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Background. Cholera continues to be a major cause of morbidity and mortality worldwide and is now endemic in Haiti since
first being introduced in 2010. Cholera and HIV have significant geographic overlap globally, but little is known about the clinical
features and risk of cholera among HIV-infected people and their households.

Methods. We assessed HIV-affected households originally recruited for a randomized controlled trial of food supplements. We
assessed for correlation between household and individual factors and reported history of cholera since 2010 using univariable and
multivariable analyses.

Results.  There were 352 HIV-infected household members, 32 with reported history of medically attended cholera, and 1968
other household members, 55 with reported history of medically attended cholera. Among HIV-infected individuals in this study, no
variables correlated with reported history of cholera in univariable analyses. Among all household members, known HIV infection
(adjusted odds ratio [AOR], 3.75; 95% CI, 2.43-5.79; P < .0001), source of income in the household (AOR, 1.82; 95% CI, 1.05-3.15;
P =.034), time required to fetch water (AOR, 1.07 per 5-minute increase; 95% CI, 1.01-1.12; P = .015), and severe household food
insecurity (AOR, 3.23; 95% CI, 1.25-8.34; P = .016) were correlated with reported history of cholera in a multivariable analysis.

Conclusions. Known HIV infection, source of household income, time required to fetch water, and severe household food inse-
curity were independently associated with reported history of medically attended cholera in HIV-affected households in rural Haiti.

Further research is required to better understand the interactions between HIV and cholera.
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The acute diarrheal illness caused by toxigenic Vibrio cholera
remains a major cause of morbidity and mortality worldwide,
with 172454 cases and 1304 deaths reported in 42 countries in
2015 [1]. Among these, Haiti has experienced a national epi-
demic since the introduction of cholera in 2010 [2].

Globally, there is substantial geographic overlap between
the HIV pandemic and the seventh cholera pandemic,
which extends throughout Asia into Africa, Europe, and the
Americas [1, 3]. However, the clinical features and risk of
cholera among HIV-infected people and their households
have not been well characterized. One recent study in urban
Haiti found a higher than expected prevalence of HIV among
people presenting to a cholera treatment center (CTC) with
diarrhea [4], and 2 case-control studies also suggest a possible
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association between HIV and cholera, although both were at
high risk of selection bias [5, 6].

This study is, to our knowledge, the first to assess risk factors
for cholera within HIV-affected households—including HIV
status, socioeconomic factors, water source, and food security.
In it, we evaluate HIV-affected households in rural Haiti that
were originally recruited to participate in a randomized con-
trolled trial of food supplements in HIV [7].

METHODS

Participants

We analyzed data from a randomized controlled trial compar-
ing 2 types of food supplements (ready-to-use therapeutic food
[RUTF] and corn soy blend [CSB]) distributed to HIV-infected
individuals receiving care at 3 health centers in the Artibonite
Department of Haiti, where comprehensive medical care is pro-
vided free of charge [7]. Participants were eligible if they were
18 years of age or older, known to be HIV-infected by clinical
record, and had initiated antiretroviral therapy (ART) within
the prior 24 months. Individuals were ineligible for the study if
another household member was eligible for food assistance (this
excluded households in which 2 adults were known to have HIV
infection by clinical record) or if they were pregnant at the time
of enrollment. Per clinic protocol, all participants received tri-
methoprim-sulfamethoxazole (TMP-SMX) prophylaxis unless
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intolerant. The 524 participants were recruited in June 2010.
We considered all other household members to be HIV status
unknown. Ethical approval was granted by the Institutional
Review Boards of Partners HealthCare (Boston, MA) and
Zanmi Lasante (Cange, Haiti). All participants provided writ-
ten informed consent.

