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Abstract

During Zambia’s 2023-2024 cholera outbreak, reliance on single-pathogen diagnostics
risked overlooking co-circulating enteric pathogens. This study estimated the prevalence
of rotavirus and described co-detected enteropathogens and rotavirus genotypes among
patients admitted with suspected cholera. A sub-analysis was conducted on diarrhoeal
stool specimens collected from patients who met the syndromic suspected cholera case
definition. Samples were tested using the Bosphore® Gastroenteritis Panel v2, a multiplex
PCR enteric panel, to detect rotavirus and other gastrointestinal pathogens. Rotavirus-
positive specimens with sufficient viral load were further genotyped by RT-PCR targeting
of the VP7 and VP4 genes. Among 319 suspected cholera admissions, rotavirus was
detected in 18 patients (5.6%; 95% CI 3.4-8.8%), predominantly in children aged <5 years
(27.8%, 5/18) and 6-17 years (27.8%, 5/18). Co-infection was common, with 17/18 (94.4%)
of rotavirus-positive samples showing co-infection with at least one additional enteric
pathogen, most frequently Campylobacter. Genotyping was successful in five samples and
revealed heterogenous circulating strains, including G1P[8], G2P[4], G3P[6], G12P[6], and
G1P[6]. Rotavirus accounted for a modest proportion of suspected cholera admissions
and was frequently detected in mixed enteric infections, underscoring the value of multi-
pathogen diagnostics and continued molecular surveillance during outbreak response.
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1. Introduction

Diarrhoeal diseases remain one of the leading causes of preventable morbidity and
mortality worldwide, disproportionately affecting young children in low-resource settings.
Each year, these illnesses are responsible for around 1.17 million deaths globally, with the
WHO African region alone recording approximately 515,000 diarrhoeal deaths in 2020 [1].
National statistics in Zambia show that diarrhoea is among the top killers of children
under five, causing an estimated 15,000 child deaths annually [2]. During declared cholera
outbreaks, the singular diagnostic focus on Vibrio cholerae (V. cholerae) can obscure the true
aetiology of diarrhoeal disease, particularly in children. This narrow approach misses
co-circulating pathogens like rotavirus, limiting a comprehensive understanding of the
disease burden and hindering targeted public health action.

Cholera’s acute watery diarrhoea is clinically indistinguishable from that caused by
other pathogens like rotavirus and Escherichia coli (E. coli) [3]. The diagnostic overlap is often
witnessed in outbreak settings; for example, in a cholera-endemic region of the Democratic
Republic of Congo, just 38% of suspected cholera patients were PCR-positive for V. cholerae,
while enterotoxigenic E. coli and Cryptosporidium were identified in 36% and 28% of cases,
respectively [4]. Similarly, during a large diarrhoeal outbreak in Bangladesh, rotavirus
emerged as the leading cause of acute diarrhoea among children under five (26% of cases),
surpassing cholera in that age group [5]. Treating such non-cholera cases as cholera results
in unnecessary antibiotic use that provides no benefit against viruses and instead fuels
AMR [6], while this diagnostic oversight would miss an opportunity to document rotavirus
genotypes, data which is crucial for evaluating vaccine effectiveness and efficacy. Therefore,
the importance of detecting RV in outbreak contexts extends beyond case attribution.

Implementing multi-pathogen diagnostic panels during outbreaks yields two vital
streams of data: molecular epidemiological intelligence on circulating strains and evidence
of co-infection patterns with other enteric agents [7,8]. Rotavirus surveillance is particularly
critical in countries implementing live attenuated vaccines, where ongoing viral evolution,
reassortment, and genotype replacement may influence vaccine performance [9-11]. In
this context, understanding rotavirus genetic diversity during large diarrhoeal outbreaks
provides essential data to inform immunisation programmes and long-term disease control
strategies. Zambia’s recent transition from Rotarix® to Rotavac®—both live attenuated
oral vaccines but derived from different strain formulations, underscores the need for
continued surveillance to monitor circulating genotypes and detect shifts that may have
implications for vaccine effectiveness [12]. Within this evolving immunisation landscape,
systematic genomic monitoring enables timely detection of strain variation and supports
evidence-based evaluation of vaccine performance.

