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Abstract

Background: Antimicrobial resistance (AMR), particularly due to extended-spectrum beta-
lactamases (ESBL), is a growing threat in sub-Saharan Africa. This study investigates the prevalence,
epidemiological characteristics, resistance patterns and over time resistance dynamics of ESBL-
producing non-typhoidal Salmonella (NTS) bacteremia in Kisantu, Democratic Republic of Congo
(DRC), from 2019 to 2022. Methods: A retrospective observational study used routine bloodstream
infection data from the AMR network at Saint Luc Hospital in Kisantu. Blood cultures from suspected
bacteremia cases were processed using standard microbiological techniques. Bacterial identification
relied on biochemical reactions. Antibiotic susceptibility testing and ESBL-NTS detection were
performed by disk diffusion following Clinical and Laboratory Standards Institute guidelines.
Quarterly temporal trends in ESBL-positive NTS were evaluated using logistic regression. Results:
Of 19,430 blood cultures, 1,681 NTS isolates were identified, 1,568 were screened for ESBL. ESBL
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production was detected in 1,184 isolates (75.5%), mostly from children under 5 years (1,098/1,184;
92.7%), including nearly 72% under 24 months. ESBL prevalence increased significantly over time (3
=0.139, OR = 1.15, 95% CI: 1.11-1.19, p < 0.001), rising from 14.3% in Q (Quarter) 1 2019 to 95.3% in
Q3 2022. High levels of extensively drug-resistant (94.1%) and pan-drug-resistant (6.3%) isolates were
observed. No carbapenem resistance was detected, and azithromycin resistance remained low (6.4%).
Conclusion: ESBL-producing NTS bacteremia is rising in Kisantu, RDC, manly affecting children
under 5 years. Rising resistance to key antibiotics limits treatment options and highlights the need
for strengthened AMR surveillance, optimized antibiotic use, and vaccination strategies.

Keywords: Non-typhoidal Salmonella; ESBL; bloodstream infection; antimicrobial resistance; kisantu;
DRC

1. Introduction

Antimicrobial resistance (AMR) is a major global public health concern (1). According to the
World Health Organization (WHO), if no effective action is taken, AMR could become one of the
leading causes of death by 2050, potentially causing up to 10 million deaths annually, with a
particularly severe impact in sub-Saharan Africa (sSA) (2).

This global threat is exemplified by the rapid emergence of resistance to newly introduced
antibiotics: for instance, following the introduction of third-generation cephalosporins in the late
1970s, the first Klebsiella pneumoniae isolates producing extended-spectrum beta-lactamases (ESBLs)
were detected in Germany (3-5).

Today, ESBL-producing bacteria are increasingly common, particularly among Enterobacterales
such as Escherichia coli, Klebsiella pneumoniae, and non-typhoidal Salmonella (NTS) (5-7). The WHO
classifies Salmonella isolates from blood as priority pathogens requiring global surveillance in the
fight against AMR (1). NTS is a leading cause of invasive infections in sub-Saharan Africa, (7-10). In
2017, Stanaway et al. estimated that 535,000 (95% uncertainty interval 409,000-705,000) cases of
invasive NTS occurred globally, with the highest incidence in sub-Saharan Africa, especially among
children younger than 5 years old (34-3 [23-2-54-7] cases per 100,000 person-years) (11).

In the Democratic Republic of Congo (DRC), the blood culture surveillance network has
reported increasing resistance patterns among NTS isolates, particularly resistance to third-
generation cephalosporins (12,13). This situation is of high concern as over 95% of empirical
treatments for suspected bacteremia at Saint Luc Hospital (Kisantu Health Zone, one of the
surveillance sites in DRC) rely on third-generation cephalosporins (14).

The present study aims to describe the prevalence, epidemiological characteristics, resistance
profiles, and temporal dynamics of ESBL-producing NTS isolated from blood cultures collected at
Saint Luc Hospital. This work addresses an existing research gap, as recent data on ESBL-producing
NTS remain scarce, with most available studies dating back several years (15).
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2. Results

2.1. Blood culture Outcomes and NTS isolation
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Figure 1. Breakdown of blood culture results obtained at Saint Luc Hospital.

