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Summary
Objectives—Recent large cholera outbreaks highlight the need for improved understanding of
the pathogenesis and epidemiology of cholera. The incubation period of cholera has important
implications for clinical and public health decision-making, yet statements of the incubation
period of cholera are often imprecise. Here we characterize the distribution of cholera’s incubation
period.

Methods—We conducted a systematic review of the literature for statements of the incubation
period of cholera and data that might aid in its estimation. We extracted individual-level data,
parametrically estimated the distribution of toxigenic cholera’s incubation period, and evaluated
evidence for differences between strains.

Results—The incubation period did not differ by a clinically significant margin between strains
(except O1 El Tor Ogawa). We estimate the median incubation period of toxigenic cholera to be
1.4 days (95% CI, 1.3–1.6). Five percent of cholera cases will develop symptoms by 0.5 days
(95% CI 0.4–0.5), and 95% by 4.4 days (95% CI 3.9–5.0) after infection.

Conclusions—We recommend that cholera investigations use a recall period of at least five
days to capture relevant exposures; significantly longer than recent risk factor studies from the
Haitian epidemic. This characterization of cholera’s incubation period can help improve clinical
and public health practice and advance epidemiologic research.
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Introduction
Cholera has been studied since before the time of John Snow, yet many important aspects of
its transmission and clinical course are not fully understood. One aspect, the incubation
period, plays a significant role in cholera surveillance, prevention, and control. The
incubation period of an infectious disease is the time between infection and the development
of symptoms. The full range of variability in incubation periods across infected individuals
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shapes epidemic dynamics and informs public health decision-making. Simple summary
measures, such as the average or range of incubation periods, don’t describe this variability
and may be of limited usefulness in clinical and public health practice.

Vibrio cholerae causes an estimated 3 to 5 million cases of cholera and 100,000 to 120,000
deaths each year.1 Cholera is transmitted by ingestion of V. cholerae bacteria, resulting from
either direct transmission via fecal contamination of food, water, or fomites, without entry
into a larger aquatic ecosystem, or through ingestion of seafood or water from aquatic
reservoirs.2 Whether an individual develops clinical cholera, and the time to the
development of symptoms, depends upon mode of transmission, the quantity of bacteria
ingested, and host factors.3,4 Though the majority of cases are thought to be asymptomatic,
cholera infection can cause diarrhea and vomiting, and in severe cases extreme dehydration,
metabolic acidosis, and death.4 Case fatality rates from cholera can be maintained below 1%
with appropriate case management; however, without appropriate treatment case fatality
rates can exceed 20%.4

V. cholerae are typically classified into one of over 200 serogroups by their somatic O
antigen.4 Only two serogroups, O1 and O139, are known causes large outbreaks in humans.
V. cholerae O1 can be divided on the basis of phenotypic or biochemical differences into the
classical and El Tor biotypes. Within each biotype, isolates are classified into serotypes by
their antigenic form, with Inaba and Ogawa being the most important. Classical cholera is
generally thought to be more pathogenic and virulent than El Tor, whereas El Tor may
survive better in the environment and human hosts.5

Knowledge of the incubation period has practical value in clinical practice, public health,
and epidemiological studies. Historically, health officials and politicians worldwide debated
the duration of cholera’s incubation period in discussions of global cholera control including
when deciding on the length of quarantine imposed on sailors and ships.6 More recently,
estimates of the incubation period have been used to define the end of epidemics and to
identify etiologically relevant time periods to assess disease-associated risk factors.7,8 Over
the past decade computational models of cholera transmission and control have played an
increasingly important role in shaping our understanding of transmission dynamics and
guiding policy. Cholera transmission models often utilize an assumed incubation period
distribution.9

Statements about the incubation period of cholera are often imprecise, unsourced, or based
on limited information. Statements of the incubation period such as “a few hours to a few
days” or “five days” are common, and it is often unclear if they refer to the mean incubation
period, its maximum, the full range or some other interval. In this paper, we perform a
systematic review of the literature on cholera’s incubation period and estimate its full
distribution in a pooled analysis of published data.

