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Report

Antibiotic resistance of Moroccan
strains of Salmonella enteritidis
isolated between 1996 and 1997

N. Rouahi,' M. Zouhdi? A. Zidouh,’ M. Elyachioui® and J. Mahjour '

SUMMARY Antimicrobial resistance is a worldwide problem. The antibiotic resistance of Moroccan strains of
Salmonella enteritidis was investigated trom 1996 to 1997. A total of 51 strains were coliected within this
period, 31 derived from human sources and 20 from food. Of the 31 human strains, 10 were resistant to
antibictics; 4 were resistant to two or more antibiotics. Of the 20 food strains, 11 wers resistant to antibiotics;
& wore rasistant to two or mare antibiotics. The rasults are similar to those obtained from strains isolated from

other Mediterranean countries.

Introduction

There is a need for worldwide surveillance
of antimicrobial-resistant phenotypes of
pathogens causing transmissible diseases.
Bactertal resislance is a dynamic problem
which is increasing in severity in most
parts of the world. Misuse and overuse of
antibiotics combined with inadeguate sani-
tation and poor hygiene are responsible for
the growing level of bacterial resistance.
Antibiotic resistance has long been used
as an epidemiological marker for salmonella
serovars in many countries [I-3). Salmonel-
la enteritidis was the most frequently isolated
serotype in Spain in recent years [4,5], while
an increase in the resistance of non-typhi sal-
monella strains in a Spanish hospital has been
observed {6]. The frequency of isolation of
S. enteritidis and the incidence of antibiotic
resistance has recently increased in Greece
[7]- In Lithuania, growing resistance of sal-

monella—shigeila has also been reported [8].
The correlation between the resistance pat-
tern and the genomic profile has been noted
by numerous authors [9-12]. S. enteritidis is
the serovar responsible for food toxicity in
most cases in Europe and Morocco [/3-16].

In this study, we investigated the antibi-
otic resistance of human and food strains
of 8. enteritidis isolated in Morocco be-
tween 1996 and 1997.

Materials and methods

A total of 31 human strains of S. enteritidis
were collected from the stools of patients
sent to the Institut National d’Hygiéne in
Rabat from lahoratories helonging to the
national network. In addition, 20 food
strains of S. enteritidis were isolated from
different foodstuffs collected by the rou-
tine food control system and sent to the In-
stitut National d’Hygiéne. The food strains
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were mostly isolated from chicken. All the
strains of S. enteritidis were collected be-
tween January 1996 and December 1997.

The sensitivity of the isolates to antibi-
otics was determined by the agar disc-dif-
fusion method using Muller—Hinton medi-
um [{7]. The antibiotics tested belonged to
the families of aminosides, cephalosporins,
penicillins, phenicols, sulfamides, tetracy-
clines and quinolones. The concentrations
of antibiotics per disc were as follows:
doxycycline (30 pg), oxytetracycline (30
ug), tetracycline (30 pg), gentamicin (10
ug), ampicillin (10 pg) amoxicillin (10 pg),
amoxicillin—clavulanic acid [amoxicillin (20
ug), clavulanic acid (10 ug)), nalidixic acid
(30 pg), ciprofloxacin (5ug), norfloxacin
(10 pg), oftoxacin (5 pg), chloramphenicol
(30 pg), trimethoprim—sulfamethoxazole
[trimethoprim (1.25 ug), sulfamethoxazole
(23.75 pg)], cephalotin (30 ug), ceftazi-
dime (30 pg), cefuroxime (30 pg), cefo-
taxime (30 ug) and ceftriaxone (30 pg).

Strains resistant to more than one anti-
biotic were considered multiresistant. The
proportion of resistant strains was calculat-
ed by dividing the number of resistant
strains by the number of strains isolated for
the same species in the same period. Simi-
larly, the proportion of multiresistant
strains was calculated by dividing the num-
ber of multiresistant strains by the number
of strains isolated for the same species in
the same period. The data were entered into
a database using Epi-info.

