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Estimating cholera incidence with
cross-sectional serology
Andrew S. Azman1*, Justin Lessler1, Francisco J. Luquero2,3, Taufiqur Rahman Bhuiyan4,
Ashraful Islam Khan4, Fahima Chowdhury4, Alamgir Kabir4, Marc Gurwith5,
Ana A. Weil6,7, Jason B. Harris6,8,9, Stephen B. Calderwood6,7, Edward T. Ryan6,7,10,
Firdausi Qadri4, Daniel T. Leung11,12

The development of new approaches to cholera control relies on an accurate understanding of cholera epide-
miology. However, most information on cholera incidence lacks laboratory confirmation and instead relies on
surveillance systems reporting medically attended acute watery diarrhea. If recent infections could be identified
using serological markers, cross-sectional serosurveys would offer an alternative approach to measuring inci-
dence. Here, we used 1569 serologic samples from a cohort of cholera cases and their uninfected contacts in
Bangladesh to train machine learning models to identify recent Vibrio cholerae O1 infections. We found that an
individual’s antibody profile contains information on the timing of V. cholerae O1 infections in the previous
year. Our models using six serological markers accurately identified individuals in the Bangladesh cohort
infected within the last year [cross-validated area under the curve (AUC), 93.4%; 95% confidence interval (CI),
92.1 to 94.7%], with a marginal performance decrease using models based on two markers (cross-validated
AUC, 91.0%; 95% CI, 89.2 to 92.7%). We validated the performance of the two-marker model on data from a
cohort of North American volunteers challenged with V. cholerae O1 (AUC range, 88.4 to 98.4%). In simulated
serosurveys, our models accurately estimated annual incidence in both endemic and epidemic settings, even
with sample sizes as small as 500 and annual incidence as low as two infections per 1000 individuals. Cross-
sectional serosurveys may be a viable approach to estimating cholera incidence.

INTRODUCTION
Despite global efforts to improve access to safe water and adequate
sanitation in many resource-poor settings, cholera remains a serious
public health threat, killing more than 100,000 each year globally (1).
Large epidemics in Africa, the Middle East, South Asia, and Haiti
over the past decade have renewed global interest in the fight against
cholera. In 2017, the World Health Organization (WHO)–backed
Global Task Force for Cholera Control set a goal to end cholera as a
public health threat by 2030 (2).

Accurate estimates of cholera incidence are key for identifying prior-
ity intervention areas (i.e., cholera hotspots), evaluating new approaches
to fighting cholera, and tracking/certifying progress in cholera control
and elimination. Cholera incidence estimates are typically based on
passive case-based reporting of acute watery diarrhea, and few cases are
confirmed by culture or polymerase chain reaction. However, cholera
symptom severity varies widely, access to health care varies, and case
definitions can be insensitive or nonspecific. These factors lead to large
uncertainties about Vibrio cholerae O1 infection incidence, its geo-
graphic distribution, and true disease burden.

Serosurveillance may provide one avenue to overcome existing
cholera surveillance limitations and complement ongoing clinical sur-
veillance efforts (3).However, serological correlates of recentV. cholerae
O1 infection are not well established. Initial antibody responses are of
the immunoglobulin M (IgM) isotype, which then progress to other
isotypes such as IgG or IgA within days or weeks. Complement-fixing
bactericidal antibodies directed at multiple V. cholerae antigens,
known as vibriocidal antibodies, are the best-characterized immunologic
marker of recentV. choleraeO1 infection. Vibriocidal antibody titers
correlate with protection against cholera in household contacts of pa-
tients with cholera (4) and in human challenge studies (5) and have
been used in numerous vaccine immunogenicity studies as the primary
nonmechanistic correlate of protection (6). However, there is neither
an established threshold at which protection is considered complete
nor one for classifying someone as “recently infected.” In addition to
vibriocidal antibodies, antibody responses to V. cholerae O1 serogroup
antigens, including the O antigen of the lipopolysaccharide (LPS) and
the B subunit of the cholera toxin (CTB), have been shown to rise and
decline after infection, with marked heterogeneity in kinetics between
antibody isotypes (7). Flexiblemodels capable of incorporatingmultiple
cross-sectional serologic responses and demographic datamay improve
our ability to accurately identify recent infections.

If individuals recently infected with V. cholerae O1 could be iden-
tified on the basis of their cross-sectional antibody profiles, this would
provide an alternate measure of cholera incidence not subject to the
biases of passive surveillance systems. The sharper picture of cholera
epidemiology potentially provided by such a measure could play an
instrumental role in enabling evidence-based approaches for targeting
interventions, identifying the most effective cholera control tools, and
tracking progress in fighting this ancient disease.

Here, we used data from a cohort of clinical cholera cases and their
household contacts in Dhaka, Bangladesh and machine learning
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2778 individuals (673 households) randomly sampled nationally
Data collection from 12-2015 to 1-2016
Serum tested for suite of immunologic markers

vibriocidal (Ogawa and Inaba)
anti-CTB IgG, IgM and IgA
anti-LPS IgG, IgM and IgA
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Nationally Representative Serosurvey in Bangladesh
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How does serology compare to clinical cases?



Refinement of models to identify recent infections
Simplification of antibody panel and identification of new markers
Methods to discriminate between vaccinees and natural infections
Guidance on serosurvey design and sample size
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Looking Forward


