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and their Antibiotic Susceptibility Pattern

Angélica P Isaac-Marquez/*, Claudio M Lezama-Davila*, Carlos Eslava-
Campos**, Armando Navarro-Ocafia**, Alejandro Cravioto-Quintana**

Centro de Investigaciones en Enfermedades Tropicales, Universidad Auténoma de Campeche, Av. Agustin
Melgar S/N, 24030, Campeche, México *Laboratorio de Patologia Experimental, Facultad de Medicina,
Universidad Auténoma de Yucatan, Av. Itzaes 498, 97000, Mérida, Yucatan, México **Facultad de Medicina,

Universidad Nacional Auténoma de México, Ciudad Universitaria, 04510, México, D.F.

The presence dfibrio choleraenon-O1 in water supplies for human consumption incihe of
Campeche and rural localityf Bécal was investigated. choleraenon-O1 was detected in 5.9% of the
samples obtained in deep pools of Campeche. Studies conducted in Bécal and neighbourhood of Morelos
in Campeche indicated that collected samples harbdretioleraenon-O1 in 31.5% and 8.7% respec-
tively. There was a particular pattern of distribution ofctioleraenon-O1 serotypes among different
studied regions. Accordingly. choleraenon-O1 serotype O14 predominated in the deep pools of
Campeche and together with choleraenon-O1, 0155 were preferentially founds in samples taken
from intradomiciliary faucets in the neighbourhood of Morelos. Samples from Bécal predominantly
presented the serotype 0112. 60% and 53.8% of all studied straihshbbéleraenon-O1 proved to be
resistant to ampicillin and carbenicillin. 3.1%, 7.7% and 6.2% presented resistant to doxycycline,
trimethoprim-sulfamethoxazole and erythromycin respectively. The study showed the necessity of per-
forming a strong epidemiologic surveillance for emergence and distributidéh dfioleraenon-O1.
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Vibrio choleraeserogroup non-O1 are autoch-found to be a new serogroup éf choleraede-
thonous bacteria of aquatic environments (Morrifined as 0139, with the synonym Bengal, in rec-
1990) and right from the 1950s and 1960s has beegnition of the origin of this strain (Shimada et al.
identified in outbreaks of gastroenteritis in differ-1993, Ramamurthy et al. 1993). This strain has also
ent parts of the world (Mclintyre et al. 1965, Aldovébeen responsible for epidemic outbreaks of chol-
et al. 1968, El-Shawi & Thewaini 1969, Kamalera in Bangladesh, southern Asia and U.S.A.
1971). Currently it is recognized that non-OI(Albert et al. 1993, Bhattacharya et al. 1993, CDC
serogroup includes approximately 150 serotypels993, Gonzalez et al. 1993) with possible
and play an important role as an aethiological agedisemination to Latin America throughout imported
of gastrointestinal illness ranging from mild wa-casesBefore of this epidemics & choleraenon-
tery diarrhea to febrile enteritis with bloody diar-O1, 0139 only. choleraeO1 was considered ca-
rhea. In contrast t¥. choleraeO1, V. cholerae pable of producing epidemics of cholera.
non-O1 causes extraintestinal infections (Sanyal In Peru, cholera appeared in January 1991 and
1992); but gastroenteritis is the most common clinspreaded quickly in Latin America (PAHO 1995).
cal manifestation (Morris 1990, WHO 1993).  The disease evolved in explosive epidemics, the

In October 1992, an epidemic of cholera-likdargest recorded since the beginning of the sev-
illness caused by ¥ choleraeserogroup non-O1 enth pandemic in Indonesia in 1961. The first re-
broke in Madras, India. The causative agent wasorted cases of cholera in the state of Campeche,

located in southeast of México, were registered in

August 1991 and because of a number of environ-
mly supported by Secretaria dmental conditions determined by economic, socio-
Educacion Publica (C 91-01-04-002-441, P/FOMES 93; lﬂ'cckfngn(ejd#gﬁ:'ggglzfggg% eﬂgﬁ edffiﬁzef:ggf;d
04-01 and P/FOMES 94-04-03-01), the National unid ya S
versity of México and the University of Campeche. _State_s with m_ore reporte_d Cases. (.)f this d|sease_, reg-
*Corresponding author. Fax: +52-981-1-42-76 istering the flr_st places in morbility and mortal!ty
Received 5 March 1997 rates in México (DGE 1993, 1995, Valdespino
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From 1992 up to now city of Campeche hasral Laboratoryf Public Health, London, England,
experienced several outbreaks of cholera and froand those reference strains from serotype 084 to
July to September, 1993 Bécal, rural locality 00140 and 0155 were provided by Dr T Shimada
Campeche, registered an important number of casiesm the National Institute of Health, Tokyo, Ja-
of this disease. The purpose of this study was thgan. Antigens used for serological classification
characterization of serotypes and the antibiotiwere obtained by heating bacterial cultures at
susceptibility pattern of. choleragwon-O1 strains  100°C for 1 hr and adjusted with tube 3 of
isolated from water supplies for human consumpMcFarland nephelometer; 1:100 serum dilutions
tion before, during and after those outbreaks ofere used in a proportion of antigen/sera (V/V) of
cholera. 50 ni in 96 wells microtitration plates, incubated

