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Abstract
Background: We aimed to document viral, bacterial, and
protozoan enteric pathogens responsible for causing
moderate-to-severe diarrhoea among children under five
presenting at public health facilities in Zambia following the
introduction of rotavirus vaccination.

Methods: This was a cross-sectional study in which clinical
data and stool samples were collected between July 2012
and October 2013 from children under five years presenting
to outpatient clinics in Lusaka province with moderate-to-
severe diarrhoea. The study was conducted during the early
months post rotavirus vaccine introduction in Zambia. We
used Luminex x-TAG® gastrointestinal pathogen panel to
simultaneously detect enteric viruses, bacteria and protozoa
from the stool samples. We applied the population
attributable fraction to estimate pathogen-specific burden
of moderate-to-severe diarrhoea.

Results: We analysed 1,135 unique stool samples with
clinical data, of which 56% had received one or full dose
rotavirus vaccination. The median age was 14 months
(IQR=8, 22). The prevalence of moderate-to-severe
diarrhoea was estimated as 18.9% (95%CI=16.7, 21.2). The
most attributable cases of moderate-to-severe diarrhoea
were due to rotavirus {attributable fraction=24.5%;
95%CI=(5.4, 39.7)} followed by Shigella spp. {attributable
fraction=6.7%; 95%CI=(0.1, 15.5)}. The top 5 enteric
pathogens detected among children were rotavirus (67.6%),
Adenovirus (41.5%), ETEC (40.7%), Salmonella (38.4%) and
Giardia (37.0%).

Conclusion: We found that about one-third of moderate-to-
severe diarrhoea among children were attributable to
rotavirus and Shigella spp.
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Introduction
Although rotavirus is known to be the most common cause of

diarrhoea in the under-five population, other viral, bacterial and
protozoan enteric pathogens also contribute to the burden of
diarrhoea. Following the World Health Organisation
recommendation, several countries have introduced rotavirus
vaccines (RVs) into their national immunisation schedules with
an observed significant impact on reduction of rotavirus
associated morbidity and mortality [1]. Zambia implemented
RVs in the national expanded programme on immunisation
starting in Lusaka province in 2012 and scaling up to country-
wide by end of 2013; becoming the 17th GAVI eligible country to
do so [2]. Over the period, significant reduction in acute
gastroenteritis-associated in hospital morbidity and mortality
has been recorded with the greatest reduction observed among
children aged <1 year [3].

The increase in the number of countries introducing RV
validates the fact that rotavirus is the leading cause of diarrhoea
[4]; however, this reality will change as RVs make broad impacts.
Moving forward, these enteric pathogens could become
significant causes of diarrhoeal illness [5,6]. Therefore,
comprehensive understanding of the aetiology of diarrhoea is
critical for guiding control and therapeutic options, assessing
vaccine performance and informing vaccine development
priorities. For example, the value of individual or combination
vaccines such as those in development against typhoid, ETEC
and Shigella spp [7-11] would be better appreciated when there
is data on the burden of disease. In this context, documenting
the emerging top causes of diarrhoea post RV roll out should
inform priorities for future diarrhoea disease prevention and
control, and enteric vaccine development and implementation.
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In this study, we aimed to document viral, bacterial, and
protozoan enteric pathogens responsible of causing moderate-
to-severe diarrhoea among children presenting at public health
facilities in Zambia following the introduction of rotavirus
vaccination.

Methods

Study design and participants
We used existing clinical data and raw stool samples collected

for the purpose of evaluating the effectiveness of rotavirus
vaccination under the “Programme for Awareness and
Elimination of Diarrhoea (PAED)” in Zambia. The design of the
original study was described in detail elsewhere [2]. Briefly,
children were eligible if they were aged 0-59 months; admitted
to the inpatient department or under care in the outpatient
department; and caregiver verbal confirmation of child
presenting with diarrhoea (defined as the passing of ≥3
abnormally loose stools in the past 24 hrs). Additionally, children
were considered eligible if there was an indication of potentially
severe diarrhoea by confirmation of at least 1 of the following
symptoms assessed through physical examination by the study
nurse or verbal confirmation by the caregiver: sunken eyes, loss
of normal skin turgor, intravenous rehydration prescribed/
administered, blood in stool and hospitalisation for diarrhoea or
dysentery. Enrolment of children was done during the early
months post RV introduction between July 2012 and October
2013 in Lusaka province from health facilities. Detailed clinical,
demographic, and vaccination data were systematically
collected from each child including a raw stool sample collected
at enrolment. Stool samples from children that remained after
the RV effectiveness evaluation in Lusaka were stored at -80°C.
Our analysis sample included children from whom raw stool
samples for enteric pathogen testing and complete clinical data
were available.