Between January 2019 and December 2022, a total of 19,430 blood cultures were collected at Saint
Luc Hospital. Non-typhoidal Salmonella (NTS) represented the majority of clinically significant
isolates, with a substantial proportion confirmed as ESBL-producers (75.5%).

2.2. Epidemiologic characteristics of patients with ESBL-NTS Bacteremia

Table 1. Epidemiologic characteristics of patients with ESBL-NTS cases.
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Total number of Number of Percentage
Characteristics NTS ESBL-NTS %) 95% CI (%)
(n=1,568) (n=1,184)
Age group
Less than 24 months 1,094 853 78.0 75.4-80.3
From 24 months to 59 months 350 245 70.0 65.0-74.6
From 5 to 14 years 87 59 67.8 57.4-77.0
Aged 15 years and over 37 27 73.0 57.0-84.6
Sex
Male 839 641 76.4 73.5-79.3
Female 729 543 74.5 71.2-77.7

The majority of ESBL-producing NTS isolates were from children under 5 years (1,098 of 1,184;
92.7%), including nearly 72% from those under 24 months. The proportions of ESBL remained high
across all age groups (67.8-78.0%), slightly higher in children under 24 months (78.0%; 95% CI: 75.4—
80.3). Proportions were similar between boys (76.4%) and girls (74.5%).

2.3. Temporal Trends in ESBL production (2019 to 2022)

Table 2. Quarterly (Q) distribution of ESBL producing NTS isolates (n=1,568).

Total number of Total number of ESBL-

N° Quarter/Year NTS producers NTS Observed %  Predicted %  95% CI (%)
1 Q1/2019 70 10 14.3 11.9 10.0-14.1
2 Q2/2019 63 16 254 13.5 11.3-15.9
3 Q3/2019 81 58 71.6 15.2 12.8-17.9
4 (Q4/2019 166 137 82.5 17.0 14.4-20.0
5 Q1/2020 291 228 784 19.1 16.2-22.3
6 2/2020 68 56 82.4 21.3 18.2-24.8
7 Q3/2020 58 49 84.5 23.8 20.4-27.5
8 (04/2020 143 107 74.8 26.4 22.7-30.3
9 Q1/2021 145 130 89.7 29.2 25.3-33.4

10 Q2/2021 31 28 90.3 32.1 28.0-36.5

11 Q3/2021 38 22 57.9 35.2 30.9-39.8

12 Q4/2021 81 54 66.7 38.4 33.9-43.2

13 Q1/2022 142 112 78.9 418 37.1-46.6

14 Q2/2022 83 78 94.0 45.2 40.4-50.1

15 Q3/2022 43 41 95.3 48.7 43.8-53.5

16 4/2022 65 58 89.2 52.1 47.2-57.0

A clear increasing trend in ESBL prevalence was observed, from 14.3% in Q1/2019 to 95.3% to
Q3/2022.
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Figure 2. Result of time analysis from 2019 to 2022.

Logistic regression showed a significant upward trend in ESBL producers over time (3 = 0.139,
OR =1.15,95% CI: 1.11-1.19, p < 0.001), indicating a 15% increase in odds per additional quarter.

2.4. Resistance Profile of ESBL-NTS (n=1,184)

Table 3. Resistance Profile of ESBL-NTS to antibiotics.

o . . Resistance

Antibiotics/Resistance mechanism % (n=1,184)
Ampicillin 100.0
Ceftriaxone/cefotaxime 100.0
Trimethoprim-sulfamethoxazole 98.8
Chloramphenicol 99.2
Ciprofloxacin 94.3
Imipenem/meropenem 0.0
XDR 94.1
PDR 6.3

Among ESBL-producing NTS isolates, resistance to conventional antibiotics was high, whereas
susceptibility to carbapenems was retained. The majority of isolates exhibited an Extensively Drug-
Resistance (XDR) profile (94.1%), and 6.3% were Pan-Drug-Resistance (PDR).

It should be noted that azithromycin susceptibility testing was performed only between September
2021 and December 2022 for 345 isolates, among which 6.4% exhibited resistance; these data are not

included in the main table.