Data Collection

The study took place during 2010-2013 and included struc-
tured survey assessments of the HIV-infected participants and
their households at baseline and at 6- and 12-month follow-up
time points. A household was defined as a group of persons
who make common provisions for food and other essentials for
living [8]. A cholera outbreak occurred in the region during the
course of the original study, and a fourth follow-up time point
was added at the end of the trial to assess the impact of cholera
in these households [2]. All households originally enrolled in
the trial were invited to participate in the survey at the fourth
follow-up time point, which was completed in January 2014,
2.5 years after enrollment. This analysis is restricted to survey
data from this time point. Surveys took place at the household
and were directed both at the individual with known HIV infec-
tion and at other household members present at the time of sur-
vey administration.

Through this survey, information on the HIV-infected
household members’ age, sex, marital status, and literacy was
collected. Data on the household were also collected, includ-
ing number of household members, source of income, electri-
city, access to a latrine, presence of a garden, amount of time
to fetch water, water source, and use of water treatment. We
assessed for self-reported history of cholera since 2010 by all
household members, and whether those with a reported history
sought medical attention or were hospitalized. Survey questions
regarding reported history of cholera were identical to those
used in the Demographic and Health Survey (DHS) performed
in Haiti in 2012 [9].

We assessed food security using the Household Hunger Scale,
classifying it into 1 of 3 categories: little to no hunger (score of
0-1), moderate hunger (score of 2-3), and severe hunger (score
of 4-6) [10]. A previously validated poverty scorecard based on
10 indicators and specific to Haiti was used to determine the
likelihood of high relative poverty, where a higher score indi-
cates decreased probability of severe poverty [11]. CD4 count
at the time of ART initiation—a measure that has been associ-
ated with 5-year outcomes including mortality—was abstracted
from the medical record [12].

Statistical Analysis

For univariable comparisons, we used 2-sided Fisher exact tests

for proportional data, Student t tests for normal continuous data,

and Wilcoxon rank-sum tests for non-normal continuous data.
Among all households originally enrolled in the trial, we com-

pared baseline characteristics of households that participated in

the survey at the fourth follow-up time point with those that did
not participate.

Among households participating in the survey at the fourth
follow-up time point, we assessed for risk factors for reported
history of cholera among all household members (with known
HIV or HIV status unknown) using a generalized estimating
equation (GEE) model with an exchangeable correlation struc-
ture to account for household clustering. In univariable mod-
els, we assessed household-level variables including number of
members, source of income, access to latrine, electricity, pres-
ence of a garden, food security, poverty score, time to fetch water,
use of water treatment, and water source, in addition to factors
related to the household member with known HIV, including
age, sex, marital status, literacy, and CD4 count at initiation of
ART. We then generated a multivariable GEE model with all
variables found to have P < .1 in the univariable analyses.

Within the subgroup of household members with known
HIV, we assessed for associations between the above variables
and reported history of cholera. If more than 1 variable was
associated with reported history of cholera with P < .1 in uni-
variable analyses, we planned to include all such variables in a
multivariable logistic regression.

Statistical analysis was performed using SAS, version 9.4
(SAS Institute, Cary, NC).

RESULTS

Of 524 HIV-affected households included in the 2010-2013
study, 352 (67%) participated in the survey at the fourth fol-
low-up time point in 2014. At baseline, compared with those
who did not participate, HIV-infected survey respondents were
older (mean, 40 vs 37 years; P = .0013), more likely to be female
(65% vs 55%; P = .049), and had a higher CD4 count (median,
343 vs 296 cells/mm?; P = .019). Other baseline household char-
acteristics did not differ and have been previously described in
detail [7]. Fifty-three (31%) of the HIV-infected trial partici-
pants who did not participate in the survey at the fourth fol-
low-up time point were known to be deceased at the time.

Of the 352 households that participated in the survey at the
fourth follow-up time point, 61 (17%) had at least 1 house-
hold member with reported history of cholera since 2010,
with a mean (SD) of 1.4 (0.8) cases per household that had at
least 1 (Figure 1). All reported cases of cholera were medically
attended (evaluated by a health care professional). Thirty-two
(9%) of the 352 household members with known HIV infection
and 55 (3%) of the 1988 household members without known
HIV reported a history of cholera. Seventy-five (86%) of those
who reported a history of cholera also reported being hospital-
ized for the episode. One person was reported to have died as a
result of cholera—a 6-year-old male.

