View metadata, citation and similar papers at core.ac.uk

@° PLOS | ONE

CrossMark

click for updates

G OPENACCESS

Citation: Tellevik MG, Blomberg B, Kommedal @,
Maselle SY, Langeland N, Moyo SJ (2016) High
Prevalence of Faecal Carriage of ESBL-Producing
Enterobacteriaceae among Children in Dar es
Salaam, Tanzania. PLoS ONE 11(12): e0168024.
doi:10.1371/journal.pone.0168024

Editor: Patrick Butaye, Ross University School of
Veterinary Medicine, SAINT KITTS AND NEVIS

Received: September 27, 2016
Accepted: November 25, 2016
Published: December 9, 2016

Copyright: © 2016 Tellevik et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper.

Funding: This study was supported by the
University of Bergen, Norway, and by the National
Centre for Tropical Infectious Diseases, Haukeland
University Hospital, Norway. The funders had no
role in study design, data collection and analysis,
decision to publish, or preparation of the
manuscript.

Competing Interests: The authors have declared
that no competing interests exist.

brought to you by .{ CORE

provided by University of Bergen

RESEARCH ARTICLE

High Prevalence of Faecal Carriage of ESBL-
Producing Enterobacteriaceae among Children
in Dar es Salaam, Tanzania

Marit G. Tellevik', Bjern Blomberg'-2, @yvind Kommedal®, Samuel Y. Maselle?,
Nina Langeland'?, Sabrina J. Moyo?*+*

1 National Centre for Tropical Infectious Diseases, Department of Medicine, Haukeland University Hospital,
Bergen, Norway, 2 Department of Clinical Science, University of Bergen, Bergen, Norway, 3 Department of
Microbiology, Haukeland University Hospital, Bergen, Norway, 4 Department of Microbiology and
Immunology, Muhimbili University of Health and Allied Sciences, Dar es Salaam, Tanzania

* Sabrina.Moyo@uib.no

Abstract

Background

Faecal carriage of ESBL-producing bacteria is a potential risk for transmission and infection.
Little is known about faecal carriage of antibiotic resistance in Tanzania. This study aimed to
investigate the prevalence of faecal carriage of ESBL-producing Enterobacteriaceae and to
identify risk factors for carriage among young children in Tanzania.

Methodology/Principal Findings

From August 2010 to July 2011, children below 2 years of age were recruited in Dar es
Salaam, including healthy community children (n = 250) and children hospitalized due to
diarrhoea (n = 250) or other diseases (n = 103). ChromID ESBL agar and ChromID
CARBA SMART agar were used for screening. Antimicrobial susceptibility testing was
performed by the disk diffusion method. ESBL genotypes were identified by Real-Time
PCR and sequencing.

The overall prevalence of ESBL carriage was 34.3% (207/ 603). The prevalence of ESBL
carriage was significantly higher among hospitalized children (50.4%), compared to commu-
nity children (11.6%; P <0.001; OR =7.75; 95% CI: 4.99-12.03). We found high prevalence
of Multidrug-resistance (94%) among Escherichia coli and Klebsiella pneumoniae isolates.
No resistance to carbapenems was detected. For the majority of isolates (94.7%) we
detected a blactx-m-15-like gene. In addition, the plasmid mediated AmpC beta-lactamase
CMY-2 was detected for the first time in Tanzania. ESBL prevalence was significantly higher
among HIV positive (89.7%) than HIV negative (16.9%) children (P = 0.001; OR =9.99;

95% CI: 2.52—-39.57). Use of antibiotics during the past 14 days and age below 1 year was
also associated with ESBL carriage.

Conclusions/Significance

We report a high rate of faecal carriage of ESBL-producing Enterobacteriaceae among chil-
dren below 2 years of age in Tanzania, particularly those with HIV-infection. Resistance to a
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majority of the available antimicrobials commonly used for children in Tanzania leaves few
treatment options for infections when caused by these bacteria.

Introduction

Antimicrobial resistance is a serious problem worldwide. Infections caused by resistant organ-
isms pose an important challenge for treatment of both common and life-threatening infec-
tions. The World Health Organization (WHO) has declared infections caused by multidrug
resistant bacteria as an emerging global health problem of major public health concern [1].
Beta-lactam antibiotics include penicillins, cephalosporins and carbapenems, and constitute
the most important group of agents for combating bacterial infections. Extended Spectrum
Beta-Lactamases (ESBLs) are enzymes capable of hydrolysing many beta-lactam antibiotics
and thereby protect ESBL-producing bacteria from the action of these drugs. ESBL-producing
bacteria are frequently associated with co-resistance to non-beta-lactam antimicrobial agents
and resistance to several different antibiotics at the same time (Multidrug-resistance (MDR)),
which may critically complicate the treatment of severe bacterial infections. High prevalence
of ESBL-producing bacteria has been reported worldwide [1-3]. While there are a number of
publications on ESBL-producing bacteria causing clinical infections [4-7], relatively few stud-
ies from the African continent report on carriage of ESBL-producing organisms [8-11].

While a better understanding of the impact on faecal carriage of ESBL-producing bacteria
on subsequent development of infection is needed, carriage is a potential risk for transmission
and infection [12-14], and of particularly concern in healthcare settings, especially in develop-
ing countries where infection control is often inadequate. Little is known about faecal carriage
of ESBLs and antibiotic resistance in Tanzania, with only two studies which have been con-
ducted in the northern part of the country [15, 16]. This study was conducted in the largest
city of Tanzania, Dar es Salaam, with a population of about five million. We aimed to investi-
gate the prevalence of faecal carriage of ESBL-producing Enterobacteriaceae and to identify
risk factors for carriage among young children in Dar es Salaam, Tanzania.

Materials and Methods
Ethics statement

The study was approved by the Muhimbili University of Health and Allied Sciences Institu-
tional Review Board in Dar es Salaam, Tanzania, by the Regional Committee for Medical and
Health Research Ethics (REK) in Norway, and by the respective hospital authorities at the
three study hospitals. Written informed consent was obtained from the parents or guardian on
behalf of all the children enrolled in the study.