3. Discussion

In terms of clinically significant bacteria, non-typhoidal Salmonella (NTS) is the leading cause of
bloodstream infections at Saint Luc Hospital in Kisantu. This is consistent with findings from
previous surveillance studies in Kisantu, DRC and other regions of sSA, particularly among pediatric
populations (7,9,10,12,13,16).

The 75.5% proportion of ESBL production among NTS isolates in this study marks a sharp
increase compared to historical data: 0% in 2010-2011 (Phoba et al.), and less than 2% from DRC
between 2007-2021 (Lunguya et al.) (13,17). This trend highlights the alarming progression of
resistance, likely driven by antibiotic overuse or misuse, as well as by changes associated with

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.



https://doi.org/10.20944/preprints202511.1464.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 November 2025 d0i:10.20944/preprints202511.1464.v1

6 of 11

evolving serotypes (10,14). The proportion of ESBL-producing NTS isolates would likely have been
slightly higher if all 113 isolates had been tested for ESBL production.

Most ESBL-producing NTS isolates were recovered from children under 5 years of age,
particularly those under 24 months of age, confirming their greater vulnerability to invasive
infections. This finding is consistent with the usual pattern of invasive non-typhoidal Salmonella
infections, which predominantly affect young children, and supports previous observations reported
by several authors, including Tack et al. and Kalonji et al. in DRC. (10,12). However, the proportion
of ESBL-producing isolates did not differ significantly across age groups or sex, suggesting a
widespread dissemination of resistant strains within the population.

The quarterly analysis revealed a significant upward trend in ESBL-NTS prevalence over the
study period, although the effect of time may be influenced by other unmeasured factors. These
findings suggest a potential role of antibiotic selective pressure, which reinforces the importance of
careful and controlled antimicrobial use (14).

Extensively drug-resistant (XDR) and pan-drug-resistant (PDR) isolates were detected at very
high proportions in the present study, in contrast to the low proportions reported by Tack et al. for
NTS isolates from Kisantu between 2015-2017 (10). The high proportions of XDR and PDR isolates
may be explained by the co-occurrence of plasmid-borne resistance genes, with ESBL genes
frequently associated with other resistance determinants, thereby promoting the emergence of
multidrug-resistant profiles (18). The level of resistance to ciprofloxacin was significantly elevated in
comparison to previously documented statistics from the DRC and other African regions
(9,10,12,13,17). This sharp increase may reflect a growing selective pressure due to the widespread
use of fluoroquinolones and raises concern about the future efficacy of this class of antibiotics.

Although the CLSI does not currently recommend routine susceptibility testing of azithromycin
for NTS, the proportion of resistant isolates observed in this study was low (6.4%) (19). As one of the
few antibiotics accessible to patients, azithromycin represents one of the limited therapeutic options
still available, although it is a “Watch group” antibiotic (20), its use is supported by only a few clinical
guidelines, and only as an oral treatment in the non-acute phase of the disease (15,21). Our results
revealed no resistance to carbapenems, but access to these antibiotics remains limited for the
population of Kisantu due to their high cost, consistent with observations from other studies
conducted in certain African countries (22).

Strengths and study limitations:

In the context of this temporal dynamics analysis, the potential impact of confounding factors
has not yet been assessed and remains to be evaluated in future work. Blood cultures were embedded
in routine patient care and a national surveillance project, ensuring consistent and uninterrupted
sampling. This study represents the first investigation in the DRC to examine the temporal trends of
ESBL-producing NTS isolates.

Molecular characterization of the isolates, including confirmation of the ESBL genes involved,
has not yet been performed and remains a step for future investigation. Azithromycin resistance was
tested for only a small subset of NTS isolates and Minimal Inhibitory Concentration (MIC) values
were not determined; however, a previous study demonstrated an excellent correlation between disk
diffusion results and MIC values (23).

Serotype determination was not performed; nevertheless, Salmonella Typhi was reliably
distinguished from non-typhoidal Salmonella using biochemical reactions.