Risk factors for reported history of cholera among all house-
hold members (known to have HIV or status unknown) are
in Table 1. In the univariable analyses, known HIV infection,
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HIV-affected households
(n = 352)
Households with at least 1 Houscholds with no
person reporting history of reported history of cholera
cholera (n = 291)
m=61)
Only household member Only household member(s) HIVeinfected member and
. . . . household member(s)
with known HIV infection without known HIV .
. . . . without known HIV
reporting history of cholera reporting history of cholera . .
_ _ reporting history of cholera
(n=123) (n=29) m=9)

Figure 1. Reported history of medically attended cholera since 2010 in HIV-affected households in rural Haiti (n = 352).

Table 1. Risk Factors for Reporting History of Medically Attended Cholera Since 2010 for all Household Members (Known to Have HIV or Status Unknown)
in HIV-Affected Households (n = 2320°)

Univariable Multivariable

Crude OR 95% ClI PValue  Adjusted OR® 95% Cl PValue

Known HIV infection 3.60 2.35-5.50 <.0001 3.75 2.43-5.79 <.0001
Age of household member with known HIV® 0.98 0.95-1.01 24
Female gender of household member with known HIV 0.52 0.30-0.90 .019 0.59 0.34-1.02 .059
Single status of household member with known HIV 0.58 0.32-1.05 .073 0.64 0.35-1.14 13
CD4 count of household member with HIV at time of ART initiation® 1.00 1.00-1.00 91
(n =2135)
No. of household members® 1.04 0.95-1.13 A1
Source of income in household 1.84 1.05-3.21 .032 1.82 1.05-3.15 .034
Access to latrine 0.71 0.41-1.24 .23
Poverty score' 0.98 0.95-1.01 n
Household hunger scale 0219 018!
Little to no hunger Ref
Moderate hunger in household 2.38 0.92-6.11 .072 2.31 0.89-5.98 .087
Severe hunger in household 2.97 1.16-7.64 .024 3.23 1.25-8.34 .016
Time required to fetch water” 1.05 1.01-1.10 .013 1.07 1.01-1.12 .015
Water treatment use 0.60 0.31-1.13 M
Improved water source' 0.63 0.30-1.30 21
Household member with known HIV received RUTF (vs CSB) 1.38 0.81-2.36 24

Abbreviations: Cl, confidence interval; CSB, corn-soy blend; GEE, generalized estimating equations; OR, odds ratio; RUTF, ready-to-use therapeutic food.
®Unless otherwise noted.

“The multivariable model includes HIV infection, female gender of HIV-infected household member, single status of HIV-infected household member, source of income, household hunger
scale, and time to fetch water.

°Per 1-year increase.

9Per 1-cell/mm? increase.

°Per 1-household member increase.

‘Per 1-point increase in poverty score.

9P value from 2 degrees of freedom omnibus test for this covariate.
"Per 5-minute increase.

"Tap, covered, protected spring, rain water, or purchased.
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female gender of the household member with known HIV,
source of income in the household, food insecurity in the
household, and time required to fetch water were correlated
with reported history of cholera infection, with P < .05. These
variables, along with single status of the HIV-infected partici-
pant (P = .073), were included in the multivariable model. In
this analysis, HIV infection (adjusted odds ratio [AOR], 3.75;
95% confidence interval [CI], 2.43-5.79; P < .0001), source
of income in the household (AOR, 1.82; 95% CI, 1.05-3.15;
P =.034), time to fetch water (AOR, 1.07 per 5-minute increase;
95% CI, 1.01-1.12; P = .015), and severe food insecurity in the
household (AOR, 3.23; 95% CI, 1.25-8.34; P = .016) were inde-
pendently associated with having a reported history of cholera.