Study population

The present work was part of a larger study assessing causes of diarrhoea among children. The
study population and data collection have previously been described [17]. Briefly, this prospec-
tive study was performed between August 2010 and July 2011, in Dar es Salaam, the largest
city in Tanzania with a population of more than four million. Children below 2 years of age
were included and categorized into three different study groups; healthy community children
attending child health clinics for immunization and growth monitoring with no history of
diarrhoea for one month prior to the study enrollment (n = 250), children hospitalized due to
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diarrhoea (n = 250), and children admitted due to diseases other than diarrhoea, also with no
history of diarrhoea during the last month (n = 103). The study hospitals were the three major
hospitals in Dar es Salaam; Muhimbili National Hospital and Amana and Temeke Municipal
district hospitals. A standardized questionnaire and patient files were used for collection of
demographic and clinical information. Weight for age (WAZ), length for age (LAZ) and
weight for length (WLZ) Z-scores were calculated using EPI Info (USD, Inc., Stone Mountain,
GA). Children were categorized to have normal nutritional status, mild or severe malnutrition
using Z-scores according to WHO criteria [18]. Use of antibiotics during the last 14 days prior
to study enrollment was recorded.

Sample material

One stool specimen from each community and hospitalized child was collected on inclusion
in the study and cultured on MacConkey agar within six hours. For hospitalized children the
sample was collected within the first 24 hours upon admission. A sweep of bacterial colonies
from MacConkey agar was stored at—80°C. A portion of each specimen was shipped on dry-
ice to Bergen, Norway, for further analysis, including ESBL screening and genotyping.

Phenotypic screening for ESBL-producing Enterobacteriaceae

Frozen bacterial samples were sub-cultured on non-selective media and over-night cultures
were re-suspended in 0.85% saline. 2-3 x 10° CFU, resulting in abundant growth still enabling
identification of single colonies with different morphology, was used as inoculum for screen-
ing. ChromID ESBL agar (for screening for ESBL-producing Enterobacteriaceae, both the clas-
sical ESBLs inhibited by clavulanic acid and the AmpC enzymes) and ChromID CARBA
SMART (for combined screening for carbapenemase producing Enterobacteriaceae and the
specific screening for OXA-48 producing Enterobacteriaceae), were used according to the
manufacturer’s instructions (BioMérieux, Marcy I'Etoile, France). The following quality con-
trol strains were used: Klebsiella pneumoniae ATCC 700603, Escherichia coli ATCC 25922, and
molecularly characterized strains harboring different combinations of beta-lactamase genes
provided by the Norwegian National Advisory Unit on Detection of Antimicrobial Resistance
including E. coli harboring blagxa_as, blactx.m-15 and blacrx m.14, E. coli harboring blaxpy.1
blacay-16 variant, blacrx a1 blaoxa-1> blaoxa.-10 and blargm. 1, K. pneumoniae harboring
blaoxa.4s and blagiry_1; and K. pneumoniae harboring blaxpc ,, blasgy.11 and blatgn .

Identification and susceptibility testing of the bacterial isolates

Isolates were identified with MALDI-TOF MS using the Microflex LT instrument and MALDI
Biotyper 3.1 software (Bruker Daltonics, Bremen, Germany). Only one isolate of each species
was included for each patient. Antimicrobial susceptibility testing was performed by the disk
diffusion method and classified as susceptible or resistant according to the European Commit-
tee on Antimicrobial Susceptibility Testing (EUCAST) guidelines for aztreonam, cefepime,
cefoxitin, chloramphenicol, ciprofloxacin, gentamicin, meropenem, tigecycline and trimeto-
prim-sulfamethoxazole [19]. When there were no zone diameter breakpoints available for the
disk concentration used (for cefotaxime, ceftazidime, doxycycline and piperacillin-tazobac-
tam) or no zone diameter breakpoints yet available for an agent (fosfomycin), then the Clinical
and Laboratory Standards Institute’s (CLSI) guidelines was used [20]. Isolates showing inter-
mediate resistance were categorized as resistant. Confirmation of ESBL phenotype was per-
formed using the BBL Sensi-Disc ESBL Confirmatory Test Disks (Becton Dickinson, Sparks,
MD, USA). Quality control strains were included.
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Real-Time PCR and sequencing for detection and identification of ESBL
genotypes

All isolates were examined for the presence of blactx_n genes by a Real-Time PCR assay with
forward primer CTXM-F 5’ ~-ATGTGCAGYACCAGTAARGT-3’, and reverse primers
CTXM-R1 5’ -TGGGTGAAGTAAGTGACCAGA-3"’ and CTXM-R2 5’ -TGGGTAAARTAGGTC
ACCAGA-3' (TIB Molbiol, Berlin, Germany), which target a 595 bp internal region present in
all the five different CTX-M phylogenetic groups. Genomic DNA was extracted by a rapid
boiling procedure and stored at -70°C until PCR analysis. The reaction mix included: 1 x
SYBR Premix Ex Taq (Tli RNaseH Plus) (TaKaRa, Otsu, Japan), 0.4 M each of the primers,

2 pl of sample DNA and water to a total volume of 25 pl. The Real-Time PCR assay was per-
formed using a LightCycler 480 Instrument II (Roche Diagnostics, Mannheim, Germany),
with cycling conditions as follows: 95°C for 30 sec, followed by 35 cycles at 95°C for 10 sec,
60°C for 10 sec and 72°C for 30 s each, and then cooled to 40°C for 30 s. All samples were run
on LightCycler 480 Multiwell Plate 96, white (Roche), and sealed with LightCycler 480 Sealing
Foil (Roche). Each run included duplicate of a positive control and multiple no-template con-
trols. Amplicons were sequenced using the reverse primers and BigDye Terminator v1.1 Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA, USA) and an ABI PRISM 3730 DNA
Analyzer (Applied Biosystems). Sequences were analyzed using the RipSeq software (Patho-
genomix Inc., CA, USA).

Isolates with a negative CTX-M PCR result were examined for the presence of blagyy
genes by a previous published method detecting SHV5/12-like ESBLs [21]. All isolates resis-
tant to cefoxitin were examined for the presence of plasmid mediated AmpC beta-lactamase
(blacpy-») as previously described [21].

Statistical analysis

Statistical analysis was performed using SPSS Statistics version 23 (SPSS Inc., Chicago, IL,
USA). Chi-square test was used to compare proportions. Univariate and multivariate analysis
were performed using logistic regression. Multivariate analysis of characteristic features for
faecal carriage of ESBL-producing Enterobacteriaceae included the following nine variables;
sex, age, place of residence, parent level of education, underweight, stunting, wasting, HIV sta-
tus and use of antibiotics. A P-value < 0.05 was considered statistically significant.

