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Abstract

Bacteria in urine of apparently healthy human subjects which is also known or referred to as asymptomatic
bacteriuria has been receiving public health attention in recent times especially as there are increasing
reports of clinical assymptomatic infection cases amongst individuals. As a strategy towards public
awareness campaign within the University accommodation environment and assessment of microbiological
wellness of students, the prevalence of Gram negative asymptomatic bacteriuria and phenotypic virulence
determinants were determined amongst asymptomatic or apparently healthy students in Western Delta
University at student Residential area. Eighty-five freshly void urine specimen were collected from
students in WDU student residential area. Applying standard microbiological techniques and
characterisation, retrieved isolates were presumptively identified. Our result revealed that 60% (48/85) of
the examined samples show positive presence of pus cell using microscope and a simultaneous occurrence
of diverse organisms ranging from Escherichia coli (37.1%), Staphylococcus aureus (25.8%),
Pseudomonas aeruginosa (9.7%), Serratia species (4.8%), Proteus species (6.5%), Bacillus species
(12.9%), and Staphylococcus epidermis (3.2%). Very importantly, the observed organisms are potential
urinary tract infections (UTIs) pathogens as were previously reported by diverse investigators of related
studies. The antibiotic susceptibility testing (AST), the antibiogram and phenotypic virulence tests shows
that the observed organisms are both potential pathogens and harbour multiple antibiotic resistant (MAR)
determining factors including resistance to piperacilin and tozobactam (PIT-110C; 100%), Cefotaxin
(CTX-30C; 100%), Clindamycin (CD-2C; 100%); Ceftriazon-sulbactam (CRO-45C; 100%), Cefuroxime
(CXM--30C; 100%), Ampiclox ACX-10C. The need for regular evaluation of apparently healthy
individuals (especially the students) for urinary tract infections is suggestive. It is also important to apply
standard antibiotics and specific treatment processes which are adequate for the treatment of infection cases
to avoid the continuous occurrence/reporting of resistant strains amongst human subjects.
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INTRODUCTION

Homeostasis and the regular passage of
waste in the form of fluid from the human
system has been a normal characteristic of
the usual livelihood of man. However, the
unhealthy activities by various individuals
as well as environmental dynamic has
resulted the reporting of some infection
related cases which affects the lining of
fluid passage. Such fluids are referred to as

sweat and urine. Urine is a waste product
release from the human system as fluid
from the ureter and urethra. Over the years,
there had been an observed failure in
application of appropriate health and
hygienic practices by some individuals who
regularly passes out urine (Chatterjee et al.,
2009). These unhealthy practices have
resulted in urinary bacterial infections
associated with both Gram positive and
Gram negative (Mezueet al., 2006). Such
infections are prevalent amongst pregnant
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women attending antenatal clinics and
reports have shown that Gram-negative
bacteria are most frequently associated in
addition to immuno-compromised patients
in the hospitals or health systems
(Okaijahet al., 2019). Diseases that affects
the urinary tubules are usually called
urinary tract infections (UTI’s), which
affects the bladder, ureter, kidney and
urethra (Kriplainet al.,, 1993). These
diseases are variously complicated when it
ascends the wupper urinary tract or
genitourinary tracts which may be
symptomatic and/or asymptomatic
(Mezueet al., 2006; Akinloyeet al., 2006).
The asymptomatic bacterial associated
urinary tract infection is a condition
whereby freshly void urine culture reveals
growth of bacterial pathogens numerical
density with number greater than 10°
bacteria colonies per millilitre (ml) in the
absence of notable symptoms (Lavanya and
Jogalakshmi,  2008).  Urinary  Tract
Infections affects all age, but common
amongst female subjects than males due to
their anatomically short urethra which may
easily be contaminated with faecal flora.
Asymptomatic bacteriuria (ASB or ABU)
has been shown to be implicated with most
Gram negative bacteria which belong to the
Enterobacteriaceae family. These Gram
negative bacteria include: Escherichia coli,
Proteus mirabilis, Klebsiella species,
Pseudomonas aeruginosa etc. Escherichia
coli (E. coli) is a Gram-negative and rod-
shaped bacteria belonging to the phylum
Proteobacteria and family
Enterobacteriaceae (Okaijahet al., 2019;
Mezueet al., 2006; Akinloyeet al., 2006).
Such Gram-negative bacteria are also
reported to be resistant to multiple
antibacterial agents and are increasingly

