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SUMMARY

We conducted a hospital-based cross-sectional study among children aged <5 years in Thi-Qar
Governorate, south-eastern Iraq, in order to examine the prevalence, risk factors and
antimicrobial resistance associated with gastroenteritis caused by Salmonella infection. From 320
diarrhoea cases enrolled between March and August 2016, 33 (10-3%, 95% confidence interval
(CI) 8-4—12-4) cases were stool culture-positive for non-typhoidal Salmonella enterica. The most
commonly identified serovar was Typhimurium (54%). Multivariable logistic regression analysis
indicated that the odds of Salmonella infection in children from households supplied by pipe
water was 47 (95% CI 1:6-13-9) times higher compared with those supplied with reverse osmosis
treated water. Similarly, children from households with domestic animals were found to have a
higher odds (OR 10-5; 95% CI 3-8-28-4) of being Salmonella stool culture-positive. The
likelihood of Salmonella infection was higher (OR 3-9; 95% CI 1:0-6-4) among children
belonging to caregiver with primary vs. tertiary education levels. Lower odds (OR 0-4; 95% CI
0-1-0-9) of Salmonella infection were associated with children exclusively breast fed as compared
with those exclusively bottle fed. Salmonella infection was three times lower (95% CI 0-1-0-7) in
children belonging to caregiver who reported always washing hands after cleaning children
following defecation, vs. those belonging to caregivers who did not wash hands. The
antimicrobial resistance profile by disc diffusion revealed that non-susceptibility to tetracycline
(78:8%), azithromycin (66-7%) and ciprofloxacin (57-:6%) were the most commonly seen, and
84-9% of Salmonella isolates were classified as multi-drug resistant. This is the first study on
prevalence and antimicrobial resistance of Salmonella infection among children in this setting.
This work provides specific epidemiological data which are crucial to understand and combat
paediatric diarrhoea in Iraq.
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INTRODUCTION

Diarrhoea is one of the major causes of mortality
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Salmonellosis is one of the most common bacterial
diarrhoeal illnesses among children and poses a sign-
ificant public health burden worldwide [2]. Globally,
the non-typhoidal members of the bacterial species
Salmonella enterica are estimated to cause 93-8 million
episodes of gastroenteritis each year, with 155000
deaths [3]. In recent years, antimicrobial resistance
among non-typhoidal Salmonella has increased world-
wide, due to the widespread use of antimicrobial drugs
in the human and veterinary sectors. This has limited
the therapeutic options for treatment, raising global
public health concern [4].

Consumption of contaminated food and water are
the two main sources of gastroenteritis caused by non-
typhoidal Salmonella, although many routes of trans-
mission have been recognized including contact with
infected farm animals, pets, rodents, birds, reptiles
and amphibians, environmental contamination, and
direct transmission from person to person [5].
However, the source and transmission of gastrointes-
tinal non-typhoidal Salmonella infections in many
developing countries are less well characterized [6].

In humans, salmonellosis is usually a self-limiting
disease presented with symptoms such as diarrhoea,
fever, vomiting, abdominal cramping, and other non-
specific complaints such as myalgia, arthralgia, and
headache [7, 8]. Infants and young children are signifi-
cantly more susceptible to the effects of non-typhoidal
Salmonella infection compared with other age groups
and are therefore also at higher risk of secondary com-
plications [8]. The most common systemic infection is
bacteraemia which occurs in 5-10% of invasive cases,
with bacteraemic children having a high risk for the
development of meningitis resulting in increased fatal-
ity rates [9].

Developing countries bear the brunt of diarrhoeal
illness burden in both mortality and morbidity.
In South Asia and the Middle East, S. enterica
Typhimurium has been particularly prominent, with
the case-fatality as high as 30% in some outbreaks
[10]. The strain in this geographic region is consider-
ably more virulent than that found in northern
Europe and North America [11]. The more virulent
strains in the poor and middle-income socio-economic
regions have shown to be also associated with exten-
sive resistance to antibiotics [12]. In the Middle East
and North African regions, the prevalence of non-
typhoidal Salmonella diarrhoeal infection among chil-
dren under age 5 varies widely, ranging from 3% in
Egypt [13] to 34% in Saudi Arabia [14]. Obtaining
local, accurate epidemiological data on enteric
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pathogens such as Salmonella is crucial to understand
and combat diarrhoea in children under age 5.

