia JP, Chatterjee AK, Duttagupta SP, Mukherji S. 
Strain specificity in antimicrobial activity of silver and cop-
per nanoparticles. Acta Biomater 2008; 4: 707-716

171	 Patel MN, Dosi PA, Bhatt BS, Thakkar VR. Synthesis, charac-
terization, antibacterial activity, SOD mimic and interaction 
with DNA of drug based copper(II) complexes. Spectrochim 
Acta A Mol Biomol Spectrosc 2011; 78: 763-770

172	 Revanasiddappa HD, Vijaya B, Shiva Kumar L, Shiva 
Prasad K. Synthesis, characterization and antimicrobial 
activity of Cu(ii), Co(ii), Ni(ii) and Mn(ii) complexes with 
desipramine. World J Chem 2010; 5: 18-25

173	 Suksrichavalit T, Prachayasittikul S, Nantasenamat C, 
Isarankura-Na-Ayudhya C, Prachayasittikul V. Copper 
complexes of pyridine derivatives with superoxide scaveng-
ing and antimicrobial activities. Eur J Med Chem 2009; 44: 
3259-3265

174	 Chohan ZH, Iqbal MS, Aftab SK, Rauf A. Antibacterial 
dimeric copper(II) complexes with chromone-derived com-
pounds. J Enzyme Inhib Med Chem 2012; 27: 223-231

175	 Xie LJ, Chu W, Sun JH, Wu P, Tong DG. Synthesis of cop-
per oxide vegetable sponges and their antibacterial, electro-
chemical and photocatalytic performance. J Mater Sci 2011; 
46: 2179-2184

176	 Chandra S, Raizada S, Tyagi M, Sharma PK. Spectroscopic 
and biological approach of Ni(II) and Cu(II) complexes of 
2-pyridinecarboxaldehyde thiosemicarbazone. Spectrochim 
Acta A Mol Biomol Spectrosc 2008; 69: 816-821

177	 Agwara MO, Ndifon PT, Ndosiri NB, Paboudam AG, Yu-
fanyi DM, Mohamadou A. Synthesis, characterisation and 
antimicrobial activities of cobalt(II), copper(II) and zinc(II) 
mixed-ligand complexes containing 1,10-phenanthroline and 
2,2’-bipyridine. Bull Chem Soc Ethiop 2010; 24: 383-389

178	 Sani RK, Peyton BM, Brown LT. Copper-induced inhibition 
of growth of Desulfovibrio desulfuricans G20: assessment of 
its toxicity and correlation with those of zinc and lead. Appl 
Environ Microbiol 2001; 67: 4765-4772

179	 Hu YH, Dang W, Liu CS, Sun L. Analysis of the effect of 
copper on the virulence of a pathogenic Edwardsiella tarda 
strain. Lett Appl Microbiol 2010; 50: 97-103

180	 Colak A, Terzi Ü, Col M, Karaoglu ŞA, Karaböcek S, 
Küçükdumlu A, Ayaz FA. DNA binding, antioxidant 
and antimicrobial activities of homo- and heteronuclear 
copper(II) and nickel(II) complexes with new oxime-type 
ligands. Eur J Med Chem 2010; 45: 5169-5175

181	 Nie Y, Kalapos C, Nie X, Murphy M, Hussein R, Zhang J. Su-
perhydrophilicity and antibacterial property of a Cu-dotted 
oxide coating surface. Ann Clin Microbiol Antimicrob 2010; 9: 
25

182	 Molteni C, Abicht HK, Solioz M. Killing of bacteria by cop-
per surfaces involves dissolved copper. Appl Environ Micro-
biol 2010; 76: 4099-4101

183	 Ibrahim SA, Yang H, Seo CW. Antimicrobial activity of lac-
tic acid and copper on growth of Salmonella and Escherichia 
coli O157:H7 in laboratory medium and carrot juice. Food 
Chem 2008; 109: 137-143

184	 Ren G, Hu D, Cheng EW, Vargas-Reus MA, Reip P, Al-

laker RP. Characterisation of copper oxide nanoparticles for 
antimicrobial applications. Int J Antimicrob Agents 2009; 33: 
587-590

185	 Malachová K, Praus P, Rybková Z, Kozák O. Antibacterial 
and antifungal activities of silver, copper and zinc montmo-
rillonites. Appl Clay Sci 2011; 53: 642-645

186	 Qiu JH, Zhang YW, Zhang YT, Zhang HQ, Liu JD. Synthesis 
and antibacterial activity of copper-immobilized membrane 
comprising grafted poly(4-vinylpyridine) chains. J Colloid 
Interface Sci 2011; 354: 152-159

187	 Zhang W, Zhang Y, Ji J, Yan Q, Huang A, Chu PK. Antimi-
crobial polyethylene with controlled copper release. J Biomed 
Mater Res A 2007; 83: 838-844

188	 Grey B, Steck TR. Concentrations of copper thought to be 
toxic to Escherichia coli can induce the viable but noncultur-
able condition. Appl Environ Microbiol 2001; 67: 5325-5327 

