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ABSTRACT

Objectives: Rising antimicrobial resistance is a global challenge; however, resistance pat-
terns may vary substantially by region and even by serovar. The lack of contemporary, se-
rovar-specific data in regions such as Iraq complicates the development of evidence-based
treatment strategies. This study aimed to address this gap by characterizing a localized
non-typhoidal Salmonella outbreak.

Materials and Methods: Between April and November 2019, stool and blood samples were
collected from patients. Samples were cultured on appropriate media and tested serolog-
ically. Salmonella identification was confirmed using biochemical tests and the VITEK® 2
automated identification system. Antimicrobial susceptibility testing was performed using
Mueller-Hinton agar in accordance with Clinical and Laboratory Standards Institute (CLSI)
guidelines. Serotyping was conducted at the Central Public Health Laboratory in Baghdad

Results: Samples were collected from 450 patients. Salmonella spp. were isolated in 75 (16.6%)
patients. Among Salmonella-positive patients, the highest proportion was observed in the
1-10-year age group (40%), and Salmonella brandenburg was the most frequently identified
serotype (61.3%). All isolates were susceptible to ceftriaxone, ciprofloxacin, and imipenem,
while 77.3% were resistant to amikacin.

Conclusion: Our findings reveal a distinct local epidemiological pattern in Baghdad, charac-
terized by a transient outbreak of S. brandenburg in 2019 that was not detected in subsequent
surveillance. Clinically, isolates from this non-typhoidal outbreak were fully susceptible to
ceftriaxone, in contrast to the concurrent national epidemic of highly ceftriaxone-resistant
Salmonella typhi. This dual epidemiological pattern, together with the high rate of amikacin
resistance, underscores the critical importance of continuous, localized, and serovar-specific
surveillance to guide effective public health strategies in Irag.
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INTRODUCTION

almonella infections are among the most com-

mon infectious diseases worldwide, with an

estimated 550 million cases annually, particu-
larly affecting children under five years of age (1). Al-
though these infections are often mild and self-lim-
iting, they may become severe and life-threatening
in high-risk groups such as children, older adults,
and immunocompromised individuals, thus requir-
ing antimicrobial therapy (2). In addition to causing
acute gastroenteritis, Salmonella can establish car-
riage in atypical sites; in rare cases, urinary tract
carriage has also been reported (3).

The global increase in antimicrobial resistance rep-
resents a major challenge in the management of
Salmonella infections. Because resistance patterns
vary geographically, regular surveillance of locally
prevalent strains and their antimicrobial suscep-
tibility profiles is essential. Such data are critical
for updating empirical treatment protocols and in-
forming public health strategies (4). Recent reports
from our region have demonstrated that carbapen-
emase-producing Enterobacterales are widespread
and that multidrug-resistant isolates are increas-
ingly emerging as a significant public health con-
cern (5,6). In settings such as Iraq, where epidemi-
ological and microbiological surveillance data re-
main limited, studies of this nature are particularly
important for guiding local healthcare policies and
advancing global understanding of antimicrobial
resistance.

The aim of this study was to determine the sero-
type distribution of Salmonella strains isolated from
patients presenting with diarrhea and to assess
their antimicrobial susceptibility profiles, thereby
providing updated data to support regional treat-
ment guidelines.

MATERIALS AND METHODS

Study Design and Population

This study analyzed stool and blood samples ob-
tained from patients who presented with high body
temperatures at Baghdad Teaching Hospital and
Medical City in Baghdad, Iraqg, between April and
November 2019. To avoid duplication, only the first
sample from each patient was included in the anal-
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ysis. All samples were collected as part of routine
diagnostic procedures. The study was conducted in
accordance with the principles of the Declaration
of Helsinki. Ethical approval was obtained from the
Necmettin Erbakan University Meram Faculty of
Medicine Non-Drug and Medical Device Research
Ethics Committee on February 7 2020 (decision no.
2020/2294).

Sample Collection and Microbiological Culture
Stool samples were collected in sterile, leak-proof
containers and processed immediately upon re-
ceipt. A portion of each sample was directly cul-
tured on MacConkey agar (HiMedia Laboratories,
Mumbai, India) and Salmonella-Shigella (S-S) agar
(HiMedia Laboratories, Mumbai, India) and incu-
bated at 37°C for 18-24 hours.