resistant to most available antibiotics.
These bacteria have built-in abilities to find
new ways to be resistant and can pass along
genetic materials that allow other bacteria
to become drug-resistant as  well
(Akinloyeet al., 2006). In addition, some of
such Gram-negative infections may include
those caused by Klebsiella species,
Acinetobacter  species, Pseudomonas
aeruginosa as well as many other less
common bacteria. Bacteria are present both
in vivo and on the surface of the human
body, especially on the skin and the mucous
membranes. Most of these bacteria are
innocuous, many are beneficial, and some
are even necessary flora. Virulence is the
pathogenic ability to cause disease, and the
pathogenic bacteria possess several factors
that enable them to elicit their virulence
dynamics (i.e., the degree of pathogenicity).
Most Gram-negative organisms make use
of a combination of two properties to cause
disease; such as toxicity (the degree to
which a substance causes harm) and
invasiveness (the ability to penetrate into
the host and spread) (Lavanya and
Jogalakshmi, 2008). The final balance of an
infectious disease process will depend on
the virulence or pathogenicity of the
microbe as well as the host status in relation
to risk factors such as immune status, age,
diet, and stress, which determine the host
susceptibility to infection (Akinloyeet al.,
2006). Employing the Center for Disease
Control’s (CDCs) aggressive
recommendations may encourage
prevention and spread of such Gram-
negative  pathogens (Lavanya and
Jogalakshmi, 2008; Mezueet al., 2006;
Akinloyeet al., 2006). One of such step
employed in the control of such organisms
is the use of pharmaceutical agents and
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antibiotics. However most of these
organisms have become resistant to various
groups of antibiotics making the problem of
controlling Asymptomatic bacteriuria to
persist amongst the populace. It is
important to note that asymptomatic
bacteriuria as well as urinary tract
infections (UTIs) is among common
infectious diseases suspected to occur
amongst the general public especially as the
clinical symptoms are not revealed. This
case is not far from what is presumed to be
happening in the Western Delta University
(WDU) Hostel as the student does not
employ proper hygienic practices in their
use of public toiletries. As a strategy
towards public awareness campaign within
the University accommodation
environment and assessment  of
microbiological wellness of students, the
prevalence of Gram negative bacteriuria
and phenotypic virulence determinants was
determined amongst asymptomatic or
apparently healthy student in Western Delta
University Students Residential area.

Materials and methods

A total of eighty-five freshly void mid
stream urine samples were collected from
apparently healthy students both females
and males who are resident in WDU student
residential area. All the students were
provided with wide mouth, red cap tightly
closed sterilized collection container/bottle
or urinalysis containers. The students were
taught the technique to apply (to collect the
clean catch midstream urine). The ethical
clearance was approved on the 7" October
2019 by the Department of Microbiology
and Biotechnology Research Ethics Board
with reference number
WDUMCB/2020/ECCvol/140.  Samples

were transported to the microbiology
laboratory immediately for analysis.
Samples were inoculated onto MacConkey
agar, Cystine lactose electrolyte deficient
agar (CLED) for E. coli, Methyl violet agar
for Klebsiella spp., Heart infusion agar for
Proteus and on Citrimide agar for
Pseudomonas spp. Plates were incubated in
an incubator at 37 °C for 24 hours. An
aliquote of the wurine samples was
centrifuged and deposit or sediment was
examined macroscopically for
epithelial/pus cells, crystals, Trichomonas
viginalisetc  (Shadracket al., 2019;
Lavanya SV, Jogalakshmi D. 2008).
Diverse biochemical and phenotypic
virulence test including Methyl red,
Voges Proskauer medium, Cimmons citrat
e agar, Oxidase, Urea agar, Indole test,
Catalase, Coagulase, protease were
conducted on presumptive isolates (lgereet
al., 2021).

Phenotypic  Detection of virulence
characteristic

Haemolysin detection

Hemolysin which is a cytolytic toxin that
may occur either as alpha and/or beta-
hemolysin was included as virulence test
was conducted using blood agar as
described by Igbinosaet al., 2017. Pure
presumptive isolates were cultured onto
blood agar. After about 18-24hours
incubation, an observation of lysis of the
red pigment around the region surrounding
the growth of organism indicates positive
haemolysis. This technique involves
inoculating a loopful of an overnight test
organism onto blood agar by streaking and
incubated at 37 °C for 24 hr. Zone of
haemolysis (B- haemolysis) appearing
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around colonies indicates a positive test
(Elliot et al., 2001; Miyagi et al., 2016).