189	 Torres A, Ruales C, Pulgarin C, Aimable A, Bowen P, Sarria 
V, Kiwi J. Innovative high-surface-area CuO pretreated cot-
ton effective in bacterial inactivation under visible light. ACS 
Appl Mater Interfaces 2010; 2: 2547-2552

190	 Sudha VB, Singh KO, Prasad SR, Venkatasubramanian P. 
Killing of enteric bacteria in drinking water by a copper 
device for use in the home: laboratory evidence. Trans R Soc 
Trop Med Hyg 2009; 103: 819-822

191	 Yates HM, Brook LA, Ditta IB, Evans P, Foster HA, Sheel 
DW, Steele A. Photo-induced self-cleaning and biocidal be-
haviour of titania and copper oxide multilayers. J Photochem 
Photobiol A 2008; 197: 197-205

192	 Nan L, Liu Y, Lü M, Yang K. Study on antibacterial mecha-
nism of copper-bearing austenitic antibacterial stainless steel 
by atomic force microscopy. J Mater Sci Mater Med 2008; 19: 
3057-3062

193	 Rosu T, Pahontu E, Pasculescu S, Georgescu R, Stanica 
N, Curaj A, Popescu A, Leabu M. Synthesis, charac-
terization antibacterial and antiproliferative activity of 
novel Cu(II) and Pd(II) complexes with 2-hydroxy-8-R-
tricyclo[7.3.1.0.(2,7)]tridecane-13-one thiosemicarbazone. Eur 
J Med Chem 2010; 45: 1627-1634

194	 Chohan ZH, Arif M, Rashid A. Copper (II) and zinc (ii) 
metal-based salicyl-, furanyl-, thienyl- and pyrrolyl-derived 
ONNO, NNNO, ONNS & amp; NNNS donor asymmetri-
cally mixed schiff-bases with antibacterial and antifungal 
potentials. J Enzyme Inhib Med Chem 2008; 23: 785-796

195	 Raman N, Sobha S. Synthesis, characterization, DNA inter-
action and antimicrobial screening of isatin-based polypyri-
dyl mixed ligand Cu(II) and Zn(II) complexes. J Serb Chem 
Soc 2010; 75: 773-788

196	 Casari E, Ferrario A, Montanelli A. Prolonged effect of two 
combined methods for Legionella disinfection in a hospital 
water system. Ann Ig 2007; 19: 525-532

197	 Stout JE, Lin YS, Goetz AM, Muder RR. Controlling Legio-
nella in hospital water systems: experience with the super-
heat-and-flush method and copper-silver ionization. Infect 
Control Hosp Epidemiol 1998; 19: 911-914

198	 Landeen LK, Yahya MT, Gerba CP. Efficacy of copper and 
silver ions and reduced levels of free chlorine in inactivation 
of Legionella pneumophila. Appl Environ Microbiol 1989; 55: 
3045-3050 

199	 Russell SM. The effect of an acidic, copper sulfate-based 
commercial sanitizer on indicator, pathogenic, and spoilage 
bacteria associated with broiler chicken carcasses when ap-
plied at various intervention points during poultry process-
ing. Poult Sci 2008; 87: 1435-1440

200	 López-Carballo G, Hernández-Muñoz P, Gavara R, Ocio MJ. 
Photoactivated chlorophyllin-based gelatin films and coat-
ings to prevent microbial contamination of food products. 
Int J Food Microbiol 2008; 126: 65-70

201	 Keyhani E, Abdi-Oskouei F, Attar F, Keyhani J. DNA strand 
breaks by metal-induced oxygen radicals in purified Salmo-
nella typhimurium DNA. Ann N Y Acad Sci 2006; 1091: 52-64 

Borkow G et al . Biocidal surfaces against nosocomial infections



90 August 25, 2012|Volume 2|Issue 4|WJCID|www.wjgnet.com

202	 Chandra S, Jain D, Sharma AK, Sharma P. Coordination 
modes of a schiff base pentadentate derivative of 4-aminoan-
tipyrine with cobalt(II), nickel(II) and copper(II) metal ions: 
synthesis, spectroscopic and antimicrobial studies. Molecules 
2009; 14: 174-190

203	 Raman N, Baskaran T, Selvan A, Jeyamurugan R. DNA 
interaction and antimicrobial studies of novel copper (II) 
complex having ternary Schiff base. J Iran Chem Res 2008; 1: 
129-139

204	 Chohan ZH, Shaikh AU, Supuran CT. In-vitro antibacterial, 
antifungal and cytotoxic activity of cobalt (II), copper (II), 
nickel (II) and zinc (II) complexes with furanylmethyl- and 
thienylmethyl-dithiolenes: [1, 3-dithiole- 2-one and 1,3-dithi-
ole-2-thione]. J Enzyme Inhib Med Chem 2006; 21: 733-740 

205	 Carson KC, Bartlett JG, Tan TJ, Riley TV. In Vitro suscep-
tibility of methicillin-resistant Staphylococcus aureus and 
methicillin-susceptible Staphylococcus aureus to a new anti-
microbial, copper silicate. Antimicrob Agents Chemother 2007; 
51: 4505-4507