In Iraq, diarrhoea is a major cause of morbidity and
mortality in children under the age of 5 years [15]. In
general, child mortality rate of 13% for boys and 12%
for girls was reported in Iraq in 2003 [16]. However,
identification of the aetiological agents of diarrhoeal
cases is handicapped by the lack of stool-culture char-
acterization in routine diagnostic laboratories. In
Baghdad, central Iraq, non-typhoidal Salmonella
was the second most frequently reported cause of diar-
rhoea in children under age 5 [17]. In Mosul, northern
Iraq, non-typhoidal Salmonella were detected in 15%
of diarrhoeal cases in children [18]. However, in the
south of Iraq, there is no published data on the role
of non-typhoidal Salmonella diarrhoeal infection in
children <5 years old and its associated risk factors.
The current study, therefore, aimed to determine the
prevalence, clinical presentation, serotype and anti-
microbial resistance profiles, and risk factors asso-
ciated with non-typhoidal Salmonella infection in
children in Thi-Qar Governorate, south-eastern Iraq.

METHODS
Study setting

Thi-Qar Governorate is located in south-eastern Iraq,
and considered one of the least developed governor-
ates in the country. The economy is largely rural
and depends mainly on agriculture. Thi-Qar is the
poorest governorate in Iraq. In 2011, 37-8% of the
population lived below the poverty line of US$2-5
per day [19].

This study was conducted at two children’s hospi-
tals in central Thi-Qar: Bent Al-Huda Teaching
Hospital and Mohammed Al-Mousawi Hospital.
These are the two government referral hospitals that
provide a full range of services to both inpatients
and outpatients children who reside in urban and
rural communities in Thi-Qar Governorate. Iraq has
long summer with hot and dry months from March
to September and the average temperatures in those
months range higher than 40 °C.

Study design and cases enrolment

All children <5 years old with complaints of acute
diarrhoeal disease admitted to the outpatient clinics
in both hospitals from March to August 2016 were eli-
gible for participation in the present study. The World
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Health Organization (WHO) definition for diarrhoea
was used for case inclusion. A diarrhoea case was
defined as the passage of three or more watery or
loose stools (within 24 h) [20]. A Salmonella infection
case was defined in this study as a diarrhoeal
infection with stool culture-positive for non-typhoidal
Salmonella spp. Children were excluded if they had
been pre-treated with antimicrobials in the preceding
week, had multiple complications unrelated to diar-
rhoeal disease or if the caregivers (parents or guar-
dians) refused to provide information about their
children. The children were evaluated for eligibility
for the study by paediatricians after the initial clinical
examination.

Specimen collection and questionnaire

Fresh stool specimens were collected from each study
participant in sterile screw-capped containers. This
was facilitated by the nursing staff and laboratory
technologists on the day of admission to hospital.
All samples were immediately placed in Amies trans-
port media with charcoal (COPAN, Italy), stored,
refrigerated (4 °C) and then transported to the
Microbiology Laboratory, University of Thi-Qar
where testing started on the same day.

Treating paediatricians were asked to complete a
simple form for information on clinical features and
duration of disease. In addition, a questionnaire was
administered to the child’s parent or guardian by the
research team to gather information on basic demo-
graphic, socio-economic indicators, and information
on potential risk factors for infection. To ensure the
reliability of information, all the questionnaires were
administered by native Arabic speakers and were
checked for completeness and consistency every day.

Microbiology

Isolation and identification of Salmonella from stool
specimens were performed as recommended by the
Global Foodborne Infections Network laboratory
protocol [21]. Briefly, approximately 1g of faeces
was suspended in 9 ml of Buffered Peptone Water
and incubated at 37 °C for 24 h. Then, 100 ul of
pre-enriched suspension was added to 10ml of
Rappaport—Vassiliadis Broth (Oxoid, England) and
incubated at 42 °C for 24 h. In parallel, 1 ml of the
same suspension was added to 10 ml of tetrathionate
broth (Oxoid, England) and incubated for 24 h at
42 °C. The sample from these two enrichment broths
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was cultured by streaking onto xylose lysine deoxy-
cholate agar, brilliant green agar and Salmonella—
Shigella agar (Oxoid, England) and the plates were
incubated at 37°C for 18- 24h. Presumptive
Salmonella colonies were then confirmed biochem-
ically using the API-20E kit (bioMerieux, France).
In addition, confirmation was performed by one-step
PCR for the S. enterica gene invA (521 bp amplicon)
using primers nvA-F S5-TTGTTACGGCTATTT
TGACCA-3' and invA-R 5-CTGACTGCTACCTT
GCTGATG-3' as previously described by Swamy
et al. [22].

Serotyping of Salmonella isolates was performed by
the Iraqi National Centre for Salmonella, at the
Central Public Health Laboratories in the Baghdad’s
Centre for Disease Control and Prevention. Finally,
antimicrobial susceptibility testing of Salmonella iso-
lates was performed using the disc diffusion method
on Mueller-Hinton agar plates according to the
guidelines of the Clinical and Laboratory Standards
Institute [23]. The following 12 antibiotics were
used: ampicillin (10 pg), amoxicillin + clavulanic acid
(20 pg + 10 pg), ceftriaxone (30 ug), cefotaxime (30 pg),
ciprofloxacin (5 pg), chloramphenicol (30 pg), genta-
micin (10 pg), nalidixic acid (30 pg), streptomycin
(10 pg), azithromycin (15 pg), tetracycline (30 pg),
and trimethoprim sulfamethoxazole (1:25-23-75 ug)
(Mast Diagnostics Ltd, Merseyside, UK). Escherichia
coli ATCC25922 strain was used as a quality control
organism in susceptibility test. Isolates resistant to
three or more different classes of antimicrobials were
classified as multi-drug resistant (MDR).

