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ABSTRACT

INTRODUCTION Vibrio cholerae is a microorganism that
causes acute diarrheal diseases and cholera, one of the leading
causes of global morbidity and mortality, especially in children
under five years old. It is present in many regions and has been
isolated from diverse sources such as water, soil and food. Sur-
veillance of this microorganism in Cuba from 1985 through June
1997 showed circulation of non-epidemic non-O1/non-0139
serogroups, but surveillance continued to identify distribution of
V. cholerae serotypes and serogroups in the different geograph-
ic regions of the country during the following years, due to the
risk of introducing cholera-causing serogroups that provoked
cholera epidemics in other countries of the region.

OBJECTIVE Describe the temporal—spatial distribution of
serogroups and serotypes of V. cholerae in Cuba.

METHODS A cross-sectional study was conducted that
included isolates from passive surveillance of V. cholerae in
16 hygiene and epidemiology centers throughout Cuba from
July 1997 through December 2019, submitted to the National
Reference Laboratory for Acute Diarrheal Diseases of the
Pedro Kouri Tropical Medicine Institute in Havana, Cuba.
The timeline was subdivided into three five-year periods and
one eight-year period. The centers submitting isolates were
grouped into three geographical regions: western, central and
eastern Cuba. A total of 1060 V. cholerae isolates were stud-
ied, from the 1438 samples sent from 15 Provincial Hygiene,
Epidemiology and Microbiology Centers and the Municipal
Hygiene, Epidemiology and Microbiology Center of the Isle of
Youth Special Municipality. Genus, species and serotype of
all specimens were studied and reviewed in the context of the
outbreaks of acute diarrheal diseases reported in the country.

INTRODUCTION

Acute diarrheal diseases—including cholera—are one of the main
causes of global morbidity and mortality, especially in children
under five years old.[1] Causal factors include various bacteria;
among these, Vibrio cholerae is one of the most important.[2,3]

Morphologically, the microorganism has a curved structure with
a polar flagellum.[4] Based on the O antigen of the capsular lipo-

IMPORTANCE Results of microbiological surveillance for
V. cholerae in Cuba provide useful and relevant informa-
tion for the national health system and the Foodborne
Diseases Program to channel the human resources and
materials needed to control such acute diarrheal diseases.

RESULTS All 1060 isolates were confirmed as V. cholerae.
In the distribution by time period and region, the highest per-
centage occurred in the 2012—-2019 period, and the eastern
region contributed the most isolates in all periods. Approxi-
mately 63.9% (677/1060) were from outbreaks, and in the
2012-2019 period, the most epidemic-causing isolates came
from the western region. Approximately 52.8% (560/1060)
were identified as non-O1/non-0139 V. cholerae, and 47.2%
(500/1060) as O1 V. cholerae; of these, 96.4% (482/500)
corresponded to Ogawa serotype and 3.6% (18/500) to
Inaba. Circulation of non-O1/non-O139 V. cholerae occurred
throughout the entire period. The O1 serogroup began to cir-
culate in 2012 and continued through 2016; however, since
2017, it has not been identified again. In the western region,
there were smaller percentages of isolates of non-O1/non-
0139 V. cholerae in all periods, except 2012-2019. In that
period, V. cholerae O1 was identified to a lesser degree in
the central region.

CONCLUSIONS Vibrio cholerae circulated in all three Cuban
regions during the years studied, with a higher percentage of
isolates of the non-O1/non-0O139 serogroup, which caused
outbreaks or sporadic cases of diarrhea in the eastern region,
with the exception of the 2012—2019 period, when epidem-
ic outbreaks of the O1 serogroup (which causes cholera)
occurred in all three regions, with higher percentages in the
western region.
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polysaccharide, V. cholerae is classified in more than 200 bio-
chemically identical serogroups, including O1 and 0139, the two
epidemic serogroups that cause cholera.[5] Non-O1/non-O139
serogroups are not considered epidemic, although they can
cause outbreaks or sporadic cases of diarrhea with clinical symp-
toms and signs different from cholera.[3]

V. cholerae is present in several regions of the world and can be
isolated from diverse sources such as water, soil and food. Humans
are an accidental and transitory host, yet they are the ones who
disseminate it in the environment.[6,7] Intestinal infections are the
most clinically relevant, particularly cholera,[8] but extra-intestinal
infections can occur as well, such as fasciitis, bacteremia, meningi-
tis, otitis and those that can develop in surgical wounds.[9]