Antibiotic Susceptibility Testing
Antimicrobial susceptibility test of the
various isolates was performed using the
standard disk diffusion test also commonly
known as Kirby-Bauer test. This technique
uses Mueller-Hinton agar plate and a paper
disk which contains a single concentration
of each antimicrobial agent. It is placed
centrally on the surface of the agar plate
containing the isolate and incubated for 18
— 24 hours in an incubator (37°C).
Antibiotics used for both Gram positive
cocci (GPC) and Gram negative bacilli
(GNB) are as follows; (Clindamycin (CD);
Ofloxacin (OFX); Nalidixic acid (NA);
Furadantin  (F); Cefexime (CFX);
Levofloxacin  (LBC); Azithromycin
(AZN); Erythromycin (ERY);
Ciprofloxacin (CIP); Gentamicin (CN);
Amoxicillin (PIT); Cefuroxime (CRO);
Amoxi-clavulanic  acid  (Augmentin)
(ZEM); etc). For Quality Control of
antibiotic susceptibility test, Staphylococus
aureus ATCC 25923, Escherichia coli
ATCC 25922, and Pseudomonas
aeruginosa ATCC 27853 were used. MDR,
XDR, and PDR strains were detected as per
criteria described by CLSI and EUCAST
(CLSI, 2015; Matuscheket al., 2014;
Magiorakoset al., 2012).

Results are interpreted using a standard
method published by National Committee
for  Clinical Laboratory  Standards
(NCCLS) now known as Clinical
Laboratory Standards Institute (CLSI,
2015; Matuscheket al., 2014; Magiorakoset
al., 2012).

RESULTS

In the present study, Urine samples from
apparently healthy students were analyzed
for presence of microorganisms and
bacterial infection. It was observed that the
standard  microbiological  techniques
applied for characterisation of retrieved
isolates identified the following isolates
Escherichia coli (37.1%), Staphylococcus
aureus (25.8%), Pseudomonas aeruginosa
(9.7%), Serratia species (4.8%), Proteus
species (6.5%), Bacillus species (12.9%),
and Staphylococcus epidermis (3.2%) as
shown in Table 1 and figure 1
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Table 1: Prevalence of retrieved isolates

Presumptive Organisms Retrieved Numbers retrieved Percentage occurrence

Escherichia coli 23 37.1%
Staphylococcus aureus 16 25.80%
Pseudomonas aeruginosa 6 9.70%
Serratia specie 3 4.80%
Proteus specie 4 6.50%
Bacillus specie 8 12.90%
Staphylococcus epidemidis 2 3.20%
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Figure 1 Percentage numbers of retrieved Isolates

Figure 2 shows the percentage antibiotic
resistant and sensitive isolates as revealed
from the antibiogram of obtained
organisms, Figures 3 shows the antibiogram
heatmap where green represent resistant
region of isolates, the yellow represent
sensitivity region while gray represent
intermediate as interpreted by the CLSI
guidelines for antibiotic interpretation.

The figures 4 show the photo-microgram of
isolates susceptibility testing to the selected
antibiotics.
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Figure 2 Shows the percentage sensitive and resistant phenotypes of retrieved isolates
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Figure 3 Shows the antibiotic profile heatmap where green represent resistant region of
isolates, the yellow represent sensitivity region while gray represent intermediate as
interpreted by the CLSI guidelines for antibiotic interpretation
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Figures 4 show the photo-microgram
of isolates susceptibility testing to the
selected antibiotics

