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We report on the sensitivity and specificity of stool culture 
compared to polymerase chain reaction for detecting Vibrio 
cholerae in Haiti during the waning period of the initial 
outbreak in 2018–2019. We found that stool culture (with a 
sensitivity of 33.3% and specificity of 97.4%) may not be 
sufficiently robust in this context.
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Stool culture is often challenging to perform in the regions 
where cholera outbreaks occur, and this was the situation 
in rural central Haiti, where a major cholera epidemic oc
curred between 2010 and 2019. By 2018, cases of cholera con
tinued to be reported in Haiti, though at a substantially lower 
rate than prior years (25.5 cases per 100 000 in 2018) [1], and 
the last reported cholera case by the Haitian Ministry of 
Health was sampled on 4 February 2019 in the Artibonite de
partment [2], until a new outbreak was detected in September 
2022. We implemented a surveillance protocol for acute wa
tery diarrhea between 2018 and 2019 in the Centre depart
ment that used both stool culture and polymerase chain 
reaction (PCR) for Vibrio cholerae. This brief report describes 
the sensitivity and specificity of stool culture relative to PCR 
for V cholerae detection in patients with acute watery diar
rhea in central Haiti.

MATERIALS AND METHODS

Beginning in September 2018, we enrolled, with informed con
sent, subjects who were admitted to a medical facility and who 
met clinical definition of cholera (3 or more episodes of acute 
watery diarrhea in 24 hours without blood) in an epidemiologic 
study in Mirebalais, Haiti, as part of an institutional review 
board–approved protocol by Mass General Brigham in the 
United States (protocol number 2018P000350) and Zanmi 
Lasante in Haiti (protocol number 113). Fresh stool samples 
were collected in clean, nonchlorinated disposable containers 
and transported in a cool box to the medical facility’s laboratory 
for processing and storage. The samples for cultures were 
immediately placed into Cary-Blair media and refrigerated at 
4°C–8°C until transport in cold storage to a local enteric diseas
es laboratory run collaboratively by the Haitian Ministry of 
Health and a nongovernmental organization within a week of 
collection [3, 4]. A standard stool culture on thiosulfate citrate 
bile salt sucrose (TCBS) agar (BD Difco) was performed by a 
well-trained and experienced laboratory technician who had 
worked on similar studies throughout the cholera epidemic 
[5, 6]. Inoculated TCBS plates were incubated overnight at 
35°C–37°C. Colonies suggestive of V cholerae (yellow with opa
que centers and translucent peripheries) were subcultured on 
heart infusion agar (BD Difco), with further screening of iso
lates by Gram staining and oxidase or string testing. 
Serogrouping was confirmed by a standard slide agglutination 
method using polyvalent O1 antisera, followed by monovalent 
Ogawa and Inaba antisera for serotyping [7].

In addition to the standard stool culture performed in the lo
cal laboratory, all enrolled cases had undiluted stool spotted on 
filter paper, dried, and stored at ambient temperature in indi
vidual bags with desiccant. Samples were transported within 
14 days of collection to our laboratory in Boston, 
Massachusetts, for testing by PCR. If shipping was not possible 
within 14 days, the spotted cards were frozen at −20°C until 
transport [8]. Evaluation for the presence of V cholerae was per
formed in Boston using a multiplexed PCR assay, based on am
plification of the toxin-encoding ctxAB gene and the O 
antigen–encoding rfb gene. The multiplex reaction included 
primer sets specific for both the O1- and O139-encoding rfb 
genes (though no toxigenic O139 infection has been detected 
in Haiti) [9]. This protocol has been validated and used previ
ously in other laboratories and, in a study using Bayesian latent 
class modeling, was found to have a sensitivity and specificity 
similar to microbiological culture [10]. Each PCR run included 
positive and negative controls. Laboratory-cultured strains of 
O1, O139, and nontoxigenic V cholerae were used as positive 
controls. Sample elution buffer was used as the negative 
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control. Additionally, each sample extract was tested with a 16S 
ribosomal DNA PCR to confirm the presence of bacteria and 
absence of PCR inhibitors. The controls allowed for confirma
tion of each of the multiplexed reactions.

RESULTS

Between September 2018 and March 2019, 60 cases of acute wa
tery diarrhea meeting clinical case definition of cholera [11] 
were enrolled in the study. The clinical characteristics of these 
cases are shown in Table 1. There were 28 (46.7%) male and 32 
(53.3%) female patients, ranging in age from 7 months to 80 
years, with a median age of 31 years. Of 43 subjects with com
plete clinical information, 22 (51.2%) presented with moderate 
dehydration and 10 (23.3%) with severe dehydration. Stool cul
ture and PCR results are presented in Table 2. Stool culture was 
33.3% (7/21) sensitive and 97.4% (38/39) specific for detecting 
the presence of V cholerae, when PCR was considered the gold 
standard.