206	 Luna VA, Hall TJ, King DS, Cannons AC. Susceptibility of 
169 USA300 methicillin-resistant Staphylococcus aureus iso-
lates to two copper-based biocides, CuAL42 and CuWB50. J 
Antimicrob Chemother 2010; 65: 939-941

207	 Neel EA, Ahmed I, Pratten J, Nazhat SN, Knowles JC. Char-
acterisation of antibacterial copper releasing degradable 
phosphate glass fibres. Biomaterials 2005; 26: 2247-2254 

208	 Mulligan AM, Wilson M, Knowles JC. The effect of increas-
ing copper content in phosphate-based glasses on biofilms of 
Streptococcus sanguis. Biomaterials 2003; 24: 1797-1807 

209	 Bhattacharya K, Niyogi SK, Choudhuri SK. Role of a novel 
copper chelate in modulation of resistance by time and dose-
dependent potential on the growth of tetracycline-resistant 
Vibrio cholerae O1. Int J Antimicrob Agents 2011; 38: 182-183 

210	 Bellí N, Marín S, Sanchis V, Ramos AJ. Impact of fungicides 
on Aspergillus carbonarius growth and ochratoxin A pro-
duction on synthetic grape-like medium and on grapes. Food 
Addit Contam 2006; 23: 1021-1029

211	 Kumbhar AS, Padhye SB, Saraf AP, Mahajan HB, Chopade 
BA, West DX. Novel broad-spectrum metal-based antifungal 
agents. Correlations amongst the structural and biological 
properties of copper (II) 2-acetylpyridine N4-dialkylthios-
emicarbazones. Biol Met 1991; 4: 141-143

212	 Gershon H, Clarke DD, Gershon M. Synergistic antifungal 
action of 8-quinolinol and its bischelate with copper(II) and 
with mixed ligand chelates composed of copper(II), 8-quino-
linol, and aromatic hydroxy acids. J Pharm Sci 1989; 78: 

975-978
213	 Shakru R, Subhashini NJP, Shivaraj SKK. Synthesis, charac-

terization and antimicrobial studies on Cobalt (II), Nickel (II), 
Copper (II) and Zinc (II) complexes of N, O, S donor Schiff 
bases. J Chem Pharm Res 2010; 2: 38-46

214	 Syed Tajudeen S, Santhalakshmi S, Geetha K. Studies on 
antimicrobial activity of some hydrazones and its copper 
complexes. J Pharm Res 2010; 3: 2759-2760

215	 Lin MY, Huang KJ, Kleven SH. In vitro comparison of the 
activity of various antifungal drugs against new yeast iso-
lates causing thrush in poultry. Avian Dis 1989; 33: 416-421 

216	 Al-Holy MA, Castro LF, Al-Qadiri HM. Inactivation of 
Cronobacter spp. (Enterobacter sakazakii) in infant formula 
using lactic acid, copper sulfate and monolaurin. Lett Appl 
Microbiol 2010; 50: 246-251

217	 Vagabov VM, Ivanov AY, Kulakovskaya TV, Kulakovskaya 
EV, Petrov VV, Kulaev IS. Efflux of potassium ions from cells 
and spheroplasts of Saccharomyces cerevisiae yeast treated 
with silver and copper ions. Biochemistry (Mosc) 2008; 73: 
1224-1227 

218	 The International Copper Association. Effects of copper 
and other domestic plumbing materials on the survival of 
waterborne viruses. 2004. Available from: URL: http://
www.copperinfo.com

219	 Sagripanti JL. Metal-based formulations with high microbi-
cidal activity. Appl Environ Microbiol 1992; 58: 3157-3162 

220	 Sagripanti JL, Routson LB, Lytle CD. Virus inactivation by 
copper or iron ions alone and in the presence of peroxide. 
Appl Environ Microbiol 1993; 59: 4374-4376

221	 Wong K, Morgan AR, Paranchych W. Controlled cleavage of 
phage R17 RNA within the virion by treatment with ascor-
bate and copper (II). Can J Biochem 1974; 52: 950-958

222	 Yahaya MT, Straub TM, Yahaya MT. Inactivation of poliovi-
rus and bacteriophage MS-2 in copper, galvanised and plas-
tic domestic water pipes. Int Copper Res Assoc 2001; Project 48

223	 Yamamoto N, Hiatt CW, Haller W. Mechanism of inactiva-
tion of bacteriophages by metals. Biochim Biophys Acta 1964; 
91: 257-261

224	 Sagripanti JL, Lightfoote MM. Cupric and ferric ions inacti-
vate HIV. AIDS Res Hum Retroviruses 1996; 12: 333-337

225	 Jordan FT, Nassar TJ. The influence of copper on the sur-
vival of infectious bronchitis vaccine virus in water. Vet Rec 
1971; 89: 609-610

226	 Totsuka A, Otaki K. The effects of amino acids and metals 
on the infectivity of poliovirus ribonucleic acid. Jpn J Micro-
biol 1974; 18: 107-112

S- Editor  Wu X    L- Editor  A    E- Editor  Zheng XM

Borkow G et al . Biocidal surfaces against nosocomial infections



ACKNOWLEDGMENTS

Acknowledgments to reviewers of World Journal of 
Clinical Infectious Diseases

We acknowledge our sincere thanks to our reviewers. 
Many reviewers have contributed their expertise and 
time to the peer review, a critical process to ensure the 
quality of  our World Series Journals. Both the editors of  
the journals and authors of  the manuscripts submitted 
to the journals are grateful to the following reviewers for 
reviewing the articles (either published or rejected) over 
the past period of  time.

