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Antimicrobial Resistance of Clinical and Environmental Strains of Vibrio cholerae
Isolated in Lima-Peru During Epidemics of 1991 and 1998

Ibarra J.0.%, Alvarado D.E.2
INatural Science and Mathematics College, Federico VMillarreal National University;
Biological Sciences College, National University of San Marcos; Lima, Peru

The susceptibility in vitro of 71 isolations of V. cholerae was evaluated: 24 of clinical origin and 47 strains of clinical
and environmental origin collected in the epidemic of 1991 and during the outbreak epidemic of 1998 in Lima-Peru
respectively. The biochemical and serological tests carried out established that 43 (60,6%) corresponded to the
serogroup O1 Ogawa of the 1998 epidemic; 26 (36.6% ) wer e of the ser otype | naba, being 24 of them isolated in 1991.
Two strains did not belong to the serogroup O1. By means of disk diffusion method and Minimal Inhibitory
Concentration (MIC), 15 strains with multi-resistance to antibiotics were determined, 10 of which were of clinical
origin and 5 of natural origin, showing 9 antibiotypeswith different resistance patter n. The evaluation of susceptibility
in front of thevibriostatic agent 0O/129, demonstrated that 11.4% of thestrains, collected in 1998, presented resistance
to a concentration of 150 ug. A direct relationship among the resistance that presented the strains of clinical and
environmental origin isolated in 1991 and 1998 was established as much for tetracycline, sulfa/trimethoprim and 0/
129; 88.6% of the clinical strains of the year 1998 presented resistance to these three drugs, while 100% of clinical
strains isolated in 1991 wer e sensitive to O/129 (150 pg), sulfa/trimethoprim and tetracycline. We conclude that V.
cholerae O1 has increased its resistance to antimicrobial drugs of clinical use in the same way it is also losing
susceptibility to the vibriostatic compound O/129 for what their use is not recommended for taxonomic purposes.

Key-Words: Vibrio cholerae, antimicrobial resistance, cholera outbreak.

Cholera, the most terrible of al diarrhoeicillnesses, isan
acute intestinal infection, caused by Vibrio cholerae of
serogroups O1 and 0139, a bacteria which is present in a
variety of aquatic environments[1,2]. Serogroupsnon-O1 and
non-0139 are mostly related with sporadic diarrheas and
extraintestinal infection [3,4]. The description of V. cholerae
for taxonomic studiesincludesidentificationtothegenusleve,
0O/129 vibriostatic agent sensibility, among others; different
biochemical tests and morphologic characteristics which
contribute to an accurate identification of the species and
serological testswhich may differentiate them in groups and
types.

The resistance of this bacteria to several antimicrobial
drugshas been frequently reportedin samplesof clinical origin
aswell as of environmental originin different endemic areas
around the world [5-7]. The O/129 vibriostatic compound is
used for taxonomic identification of members of the family
Vibrionaceae and of some species of Vibrio genera from
clinical sources, 99% of strains of V. cholerae O1 has been
reported as sensitive to the O/129 [6]. Different reports have
described resistance to this vibriostatic agent in clinical and
environmental strains[7-11].

Since the cholera reappeared in Peru in the summer of
1991, the epidemic stopped adapting itself to the existent
climatic conditions in our country until it became endemic
nowadays[12]. In 1998 an outbreak of choleratook placeasa
result of the appearance of “El Nifio Oscillation Southern”
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(ENSO). Inthelast yearsin the country, several studies have
been carried out in relation to antibiotic susceptibility of V.
cholerae. In none of these a comparative study was achieved
among the strains which were isolated in the two different
periods of appearance of theillness[13-15].

The aim of this study was to evaluate the resistance to
different antimicrobial drugsof strainsof V. choleraeisolated
inLimaof clinical and environmental samplesduring theyears
1991 and 1998. These analyses would contribute to the
knowledge of the epidemiology of Vibrio cholerae and will
help professional s understand each one better asthisbacteria
goes on adapting itself to the existent climatic conditionsin
Peru.