Statistical analysis

The binary results of stool-culture testing (Salmonella
negative = 0/Salmonella positive = 1) and variables on
demographic, socio-economic indicators, and infor-
mation on potential risk factors were recorded for
all cases enrolled in this study. The data were stored
in Excel spreadsheet and analysed using STATA ver-
sion 11.0 for Windows. Descriptive analysis of cat-
egorical variables was based on frequency summary
and using the y* test. The analyses of Salmonella diar-
rhoeal infection risk factors were conducted in two
steps. Firstly, the association between potential pre-
dictor factors (independent variables) and dependent
variable (stool-culture positive for Salmonella spp.)
was initially assessed using univariate logistic regres-
sion analysis to quantify the strength of association
between the independent variables and Salmonella


https://doi.org/10.1017/S0950268817002400

positivity. The second stage in the analysis consisted
of building a multivariable logistic regression model
based on potential risk factors identified from the uni-
variate analysis with P-value <0-25. The most appro-
priate final model was selected using the backward
stepwise selection approach. The associations between
stool-culture positivity for Salmonella spp. and risk
factors were assessed by odds ratio (OR), and 95%
confidence intervals (Cls) were considered significant
at P-value <0-05. All pairwise interactions between
the variables in the final model were examined for
significance. Goodness of fit of the final model was
assessed using the Hosmer-Lemeshow test.

Ethical consideration

The study protocol was approved by the Murdoch
University Human Research Ethics Committee
(Project No. 2015/224). Permission to conduct the
study was also obtained from the Ministry of
Health, Iraq (Permit No.11/5/393) and the children’s
hospitals in Thi-Qar Governorate (Permit No.1/4/
26885). As the study subjects were children under
age 5, informed verbal consent was obtained from
their caregivers (parents/guardians) before enrolment.
The objectives and an importance of the present study
were explained to all caregivers and confidentiality of
their information was confirmed.

RESULTS

A total of 320 children with acute diarrhoea were
enrolled between March and August 2016 from the
two defined hospitals in Thi-Qar, south-eastern Iraq.
For 33 (10-:3%, 95% CI 8:4-12-4) diarrhoea cases,
patient stool culture yielded S. enterica on the day
of hospital admission and therefore met the criteria
for a Salmonella case. Of these, 18 (54-5%) were sero-
typed as S. Typhimurium. Other serotypes included
S. Muenchen (4/33), S. Hato (4/33), S. Hadar (3/33),
S. Enteritidis (3/33), and S. Mbandaka (1/33).
Responses from the questionnaire administered to
the parents/guardians were evaluated to determine
socio-demographic characteristics among the subjects
identified with diarrhoea throughout the study period
(Table 1). Of 320 children with diarrhoea, 180 (56-3%)
were males and 140 (43-7%) were females. Children
aged between 1 and 2 years showed a significantly
(P <0-05) higher rate (38:2%) of acute diarrhoea;
also, a significantly (P <0-05) higher rate (64-7%)
was evident among children from rural areas.
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Almost one-third (28:4%, 91/320) of the caregivers
of children admitted with diarrhoea were educated
to primary education level only, and the majority
(86%, 275/320) were unemployed. With regard to
water supply and sanitation, in 76-5% (245/320) of
the cases the caregivers reported not boiling their
water prior to drinking. Approximately 30% (98/320)
of children with diarrhoea were reported by caregiver
to be exclusively bottle fed for the first 6 months and
were from households containing domestic animals.
More details are presented in Table 1.

Univariable logistic regression analysis was used to
compare potential risk factors between Salmonella
stool-culture positive and negative diarrhoea cases in
Thi-Qar (Table 2). Sex and age of children, caregiver
education level and employment status, breastfeeding,
water source and water boiling, reported hand wash-
ing after cleaning child defecation and before feeding
the child, and presence of domestic animals in the
household showed a P-value <0-25 and were consid-
ered as potential risk factors in the univariable logistic
regression model (Table 1). Out of these 10 potential
risk factors, eight remained independently associated
with Salmonella infections in the final multivariable
logistic regression model (Table 2). The estimated
ORs and their 95% ClIs are presented in Table 2.
None of the two-way interactions between variables
were statistically significant (P > 0-05). The Hosmer—
Lemeshow goodness-of-fit test suggested no evidence
of lack of fit of the final model (Hosmer-—Lemeshow
=126, P=0-9960).