Results

Of the 31 human strains, 10 were resistant
to one or more antibiotics. The proportion
of resistant strains was 32.2%: 4 strains
were resistant to doxycycline (12.9%); 4 to
ampicillin (12.9%); 3 to amoxicillin (9.7%);
3 to amoxicillin—clavulanic acid (9.7%); 2
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to gentamicin {6.4%); 1 to nalidixic acid
(3.2%); 1 to cephaletin (3.2%); and 1
strain was resistant to ceftriaxone (3.2%).
All human strains were sensitive to tetracy-
cline, oxytetracycline, chloramphenicol
and quinolones such as ciprofloxacin, nor-
floxacin and ofloxacin (Figure 1). Of the 31
human strains, 4 were resistant to two or
more antibiotics. The proportion of muiti-
resistant human strains was 12.9%. Of the
10 resistant strains, 4 were resistant to
doxycycline alone or doxycycline and an-
other antibiotic.

We found 8 different resistant pheno-
types for human strains of S, enteritidis:
doxycycline, ampicillin, cephalotin, ceftri-
axone, gentamicin, doxycycline/nalidixic
acid, doxycycline/ampicillin/amoxicillin/
amoxicillin-clavulanic acid and ampicillin/
amoxicillin/amoxicillin—clavulanic acid (Ta-
ble 1).

Of the 20 food strains, 11 were resistant
to one or more antibiotics. The proportion
of resistant food strains was 55.0%: 4
strains were resistant to doxycycline
(20.0%); 3 to ampicillin (15.0%); 2 to
amoxicillin (10.0%); 1 to amoxicillin—cla-
vulanic actd (5.0%); 1 to gentamicin
(5.0%); 2 to nalidixic acid (10.0%); 2 to
cephalotin (10.0%); 2 to ceftriaxone
(10.0%); 1 to cefotaxime (5.0%); 1 to
ceftazidime (5.0%); 1 to cefuroxime
(5.0%); and 1 to trimethoprim—sul-
famethoxazole (5.0%). All food strains
were sensitive to tetracycline, oxytetracy-
cline, chloramphenicol, ciprofloxacin, nor-
floxacin and ofloxacin (Figure 2). Of the 20
food strains, 6 were resistant to two or
more antibiotics. The proportion of multi-
resistant food strains was 30%.

A total of 9 different resistant pheno-
types found were (Table 2): doxycycline,
cephalotin, gentamicin, ampicillin/amoxicil-
lin, doxycycline/nalidixic acid, doxycy-
cline/ampicillin, doxycycline/ampicillin/
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Figure 1 Proportion of resistance to antiblotics in human isolates of Salmonelia enteritidis (n=
31), Morocco, 199697

Dxt: doxycycline, Amp: ampicilfin, Amx: amoxicillin, Ame: amoxicillin—clavulanic acid, Gen: gentamicin, Sxt:
trimethoprim—sulfamethoxazole, Cf: cephalotin, Caz: ceftazidime, Ctx: cefotaxime, Cxm: cefuroxime, Cro:

ceftriaxone, Te: tetracycline, Ote: axytetracycline, C: chloramphenicol, Na: nalidixic acid, Cip: ciproffoxacin,
Nor: norfloxacin, Ofx: ofloxacin
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Figure 2 Proportion of resistance to antibiotics in food isolates of Saimonella enteritidis (n=
20), Morocceo, 1996-97

Dxt: doxyeycline, Amp: ampicillin, Amx: amoxicilin, Ame: amoxicilin—clavulanic acid, Gen: gentamicin, Sxt:
trimethoprim-sulfamethoxazole, Cf: caphalotin, Caz: ceftazidime, Ctx: cefotaxime, Cxm: cefuroxime, Cro:

cefiriaxone, Te: tetracycline, Ote: oxytetracycline, C: chloramphenicol, Na: nalidixic acid, Cip: ciprofioxacin,
Nor: norfloxacin, Ofx: offoxacin
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Table 1 Antiblotic resistance phenotypes of Salmoneila enteritidis in human isolates (n=31)
and their origin, Morocco, 1996-97