4. Materials and methods

Study Design:

A retrospective observational study was conducted at Saint Luc Hospital in Kisantu, DRC, from
January 2019 to December 2022. This investigation is part of the national AMR surveillance Network
established by the Institut National de Recherche Biomédicale (INRB) in collaboration with the
Institute of Tropical Medicine Antwerp (ITM) (10,12,13). The surveillance system, initiated in 2007,
has been running continuously and involves the systematic collection of blood cultures from all

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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patients presenting with suspected bacteremia. For the purpose of this study, the inclusion criterion
was all patients with a positive blood culture for non-typhoidal Salmonella (NTS). Analyses excluded
patients with bacteremia due to any other bacteria, including Salmonella Typhi. Deduplication was
performed at the isolate level to ensure that only one isolate per episode of bloodstream infection per
patient was included. An episode was defined as any blood culture collected within a period of <14
days from the same patient. In addition, NTS isolates for which the ESBL profile had not been not
investigated by the laboratory, despite showing resistance to ceftriaxone. Some of the data were
collected during the implementation of the Severe Typhoid in Africa (SETA) study in Kisantu (2017-
2020) and additional data were collected at the beginning of the implementation of the Effect of a
Novel Typhoid Conjugate Vaccine in Africa (THECA) study (2021-2022) (24,25).

Study site:

Saint Luc Hospital is the only general referral hospital in Kisantu Health Zone, located in the
Province of Kongo Central (southwestern part of the DRC), approximately 121 km from the capital,
Kinshasa. The health zone of Kisantu covers an area of about 2,400 km?, with a total population of
approximately 190,000 inhabitants of which 45% reside in semi-urban areas. The health zone is
currently subdivided into 18 health areas, each comprising a health center responsible for patient care
and referral to the hospital in accordance with national guidelines (10).

Since 2007, the hospital has been part of the national surveillance network for bacterial antibiotic
resistance, with integration of blood cultures into routine clinical practice (10,13,26). Plasmodium
falciparum malaria, one of the main risk factors for the occurrence of NTS invasive infections, remains
endemic in Kisantu Health Zone, as in the rest of the country (27,28).

Sample collection

Blood cultures were collected from patients presenting at Saint Luc Hospital of Kisantu with
clinical suspicion of bloodstream infections. Collection procedures followed standardized protocols,
including those described by Tack et al. (10).

Laboratory analysis

Upon reception in the laboratory, blood culture bottles (BacT/ALERT, bioMérieux, Marcy-
L’Etoile, France) were incubated at 37 °C for up to seven days. Daily monitoring was performed to
detect color changes at the base sensor of the bottles, indicating microbial growth. Any positive bottle
was immediately removed from the incubator and processed for further analysis. Identification of
NTS isolates was performed using standard biochemical methods (13), based on two specific
biochemical characteristics that allowed us to exclude Salmonella Typhi: the ability to metabolize
citrate on Simmons citrate medium and positive ornithine decarboxylase (ODC) activity.

Antibiotic susceptibility testing was performed by the Kirby Bauer disk diffusion method using
Clinical and Laboratory Standards Institute (CLSI) guidelines, updated annually from 2019 to 2022
(29-32). ESBL production was detected using the combined disk method, a 25 mm increase in the
diameter of the inhibition zone around a cefotaxime or ceftazidime disk when combined with
clavulanic acid, compared to the zone produced by the same disk(s) without clavulanic acid (29-32).
In addition, the antibiotic panel tested included ampicillin (10ug), ceftriaxone
(30pg)/cefotaxime(30pg), trimethoprim-sulfamethoxazole (1.25/23.75ug), chloramphenicol (30ug),
pefloxacin (5ug), azithromycin (15ug) and imipenem (10pg)/meropenem (10ug).

Resistance to fluoroquinolones, particularly ciprofloxacin, was assessed based on the resistance
observed to pefloxacin (29-32).

