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Abstract

Cholera remains a major public health challenge, and co-infections can complicate clinical
outcomes. In a cross-sectional study, we investigated the prevalence and patterns of enteric
co-infections during Zambia’s 2023-2024 cholera outbreak and evaluated their implications
for disease severity. 240 suspected cholera patients were enrolled from five healthcare
facilities in Lusaka. Stools were tested for 11 enteric pathogens using the Bosphore®
Gastroenteritis Panel Kit v2 on the QuantStudio 5 qPCR, with Vibrio cholerae confirmed by
real-time PCR (quantitative PCR). Co-infections were highly prevalent, affecting 79.2% of
participants. Campylobacter was the most frequently detected pathogen (70.0%), followed by
Norovirus GI/GII (20.0%). Persons living with HIV were significantly more likely to present
with co-infections than their counterparts (adjusted PR 1.27, 95% CI: 1.07-1.51; p = 0.008).
Participants with confirmed V. cholerae + coinfections (N = 62) were less likely to developed
moderate to severe disease compared to those with mono-infections (adjusted PR 0.59,
95% CI: 0.38-0.90; p = 0.014). These findings highlight the high prevalence and complexity of
co-infections during cholera outbreaks, potentially contributing to antimicrobial resistance.
They also highlight the need for targeted clinical management, particularly among persons
living with HIV.
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1. Introduction

Cholera, caused by Vibrio cholerae (V. cholerae), remains a significant global health
challenge. In 2023, World Health Organization (WHO) recorded 535,321 cases and
4007 deaths worldwide, a 13% increase over 2022 [1,2]. This burden is concentrated
in endemic regions; notably, sub-Saharan Africa observed large outbreaks in 2024. For
example, from January to July 2024, WHO-AFRO documented 112,301 cases (1900 deaths,
CFR 1.7%) across 14 countries, the bulk in Zimbabwe, Democratic Republic of Congo
(DRC), Ethiopia, and Zambia [3].

Co-infections can markedly worsen cholera outcomes and undermine case manage-
ment. For example, a recent Bangladesh study found that patients co-infected with toxigenic
E. coli and V. cholerae experienced much more severe dehydration and vomiting, requiring
intravenous fluids more often [4]. Likewise, surveys in Africa report that over half of
diarrheal episodes in children involve multiple pathogens [5-7]. These mixed infections
are not benign, but they intensify symptoms and complicate treatment, especially when
coupled with comorbidities like HIV or malnutrition, potentially prolonging hospital stays.
Moreover, co-infections create diagnostic ambiguity during outbreaks. With cholera symp-
toms overlapping many enteric diseases, clinicians often treat empirically. In a recent
Syrian outbreak, 61% of patients with acute diarrhoea were given antibiotics, doxycycline
or ciprofloxacin, despite uncertain aetiology [8]. Although guidelines reserve antibiotics for
severe cholera, in practice they are frequently prescribed for all cases, a strategy that offers
no benefit against viral or self-limiting pathogens and instead drives resistance. Indeed,
strains of V. cholerae now exhibit extremely high resistance to older drugs (>96% resistance
to co-trimoxazole in Ghana) [9] and rising resistance even to first- and second-line agents.
In Zambia’s 2023-2024 epidemic, surveillance found emerging resistance to tetracycline
and ciprofloxacin in Lusaka isolates (only ~84-82% remained susceptible) [10]. Targeted
investigation of cholera co-infections in endemic regions is essential to close critical knowl-
edge gaps, enhance diagnostic accuracy, promote rational antibiotic use, and ultimately
improve patient outcomes while curbing antimicrobial resistance.

This study set out to determine the prevalence and patterns of enteric co-infections
among individuals presenting with cholera-like diarrheal disease during Zambia’s
2023-2024 outbreak, and to assess their implications for clinical outcomes. Specifically, the
study sought to identify the range of pathogens co-circulating with V. cholerae, examine
demographic and clinical factors such as age and HIV status associated with co-infection
risk, and evaluate the relationship between infection status and disease severity.

2. Materials and Methods
2.1. Study Design and Participants

We conducted a cross-sectional study, during the 2023-2024 cholera outbreak in Lusaka,
Zambia, among children and adults who presented with rice water stool diarrhoea at
five healthcare facilities namely: Levy Mwanawasa University Teaching General Hospital,
George Health Centre, Matero Level One Hospital, Heroes Stadium Cholera Admission
Centre), and Chipata Trades Mini Hospital. Participants were included if they tested
positive for V. cholerae on rapid diagnostic test (RDTs) and in some cases based on clinical
picture. HIV testing was mandatory at admission; therefore, HIV results were obtained
from the Ministry of Health (MOH) dataset for all enrolled patients. Initial screening was
conducted using a rapid HIV test.

Stool samples were collected in sterile containers and transported to the Basic Science
and Immunology laboratory within 24 h at 4 °C. Upon arrival, samples were stored at
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—80 °C until analysis for cholera and multi-pathogen screening. Total nucleic acid extrac-
tion followed a previously described protocol [11]. Stool samples weighing approximately
150 mg were homogenized in SK 38 bead-beating tubes containing easyMAG® Lysis Buffer
(bioMérieux S.A., Marcy I'Etoile, France). The resulting homogenate was then centrifuged
at 14,000 RPM for 2 min, and 200 pL of the supernatant was utilized for subsequent nucleic
acid extraction using the Qiagen MinElute Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. Eluted nucleic acid was stored at —80 °C until ready for use.

2.2. Cholera Detection

Detection of V. cholerae was carried out using real-time PCR targeting the ctxA gene.
Reactions were set up using the QuantiFast Pathogen RT-PCR +IC Kit (Qiagen, Germany),
following the manufacturer’s instructions. DNA previously extracted from samples was
thawed and added to a master mix containing the internal control, Taq polymerase, dNTPs,
and gene-specific primers and probe for the ctxA gene (see Supplementary Table S1 for
sequences). Amplification was performed on the 7500 Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA) using the following thermal cycling conditions: initial
denaturation at 95 °C for 5 min, followed by 40 cycles of denaturation at 95 °C for 15 s
and annealing/extension at 60 °C for 30 s. Samples were considered positive for V.
cholerae when amplification of the ctxA gene occurred with a cycle threshold (Ct) value
below 35 [12]. Each run included appropriate positive and negative controls to ensure assay
validity and to monitor for potential contamination.