Methods
Our review follows the general approach taken in Lessler et al.10 We highlight key features
of this approach and note differences between the two when applicable. Our approach and
reporting follow the PRISMA guidelines.11

Search strategy and selection criteria
We searched PubMed, Google Scholar, and ISI Web of Knowledge in January 2011. On
PubMed, we searched the terms “incubation”, “period”, “cholera” and “cholerae.” On
Google Scholar we searched for “incubation period of cholera”, “incubation period for
cholera”, “incubation period of V. cholerae”, “incubation period for V. cholerae”,
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“incubation period of V. cholerae”, and “incubation period for V. cholera”. We used,
“incubation period AND cholera”, and “incubation period AND cholerae” in ISIWeb of
Knowledge. We also consulted two medical textbooks and a classic cholera
publication.12–14

Two independent reviewers evaluated all abstracts for inclusion in the full text review.
Differences were resolved by discussion and consensus. Non-English documents and dead
links returned by Google Scholar were excluded from abstract review. Documents were
excluded from full-text review if they were definitively about a different disease or reported
a non-human study. Otherwise, all articles returned by the searches were included in the
full-text review.

Assessment
Documents in the full-text review were classified as containing: (1) an incubation period
estimate based on original data or analysis, (2) a cited statement of the incubation period, (3)
an unsourced statement of the incubation period, and/or (4) no statement of the incubation
period. Relevant citations within each document were similarly reviewed. Documents were
further classified based on whether they contained individual-level data appropriate for
analysis. Two reviewers independently examined each paper potentially containing original
data for figures, tables, or text describing individual-level incubation period data.
Discrepancies between reviewers were resolved by discussion and consensus. Two experts
reviewed the list of documents containing incubation period data and suggested any
documents not identified by the search criteria.

We restricted this review to infections from V. cholerae O1 and O139, which have been
identified as the primary causes of cholera epidemics and pandemics. Since serogroup
classification was developed in the 1930’s, and given the wide held belief that previous
cholera pandemics were caused by V. cholerae O1, we included all references to cholera
from previous pandemics (i.e. data from before 1923) as O1 cholera with no assumptions
about biotype or serotype. In sensitivity analyses we excluded this data and found no
significant differences (see supplement).

Data abstraction and analysis
We took two approaches to characterize the incubation period of cholera; we summarized
general statements about the incubation period of cholera, and pooled and reanalyzed
individual-level data.

Statement summarization
We extracted all statements of the incubation period of cholera to characterize the consensus
in the medical literature (excluding individual observations). We present the range of
incubation periods that would be consistent with the majority of statements (i.e. consistent
with over 50% of the published estimates), and the modal statement of the central tendency.

Pooled analysis
We included all individual-level observations where an exact value or a range for both the
time of exposure and the time of symptom onset was reported or could be deduced. We did
not include times between cases within households in endemic settings as it was not possible
to place a lower bound on exposure times without strong assumptions. We treated all data as
doubly interval censored observations (e.g. “two days later” would be treated as an interval
censored observation in the range of 48–72 h).15
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The logarithm of incubation periods of acute infectious diseases have been shown to
approximately follow a normal distribution.10 Using this assumption, we pooled individual
observations and fit the data to a log-normal distribution, characterized by its median and
dispersion (the exponential of the standard deviation of the logarithm of the data). When
log-normal distributed, approximately two-thirds of incubation periods will fall between
median ÷ dispersion and median × dispersion. We fit models to serogroup specific data, and
further stratified by biotype and serotype (within each biotype) to investigate differences
between strains. We constructed hierarchical models adjusting for study type (i.e.
observational or experimental) to assess whether strain specific differences could be
explained by study-level factors.

We estimated the median, dispersion, and key percentiles of the incubation period using a
Bayesian adaptation (see supplement) of previously published methods.15 To check the
robustness of our results, we compared our estimates to those made from alternative
parametric and nonparametric models (see supplement). All analyses were performed using
the R statistical language (version 2.14.0). All data used in the pooled analyses and a full
bibliography are available from the authors on request.

Results
We identified ninety-three documents containing 179 statements of the incubation period of
cholera (Fig. 1). Of these, 35% (63/179) came from original studies, 25% (45/179) cited a
source, and 40% (71/179) gave no source. Statements of the incubation period pertained to
the mean, the range of the mean, the median, the range of the full incubation period, and to
non-specific measures of the range or central tendency. The majority of published estimates
of cholera’s incubation period are consistent with a duration of 1–5 days with a mode of 3
days. In most cases, no serogroup, serotype or biotype was specified in these statements.