Simultaneously, another portion of the sample was
inoculated into Selenite-F enrichment broth and
incubated at 37°C for 8 hours. After enrichment, a
loopful from the Selenite-F broth (HiMedia Labo-
ratories, Mumbai, India) was subcultured onto S-S
agar and incubated at 37°C for 18-24 hours.

Bacterial Identification and Serotyping
Suspected non-lactose fermenting colonies were
selected from the agar plates for further identifi-

HIGHLIGHTS

e Salmonella infections occurred most frequently in
the pediatric population (1-10 years) in Baghdad,
with a higher incidence observed in males.

e Salmonella brandenburg (61.4%) was identified as
the predominant serotype, diverging from find-
ings reported in many regional and international
studies.

e All isolates were fully susceptible to ceftriaxone,
ciprofloxacin, and imipenem, supporting their ef-
fectiveness in appropriately selected cases.

¢ A high resistance rate to amikacin (77.3%) was
observed, underscoring the risks of its empirical
use and the need for local surveillance.

e The study emphasizes the importance of ongoing
monitoring of local serotype distribution and re-
sistance patterns to inform public health strate-
gies in Iraq.
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cation. Preliminary identification was performed
using a panel of standard biochemical tests, includ-
ing catalase, urease, indole, oxidase, mannitol fer-
mentation, and hydrogen sulfide (H,S) production.
Final species-level identification was confirmed us-
ing the VITEK® 2 automated identification system
(bioMérieux, Marcy l'Etoile, France).

Serotyping of the confirmed Salmonella spp. isolates
was performed using polyvalent Salmonella antisera
at the Central Public Health Laboratory in Baghdad,
in accordance with the manufacturer’s instructions.

Antimicrobial Susceptibility Testing
Antimicrobial susceptibility testing was performed
using the Kirby-Bauer disk diffusion method on
Mueller-Hinton agar, in accordance with the Clin-
ical and Laboratory Standards Institute (CLSI)
guidelines. For each isolate, an inoculum was pre-
pared, and a sterile cotton swab was used to evenly
inoculate the entire surface of the agar plate. After
the agar surface had dried for 15-20 minutes, anti-
biotic discs containing amikacin, norfloxacin, cef-
triaxone, imipenem, ciprofloxacin, and pefloxacin
were placed onto the agar.

Amikacin was included in the testing panel as part
of the laboratory's routine protocol for Gram-nega-
tive bacteria; however, its results were evaluated in
this study solely for epidemiological surveillance.
Each disk was gently pressed onto the agar surface
using sterile forceps to ensure full contact. The
plates were then inverted and incubated at 37°C
overnight. Inhibition zone diameters were mea-
sured, and isolates were classified as susceptible,
intermediate, or resistant based on CLSI criteria.

Direct Stool Microscopy

A small portion of each fresh stool sample was
mixed with a drop of 0.9% sodium chloride (NaCl)
solution on a glass slide, a coverslip was applied,
and the mixture was examined microscopically.
The preparations were evaluated at low (10x) and
high (40x) magnification for the presence of leuko-
cytes, erythrocytes, and parasites.

Statistical Analysis
Data analysis was performed using descriptive sta-
tistical methods. Categorical variables were pre-
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sented as frequencies and percentages. All statis-
tical analyses were conducted using SPSS software
version 25.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Between April and November 2019, a total of 450
stool and blood samples were collected from pa-
tients presenting with fever and diarrhea. Salmonel-
la spp. were isolated from stool cultures in 75 pa-
tients, corresponding to an overall positivity rate of
16.6%. No Salmonella growth was detected in blood
cultures.

The age distribution of patients with Salmonella
Spp. positivity is presented in Table 1. The highest
proportion of cases was observed in the 1-10-year
age group, with 30 patients (40%), followed by the
31-40-year age group, with 14 patients (18.6%). The
lowest frequency was recorded in the 41-50-year
age group, with 2 patients (2.6%).

Regarding gender distribution, Salmonella infec-
tion was more frequently observed in males (n=58,
77.3%) than in females (n=17, 22.6%).