Since 1991, in the region of the Americas, various cholera outbreaks
have been reported[10] as well as sporadic cases of gastroenteritis
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or bacteremia caused by non-O1/non-O139 V. cholerae.[8,11,12] In
2010, acute diarrheal diseases caused by V. cholerae spread rapidly
in Haiti,[13] a new scenario that could lead to reemergence and dis-
semination of cholera in countries such as the Dominican Repubilic,
Cuba and Mexico, where positive cases were reported.[14,15] Con-
sidering circulation of this pathogen in the region, the National Ref-
erence Laboratory for Acute Diarrheal Diseases of the Pedro Kouri
Tropical Medicine Institute (IPK) established in 1995 a surveillance
system to identify outbreaks and sporadic cases of diarrheal iliness-
es that could be caused by V. cholerae.[16] This surveillance docu-
mented evidence of the circulation of non-O1/non-0139 strains from
1985 through June 1997, but surveillance of sporadic outbreaks of
diarrheal diseases and epidemiological events possibly attributable
to V. cholerae has continued, in order to provide relevant informa-
tion to health authorities. The purpose of this study was to describe
the temporal—spatial distribution of V. cholerae serogroups and sero-
types in Cuba from July 1997 through December 2019.

METHODS

Design and samples A cross-sectional study was conducted
from July 1997 through December 2019. It was subdivided into
four periods: P1: 1997-2001, P2: 2002-2006, P3: 2007-2011
and P4: 2012-2019 (three five-year periods and one eight-year
period, the latter in order to include the most recent results).

Of the 1483 V. cholerae isolates from passive surveillance in the
culture collection of the IPK’s National Reference Laboratory for
Acute Diarrheal Diseases, 1060 viable isolates (microorganisms
with the possibility of multiplying) were studied; 423 resulted non-
viable or were contaminated. The isolates were originally collected
in 15 of Cuba’s Provincial Hygiene, Epidemiology and Microbiol-
ogy Centers (CPHEM) and the Municipal Hygiene, Epidemiology
and Microbiology Center (CMHEM) of the Isle of Youth Special
Municipality.

The centers submitting isolates were grouped into three regions:
western, central and eastern Cuba. The western region included
CPHEMSs of Pinar del Rio, Artemisa, Mayabeque, Havana, and
Matanzas provinces, as well as the CMHEM of the Isle of Youth
Special Municipality; the central region included CPHEMs of Cien-
fuegos, Ciego de Avila, Villa Clara, Sancti Spiritus and Camagiey
provinces; and the eastern region included CPHEMs of Las Tunas,
Holguin, Granma, Santiago de Cuba and Guantanamo provinces.

Isolates were classified according to genus, species, serogroup
and serotype, and those related to outbreaks were identified. Cas-
es were considered to be an outbreak when the unit submitting
the V. cholerae isolates reported that they belonged to a single
event in which two or more patients had been in contact with one
another. The moment of onset of symptoms, the place where the
episodes occurred, and the individuals’ characteristics were all
recorded.[17]

Procedures Isolates were preserved in Pasteur’s conservation
medium for Enterobacteriaceae; they were inoculated in brain-
heart infusion broth and anaerobically incubated for 18-24 hours
at 37 °C. After incubation, a loopful of the broth culture was seed-
ed by colony depletion plating on plates with selective medium for
Vibrio thiosulfate-citrate-bile salts-sucrose (TCBS) agar (Biolife,
Italy), MacConkey agar (Biolife, Italy) and blood agar (5% sheep
blood) and incubated under recommended conditions.[18]

After incubating for 24 hours, three or more colonies were select-
ed, based on their characteristics in the corresponding media: i)
convex, with regular borders and sucrose fermenters in TCBS
agar; ii) translucent, convex, with regular borders in MacConkey
agar; and iii) hemolytic or not, convex, with regular borders in
blood agar.

All colonies were inoculated by puncture and streaked in the pri-
mary differentiated media (Kligler’s iron agar with double sugar
fermentation and lysine iron agar). Both were aerobically incubat-
ed from 18—-24 hours at 37 °C.[18]

Once incubation was complete, cultures that exhibited the follow-
ing characteristics were selected: a) they did not oxidize or fer-
ment lactose, they did oxidize and ferment glucose, they did not
produce gas or hydrogen sulfide in Kligler's iron agar iron with
double sugar fermentation; and b) they decarboxylated L-lysine in
iron and lysine agar.[18]

In all isolates, presence of cytochrome oxidase enzyme was con-
firmed, in accordance with the Kovacs method. Those that were
oxidase positive were submitted to a complementary physiologi-
cal study for confirmation in the Vibrio genus and V. cholerae spe-
cies.[18]

To identify the genus, the Mdoeller method was utilized for bio-
chemical tests measuring use of amino acids and carbohydrates.
[18] To identify the species, isolates were submitted to tolerance
tests for sodium chloride (NaCl) and use of sucrose. Serological
agglutination tests were performed on slides using V. cholerae O1
and V. cholerae 0139 polyvalent antisera to identify these sero-
groups.[18]

Analysis Descriptive statistics were used, such as frequency and
percentages, to analyze and present results.