Hsiu-Jung Lo, PhD, Associate Investigator, National Institute of  
Infectious Diseases and Vaccinology, National Health Research In-
stitutes, 35 Keyan Road, Zhunan Town, Miaoli 35053, Taiwan, China

Guadalupe García-Elorriaga, PhD, Infectology Hospital, Im-
munology and Infectology Research Unit, Social Security Mexican 
Institute, Heraldo # 114-10, Mexico City 02070, Mexico

Laila Darwich, DVM, PhD, Associate Professor, Department 
Sanitat i d'Anatomia Animals, Infectious Diseases and Epidemiol-
ogy Unit, Faculty of  Veterinary, Universitat Autonoma de Barcelona 
08193, Spain

Andrés Moya, PhD, Professor of  Genetics, Cavanilles Institute on 
Biodiversity and Evolutionary Biology, University of  València, Cat-
edrático José Beltrán, 2, 46980 València, Spain

David Carmena, PhD, MRC Clinical Sciences Centre, Faculty of  
Medicine, Imperial College, Hammersmith Hospital Campus, Du 
Cane Road, London W12 0NN, United Kingdom

Luz P Blanco PhD, Assistant Research Scientist, MCDB, LSA, 
University of  Michigan, 830 North University Avenue, Room 2095, 
Ann Arbor, MI 48109, United States

Lawrence F Muscarella, PhD, Director, Research and Develop-
ment, Custom Ultrasonics, Inc., 144 Railroad Drive, Ivyland, PA 
18974, United States

Lihua Xiao, DVM, PhD, Senior Scientist, Division of  Food-
borne, Waterborne, and Environmental Diseases, National Center 
for Emerging and Zoonotic Infectious Diseases, Centers for Disease 
Control and Prevention, Bldg 23, Rm 9-168, MS D66, 1600 Clifton 
Rd, Atlanta, GA 30333, United States

Sergio Angel, PhD, Associate Professor, Molecular Parasitol-
ogy, Instituto de Investigaciones Biotecnológicas-Instituto Tec-
nológico de Chascomús, Cmo Circunvalación km6, Chascomús 
7130, Argentina

Asad Khan, PhD, Senior Lecturer in Statistics and Research De-
sign, School of  Health and Rehabilitation Sciences, The University 
of  Queensland, QLD 4072, Australia

World J Clin Infect Dis 2012 August 25; 2(4): I
ISSN 2220-3176 (online)

© 2012 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/esps/
wjcid@wjgnet.com
www.wjgnet.com

IWJCID|www.wjgnet.com August 25, 2012|Volume 2|Issue 4|

World Journal of
Clinical Infectious DiseasesW J C I D



Events Calendar 2012
January 6-7, 2012
International Conference on Tuber-
culosis Therapy 
Edinburgh, United Kingdom

January 15-20, 2012
Keystone Symposia: Drug Discovery 
for Protozoan Parasites
Santa Fe, New Mexico, United States

January 17-18, 2012
Cyber Security for Government Asia 
2012
Kuala Lumpur, Malaysia

January 18-20, 2012 
15th Bangkok International Sympo-
sium on HIV Medicine
Bangkok, Bangkok, Thailand

January 18-20, 2012 
International Congress on Malaria 
Elimination (ICME)
Kish, Hormozgan, Iran

January 22-27, 2012 
Keystone Symposia: Membranes in 
Motion: From Molecules to Disease 
Tahoe City, CA, United States

January 25, 2012
Clinical Trials: ICH, GCP rules, 
regulatory (EMEA, FDA) GCP 
inspections.Key documents
Kiev, Ukraine

February 6-8, 2012 
Mahidol International Conference 
on Infections and Cancers 2012
Bangkok, Thailand

February 10-11, 2012
30th Annual UC Davis Infectious 
Diseases Conference

Sacramento, CA, United States

February 17-18, 2012 
National Seminar on Depletion of 
Forests and Livelihood Concerns
Bangalore, India

March 11-14, 2012
2012 International Conference on 
Emerging Infectious Diseases
Atlanta, United States

March 14-17, 2012
22nd Annual Meeting of the Society 
for Virology
Essen, Germany

March 21-25, 2012 
Australasian Society for Infectious 
Diseases Scientific Meeting 2012
Fremantle, WA, Australia

March 22-23, 2012
Sexual Health 2012
London, United Kingdom

March 29-30, 2012 
Modern methods of diagnosis and 
treatment of malignant tumors
Kiev, Ukraine

April 20-21, 2012
Diagnosis and treatment of ad-
vanced forms of prostate cancer, 
bladder cancer and kidney cancer
Kiev, Ukraine

May 10-13, 2012 
American Conference for the Treat-
ment of HIV
Denver, Colorado, United States

May 8-12, 2012
30th Annual Meeting of the Europe-
an Society for Paediatric Infectious 