Results

Study population

Of the 603 children enrolled, 242 were females and 361 were males. Of these, 289 were from
Ilala, 179 from Kinondoni and 135 from the Temeke district. Age distribution was 372 chil-
dren equal to or below 12 months, and 231 children above 12 months. HIV testing results
were available for 348 of the children, of whom 29 had a positive test result and 319 had a nega-
tive test result.

Prevalence of screening positive ESBL-producing Enterobacteriaceae

Of all 603 children, 34.3% screened positive for ESBL by the ChromID ESBL agar. None of the
samples screened positive for carbapenemases using the ChromID CARBA SMART media. The
prevalence of ESBL carriage for the different study groups is shown in Table 1. ESBL prevalence
was significantly higher among both children hospitalized due to diarrhoea and among children
hospitalized due to diseases other than diarrhoea, than among community children. The differ-
ence between the two groups with hospitalized children was not statistically significant.
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Table 1. Prevalence of ESBL screening positive children in the different study groups.

Study group ESBL screening positive (%) P; OR (95% Cl)
Community children 29 (11.6) 1

Children hospitalized due to diarrhoea 118 (47.2) <0.001; 6.81 (4.30-10.79)
Children hospitalized due to other diseases 60 (58.3) <0.001; 10.63 (6.13-18.44)

doi:10.1371/journal.pone.0168024.t001

Identification and susceptibility testing of the bacterial isolates

Screening identified 284 bacterial isolates from 207 children. Of these, 139 were identified as
K. pneumoniae, 129 were E. coli, 11 were Enterobacter cloacae complex, 2 were Klebsiella oxy-
toca, 2 were Citrobacter spp. and 1 was Proteus mirabilis. Carriage of two different bacteria spp.
was detected in 75 (36.2%) of the participants with a positive screening. Only one sample con-
tained more than two different bacteria spp. The prevalence of more than one ESBL-producing
isolate was highest among the screening positive children hospitalized due to diarrhoea (56;
47.5%), followed by the screening positive children hospitalized due to other diseases (16;
26.7%) and the screening positive community children (4; 13.8%).

Resistance to different antimicrobial agents is shown in Table 2. The ESBL screening posi-
tive isolates showed high rates of resistance to antimicrobials commonly used in Tanzania. All
isolates were susceptible to meropenem. MDR, defined as resistance to three or more catego-
ries of antimicrobial agents other than cephalosporins and aztreonam, was highly prevalent,
with around 94% of E. coli and K. pneumoniae and more than 80% of E. cloacae complex iso-
lates being MDR. Co-resistance to ciprofloxacin, gentamicin and trimethoprim-sulfamethoxa-
zole was detected in about half of the E. coli and E. cloacae complex isolates and in about 14%
of the K. pneumoniae isolates.

ESBL genotypes

A CTX-M genotype was detected in 94.7% (269/ 284) of the ESBL screening positive bacteria
from 198 children. The distribution of a CTX-M-15 like genotype among the different bacteria
spp. was as follows: 121 E. coli, 133 K. pneumoniae, 2 K. oxytoca, 10 E. cloacae complex and 1
Citrobacter spp. A CTX-M-14 like genotype was found in 2 E. coli. An ESBL type blagyy gene,
SHV-5/12 like, was detected in 4 of the CTX-M negative isolates. Three of the 33 isolates resis-
tant to cefoxitin were positive for CMY-2. They were all E. coli and two of them were also har-
boring CTX-M-15 like genes.

Concordance between ESBL screening, genotypes and phenotypes

Of all the 284 screening positive isolates, 9 of them were negative using the ESBL confirmatory
test disks. Of these, 3 isolates were CMY -2 positive, 3 isolates were resistant to cephalosporins,
and the last 3 isolates were sensitive to cephalosporins. Only for five of the ESBL screening pos-
itive patients an ESBL genotype was not found.

Characteristics of faecal carriage of ESBL-producing Enterobacteriaceae

The characteristics of faecal carriage of ESBL-producing isolates are shown in Table 3. HIV
status was not known for all children, therefore multivariate analysis was first performed by
including all children but without HIV status as a variable, and then by only including the 348
children with known HIV status. Multivariate analysis showed that age equal to or below 12
months was significantly associated with ESBL carriage (P = 0.012; OR = 1.82; 95% CI: 1.14-
2.91). To further assess the impact of age, children were categorized into five age groups. The
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Table 2. Susceptibility to antimicrobial agents for the ESBL screening positive bacteria.

Prevalence of resistant isolates (%)

E. coli K. pneumoniae K. oxytoca E. cloacae complex P. mirabilis Citrobacter spp.
Antimicrobial agent (N=129) (N=139) (N=2) (N=11) (N=1) (N=2)
Aztreonam' 97.7 99.3 100 100 0 50
Cefepime’ 97.7 98.6 100 90.9 0 50
Cefotaxime? 99.2 100 100 100 0 50
Cefoxitin' 15.5 1.4 0 100 0 0
Ceftazidime? 96.9 97.8 100 100 0 50
Chloramphenicol’ 41.9 71.2 100 81.8 100 0
Ciprofloxacin’ 62.8 17.3 100 63.6 100 0
Doxycycline? 80.6 25.2 0 54.5 100 0
Fosfomycin®3 0 1.4 0 0 0 0
Gentamicin' 77.5 92.8 100 90.9 0 50
Meropenem! 0 0 0 0 0 0
Piperacillin-Tazobactam? 45.7 84.2 100 36.4 0 50
Tigecycline'® 0 7.2 0 0 0 0
Trimethoprim-Sulfamethoxazole' 98.4 99.3 100 81.8 100 0
Multidrug-resistance I* 93.8 94.2 100 81.8 100 0
Multidrug-resistance I1° 50.4 14.4 100 63.6 0 0

TEUCAST guidelines applied.

2CLSI guidelines applied.

SZone diameter breakpoints validated for E. colionly.