RESULTS

The 1060 isolates were confirmed as V. cholerae as they were
Gram-negative bacilli, facultative anaerobic, positive oxidase, with
positive reaction to lysine and ornithine decarboxylase tests and
negative for arginine dihydrolase; they grew in tryptone soy broth
with 6% NaCl concentration and used sucrose and mannitol, not
inositol.

The highest percentage of V. cholerae isolates occurred in the
2012-2019 period and in the eastern region in all periods (Table
1). Approximately 63.9% (677/1060) came from outbreaks. Fig-
ure 1 shows the proportion calculated for each period, according
to geographic region. In the 1997-2001 period, the lowest per-
centage of isolates coming from outbreaks was reported in the
western region (5.0%; 34/677), but in the 2012-2019 period, that
region accounted for the highest proportion of isolates from out-
breaks (95.0%; 643/677).

Of total isolates, 52.8% (560/1060) were identified as V. cholerae
non-01/non-0139 and 47.2% (500/1060) as V. cholerae O1, of
which 96.4% (482/500) were Ogawa serotype and 3.6% (18/500)
Inaba. None of the isolates were identified as V. cholerae O139.

Figure 2 shows the temporal distribution of V. cholerae sero-
groups over the 23 years studied. As observed, V. cholerae non-
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01/non-0139 were in continuous circulation all those years. The
O1 serogroup began circulating in 2012; the number of O1 iso-
lates increased in 2013 and 2014, decreased in 2015, and since
2017, the O1 serogroup has not been reported at all.

Table 1: Distribution of confirmed isolates of Vibrio cholerae by
geographic region. Cuba, July 1997-December 2019

[ Westom | contral | asten | Totm |

1997-2001 20 105 100 225
2002-2006 14 80 103 197
2007-2011 8 14 36 58
2012-2019 187 157 236 580
Total 229 356 475 1060

Figure 1: Proportion of isolates of Vibrio cholerae (n = 677) from
outbreaks of diarrheal diseases by geographic region. Cuba, July
1997-December 2019
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Figure 3 presents the distribution (in percentages) of serogroup
strains according to geographic region. The western region pre-
sented the lowest percentage of non-O1/non-0139 V. cholerae
isolates in all periods except 2012-2019. In that same period,
V. cholerae O1 was identified in the central region, but exhibiting
the lowest percentages.

DISCUSSION

Worldwide, Vibrio spp. are widely distributed in aquatic envi-
ronments.[18] It has been suggested that as a result of climate
change, increases in ocean temperatures may be responsible for
outbreaks of Vibrio infections in countries such as Israel, Den-
mark, Spain, Chile and the United States.[19,20]

According to data published by the Global Burden of Diarrheal
Diseases Collaborators (GBDDC), acute diarrheal diseases have
persisted in Latin America as a significant public health problem.

Figure 2: Distribution over time of Vibrio cholerae O1 serogroup and
Vibrio cholerae non-0O1/non-0139 serogroup (n = 1060) responsible
for diarrheal diseases. Cuba, July 1997-December 2019
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[21] Levels during the last three decades have been relatively sta-
ble and mortality in several countries has dropped, which Herrera-
Benavente attributes to the success of WHO-sponsored control
programs (under auspices of PAHO).[1]

In a study prior to implementation of Cuba’s surveillance system,
Bravo[16] found that in the three Cuban regions, non-O1/non-
0139 V. cholerae circulated from 1985 through 1997 in patients
with acute diarrheal diseases, most commonly in the eastern
region. The author suggested that an ecological niche in that
region might favor persistence of diarrheas caused by this agent.

In June 2012, V. cholerae O1 was isolated in Cuba, when the Minis-
try of Public Health reported a cholera outbreak in Granma province.
[22] Although no events caused by this strain had been observed
in previous years, it is not unusual for such events to occur. The
cholera-causing agent cannot be eliminated from the environment
since it is a native species and is associated with marine habitats
such as algae and crustaceans. In addition, changes in climate pat-
terns favor the growth of V. cholerae in aquatic ecosystems and
contribute to the occurrence of outbreaks and epidemics.[23,24]

In Cuba, more outbreaks and cases of diarrhea occur in the sum-
mer months, in part due to high temperatures and summer rains.
[25] However, no studies have been conducted on Cuban cli-
mate variability and its effect on the temporal—-spatial behavior of
V. cholerae.