Materialsand M ethods
Strains

The biological material belongs to the collection of the
Laboratory of Molecular Microbiology of the College of
Biological Sciences—UNMSM [14] and of the Public Health
Ingtitute (INS-Peru). The strainsused in this study were: 35 of
V. choleraeof clinical origin, isolated in the outbreak epidemic
1998 of cholerain the country; 12 strainsisolated intheriver
Rimac, main source of water of Lima, in 1998; and 23 strains
obtained of the outbreak epidemic of 1991 (National Institute
of Health, Peru). Thefollowing reference strainswere used: E.
coli ATCC 25922, V. cholerae O1ATCC 14033, V. harveyi ATCC
14126, P. aeruginosa ATCC 27853 and S aureusATCC 25923.
Thestrainswerereactivated in Luriaboth containing 1% NaCl
and incubated for 18 at 24 hoursto 37°C and were spread on
plates of Caso agar to verify viability and purity

Taxonomic ldentification of the Srains
The tests used for genera and species identification are
those recommended in the Bergey’'s Manual and for the
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Maryland Biotechnology Institute [6,16]. The morphologic
study was carried out using the Gram technique and Leifson
staining for flagella. The serologic tests were made using the
dlide agglutination technique, with polivalent antisera for
V.cholerae serogroup O1 and monoval entsfor serotypes|naba
and Ogawa (National Institute of Health, Peru).

Sensitivity to Mibriostatic Compound O/129

It was carried out by meansof the Disk Diffusion technique
in agar, by modified placing disks of paper filter, absorbed
with the vibriostatic compound O/129, on sterile Petri plates.
The concentrations that were used for this test were 10 and
150 pg. The susceptibility to the O/129 agent was evaluated
by the presence of aclear zone of inhibition around the disks;
the resistant organisms didn’t develop inhibition area.

Antibiotic Susceptibility Testing

All strains were tested for antibiotic susceptibility to 10
antibacterial drugsby Disk Diffusion on Mueller-Hinton Agar
with disks (Andina Médica, Chile) containing (ug/disk)
ampicillin (10ug), chloramphenicol (30ug), ciprofloxacine
(5u0), doxicycline (30ug), erythromycin (15u9), furazolidone
(100ug), nalidixic acid (30ug), streptomycin (10ug),
tetracycline (30ug), trimethoprim/sulfamethiazole (25u9).
Antibiotic susceptibility testing was carried out by the Bauer-
Kirby method [17] and strains were recorded as sensitive,
intermediate or resistant according to theinterpretation criteria
recommended by the National Committee for Clinical
Laboratory Standards (NCCLS, 2004) [18].

To determinethe Minimum Inhibitory Concentration (MIC)
of the strains, the method of Dilutionin Agar was used [19].
Theisolated onesthat were resistant and aselectionin aleatory
form of strainsthat were recorded previously asintermediate
and sensitive with the disk diffusion method, were evaluated
to determine the MIC, according to the recommended
interpretive criteriaby theNCCL S[18].

Results

The 71 isolations examined in the present report were
confirmed as Vibrio cholerae according to the results of the
biochemical tests recommended for identification. (Table 1).
The results of the serologic tests showed that 43 (60.6%)
strains out of all strains examined corresponded to the
serogroup O1 serotype Ogawa, all of these belonging to the
epidemic outbreak of 1998. Out of thosewhich wereincluded,
many clinicd strainshave environmental origin. The24 (33.8%)
strainsisolated in the epidemic of 1991 belong to the serotype
Inaba; only 2 strains of clinical origin isolated in 1998 were
located in this serotype (Table 2). It is necessary to point out
that only 2 analyzed strains (2.8%) didn't belong to the
serogroup O1 and wereisolated in 1998, both of environmental
origin and with the same biochemical characteristics.