“Multidrug-resistance | defined as resistance to three or more of the antibacterial agents in the table.
SMultidrug-resistance Il defined as resistance to ciprofloxacin, gentamicin and trimethoprim-sulfamethoxazole.

doi:10.1371/journal.pone.0168024.t002

prevalence of ESBL carriage in these five age groups is illustrated in Fig 1. With a prevalence of
68.4% (39/57) among children aged 0-3 months (P < 0.001; OR = 8.83; 95% CI: 3.87-20.15, of
56.3% (36/64) among children aged 4-6 months (P < 0.001; OR = 5.24: 95% CI: 2.40-11.16)
and 34.3% (86/251) among children aged 7-12 months (P = 0.025; OR = 2.13; 95% CI: 1.10-
4.11), infants had a significantly higher risk of carrying ESBL than children above 12 months.

Living in the Kinondoni district was significantly associated with ESBL carriage in both
univariate and multivariate analysis (P = 0.020; OR = 1.58; 95% CI: 1.07-2.34 (univariate) and
P =0.001; OR = 2.62; 95% CI: 1.49-4.60 (multivariate)). Further, in both univariate and multi-
variate analysis, ESBL carriage was significantly more prevalent in HIV positive children than
in HIV negative children (P < 0.001; OR = 42.53; 95% CI: 12.43-145.57 (univariate) and
P =0.001; OR = 9.99; 95% CI: 2.52-39.57 (multivariate)). Stunting was significantly associated
with ESBL carriage in the univariate analysis including all children (), but was not a significant
risk factor in the multivariate analysis.

Children who had used antibiotics during the last 14 days prior to study enrollment were
more likely to carry ESBL-producing strains that those who had not taken antibiotics
(P =10.022; OR = 1.61; 95% CI: 1.07-2.41).

In univariate analysis, children of parents with a higher level of education were significantly
more likely to be ESBL carriers than those with lower levels of education (P = 0.017; OR =
6.90; 95% CI: 1.42-33.50), but this association was not significant in multivariate analysis.

The prevalence of ESBL carriage upon admission at the different study hospitals was also
assessed. The prevalence of ESBL carriage upon admission was significantly higher among
children admitted to Muhimbili National Hospital (76%, 98/129) than among those admitted
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Table 3. Characteristics of faecal carriage of ESBL screening positive bacteriaamong children in Dar es Salaam, Tanzania.

Characteristics

Sex
Male
Female
Age
< 12 months
> 12 months
Place of residence (district)
llala
Temeke
Kinondoni
Parent level of education
Higher level

Secondary, Primary and below

Children groups
Community
Diarrhoea
Other diseases
Nutritional status

WAZ
Normal weight
Underweight
LAZ
Normal
Stunted
wLz
Normal
Wasting
HIV
Positive
Negative
Use of antibiotics’
No use
Used

NChildren

361
242

372
231

289
135
179

594

250

250
103

329

274

257
346

454
149

29
319

378
225

n (°/o)

134 (37.1)
73(30.2)

161 (43.3)
46 (19.9)

89 (30.8)
44 (32.6)
74 (41.3)

7 (77.8)
200 (33.7)

29 (11.6)
118 (47.2)
60 (58.3)

104 (31.6)

103 (37.6)

68 (26.5)
139 (40.2)

163 (35.9)
44 (29.5)

26 (89.7)
55 (16.9)

100 (26.5)
107 (47.6)

ESBL screening positive children

Univariate
P; OR (95% CI)

0.078;1.37 (0.97—1.94)
1

<0.001; 3.07 (2.09-4.50)
1

]
0.710; 1.09 (0.70—1.68)
0.020; 1.58 (1.07—2.34)

0.017; 6.90 (1.42-33.50)
1

1
<0.001; 6.81 (4.30-10.79)
<0.001; 10.63 (6.13—18.44)

1

0.12;1.30 (0.931.83)

”
<0.001; 1.87 (1.31-2.65)

]
0.16; 0.75 (0.50-1.12)

<0.001; 42.53 (12.43-145.57)
1

]
<0.001; 2.52 (1.78-3.57)

Multivariate?
P; OR (95% Cl)

0.24; 1.27 (0.85-1.91)
1

0.012;1.82 (1.14-2.91)
1

]
0.91; 1.03 (0.62—1.70)
0.001; 2.62 (1.49-4.60)

0.34;2.19 (0.43-11.16)
1

1

<0.001; 5.32 (3.13-9.04)
<0.001; 10.08 (5.39-18.83)

1

0.15; 1.42 (0.89-2.29)

"
0.12; 1.45 (0.91-2.31)

1
0.48; 0.83 (0.48—1.41)

Not applicable

]
0.022; 1.61 (1.07-2.41)

Multivariate®
P; OR (95% Cl)

0.58; 1.20 (0.63-2.31)
1

0.55; 1.25 (0.61-2.54)
1

]
0.40; 1.55 (0.56—4.29)
0.014; 3.34 (1.28-8.72)

P=1.0
1

]
<0.001;5.98 (2.28-17.72)
<0.001; 34.32 (2.78-424.14)

1

0.99; 1.00 (0.48-2.09)

]
0.20; 1.65 (0.76-3.56)

]
0.15; 0.50 (0.201.29)

0.001; 9.99 (2.52-39.57)
1

]
0.37; 1.38 (0.68—2.80)

N: Total number of samples tested; n: number of positive samples; WAZ: Weight-for-age-Z-score; LAZ: Length-for-age-Z-score; WLZ: Weight-for-length-Z-

score

"Use of antibiotics during the last 14 days prior to inclusion, or on inclusion.
2 and ® Multivariate analysis for all children (n = 603) and only children with known HIV status (n = 348), respectively.

doi:10.1371/journal.pone.0168024.t003

to Amana District Hospital (39.2%, 65/166) or Temeke District Hospital (25.9%, 15/58, P <
0.001; OR =9.06; 95% CI: 4.44-18.59) (Table 4).

Discussion

This is the first study from Tanzania reporting on ESBL carriage among very young children,
including both healthy and sick children from the community. Faecal carriage of ESBL
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Fig 1. Prevalence of ESBL carriage in different age groups. The graph shows the prevalence (%) of ESBL
carriage among the study participants when categorized into five different age groups.

doi:10.1371/journal.pone.0168024.9001

producing Enterobacteriaceae has been documented in both children and in adults [8, 10, 15,
22-24]. A global prevalence of 14% ESBL carriage among healthy individuals has been
reported [23].