The epidemic O1 and O139 V. cholerae serogroups produce
cholera, particularly in developing countries due to faulty infra-
structure affecting basic sanitation and drinking water, as well as
poor access to quality medical services,[2,26,27] while non-O1/
non-O139 strains are often isolated in the environment and are
associated with sporadic cases of gastroenteritis and extraintes-
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Figure 3: Distribution of Vibrio cholerae serogroup O1 and Vibrio cholerae non-O1/non-0139
responsible for diarrheal diseases (n = 1060) according to geographic region. Cuba, July

1997-December 2019
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tinal infections.[28]

From 2012 to 2016, there were various outbreaks in Cuba associ-
ated with the circulation of V. cholerae 01.[22,29] In the present
study, an increase in isolates was observed from 2012 to 2019
from outbreaks in the country’s western region, which could be
related to the joint circulation of the epidemic serotypes that can
cause outbreaks of greater magnitude.[27]

In a 2012 study in Cuba by Romero-Placeres to investigate
whether shortcomings in the quality of drinking water and sani-
tation influenced the burden of acute diarrheal diseases, it was
found that more municipalities in the west faced high risk of a diar-
rheal outbreak due to both these problems. In addition, Havana is
located in western Cuba, and is the province with the largest pop-
ulation and most dealings (through business, tourism, travel) with
the rest of the island and also with other countries.[30] Another
important factor is that 96.8% of households in the capital receive
water via aqueduct; the supply service is inconsistent and in some
places has low pressure, which along with the current poor condi-
tion of distribution pipes, can lead to water contamination.[31]

According to the 2012 census by Cuba’s National Statistics
Bureau,[31] despite the fact that the country enjoys extensive cov-
erage of water and sanitation services, it still faces deficiencies
from deteriorating infrastructure due to aging distribution systems,
with high risk of microbiological contamination, a conclusion coin-
ciding with observations by Romero-Placeres.[30]

The 2012 and 2013 cholera outbreaks in Havana were associated
with food markets, where several asymptomatic carriers worked
and manipulated foods.[25] The O1 serogroup contains three
serotypes; the two most common—QOgawa and Inaba—are capa-
ble of producing cholera outbreaks. The difference between the
two lies in methylation of the capsular lipopolysaccharide by the

the host will present immunity to

this serotype. The effect of envi-
ronmental factors on the viability of these two serotypes is not
well known.[34]

In stool samples of patients with diarrhea obtained from 2006
through 2016 in sentinel centers in Nepal, V. cholerae O1 was
isolated, mostly the Ogawa serotype,[35] and in 2015 and 2016
this strain was also isolated in stool samples of patients with
acute diarrheal disease and identified in samples of water used
for drinking and domestic chores in Ghana, coexisting with
non-01/non-0139 serogroup.[36]

During cholera outbreaks in Cuba, circulating together with
V. cholerae O1 were the non-epidemic serogroups, as reported
in Thailand, Iraq and Japan.[37] The coexistence of toxigenic
and nontoxigenic serogroups represents a global health emer-
gency, due to the horizontal transfer of genes that contribute
virulence and antimicrobial resistance among serogroups of
the same species, which can lead to the appearance of more
virulent strains.[38]

The results of the present study on circulation of serogroups
and serotypes coincided with the above-cited works and with
cocirculation of V. cholerae O1 and non-O1/non-0139 from
2012 to 2016, underscoring the importance of epidemiological
surveillance of this bacterium in Cuba.

In January 1991, a cholera epidemic broke out on the coast
of Peru, attributed to the O1 serogroup, which quickly spread
to almost all Latin American countries, although Cuba was
not affected.[25] In October 2010, cholera was introduced
into Haiti, and from then through 2018, persistent circula-
tion and outbreaks of cholera were reported, associated with
poor sanitary conditions and lack of access to safe drink-
ing water in that country.[13] Subsequent outbreaks in Cuba
were related to the Haitian epidemic, according to Cuban
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health officials, who cited the ongoing interaction between

the two countries.[39]

During the period studied, V. cholerae 0139 was not reported
in Cuba. This serogroup, first identified in 1992 in Bangladesh,
has caused outbreaks elsewhere in the past, but in recent years
it has been reported only in sporadic cases, always in the Asian

region.[27]

The principal limitation of this study is that unidentified outbreaks
may have occurred in the country’s rural zones and cases not
included because the infected individuals did not seek treatment

ina

medical center.

CONCLUSIONS

Our temporal—spatial heterogeneity study confirmed that V. chol-
erae circulated for 23 years in all three regions of Cuba. Addi-

tionally, non-O1/non-0139 serogroups that caused outbreaks or
sporadic cases of diarrhea were isolated in all time periods and
regions, most often in the eastern region, with the exception of
the last period, when epidemic outbreaks of the cholera-causing

O1 strain occurred in all three regions, most commonly in the
western region. This study shows that gastrointestinal infections

from V. cholerae constitute a health problem in Cuba that needs
to be addressed and suggests that the results should be used
to design focused strategies, in accordance with the microorgan-

ism’s temporal-spatial distribution pattern. -
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