Characteristics of the individuals with known HIV, grouped
by whether they reported a personal history of cholera, are pre-
sented in Table 2. There were no statistically significant differ-
ences between the groups. Nearly two-thirds of the HIV-infected
household members were female, half were single, and their
mean household size (SD) was 5.6 (2.3) people. Most partici-
pants were poor and food insecure. Less than half had electri-
city or a source of income. The median CD4 count at the time
of ART initiation (interquartile range [IQR]) was 237 (103-321)
cells/mm’, and mean time on ART at the time of the survey at

the fourth follow-up time point (SD) was 42 (7.8) months. The
great majority of households in both groups reported access to a
safe water source and water treatment, and more than half used a
latrine. Households in which the HIV-infected household mem-
ber reported a history of cholera required a median (IQR) of 20
(10-30) minutes to fetch water, compared with 15 (5-30) min-
utes for those in which the HIV-infected household member had
no reported history of cholera (P = .062).

Missing data were less than 1% for all variables except CD4
count at initiation of ART, which was missing from 25 (7%) of
the participants with known HIV infection. There was a similar
percentage of missing CD4 counts among those who reported a
history of cholera and those who did not.

DISCUSSION

In this study of 352 households affected by HIV in rural Haiti,
comprised of 2320 total household members, we found that
known HIV infection, source of income in the household, time
required to fetch water, and severe food insecurity in the house-
hold were independently associated with a reported history of
medically attended cholera.

V. cholerae was inadvertently introduced into Haiti in October
2010, leading to a national epidemic that has caused more than

Table 2. Characteristics of Participants with Known HIV Grouped by Whether they Reported a Personal History of Medically Attended Cholera Since 2010

(n =3527)

No Reported History of

Reported History of

Cholera Cholera
n = 320° n=32° P Value

Age, mean (SD), y 43 (11) 41 (13) .51
Female 207 (65) 17 (563) .20
Single 168 (563) 13 (41) .20
Literate 177 (55) 16 (50) .57
Months on ART®, mean (SD) 42 (7.6) 43 (9.5) .62
CD4 count at time of ART initiation, median (IQR) (n = 327) 237 (102-321) 240 (121-325) .66
No. of members in household, mean (SD) 5.6 (2.3) 5.6 (1.9) .93
Source of income in household 143 (45) 19 (59) 12
Access to latrine 203 (63) 19 (59) .65
Electricity in household 139 (43) 12 (38) .52
Garden 104 (33) 9(28) .61
Poverty score, mean (SD)° 27 (10) 24 (9) 12
Household hunger scale .67

Little or no hunger 51 (16) 3(9)

Moderate hunger 172 (54) 17 (53)

Severe hunger 96 (30) 12 (38)
Time to fetch water, median (IQR), min 15 (5-30) 20 (10-30) .062
Water treatment use 272 (85) 25 (78) .29
Access to improved water source® 281 (88) 26 (81) .29
Received RUTF (vs CSB) 176 (55) 19 (59) .59

Data are presented as No. (%) unless otherwise specified. For continuous variables, median (IQR) is shown for non—-normally distributed variables, and mean (SD) is shown for normally

distributed variables.

Abbreviations: ART, antiretroviral therapy; CSB, corn—soy blend; IQR, interquartile range; RUTF, ready-to-use therapeutic food.

“Unless otherwise noted.

°As of January 2014.

°Range of possible scores: 0 (worst) to 85 (best).

9Tap, covered, protected spring, rain water, or purchased.
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800 000 suspected cases and nearly 10000 deaths [13, 14]. The
Artibonite Department had 116 069 suspected cases and 1126
deaths over the first 2 years of the epidemic, with an aggregate
case fatality rate of 1%. Cholera transmission is by the fecal-oral
route and is thus closely linked to inadequate sanitation and an
unsafe water supply. For these reasons, the burden of disease is
highest among the poor, who also tend to have more limited
access to life-saving medical treatment.