Data on ESBL carriage among community children on the sub-Saharan continent are lim-
ited [9, 11, 15, 25], and numbers of children included in previous studies are low. There is only
one publication on ESBL carriage in the community in Tanzania [15]. The overall prevalence
of ESBL carriage is comparable to the prevalence of about 30% found among children admit-
ted at hospitals in Guinea-Bissau, Gabon and Niger [8, 9, 26]. The ESBL carriage differed sig-
nificantly between healthy and hospitalized children. Carriage rate among healthy community
children in our study is comparable to the prevalence of 16.5% found in community settings in
Mwanza in northern Tanzania, including both children and adults [15]. However, it is twice
the prevalence found among healthy children in France [27], but still half the prevalence found
among children in Laos and Lebanon [22, 28] and much lower than the prevalence of 59%
found among children in Bangui [11]. We observed a very high carriage rate among hospital-
ized children. This is higher than in studies from Guinea-Bissau, Gabon, Madagascar and
Niger [8, 9, 25, 26]. At the hospital level, alarmingly 76% of the children are ESBL carriers
when admitted at the Muhimbili National Hospital. Data on previous hospitalization was not
available, but as this is a national referral hospital, it is likely that a substantial proportion of
these children have a history of previous hospitalization, which might have contributed to

Table 4. Prevalence of ESBL carriage among children admitted at each of the study hospitals.

Hospital ESBL screening positive (%) P; OR (95% CI)

Muhimbili National Hospital 98/129 (76) <0.001; 9.06 (4.44-18.59)
Amana District Hospital 65/166 (39.2) 0.07; 1.85 (0.95-3.59)
Temeke District Hospital 15/58 (25.9) 1

doi:10.1371/journal.pone.0168024.t004
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colonization. This is supported by studies showing acquisition rates during hospitalization of
47.5% and 94%, respectively [25, 26].

We found carriage of more than one bacterial species more common among children admit-
ted due to diarrhoea. Carriage of more than one bacterial species might increase the risk of
transfer of genetic elements carrying resistance genes. In this study we did not aim for extensive
molecular characterization, however the high prevalence of the CTX-M-15 like genotype further
confirms the CTX-Ms as the dominant enzyme among carriers both in Tanzania and world-
wide [15, 23]. The plasmid mediated AmpC gene blacyy., was detected in three E. coli isolates,
and this is the first report of CMY-2 in Tanzania. Only blacrx v negative isolates were assessed
for presence of blagyy, hence the prevalence of SHV-type ESBLs might be underestimated.
With an ESBL genotype identified for 97.6% of the patients, the screening media showed high
specificity, which possibly would have been higher if other ESBL genotypes were search for.

The ESBL positive isolates showed high rates of resistance to antimicrobials available and
commonly used in Tanzania, and very high levels of MDR. Empirical treatment according to
guidelines in this setting has been associated with high case-fatality rates [29]. Resistance to the
majority of drugs most commonly used for infections in children leaves very few choices for
treatment. WHO recommend continued co-trimoxazole prophylaxis until adulthood for all
HIV positive children in settings like Tanzania. Considering a resistance rate for co-trimoxa-
zole close to 100%, together with a high level of co-resistance to other commonly used antimi-
crobials, adhering to these guidelines might contribute to increased selection for resistance
against other available antimicrobial agents. Carbapenemases were not detected, but the study
was conducted around the time at which carbapenems were introduced in Tanzania, hence
new studies on the prevalence of these enzymes are needed.

We identified younger age, HIV infection and use of antibiotics as independent factors
associated with ESBL carriage. Notably, being a resident of the Kinondoni district, which set-
tles people with a higher level of income, was also significantly associated with ESBL carriage.
In a setting were economical resources are limited, higher income increases affordability to
antimicrobial treatment. Living in a highest income family was the only risk factor for carriage
in the study from Bangui [11]. Several studies have reported on age as a risk factor for carriage,
but the impact of age on faecal ESBL carriage varies with the age range of the study population
and the study setting [9, 15, 23, 30]. Although our study included young children within a lim-
ited age range, younger age was significantly associated with ESBL carriage. Both the very
youngest children, aged 0-3 months, and those aged 4-6 months, were nine and five times
more likely to be colonized with ESBL positive bacteria than the oldest children, respectively.
This may reflect health-care associated transmission or resistant strains being transmitted
from mothers to their babies, possibly during delivery. Interestingly, Nelson et al. did not find
any phenotypic similarity between ESBL strains from women and their newborns, and half of
the newborns acquired ESBL producing bacteria already at their first day of life [16]. In con-
trast, Denkel et al. did identify ESBL colonization of the mother as an independent risk factor
for colonization of neonates [31]. However, results should be interpreted with caution, as risk
factors might not be the same in a high prevalence setting in the developing world as in a low
prevalence setting in the developed world.

HIV positive children were ten times more likely to be ESBL carriers than those who were
HIV negative. HIV status has not been well documented as a risk factor for ESBL carriage.
HIV positive children are more prone to infections and hence more likely to be hospitalized
and consume antimicrobials than HIV negative children. HIV-infection has been associated
with resistant bacteria [32-34]. Considering the very strong association between ESBL carriage
and HIV-infection, together with a positive HIV status of 8% among these very young chil-
dren, further elucidation is urgent.
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Stunted children were significantly more at risk of ESBL carriage. Malnourished children
with impaired immunity are more vulnerable to infections, and are hence more likely to be
treated with antibiotics. Previous use of antibiotics as far back as 12 months before sampling
has been described as a risk factor for carriage [22, 23]. Even though only very recent data on
use of antimicrobials were available, use of antimicrobials the last 2 weeks prior to study enroll-
ment was significantly associated with ESBL carriage. Children that used antibiotics had nearly
a two-fold increased risk for carriage compared to those that did not use antibiotics. If a longer
history of use was available, this link could possibly be even stronger.

Immediate action is needed to prevent resistant bacteria spreading in the community and
healthcare facilities. In developing countries, high level of antibiotic consumption is related to
high prevalence of infections. To reduce the use of antibiotics, stewardship and guidance on
appropriate use is extremely important. Prevalence of infections can be reduced by better
access to and coverage of vaccination, better hygienic precautions, improving sanitation, and
improvement of nutritional status. Retroviral treatment of HIV positive pregnant women to
reduce mother-to-child transmission should be increased.