Pooled analysis
Seventeen documents with individual-level data met the criteria for inclusion in the pooled
analysis (Table 1). From these we extracted data on 323 cholera cases with 37% (120/323)
coming from 8 experimental studies,3,16–22 and 63% (203/323) from 9 observational
studies.12,23–30 Most observations came from the current seventh pandemic, while 38 came
from the second to fifth cholera pandemics, including 25 observations reported by John
Snow during an 1854 cholera outbreak in London.12,23,29 Most observations came from V.
cholerae O1 infections (294/323), the predominant serogroup circulating globally, and 29
observations were from infections with V. cholerae O139. We found statistical evidence for
a significant difference in incubation periods between the O1 and O139 serotypes (see
supplement). However, due to the paucity of incubation period observations for O139
infections, we considered both serogroups together in our primary analysis.

We estimate the median incubation period of toxigenic cholera to be 1.4 days (95% Credible
Interval (CI), 1.3–1.6) with a dispersion of 1.98 (95% CI 1.87–2.11). Five percent of cholera
cases will develop symptoms by 0.5 days (95% CI 0.4–0.5), and 95% by 4.4 days (95% CI
3.9–5.0) after infection.

Serogroup O1
O1-specific incubation period data came from 91 observations from 5 human challenge
studies,3,16,18,19,21 and from 203 observations from 9 outbreak investigations,12,23–30

including two outbreaks on international flights.25,28 Based on this data, we estimate the
median incubation period for O1 cholera to be 1.5 days (95% CI 1.4–1.7) with a dispersion
of 2.04 (95% CI 1.92–2.19) (Fig. 2A, Table 2). Five percent of O1 cases will develop
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symptoms by 0.5 days (95% CI 0.4–0.5), and 95% by 4.9 days (95% CI 4.3–5.7) after
infection. In a sensitivity analysis, we excluded data reported before serogroup definitions
existed (38 observations in 3 studies12,23,29) and found that our estimates of 5th, 25th, 50th,
75th and 95th percentiles of the incubation period did not vary by a clinically significant
margin (less than a third of a day for each, see supplement).

Serotype and biotype—Within the O1 serogroup, we found no significant differences in
the incubation period distributions of El Tor and classical biotypes after adjusting for study
type. Next, following convention, we compared serotypes within each biotype. All 75
observations for El Tor Ogawa came from three observational studies,18,21,25 and our
estimate of its distribution was significantly different than other serotypes. We estimate the
median incubation period of O1 El Tor Ogawa to be 1.3 (95% CI 1.0–1.6) days with a
dispersion of 2.89 (95% CI 2.46–3.62). Five percent of El Tor Ogawa cases will develop
symptoms by 0.2 (95% CI 0.1–0.3) days, with 95% developing symptoms by 7.4 days (95%
CI 5.2–11.5) days after infection.

Our estimates suggest larger variability in the incubation period with O1 El Tor Ogawa than
other toxigenic strains, with some cases expected to become symptomatic over a week after
infection. We re-estimated the incubation period for toxigenic cholera with this influential
data removed and found the median incubation period is 1.5 (95% CI 1.4–1.7) days with a
dispersion of 1.62 (95% CI 1.54–1.71). Five percent of cases will develop symptoms by 0.7
(95% CI 0.6–0.8) days, with 95% developing symptoms by 3.4 (95% CI 3.1–3.9) days after
infection (Fig. 2B, Table 2).

Serogroup O139
Incubation period data for infections with V. cholerae O139 came from 29 observations
from 3 human challenge experiments. 17,20,22 From this data we estimate the median
incubation period for O139 cholera to be 1.3 days (95% CI 1.1–1.5) with a dispersion of
1.42 (95% CI 1.31–1.54) (Fig. 2A, Table 2). Five percent of O139 cases will develop
symptoms by 0.7 days (95% CI 0.6–0.9), with 95% developing symptoms by 2.3 days (95%
CI 1.9–3.1) after infection.

Discussion
We estimated the full distribution of cholera’s incubation period by combining 323
individual observations from the past 150 years, providing more detail than any estimate we
found in the published literature. The consensus within the literature captures the central
tendencies of cholera’s incubation period but fails to reflect its variability. Based on our
reanalysis of published data, we expect that the range of incubation periods consistent with
the majority of statements in the literature (1–5 days) would exclude 33% (95% CI 0.29–
0.38) of cholera incubation periods.