2.3. Multi-Pathogen Amplification and Detection of Other Enteric Pathogens

This study used a commercial Bosphore® Gastroenteritis Panel Kit v2 (Anatolia Ge-
neworks, Istanbul, Turkey), which detects 11 pathogens on the Real-time PCR Applied
Biosystem Quantstudio 5 qPCR platform (Thermo Fisher Scientific, Waltham, MS, USA).
The viral pathogens include astrovirus, rotavirus, norovirus G1 and GII, adenovirus,
while the bacterial pathogens comprise Clostridium difficile, Campylobacter spp., Salmonella
spp., Enteroinvasive E. coli (EIEC) and Shigella spp., verotoxigenic E. coli (VTEC) and
Yersinia enterocolitica. Specifically, two master mix (Viral and Bacterial) [13] were prepared
as follows:

For the viral preparation, 20 pL of the master mix (PCR Master Mix containing a
reverse transcription mixture) was aliquoted into PCR tubes, followed by the addition of
5 uL of nucleic acid material (sample/positive or negative control). Similarly, for the bacte-
rial preparation, 20 uL of the master mix was pipetted into the PCR tubes, followed by the
addition of 5 uL of DNA (sample/positive or negative control) (Supplementary Table S2).
All preparations adhered to strict aseptic techniques to prevent cross-contamination during
the setup process. The qPCR thermocycler conditions were performed as described in Sup-
plementary Table S3, and positive samples were determined using a cycle threshold (CT)
value cutoff of 35, as previously established in a similar study [14] and as recommended by
the manufacturer.

2.4. Statistical Analysis

Baseline characteristics were summarised using frequency and percentage for categor-
ical variables while continuous variables were summarised using median and interquar-
tile interval (IQI). The primary outcome was defined as proportion of participants with
V. cholerae co-infection with other enteric pathogens. Using frequency and percentage,
we summarised V. cholerae co-infection with single enteric pathogen and combination of
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pathogens. We used log-binomial generalized linear model to identify factors indepen-
dently associated with prevalence of co-infection. In a secondary analysis, we explored
the association of infection status (co-infection vs. V. cholerae alone) with disease severity.
Disease severity was categorized as 0 = mild and 1 = moderate to severe. Treatment plan A
corresponded to mild cases, while plans B and C were used for moderate to severe cases.
All analyses were performed using Stata version 18.0 MP (StataCorp, College Station, TX,
USA), and a two-sided p-value < 0.05 was considered statistically significant.

3. Results
3.1. Participants’ Flow and Background Characteristics

A total of 351 participants were screened, of which 240 were included in the primary
analysis (Figure 1). Among participants, 46.7% were male, 32.1% female, and 21.2% had
missing sex data. The median age was 26 years (IQR: 14-38), with 19.6% under 15 years,
17.1% each in the 15-24 and 25-34 year groups, and 24.6% aged 35 years or older. Infection
status varied significantly by health facility: 26 (10.8%) at Chipata, 62 (25.8%) at George,
54 (22.5%) at Heroes, 8 (3.3%) at Levy, and 90 (37.5%) at Matero. Regarding HIV status,
215 participants (89.6%) were HIV-negative and 19 (7.9%) were people living with HIV
(PLWH) (Table 1). Notably, missing data were present for several key variables, including
sex, age, HIV status, and cholera vaccination history.

Missing results, n=1
Duplicate samples, n =12
Not merged, n =66
Cholera negative, n = 32
Samples in final analysis
n=240
—C\/[issing severity data, n = 172)

Samples in sub-group analysis
n =62

Figure 1. A schematic representation of participant flow through the study, detailing the selection

Samples in cholera results
dataset, n = 351

process for stool samples included in the final and sub-group analyses.
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Table 1. Baseline characteristics of participants.

- Total
Characteristic N = 240
n (% of Total)
Sex
Male 112 (46.7)
Female 77 (32.1)
Missing 51 (21.2)
Age (Years), Median (IQI *) 26 (14-38)
Age group (Years)
<15 47 (19.6)
15-24 41 (17.1)
25-34 41 (17.1)
35+ 59 (24.6)
Missing 52 (21.7)
Facility
Chipata 26 (10.8)
George 62 (25.8)
Heroes 54 (22.5)
Levy 8 (3.3)
Matero 90 (37.5)
Vaccinated against cholera
No 18 (7.5)
Yes 4(1.7)
Missing 218 (90.8)
HIV Status
Negative 215 (89.6)
Positive 19 (7.9)
Missing 6 (2.5)

* Interquartile Interval.

3.2. Prevalence and Patterns of Enteric Co-Infections

We assessed the prevalence and co-infection patterns within the study cohort. For
this, we analysed pathogen-specific detection frequencies and their co-occurrence profiles
(Figure 2). As shown in Figure 2a, we found the prevalence of Campylobacter, approaching
70%, followed by Norovirus GI/GII, with a considerably lower prevalence of approximately
15%. Moderate detection rates were also observed for EIEC/Shigella and Adenovirus,
whereas other pathogens, including VITEC, Astrovirus, Clostridioides difficile, Salmonella,
and those grouped as “Others,” were infrequently detected, each accounting for less than
5% of cases.

Co-infection analysis revealed that Campylobacter was not only the most common
single pathogen (n = 100) but also the most frequently involved in co-infections (Figure 2b).
Notably, we identified frequent co-infections involving Campylobacter and EIEC/Shigella
(n = 20), Campylobacter and Norovirus GI/GII (n = 16), as well as Campylobacter and Ade-
novirus (n = 15). Less common co-infections included Campylobacter paired with VTEC,
C. difficile, or Salmonella. Additionally, triple-pathogen co-infections involving Campylobac-
ter, EIEC/ Shigella, and Norovirus GI/GII were detected (n = 4). Although rare, we also
observed two instances of quadruple infections comprising Campylobacter, EIEC / Shigella,
Norovirus GI/GII, and Adenovirus.



Pathogens 2025, 14, 1224

6 of 14

Norovirus GI/Gll

EIEC/Shigella -—‘
Adenovirus -—‘
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(4]
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Salmonella |-<
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Number of Co-infecting Pathogens
N

Frequency

Figure 2. Prevalence and patterns of enteric co-infections. (a) prevalence of each pathogen plus
V. cholerae. The horizontal bars represent the prevalence (%), and the red error bars indicate the 95%
confidence intervals (CI); (b) patterns and combinations of pathogen co-infections plus V. cholerae.
The bar chart shows the number of samples with 1 to 4 co-infecting pathogens and coloured squares
indicate the specific pathogen(s) involved in each combination.