These results (Table 2) suggest that, among the
cases enrolled in this study, Salmonella diarrhoeal
infection was more likely to occur among boys than
girls (OR 84, 95% CI 2-8-24-9). Children aged
between 1 and 2 years had significantly higher odds
of Salmonella infection compared with those <I
year old (OR 8:0, 95% CI 2-9-22-1). Among the pre-
sent study subjects, the likelihood of Salmonella infec-
tion in children from households supplied by pipe
water was 47 (95% CI 1-6-13-9) times higher com-
pared with those supplied with (purchased) reverse
osmosis-treated water. Similarly, children from house-
holds with domestic animals were found to have a
greater odds (OR 10-5; 95% CI 3-8-28-4) of being
Salmonella stool-culture positive. The odds of Sal-
monella infection were higher (OR 3-9; 95% CI 1-0—
6-4) among children belonging to a caregiver with
only a primary-level education, compared with those
with university-level education. Among the cases
enrolled in this study, lower odds (OR 0-4; 95% CI
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Table 1. Univariable associations of potential risk factors of Salmonella diarrhoeal infection among children <5
years old admitted in two hospitals in Thi-Qar Governorate, Iraq

Variables® Category Total +ve (%)® OR (95% CI)  P-value
Sex® Male 180  22(122) 1-0(- -
Female 140 11(7-8) 06 (0-2-1-3) 0-206
Age? <1 year 56 2 (3-5) 10 (5 -
1 and <2 years 122 20 (16:4) 52 (1-2-23-5) 0028
2 and <3 years 75 7 (9-3) 27 (0-:5-13-9) 0-214
3 and <4 years 42 3(7'1) 2-0 (0-33-13-0) 0-435
4 and <S5 years 25 14) 1-1 (0-1-13-0) 0925
Residence Rural 207 23 (11-1) 1:0(~) -
Urban 113 10 88) 07 (0-3-1-6) 0-526
Caregiver relation to child Aunt 19 0(0) - -
Mother 301 33(10:9) - -
Caregiver education level® University 56 2 (35 1-:0 () -
High school 72 4 (5-5) 15 (0-3-8-9) 0-601
Secondary 62 5(81) 2:3(0:4-12:7)  0-315
Primary 91 14 (154) 49 (1-1-22'5)  0-040
Illiterate 39 8(20:5) 69 (1-4-349) 0018
Caregiver employment status® Not working 275 2487 1:0(~) -
Working 45 9(20-:0) 2:6 (1-2-6°1) 0-025
Breastfeeding pattern in the first 6 months of age® Exclusive bottle fed 98 16 (16:3) 10 (-) -
Exclusive breast fed 164 10 (6-:1)  0-3 (0-1-0-7) 0-010
Mix-breast and bottle fed 58 7(12:1) 07 (0-2-1-8) 0-470
No. of children <5 years living in the household 1 59 6(10:2) 1:0(-) -
2 141 13(9:2) 0:8(0-3-2-5) 0-835
3 87 12 (13-8) 14 (0-5-4-0) 0-515
4 33 2 (6:1) 0-5 (0-1-2-9) 0-507
Water source® Reverse osmosis water 135 6 (44) 1-:0 (-) -
Municipal (pipe) water 185 27 (14:6) 36 (1:4-9-2) 0-005
Water boiling® Yes 75 2 (2:6) 10 () -
No 245 31 (12:6) 53 (1-2-22:6) 0-025
Hand washing before food preparation Not at all 94 9 (9-6) 10 (-) -
Yes, sometimes 183 20 (10-9) 1-2 (0-5-2-6) 0-728
Yes, always 43 4(9-3) 0-9 (0-3-3-3) 0-960
Hand washing after cleaning child defecation® Not at all 28 5178 10() -
Yes, sometimes 103 13 (12:6) 06 (0-2-2-0) 0-478
Yes, always 189 15(79) 04 (0-1-1-2) 0-100
Hand washing before feeding the child® Not at all 65 3 (46) 1-0 5 -
Yes, sometimes 120 15 (12-5) 29 (0-8-10-6)  0-097
Yes, always 135 15(11-1) 2:5(0:7-9-2) 0-145
Hand washing after using the toilet Not at all 21 2(95) 1-:0 () -
Yes, sometimes 125 10 (8-:0) 0-8 (0-2-4-0) 0-814
Yes, always 174 21 (121) 1-3(0-3-6:0) 0-733
Domestic animals in the household® No 222 13(58) 10(-) -
Yes 98 20 (20-4) 4-1 (1-9-8-6) <0-001

OR, odd ratio; CI, confidence interval.
# Variables with P <0-25; risk factor offered to the final multivariable logistic model.
b +ve: Salmonella stool-culture positive; %: percentage.