Although cholera is not typically regarded as an opportun-
istic infection, little is known about the clinical features or
risk of cholera in the setting of HIV infection, a disease with
substantial geographic overlap with cholera [1, 3]. In 1 study,
13.6% of people presenting over the course of a year to a CTC in
urban Haiti were found to be HIV-infected, as compared with
an estimated 1.9% adult HIV prevalence in that region [4]. Half
as many HIV-infected individuals as those without HIV infec-
tion ultimately had a positive stool culture for cholera, indicat-
ing that other causes of diarrhea may have contributed to some
presentations. Regardless, there was a high prevalence of HIV
even among people who eventually had a positive cholera stool
culture, suggesting the possibility of an association between
HIV and cholera infection. This is supported by 2 case-control
studies of culture-confirmed cholera compared with nonchol-
era diarrhea in Mozambique, although both were at high risk
of selection bias [5, 6]. Mathematical modeling suggests that
an association between HIV and cholera may also exist in the
endemic setting [15]. Beyond this, evidence is limited to several
small case series [16, 17].

In this context, we identified known HIV infection as
strongly associated with a reported history of cholera, with a
nearly 4-fold increase in the odds compared with other house-
hold members after adjusting for potential confounders. The
biological plausibility of this association lies in the deleterious
impact of HIV infection on gastrointestinal mucosal immunity
and epithelial function, which can persist even after prolonged
ART [18-20].

There are other potential factors that may contribute to an
association between HIV and a reported history of cholera. In
some cases, other causes of diarrhea related to HIV infection
may have been misattributed to cholera, as suggested by the pre-
viously mentioned study, which found a discrepancy in the rate
of positive stool culture for V. cholerae between HIV-infected
and uninfected individuals presenting with acute watery diar-
rhea [4]. The HIV-infected participants in that study, however,
had a median CD4 count of 222 cells/mm®, and nearly two-
thirds were newly diagnosed with HIV at the time of presenta-
tion. HIV-infected individuals in our study, on the other hand,
were all on ART and had a median CD4 count of 343 cells/
mm’ at the start of the study. All tolerating participants were
also receiving TMP-SMX prophylaxis. Higher CD4 counts and
TMP-SMX prophylaxis are both associated with lower risk of
acute diarrhea in HIV-infected people [21, 22], in particular,

acute diarrhea requiring hospitalization outside of the context
of an ongoing cholera outbreak [22].

It is also possible that household members with HIV may
have been more embedded within the health care system
and thus more likely to present to care and be diagnosed
with cholera when ill. On the other hand, the majority of
individuals reporting a history of cholera in the study also
reported being hospitalized with the illness. As hospital-
ization is reserved for moderately and severely dehydrated
patients, it seems likely that, at the height of the cholera epi-
demic, when public health messaging was focused on seek-
ing care for diarrhea, subjects would have presented for care
with these illnesses regardless of their prior connection to
the HIV clinic.

Food insecurity is defined as a persistent lack of access to
food in adequate quantity or quality [23]. The impact of food
insecurity on health outcomes has been most well studied in
the setting of HIV infection, where it has been associated with
lower adherence to ART, high-risk sexual behavior, poor viro-
logic control, and increased risk of mortality [24-30]. The
relationship between food insecurity and cholera, on the other
hand, is not well understood. One study in a Haitian urban cen-
ter found that a diverse diet (1 element of food security) was
associated with decreased risk of cholera in a multivariable
model [31]. In our study, severe food insecurity in the house-
hold was independently associated with a household member
reporting a history of cholera. Food insecurity could plausibly
increase risk of cholera through 2 distinct mechanisms: directly,
through increased risk of symptomatic cholera in a malnour-
ished state; and indirectly, by increasing the likelihood of risk-
ier behavior, including drinking from less safe water sources or
consuming unsafe food. On the other hand, because the survey
was not performed concurrently with the reported episode of
cholera, a given household’s level of food insecurity may not
have been the same at the time of the infection. This raises the
possibility of reverse causality—that an episode of cholera in the
household could influence subsequent risk of household food
insecurity, potentially through direct or indirect costs of illness
and health care. The directionality of this association, in add-
ition to its generalizability to HIV-unaffected households, needs
further investigation.