3.3. Risk Factors of Co-Infection

Co-infection was identified in 79.2% (n = 190) of participants. Age and HIV status
were significantly associated with co-infection (Table 2). Compared with children under
15 years, participants aged 15-24 and 25-34 years had a lower prevalence of co-infection
(adjusted PR: 0.75; 95% CI: 0.58-0.96 and 0.80; 95% CI: 0.64-1.00, respectively). Conversely,
PLWH were significantly more likely to have co-infection than HIV-negative participants
(adjusted PR: 1.27; 95% CI: 1.07-1.51, p = 0.008).
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Table 2. Risk factors of co-infection.
. Co-Infection . N .
Characteristic (n = 190, 79.2%) p-Value  Unadjusted PR p-Value Adjusted PR p-Value
n (% of Row Total) Ratio (95% CI) Ratio (95% CI)

Sex

Male 87/112 (77.7) Reference

Female 59/77 (76.6) 0865a 99 (0.84,1.16) 0860
Age group (Years)

<15 41/47 (87.2) Reference Reference

15-24 28/41 (68.3) 0.78 (0.62, 0.99) 0.75 (0.58, 0.96)

25-34 29/41 (70.7) 0.080a 81065102 909 080064100 0068
35+ 49/59 (83.1) 0.95(0.81,1.12) 0.92 (0.78, 1.09)

Vaccinated against
cholera
No 14/18 (77.8) Reference
Yes 3/4 (75.0) 1000b 96 (051,181 0910
HIV Status
Negative 166/215 (77.2) 0.084Db Reference 0.002 Reference
Positive 18/19 (94.7) : 1.23 (1.08, 1.40) ) 1.27 (1.07, 1.51) 0.008

* PR = Prevalence Ratio, a = Chi2, b = Fisher’s exact.

3.4. Relationship Between Infection Status and Disease Severity

Of the 62 participants with severity data, 48 (77.4%) had co-infections and 14 (22.6%)
had mono-infections as shown in Table 3. When comparing disease severity (Table 4),

71.4% of mono-infected patients presented with moderate-to-severe illness, compared to

47.9% of those with co-infections. After adjustment for sex, age group, and HIV status,

co-infection was significantly associated with a lower risk of moderate-to-severe disease

(adjusted PR: 0.59; 95% CI: 0.38-0.90, p = 0.014).

Table 3. Background Characteristics of Participants with severity data.

- Total
Characteristic N =62
n (% of Total)
Sex
Male 30 (48.4)
Female 32 (51.6)
Age, Median (IQI *) 27 (20—40)
Age group
<15 1(1.6)
15-24 9 (14.5)
25-34 15 (24.2)
35+ 16 (25.8)
Vaccinated against cholera
No 14 (22.6)
Yes 4 (6.5)
Missing 44 (71.0)
HIV Status
Negative 53 (85.5)
Positive 9 (14.5)
Infection status
Mono-infection 14 (22.6)
Co-infection 48 (77.4)

* Interquartile Interval.
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Table 4. Association of co-infection and disease severity.

Moderate-to-Severe

P a . * - 1 * -
Characteristic (n = 33, 53.2%) p-Value  Unadjusted PR p-Value Unadjusted PR p-Value
n (% of Row Total) Ratio (95% CI) Ratio (95% CI)
Infection status
Mono-infection 10 (71.4) Reference Reference
Co-infection 23 (47.9) 0121 p67(043,1.05) 9980 059(038,090) 0014

* PR = Prevalence Ratio, Ratios adjusted for sex, age group, and HIV status.

4. Discussion

This study investigated the prevalence and patterns of enteric co-infections among
patients presenting with cholera-like diarrheal disease during Zambia’s 2023-2024 outbreak
and assessed their implications for clinical outcomes. We found a high prevalence of
enteric co-infections among individuals presenting with cholera-like diarrhoea during
Zambia’s 2023-2024 outbreak. Nearly four out of five participants were co-infected, with
Campylobacter and Norovirus GI/GII emerging as the most frequent co-pathogens alongside
V. cholerae. PLWH status was strongly associated with co-infection risk, while individuals
aged 15-34 years were less likely to be co-infected compared to children. Contrary to our
initial expectations, co-infection was not associated with greater illness severity; instead,
mono-infected participants were more likely to experience moderate-to-severe disease.

Among the co-infecting pathogens, Campylobacter was the most prevalent enteric
pathogen among suspected cholera cases, detected in approximately 70% of cases, followed
by Norovirus GI/GII (15%). This aligns with and vastly exceeds many reported prevalent
rates particularly, in sub-Saharan Africa, where two systematic reviews found prevalence
of 8.33% [15] and 9.9% [16], with individual country studies ranging from 1.7-62.7% [17].
The high burden of Campylobacter emphasizes its leading role in diarrheal disease and
aligns with existing evidence that Campylobacter is a major cause of bacterial gastroenteritis
worldwide [18,19]. However, our findings extend this understanding by quantifying its
prevailing position in both single and multi-pathogen infections in this population. The
prevalence for Norovirus GI/GII (15%) was similar to a study in South Africa (14.7%) [20],
and Tanzania (11.44%) [21] and lesser when compared to 4.2% in Mozambique [22] and
9.9% in the Central African Republic [23]. We further demonstrate that co-infections were
frequent, affecting nearly 80% of cases, and involved complex pathogen combinations
such as Campylobacter with EIEC/Shigella, norovirus GI/GII, and Adenovirus. Results
from Peru indicate a strong association between Campylobacter and Shigella infections
and severe gastrointestinal disease, accounting for the majority of dysentery and severe
diarrhoea cases [24]. Our findings indicate a higher co-infection rate than an earlier study
from Bangladesh, which reported V. cholerae—Campylobacter co-infections in 4.5% of cases.
However, a later study in the same region documented a substantially higher prevalence
(40.7%) between 2016 and 2021 [25]. Notably, studies reporting co-infection conducted
in Tanzania, also observed EIEC/Shigella significantly associated with diarrhoea both
as mono infections and as coinfections [21,26]. While previous studies reported lower
prominence of Campylobacter in co-infections, we observed its dominant role alongside
both bacterial and viral pathogens, likely attributable to its immunomodulatory capacity,
inducing inflammation and compromising host defences [27-29]. This contrasts with
studies where viral pathogens primarily drive co-infections [30], highlighting complex
enteric pathogen dynamics in this setting.