This study highlights a worryingly high faecal carriage of ESBL producing—and MDR bac-
teria among children below 2 years of age. It is the first study on ESBL carriage among young
community children in Tanzania, including both healthy children and children with illness.
Few studies exist from other sub-Saharan countries. Treatment options for infections caused
by these bacteria are limited. The link between carriage and infection needs further elucida-
tion. Carriage contributes to a considerable circulating pool of resistance genes and strict anti-
biotic stewardship and measures to prevent infections need immediate attention.

Acknowledgments

We are grateful to the parents and guardians that consented for their children to participate in
the study. We thank the staff at Muhimbili University of Health and Allied Sciences, Dar es
Salaam, Tanzania, for technical assistance. We highly acknowledge E. Nybakken, Department
of Microbiology, Haukeland University Hospital, Bergen, Norway, for valuable technical assis-
tance in identification of the bacterial isolates. We sincerely thank @. Samuelsen, Norwegian
National Advisory Unit on Detection of Antimicrobial Resistance, Department of Microbiol-
ogy and Infection Control, University Hospital of North Norway, Tromse, Norway, for pro-
viding control strains.

Author Contributions
Conceptualization: MGT BB NL SJM.
Data curation: MGT SJM.

Formal analysis: MGT QK SJM.
Funding acquisition: NL.
Investigation: MGT QK SJM.
Methodology: MGT BB OK NL SJM.
Project administration: NL SJM.
Resources: MGT BB @K SYM NL SJM.
Software: MGT BB QK SJM.
Supervision: NL SJM.

PLOS ONE | DOI:10.1371/journal.pone.0168024 December 9, 2016 10/13



@° PLOS | ONE

Carriage of ESBL-Producing Enterobacteriaceae in Tanzania

Validation: MGT BB OK SYM NL SJM.

Visualization: MGT BB @K SYM NL SJM.

Writing - original draft: MGT.

Writing - review & editing: MGT BB @K SYM NL SJM.

References

1.

10.

11.

12

13.

14.

15.

World Health Organization 2014: Antimicrobial Resistance—Global Report on Surveillance. http://apps.
who.int/iris/bitstream/10665/112642/1/9789241564748_eng.pdf?ua=1

Jean SS, Coombs G, Ling T, Balaji V, Rodrigues C, Mikamo H, et al. Epidemiology and antimicrobial
susceptibility profiles of pathogens causing urinary tract infections in the Asia-Pacific region: Results
from the Study for Monitoring Antimicrobial Resistance Trends (SMART), 2010-2013. Int J Antimicrob
Ag. 2016; 47:328-34.

Moore LS, Freeman R, Gilchrist MJ, Gharbi M, Brannigan ET, Donaldson H, et al. Homogeneity of anti-
microbial policy, yet heterogeneity of antimicrobial resistance: antimicrobial non-susceptibility among
108,717 clinical isolates from primary, secondary and tertiary care patients in London. J Antimicrob
Chemother. 2014; 69: 3409-22. doi: 10.1093/jac/dku307 PMID: 25118270

Blomberg B, Jureen R, Manji KP, Tamim BS, Mwakagile DS, Urassa WK, et al. High rate of fatal cases
of pediatric septicemia caused by gram-negative bacteria with extended-spectrum beta-lactamases in
Dar es Salaam, Tanzania. J Clin Microbiol. 2005; 43: 745-49. doi: 10.1128/JCM.43.2.745-749.2005
PMID: 15695674

Eibach D, Campos CB, Krumkamp R, Al-Emran HM, Dekker D, Boahen KG, et al. Extended spectrum
beta-lactamase producing Enterobacteriaceae causing bloodstream infections in rural Ghana, 2007—
2012. Int J Med Microbiol. 2016; 306: 249-54. doi: 10.1016/}.ijmm.2016.05.006 PMID: 27222489

Manyahi J, Matee MI, Majigo M, Moyo S, Mshana SE, Lyamuya EF, et al. Predominance of multi-drug
resistant bacterial pathogens causing surgical site infections in Muhimbili National Hospital, Tanzania.
BMC Res Notes. 2014; 7: 500. doi: 10.1186/1756-0500-7-500 PMID: 25100042

Tansarli GS, Poulikakos P, Kapaskelis A, Falagas ME. Proportion of extended-spectrum beta-lacta-
mase (ESBL)-producing isolates among Enterobacteriaceae in Africa: evaluation of the evidence—sys-
tematic review. J Antimicrob Chemother. 2014; 69: 1177-84. doi: 10.1093/jac/dkt500 PMID: 24398340

Isendahl J, Turlej-Rogacka A, Manjuba C, Rodrigues A, Giske CG, Naucler P, et al. Fecal carriage of
ESBL-producing E. coliand K. pneumoniae in children in Guinea-Bissau: a hospital-based cross-sec-
tional study. PLoS One. 2012; 7: €51981. doi: 10.1371/journal.pone.0051981 PMID: 23284838

Schaumburg F, Alabi A, Kokou C, Grobusch MP, Kock R, Kaba H, et al. High burden of extended-spec-
trum beta-lactamase-producing Enterobacteriaceae in Gabon. J Antimicrob Chemother. 2013; 68:
2140-43. doi: 10.1093/jac/dkt164 PMID: 23645586

Desta K, Woldeamanuel Y, Azazh A, Mohammod H, Desalegn D, Shimelis D, et al. High Gastrointesti-
nal Colonization Rate with Extended-Spectrum beta-Lactamase-Producing Enterobacteriaceae in Hos-
pitalized Patients: Emergence of Carbapenemase-Producing K. pneumoniae in Ethiopia. PLoS One.
2016; 11: e0161685. doi: 10.1371/journal.pone.0161685 PMID: 27574974

Farra A, Frank T, Tondeur L, Bata P, Gody JC, Onambele M, et al. High rate of faecal carriage of
extended-spectrum beta-lactamase-producing Enterobacteriaceae in healthy children in Bangui, Cen-
tral African Republic. Clin Microbiol Infect. 2016. http://dx.doi.org/10.1016/j.cmi.2016.07.001

Cornejo-Juarez P, Suarez-Cuenca JA, Volkow-Fernandez P, Silva-Sanchez J, Barrios-Camacho H,
Najera-Leon E, et al. Fecal ESBL Escherichia coli carriage as a risk factor for bacteremia in patients
with hematological malignancies. Support Care Cancer. 2016; 24: 253-59. doi: 10.1007/s00520-015-
2772-z PMID: 26014616