Diseases
Thessaloniki, Greece

May 19-22, 2012 
New Perspectives on Immunity to 
Infection
EMBL, Heidelberg, Germany

June 16-17, 2012 
Issues of Neurosurgery, Vascular 
Neurosurgery, Neurooncology, 
Spinal Surgery and Spinal Cord
Kiev, Ukraine

July 7-14, 2012
Infectious Disease Review
Seattle, Washington, DC, United 
States

July 22-27, 2012 
XIX International AIDS Conference
Washington, DC, United States

August 20-22, 2012 
2nd World Congress on Virology
Las Vegas, United States

September 1-2, 2012 
Health Effects of Chernobyl Catas-
trophe - A Quarter of A Century
Kiev, Ukraine

September 15-16, 2012
Modern Principles of Treatment of 
Neurooncology Diseases. Prospects 
for Functional Neurosurgery
Yalta, Ukraine

November 10-17, 2012 
Infectious Disease
Honolulu, Hawaii, United States

November 11-15, 2012 
Eleventh International Congress on 
Drug Therapy in HIV Infection
Glasgow, United Kingdom

WJCID|www.wjgnet.com I

World J Clin Infect Dis 2012 August 25; 2(4): I
ISSN 2220-3176 (online)

© 2012 Baishideng. All rights reserved.

August 25, 2012|Volume 2|Issue 4|

MEETINGS

Online Submissions: http://www.wjgnet.com/esps/
wjcid@wjgnet.com
www.wjgnet.com

World Journal of
Clinical Infectious DiseasesW J C I D



GENERAL INFORMATION
World Journal of  Clinical Infectious Diseases (World J Clin Infect Dis, WJ-
CID, online ISSN 2220-3176, DOI: 10.5495) is a bimonthly peer-
reviewed, online, open-access (OA), journal supported by an edito-
rial board consisting of  107 experts in infectious diseases from 36 
countries.

The biggest advantage of  the OA model is that it provides free, 
full-text articles in PDF and other formats for experts and the pub-
lic without registration, which eliminates the obstacle that traditional 
journals possess and usually delays the speed of  the propagation 
and communication of  scientific research results. The open access 
model has been proven to be a true approach that may achieve the 
ultimate goal of  the journals, i.e. the maximization of  the value to 
the readers, authors and society.

Maximization of personal benefits
The role of  academic journals is to exhibit the scientific levels of  
a country, a university, a center, a department, and even a scientist, 
and build an important bridge for communication between scien-
tists and the public. As we all know, the significance of  the publica-
tion of  scientific articles lies not only in disseminating and com-
municating innovative scientific achievements and academic views, 
as well as promoting the application of  scientific achievements, but 
also in formally recognizing the "priority" and "copyright" of  in-
novative achievements published, as well as evaluating research per-
formance and academic levels. So, to realize these desired attributes 
of  WJCID and create a well-recognized journal, the following four 
types of  personal benefits should be maximized. The maximization 
of  personal benefits refers to the pursuit of  the maximum personal 
benefits in a well-considered optimal manner without violation of  
the laws, ethical rules and the benefits of  others. (1) Maximization 
of  the benefits of  editorial board members: The primary task of  
editorial board members is to give a peer review of  an unpublished 
scientific article via online office system to evaluate its innovative-
ness, scientific and practical values and determine whether it should 
be published or not. During peer review, editorial board members 
can also obtain cutting-edge information in that field at first hand. 
As leaders in their field, they have priority to be invited to write 
articles and publish commentary articles. We will put peer review-
ers’ names and affiliations along with the article they reviewed in 
the journal to acknowledge their contribution; (2) Maximization 
of  the benefits of  authors: Since WJCID is an open-access journal, 
readers around the world can immediately download and read, free 
of  charge, high-quality, peer-reviewed articles from WJCID official 
website, thereby realizing the goals and significance of  the com-
munication between authors and peers as well as public reading; (3) 
Maximization of  the benefits of  readers: Readers can read or use, 
free of  charge, high-quality peer-reviewed articles without any lim-
its, and cite the arguments, viewpoints, concepts, theories, methods, 
results, conclusion or facts and data of  pertinent literature so as to 
validate the innovativeness, scientific and practical values of  their 
own research achievements, thus ensuring that their articles have 
novel arguments or viewpoints, solid evidence and correct conclu-
sion; and (4) Maximization of  the benefits of  employees: It is an 
iron law that a first-class journal is unable to exist without first-class 
editors, and only first-class editors can create a first-class academic 
journal. We insist on strengthening our team cultivation and con-
struction so that every employee, in an open, fair and transparent 

environment, could contribute their wisdom to edit and publish 
high-quality articles, thereby realizing the maximization of  the per-
sonal benefits of  editorial board members, authors and readers, and 
yielding the greatest social and economic benefits.