DISCUSSION

Several investigators have reported
bacteriuria in pregnant women and
immuno-compromised patient and other
patients  with  debilitating  diseases.
However, much attention has not been
given to the apparently healthy and
Asymptomatic bacteriuria subjects. The
determination of Urinary tract infections
(UTIs) amongst the students with little or
no clinical symptoms was conducted and
our result revealed the presence of pus cell
and occurrence of diverse organisms
ranging from Escherichia coli (37.1%),
Staphylococcus aureus (25.8%),
Pseudomonas aeruginosa (9.7%), Serratia
species (4.8%), Proteus species (6.5%),
Bacillus species (12.9%), and
Staphylococcus epidermis(3.2%) as shown
in Table 1 and figure 1. It is pertinent to
note that the observed organisms are
potential urinary tract infections (UTIs)
pathogens as were previously reported by
diverse investigators of related studies
(Mezueet al., 2006; Akinloyeet al., 2006).
The study of Shadrack and his colleagues
also revealed the presence of similar
organisms with deviation on the
percentage reported for Escherichia coli
(Shadracket al., 2019). Such observation of

high bacteria prevalence in urine is of
utmost concern especially as those students
do not show any clinical symptom to the
urinary tract infection. There is need to
sensitize the student on the need for routine
screening, assessment of microbiological
wellness for UTIs and a public awareness
campaign  within  the University
accommodation environment. Majority of
the characterised organisms were Gram
negative indicating that asymptomatic
bacteriuria amongst apparently healthy
student in Western Delta University
Student Residence is  prevalently
implicated by Gram negative bacteria.
This is also similar to the study of
Shadrack and his group who reported high
Gram negative organism implicated with
asymptomatic bacteriuria (Shadracket al.,
2019). The phenotypic virulence indices
also shows that 18% of E.coli were
protease positive, 23% of P aeruginosa
were positive to haemolysin positive as
there was an observed clearance of the red
pigment of blood cells which is peculiar
to some virulent Gram-negative strains
(Shadrack et al.,, 2019; Lavanya and
Jogalakshmi,. 2008; Cowan and Steel,
1975). There was also an observed
detection of urease production, catalase
production and coagulase which are
enzyme based virulent indices of some
members of P aeruginosa and S aureus.
The antibiotic susceptibility testing (AST),
the antibiogram and virulent tests shows
that the observed organisms are both
potential pathogens and harbours multiple
antibiotic resistant (MAR) determining
factors including resistance to piperacilin
and tozobactam (PIT-110C; 100%),
Cefotaxin (CTX-30C; 100%), Clindamycin
(CD-2C; 100%);  Ceftriazon-sulbactam
(CRO-45C; 100%), Cefuroxime (CXM--
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30C; 100%), Ampiclox ACX-10C (figures
2,3,4). the reports from other investigators
have also reported high multiple antibiotic
resistant bacterial strains from
asymptomatic bacteriuria (Mezueet al.,
2006).

CONCLUSION

The result of this study has revealed the
presence of both Gram positive and
negative bacteria in the urine of
asymptomatic and apparently healthy
students with high prevalence of Gram-
negative strains. The need for a routine
evaluation of such students for bacteriuria
cannot be overemphasized as it would
welcome a possibility for an apt
management/control of related cases on or
before a clinical case in registered. The
observation of such clinically relevant
potential pathogen amongst apparently
healthy students arouse public health
concern as it may affect the entire students
in the WDU hostel if appropriate inter-
personal hygiene is not applied by the
individual students since they use the same
toiletries. It is also important to apply
standard antibiotics and therapeutic
regimen which is adequate for the treatment
of infection cases to avoid the continuous
occurrence of resistant strains in the
environments.

Acknowledgements

The authors wish to appreciate the students
of the microbiology department WDU and
other students in the University eapecially
Dumle Gbaratee, Triumphant Onojafe. The
study was funded by the WDU trust fund

Conflict of interests
The authors declare that there are no
conflicting interests.

REFERENCES

Akinloye O, Ogbolu DO, Akinloye OM,
Alli OAT. (2006) Asymptomatic
bacteriuria of
pregnancy in lbadan, Nigeria: A
reassessment. Br J Biomed Sci. 63

Banu A, Kabin J, Anand M: (2011).
Extraintestinal infections due to
Escherichia coli: an emerging issue.
J ClinDiagn Res. 5:486-490.

Brauner A, Katouli M, Tullus K,
Jacobson SH: (1990). Cell surface
hydrophobicity, adherence to HeLa
cell cultures and hemagglutination
pattern of  pyelonephritogenic
Escherichia coli strains. Epidemiol
Infect. 105:255-263.

Cavalieri SJ, Bohach GA, Snyder IS:
(1984).Escherichia  coli  alpha-
hemolysin:  characteristics and
probable role in pathogenicity.
Microbiol Rev. 48:326-343.