Laboratory analysis
The qualitative, multiplex, polymerase chain reaction (PCR)

based Luminex x-TAG® gastrointestinal pathogen panel (GPP)
(Luminex Corporation, Austin TX, USA) was used to
simultaneously detect 15 enteric pathogens i.e. viruses, bacteria
and protozoa from the raw stool samples according to
manufacturer’s protocol. Briefly, stool samples were first thawed
and homogenised by bead beating in SK38 soil grinding tubes
(Cat KT03961-1-006.2, Bertin Corporation, USA), incubated in
NucliSENS® easyMAG® lysis buffer (BioMérieux, France)
containing bacteriophage MS2 as an internal positive control
and centrifuged. Resulting supernatant was then used for total
nucleic acid extraction using the commercially available QIAamp
MinElute Virus Spin Kit (Qiagen, Germany) and extracts were
stored at -20°C. For the simultaneous detection of enteric
pathogens by GPP, 10µL of the stool nucleic acid extract was
added as template to a 15µL x-TAG® GPP PCR reaction mix
containing oligonucleotide primers targeting enteric pathogens:
Adenovirus 40/41, Campylobacter (C. jejuni, C. coli and C. lari
only), Clostridium difficile (C. difficile) toxin A/B, Cryptosporidium
(C. parvum and C. hominis only), Entamoeba histolytica (E.

histolytica), Escherichia coli (E. coli) O157, Enterotoxigenic E. coli
(ETEC) LT/ST, Giardia (G. lamblia/G. intestinalis/G. duodenalis
only), Norovirus GI/GII, Rotavirus A, Salmonella, Shiga-like Toxin
producing E. coli (STEC) stx 1/stx 2, Shigella (S. boydii, S. sonnei,
S. flexneri and S. dysenteriae), Vibrio cholerae (V. cholerae) and
Yersinia enterocolitica (Y. enterocolitica). Three negative controls
containing nuclease free water as template were included during
each x-TAG® GPP PCR and the assay was run on a thermocycler
(Applied Biosystems® 2720) under the following conditions:
Initial denaturation at 95°C for 15 mins followed by 38 cycles of
denaturation at 95°C for 30 seconds, annealing at 58°C for 30
seconds and elongation at 72°C for 30 seconds with final
extension at 72°C for 2 minutes and infinite hold at 4°C. A 5 µL
volume of the resulting PCR product was hybridised in a 95 µL
reaction mix containing magnetic beads (20 µL) and
Streptavidin-R-Phycoerythrin (SAPE) conjugate in reporting
solution (75 µL), incubated for 45 minutes at 45°C before
fluorescence was detected on a MAGPIX® instrument. Median
fluorescence intensity values were analysed by the x-TAG® data
analysis software (TDAS) to determine presence or absence of
enteric pathogens.

Post-hoc confidence interval estimation
We had a total of 1,135 children with both diarrhoea

symptoms data and GPP test results. The prevalence of
moderate-to-severe diarrhoea in this sample was 18.9%. To
estimate the confidence interval, we used simple asymptomatic
formula [12,13] based on the normal approximation to the
binomial in PASS 14 (NCSS Inc.). Therefore, a sample size of
1,135 produces a two-sided 97% confidence interval with a
width equal to 0.050 when the sample proportion is 0.189.

Outcome measurement
Moderate-to-severe diarrhoea: Using modified Vesikari score

components [14], we defined moderate-to-severe diarrhoea as a
score ≥ 9. The modified Vesikari score had seven components
namely: diarrhoea duration, maximal number of diarrhoeal
stools per 24 hour period, vomiting duration, maximal number
of vomiting episodes per 24 hour period, maximal recorded
fever, health care provider visits, and treatment. Each
component or domain were rated on a scale of 0 to 3 points.

Statistical analysis
We summarised background characteristics using proportions

or median as appropriate. We calculated the prevalence of
enteric pathogens as the number of children with enteric
pathogen infection divided by the total number of children
under five included in the analysis. We also calculated the
proportion of children with moderate-to-severe diarrhoea as the
number of children with moderate-to-severe diarrhoea divided
by the total number of children under five included in the
analysis. 95% confidence intervals were estimated using normal
approximation to binomial. We estimated pathogen-specific
burden of moderate-to-severe diarrhoea using population
attributable fraction [15-17]. The population attributable
fraction was estimated using punaf user-written command in
Stata [18]. Prior to using the punaf command, we fitted logistic
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regression with moderate-to-severe diarrhoea as outcome
variable and pathogens presence as independent variables. All
analyses were performed using Stata 15 MP (StataCorp, College
Station, TX, USA).