The 2023-2024 cholera outbreak in Zambia provided a unique opportunity to leverage
multi-pathogen diagnostics to assess rotavirus epidemiology beyond routine surveillance
frameworks. In this study, we investigated the prevalence of rotavirus among clinically
suspected cholera cases, characterised the genetic diversity of circulating rotavirus strains,
and examined patterns of co-infection with other enteric pathogens.

2. Methods

Study Design: This laboratory-based analysis was conducted using specimens col-
lected during a broader multi-pathogen investigation conducted during the 20232024
cholera outbreak, the primary findings of which were published in 2025 [13]. Cholera test-
ing in the parent investigation included real-time PCR targeting the ctxA gene as previously
described. Rapid diagnostic testing (RDT) was performed in accordance with outbreak
triage procedures at selected centres but was not uniformly applied to all admissions.
Clinical management decisions were based on case definitions used during the outbreak
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response. The present analysis did not re-examine cholera mono-infections but focused
specifically on detection and characterisation of rotavirus of among participants admitted
under suspected cholera case definitions during the outbreak.

Participants: A total of 319 patients from five cholera treatment centres across Lusaka
and surrounding districts who presented with acute watery diarrhoea and met the clinical
case definition for cholera were included in the analysis.

Stool sample processing: Stool specimens were processed as previously described [13].
Briefly, approximately 150 mg of stool was homogenised in SK 38 bead-beating tubes
containing easyMAG® Lysis Buffer (bioMérieux S.A., Marcy 1'Etoile, France). The resulting
homogenate was then centrifuged at 14,000 RPM for 2 min, and 200 pL of the supernatant
was utilised 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 analysis.

Purified nucleic acids were screened using the Bosphore® Gastroenteritis Panel v2
(Anatolia Geneworks, Istanbul, Turkey), a multiplex real-time quantitative PCR assay target-
ing 11 enteric pathogens, including 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. According to the manufacturer, the Bosphore® Gastroenteritis Panel
v2 has reported specificity exceeding 98% [7]. Nevertheless, at low pathogen prevalence, a
small number of false-positive results may be expected. Interpretation was therefore based
on manufacturer-defined amplification thresholds and review of amplification curves. The
potential for false positives is acknowledged as a limitation. Reactions were run in a 25 pL
reaction volume according to the manufacturer’s instructions, and run on the Real-time
PCR Applied Biosystem Quantstudio 5 qPCR platform (Thermo Fisher Scientific, Waltham,
MS, USA). Pathogen-specific detection was based on fluorescence signal threshold cycles
(Ct), with Ct < 35 considered positive in accordance with manufacturer’s recommendations
and prior validation studies [7]. Each run included internal amplification controls, posi-
tive controls, and no-template controls to monitor assay performance and contamination.
Amplification curves were reviewed manually to confirm exponential signal patterns.

Rotavirus Genotyping: Rotavirus-positive samples with Ct < 30 were selected for
genotyping to maximise amplification success. In addition to extraction and internal
amplification controls, amplification curves were reviewed to confirm exponential signal
characteristics, and results near the positivity threshold were interpreted cautiously, par-
ticularly in the absence of quantitative viral load assessment. Of the 18 positive samples,
5 met this threshold and yielded successful VP7/VP4 amplicons. The G(VP7) and P(VP4)
genotypes were determined using previously described semi-nested RT-PCR protocols
employing Gouvea primers and Gentsch primer sets [14,15]. The RT-PCR assay was per-
formed using the SuperScript™ IIT One-Step RT-PCR System with Platinum® Tag DNA
Polymerase (Invitrogen, Carlsbad, CA, USA), under the following cycling conditions: re-
verse transcription at 50 °C for 30 min, initial denaturation at 94 °C for 2 min, followed by
35 cycles of 94 °C for 30 s, 42 °C for 30 s, and 68 °C for 1 min, with a final extension at 68 °C
for 5 min. Amplicons were resolved by agarose gel electrophoresis and purified using a
QIAquick PCR Purification Kit (Qiagen, Hilden, Germany).