Chatterjee, B., Kulathinal, S., Bhargava,
A, Jain, Y., &Kataria, R. (2009).
Anti-microbial resistance stratified
by risk factor among Escherichia
coli strains isolated from the urinary
tract at a rural clinic in Central
India. Indian journal of medical
microbiology, 27(4), 329-334.

CLSI.  (2015). Methods  for  dilution
antimicrobial susceptibility tests for
bacteria that grow aerobically;
approved standard, 10th ed, CLSI
document MO07-A10 Clinical and
Laboratory Standards Institute,
Wayne, PA.

CLSI. (2013). M100-S23 performance
standards for antimicrobial
susceptibility testing; twenty-third
informational supplement;

15


http://www.jcdr.net/article_fulltext.asp?issn=0973-709x&year=2011&month=June&volume=5&issue=3&page=486&id=1331
http://www.jcdr.net/article_fulltext.asp?issn=0973-709x&year=2011&month=June&volume=5&issue=3&page=486&id=1331
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC373222/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC373222/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC373222/

Western Delta University Journal of Natural and Applied Sciences (WDUJNAS).
Vol. 1 (1) September 2021

Cowan, S.T. and Steel, K.J. (1970).

Manual for the Identification of
Medical Bacteria, 1st edition.
Cambridge University Press

Crichton PB: (1996).Enterobacteriaceae.

Escherichia, Klebsiella, Proteus and
other  genera.  Mackie and
McCartney - Practical Medical
Microbiology. Collee JG, Fraser
AG, Marmion BP, Simmons A (ed):
Churchill Livingstone, New York;
361-84.

Emody L, Pal T, Safonova NV, Kuch B,

Golutva NK: (1980).Alpha
hemolysin: an additive virulence

factor in Escherichia  coli.
ActaMicrobiol AcadSci Hung.
27:333-342.

Igbinosa, I.H., Beshiru, A.and Igbinosa,

lgere,

E.O. (2017). Antibiotic resistance
profile of Pseudomonasaeruginosa
isolated from aquaculture and
abattoir  environments  inurban
communities. Asian Pacific Journal
of Tropical Disease, 7:930-935.

B.E., Igolukumo., B.B.,
Eduamodu., C., Odjadjare. E.O.
(2021).  Multi-Drug  Resistant
Aeromonas species in Annelida: An
Evidence of Pathogen Harbouring
Leech in Recreation Water Nexus of
Oghara Nigeria Environs. Scientia
Africana 20(2)

Kriplain A, Bukshee K, Rafan A.

(1993).Asymtomatic bacteriuria in
pregnant
women,IndiaObstetGynaecol India.
43:489-491

Lavanya SV, Jogalakshmi D. (2008).

Asymptomatic  bacteriuria  in
antenatal women. Indian J. Med.
Microbiol. 20(2):105-106

Ly A, Henderson J, Lu A, Culham DE,

Wood JM: (2004).Osmoregulatory
systems of Escherichia coli:
identification of betaine-carnitine-
choline transporter family member
BetU and distributions of betU and
trkG among pathogenic and
nonpathogenic isolates. J Bacteriol.
186:296-306.
10.1128/JB.186.2.296-306.2004.

Magiorakos, A. P., Srinivasan, A., Carey,

R. B., Carmeli, Y., Falagas, M. E.,
Giske, C. G., ... & Monnet, D. L.
(2012). Multidrug-resistant,
extensively  drug-resistant  and
pandrug-resistant ~ bacteria:  an
international expert proposal for
interim standard definitions for
acquired resistance. Clinical
microbiology and infection, 18(3),
268-281.

Matuschek, E., Brown, D. F,

&Kahlmeter, G. (2014).
Development of the EUCAST disk

diffusion antimicrobial
susceptibility testing method and its
implementation in routine

microbiology laboratories. Clinical
Microbiology and Infection, 20(4),
0255-0266.

K, Ofong C, Nmezi D,
Ugochukwu Obi G. (2006)
Antibiotic sensitivity patterns in
urinary tract infections at a Tertiary
Hospital. J Univ Nigeria Med
Students.

12(2).

