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Abstract
This study determined whether the estuarine and freshwater environment in Beira, Mozambique, serves as a reservoir of
Vibrio cholerae O1 and O139. Ninety-nine estuarine water samples were collected at 6 sites in Beira. An additional
54 samples were collected from rural areas around Beira which included 3 freshwater lake samples, 15 river, 5 pond, and
4 estuarine water samples, and an equivalent number of sediment samples, collected from the same sites as the water samples. In addition, fish scales from 5 ocean fish and 1 deep sea water sample were also collected. The samples were analysed
for the presence of V. cholerae O1 and O139 using culture methods, the direct fluorescent antibody (DFA) method and polymerase chain reaction (PCR) using a single-primer pair for the ompW gene and a semi-nested PCR selecting for the ctxA
gene, encoding subunit A of cholera toxin. DFA results showed 37 V. cholerae O1- and 6 O139-positive samples. Vibrio
cholerae O1 and O139 were observed on the scales of 4 of the 5 fish. The findings of the study provided in situ evidence for
V. cholerae O1 and O139, predominantly as viable but non-culturable cells in the aquatic environment of Beira. This is the
first record of the presence of V. cholerae O139 in the estuarine environment on the coast of Africa.
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Introduction
The acute diarrheal disease, cholera, results from colonisation
of the human small intestine by pathogenic strains of the
gram-negative bacterium, V. cholerae. The clinical manifestations of cholera are almost entirely due to production of an
A-B-type exotoxin that is secreted by pathogenic V. cholerae
(Holmgren et al., 1971). People in Africa are increasingly
impacted by cholera outbreaks caused by these bacteria. A total
of 131 943 cases and 2 272 deaths were reported to the World
Health Organization (WHO) in 2005 with Africa accounting
for 58% of the global total (WHO, 2006). In more recent outbreaks in Angola, 82 204 cases and 3 092 deaths were reported
as of May 2007 (WHO, 2008), and in Zimbabwe 88 834 cases
were reported by 7 March 2009 (Mintz and Guaerrant, 2009;
WHO, 2009). The African region accounts for over 90% of the
total cases of cholera reported to the World Health Organization
(WHO, 2007). Africa, where cholera outbreaks have been
reported at an increasing annual rate since 1990, has been
described as the new homeland for cholera (Gaffga et al., 2007).
Vibrio cholerae serogroup O1, biotype El Tor has been
responsible for epidemic and pandemic cholera in Africa and
the rest of the world, with the exception of the Indian continent.
(Alam, 2006a; Alberts, 1994). Vibrio cholerae O139, which
emerged as a new epidemic cholera strain in south-east Asia in
1992 (Gupta, 2005; Alberts, 1994; Mahalanabis, 1994; Cholera
Working Group, 1993) has notably not been reported in any
investigation or any outbreaks reported from Africa. Research
on cholera in Africa is incident-based with no concerted effort
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towards long-term surveillance in any of the cholera-prone areas.
It includes, for example, studies on the existence of distinct
strains (Scrascia et al., 2006; Sharma et al., 1979), cholera
transmission mechanisms during outbreaks (Gunnlaugsson et
al., 1998), inadequate patient treatment (Siddique et al., 1995),
plasmid profiles and antimicrobial susceptibility patterns
(Dalsgaard et al., 2001; Dalsgaard et al., 2000; Olukoya et al.,
1995), effectiveness of an immunochromatographic dipstick test
for the diagnosis of cholera (Wang et al., 2006), polymorphic
conjugative integrative genetic elements that can confer drug
resistance in non-O1 and non-O139 and other Vibrio strains in
Mozambique (Taviani et al., 2008; Ansaruzzaman et al., 2004),
outbreaks in South Africa (Hoque and Worku, 2005) and vaccination campaigns (Lucas, 2005). The knowledge gained through
the incident-based research on the African continent falls short
of the valuable information amassed over many years of systematic surveillance on the autochthonous nature and epidemiology
of V. cholerae O1 and O139, conducted primarily in Bangladesh
(Alam et al., 2006a; Huq et al., 2005).
Vibrio cholerae is a natural inhabitant of estuarine environments (Colwell et al., 1994), where it persists predominantly in a
non-culturable state (Alam et al., 2007). In this state the bacterium exhibits detectable metabolic function but cannot be cultured using conventional laboratory culture methods (Chaiyanan
et al., 2007). Consequently, detection and isolation of V. cholerae
from the aquatic environment is seldom successful. In general,
V. cholerae is isolated from only 1% of water samples analysed
during epidemic periods and rarely during interepidemic periods (Lizárraga-Partida et al., 2009; Huq et al., 1990). Molecular
methods and fluorescent antibody techniques have, however,
confirmed their presence during epidemic periods as well as
inter-epidemic periods in areas where the cholera bacteria are
endemic (Alam et al., 2007; Huq et al., 1990). Because there are
few reports of detection and isolation of V. cholerae O139, it is
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