Aims and scope
WJCID will focus on a broad spectrum of  topics on infectious 
diseases that will cover epidemiology, immune-pathogenesis, ge-
netic factors, host susceptibility to infection, vector control, novel 
approaches of  treatment, molecular diagnostic and vaccines. It will 
provide a common stage to share the visions, new approaches, most 
advanced techniques, and to discuss research problems that will 
help everyone working in the field of  various infections to exchange 
their views and to improve public health. WJCID will also focus on 
broad range of  infections like opportunistic infections, zoonotic 
infections, tropical and neglected tropical diseases, emerging infec-
tions, etc. and following topics related to these issues: (1) Causative 
agents discussing various pathogens; (2) Vectors and Mode of  trans-
mission; (3) Host-pathogen interaction and immune-pathogenesis 
of  the disease; (4) Epidemiology of  the infection and vector control 
strategies; (5) Genetic factors covering both host and pathogen; (6) 
Molecular diagnostic techniques vaccines; and (7) Recent advances 
in cell tissue culture, lab techniques, etc. Various other related fields 
like medical microbiology, pharmacology of  herbs, bioinformatics, 
etc. will be included. 

Columns
The columns in the issues of  WJCID will include: (1) Editorial: To in-
troduce and comment on the substantial advance and its importance 
in the fast-developing areas; (2) Frontier: To review the most repre-
sentative achievements and comment on the current research status 
in the important fields, and propose directions for the future research; 
(3) Topic Highlight: This column consists of  three formats, includ-
ing (A) 10 invited review articles on a hot topic, (B) a commentary 
on common issues of  this hot topic, and (C) a commentary on the 
10 individual articles; (4) Observation: To update the development 
of  old and new questions, highlight unsolved problems, and provide 
strategies on how to solve the questions; (5) Guidelines for Clinical 
Practice: To provide guidelines for clinical diagnosis and treatment; (6) 
Review: To systemically review the most representative progress and 
unsolved problems in the major scientific disciplines, comment on 
the current research status, and make suggestions on the future work; 
(7) Original Articles: To originally report the innovative and valuable 
findings in infectious diseases; (8) Brief  Articles: To briefly report the 
novel and innovative findings in infectious diseases; (9) Case Report: 
To report a rare or typical case; (10) Letters to the Editor: To discuss 
and make reply to the contributions published in WJCID, or to intro-
duce and comment on a controversial issue of  general interest; (11) 
Book Reviews: To introduce and comment on quality monographs 
of  infectious diseases; and (12) Guidelines: To introduce consensuses 
and guidelines reached by international and national academic au-
thorities worldwide on the research in infectious diseases.

Name of journal
World Journal of  Clinical Infectious Diseases

ISSN
ISSN 2220-3176 (online)

Online Submissions: http://www.wjgnet.com/esps/
wjcid@wjgnet.com
www.wjgnet.com

IWJCID|www.wjgnet.com August 25, 2012|Volume 2|Issue 4|

World J Clin Infect Dis 2012 August 25; 2(4): I-V
ISSN 2220-3176 (online)

© 2012 Baishideng. All rights reserved.

INSTRUCTIONS TO AUTHORS

World Journal of
Clinical Infectious DiseasesW J C I D



Instructions to authors

Editor-in-Chief
Shyam Sundar, MD, FRCP (London), FAMS, FNASc, FASc, 
FNA, Professor, Department of  Medicine, Institute of  Medical Sci-
ences, Banaras Hindu University, Varanasi 221005, India

Editorial Office
World Journal of  Clinical Infectious Diseases
Editorial Department: Room 903, Building D, 
Ocean International Center,
No. 62 Dongsihuan Zhonglu, 
Chaoyang District, Beijing 100025, China
E-mail: wjcid@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-85381891
Fax: +86-10-8538-1893

Indexed and Abstracted in
Digital Object Identifier.

Published by
Baishideng Publishing Group Co., Limited

SPECIAL STATEMENT
All articles published in this journal represent the viewpoints of  the 
authors except where indicated otherwise.

Biostatistical editing
Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics to evaluate the statistical method used 
in the paper, including t-test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or 
stepwise), correlation, analysis of  variance, analysis of  covariance, 
etc. The reviewing points include: (1) Statistical methods should 
be described when they are used to verify the results; (2) Whether 
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to 
standard errors. Give the number of  observations and subjects (n). 
Losses in observations, such as drop-outs from the study should be 
reported; (4) Values such as ED50, LD50, IC50 should have their 
95% confidence limits calculated and compared by weighted probit 
analysis (Bliss and Finney); and (5) The word ‘significantly’ should 
be replaced by its synonyms (if  it indicates extent) or the P value (if  
it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any poten-
tial bias, WJCID requires authors of  all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names 
of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-
ganization]. [Name of  individual] owns stocks and shares in [name of  
organization]. [Name of  individual] owns patent [patent identification 
and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee or it 
should be stated clearly in the text that all persons gave their informed 
consent prior to their inclusion in the study. Details that might disclose 

the identity of  the subjects under study should be omitted. Authors 
should also draw attention to the Code of  Ethics of  the World Medi-
cal Association (Declaration of  Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow 
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good 
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines 
Research Council Guidelines for Good Clinical Practice in Clinical 
Trials) and/or the World Medical Association Declaration of  Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If  doubt exists whether the research was conducted 
in accordance with the above standards, the authors must explain the 
rationale for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of  the study. 