The serotype distribution of the isolated Salmonel-
la spp. is shown in Table 2. Salmonella brandenburg
was the predominant serotype, accounting for 46
isolates (61.3%), followed by Salmonella ohio with 15
isolates (20%) and Salmonella newport with 14 iso-
lates (18.7%).

Table 1. Age distribution of patients with Salmonella spp.

positivity.
Age group (years) n (%)
1-10 30 (40.0)
11-20 6(8.0)
21-30 7 (9.4)
31-40 14 (18.6)
41-50 2(2.6)
51-60 10 (13.4)
61-70 6(8.0)
Total 75 (100)
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Table 2. Serotype distribution and antimicrobial resistance profiles of Salmonella spp. isolates.

Antibiotic S. bmndi\n?’l/:;g (n=46) S. 0;‘:0(5/:1):1 5) S. new::czz/:)(n:ﬂ) Tot;:\l ((:/575)
Amikacin 37 (80.4) 11 (73.3) 10 (71.4) 58 (77.3)
Norfloxacin 18 (39.2) 5(33.3) 5 (35.8) 28 (37.3)
Ceftriaxone 0(0) 0(0) 0(0) 0(0)
Ciprofloxacin 0(0) 0(0) 0(0) 0(0)
Pefloxacin 0(0) 0(0) 0(0) 0(0)
Imipenem 0(0) 0(0) 0(0) 0(0)

All Salmonella spp. isolates were susceptible to cef-
triaxone, ciprofloxacin, and imipenem. In contrast,
a high rate of resistance to amikacin (77.3%) was
observed. The antimicrobial susceptibility profiles
of the identified serotypes (S. brandenburg, S. ohio,
and S. newport) are summarized in Table 2.

DISCUSSION

In this study, the highest isolation rate of Salmonel-
la spp. was observed in the pediatric patient group
aged 1-10 years (40%), reaffirming the significant
impact of salmonellosis on child health. Similarly,
a recent phylogenomic investigation from England
reported travel-associated Salmonella Paratyphi
B infections linked to Iraqg, with half of the cases
occurring in children aged <10 years, underscor-
ing both the vulnerability of this age group and
the potential for locally circulating strains to have
international public health implications (7). This
finding is consistent with previous reports from Eu-
rope, which indicate that children aged 0-4 years
are five times more likely to be affected than the
general population (8), as well as a study from the
Thi-Qar governorate in Iraq that detected Salmonella
in 10.3% of children with diarrhea (9). Furthermore,
the overall prevalence of 16.6% observed in our
study aligns with other recent findings from Irag;
for instance, a 2022 study in Babylon province also
reported a prevalence of 17% among patients with
diarrhea (10). Together, these findings suggest in-
creased susceptibility among children, likely relat-
ed to immature immune responses and hygiene-re-
lated factors (11).
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The most striking finding of this study was the pre-
dominance of the S. brandenburg serotype, which
accounted for 61.4% of all isolates. This distribu-
tion differs significantly from both regional and in-
ternational reports. For example, surveillance data
from the European Union indicate a prevalence of
only 0.2% for S. brandenburg (12), while a study from
southeastern Iraq identified Salmonella typhimurium
as the dominant serotype (54.5%) (9). The unusually
high prevalence of S. brandenburg observed in our
study, therefore, suggests the occurrence of a local-
ized outbreak during the study period.

A study conducted among children with diarrhea
in Turkiye identified Salmonella enteritidis as the pre-
dominant serotype, accounting for 16 of 19 isolates
(13). Similarly, dominant serotypes reported across
Europe include Salmonella infantis and S. enteritidis
(12), while S. typhimurium predominates in other
parts of Iraqg (9). These pronounced regional differ-
ences further strengthen the hypothesis that the
serotype distribution observed in our study reflects
a temporary, localized epidemic strain circulating
in Baghdad in 2019. Supporting this hypothesis,
surveillance studies from the provinces of Babylon
(2022) and Wasit (2023) reported S. enteritidis and S.
typhimurium as predominant in both clinical and
food-source samples, with no detection of S. bran-
denburg (10,14). Perhaps the most compelling evi-
dence comes from subsequent surveillance within
Baghdad itself. A study conducted during 2020-2021
demonstrated a complete shift in circulating clinical
serotypes toward Salmonella typhi and S. typhimuri-
um, with S. brandenburg no longer identified (15). This
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sharp temporal replacement within the same geo-
graphic area strongly supports the conclusion that
the predominance of S. brandenburg observed in our
2019 study represented a transient outbreak.