0-1-0-9) of Salmonella infection were associated with
children exclusively breast fed compared with those
exclusively bottle fed. According to the model results,
the odds of Salmonella infection in children belonging
to caregivers who reported always washing hands
after cleaning child defecations was three times
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lower (95% CI 0-1-0-7) compared with those belong-
ing to caregivers who did not wash hands at all
(Table 2).

The main significant clinical feature associated with
Salmonella diarrhoeal infection among children in-
vestigated during this study was abdominal pain
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Table 2. Multivariable logistic regression model of risk factors significantly associated with Salmonella diarrhoeal
infection among children <5 years old admitted in two hospitals in Thi-Qar Governorate, Iraq

Risk factor OR (95% CI) S.E. P-value
Sex — male (vs. female) 8-4 (2-8-24-9) 4-668 <0-001
Age — 1 and <2 years (vs. <1 year) 80 (2:9-221) 4-160 <0-001
Water source — municipal (pipe) water (vs. reverse osmosis water) 4-7 (1-6-13-9) 2-609 0-004
Breastfeeding pattern in the first 6 months of age — exclusive breast fed 0-4 (0-1-0-9) 0-179 0-040
(vs. exclusive bottle fed)
Domestic animals in the household — yes (vs. no) 10-5 (3-8-28:4) 5-345 <0-001
Hand washing before feeding the child — yes, sometimes (vs. not at all) 2:6 (1-0-6-4) 1-198 0-033
Caregiver education level — primary (vs. university) 39 (1-:0-6-4) 1-964 0-007
Hand washing after cleaning child defecation — yes, always (vs. not at all) 0-3 (0-1-0-7) 0-136 0-009

OR, odd ratio; CI, confidence interval; s.E., standards error.

Table 3. Clinical features associated with Salmonella diarrhoeal infection among children <5 years old admitted in

two hospitals in Thi-Qar Governorate, Iraq

Clinical feature Category —ve (Yo)* +ve (%)° Total Ve P-value
Fever No 204 (71-1) 19 (57-6) 223 (69-7) 2-55 0-110
Yes 83 (281) 14 (42-4) 97 (30-3)
Vomiting No 115 (40-1) 12 (36-4) 127 (39:7) 0-17 0-680
Yes 172 (59-9) 21 (63-6) 193 (60-3)
Abdominal pain No 106 (369) 3091 109 (34-1) 10-21 0-001
Yes 181 (63-1) 30 (90-9) 211 (659)
Diarrhoea (duration in days) 1 70 (24-4) 7 (21-2) 77 (24-1) 2:07 0-722
2 97 (33-8) 12 (36-4) 109 (34°1)
3 56 (19-5) 9 (27-3) 65 (20-3)
4 42 (14-6) 4 (12°1) 46 (14-4)
5 22 (7-67) 1(3:0) 23 (7-2)
Consistency of diarrhoea Bloody and 28 (97) 1(3:0) 29 (91 1-83 0-400
mucoid (mixed)
Mucoid 66 (23-0) 7(21-2) 73 (22-8)
Watery 193 (67-3) 25 (75°8) 218 (681)
# +ve = stool-culture positive for Salmonella.
b _ve = stool-culture negative for Salmonella.
(P=0-001). Other features like fever, vomiting, dur-  including cefotaxime (42-4%) and ceftriaxone

ation, and consistency of diarrhoea did not differ sign-
ificantly between Salmonella stool-culture positive and
negative cases (Table 3).

The results of antimicrobial susceptibility of
Salmonella isolated from diarrhoeal infection indicate
that all isolates were resistant to at least one of the 12
antimicrobials, with exception to chloramphenicol
(Table 4). Resistance was most commonly detected
to tetracycline (78:8%), followed by azithromycin
(66:7%), ciprofloxacin (57:6%), trimethoprim/sulfa-
methoxazole (51-:5%), streptomycin (48-4%), and nali-
dixic acid (45-5%). In addition, we identified a high
level of resistance to third-generation cephalosporins
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(36-4%). A lower resistance rate was observed against
gentamicin (27-3%), ampicillin (12-1%), and amoxicil-
lin/clavulanate (6-1%) (Table 4). Among the 33 non-
typhoidal Salmonella isolates, multidrug resistance to
three or more antimicrobials was recorded in 28
(84-9%) of the isolates, and resistance to five or
more antimicrobials was detected in 19 (57-6%) of
the total isolates. MDR to seven antimicrobials were
observed in seven (21-2%) of the isolates. In the pre-
sent study isolates, S. Typhimurium were more fre-
quently encountered with resistance to clinically
relevant antibiotics compared with isolates from
other serotypes (Table 5).
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Table 4. Antimicrobial susceptibility patterns of non-typhoidal Salmonella isolates (n=33) from children <5
years old admitted in two hospitals in Thi-Qar Governorate, Iraq