Before submitting, authors should make their study approved by 
the relevant research ethics committee or institutional review board. 
If  human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If  experimental animals were used, 
the materials and methods (experimental procedures) section must 
clearly indicate that appropriate measures were taken to minimize 
pain or discomfort, and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting of  
clinical trials, we endorse the policy of  the ICMJE to refuse to pub-
lish papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored 
by the United States National Library of  Medicine and we encour-
age all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photo
graphs and illustrations because rejected manuscripts will not be 
returned to the author(s) and the editors will not be responsible 
for loss or damage to photographs and illustrations sustained dur-
ing mailing.

Online submissions
Manuscripts should be submitted through the Online Submis-
sion System at: http://www.wjgnet.com/esps/. Authors are 
highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wjgnet.com/2220-3176/
g_info_20100722180909.htm) before attempting to submit online. 
For assistance, authors encountering problems with the Online 
Submission System may send an email describing the problem to 
wjcid@wjgnet.com, or by telephone: +86-10-85381891. If  you 
submit your manuscript online, do not make a postal contribution. 

IIWJCID|www.wjgnet.com August 25, 2012|Volume 2|Issue 4|



Instructions to authors

Repeated online submission for the same manuscript is strictly pro-
hibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must be 
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should be 
provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it critically 
for important intellectual content; and (3) final approval of  the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George 
Sgourakis, Department of  General, Visceral, and Transplantation 
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical 
Department, Korgialenio-Benakio Red Cross Hospital, Athens 
15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  sup-
portive foundations should be provided, e.g. Supported by National 
Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 
provided. Author names should be given first, then author title, af-
filiation, the complete name of  institution, city, postcode, province, 
country, and email. All the letters in the email should be in lower 
case. A space interval should be inserted between country name and 
email address. For example, Montgomery Bissell, MD, Professor of  
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of  California, Box 0538, San Francisco, CA 94143, United States. 
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJCID, review-
ers of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 
accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shang-

hai, Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
of  Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no less than 256 words) and 
structured abstracts (no less than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no less than 480 words 
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no 
more than 20 words): Only the purpose should be included. Please 
write the aim as the form of  “To investigate/study/…; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no 
less than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no 
more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which 
reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and 
DISCUSSION, and should include appropriate Figures and Tables. 
Data should be presented in the main text or in Figures and Tables, 
but not in both. The main text format of  these sections, editorial, 
topic highlight, case report, letters to the editors, can be found at: 
http://www.wjgnet.com/2220-3176/g_info_20100725072755.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than 
magnification factors, with the length of  the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured 
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1  Pathological changes in atrophic gastritis after treat-
ment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle 
to publish high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 

IIIWJCID|www.wjgnet.com August 25, 2012|Volume 2|Issue 4|



A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain se-
quence.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining 
written permission to use any copyrighted text and/or illustrations.

REFERENCES
Coding system
The author should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers in 
square brackets in superscript at the end of  citation content or after 
the cited author’s name. For citation content which is part of  the 
narration, the coding number and square brackets should be typeset 
normally. For example, “Crohn’s disease (CD) is associated with 
increased intestinal permeability[1,2]”. If  references are cited directly 
in the text, they should be put together within the text, for example, 
“From references[19,22-24], we know that...”

When the authors write the references, please ensure that the 
order in text is the same as in the references section, and also ensure 
the spelling accuracy of  the first author’s name. Do not list the same 
citation twice. 

PMID and DOI
Pleased provide PubMed citation numbers to the reference list, e.g. 
PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/Sim-
pleTextQuery/, respectively. The numbers will be used in E-version 
of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-faced 
letters. The family name of  all authors should be typed with the ini-
tial letter capitalized, followed by their abbreviated first and middle 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of  the cited article and italicized 
journal title (journal title should be in its abbreviated form as shown 
in PubMed), publication date, volume number (in black), start page, 
and end page [PMID: 11819634   DOI: 10.3748/wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-faced 
letters. The surname of  all authors should be typed with the initial 
letter capitalized, followed by their abbreviated middle and first 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication 
place: Publication press, Year: start page and end page.

Format
Journals 
English journal article (list all authors and include the PMID where applicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative con-
trast harmonic imaging to assess malignancy of  liver tumors: 
A prospective controlled two-center study. World J Gastroenterol 
2007; 13: 6356-6364 [PMID: 18081224   DOI: 10.3748/wjg.13. 
6356]

Chinese journal article (list all authors and include the PMID where applicable)
2	 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 

effect of  Jianpi Yishen decoction in treatment of  Pixu-diar-
rhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature 

of  balancing selection in Arabidopsis. Proc Natl Acad Sci USA 
2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hyperten-

sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462   
PMCID:2516377   DOI:10.1161/01.HYP.0000035706.28494. 
09]

Both personal authors and an organization as author 
5	 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; 

Alf-One Study Group. Sexual dysfunction in 1, 274 European 
men suffering from lower urinary tract symptoms. J Urol 
2003; 169: 2257-2261 [PMID: 12771764   DOI:10.1097/01.ju. 
0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. BMJ 

2002; 325: 184 [PMID: 12142303   DOI:10.1136/bmj.325. 
7357.184]

Volume with supplement
7	 Geraud G, Spierings EL, Keywood C. Tolerability and safety 

of  frovatriptan with short- and long-term use for treatment 
of  migraine and in comparison with sumatriptan. Headache 
2002; 42 Suppl 2: S93-99 [PMID: 12028325   DOI:10.1046/
j.1526-4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin Orthop 
Relat Res 2002; (401): 230-238 [PMID: 12151900   DOI:10.10
97/00003086-200208000-00026]

No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. HRSA 

Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10	 Sherlock S, Dooley J. Diseases of  the liver and billiary system. 