Okaijah, S., Abaka-Yawson, A., Tawiah,

P. A., Quarshie, S. S., Osei, G. Y.,
&Kumi, A. A. (2019). Prevalence

16


https://scholar.google.com/scholar?q=intitle:Enterobacteriaceae.%20Escherichia,%20Klebsiella,%20Proteus%20and%20other%20genera
https://scholar.google.com/scholar?q=intitle:Enterobacteriaceae.%20Escherichia,%20Klebsiella,%20Proteus%20and%20other%20genera
https://scholar.google.com/scholar?q=intitle:Enterobacteriaceae.%20Escherichia,%20Klebsiella,%20Proteus%20and%20other%20genera
http://europepmc.org/abstract/med/7008511
http://europepmc.org/abstract/med/7008511
http://europepmc.org/abstract/med/7008511
https://dx.doi.org/%2010.1128/JB.186.2.296-306.2004
https://dx.doi.org/%2010.1128/JB.186.2.296-306.2004
https://dx.doi.org/%2010.1128/JB.186.2.296-306.2004
https://dx.doi.org/%2010.1128/JB.186.2.296-306.2004
https://dx.doi.org/%2010.1128/JB.186.2.296-306.2004
https://dx.doi.org/%2010.1128/JB.186.2.296-306.2004
https://dx.doi.org/%2010.1128/JB.186.2.296-306.2004
https://dx.doi.org/%2010.1128/JB.186.2.296-306.2004

of  Asymptomatic  Bacteriuria
among Pregnant Women Attending
Antenatal Care at the Korle-Bu
Teaching Hospital Accra, Ghana: A
Cross-sectional Study. South Asian
Journal of Research in
Microbiology, 1-10.

Picard, B., Garcia, J. S., Gouriou, S.,

Duriez, P., Brahimi, N., Bingen,
E., ... &Denamur, E. (1999). The
link between phylogeny and
virulence in  Escherichia coli
extraintestinal infection. Infection
and immunity, 67(2), 546-553.

Western Delta University Journal of Natural and Applied Sciences (WDUJNAS).
Vol. 1 (1) September 2021

Siegfried L, Kmetova M, Puzova H,

Molokacova M, Filka J:
(1994).Virulence-associated factors
in Escherichia coli strains isolated
from children with urinary tract
infections. J Med Microbiol.
41:127-132.

Siegfried L, Puzova H: (1991).Response

of Escherichia coli strains carrying
plasmids and their plasmidless
derivatives to bactericidal activity
of human serum and
polymorphonuclear leucocytes.
ActaMicrobiol Hung. 38:107-115.

Raksha R, Srinivasa H, Macaden RS:
(2003).Occurrence and
characterization of uropathogenic
Escherichia coli in urinary tract
infections. Indian J Med Microbiol.
21:102-107.

ShadrackOkaijah,  Albert  Abaka-
Yawson, Philip AprakuTawiah,
Solomon SosuQuarshie, George
YiadomOsei and Albert
AwukuKumi (2019). Prevalence
of Asymptomatic Bacteriuria
among Pregnant Women
Attending Antenatal Care at the
Korle-Bu Teaching Hospital
Accra, Ghana: A Crosssectional
Study. South Asian Journal of
Research in Microbiology. 4(1): 1-
10; Article no.SAJRM.49887

Sharma S, Bhat GK, Shenoy S:
(2007).Virulence factors and drug
resistance in  Escherichia coli
isolated from extraintestinal
infections. Indian J Med Microbiol.
25:369-373.

17


http://www.ijmm.org/text.asp?2003/21/2/102/7984
http://www.ijmm.org/text.asp?2003/21/2/102/7984
http://www.ijmm.org/text.asp?2003/21/2/102/7984
http://www.ijmm.org/text.asp?2003/21/2/102/7984
https://dx.doi.org/10.4103/0255-0857.37341
https://dx.doi.org/10.4103/0255-0857.37341
https://dx.doi.org/10.4103/0255-0857.37341
https://dx.doi.org/10.4103/0255-0857.37341
https://dx.doi.org/10.1099/00222615-41-2-127
https://dx.doi.org/10.1099/00222615-41-2-127
https://dx.doi.org/10.1099/00222615-41-2-127
https://dx.doi.org/10.1099/00222615-41-2-127
http://europepmc.org/abstract/med/1805497
http://europepmc.org/abstract/med/1805497
http://europepmc.org/abstract/med/1805497
http://europepmc.org/abstract/med/1805497
http://europepmc.org/abstract/med/1805497
http://europepmc.org/abstract/med/1805497