The approach to consider sensitive or resistant strains of
V. cholerae was based on the values for enterobacteria
recommended by the NCCLS[19]. The 71 isolations studied

Table 1. Biochemical confirmation of Vibrio cholerae strains
isolated from clinical and environmental sources, 1991-1998
(n=71)

Criteria Reaction %

Gramdtain - 100%
Flagellastain + 100%
Oxidase + 100%
String test + 100%
Indole + 100%
Mobility + 100%
Descarboxilase ornithine + 100%
Red methyl 37°C. + 9%
Voges— Proskauer 37°C. d 80%
Simons'scitrate + 100%
H,S/TSl - 100%
Urease - 100%
Descarboxilaselysine + 100%
Dehydrolase arginine - 100%
Nitrate reduction + 100%
0% NaCl, growth + 100%
1% NaCl, growth + 100%
6% NaCl, growth d 5%
8% NaCl, growth - 100%
Gelatinase + 100%
D- Glucose, acidity + 100%
D- Glucose, gas - 100%
D- Mannitol, acidity + 100%
D- Cellobiose, acidity - 100%
D- Arabinose, acidity - 100%
Glyceral, acidity d 80%
Lactose, acidity - 100%
Sucrose, acidity + 100%

+, > 90 % positive; -, < 10 % positive; d, > 10% but < 90 %
positive [6,16].

Table 2. Serologic evaluation of strains of Vibrio cholerae
isolated in the epidemic outbreaks of 1991 and 1998

Serotype 1991 1998
Clin. Clin. Amb. Total
N(%) N(%) N(%) N(%)
Inaba 24(338) 2(28) 0(00) 26(36.6)
Ogawa 0(00) 33(465) 10(14.1) 43(60.6)
No-O1 0(0.0) 0(0.0) 2(2.8) 2(2.8)
Total 24(338) 35(49.3) 12(169) 71(100.0)

were sensitive to ciprofloxacine and doxicicline. The strains
of clinicd originisolatedin 1991 weresengitiveto all antibiotics,
only one of them presenting resistanceto ampicillin. Out of all
strains isolated in 1998, 14 presented different levels of
resistance to tetracycline, streptomycin, chloramphenicol,
nalidixic acid, sulfaltrimethoprim, furazolidone, ampicillinand
erythromycin, out of which 9 were of clinical origin and 5
environmental. When carrying out a comparison of the
susceptibility among the strains of 1998 of different origins,
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Table 3. Resistance of strains of Vibrio choleraeto antibiotics
of commercial use, evaluated by Disk Diffusion in Agar
Method. Lima, 1998

Clinical Environmental

Antimicrobial samples samples
agent (ug) n=135 n=12

(%) (%)
Tetracycline (30) 14 250
Chloramphenicol (30) 57 0
Sulfatrimethoprim (25) 114 167
Ampicillin (10) 28 16.7
Streptomycin (10) 114 250
Nalidixicacid (30) 57 167
Furazolidone (100) 85 0

Table 4. Evaluation of vibriogtatic agent O/129 in strains of
environmenta anddlinical origin (1991 and 1998) isolated of Lima

Environmental 1991 1998
Concentration Category grains (n=24) (n=35)
(n=12) % % %
10 ug S 0 333 142
R 100 66.6 8.7
150ug S 66.6 100 885
R 333 0 14

Table5. Relationship among the vibriostatic agent sensibility
0/129, Tetracycline and the Sulfa/ Trimethoprim

Clinical strains Environmental strains

Antimicrobial 1991 1998 1998

agent n=24 n =35 n=12
S R S R S R

0O/129 24 0 31 10

(150pL)

S 24 0 4 3 8 4

T 2 0 4 3 8 3

Table6. Res sancespectrumtoantibioticsof commercid usetaken
place by Mbrio cholerae of clinica and environmentd samples

Antibiotic Clinical  Environmental
Antibiotype  espectrum isolations isolations
of resistance
| TSCSXWFz 1 0
Il TSCSX 1 0
11 TSSX 2 2
V2 TS 0 1
\Y W Fz 1 0
\Y| A 2 0
VI Fz 1 0
VIl EM 2 0
IX AW 0 2
Total strains 10 5

T=tetracycline (30); C=chloramphenicol (30); Sx=sulfatrimethoprim (25);
S=streptomycin (10); A=ampicillin (10); Fz=furazolidone (100);
W=ndlidixic acid (30); EM=erythromycin.

one could determine that those of environmental origin
maintained the cloramfenicol sensibility, contrary to those of
clinical origin (Tabla3).