Susceptibility pattern

Resistant Intermediate Sensitive
Class Antimicrobial n (%) n (%) n (%)
Penicillins Ampicillin (AMP) 4 (12-1) 6 (18-2) 23 (69:7)
p-lactams Amoxicillin/clavulanate (AUG) 2 (6°1) 3091 28 (84-8)
Third-generation Cefotaxime (CTX) 14 (42-4) 12 (36:4) 7(21-2)
cephalosporins

Ceftriaxone (CRO) 12 (36'4) 11 (33-3) 10 (30-3)
Aminoglycosidess Gentamicin (GM) 9 (27-3) 10 (30-3) 14 (42-4)

Streptomycin (S) 16 (48-:4) 12 (36'4) 5(152)
Phenicols Chloramphenicol (CHL) 0 (0-0) 0 (0-0) 23 (100)
Fluoroquinolone Ciprofloxacin (CIP) 19 (57-6) 8 (24-2) 6 (18-2)
Tetracyclines Tetracycline (TET) 26 (78-8) 2(6:1) 5(51)
Macrolides Azithromycin (ATH) 22 (66°7) 0 (0:0) 11 (33-3)
Quinolones Nalidixic acid (NA) 15 (45-5) 8 (24-2) 10 (30-3)
Sulfonamides Trimethoprim/sulfamethoxazole (TS) 17 (51-5) 4 (12-1) 12 (36:4)
DISCUSSION

To the best of our knowledge, this is the first study to
investigate the role of non-typhoidal Salmonella in the
epidemiology of diarrhoea in children <5 years old in
south of Iraq. The key findings arising from this study
provides better insight on prevalence and key risk fac-
tors associated with non-typhoidal Salmonella infec-
tion in children in Thi-Qar, the poorest governorate
in Iraq.

In the present study, the prevalence of non-
typhoidal Salmonella in children <5 years in Thi-
Qar was slightly lower compared with findings from
studies in north of Iraq (15%) [18] and in the neigh-
bouring Kuwait (18%) [24]. Nevertheless, the preva-
lence concluded from the current study was shown
to be higher than what was concluded from studies
in Baghdad, the capital of Iraq (4%) [17], and from
many other Middle Eastern countries, such as,
Turkey (5:2%) [25] and Iran (7-6%) [26], all in paediat-
ric patients. It is important to note that direct com-
parison of our results with findings from other
regional studies should be treated with caution,
given differences in sample size, study period, and
laboratory testing methods in each study. The sam-
pling period in our study was mainly focusing on the
summer months, which might also affect the preva-
lence results. Nevertheless, this is the first study on
prevalence and  antimicrobial  resistance  of
Salmonella infection among children in this setting.
In the present study, the proportion of cases cultured
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positive for Salmonella was in line with data from
neighbouring countries including Jordan [27] and
Saudi Arabia [28], with Salmonella isolation rates in
children as 10-7% and 10-5%, respectively. These for-
mer studies also concluded that in children <5 years
and the highest isolation rates of Salmonella were
reported during summer months. In concordance
with our findings regarding the dominance of S.
Typhimurium, similar results could be revealed from
studies in Iraq [18] and Bangladesh [12], underlying
S. Typhimurium as an important serotype associated
with diarrhoeal illnesses in children <5 years old in
Iraq, as well as other developing countries.

In the present study setting, age and gender of chil-
dren were highlighted by the final multivariable model
as important risk factors associated with non-
typhoidal Salmonella diarrhoeal illness in children
<5 years old in Thi-Qar. Despite being intriguing
findings, future case—control studies might be needed
to confirm the validity of this finding. Previous studies
from neighbouring countries such as Qatar [29] and
Turkey [25] indicated no statistically significant differ-
ence between boys and girls. However, other investi-
gations from Taiwan [30] found a resembling
finding to ours, with statistically significant higher
Salmonella infection in boys compared with girls.
With regard to age, our results show that the highest
numbers of cases among the study subjects were
among children aged between 1 and 2 years. This is
consistent with previous studies done in Iraq [18],


https://doi.org/10.1017/S0950268817002400

Table 5. Antimicrobial multi-resistance profiles of
Salmonella serotypes isolated from children <5 years old
admitted in two hospitals in Thi-Qar Governorate, Iraq