Host factors also appeared to influence the occurrence and outcomes of these in-
fections in our study. We found that PLWH have a significantly higher risk of enteric
co-infections compared to HIV-negative individuals, which is consistent with previous
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reports [31,32]. This demonstrates heightened susceptibility to enteric pathogens among
immunocompromised individuals [33,34]. Age similarly played a significant role, reflecting
the evolving immune competence and exposure risk across early life. Co-infections appear
to be a particularly important mechanism underlying this age-related pattern, as young
children in high-burden settings face greater pathogen exposure that directly interferes
with oral vaccine effectiveness [35]. Ref. [36] identifies coinfection with other pathogens as
a key host factor impacting cholera vaccine efficacy in children, while [37] describes how
microbial overload on mucosal surfaces alters immune responses to oral vaccines. The
intestinal environment of young children may be especially vulnerable, as [35] suggests
that mucosal pathology secondary to infection interferes with vaccine responses and [38]
identifies intestinal parasitic infections as important factors in vaccine hyporesponsive-
ness. This creates a concerning cycle where the children at highest risk for severe disease
(those with the greatest pathogen exposure) are also least likely to benefit from vaccination
protection [39]. While some studies conducted in sub-Saharan contexts show variation in
co-infection prevalence by HIV status, possibly due to differences in antiretroviral therapy
coverage and local pathogen ecology [40,41], the overall evidence indicates that weakened
immunity is a major factor driving the heightened risk in this setting. Interestingly, disease
severity in our cohort was not limited to co-infections. About 72% of mono-infected par-
ticipants presented with moderate-severe symptoms, which contrasts with assumptions
that co-infections invariably lead to worse clinical outcomes [42,43]. In a similar setting,
Chisenga C.C and team found one-third of moderate-to-severe diarrhoea among children
were attributable to Shigella and rotavirus in a cross-sectional study [11]. Evidence from
other populations has shown similar trends, as well [26,44], suggesting mono-infections
can be equally severe. However, our results differ from those of [45,46] showing increased
severity with co-infections in different cohorts. One plausible explanation is that specific
pathogens, such as V. cholerae or Campylobacter, primarily drive clinical manifestations, with
co-circulating organisms contributing less to overall severity [47,48].

Hence, the presence of both bacterial and viral pathogens complicates treatment, as
antibiotics are ineffective against viruses [49]. The observation that mono-infections can
already present with moderate-severe symptoms supports the concept that disease severity
may be more dependent on host factors, pathogen virulence, and individual immune
responses rather than simply the number of co-infecting pathogens [50]. This diagnostic
complexity becomes critical when differentiating between bacterial, viral, and mixed
infections, often resulting in inappropriate antimicrobial use. Recently, Panda, P. K. [51]
highlighted how viral infections misclassified as bacterial prompt unnecessary antibiotic
therapy, accelerating AMR and increasing reliance on advanced antimicrobials. This
diagnostic challenge is compounded in co-infection scenarios where [52] complex pathogen
interactions complicate both disease progression and treatment protocols, making accurate
diagnosis more difficult. It also [53] reveals that coinfecting pathogens can substantially
impact resistance evolution through immune modulation and drug interactions [54]. This
further represents a systematic issue where antibiotic use consistently exceeds actual
bacterial coinfection incidence, suggesting that diagnostic failures at the clinical level have
far-reaching implications for global AMR patterns.

We, however, recognized some limitations. The small sample size in our study likely
contributed to the wide confidence intervals, which may have influenced by wide variabil-
ity within the study population. Also, a substantial proportion of participants had missing
data on key variables such as sex, age, HIV status, and vaccination history, potentially
introducing bias. A larger cohort study would be ideal to measure the effect size of our out-
come variable accurately. We also acknowledge the study relied on PCR evidence without
any culture confirmed Campylobacter cases or a control group to differentiate between true
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infections and asymptomatic carriage. It would be important to incorporate culture-based
methods and control populations to strengthen validity. Variability in surveillance data
quality and possible underreporting further complicate efforts to accurately estimate the
actual disease burden. The findings indicate the critical role of non-Vibrio pathogens in
cholera-like diarrheal outbreaks and highlight the limitations of focusing only on V. cholerae
alone in disease control efforts. Despite these limitations, to the best of our knowledge,
this is the first study in Zambia to investigate the aetiology of diarrhoea during a seasonal
cholera outbreak, highlighting the critical insights into the complex interplay between
V. cholerae and other enteric pathogens.

Our findings emphasize the importance of considering co-infections during cholera
outbreaks, particularly among PLWH who appear more susceptible. Clinicians should be
aware that the presence of co-infections may influence disease presentation and severity,
and integrating broader pathogen surveillance into outbreak management could refine
case assessment and guide more targeted antimicrobial use. Understanding pathogen-—
pathogen and host-pathogen interactions may help clinicians anticipate complications
and optimize treatment strategies. If further studies confirm these observations, public
health authorities may need to incorporate systematic co-infection monitoring into cholera
outbreak response protocols. This could inform antimicrobial stewardship programs and
support policies that allocate resources for comprehensive pathogen surveillance. Moreover,
policy frameworks might need to consider HIV status as a factor in outbreak preparedness
and response planning, particularly in high-prevalence regions, to ensure interventions
are equitable and effective. Thus, to inform public health responses, further investigation
is necessary to explore the mechanisms behind the evident protective association of co-
infections with reduced cholera severity. Such studies could identify novel targets for
therapeutic intervention or preventive strategies. Broader investigations into co-infection
patterns during outbreaks could also provide critical insights into disease dynamics and
inform future outbreak modelling and awareness.

5. Conclusions

In conclusion, enteric co-infections were common during Zambia’s 20232024 cholera
outbreak, with Campylobacter and Norovirus frequently co-circulating alongside V. cholerae.
HIV positivity increased the risk of co-infection, while co-infected individuals experienced
less severe infection compared to those with mono-infections. Enteric co-infections during
cholera outbreaks may have a particularly pronounced impact among PLWH, influencing
both disease risk and severity. These findings provide new insights into the epidemiology
and clinical impact of co-infections in cholera outbreaks and highlight the complex interplay
between pathogens and host factors. They highlight the importance of integrated diagnostic
and surveillance strategies and point to the need for targeted interventions to optimize
patient care, particularly among vulnerable populations during outbreak settings.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/pathogens14121224/s1, Table S1: Sequences for Cholera detection;
Table S2: PCR Master mix reagent conditions; Table S3: PCR Thermocycler Protocol.