The results of the evaluation of strains of V. cholerae
facing disks with 10mgr of concentration of the agent O/129
aredescribed in the Table 4 which indicates that 100% of the
strains of environmental origin exhibited resistance to this
concentration of the compound, whilethose of clinical origin
inboth 1991 and 1998, showed resistance of 66,6% and 85,7%
respectively. For the case of the concentration of 150 g, the
clinical strains of the year 1991 showed 100% of sensibility
with zone diameter between 14 and 25 mM. Theclinical and
environmental strainsof the year 1998 showed aresistance of
11,4% and 33,3% to the concentration of 150 ug respectively.
Inthisgroup, thetwo strains of V. cholerae non-O1 were also
included.

A direct relationship between the resistance and sensitivity
that the strains of clinical origin presented, isolated in 1991
and 1998, was established against the agent O/129 (150 ng),
tetracycline and sulfa/trimethoprim (Table5). Nineresistance

Table 7. Outcomesof Minimal Inhibitory Concentration (MIC) of clinical and environmental resistant strains of Vibrio cholerae

by disk method in Agar

V. cholerae MIC (ug/mL)

strains TET CLO TRIM SUL AMP M NAL FUR ER
Clinica 1991

n=1 S S S S S S S S S
Clinica 1998

n=9 64 Y 64 >128 S* 128 S 16 S
Environmental 1993

n=5 Y S 64 >128 S* 128 128 S S

TET=tetracycline; CLO=cloramfenicol; TRIM=trimethoprim; SUL=sulphamethoxasole; AMP=ampicillin; SM=streptomycin;
NAL=Nalidixic acid; FUR=furazolidone; ERI=erythromycin. S=susceptible; S*=susceptible with resistance values non confirmed by MIC.
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antibiotypes were determined. Four strains showed
multiresistance: antibiotypel (T SC Sx M Fz); antibiotypell
(T SCSx) and antibiotypelll (T SSx) (Table6).

To carry out the MIC, 15 strains with apparent resistance
to some of the antibiotics tested (14 strains of 1998 and 1 of
1991) with the disk diffusion method in agar were eval uated,
with 48 strainsthat presented intermediate and susceptibility
features, which included 24 and 15 strains of clinical origin
isolated respectively in 1998 and 1991 and 9 of environmental
origin (1998).

In Table 7, the concentrations of antibiotics in which the
growth of the strains is inhibited in study are shown. The
highest MIC (>128 ug/mL) wasreached for sulfamethoxazole
and streptomycin by clinical and environmental strains and
for nalidixic acid for only one environmental strain.

Discussion

Itisnecessary to point out that there was not aremarkable
variation with regard to their metabolism, asthe onethat could
be expected with strainsisolated in different periods of time,
dueto the establishment and adaptation of the bacteriain our
environment. For the specific case of the tests of Voges
Proskauer, Glicerol and growth to 6% of NaCl, the behavior of
V. cholerae in these is variable and these results coincides
with those reported for the specie in Bergey’s Manual [6].
Kay and Cabbage (1994), recommend the use of agreat amount
of consistent identification in 12 biochemical tests for the
identification of V.cholerae and the performing of
complementary tests only when the results do not coincide
with those ones [20]. The use of 28 tests granted a margin of
more accuracy to theidentification of the strainsin this study.
The V. cholerae serogroup O1, that correspondsto the seventh
pandemic, continuesbeing theetiological agent of thecholera
epidemic in Peru. Thisbacteria, sinceits appearancein those
first months of 1991 [13], has still been producing sporadic
epidemic outbreaks during thelast years[14-15]. Thisspecie
that was presented initially as|nabaserotypein 1991, appeared
in the following outbreak as Ogawa which corroborates the
reported ability of V. cholerae not only to change serotype
Inaba to Ogawa or vice versa but also to pass of smooth
coloniesto rough [21].

Their endemicity in our country is related with marked
seasonal changes, especially to the El Nifio Oscillation
Southern (ENOS). The climatic changes of the year 1998
unchained by the ENOS have had a direct importance in the
dissemination and the dynamics of transmission of infectious
illnesses as the cholera. Colwell and Cabbage (1998), stand
out the relationship of the climatic eventswith the emergency
and dissemination of the cholera in America [22]. In our
country the occurrence of diarrhoeic illnesses of bacterial
ethiology and the temperature have aways shown a direct
relationship, which has been previously informed in severa
investigation projects [14-15]. The cholerae has a very
particular behavior in terms of seasonal changes. Pathogens
like E. coli and Salmonella, causing Acute Diarrhoeic I1Iness,

according to the Ministry of Health [23], are frequently
reported in the months of summer, but V. cholerae appears
only in epidemic way when there is abrupt temperature
changes associated to the ENOS [14-22].