No. Salmonella Antimicrobial

antimicrobials serotypes multi-resistance profile

1 Mbandaka TET

2 Typhimurium TET, S

2 Typhimurium TET, S

2 Typhimurium TET, CTX

2 Typhimurium TET, ATH

3 Typhimurium TET, AHT, TS

3 Typhimurium TET, ATH, CTX

3 Typhimurium NA, ATH, CTX

4 Typhimurium TET, ATH, CTX, GM

4 Typhimurium TET, ATH, CTX, CIP

4 Typhimurium TET, ATH, NA, S

4 Hadar TET, CRO, CIP, TS

4 Hato TET, CRO, S, GM,

4 Hato ATH, NA, CTX, TS,

5 Hato ATH, CRO, S, NA, TS

5 Hato TET, CRO, S, NA, CIP

5 Hadar TET, CRO, CIP, TS, GM

5 Hadar TET, ATH, CIP, NA, GM

5 Enteritidis TET, ATH, CIP, S, TS

5 Typhimurium TET, ATH, CTX, CIP, TS

5 Typhimurium NA, ATH, CTX, TS, S

6 Enteritidis TET, ATH, CIP, S, TS, CRO

6 Muenchen TET, ATH, CIP, S, NA, CTX

6 Muenchen TET, ATH, CIP, TS, S, NA,

6 Muenchen CRO, ATH, CIP, TS, NA,
CTX

6 Typhimurium TET, ATH, CTX, CIP, TS, S

7 Typhimurium TET, ATH, CIP, CTX, TS,
NA, S

7 Typhimurium TET, ATH, CIP, CRO, TS,
NA, GM

7 Muenchen TET, ATH, CIP, S, NA,
CTX, GM

7 Enteritidis AMP, TET, CIP, S, CRO,
CTX, GM

7 Typhimurium AMP, AUG, CIP, S, CRO,
TS, GM

7 Typhimurium AMP, AUG, CIP, CRO, TS,
NA, GM

7 Typhimurium AMP, TET, CIP, CRO, TS,

NA, ATH

AMP, ampicillin; AUG, amoxicillin/clavulanate; CTX,
cefotaxime; CRO, ceftriaxone; GM, gentamicin; S, strepto-
mycin; CHL, chloramphenicol; CIP, ciprofloxacin; TET,
tetracycline; ATH, azithromycin; NA, nalidixic acid; TS, tri-
methoprim/sulfamethoxazole.

and also in neighbouring countries such as Jordan [31]
and Iran [26], where also the highest frequency of
Salmonella-positive stool cultures were reported in
the age group between 1 and 2 years. This could be
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due to an immaturity of the immune system and the
slow development of immune competence in the post-
natal and childhood years [32]. Furthermore, the risk
of putting contaminated fingers and fomites in the
mouth increased susceptibility to infectious diseases
due to physiological behaviour such as teething and
crawling which begins at this age [33].

Our findings indicate that in the current study set-
ting, children belonging to the mothers with lower edu-
cation level (illiterate and primary) were more likely to
have Salmonella infection compared with the mothers
with a higher education level. On the contrary to our
findings, a study in the USA (between 1997 and
2007) found that the highest rates of Salmonella infec-
tions are in families with a high educational attainment
[34]. The reasons for this contradiction are not clear.
However, it could be hypothesized that, in the USA
where the study was done, the more educated the
mothers are, the more they could be capable of search-
ing and receiving health care.

In this study, the pipe source of water (municipality
supplied) was found to be a significant risk factor asso-
ciated with Salmonella infection in children, and boil-
ing water had a protective effect against Salmonella
infection. These findings might indicate that contamin-
ation of drinking water by Salmonella could occur
at some stages from the source to the point of use.
Added to that, Salmonella has a well-documented
capacity for colonizing surfaces and replicating in
biofilms of distribution system pipes [35]. Studies in
some South Asian countries corroborated that the use
of municipal water was a major risk factor for typhoid
and non-typhoidal Salmonella outbreaks as reported in
Pakistan and Nepal, respectively [36, 37]. In Iraq, itis a
common practice to store water in tanks and barrels at
home for days before consumption [38]. According to
the United Nations data in 2013, the availability of
drinking water in Thi-Qar province was reported as
‘bad or very bad’ by 69% of the population [19].
Collectively, our finding adds to the body of evidence
that unsafe water consumption should be regarded
among the significant factors associated with children
infection with non-typhoidal Salmonella in Iraq.

In the present study, exposure to domestic animals in
the household was a significant risk factor for
Salmonella infection. This finding is not surprising as
the correlation between Salmonella infection in children
and contact with animals have been well documented in
several studies [39-41]. Our study supports the hypoth-
esis that animals living in proximity to the household
are potential sources of human salmonellosis.
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The final multivariable model (Table 2) indicates
that exclusive breastfeeding and mother’s hand wash-
ing after cleaning children following defecation are
significant protective factors. Despite the significance
of these findings, it is important to mind the risk of
self-reported bias associated with such outcomes.
Previous research showed that exclusive breastfeeding
for the first 6 months is protective against develop-
ment of salmonellosis and other enteric diseases
among infants [41]. Added to that, several case—
control studies in children with gastroenteritis from
different countries [42-44] have demonstrated that
breastfeeding is a significant factor in the prevention
of severe salmonellosis, which might have a biological
explanation given the well-documented protective
effect of breast milk against infections [45].
Conversely, bottle feeding was a risk factor associated
with Salmonella, which can be explained by inappro-
priate washing and sterilization conditions of bottles,
or unhygienic storage and possible contamination of
formula during the preparation of bottles [41].
Another protective explanatory variable was mother’s
hand washing after cleaning children following defeca-
tion. Caregivers should always be encouraged to wash
their hands after use of a toilet and before feeding the
child in particular, as contamination of hands with
faecal matter leads to contamination of surfaces and
foods. This indirect contamination pathway has been
highlighted previously as important in the transmis-
sion of enteric pathogens [46].