DISCUSSION

When compared with PCR, stool culture in this cohort of 60 
samples from patients with acute watery diarrhea in central 
Haiti in a period of waning cholera incidence during the first 
Haitian cholera outbreak performed worse than would be ex
pected in the diagnosis of V cholerae in stool. This finding is im
portant because, as cholera cases wane over the course of a big 
outbreak, rigorous laboratory-based surveillance must corre
spondingly increase to identify ongoing transmission, detect 
outbreaks early, and allow public health officials to be on alert 
for new surges. While many studies have shown culture to be 
overall concordant with rapid diagnostic tests (RDTs) and 
PCR [12–15], others have found it to be less sensitive under 

certain conditions [9, 16, 17], albeit not to the extent found 
in our study. Culture may have nonetheless remained the prac
tical gold standard because other diagnostic tools such as RDTs 
can have low to moderate specificity [15, 16, 18] and PCR re
quires more expensive equipment and skilled staff [9, 16].

Upon extensive review of the laboratory practice, no techni
cal or process-related reasons were identified to explain the dis
crepancy in sensitivity between culture and PCR. Because V 
cholerae was detected by PCR in our subjects’ stool and they 
had dehydrating diarrhea meeting clinical case definition for 
cholera, we considered them to have cholera, despite a negative 
stool culture, although historically stool culture is considered a 
gold standard diagnostic tool. Subjects’ stool specimens in our 
study were collected before the administration of facility- 
prescribed antibiotics, but we could not exclude the use of an
tibiotics prior to presentation for care. Off-prescription antibi
otic medications are widely available in both the informal 
sector and over the counter in Haiti [19] and may have been 
a factor contributing to poor stool culture sensitivity. If this fac
tor played a role in reducing the sensitivity of stool culture dur
ing surveillance for cholera, it would have important 
implications for national surveillance by this method. Other 
possible explanations for the low culture sensitivity are the 
presence of lytic phage (ICP2), which was previously identified 
in a cholera patient sample in Haiti [20] and has been shown to 
interfere with diagnostic results [16, 21], or storage procedures 
including refrigeration or lack of routine enrichment in alka
line peptone water, which can enhance the isolation of V chol
erae when few organisms are present. Some, but not all, study 
samples were enriched.

Thousands of stool cultures were undertaken in Haiti be
tween 2019 and 2022 by the Haitian National Laboratory and 
no V cholerae was detected after 4 February 2019 [2]. 
Similarly, we did not detect V cholerae either by culture or 
PCR after January 2019, despite continued surveillance by 
our group through 2020. Our study is limited by being at a sin
gle site, with a limited sample size, given that the epidemic was 
already waning at the time of enrollment. Its finding should 
therefore be interpreted with caution. Although there is no 
standardized method for the preservation of stool samples on 
filter paper, the method used in our study is based on the well- 

Table 1. Clinical Characteristics of Study Patients Included in the 
Analysis

Characteristic No. of Patients (%)

Age, y (n = 60)

<5 12 (20.0)

5–15 6 (10.0)

>15 42 (70.0)

Sex (n = 60)

Male 28 (46.7)

Female 32 (53.3)

Dehydration (n = 43)

Severe 10 (23.3)

Moderate 22 (51.2)

None or mild 11 (25.6)

Antibiotics received at the medical facility after  
sample collection (n = 43)

Yes 34 (79.1)

No 9 (20.9)

Table 2. Detection of Vibrio cholerae in Stool Samples by Culture and 
Polymerase Chain Reaction Methods

Results by  
Culture

Results by PCR, No. of Samples

TotalPositive Negative

Positive 7 1 8

Negative 14 38 52

Total 21 39 60

Abbreviation: PCR, polymerase chain reaction.
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established techniques used for preserving nucleic acids from 
dried blood spots [8], where sample desiccation and cold stor
age are the main factors in preserving quality.

CONCLUSIONS

Remarkable public health efforts in Haiti during the first chol
era outbreak resulted in an extended period from 2019 to 2022 
without reported cholera cases and a declaration that Haiti was 
cholera-free [22, 23]. While stool culture is an important com
ponent of surveillance for diarrheal disease, our study raises the 
possibility that the use of more convenient, low-maintenance 
sample collection and preservation tools (eg, filter paper) and 
the addition of more sensitive testing methods (eg, PCR) that 
are stable to the rigors of a rural environment and transporta
tion delays that are typical in areas where cholera is a serious 
threat may contribute to a better alert system for the emergence 
of V cholerae.
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