In relation to the vibriostatic agent evaluation O/129, an
increment of the resistance of the strainsof 1991 in connection
with those of 1998 was observed, to both concentrations of
10 and of 150 g, for what it would not proper to be used asan
additional test for the taxonomic determination of the species
as it is suggested in the Bergey’s Manual [6]. In different
parts of the world several results have been reported in
connection with the resistance from V.cholerae to this
compound, which includes, in some cases the recovery from
their sensibility to the vibriostatic agent [24].

The relationship among sulfa/trimethoprim, tetracycline
and theagent O/129in the concentration of 150 ugisexplained
by picking up results of previous investigations in those that
R plasmidsfor sulfa/trimethoprim and tetracycline have been
isolated, which also contained resistance genes to the
vibriostatic compound O/129 [10,11,25]. The relationship
between the O/129 and the Sulfa/trimethoprim has also been
reported for the serogroup 0139 [26] and the resistance to
both antibiotics for V. cholerae O1 was described during the
ENOS98in Peru[27].

Inrelationto thetests of antimicrobial sensibility invitro,
you could determine an increment from the resistance to
different antimicrobians of clinical use in strains isolated
during the last epidemic outbreak of 1998 in comparison with
the occurrence in 1991, in which an only strain showed
resistanceto ampicillin.

Thisincrease of the antimicrobial resistance, isfrequently
reported in areas where the cholera is endemic, due to the
constant treatment with certain antibiotics[28]. Theantibiotics
that were effective with all the studied strains were
ciprofloxacin and doxycycline, which connected with other
antibiotics as the fluoroquinolones are being evaluated
nowadays to determine new alternatives in the treatment
against the cholerabut whose useisuncommon in our country
[29-31]. In developed countries, these antibiotics would be
probably the election drugs because they quickly reduce the
fecal excretion of Vibrio, and they can cover awide spectrum
of enteropathogens including V. cholera. However, in Peru,
the costs can be an important factor in the use of these
antibiotics.

A comparison among the strains of environmental and
clinical origin isolated in 1998, established a significant
similarity comparing to the behavior from this bacteria to
antibiotics. Theseresultsarereinforced by other investigators
that also carried out the evaluation of the antimicrobial
sensibility in strains of different origins [3], what suggests
that these species does not lose its resistance capacity once
the host is abandoned.

Out of the 9 antibiotypes exhibited in Table 6, the first 4
antimicrobial spectra showed for the tetracycline and
streptomycin like theantibioticswith morefrequent resistance,
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followed by the sulfa/trimethoprim usually recommended in
the treatment of the cholera, this was observed in strains of
clinical origin aswell asin the environmental ones. Itisalso
necessary to highlight that the antibiotypelll (T SSx) wasin
clinical origin strains as well as in environmental ones, a
genotypic characterization of these could determine it exists
among them a near phylogenetic relationship that allows us
to affirm the maintenance of toxigenic and resistant strainsin
aquatic reservoirsin our environment.

Inthetestscarried out to determinethe MIC, the opposing
concentration ranges have been similar enough to other
investigation projects for the case of cloramfenicol,
tetracycline, streptomycin and sulfamethoxazole for clinical
and environmental strains[32].

Previous experiences using the technique of SDS-PAGE
to evaluatetota proteinsof al thestrainsof V. choleraestudied
in this report, the only one pattern shows us, in spite of the
differencesinrelationtoitsorigin, serotypeand susceptibility
toantimicrobians[33].

A study about phenotypic characterization of V. cholerae
could provide excellent data on the behavior of both strains
of environmental origin and clinical, aswell asthe evolution
of these strains in our country, where they have been
established in endemic form [34], thus contributing the
epidemic study of the cholera that affects the Peruvian
population and mainly the marginal population.
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