Author Contributions: D.H.K.: Conceptualization, Data curation, Investigation, Methodology,
Visualization, Writing—original draft; S.B.: Conceptualization, Formal analysis, Visualization,
Writing—review and editing; B.P.: Formal analysis, Visualization, Writing—review and editing;
H.N.: Investigation, Data curation, Writing—review and editing; F.L.: Investigation, Writing—review
and editing; M.M.: Investigation, Data curation, Writing—review and editing; S.S.: Methodology,
Investigation, Writing—review and editing; K.C.: Methodology, Investigation, Writing—review and
editing; B.T.N.: Investigation, Data curation, Writing—review and editing; C.C.L.: Writing—review
and editing; I.M.: Investigation, Methodology, Writing—review and editing; S.ET.: Investigation,


https://www.mdpi.com/article/10.3390/pathogens14121224/s1
https://www.mdpi.com/article/10.3390/pathogens14121224/s1

Pathogens 2025, 14, 1224

11 of 14

References

Data curation, Writing—review and editing; M.S.: Supervision, Methodology, Writing—review and
editing; N.M.: Conceptualization, Writing—review and editing; R.C.: Supervision, Writing—review
and editing; A.K.D.: Funding acquisition, Supervision, Writing—review and editing; N.R.T.: Funding
acquisition, Supervision, Writing—review and editing; D.A.S.: Funding acquisition, Supervision,
Writing—review and editing; C.C.C.: Conceptualization, Funding acquisition, Supervision,
Writing—review and editing. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded in whole or in part by Science for Africa Foundation to the
Developing Excellence in Leadership, Training and Science in Africa (DELTAS Africa) programme
(grant number DEL-22-012) with support from Wellcome Trust and the UK Foreign, Commonwealth
& Development Office, and the ELMA Cholera Relief Foundation for partial financial funding support.
Additionally, this work is part of the EDCPT2 programme supported by the European Union and
National Institute of Allergy and Infectious Disease to DAS (grant number 5R01AI123422). For
purposes of open access, the author has applied a CC BY public copyright license to any Author
Accepted Manuscript version arising from this submission.

Institutional Review Board Statement: Ethical approval was obtained from the University of Zambia
Biomedical Research Ethics Committee (UNZABREC) (reference number 001-02-23) and National
Health Research Authority (NHRA) (approval date: 6 February 2023).

Informed Consent Statement: We obtained informed consent from the participants or their parents
or legal guardians before enrolling them in the study, ensuring that confidentiality was strictly main-
tained throughout the process. All data collected were confidentially kept and secured throughout.
All methods were performed in accordance with the relevant guidelines and regulations.

Data Availability Statement: All data generated and analysed during this study are included
in the published manuscript and Supplementary Information Files. The data presented in this
study are available upon reasonable request from the corresponding author. The CIDRZ Ethics
and Compliance Committee is responsible for approving such request. To request data access,
one must write to the Secretary to the Committee/Head of Research Operations, Hope Chinganya
(Hope.Chinganya@cidrz.org). Dataset requests must include contact information, a research project
title, a description of the proposed analysis, and the format in which it is expected. The requested data
should only be used for the purposes related to the original research or study. The CIDRZ Ethics and
Compliance Committee will normally review all data requests within 48-72 hours (Monday-Friday)
and provide notification if access has been granted or additional project information is needed before
access can be granted.

Acknowledgments: We extend our gratitude to the Ministry of Health (MOH) Zambia for their
essential involvement in both sample and data collection. We are also grateful to the Zambia National
Public Health Institute (ZNPHI) for assisting with sample collection.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.

1. World Health Organisation (WHO). Cholera Annual Report 2023; World Health Organisation: Geneva, Switzerland, 2024;

pp- 481-496.

2. World Health Organisation (WHO). Multi-Country Outbreak of Cholera, External Situation Report; World Health Organisation:

Geneva, Switzerland, 2024.

3. World Health Organization (WHO-AFRO). Monthly Regional Cholera Bulletin; World Health Organisation: Geneva,

Switzerland, 2024.

4. Amin, M.A,; Akhtar, M.; Khan, Z.H.; Islam, T; Firoj, G.; Begum, Y.A.; Rahman, S.I.A.; Afrad, M.H.; Bhuiyan, T.R.;
Chowdhury, E; et al. Coinfection and Clinical Impact of Enterotoxigenic Escherichia coli Harboring Diverse Toxin Variants
and Colonization Factors: 2017-2022. Int. . Infect. Dis. 2025, 151, 107365. [CrossRef]

5. Chen, W.-C.; Lin, Y.E. Recent Advances in the Epidemiology of Pathogenic Agents. Pathogens 2024, 13, 263. [CrossRef]


https://doi.org/10.1016/j.ijid.2024.107365
https://doi.org/10.3390/pathogens13030263

Pathogens 2025, 14, 1224 12 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Islam, A.; Labbate, M.; Djordjevic, S.P; Alam, M.; Darling, A.; Melvold, J.; Holmes, A.J.; Johura, ET,; Cravioto, A,;
Charles, I.G,; et al. Indigenous Vibrio cholerae Strains from a Non-Endemic Region Are Pathogenic. Open Biol. 2013, 3, 12018]1.
[CrossRef]

Montero, D.A.; Vidal, R M.; Velasco, J.; George, S.; Lucero, Y.; Gémez, L.A.; Carrefio, L.J.; Garcia-Betancourt, R.; O'Ryan, M. Vibrio
cholerae, Classification, Pathogenesis, Inmune Response, and Trends in Vaccine Development. Front. Med. 2023, 10, 1155751.
[CrossRef]

Arnaout, A.Y,; Nerabani, Y.; Sawas, M.N.; Alhejazi, T.J.; Farho, M.A.; Arnaout, K.; Alshaker, H.; Shebli, B.; Helou, M,;
Mobaied, B.B.; et al. Acute Watery Diarrhoea Cases during Cholera Outbreak in Syria: A Cohort Study. BM] Open 2024,
14, e082385. [CrossRef]

Kuma, G.K,; Opintan, J.A.; Sackey, S.; Nyarko, KM.; Opare, D.; Aryee, E.; Dongdem, A.Z.; Antwi, L.; Ofosu-Appiah, L.H;
Owusu-Okyere, G. Antibiotic Resistance Patterns amongst Clinical Vibrio cholerae O1 Isolates from Accra, Ghana. Int. |. Infect.
Control 2014, 10.