We also found that the amount of time required to fetch
water was independently associated with a reported history of
cholera. This finding is consistent with a prior study of a chol-
era outbreak in Tanzania, which found that a requirement of
more than 10 minutes to get to a water source was associated
with increased risk for cholera in multivariable analysis [32].
The length of time required to reach a water source may be a
proxy measure of unsafe water use or lower socioeconomic sta-
tus. Households that are further from a water source may also
store water for a longer time at home, allowing the potential
inoculum of V. cholerae in contaminated water to grow.
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The independent risk factors for reported history of cholera
identified in this study were not found to be associated with
cholera in the subgroup of individuals with known HIV infec-
tion. However, differences in these covariates (time to fetch
water, severe food insecurity, source of household income)
trended in the same direction as in the group of all household
members, suggesting that with a larger sample size these rela-
tionships might become apparent.

This study has some limitations. We relied on self-report
to ascertain history of cholera, which is subject to recall bias.
However, all people who reported a history of cholera sought
medical attention, and the vast majority were hospitalized,
events that are likely to be recalled within a household, particu-
larly within the relatively short time since the epidemic began.
We did not have microbiologic confirmation of cholera cases,
and thus some cases may have been related to other causes of
acute watery diarrhea. Regardless, clinical diagnosis of cholera
was the norm at this point in the epidemic in Haiti and is con-
sistent with the World Health Organization (WHO) case def-
inition of cholera—a patient 5 years of age or older with acute
watery diarrhea (3 or more unformed stools within 24 hours),
with or without vomiting, in an area with a known cholera epi-
demic [33]. Laboratory surveillance in Haiti during this time
period found that around two-thirds of stool samples collected
from hospitalized patients with acute watery diarrhea grew
V. cholerae in culture [13, 34].

The HIV-affected households that participated in the sur-
vey at the fourth follow-up time point contained HIV-infected
individuals who were on ART and had relatively higher CD4
counts at baseline. Furthermore, more females participated in
the survey at the fourth follow-up time point. Our study did not
provide insight into why this might be the case, but those with a
higher CD4 count at baseline had a higher likelihood of survival
2.5 years after enrollment in the survey. Men travel frequently
for work in Haiti, and it is possible that this accounts for differ-
ential follow-up over time. We cannot rule out differential loss
to follow-up among people with and without cholera, although
the cholera attack rate in our population was similar to that
reported in Haiti at the time [13]. We caution against gener-
alizing these results to different HIV-affected populations (ie,
households of newly diagnosed people or those with advanced
disease), although it seems unlikely that untreated HIV would
have less association with cholera. Furthermore, because of
survivorship bias, our findings may not apply to households in
which the person with known HIV died (from cholera or other
causes) before the survey at the fourth follow-up time point,
although it is unlikely that people in these households had a
lower risk of cholera overall.

Although households with more than 1 adult with known
HIV infection would have been ineligible for the original study,
we did not definitively know the HIV serostatus of the nonin-
dex household members. However, incomplete ascertainment

of HIV infection among other household members would bias
an association between HIV and reported history of cholera
toward the null. Because the precise timing of self-reported
cholera was unknown, we were unable to incorporate CD4
count at the time of reported cholera into our analysis.

CONCLUSIONS

This observational study of 352 HIV-affected households in
rural Haiti, comprised of 2320 total members, is the first to
characterize reported history of medically attended cholera in
households affected by HIV. We found that known HIV infec-
tion, time required to fetch water, source of household income,
and severe food insecurity were independently associated with
a reported history of cholera. Further research is required to
better understand the interactions between HIV and cholera
and to explore the relationship and directionality of the associ-
ation between food insecurity and cholera.
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