3. Statistical Analysis

Demographic characteristics were summarised using descriptive statistics, with cat-
egorical variables presented as frequencies (percentages) and continuous variables as
medians and interquartile intervals (IQIs), as per published guidelines [16]. Exact binomial
95% confidence intervals were calculated for prevalence estimates. Rotavirus positivity
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was reported as an overall proportion. Frequencies of rotavirus-positive participants were
visualised across predefined age categories. Rotavirus genotypes were described, and their
distribution was examined in relation to co-detected enteric pathogens using a genotype—
pathogen co-occurrence plot. Participants were excluded only if multiplex PCR results were
unavailable, or if demographic data were entirely missing. Demographic variables with
missing values were retained in the dataset and explicitly reported as missing categories
in descriptive analyses. All analyses were conducted using available-case denominators
without imputation in STATA 18 (StataCorp, College Station, TX, USA).

4. Ethics Statement

Ethical approval for the parent study was obtained from the University of Zambia
Biomedical Research Ethics Committee (UNZABREC; Ref: 001-02-23) and the National
Health Research Authority (NHRA). Written informed consent was obtained from all adult
participants or from the parents/legal guardians of children prior to their enrolment in the
parent study. This sub-analysis on rotavirus data constitutes a secondary analysis within
the scope of the original approved protocol. All data were de-identified and stored securely
to ensure participant confidentiality. The datasets analyzed in this study are available
from the corresponding author upon reasonable request, subject to institutional approval.
Access is governed by the CIDRZ Ethics and Compliance Committee; therefore, formal
inquiries should be directed to the Head of Research Operations (Hope Chinganya) at
hope.chinganya@cidrz.org. All procedures were performed in accordance with the ethical
standards of the responsible committees and with the Helsinki Declaration.

5. Results
5.1. Tracing of Study Participants

The study workflow began with 351 patients who presented at the 5 cholera admission
centres with acute watery diarrhoea meeting the clinical case definition for suspected cholera
(Figure 1). After the exclusion of 32 individuals with missing demographic data and multi-
pathogen results, 319 patients remained for analysis. Out of 319 participants, 18 individuals
tested positive for rotavirus. Documented cholera rapid diagnostic test (RDT) results were
available for 7 of the 18 rotavirus-positive individuals. The remaining 11 participants were not
tested using RDT, likely reflecting operational constraints during emergency outbreak triage
when diagnostic testing may not be systematically performed for all patients.

5.2. Descriptive Statistics of Study Participants

A summary of participant background characteristics is presented in Table 1. The
median age was 24, with an interquartile range of 12 to 38. Specimen were collected from
five health facilities; the majority came from Matero (37%), whereas the Levy and Chipata
districts contributed 9 and 8%, respectively. Male participants represented 44% of the study
population, females 31%, and sex data was missing for a notable 25%. Most participants
were HIV negative (89%) and had missing data on cholera vaccination status (88%).

5.3. Prevalence of Rotavirus Infection Among Clinically Suspected Cholera Cases

Among 319 patients admitted to five cholera treatment centres with clinically sus-
pected cholera and multi-pathogen results, rotavirus was detected in 18 cases, correspond-
ing to a prevalence of 5.6% (18/319; 95% confidence interval: 3.4-8.8%).
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Clinically suspected cholera cases tested for multi-pathogen,

Missing multi-pathogen results, #=26

Demographic data entirely missing, n=6

Clinically suspected cholera and have multi-
pathogen results
=319

Rotavirus negative,
n=275

Rotavirus positive,
1=18 (5.6% 18/319)
] ¥

Not tested with cholera RDT, Cholera RDT positive,

n=11 n=7

Figure 1. Study flow chart. Abbreviations: N, number of samples; 1, number of samples in a given cate-
gory; RDT, rapid diagnostic test; %, percentage. Red boxes indicate participants excluded from the final
analytical dataset, while the blue box highlights the final sample used for rotavirus prevalence estimation.