Ethical approval
This study was reviewed and approved by the University of

Zambia Biomedical Research Ethics Committee and the
University of North Carolina at Chapel Hill Institutional Review
Board. The Zambian Ministry of Health provided the
authorisation to conduct the research. Caregivers of participants
provided written informed consent prior to initiation of study
procedures.

Results

Characteristics of children and prevalence of
moderate-to-severe diarrhoea

A total of 2,000 stool samples were stored from enrolled
children of which 1,599 (80%) unique samples from individual
children were available and sufficient for enteric pathogen
testing by GPP.

Figure 1: Data flow diagram.

Matching clinical, demographic and vaccination data were
available for 1,381 unique samples. Since RVs were not
introduced in Ndola at the time the samples were collected, 246

samples from Ndola district were excluded from the analysis.
The remaining 1,135 unique samples from Lusaka province were
included in the final analysis (Figure 1). Of the 1,135 children
included in our analysis, the median age was 14 months (IQR=8,
22), 59% lived in a home with inadequate WASH and 56% had
received one or full dose rotavirus vaccination (Table 1). The
prevalence of moderate-t-severe diarrhoea was estimated as
18.9% (95%CI=16.7, 21.2) (Table 1). Higher proportion of infants
(20.2%; 95%CI=16.9, 23.9) had moderate-to-severe diarrhoea
compared to toddlers (19.1%; 95%CI=15.6, 23.2) and to children
(15.2%; 95%CI=11.0, 20.5) (Table 1).

Table 1: Percentage of children with moderate-to-severe
diarrhoea by background characteristics.

Characteristics Number of
children (%
of total)

No. (%) with
moderate-to-
severe
diarrhoea

95%CI

Age (months)

Median (IQR) 14 (8, 22)

<12 (Infants) 496 (44) 100 (20.2) (16.9, 23.9)

12-23 (Toddlers) 414 (36) 79 (19.1) (15.6, 23.2)

24-59 (Children) 224 (20) 34 (15.2) (11.0, 20.5)

Sex of Child

Female 548 (48) 112 (20.4) (17.3, 24.0)

Male 520 (46) 92 (17.7) (14.6, 21.2)

Vaccination Status

RV02 501 (44) 96 (19.2) (15.9, 22.9)

RV13 or Both 633 (56) 118 (18.6) (15.8, 21.9)

WASH1

Adequate 471 (41) 86 (18.3) (15.0, 22.0)

Inadequate 664 (59) 128 (19.3) (16.4, 22.5)

Total 1135 (100) 214 (18.9) (16.7, 21.2)

1Inadequate WASH was defined as households with unimproved source of
drinking water as well as unimproved toilet facility [19]. 2RV0 means the child did
not receive rotavirus vaccination; 3RV1 means the child received one dose of
rotavirus vaccination. Both means the child received the full two doses of
rotavirus vaccination.

Prevalence of enteric pathogens and pathogen-
specific burden of moderate-to-severe diarrhoea

The top 5 enteric pathogens detected among children were
rotavirus (67.6%), Adenovirus (41.5%), ETEC (40.7%), Salmonella
(38.4%), and Giardia (37.0%) (Figure 2 Panel A). About 24.5%
{95%CI=(5.4, 39.7)} of moderate-to-severe diarrhoea among
children infected with rotavirus were attributable to rotavirus
infection whereas about 6.7% {95%CI=(0.1, 15.5)} of moderate-
to-severe diarrhoea among children infected with Shigella spp.
were attributable to Shigella spp. (Figure 2 Panel B).
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Figure 2: Prevalence of enteric pathogens tested by qualitative, multiplex, polymerase chain reaction based Luminex x-TAG®
gastrointestinal pathogen panel (Panel A), and pathogen-specific burden of moderate-to-severe diarrhoea (Panel B). The
prevalence is shown for all pathogens (Panel (A), while the population attributable fractions are shown for all pathogens for which
the 95% confidence interval did not include 0 (Panel B). ETEC= Enterotoxigenic E.coli; STEC= Shiga-like toxin E.coli.