Azithromycin was introduced in the laboratory in September 2021, following the surge in
resistance among NTS and the promising susceptibility results reported by Tack et al. (2022) (23). In
the present study, for the interpretation of azithromycin susceptibility testing results, we applied the
clinical breakpoints defined by CLSI for Salmonella Typhi in 2021 and 2022 (29-32), as recommended
given the absence of validated breakpoints for non-typhoidal Salmonella. This approach is supported
by Tack et al. (2022), who highlighted the relevance of the Salmonella Typhi ECOFF for guiding
azithromycin susceptibility interpretation in NTS isolates (23). Ultimately, azithromycin
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susceptibility was assessed for only 345 NTS isolates out of the total collection of NTS ESBL-
producers.
The non typhoidal Salmonella were characterized as follows:

e  XDR (Extensively Drug-Resistance): co-resistance to ampicillin, trimethoprim-
sulfamethoxazole, chloramphenicol, ceftriaxone and pefloxacin (10).
¢  PDR (Pan-Drug-Resistance): co-resistance to ampicillin, trimethoprim-sulfamethoxazole,

chloramphenicol, ceftriaxone, pefloxacin, and azithromycin (10).

Data collection and Statistical Analysis

Data were recorded in Excel 2016 and analyzed using Stata 18 (StataCorp, College station, TX,
USA) and RStudio (version 2025.09.1+401; Posit Software, PBC).

The dependent variable was the production of extended-spectrum (-lactamases (ESBL) by non-
typhoidal Salmonella (NTS). Independent variables included the date of blood culture collection,
patient age, sex, and the resistance profile of NTS to various antibiotics Descriptive statistics were
presented using frequency tables and figures. Only the first isolate per bloodstream infection episode
was considered for analysis, and control blood culture cases were also excluded.

Patients were categorized into four age groups: <2 years, 2—4 years, 5-14 years, and 215 years.
For each group, the proportion of ESBL-producing NTS isolates was calculated by dividing the
number of ESBL isolates by the total number of NTS isolates. Ninety-five percent confidence intervals
(CI) were calculated for distributions by age group and sex, allowing assessment of both relative
prevalence and absolute burden.

The temporal evolution of the proportion of non-typhoidal Salmonella producing ESBL between
2019 and 2022 was analyzed using logistic regression. Data were aggregated by quarter, considering
for each period the total number of isolates and the number of ESBL-producing isolates.

The dependent variable was ESBL presence, expressed as the number of events out of the total
isolates. Time (t), coded from 0 to 15 for the 16 consecutive quarters, was used as the explanatory
variable.

A binomial logistic regression model was fitted according to the formula Logit(pf)=o+ 1 x ¢,
where pt represents the probability of observing an ESBL isolate in quarter t.

A significance threshold of p <0.05 was applied.

Resistance proportions for each antibiotic were calculated among ESBL-producing isolates.

5. Conclusion

This study highlights a critical and escalating public health concern in Kisantu, DRC, due to the
high prevalence of ESBL-producing NTS bacteremia between 2019 and 2022. More than three-
quarters of all NTS isolates were ESBL-producers. While the proportions of ESBL-producing isolates
were relatively similar across all age groups, children under 5 years, particularly those under 24
months, carried the highest absolute burden. Similar proportions between sexes indicate widespread
dissemination of resistant strains throughout the population.

The temporal analysis demonstrated a statistically significant increase in ESBL prevalence,
suggesting a growing selective pressure likely driven by widespread empirical use of third-
generation cephalosporins. Additionally, the high proportions of XDR and PDR further restrict
available therapeutic options and raise urgent concerns regarding the effectiveness of first-line
antibiotics.

In contrast, no resistance to carbapenems was observed, and azithromycin resistance remained
low, although its role in NTS treatment remains to be clarified by further clinical studies.

These findings underscore the urgent need to strengthen AMR surveillance, implement rational
antibiotic prescribing policies, and invest in molecular studies to better understand resistance
mechanisms. In addition, vaccination together with targeted interventions, is crucial to protect
vulnerable pediatric populations and preserve the effectiveness of remaining treatment options.
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DRC Democratic Republic of Congo

ECOFF Epidemiological cut-off
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SETA Severe Typhoid in Africa

THECA  The Effect of a Novel Typhoid Conjugate Vaccine in Africa
WHO World Health Organization

XDR Extensively Drug-Resistance
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