MATERIALS AND METHODS at 5(5’0 for 24 hr._Sera that a_gglutin_ated Wit_h this
antigen preparation was serially diluted twice to

This study was performed in three differentknow the titer and so determinate identity of each
steps. The first one was from August 1992 to Julyerotype (Sakazaki & Donovan 1984, Shimada et
1993 and included seven samplings of water congi. 1994).
ing from 35 deep pools that provide water to the Antimicrobial susceptibility testing -All V.
city of Campeche. The second step was carried ogfioleraenon-O1 isolates were tested for antibi-
during August to December 1993 and included twgtic susceptibility to 15 antibiotics (Difco) by
collections of samples from thistribution net- Kirby-Bauer method (NCCLS 1988) and strains
work placed in the rural locality of Bécal. In addi-were recorded as susceptible, intermediate, mod-
tion, were examined intradomiciliary deep poolserately susceptible or resistant.
and rainwater cistern systems which are commonly
used in this region for human consumption. The RESULTS
third step was performed during July 1994 to Feb- The results indicate that in 41.1% (14/34) and
ruary 1995 and included two water monitorings 080.7% (67/83) of the samples collected from
neighbourhood of Morelos in the city of Campechentradomiciliary faucets of rural locality of Bécal

Testing of total residual chlorine concentra-and neighbourhood of Morelos a range of 0.5-
tion - Presence of total residual chlorine in watefl.5 ppm and 0.3-3 ppm of total residual chlorine
samples was evaluated by the ortotoluidine methoglas detected, respectively, by the ortotoluidine
(Rodier 1990). Chlorine concentration studied varmethod. In the case of deep pools in Morelos and
ied from O to 3 ppm. Bécal, 76.9% (10/13) and 12.5% (1/8) of samples

Isolation - The Spira swab (Spira & Ahmed collected presented a range of 1-3 ppm. Samples
1981) and double enrichment in alkaline peptonebtained both from deep pools in Campeche and
water (Chandra 1992) methods were used for thieom the distribution tanks, intradomiciliary deep
isolation ofV. cholerae In both cases were em-pools and rainwater cistern systems in the studied
ployed the TCBS agar (thiosulfate-citrate-bile-suareas did not contained chlorine.
crose agar). The water samples were storaged and In Table litis shownthe frequency of isolation
transported at% and processed within the next 2of V. choleraenon-O1 strains in different water
hr of their collection. sources. 5.9% (13/222) of water samples taken

Identification - Yellow colonies from TCBS from deep pools of the city of Campeche, and
agar were submitted to the standard series of biB1.5% (17/54) and 8.7% (9/104) of those water
chemical media used for identification of membersamples from Bécal and Morelos respectively har-
of the Vibrionaceadamily (Holt et al. 1994). The boredV. choleraenon-O1.
serological identification was determined by slide Biochemical features of isolated strains were
agglutination test using polyvalent O1 and typevery similar to those reported by Hettal. (1994).
specific Inaba and Ogawa antisera (Difco) and bit has been reported th¥t choleraedo not per-
coagglutination test employing monoclonal antiform esculin hydrolysis, however, 67.7% (44/65)
body antiV.choleraeO1 adsorbed to heat-killed of those strains isolated can indeed to hydrolize
S. aureus (New Horizons Diagnostics Co.)V. this compound at 0 and 1% of sodium chloride. In
choleraeserogroup O1 and non-O1 were used aaddition, 3.1% (2/65) of bacterial straiggew in
controls. nutrient agar with 8% of NaCl.