Table 1. Background characteristics of study population.

. Total
Characteristics N =319
n (% of total)
Sex
Male 141 (44.2)
Female 100 (31.3)
Missing 78 (24.5)
Age (years)
Midian (IQR ) 24 (12-38)
Age group (years)
Infants & Young Children (<5) 31 (9.7)
Children/Adolescents (6-17) 44 (13.8)
Young Adults/Adults (18-44) 138 (43.3)
Older Adults (45+) 38 (11.9)
Missing age 68 (21.3)
Facility
Chipata 26 (8.2)
George 74 (23.2)
Heroes 71 (22.3)
Levy 29 (9.1)
Matero 119 (37.3)
Vaccinated against cholera
No 32 (10.0)
Yes 5(1.6)
Missing 282 (88.4)
HIV Status
Negative 283 (88.7)
Positive 30 (9.4)
Missing 6(1.9)

Abbreviations: N: number of samples; %: Percentage; * IQR: Interquartile range.

5.4. Rotavirus Co-Infections with Other Enteric Pathogens

Analysis of pathogen co-detection patterns among 18 rotavirus-positive samples re-
vealed that rotavirus was almost exclusively found in mixed infections. Only one case
(5.6%,1/18) involved a single rotavirus infection, while the majority of detections
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(94.4%, 17 /18) involved at least one additional enteric pathogen. Dual-pathogen infections
were the most common profile (38.9%, 7/18), followed by triple-pathogen combinations
(22.2%, 4/18). We also identified more complex infections involving four (11.1%, 2/18),
five (5.6%, 1/18), and six (16.7%, 3/18) pathogens. Campylobacter was the most prevalent
bacterial co-pathogen, appearing alongside rotavirus in all multi-pathogen categories and
frequently co-occurring with viral pathogens such as norovirus GI/GII and adenovirus.
EIEC/ Shigella and Salmonella were sporadically co-detected.

5.5. Rotavirus Genotypes
Rotavirus Genotypes and Age-Distribution

Among rotavirus-positive cases, the highest proportion occurred in children aged <5 years
(27.8%, 5/18) and 6-17 years (27.8%, 5/18). Five rotavirus samples met the genotyping
threshold, and all showed evidence of co-infecting enteric pathogens. The identified strains
demonstrated significant diversity, including globally common strains (G1P[8], G2P[4]),
regionally prevalent strains (G12P[6], G3P[6]), and a rare reassortant (G1P[6]). In all cases,
rotavirus was co-detected with at least one additional enteric pathogen, most frequently
Campylobacter either alone or in combination with norovirus GI/GII (Figure 2).

5 =
4 -
g3
@
= |
g
I 2-
1 -
0 -
<5 6-17 18-44 245 Missing
Age Category
P[8] ¢ ™
P[6] *
» PI41-
o
=
S G12-
D
O
G3H
G2 [
G1 ® e}

Co-infecting Pathogen
®—® Campylobacter & Norovirus GI/GII ®—® Campylobacter

Figure 2. Distribution of rotavirus-positive samples across age categories and rotavirus co-detected
pathogens. (Top panel): Age distribution of rotavirus-positive participants (1 = 18), with age categories
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expressed in years. The >45 age group contained zero cases. “Missing” indicates unavailable age data.
(Bottom panel): Rotavirus genotypes among successfully genotyped samples (1 = 5), stratified by
co-detecting pathogen(s). Blue markers represent Campylobacter and Norovirus GI/GII co-detections;
red markers represent Campylobacter co-detection only.