Phiri, TM.; Imamura, T., Mwansa, P.C.; Mathews, 1.; Mtine, F; Chanda, J.; Salasini, M.; Funaki, T.; Otridah, K
Musonda, K,; et al. Increased Prevalence of Antimicrobial Resistance in Vibrio cholerae in the Capital and Provincial Areas
of Zambia, January 2023-February 2024. Am. ]. Trop. Med. Hyg. 2025, 112, 845-848. [CrossRef] [PubMed]

Chisenga, C.; Bosomprah, S.; Laban, N.M.; Mwila-K, M.].; Simuyandi, M.; Chilengi, R. Aetiology of Diarrhoea in Children under
Five in Zambia Detected Using Luminex XTAG Gastrointestinal Pathogen Panel. Pediatr. Infect. Dis. 2018, 3, 2573-0282. [CrossRef]
Bliem, R.; Schauer, S.; Plicka, H.; Obwaller, A.; Sommer, R.; Steinrigl, A.; Alam, M.; Reischer, G.H.; Farnleitner, A.H.; Kirschner,
A. A Novel Triplex Quantitative PCR Strategy for Quantification of Toxigenic and Nontoxigenic Vibrio cholerae in Aquatic
Environments. Appl. Environ. Microbiol. 2015, 81, 3077-3085. [CrossRef] [PubMed]

Kirdar, S.; Basara, T.; Omiirlii, I.X. Prevalence and Genetic Diversity of Norovirus in Acute Gastroenteritis Cases in the Southwest
Province of Turkey. Balk. Med. ]. 2022, 39, 153. [CrossRef]

Liu, J.; Platts-Mills, ].A.; Juma, J.; Kabir, F.; Nkeze, J.; Okoi, C.; Operario, D.J.; Uddin, J.; Ahmed, S.; Alonso, P.L. Use of Quantitative
Molecular Diagnostic Methods to Identify Causes of Diarrhoea in Children: A Reanalysis of the GEMS Case-Control Study. Lancet
2016, 388, 1291-1301. [CrossRef]

Fletcher, S.M.; Stark, D.; Ellis, J. Prevalence of Gastrointestinal Pathogens in Sub-Saharan Africa: Systematic Review and
Meta-Analysis. J. Public Health Afr. 2011, 2, e30. [CrossRef]

Hlashwayo, D.F.; Sigauque, B.; Noormahomed, E.V.; Afonso, S.M.; Mandomando, L.M.; Bila, C.G. A Systematic Review and
Meta-Analysis Reveal That Campylobacter Spp. and Antibiotic Resistance Are Widespread in Humans in Sub-Saharan Africa.
PLoS ONE 2021, 16, €0245951. [CrossRef]

Gahamanyi, N.; Mboera, L.E.G.; Matee, M.L;; Mutangana, D.; Komba, E.V.G. Prevalence, Risk Factors, and Antimicrobial
Resistance Profiles of Thermophilic Campylobacter Species in Humans and Animals in Sub-Saharan Africa: A Systematic Review.
Int. ]. Microbiol. 2020, 2020, 2092478. [CrossRef]

Corcionivoschi, N.; Gundogdu, O. Foodborne Pathogen Campylobacter. Microorganisms 2021, 9, 1241. [CrossRef]

Veronese, P.; Dodi, I. Campylobacter Jejuni/Coli Infection: Is It Still a Concern? Microorganisms 2024, 12, 2669. [CrossRef]
[PubMed]

Potgieter, N.; Heine, L.; Ngandu, ].P; Ledwaba, S.E.; Zitha, T.; Mudau, L.S.; Becker, P.; Traore, A.N.; Barnard, T.G. High Burden of
Co-Infection with Multiple Enteric Pathogens in Children Suffering with Diarrhoea from Rural and Peri-Urban Communities in
South Africa. Pathogens 2023, 12, 315. [CrossRef] [PubMed]

Hugho, E.A.; Kumburu, HH.; Amani, N.B.; Mseche, B.; Maro, A.; Ngowi, L.E.; Kyara, Y,; Kinabo, G.; Thomas, K.M,;
Houpt, E.R,; et al. Enteric Pathogens Detected in Children under Five Years Old Admitted with Diarrhea in Moshi, Kilimanjaro,
Tanzania. Pathogens 2023, 12, 618. [CrossRef]

Nhampossa, T.; Mandomando, I.; Acacio, S.; Quinté, L.; Vubil, D.; Ruiz, J.; Nhalungo, D.; Sacoor, C.; Nhabanga, A.; Nhacolo, A.
Diarrheal Disease in Rural Mozambique: Burden, Risk Factors and Etiology of Diarrheal Disease among Children Aged 0-59
Months Seeking Care at Health Facilities. PLoS ONE 2015, 10, e0119824. [CrossRef] [PubMed]

Breurec, S.; Vanel, N.; Bata, P; Chartier, L.; Farra, A.; Favennec, L.; Franck, T.; Giles-Vernick, T.; Gody, ].-C.; Luong Nguyen, L.B.
Etiology and Epidemiology of Diarrhea in Hospitalized Children from Low Income Country: A Matched Case-Control Study in
Central African Republic. PLoS Negl. Trop. Dis. 2016, 10, €0004283. [CrossRef]

Frangois, R.; Yori, P.P.; Rouhani, S.; Siguas Salas, M.; Paredes Olortegui, M.; Rengifo Trigoso, D.; Pisanic, N.; Burga, R.; Meza, R,;
Meza Sanchez, G.; et al. The Other Campylobacters: Not Innocent Bystanders in Endemic Diarrhea and Dysentery in Children in
Low-Income Settings. PLoS Negl. Trop. Dis. 2018, 12, e0006200. [CrossRef]