With regard to clinical manifestations, we found
that abdominal pain was most commonly occurring
in 65:9% of cases (211/320) of salmonellosis among
children <5 years in Thi-Qar. This agrees with pre-
vious studies in Oman [47] and Turkey [48]. Other
features such as fever, vomiting, duration, and consist-
ency of diarrhoea were not as significant in our study,
which is similar to a study in Taiwan [49].

Antibiotic treatment is required in severe cases of
gastroenteritis and whenever serious complications
are caused by Salmonella infection. In our study,
Salmonella isolates showed a high frequency of resist-
ance to tetracycline, azithromycin, ciprofloxacin, and
trimethoprim/sulfamethoxazole which are currently
recommended for empirical treatment by physicians.
In a study in Iran, Ranjbar et al. [50] observed a
high resistance to nalidixic acid (61-2%) and strepto-
mycin (42-:8%) among Salmonella strains isolated
from paediatric cases with enteritis during 2007—
2008. This is consistent with the present results,
which also demonstrate a high percentage of nalidixic
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acid and streptomycin resistance. Added to that, our
study revealed that 42:4% and 36-4% of the isolates
were resistant to two common third-generation cepha-
losporins, cefotaxime, and ceftriaxone, respectively.
The rate of resistance to these antibiotics in the cur-
rent study setting in Thi-Qar, south-eastern of Iraq,
was much higher than other findings in Kuwait and
United Arab of Emirates [51]. This is alarming
because third-generation cephalosporin antibiotics
are among the first-line drugs for treatment of salmon-
ellosis in children.

We report in this work some low rates of resistance
among Salmonella isolated from children in Thi-Qar
to gentamicin, amoxicillin/clavulanate, and ampicil-
lin. This is in concordance with a study performed
in the neighbouring country Kuwait, where Jamal
et al. [52] observed low levels of resistance to amoxicil-
lin/clavulanate (7%) and ampicillin (17%) among
Salmonella spp isolated from children and adults dur-
ing 1990-1993. We also report an alarming high
prevalence of MDR among Salmonella isolated from
children in Thi-Qar. This might be explained by the
fact that antimicrobial medications in Iraq, as in
many other developing countries, are readily available
for direct purchase from pharmacies and without the
need for medical prescription. Since the Iraq war in
2003, there has been little central governance on anti-
biotic use in humans or the animal sector, and the
widespread potential for misuse and overuse might
be a contributing factor to such alarming resistance
profiles seen in this study [53].

Thi-Qar is regarded as the poorest governorate in
Iraq. Conducting research in resources-limited settings
is very challenging, and in general doing research in
Iraq in the shadows of civil unrest, war, and insecurity
is even much more confronting. Our study faced with
some limitations. First, the study was conducted dur-
ing the summer, which is the peak season for diar-
rhoea in Thi-Qar. Such peak might be attributed to
increase in outdoor activities, increase in flies and
rodents’ density in the summer, and the challenge in
maintaining cold chain (e.g. for food commodities)
in the hot months, as provoked by frequent electricity
outage due to sand storms and heat waves in the study
area. This is the first baseline research attempt in this
region of Iraq, and it was important to target a sam-
pling time frame that allows us to access a large num-
ber of Salmonella cases. Second, this study involved
only children <5 years, given the vulnerability of
such group to diarrhoea. The findings from this
study cannot be generalizable to children older than
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5 years; however, it provides valuable baseline infor-
mation for the public health sector and for combating
important enteric illnesses in Thi-Qar.

In conclusion, this study indicates that non-
typhoidal Salmonella is an important cause of diar-
rhoea in children in Thi-Qar, which is the poorest
governorate in Iraq. Boiling water, breastfeeding,
hand washing practices, and avoiding animal contact
in domestic setting could contribute to reducing the
risk of transmission of non-typhoidal Salmonella
from contaminated environments. A high prevalence
of the antimicrobials-resistant isolates is a significant
public health concern for treating diseases in children
and adults. Therefore, systemic surveillance of antimi-
crobials and a dedicated centrally run stewardship
programme is needed in Iraq in both human and vet-
erinary medicine sectors. This work provides local,
specific epidemiological data, which are crucial to
understand and combat paediatric diarrhoea in Iraq.
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