6. Discussion

In this study, rotavirus accounted for a small portion of the diarrhoeal cases during
the 2023-2024 cholera outbreak in Zambia, and it was predominantly identified in the
context of co-infection. Although cholera was the primary outbreak pathogen for hospitali-
sation, these findings demonstrate that other clinically relevant enteric viruses continued
to circulate concurrently. The observed prevalence is consistent with reports from other
outbreak and post-vaccine settings, where rotavirus detection persists despite reductions
in overall disease burden following vaccine introduction [17-21]. The frequency of mixed
infections highlights the complexity of diarrhoeal aetiology in outbreak contexts, where
overlapping transmission routes and environmental exposure may facilitate concurrent
pathogen circulation [22]. Furthermore, the genotype heterogeneity observed among the
limited number of successfully typed samples suggests ongoing viral diversity in the post-
vaccine era. This finding underscores the importance of continued molecular surveillance,
as previous studies have demonstrated that genotype diversity and reassortment continue
to shape rotavirus epidemiology in the post-vaccine era [23,24].

An important insight from our investigation is the clinical overlap between cholera
and rotavirus illness and its consequences for case management. The profuse watery
diarrhoea, vomiting, and rapid dehydration characteristics are clinically indistinguishable
from severe rotavirus gastroenteritis [25,26]. In the current study, this phenotypic overlap
likely led clinicians to initially suspect cholera in rotavirus-infected patients, illustrating
how syndromic definitions can mask the true aetiologies during outbreaks. The practical
implication is that, without multiplex diagnostics, viral diarrhoeas may be misclassified
as cholera, resulting in inappropriate management [27,28]. Patients with unrecognised
rotavirus infection might be admitted to cholera treatment centres and administered un-
necessary antibiotics, which provide no benefit against viruses and instead contribute to
antimicrobial resistance [13]. At the same time, misattribution hinders pathogen-specific
surveillance, appropriate antimicrobial stewardship and the collection of rotavirus strain
data critical for evaluating vaccine performance in the post-vaccine era [29-31]. These
considerations strongly support the adoption of multi-pathogen testing in outbreak inves-
tigations, to ensure that co-circulating infections are correctly identified and treated, and
that surveillance captures all major contributors to the outbreak’s morbidity.

One notable finding was the moderately high rate of co-infections among rotavirus-
positive individuals, underscoring the complex aetiology of diarrhoeal outbreaks. Nearly
94% of rotavirus-positive cases harboured at least one additional enteric pathogen—most
often Campylobacter (either alone or in combination with norovirus GI/GII). Dual infections
were common, and a sizable fraction of cases had three concurrent pathogens, suggesting
that clinical disease may have involved multiple overlapping infections rather than a
single-agent. These co-infection of Campylobacter as a recurring partner to rotavirus across
different age groups, suggests shared transmission pathways or environmental sources
that facilitated their joint circulation. This finding mirrors observations from the broader
outbreak investigation in Zambia where 80% of suspected cholera cases actually involved
mixed infections, with Campylobacter and norovirus GI/GII frequently accompanying
other pathogens [13]. Likewise, diarrhoeal outbreaks in other settings have shown that
presumed cholera cases often harbour diverse pathogens such as E. coli and Cryptosporidium
alongside (or instead of) V. cholerae [3-5]. These aetiologic complexities create challenges
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for treatment. For example, a patient co-infected with rotavirus (virus) and Campylobacter
(bacterium) might require rehydration and careful use of antibiotics, whereas a misdiagnosis
of “cholera only” could lead to suboptimal care. The frequent detection of multiple enteric
pathogens reflects the high background burden of enteric infections, and underscores
why an integrated diagnostic and surveillance strategy is critical in outbreak settings.
Multiplex PCR platforms may provide valuable epidemiological insights when integrated
into reference laboratory support during outbreaks, although their use in field triage
settings may be limited by cost and infrastructure requirements. Additionally, multiplex
PCR detects nucleic acid and does not distinguish between active infection, transient
carriage, or residual shedding. Clinical correlation remains essential in attributing causality.

