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Objectives: To describe the antimicrobial susceptibility profile of isolated Vibrio cholerae O1 serotype
Ogawa recovered from patients admitted to the cholera facility in the Manhiça District Hospital (MDH),
Mozambique.

Methods: Rectal swabs were collected from patients with complaints symptomatic of cholera admitted
to the MDH cholera facility. Samples were processed for V. cholerae isolation at the Centro de
Investigação em Saúde da Manhiça (CISM) and identified by biochemical reaction. Serotypes were
determined by slide-agglutination antisera. Susceptibilities were determined by disc diffusion.

Results: Seventy-seven isolates were examined for their resistance profile. High incidences of anti-
microbial resistance were found for chloramphenicol (57.9%), co-trimoxazole (96.6%) and tetracycline
(97.3%). Quinolone resistance remained low (4.2%).

Conclusions: Although V. cholerae infections in Africa do not usually require antimicrobial treatment,
strains in rural Mozambique show high incidences of resistance to readily available drugs. When
appropriate, quinolones or third-generation cephalosporins can be used as treatment options.
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Introduction

Since the seventh pandemic caused by Vibrio cholerae biotype
El Tor began in Indonesia in 1961, most regions of the world
continue to report cholera outbreaks.1 Cholera is most common
in rural areas or communities where sanitation conditions and
water supply are problematic.2 In 1997, a cholera epidemic
affected most countries of eastern, central and southern parts of
Africa, including Mozambique. Nearly 80% of cases reported
worldwide to WHO were from Africa (�118 000 cases), and
Africa had the highest case fatality rate, 4.9%, compared with
1.3% in the Americas and 1.7% in Asia.1 In Mozambique the
epidemic started in August 1997, reaching an estimated 9000
cases and 259 deaths.1 Cholera continues to be endemic in
Mozambique, concentrated mainly in Beira and Maputo cities,
with many cases occurring during the rainy season.3

In many African countries, V. cholerae O1 serotype Ogawa
has been the strain most frequently isolated and associated with
cholera outbreaks.4 – 6 As with many other diarrhoeal diseases,
cholera can be managed by re-hydration alone, but antimicrobial
therapy can help to shorten the course of disease and to break
the transmissibility cycle during epidemics. Antimicrobial
therapy is also recommended for severe or chronic cases of diar-
rhoea. However, the increase in antimicrobial-resistant strains of
bacteria causing diarrhoeal disease is concerning, especially in
developing countries.7,8 Tetracycline derivatives are the first-line
drug for cholera treatment in many of these countries, however,
V. cholerae strains resistant to this antimicrobial and others,
including ciprofloxacin, have been reported.8 In rural areas of
Mozambique, data on antimicrobial resistance are scarce, par-
ticularly for V. cholerae strains. This study aimed to describe the
antimicrobial susceptibility profiles of V. cholerae O1 serotype
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Ogawa strains isolated from patients admitted to the cholera
facility at the Manhiça District Hospital (MDH) during two
rainy seasons.

Patients and methods

Population and study site

Samples were systematically collected from patients with diarrhoea
admitted to the MDH cholera facility during the two cholera out-
break periods (rainy seasons November 2002–April 2003 and
November 2003–April 2004). The MDH is a 110 bed referral health

facility for Manhiça District, a rural area of Maputo Province,
southern Mozambique [the locations of Mozambique and Manhiça
District can be seen in Figures S1 and S2, available as
Supplementary data at JAC Online (http://jac.oxfordjournals.org/)].

The characteristics of the area have been described in detail else-
where.9 Briefly, the climate is subtropical with two distinct seasons:
a warm, rainy season between November and April, and a cool and
dry season during the rest of the year. Manhiça has �140 000
inhabitants, who are mostly subsistence farmers or workers in two

large sugar- and fruit-processing factories.
The Manhiça Health Research Centre (Centro de Investigação

em Saúde da Manhiça—CISM) is adjacent to the MDH and has
been conducting continuous demographic surveillance for vital
events and migrations since 1996. Approximately 70 000 individuals

are followed by a demographic surveillance system.

Sample collection and laboratory methods

Rectal swabs were collected from patients admitted to the cholera
facility and immediately placed in Cary–Blair transport medium

(Selecta, Johannesburg, South Africa), and kept in boxes with cold
packs until their processing (within 4 h) for V. cholerae isolation at
CISM. Swabs were cultured onto thiosulphate citrate bile sucrose
and MacConkey, and morphological colonies compatible with

Vibrio were characterized by oxidase test and agglutinated with anti-
serum (Difco, Detroit, MI, USA) for serotype determination. As a
quality control, 10% of isolates were confirmed as V. cholerae
together with ATCC 2459 (V. cholerae) strain though biochemical
tests with API20E (BioMerieux, Marcy-l’Etoile, France).

Antimicrobial susceptibility

Antimicrobial susceptibility to ampicillin, ceftriaxone, chloramphe-
nicol, nalidixic acid, tetracycline and co-trimoxazole was tested

using the disc diffusion method (Mast Diagnostics, Merseyside,
UK). Isolates that showed full or intermediate resistance to nalidixic
acid were also tested for ciprofloxacin. Interpretative categories of
resistance (susceptible, intermediate or full resistance) were deter-

mined according to the Clinical and Laboratory Standards Institute
(CLSI).10

Data management and statistical methods

Data were entered and analysed in Statistical Package for the Social
Sciences (SPSS) for windows version 11.0 (SPSS, Chicago, IL,

USA). A susceptibility percentage for each antimicrobial tested was
calculated dividing the number of susceptible isolates by the total
number of tested isolates.