From a clinical perspective, one of the most signifi-
cant findings was the complete susceptibility of all
isolates to ceftriaxone, ciprofloxacin, and imipen-
em, indicating that these agents remain effective
options for the treatment of complicated salmo-
nellosis in this setting. These results are consistent
with reports by Hleba et al. (16) and by Halawani et
al. (17) from Saudi Arabia. The finding of full sus-
ceptibility to ciprofloxacin is also supported by a
2023 Iraqi study examining isolates from chicken
meat, which reported a low resistance rate of 15.8%
(14), although higher resistance rates have been
reported in Turkiye (13) and other poultry studies
(18), reflecting regional variability. In contrast, resis-
tance to norfloxacin was observed in 37.3% of the
isolates, underscoring that resistance patterns may
vary significantly even within the same antibiotic
class and highlighting the importance of antibiot-
ic-specific surveillance data.

Importantly, the susceptibility patterns observed
in our non-typhoidal Salmonella isolates contrast
sharply with those reported for typhoidal Salmonella
in Iraqg. National surveillance data from 2019 docu-
mented ciprofloxacin resistance in 21.7% of S. typhi
isolates (19). Similarly, while all isolates in our study
were susceptible to imipenem, S. typhi isolates na-
tionwide also showed high susceptibility (96.08%) in
the same year, confirming its broad efficacy against
severe salmonellosis in Iraqg (19). Nevertheless, re-
ports of imipenem resistance in food-producing an-
imals in Iraq suggest that distinct resistance pres-
sures may exist between human and animal-de-
rived strains (20). The most striking contrast was
observed for ceftriaxone: while all non-typhoidal
isolates in our study were fully susceptible, nation-
al data reported ceftriaxone resistance rates of up
to 92.2% among S. typhi isolates during the same
period (19). These dual epidemiological findings un-
derscore the critical importance of distinguishing
between typhoidal and non-typhoidal Salmonella
when interpreting resistance data.
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Conversely, a noteworthy observation was the high
rate of amikacin resistance (77.3%). Although CLSI
guidelines do not recommend routine reporting of
amikacin susceptibility for Salmonella, this unex-
pectedly high resistance rate was considered signif-
icant for understanding local resistance dynamics.
This rate is particularly striking when compared
with other regional data; for instance, a study on
isolates from chicken meat in Wasit province, Iraq,
reported amikacin resistance at 31.6% (14). The
nearly 2.5-fold higher resistance observed in our
clinical isolates suggests that the underlying re-
sistance mechanisms may be more prevalent or
different in human-derived strains. This finding
highlights the potential limitations of empirical
treatment regimens and underscores the need for
further molecular investigation to elucidate the
source and mechanisms of this unusual resistance
profile.

Several limitations of this study should be acknowl-
edged. As a single-center study conducted in Bagh-
dad, its findings may not be fully generalizable to
other regions of Iraq. In addition, the eight-month
study period may not adequately capture seasonal
variation in Salmonella serotypes. The analysis was
limited to Salmonella spp. and did not include other
potential enteric pathogens, and antimicrobial sus-
ceptibility testing was restricted to a selected panel
of antibiotics. Despite these limitations, the present
study provides valuable, contemporary data on the
local epidemiology and antimicrobial susceptibility
patterns of Salmonella in a high-prevalence setting.

In conclusion, this study reveals a distinct local
epidemiology of salmonellosis in Baghdad, charac-
terized by a high prevalence in the pediatric popu-
lation and the predominance of S. brandenburg. The
consistent susceptibility of all isolates to ceftriax-
one, ciprofloxacin, and imipenem offers clear guid-
ance for effective therapeutic strategies, whereas
the high resistance rate to amikacin highlights the
risks of empirical use without local data. Together,
these findings underscore the need for continuous,
localized surveillance of Salmonella serotypes and
resistance profiles to inform effective treatment
strategies and public health policies in Iraq.
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