Genotyping analysis revealed a remarkable diversity of rotavirus strains circulating
during the outbreak, including both vaccine-related and unusual genotypes. The data
revealed classic human strains that are targeted by vaccines such as G1P[8] and G2P[4], co-
circulating with less common types like G12P[6] and G3P[6], as well as the rare reassortant
strain G1P[6] that is not typically seen in humans. Importantly, none of the rotavirus-
positive patients in this study were co-infected with V. cholerae, indicating that rotavirus and
cholera infections occurred in parallel rather than within the same individuals. The presence
of multiple rotavirus genotypes in this context mildly suggests complex transmission
dynamics at play. On one hand, the identification of G1P[8] and G2P[4], strains against
which the Rotarix® vaccine is designed to protect, alongside other genotypes could imply
that routine vaccination was not fully interrupting rotavirus circulation during the outbreak.
However, the small sample size precludes broader conclusions regarding genotype diversity
or potential vaccine-era dynamics within the study population.

The appearance of unusual strains points to introduction from outside sources or
virus evolution. Notably, the emergence of genotype G2P[4] among outbreak strains
is consistent with reports from several African countries [32-34]. Further, detection of
this strain underscores the importance of ongoing genomic surveillance to detect strains
that may have implications for vaccine performance consistent with recommendations
from previous studies [35-37]. Research elsewhere hypothesises that shifts in genotype
distribution following vaccine introduction may reflect complex interactions between
host immunity, viral fitness, and natural genotype fluctuation [33]. The detection of a
reassortant G1P[8] strain in this study during an outbreak scenario aligns with previous
post-vaccine reports, where such strains were implicated in break-through rotavirus
gastroenteritis [29,38,39]. However, the present study was not designed to evaluate vaccine
effectiveness or selective pressures, and therefore no inference can be made regarding
vaccine-driven selection.

The detection of a G12P[6] in this cohort is notable, as this genotype combination has
been previously associated with zoonotic reassortment events [35,40,41]. Genotype G12,
particularly when paired with P[6], has been increasingly reported across sub-Saharan
Africa and has, in some cases, been shown through whole-genome analyses to carry internal
gene segments of porcine origin [18,35,41-43]. However, the present study did not include
full genome characterisation and therefore the origin of the detected G12P[6] cannot be
determined. Nonetheless, its identification aligns with patterns of genotype diversity
reported in the region and underscores the dynamic nature of rotavirus evolution. Such
reassortment events are epidemiologically important as they can generate novel rotavirus
variants with unpredictable antigenicity or virulence, potentially undermining existing
immunity in the human population. This highlights the need for a One Health approach
in surveillance, as the health of human populations may be directly affected by rotavirus
strains circulating in livestock and other animals.
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The identification of a rare G1P[6] strain represents an uncommon genotype com-
bination in the African context. While P[6] is typically detected in association with G12
or other strains linked to zoonotic or reassortant origins, its pairing with G1 is less com-
monly reported. Large post-vaccine genotype surveys from Nigeria and Nepal have
document atypical genotype constellations; however, G1P[6] has remained relatively in-
frequent [34,40]. The presence of this combination during the Zambian outbreak could
signify an uncommon reassortment events occurring in settings where multiple strains
co-circulate, although the limited sample size precludes definitive conclusions regarding its
origin. Similar patterns of emerging novel genotypes have been observed in other African
countries [44-46], underscoring the dynamic nature of rotavirus evolution in the vaccine
era. Continued genomic surveillance will be important to determine whether such uncom-
mon genotype constellations represent isolated detections or broader shifts in circulating
strain populations.

The findings of this study provide important insights for cholera outbreak response
and enteric pathogen surveillance, challenging the traditional single-pathogen paradigm.
Large multicentre studies of diarrhoeal disease, including the Global Enteric Multicen-
tre Study (GEMS) and MAL-ED, have demonstrated that multiple pathogens frequently
contribute to diarrhoeal episodes and that clinical features alone are insufficient for re-
liable aetiologic attribution [8,47,48]. In the present outbreak, rotavirus was detected in
5.6% of patients meeting the clinical case definition for cholera, reinforcing evidence that
reliance solely on syndromic presentation or pathogen-specific rapid testing may mask the
contribution of other enteric pathogens to overall disease burden [49,50].