9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11	 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: Marcel 
Dekker, 1991: 431-450

Author(s) and editor(s)
12	 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 

2nd ed. Wieczorek RR, editor. White Plains (NY): March of  
Dimes Education Services, 2001: 20-34

Conference proceedings
13	 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14	 Christensen S, Oppacher F. An analysis of  Koza's computa-

tional effort statistic for genetic programming. In: Foster JA, 
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic 
programming. EuroGP 2002: Proceedings of  the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5; 
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
15	 Morse SS. Factors in the emergence of  infectious diseases. 

Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05; 
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)
16	 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flex-

ible endoscopic grasping and cutting device and positioning tool 
assembly. United States patent US 20020103498. 2002 Aug 1

Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 

IVWJCID|www.wjgnet.com

Instructions to authors

August 25, 2012|Volume 2|Issue 4|



VWJCID|www.wjgnet.com

Instructions to authors

August 25, 2012|Volume 2|Issue 4|

as υ (in Greek), sample number as n (in italics), and probability as P (in 
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, 
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/2220-3176/
g_info_20100725073806.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on 
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful 
to the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
Editorial: http://www.wjgnet.com/2220-3176/g_info_20100725071
851.htm

Frontier: http://www.wjgnet.com/2220-3176/g_info_20100725071
932.htm

Topic highlight: http://www.wjgnet.com/2220-3176/g_info_20100
725072121.htm

Observation: http://www.wjgnet.com/2220-3176/g_info_2010072
5072232.htm

Guidelines for basic research: http://www.wjgnet.com/2220-3176/
g_info_20100725072344.htm

Guidelines for clinical practice: http://www.wjgnet.com/2220-3176
/g_info_20100725072543.htm

Review: http://www.wjgnet.com/2220-3176/g_info_201007250726
56.htm

Original articles: http://www.wjgnet.com/2220-3176/g_info_2010
0725072755.htm

Brief  articles: http://www.wjgnet.com/2220-3176/g_info_2010072
5072920.htm

Case report: http://www.wjgnet.com/2220-3176/g_info_20100725
073015.htm

Letters to the editor: http://www.wjgnet.com/2220-3176/g_info_2
0100725073136.htm

Book reviews: http://www.wjgnet.com/2220-3176/g_info_2010072
5073214.htm

Guidelines: http://www.wjgnet.com/2220-3176/g_info_201007250
73300.htm

SUBMISSION OF THE REVISED MANU-
SCRIPTS AFTER ACCEPTED
Please revise your article according to the revision policies of  WJCID. 
The revised version including manuscript and high-resolution image 
figures (if  any) should be re-submitted online (http://www.wjgnet.
com/2220-3176office/). The author should send the copyright 
transfer letter, responses to the reviewers, English language Grade B 
certificate (for non-native speakers of  English) and final manuscript 
checklist to wjcid@wjgnet.com.

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/2220-3176/g_info_20100725073726.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.wjgnet.com/2220-3176/
g_info_20100725073445.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a 
copy of  the document and serial number of  the foundation.

Links to documents related to the manuscript 
WJCID will be initiating a platform to promote dynamic inter
actions between the editors, peer reviewers, readers and authors. 
After a manuscript is published online, links to the PDF version 
of  the submitted manuscript, the peer-reviewers’ report and the 
revised manuscript will be put on-line. Readers can make comments 
on the peer reviewer’s report, authors’ responses to peer reviewers, 
and the revised manuscript. We hope that authors will benefit from 
this feedback and be able to revise the manuscript accordingly in a 
timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http://www.eurekalert.org). The title for 
news items should be less than 90 characters; the summary should 
be less than 75 words; and main body less than 500 words. Science 
news items should be lawful, ethical, and strictly based on your 
original content with an attractive title and interesting pictures.

Publication fee
WJCID is an international, peer-reviewed, Open-Access, online 
journal. Articles published by this journal are distributed under 
the terms of  the Creative Commons Attribution Non-commercial 
License, which permits use, distribution, and reproduction in any 
medium, provided the original work is properly cited, the use is 
non commercial and is otherwise in compliance with the license. 
Authors of  accepted articles must pay a publication fee. The related 
standards are as follows. Publication fee: 600 USD per article. Edi-
torial, topic highlights, book reviews and letters to the editor are 
published free of  charge.


	WJCIDv2i4-Cover
	WJCID-Editorial Board
	WJCIDv2i4-Contents
	54
	63
	77
	WJCIDv2i4-Acknowledgments
	WJCIDv2i4-Meeting
	WJCIDv2i4-Instructions to authors