Das, R.; Nasrin, S.; Palit, P; Sobi, R.A.; Sultana, A.-A.; Khan, S.H.; Haque, M.A.; Nuzhat, S.; Ahmed, T.; Faruque, A.S.G.; et al.
Vibrio cholerae in Rural and Urban Bangladesh, Findings from Hospital-Based Surveillance, 2000-2021. Sci. Rep. 2023, 13, 6411.
[CrossRef]


https://doi.org/10.1098/rsob.120181
https://doi.org/10.3389/fmed.2023.1155751
https://doi.org/10.1136/bmjopen-2023-082385
https://doi.org/10.4269/ajtmh.24-0558
https://www.ncbi.nlm.nih.gov/pubmed/39836977
https://doi.org/10.21767/2573-0282.100064
https://doi.org/10.1128/AEM.03516-14
https://www.ncbi.nlm.nih.gov/pubmed/25724966
https://doi.org/10.4274/balkanmedj.galenos.2021.2021-8-22
https://doi.org/10.1016/S0140-6736(16)31529-X
https://doi.org/10.4081/jphia.2011.e30
https://doi.org/10.1371/journal.pone.0245951
https://doi.org/10.1155/2020/2092478
https://doi.org/10.3390/microorganisms9061241
https://doi.org/10.3390/microorganisms12122669
https://www.ncbi.nlm.nih.gov/pubmed/39770871
https://doi.org/10.3390/pathogens12020315
https://www.ncbi.nlm.nih.gov/pubmed/36839587
https://doi.org/10.3390/pathogens12040618
https://doi.org/10.1371/journal.pone.0119824
https://www.ncbi.nlm.nih.gov/pubmed/25973880
https://doi.org/10.1371/journal.pntd.0004283
https://doi.org/10.1371/journal.pntd.0006200
https://doi.org/10.1038/s41598-023-33576-3

Pathogens 2025, 14, 1224 13 of 14

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

46.

47.

48.

49.

50.

Moyo, S.J.; Kommedal, &.; Blomberg, B.; Hanevik, K.; Tellevik, M.G.; Maselle, S.Y.; Langeland, N. Comprehensive Analysis of
Prevalence, Epidemiologic Characteristics, and Clinical Characteristics of Monoinfection and Coinfection in Diarrheal Diseases in
Children in Tanzania. Am. J. Epidemiol. 2017, 186, 1074-1083. [CrossRef]

Imbrea, A.-M.; Balta, I.; Dumitrescu, G.; McCleery, D.; Pet, I.; Iancu, T.; Stef, L.; Corcionivoschi, N.; Liliana, P.-C. Exploring the
Contribution of Campylobacter Jejuni to Post-Infectious Irritable Bowel Syndrome: A Literature Review. Appl. Sci. 2024, 14, 3373.
[CrossRef]

Kemper, L.; Hensel, A. Campylobacter Jejuni: Targeting Host Cells, Adhesion, Invasion, and Survival. Appl. Microbiol. Biotechnol.
2023, 107, 2725-2754. [CrossRef] [PubMed]

Tikhomirova, A.; McNabb, E.R.; Petterlin, L.; Bellamy, G.L.; Lin, K.H.; Santoso, C.A.; Daye, E.S.; Alhaddad, EM.; Lee, K.P;
Roujeinikova, A. Campylobacter Jejuni Virulence Factors: Update on Emerging Issues and Trends. J. Biomed. Sci. 2024, 31, 45.
[CrossRef] [PubMed]

Makimaa, H.; Ingle, H.; Baldridge, M.T. Enteric Viral Co-Infections: Pathogenesis and Perspective. Viruses 2020, 12, 904. [CrossRef]
Ahmed, N.H.; Chowdhary, A. Pattern of Co-Infection by Enteric Pathogenic Parasites among HIV Sero-Positive Individuals in a
Tertiary Care Hospital, Mumbai, India. Indian J. Sex. Transm. Dis. AIDS 2015, 36, 40—47.

Tay, S.C.; Aryee, ENN.O.; Badu, K. Intestinal Parasitemia and HIV/AIDS Co-Infections at Varying CD4+ T-Cell Levels. HIVAIDS
Res. Treat.-Open |. 2017, 4, 40-48. [CrossRef]

Caputo, V,; Libera, M; Sisti, S.; Giuliani, B.; Diotti, R.A.; Criscuolo, E. The Initial Interplay between HIV and Mucosal Innate
Immunity. Front. Immunol. 2023, 14, 1104423. [CrossRef]

Mogensen, T.H.; Melchjorsen, J.; Larsen, C.S.; Paludan, S.R. Innate Inmune Recognition and Activation during HIV Infection.
Retrovirology 2010, 7, 54. [CrossRef]

Desai, S.N.; Cravioto, A.; Sur, D.; Kanungo, S. Maximizing Protection from Use of Oral Cholera Vaccines in Developing Country
Settings. Hum. Vaccines Immunother. 2014, 10, 1457-1465. [CrossRef]

Leung, D.T.; Chowdhury, F,; Calderwood, S.B.; Qadri, F; Ryan, E.T. Inmune Responses to Cholera in Children. Expert Rev. Anti
Infect. Ther. 2012, 10, 435-444. [CrossRef]

Qadri, F; Bhuiyan, T.R.; Sack, D.A.; Svennerholm, A.-M. Immune Responses and Protection in Children in Developing Countries
Induced by Oral Vaccines. Vaccine 2013, 31, 452-460. [CrossRef] [PubMed]

Sack, D.A.; Qadri, F.; Svennerholm, A.-M. Determinants of Responses to Oral Vaccines in Developing Countries. Ann. Nestlé Engl.
Ed. 2008, 66, 71-79. [CrossRef]

Burke, RM.; Ramani, S.; Lynch, J.; Cooper, L.V.; Cho, H.; Bandyopadhyay, A.S.; Kirkwood, C.D.; Steele, A.D.; Kang, G. Geographic
Disparities Impacting Oral Vaccine Performance: Observations and Future Directions. Clin. Exp. Immunol. 2025, 219, uxae124.
[CrossRef] [PubMed]

Chang, C.C; Crane, M.; Zhou, J.; Mina, M.; Post, ].].; Cameron, B.A ; Lloyd, A.R.; Jaworowski, A.; French, M.A.; Lewin, S.R. HIV
and Co-Infections. Immunol. Rev. 2013, 254, 114-142. [CrossRef]

Lawn, S. AIDS in Africa: The Impact of Coinfections on the Pathogenesis of HIV-1 Infection. J. Infect. 2004, 48, 1-12. [CrossRef]

Ferreira, R.B.R.; Antunes, L.C.M.; Sal-Man, N. Pathogen-Pathogen Interactions during Co-Infections. ISME ]. 2025, 19, wraf104.
[CrossRef]

Walch, P.; Broz, P. Viral-Bacterial Co-Infections Screen in Vitro Reveals Molecular Processes Affecting Pathogen Proliferation and
Host Cell Viability. Nat. Commun. 2024, 15, 8595. [CrossRef]