We find evidence for differences between one strain, O1 El Tor Ogawa, and all other
toxigenic cholera strains. One explanation for these differences is that all data for O1 El Tor
Ogawa come from observational studies; however, these differences persist when restricting
data on other strains to observational studies. Since serotypes are based on antigen
differences, it is plausible that the incubation periods between antigen-defined strains would
be different. The combined estimate of cholera’s incubation period (Table 2, Fig. 2A) is an
appropriate and conservative estimate for use in most settings; however, when O1 El Tor
Ogawa is the main circulating strain, the O1 El Tor Ogawa-specific estimate (Table 2, Fig.
2B) may be preferred.
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Over the past two decades, a variant of O1 El Tor, which produces classical cholera toxin
(the toxin produced by the classical biotype strains), has nearly displaced prototypical El Tor
strains worldwide,5 and is responsible for the current Haitian epidemic.31 Although the
cholera toxin allele for all strains in this analysis were not characterized, it is unlikely that
any incubation period observations were a result of this, seemingly more virulent, hybrid
strain. Other virulence factors, many of which are encoded on mobile genetic elements
within the V. cholerae genome, may also modify the incubation period. More investigations
are needed to understand the properties of emerging strains, such as the incubation period.
Given the diverse use of incubation periods and uncertainty related to variant O1 El Tor
strains, expert judgment based on contemporary observations should be used in deciding the
appropriate distribution to use.

Outbreak investigation guidelines from the WHO for foodborne diseases suggest limiting
the recall period for potential exposures to the length of the incubation period from symptom
onset.8 Current guidance by the WHO and US Centers for Disease Control,1,32 state that the
incubation period of cholera ranges between 2 h and 5 days. However, some risk factor
studies conducted in the recent Haitian epidemic used exposure recall periods of as short as
3 days,33,34 which we estimate will miss 21% (95% CI 0.14–0.21) of O1 El Tor Ogawa
exposures. This could cause investigators to miss important risk factors or sources of
exposure. We recommend that cholera investigations use a recall period of at least 5 days,
and up to 7 days in the case of El Tor Ogawa.

There are a number of limitations on inferences from this pooled data. Differences in
symptom onset definitions between studies can introduce variability into measured
incubation periods, though all papers that included a definition of symptom onset defined it
as onset of diarrhea after known/suspected ingestion of V. cholerae. The incubation period
may also vary by dose. Hornick et al. showed a dose–response relationship between the
inoculum dose and the incubation period, with lower doses leading to longer incubation
periods.3 Most experimental studies included in this analysis administered 106 colony-
forming units along with a buffer solution, but the infectious dose from the observational
studies is unknown. For a short period of time after V. cholerae exits a human host, it is
thought to exist in a hyperinfectious state.35 This state reduces the infectious dose required
to produce illness, and could plausibly lead to different incubation periods when compared
to infections from non-hyperinfectious vibrios. Subjects in the experimental studies in this
analysis were not exposed to hyperinfectious vibrios however those exposed under natural
conditions (i.e. the observational studies), may have been. When analyzed separately, the
incubation periods fit to data from observational and experimental studies have similar
distributions, but with more variability in the distribution fit to the observational data (see
supplement). These differences presumably arise from the heterogeneity in dose and
exposure pathway between the two types of settings.

Previous exposure to cholera provides some protection against clinical cholera and may
modify the incubation period. While data on previous exposures were unavailable for the
observational studies reviewed, the experimental studies reviewed were exclusively
performed on North American volunteers, most with no previous exposure to cholera. There
is evidence that host genetics and nutritional status may play a role in the development of
cholera symtoms.4 Hence, extrapolation from one population to another may be suspect.

Our estimates characterize the variability in the incubation period of cholera and reveal
differences between one strain, O1 El Tor Ogawa, and the others. As cholera continues to
persist throughout South Asia, Africa, and the Caribbean, these estimates can help improve
epidemiologic and clinical investigations, and enhance computational models aimed at
understanding transmission dynamics and intervention effects. These estimates allow us to
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move past simple statements of the incubation period towards incorporation of individual
variability and uncertainty in decision-making.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flow chart for search process.
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Figure 2.
Estimated cumulative distribution of incubation period for (A) all toxigenic cholera (O1 and
O139), and (B) all toxigenic cholera without O1 El Tor Ogawa (blue), O1 El Tor Ogawa
(green), and, for reference, the fit from (A) in grey. Horizontal bars show the 95% credible
intervals and samples from the posterior distribution (illustrating the uncertainty in the
estimates) are shown as transparent lines.
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