Discussion
We simultaneously identified important diarrhoeal

aetiological pathogens (viral, bacterial and protozoan) in
children under five in Zambia using a molecular based method.
The five most common enteric pathogens detected among
children were rotavirus (67.6%), Adenovirus (41.5%), ETEC
(40.7%), Salmonella (38.4%), and Giardia (37.0%). The
prevalence of moderate-to-severe diarrhoea in our sample was
estimated as 18.9%. The two most attributable pathogens were
rotavirus followed by Shigella where about 24.5% of moderate-
to-severe diarrhoea among children infected with rotavirus were
attributable to rotavirus infection and about 6.7% of moderate-
to-severe diarrhoea among children infected with Shigella spp.
were attributable to Shigella spp.

The importance of rotavirus was reaffirmed as the most high
burden pathogen in our sample, which is consistent with what
Kotloff and colleagues [16] found in the original GEMS study.
This confirms that rotavirus remained the number one aetiology
of moderate-to-severe diarrhoea requiring hospitalisation in our
setting despite RV introduction, which further highlights the
importance of continuing efforts to monitor the effectiveness of
vaccine introduction. While we have a recent paper from the
University Teaching Hospital in Lusaka reporting sustained
impact of RV on diarrhoeal hospitalisation, the same paper
reported substantial spikes in rotavirus positivity in stools by EIA
in 2016 [20]. The more sensitive PCR detection methods would
no doubt pick up greater frequencies of rotavirus infections if
applied to the same samples. As we previously showed [21],

comorbidity is common in our environment and indeed our
results here further reveal the multiplicity of enteric pathogens
potentially contributing to disease. The question of the clinical
relevance of isolated pathogens in diarrhoeal stools thus still
remains important warranting further interrogation.

Our data also hints at the possibility for combined or indeed
shifting aetiologies post-RV, given the high burden of other
enteric pathogens. The high prevalence of single Adenovirus
infection, only next to rotavirus, in our study tallies with the
GEMS re-analysis study where, when assessed with PCR-based
methods, Adenovirus incidence was five times more than
previously reported using microbiological methods [17,22],
shifting this enteropathogen to become among the top six
diarrhoea attributable pathogens [23,24]. However, our study
did not find attributable cases of moderate-to-severe diarrhoea
due to Adenovirus. Nonetheless, research is still required to
understand the role of Adenovirus in moderate-to-severe
diarrhoea in tropical setting as ours given its frequency. While
the high burden of diarrhoea attributable to rotavirus and
Shigella spp. as seen in our study may be due to the high
sensitivity of the molecular based diagnosis method we used in
this study, other reports such as Liu and colleagues [22] and
many other studies [25-29] have noted that Shigella spp. was
under detected in cultures compared to PCR.

Our study has important strengths worth noting. It is among
the few studies that investigated a broad array of viral, bacterial,
and protozoa enteric pathogens simultaneously using the PCR-
based Luminex x-TAG GPP. Our study offers a more generalisable
understanding of burden and aetiology of diarrhoea. We have
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reported diarrhoea aetiology in context of routine rotavirus
vaccination.

We, however, recognised some limitations. First, the Luminex
x-TAG GPP gives a qualitative readout which cannot account for
the infectious load effect. This means our interpretation of the
contribution to disease by the mere presence of a pathogen
could be overestimated. Second, although this molecular assay
detects multiple pathogens at once, species for some of the
major ones are grouped together and contribution of each type
to diarrhoea cannot be ascertained. (e.g. ETEC LT vs ST types,
Norovirus GI/GII, or the Shigella. Third, our measure of
diarrhoea included fever, which could have been induced by
other comorbidities which are very common in our setting such
as respiratory tract infections. Lastly, individuals can shed DNA
when asymptomatic and for some time post clinical episode
[30,31], which may not be attributed to the present episode of
diarrhoea but detected by the molecular assay. Nonetheless, our
effort to look at the aetiology of diarrhoea in our setting is a
great achievement in documenting clinically relevant enteric
pathogens.

For future studies on aetiology of diarrhoea, we propose that
the quantitative PCR (qPCR) based assays are used to
complement identification efforts by providing burden, species
and strain information on enteric pathogens which can help with
determining the attributable fraction each detected pathogen
contributes to diarrhoea [22].

Conclusions
We found that about one-third of moderate-to-severe

diarrhoea among children were attributable to rotavirus and
Shigella spp. The attribution of Shigella to diarrhoea observed in
our population could help prioritise the development and
process of introducing vaccines against Shigella in the post
rotavirus vaccine era.
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