Serological classification of V. cholerae non- A total of 65 strains belonging to 29 different
O1- Polyvalent antisera for serological classifi-serotypes were identified during the period of study.
cation of differentV. choleraenon-O1 serotypes In Table Il itis shown the distribution and frequency
were used. The reference strain¥.afholeraegion-  of V. choleraenon-O1 serotypes irelation to the
O1 serotypes O1 to 083 were kindly provided byotal of bacterial strains isolated in the studied re-
Dr Bernard Rowe, Head of Enteric Pathogens Cemions. The 35.7% (5/14) of samples analyzed from
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TABLE |
Frequency of isolation o¥/ibrio choleraenon-O1 from water supplies for human consumption
Place Water sources studied No. of water Water source with bacteria
sources
studied No. % No. of strains
City of Campeche Deep pool 35 10 28.6 20
Intradomiciliary faucet 1 1 100.0 1
Neighbourhood of Deep pool 1 0 0.0 0
Morelos, city of Campeche  Intradomiciliary faucet 45 8 17.7 11
Rainwater cistern system 4 0 0.0 0
Rural locality of Bécal Deep pool 3 1 333 7
Distribution tank 1 0 0.0 0
Intradomiciliary faucet 18 10 55.6 19
Intradomiciliary deep pool 3 3 100.0 4
Rainwater cistern system 5 1 20.0 3
TABLE I deep pools in Campeche contaivedholeraenon-

Distribution ofVibrio choleraenon-O1 serotypes ~ O1 serotype O14. Inthe neighbourhood of Morelos
33.3% (3/9) and 22.2% (2/9) of samples taken from
intradomiciliary faucets harborad choleraesero-
types 0155 and O14 respectively.

City of Campeche 05 1 4.8 Only in one oubof three deep pools of Bécal

Place Serotype Strains %
number

o7 1 4.8 was isolated/. choleraenon-O1 serotype 0112 in
014 5 23.6  all the tested samples. Additionaly, in 66.7% (2/3)
029 1 4.8  of those samples were isolated bacterias that bio-
030 1 4.8 chemically behave a4 choleraenon-O1 but did
035 2 9.5 not agglutinate with any of the 141 alticholerae
037 2 9.5 non-O1 polyvalent sera (anti-choleraenon-O1
039 1 4.8 serotype O1 to 0140 and 0155) availables. In 80%
057 1 4.8 (8/10) of tested samples of intradomiciliary faucets
080 1 4.8 was detectedV. choleraenon-O1 serotype 0112.
085 2 9.5 The water samples taken from tineradomi-
0126 2 95 ciliary deep pools in Bécal registered the presence
0? 1 4.8 of V. choleragon-O1 serotypes 058, 038, 08 and
. O4. It was demonstrated the presendé oholerae
Neighbourhood 014 2 18.2 non-O1 serotype 098 in rainwater cistern systems.
of Morelos, 035 1 9.1

! The pattern of susceptibility of 65 isolated
city of Campeche 041 1 9.1 strains ofV. choleraenon-O1 with 15 different

089 1 9.1 antibiotics is shown in Table IIl. More than 67.7%
093 1 9.1 (44/65) of the isolated strains were susceptible to
097 1 9.1 the aminoglycosides, cephalosporins, tetracyclines,
0123 1 9-1  chloramphenicol, nitrofurantoin and trimethoprim-
0155 3 272 gylfamethoxazole. In contrast, 50.8% (33/65) of
Rural 04 1 3.0 allstrains showed resistance to two or more drugs.
locality of o7 2 6.2 49.2% (32/65) of these microorganisms were re-
Bécal 08 1 3.0 sistant to ampicillin and carbenicillin, while 10.8%
09 1 3.0  (7/65) were resistant only to ampicillin and 4.6%
016 1 3.0 (3/65) exhibited resistance only to carbenicillin.
82; 1 g-g The rate of resistance to these substances was
058 1 30 higher than to the other drugs. In addition, 3.1%
098 3 o1 (2/65),7.7% (5/65) and 6.2% (4/65)\bfcholerae
0107 1 30 hon-O1 strains presented resistance to the doxy-
0112 17 516 cycline, timethoprim-sulfamethoxazole and eryth-
0? 3 9.1 romycin respectively.
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TABLE Ill
Antimicrobial susceptibility ofVibrio choleraenon-O1
Antibiotic R | MS S
No. % No. % No. % No. %
Amikacin 30 mcg 2 3.1 5 7.7 1 15 57 87.7
Ampicillin 10 mcg 39 60.0 0 0.0 18 27.7 8 12.3
Carbenicillin 100mcg 35 53.8 0 0.0 18 27.7 12 18.5
Cephalothin 30 mcg 2 3.1 0 0.0 18 27.7 45 69.2
Cefotaxime 30 mcg 0 0.0 0 0.0 15 23.1 50 76.9
Ceftriaxone 30 mcg 0 0.0 0 0.0 11 16.9 54 83.1
Chloramphenicol 30 mcg 0 0.0 0 0.0 0 0.0 65 100.0
Gentamicin 10 mcg 0 0.0 2 3.1 0 0.0 63 96.9
Netilmicin 30 mcg 0 0.0 0 0.0 0 0.0 65 100.0
Nitrofurantoin 300 mcg 1 15 4 6.2 0 0.0 60 92.3
Trimethoprim-Sulfamethoxazole 25mcg 5 7.7 1 15 1 15 58 89.3
Pefloxacine 5 mcg 0 0.0 28 43.1 0 0.0 37 56.9
Erythromycin 15 mcg 4 6.2 59 90.7 0 0.0 2 3.1
Doxycycline 30 mcg 2 3.1 3 4.6 0 0.0 60 92.3
Tetracycline 30mcg 0 0.0 19 29.2 0 0.0 46 70.8
R: resistant; I: intermediate; MS: moderately susceptible; S: susceptible.
DISCUSSION 22.0% (2/9) and 29.4% (5/17) of samples collected