While evidence from respiratory infections in high-income paediatric intensive care
units suggests that viral PCR detection does not automatically reduce antibiotic prescrib-
ing [51], the application of multiplex PCR platforms for enteric pathogens presents a
distinct opportunity. In outbreak settings, these panels have been shown to substantially
increase pathogen detection compared to standard methods [52,53], and studies from
high-burden settings confirm that enteric viruses contribute significantly to diarrhoeal
disease, frequently as mixed infections [54]. By definitively identifying viral aetiologies
that do not require antibiotic therapy, multiplex diagnostics may support antimicrobial
stewardship efforts when integrated into clinical decision-making frameworks. However,
the enhanced sensitivity of these assays necessitates careful interpretation, particularly in
high-burden settings where asymptomatic carriage and low-level co-detections of enteric
pathogens are common [7,55]. The notable frequency of mixed infections reported in a
previous study further illustrates this challenge, as distinguishing the primary causative
pathogen often requires quantitative thresholds and clinical correlation [54]. Together,
these findings suggest that while broad-spectrum diagnostics can enrich aetiologic un-
derstanding during outbreaks, their effective integration into response frameworks must
balance diagnostic sensitivity with interpretive rigour to optimise patient management and
minimise unnecessary antibiotic use.

A key strength of this study is that it leveraged a broad multiplex PCR platform to
identify rotavirus and a wide range of co-circulating enteropathogens, thereby providing
an aetiologically richer picture than routine single-pathogen surveillance and enabling the
description of non-random co-detection patterns. In addition, molecular characterisation
of circulating strains, albeit in a subset, adds value by demonstrating genotype diversity,
including uncommon and potentially zoonotic-associated types, relevant to vaccine-era
monitoring and outbreak preparedness.

Important limitations should also be noted. The analysis reflects a convenience sample
of treatment-centre admissions defined by syndromic criteria and therefore may not be
generalisable to community diarrhoea or to milder presentations, and the small number
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of rotavirus-positive cases limited precision and reduced the power to detect associations
based on demographic or clinical factors. Genotyping was possible for only a small fraction
of positive samples, which constrains inference about population-level strain distribution.
Given the high reported specificity of the multiplex platform (>98%), a small number
of false-positive detections may occur, particularly at low prevalence. This should be
considered when interpreting pathogen co-detections identified in this study. A further
limitation relates to the substantial proportion of missing demographic information in
the dataset, particularly for sex, age categories, and cholera vaccination status. Such
missingness may influence interpretation of the apparent demographic distribution of
cases reported in this study. In outbreak response settings, data collection often occurs
under operational constraints, where clinical management and rapid triage take precedence
over complete documentation. As a result, incomplete recording of demographic variables
can occur, and the patterns observed in this analysis should therefore be interpreted with
caution. Finally, key clinical and exposure variables (including rotavirus vaccination
history, symptom severity, antibiotic use, WASH exposures, and complete HIV-related
information) were incompletely captured during the emergency response, increasing the
potential for residual confounding and limiting the interpretation of pathways linking
pathogen detections to clinical outcomes.

7. Conclusions

Rotavirus contributed a modest but clinically meaningful proportion of admissions
labelled as suspected cholera during Zambia’s 2023-2024 outbreak, and it was detected
predominantly in children and adolescents and most often within mixed enteric infections.
The frequent co-detection of pathogens such as Campylobacter and norovirus underscores
the aetiologic complexity that can underlie cholera-like presentations and highlights the
limitations of syndromic diagnosis during outbreaks. The diversity of rotavirus genotypes
identified, including uncommon and potentially zoonotic-associated or reassortant strains,
reinforces the importance of coupling routine case surveillance with molecular characterisa-
tion to track strain evolution and to inform vaccine-era monitoring, particularly as Zambia
transitions between vaccine products. Together, these findings support a more integrated
outbreak response that incorporates multi-pathogen diagnostics, judicious antimicrobial
stewardship, and strengthened genomic surveillance within a One Health framework
to improve clinical management and guide targeted public health action for diarrhoeal
disease control.
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