Results and discussion

During the two surveillance periods (November 2002–April
2003 and November 2003–April 2004), 179 patients were
admitted to MDH cholera facility. Rectal swabs were collected
in �83.8% (150/179) of patients and cultured for Vibrio
isolation. V. cholerae were recovered in 60.7% (91/150)
samples. All isolates were V. cholerae O1 serotype Ogawa.
Among the isolates, antimicrobial susceptibility data were avail-
able for 77 strains. Resistance to chloramphenicol was 57.9%,
co-trimoxazole 96.6% and tetracycline 97.3% (Table 1). The
incidence of strains resistant to ampicillin and nalidixic acid was
low, 12.2% and 4.2%, respectively. Chloramphenicol intermedi-
ate resistance was considerably high, 28.9% (Table 1). No iso-
lates were resistant to ceftriaxone or ciprofloxacin.

Data generated in the present study suggest the presence of
five main susceptibility profiles (Table 2). Taking into account
the incidence of tetracycline resistance, the susceptibility profiles
of the isolates suggest the possibility that three main clonal
strains were circulating during the study period, however, this
assumption could not be proven because no specific molecular
studies designed to analyse clonal relations were done.

Our data show that tetracycline, one of the main antimicro-
bials used for cholera treatment, was not effective in vitro for
V. cholerae strains, and the incidence of resistance observed in
this study is higher than previously reported in this country.5 In
Mozambique, doxycycline is used as the first-line drug for
cholera treatment when antimicrobials are recommended. The
results obtained suggest the need to re-evaluate this treatment

Table 1. Antimicrobial susceptibility profile of V. cholerae O1 serotype Ogawa isolated in Manhiça District Hospital, Mozambique

Antimicrobiala

Susceptible Intermediate Resistant

n (%) n (%) n (%)

Ampicillin (n ¼ 74) 61 (82.4) 4 (5.4) 9 (12.2)

Chloramphenicol (n ¼ 76) 10 (13.2) 22 (28.9) 44 (57.9)

Co-trimoxazole (n ¼ 58) 2 (3.4) 00 00 56 (96.6)

Tetracycline (n ¼ 75) 00 00 2 (2.7) 73 (97.3)

Nalidixic acid (n ¼ 72) 68 (94.4) 1 (1.4) 3b (4.2)

aAll strains (n ¼ 71) tested with ceftriaxone were susceptible.
bThese strains were susceptible to ciprofloxacin.

Resistance of V. cholerae O1 Ogawa in rural Mozambique
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regimen because of the cross-resistance between tetracycline and
doxycycline.

Resistance to co-trimoxazole was similar to that reported in a
prior study.5 The high incidence of resistance is alarming
because co-trimoxazole is widely used to prevent opportunistic
infections in HIV patients,11 and sulfadoxine/pyrimethamine, a
related antimicrobial that has been demonstrated to produce
cross-resistance, is commonly used for malaria treatment.

The high incidence of chloramphenicol-resistant strains
(57%) is also notable. This can be partially explained by its fre-
quent usage as a first-line treatment for severe diseases in chil-
dren under 2 years old and for infectious diarrhoea (when
antimicrobials are recommended) in children over 2 months old.
Other reports also found V. cholerae Ogawa strains resistant to
chloramphenicol, and a similar incidence of resistance was
observed in other pathogens causing diarrhoea in previous study
conducted in the area.12

In contrast to a previous study on diarrhoeal aetiology that
reported a high incidence of resistance to ampicillin for other
bacteria causing diarrhoeal disease,12 most isolates of V. cholerae
Ogawa were susceptible to this antimicrobial. Similarly, most
isolates were susceptible to nalidixic acid (68 out of 72; 94.4%).
Even though the V. cholerae included in the present study were
susceptible to ampicillin, the use of this antimicrobial should be
reserved for other infections or in cases of resistance to quino-
lones. Instead, nalidixic acid can be used for empirical
treatment.

Vibrio strains resistant to fluoroquinolones have been reported
previously, especially in Asia,8 and a continuous rise in the inci-
dence of strains resistant to quinolones among diarrhoea-causing
pathogens during the last few years has been observed in
Asia.8,13 Despite this, fluoroquinolones and ceftriaxone remain
active against diarrhoeal bacterial agents including Vibrio strains
circulating in Mozambique.5,6,12 However, a significant limit-
ation of fluoroquinolones is their controversial use in children.
On the other hand, safer alternatives such as the third generation
of cephalosporins are very expensive, and their supply is
limited.

In conclusion, antimicrobial surveillance is important to mon-
itor the emergence and trends of bacterial resistance to anti-
microbials. Our data suggest that although V. cholerae infections
do not usually require treatment with antimicrobials, strains in
rural Mozambique show a high incidence of resistance to readily
available drugs. Moreover, first-line antimicrobial treatment
should be revised. When appropriate, quinolones or third-
generation cephalosporins can be used as treatment options.
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Table 2. Main susceptibility profiles of V. cholerae O1 serotype

Ogawa

Profiles AMP TET CHL SXT NAL CRO

Profile 1 (n ¼ 18) S R R ND S S

Profile 2 (n ¼ 10) S R S R S S

Profile 3 (n ¼ 10) S R I R S S

Profile 4 (n ¼ 5) S R R R ND S

Profile 5 (n ¼ 5) R R R R S S

AMP, ampicillin; TET, tetracycline; CHL, chloramphenicol; SXT,
co-trimoxazole; NAL, nalidixic acid; CRO, ceftriaxone.
S, susceptible; I, intermediate; R, resistant; ND, not done.
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