Reddy P, Malczynski M, Obias A, Reiner S, Jin N, Huang J, et al. Screening for extended-spectrum
beta-lactamase-producing Enterobacteriaceae among high-risk patients and rates of subsequent bac-
teremia. Clin Infect Dis. 2007; 45: 846-52. doi: 10.1086/521260 PMID: 17806048

Tischendorf J, de Avila RA, Safdar N. Risk of infection following colonization with carbapenem-resistant
Enterobactericeae: A systematic review. Am J Infect Control. 2016; 44: 539-43. doi: 10.1016/}.ajic.
2015.12.005 PMID: 26899297

Mshana SE, Falgenhauer L, Mirambo MM, Mushi MF, Moremi N, Julius R, et al. Predictors of blaCTX-
M-15 in varieties of Escherichia coli genotypes from humans in community settings in Mwanza, Tanza-
nia. BMC Infect Dis. 2016; 16: 187. doi: 10.1186/s12879-016-1527-x PMID: 27129719

PLOS ONE | DOI:10.1371/journal.pone.0168024 December 9, 2016 11/13


http://apps.who.int/iris/bitstream/10665/112642/1/9789241564748_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/112642/1/9789241564748_eng.pdf?ua=1
http://dx.doi.org/10.1093/jac/dku307
http://www.ncbi.nlm.nih.gov/pubmed/25118270
http://dx.doi.org/10.1128/JCM.43.2.745-749.2005
http://www.ncbi.nlm.nih.gov/pubmed/15695674
http://dx.doi.org/10.1016/j.ijmm.2016.05.006
http://www.ncbi.nlm.nih.gov/pubmed/27222489
http://dx.doi.org/10.1186/1756-0500-7-500
http://www.ncbi.nlm.nih.gov/pubmed/25100042
http://dx.doi.org/10.1093/jac/dkt500
http://www.ncbi.nlm.nih.gov/pubmed/24398340
http://dx.doi.org/10.1371/journal.pone.0051981
http://www.ncbi.nlm.nih.gov/pubmed/23284838
http://dx.doi.org/10.1093/jac/dkt164
http://www.ncbi.nlm.nih.gov/pubmed/23645586
http://dx.doi.org/10.1371/journal.pone.0161685
http://www.ncbi.nlm.nih.gov/pubmed/27574974
http://dx.doi.org/10.1016/j.cmi.2016.07.001
http://dx.doi.org/10.1007/s00520-015-2772-z
http://dx.doi.org/10.1007/s00520-015-2772-z
http://www.ncbi.nlm.nih.gov/pubmed/26014616
http://dx.doi.org/10.1086/521260
http://www.ncbi.nlm.nih.gov/pubmed/17806048
http://dx.doi.org/10.1016/j.ajic.2015.12.005
http://dx.doi.org/10.1016/j.ajic.2015.12.005
http://www.ncbi.nlm.nih.gov/pubmed/26899297
http://dx.doi.org/10.1186/s12879-016-1527-x
http://www.ncbi.nlm.nih.gov/pubmed/27129719

@° PLOS | ONE

Carriage of ESBL-Producing Enterobacteriaceae in Tanzania

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Nelson E, Kayega J, Seni J, Mushi MF, Kidenya BR, Hokororo A, et al. Evaluation of existence and
transmission of extended spectrum beta lactamase producing bacteria from post-delivery women to
neonates at Bugando Medical Center, Mwanza-Tanzania. BMC Res Notes. 2014; 7: 279. doi: 10.1186/
1756-0500-7-279 PMID: 24886506

Moyo SJ, Blomberg B, Hanevik K, Kommedal O, Vainio K, Maselle SY, et al. Genetic diversity of circu-
lating rotavirus strains in Tanzania prior to the introduction of vaccination. PLoS One. 2014; 9: e97562.
doi: 10.1371/journal.pone.0097562 PMID: 24844631

Waterlow JC, Buzina R, Keller W, Lane JM, Nichaman MZ, Tanner JM, et al. The presentation and use
of height and weight data for comparing the nutritional status of groups of children under the age of 10
years. Bull World Health Organ. 1977; 55: 489-98. PMID: 304391

European Committee on Antimicrobial Susceptibility Testing (EUCAST) Breakpoint tables for interpre-
tation of MICs and zone diameters, Version 6.0. http://www.eucast.org/fileadmin/src/media/PDFs/
EUCAST _files/Breakpoint_tables/v_6.0_Breakpoint_table.pdf. Accessed: 23 February 2016.

Clinical and Laboratory Standards Institute (CLSI). Performance Standards for Antimicrobial Suscepti-
bility Testing; Twenty-Fifth Informational Supplement, M100-S25, Vol. 35 No. 3.2015. CLSI, Wayne,
PA.

Kommedal O, Aasen JL, Lindemann PC. Genetic antimicrobial susceptibility testing in Gram-negative
sepsis—impact on time to results in a routine laboratory. APMIS. 2016; 124: 603—10. doi: 10.1111/
apm.12549 PMID: 27197792

Stoesser N, Xayaheuang S, Vongsouvath M, Phommasone K, Elliott I, Del Ojo Elias C, et al. Coloniza-
tion with Enterobacteriaceae producing ESBLs in children attending pre-school childcare facilities in the
Lao People’s Democratic Republic. J Antimicrob Chemother. 2015; 70: 1893-97. doi: 10.1093/jac/
dkv021 PMID: 25681128

Karanika S, Karantanos T, Arvanitis M, Grigoras C, Mylonakis E. Fecal Colonization With Extended-
spectrum Beta-lactamase-Producing Enterobacteriaceae and Risk Factors Among Healthy Individuals:
A Systematic Review and Metaanalysis. Clin Infect Dis. 2016; 63: 310—18. doi: 10.1093/cid/ciw283
PMID: 27143671

Reuland EA, Al Naiemi N, Kaiser AM, Heck M, Kluytmans JA, Savelkoul PH, et al. Prevalence and risk
factors for carriage of ESBL-producing Enterobacteriaceae in Amsterdam. J Antimicrob Chemother.
2016; 71: 1076-82. doi: 10.1093/jac/dkv441 PMID: 26755493