Kotloff, K.L.; Nataro, J.P.; Blackwelder, W.C.; Nasrin, D.; Farag, T.H.; Panchalingam, S.; Wu, Y.; Sow, S.0.; Sur, D.; Breiman,
R.F. Burden and Aetiology of Diarrhoeal Disease in Infants and Young Children in Developing Countries (the Global Enteric
Multicenter Study, GEMS): A Prospective, Case-Control Study. Lancet 2013, 382, 209-222. [CrossRef] [PubMed]

Munoz, G.A.; Riveros-Ramirez, M.D.; Chea-Woo, E.; Ochoa, T]. Clinical Course of Children with Campylobacter Gastroenteritis
with and without Co-Infection in Lima, Peru. Am. J. Trop. Med. Hyg. 2022, 106, 1384. [CrossRef]

Valentini, D.; Vittucci, A.; Grandin, A.; Tozzi, A.; Russo, C.; Onori, M.; Menichella, D.; Bartuli, A.; Villani, A. Coinfection in Acute
Gastroenteritis Predicts a More Severe Clinical Course in Children. Eur. J. Clin. Microbiol. Infect. Dis. 2013, 32, 909-915. [CrossRef]
Lindsay, B.; Ramamurthy, T.; Gupta, S.S.; Takeda, Y.; Rajendran, K.; Nair, G.B.; Stine, O.C. Diarrheagenic Pathogens in Polymicro-
bial Infections. Emerg. Infect. Dis. 2011, 17, 606. [CrossRef]

Parker, C.T.; Schiaffino, F; Huynh, S.; Paredes Olortegui, M.; Pefiataro Yori, P.; Garcia Bardales, P.F.; Pinedo Vasquez, T.; Curico
Huansi, G.E.; Manzanares Villanueva, K.; Shapiama Lopez, W.V,; et al. Shotgun Metagenomics of Fecal Samples from Children in
Peru Reveals Frequent Complex Co-Infections with Multiple Campylobacter Species. PLoS Negl. Trop. Dis. 2022, 16, €0010815.
[CrossRef]

Muteeb, G.; Rehman, M.T.; Shahwan, M.; Aatif, M. Origin of Antibiotics and Antibiotic Resistance, and Their Impacts on Drug
Development: A Narrative Review. Pharmaceuticals 2023, 16, 1615. [CrossRef]

McArdle, A.J.; Turkova, A.; Cunnington, A.J. When Do Co-Infections Matter? Curr. Opin. Infect. Dis. 2018, 31, 209-215. [CrossRef]
[PubMed]


https://doi.org/10.1093/aje/kwx173
https://doi.org/10.3390/app14083373
https://doi.org/10.1007/s00253-023-12456-w
https://www.ncbi.nlm.nih.gov/pubmed/36941439
https://doi.org/10.1186/s12929-024-01033-6
https://www.ncbi.nlm.nih.gov/pubmed/38693534
https://doi.org/10.3390/v12080904
https://doi.org/10.17140/HARTOJ-4-126
https://doi.org/10.3389/fimmu.2023.1104423
https://doi.org/10.1186/1742-4690-7-54
https://doi.org/10.4161/hv.29199
https://doi.org/10.1586/eri.12.23
https://doi.org/10.1016/j.vaccine.2012.11.012
https://www.ncbi.nlm.nih.gov/pubmed/23153448
https://doi.org/10.1159/000129624
https://doi.org/10.1093/cei/uxae124
https://www.ncbi.nlm.nih.gov/pubmed/39774633
https://doi.org/10.1111/imr.12063
https://doi.org/10.1016/j.jinf.2003.09.001
https://doi.org/10.1093/ismejo/wraf104
https://doi.org/10.1038/s41467-024-52905-2
https://doi.org/10.1016/S0140-6736(13)60844-2
https://www.ncbi.nlm.nih.gov/pubmed/23680352
https://doi.org/10.4269/ajtmh.21-0881
https://doi.org/10.1007/s10096-013-1825-9
https://doi.org/10.3201/eid1704100939
https://doi.org/10.1371/journal.pntd.0010815
https://doi.org/10.3390/ph16111615
https://doi.org/10.1097/QCO.0000000000000447
https://www.ncbi.nlm.nih.gov/pubmed/29698255

Pathogens 2025, 14, 1224 14 of 14

51. Panda, PK. Wrong Diagnosis—Wrong Antimicrobials: Rise in Antimicrobial Resistance in Developing Countries. IDCases 2025,
41, €02313. [CrossRef]

52. Ayomide, I.T.; Promise, L.O.; Christopher, A.A.; Okikiola, P.P; Esther, A.D.; Favour, A.C.; Agbo, O.S; Sandra, O.-A.; Chiagozie,
0O.].; Precious, A.C. The Impact of Antimicrobial Resistance on Co-INFECTIONS: Management Strategies for HIV, TB and Malaria.
Int. ]. Pathog. Res. 2024, 13, 117-128. [CrossRef]

53. Birger, R.B.; Kouyos, R.D.; Cohen, T; Griffiths, E.C.; Huijben, S.; Mina, M.].; Volkova, V.; Grenfell, B.; Metcalf, C.J.E. The Potential
Impact of Coinfection on Antimicrobial Chemotherapy and Drug Resistance. Trends Microbiol. 2015, 23, 537-544. [CrossRef]
[PubMed]

54. Rodriguez-Baiio, J.; Rossolini, G.M.; Schultsz, C.; Tacconelli, E.; Murthy, S.; Ohmagari, N.; Holmes, A.; Bachmann, T.; Goossens,
H.; Canton, R. Key Considerations on the Potential Impacts of the COVID-19 Pandemic on Antimicrobial Resistance Research
and Surveillance. Trans. R. Soc. Trop. Med. Hyg. 2021, 115, 1122-1129. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.idcr.2025.e02313
https://doi.org/10.9734/ijpr/2024/v13i6326
https://doi.org/10.1016/j.tim.2015.05.002
https://www.ncbi.nlm.nih.gov/pubmed/26028590
https://doi.org/10.1093/trstmh/trab048
https://www.ncbi.nlm.nih.gov/pubmed/33772597

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Cholera Detection 
	Multi-Pathogen Amplification and Detection of Other Enteric Pathogens 
	Statistical Analysis 

	Results 
	Participants’ Flow and Background Characteristics 
	Prevalence and Patterns of Enteric Co-Infections 
	Risk Factors of Co-Infection 
	Relationship Between Infection Status and Disease Severity 

	Discussion 
	Conclusions 
	References