. . from the city of Campeche, neighbourhood of
Based in the results of the present study it iforelos and the rural locality of Bécal respectively.
possible to conclude thdhe waterdistribution  This indicate that coexistance of different serotypes
system plays an important role as transmissiogf V. choleraenon-O1frequently happens within
vehicle forV. choleraenon-O1. Considering the the same habitat.
presence ol. choleraenon-O1 in the studied  Nonetheless that a high percentage of strains
sources, itis possible to assume that this organisgblated during the development of this study dis-
might be responsible of a proportion of diarrheaplayed susceptibility to a diverse group of antibi-
diseases among the population of the city odtics, it is important to observe thut cholerae
Campeche and the rural locality of Bécal. non-O1 strains presented an important resistance
It is important to observe that 20 cholerae to doxycycline, trimethoprim-sulfamethoxazole
non-O1 serotypes found in this study display a cleaid erithromycin. Additionaly, a hight percentage
pattern of geographic distribution. As can be obof those strains registered an intermediate suscep-
served in the Table N. choleraenon-O1, O112 tibjlity to erithromycin and tetracycline. This sus-
was located only in Bécal, and choleraenon-  ceptibility pattern represent a significant informa-
01, 014 and 0155 were exclusively located in thgon because they are the antibiotics that WHO rec-
city of Campeche. Regarding to those serotypesmmends for the treatment of cholera. In México
with a less frequent presentation; those present during 1991, 3.2% of clinical isolates\éfcholerae
Bécal are different to the ones found in the city 0b1 presented resistance to tetracycline and 1.5%
Campeche with only one exception that correto doxycycline. Durindl992 this multiresistance
sponded td/. choleraenon-O1, O7.V. cholerae decreased to 1.4% and from 1993 to 1995 only
non-01, O14 and O35 were present in sampleg19% ofV. choleraeD1 strains registered resistance
taken from city of Campeche and neighbourhoogh the antibiotics mentioned; nonetheless the strains
of Morelos, nonetheless the serotypes of the resolated conserved their resistance to ampicillin
maining strains were different. (Gutiérrez-Cogio 1995). In México, there is not
Additionaly, 9.1% (3/33) and 4.8% (1/21) of avajlable information about antibiotic susceptibil-
those strains isolated in Bécal and the city dty pattern of environmental isolates\bfcholerae
Campeche, respectively belong to a particMar non-O1. However, according to the results obtained
choleraenon-O1 strain which do not correspondedn this study it is possible to conclude that the en-
to any of those 141 serotypes that were studied {ixonmentalV. choleragon-O1 strains are signifi-
this work and might represent an autoctonougantly more resistant to antibiotics than the clini-
uncharacterized serotypes. cal V. cholerae O1 strains. This acquired an im-
The presence of 2 or 3 different serotype¥.of portant significance, because of phenomenon of
choleraenon-O1 were detected in 21.4% (3/14)acquired plasmid-mediated resistance that might
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occur in a habitat whei choleraeserogroup O1 of V. choleraenon-O1 strains recovered from wa-
and non-O1 coexists. Studies performed in Tanzéer samples indicate the necessity of performing a
nia and Bangladesh reported strain¥.afholerae epidemiologic surveillance of the pattern of anti-
with plasmid-mediated resistance to a wide rangeiotic susceptibility.
cl)ggr;t)ibiotics (Mhalu etal. 1979, Threlfall & Rowe ACKNOWLEDGEMENTS
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