Andriatahina T, Randrianirina F, Hariniana ER, Talarmin A, Raobijaona H, Buisson Y, et al. High preva-
lence of fecal carriage of extended-spectrum beta-lactamase-producing Escherichia coliand Klebsiella
pneumoniae in a pediatric unitin Madagascar. BMC Infect Dis. 2010; 10: 204. doi: 10.1186/1471-2334-
10-204 PMID: 20624313

Woerther PL, Angebault C, Jacquier H, Hugede HC, Janssens AC, Sayadi S, et al. Massive increase,
spread, and exchange of extended spectrum beta-lactamase-encoding genes among intestinal Entero-
bacteriaceae in hospitalized children with severe acute malnutrition in Niger. Clin Infect Dis. 2011; 53:
677-85. doi: 10.1093/cid/cir522 PMID: 21890771

Blanc V, Leflon-Guibout V, Blanco J, Haenni M, Madec JY, Rafignon G, et al. Prevalence of day-care
centre children (France) with faecal CTX-M-producing Escherichia coli comprising O25b:H4 and O16:
H5 ST131 strains. J Antimicrob Chemother. 2014 69: 1231-37. doi: 10.1093/jac/dkt519 PMID:
24402502

Hijazi SM, Fawzi MA, Ali FM, Abd EI Galil KH. Prevalence and characterization of extended-spectrum
beta-lactamases producing Enterobacteriaceae in healthy children and associated risk factors. Ann
Clin Microbiol Antimicrob. 2016; 15: 3. doi: 10.1186/s12941-016-0121-9 PMID: 26823288

Blomberg B, Manji KP, Urassa WK, Tamim BS, Mwakagile DS, Jureen R, et al. Antimicrobial resistance
predicts death in Tanzanian children with bloodstream infections: a prospective cohort study. BMC
Infect Dis. 2007; 7: 43. doi: 10.1186/1471-2334-7-43 PMID: 17519011

Boutet-Dubois A, Pantel A, Prere MF, Bellon O, Brieu-Roche N, Lecaillon E, et al. Faecal carriage of
oxyiminocephalosporin-resistant Enterobacteriaceae among paediatric units in different hospitals in the
south of France. Eur J Clin Microbiol Infect Dis. 2013; 32: 1063-68. doi: 10.1007/s10096-013-1851-7
PMID: 23494770

Denkel LA, Schwab F, Kola A, Leistner R, Garten L, von Weizsacker K, et al. The mother as most impor-
tant risk factor for colonization of very low birth weight (VLBW) infants with extended-spectrum beta-lac-
tamase-producing Enterobacteriaceae (ESBL-E). J Antimicrob Chemother. 2014; 69: 2230-37. doi:
10.1093/jac/dku097 PMID: 24729603

Dramowski A, Cotton MF, Rabie H, Whitelaw A. Trends in paediatric bloodstream infections at a South
African referral hospital. BMC Pediatr. 2015; 15: 33. doi: 10.1186/s12887-015-0354-3 PMID: 25884449

Cotton MF, Wasserman E, Smit J, Whitelaw A, Zar HJ. High incidence of antimicrobial resistant organ-
isms including extended spectrum beta-lactamase producing Enterobacteriaceae and methicillin-

PLOS ONE | DOI:10.1371/journal.pone.0168024 December 9, 2016 12/13


http://dx.doi.org/10.1186/1756-0500-7-279
http://dx.doi.org/10.1186/1756-0500-7-279
http://www.ncbi.nlm.nih.gov/pubmed/24886506
http://dx.doi.org/10.1371/journal.pone.0097562
http://www.ncbi.nlm.nih.gov/pubmed/24844631
http://www.ncbi.nlm.nih.gov/pubmed/304391
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_6.0_Breakpoint_table.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_6.0_Breakpoint_table.pdf
http://dx.doi.org/10.1111/apm.12549
http://dx.doi.org/10.1111/apm.12549
http://www.ncbi.nlm.nih.gov/pubmed/27197792
http://dx.doi.org/10.1093/jac/dkv021
http://dx.doi.org/10.1093/jac/dkv021
http://www.ncbi.nlm.nih.gov/pubmed/25681128
http://dx.doi.org/10.1093/cid/ciw283
http://www.ncbi.nlm.nih.gov/pubmed/27143671
http://dx.doi.org/10.1093/jac/dkv441
http://www.ncbi.nlm.nih.gov/pubmed/26755493
http://dx.doi.org/10.1186/1471-2334-10-204
http://dx.doi.org/10.1186/1471-2334-10-204
http://www.ncbi.nlm.nih.gov/pubmed/20624313
http://dx.doi.org/10.1093/cid/cir522
http://www.ncbi.nlm.nih.gov/pubmed/21890771
http://dx.doi.org/10.1093/jac/dkt519
http://www.ncbi.nlm.nih.gov/pubmed/24402502
http://dx.doi.org/10.1186/s12941-016-0121-9
http://www.ncbi.nlm.nih.gov/pubmed/26823288
http://dx.doi.org/10.1186/1471-2334-7-43
http://www.ncbi.nlm.nih.gov/pubmed/17519011
http://dx.doi.org/10.1007/s10096-013-1851-7
http://www.ncbi.nlm.nih.gov/pubmed/23494770
http://dx.doi.org/10.1093/jac/dku097
http://www.ncbi.nlm.nih.gov/pubmed/24729603
http://dx.doi.org/10.1186/s12887-015-0354-3
http://www.ncbi.nlm.nih.gov/pubmed/25884449

o @
@ : PLOS | ONE Carriage of ESBL-Producing Enterobacteriaceae in Tanzania

resistant Staphylococcus aureus in nasopharyngeal and blood isolates of HIV-infected children from
Cape Town, South Africa. BMC Infect Dis. 2008; 8: 40. doi: 10.1186/1471-2334-8-40 PMID: 18380900

34. Marbou WJ, Kuete V. Bacterial resistance and immunological profiles in HIV-infected and non-infected
patients at Mbouda AD LUCEM Hospital in Cameroon. J Infect Public Health. 2016. In press, http://dx.
doi.org/10.1016/j.jiph.2016.04.009.

PLOS ONE | DOI:10.1371/journal.pone.0168024 December 9, 2016 13/13


http://dx.doi.org/10.1186/1471-2334-8-40
http://www.ncbi.nlm.nih.gov/pubmed/18380900
http://dx.doi.org/10.1016/j.jiph.2016.04.009
http://dx.doi.org/10.1016/j.jiph.2016.04.009