Strain Resistance Town Circumstance
phenotype
49-97 Dxt Tetouan Epidemic
13-96 Amp Tetouan Epidemic
4-96 Ct Agadir Epidemic
3-06 Cro Rabat Epidemic
1-96 Gen Agadir Sporadic
896 Gen Al-Hoceima Sporadic
54-97 DxtNa Rabat Sporadic
51-97 DxtAmpAmxAmec Rabat Sporadic
35-97 DxtAmpAmxAme Rabat Sporadic
52-97 AmpAmxAme Rabat Sporadic

Dxt: doxycycline, Amp: ampicillin, Cf: cephalotin, Cro: ceftriaxone, Gen: gentamicin, Na: nalidixic acid, Amx:
amoxiciiin, Ame: amoxiciflin—clavulanic acid,

Table 2 Antibiotic resistance phenotypes of Salmonelia enteritidis In food isolates (n=20) and
their origin, Morocco, 1996-97

Strain Resistance Town Circumstance
phenotype
47-97 Dxt Rabat Sporadic
46-97 Dt Rabat Sporadic
31-97 Dixt Rabat Sporadic
3797 Ci fAabat Epidemic
2896 Gen Rabat Sporadic
36-97 AmpAmx Rabat Sporadic
100-97 DxtNa Rabat Sporadic
2-96 DxtAmp Rabat Sporadic
5097 DxtAmpAmxAme Rabat Sporadic
2796 SxtCxmCro Rabat Sporadic
32-97 NaCiCroCazCtx Rabat Sporadic

Dxt: doxycycline, Cf: cephalotin, Gen: gentamicin, Amp: ampiciilin, Amx; amoxicillin, Na: nalidixic acid, Amec:
amoxicillin—clavulanic acid, trimethoprim—suffamethoxazols, Cxm: cefuroxime, Cro: ceftriaxone, Caz:
ceftazidime, Ctx: cefotaxime.
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amoxicillin/amoxicillin—clavulanic acid, tri-
methoprim—sulfamethoxazole/cefuroxime/
ceftriaxone and nalidixic acid/cephalotin/
ceftriaxone/ceftazidime/cefotaxime.

Analysis and discussion

The human strains studied were all sensi-
tive to tetracycline, oxytetracycline,
chloramphenicol and quinolones tested.
The sensitivity to chloramphenicol was
similar to that obtained for Moroccan
strains of S. enteritidis isolated between
1976 and 1981 [18], for S. enteritidis and
S, infantis scrotypes isolated between 1980
and 1991 [19], and for S. typhi, S. typh-
imurium, S. infantis and S. virshow sero-
types isolaled between 1993 and 1994 [20].
The study conducted between 1980 and
1991 showed that the S. enteritidis strains
were sensitive to ampicillin, cephalotin,
ceftazidime, cefotaxime, gentamicin and
nalidixic acid. Our study, conducted 5
years later, shows a change in sensitivity 10
cephalotin, gentamicin and ampiciilin and
nalidixic acid, but maintenance of the same
sensitivity to ceftazidime and cefotaxime.

The resistance of the human strains to
group A penicillins is problematic. Three
strains were simultaneously resistant to
three different penicillins—ampicillin,
amoxicillin and amoxicillin—clavulanic acid.
‘T'his should be considered in gastroenteritis
cases that require antibiotic treatment.

The strains derived from food were all
sensitive to chloramphenicol, tetracycline,
oxytetracycline and quinolones. One food
strain of S. enteritidis was resistant to first-
and third-generation cephalosporins, while
one strain was resistant to second- and
third-generation cephalosporins. This phe-
nomenon was specific to food strains of §.
enteritidis. Resistance to an extended spec-
trum of cephalosporins has been described
in other studies [/].
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These patterns of resistance are indica-
tive of the production of a plasmid-encoded
beta-lactamase {dha-1) that confers a re-
sistance to an extended spectrum of cepha-
losporins and cephamycins, as has
previously been reported in the same sero-
type of salmonella [ /].

We observed that 44.4% of the isolates
were from outbreaks and 55.5% from iso-
lated cases. Analysis of geographic origin
showed that for both human and food
strains, most of the resistant strains origi-
nated in Rabat. This is probably not an epi-
demiological phenomenon but an artefact
related to the accessibility to public health
facilities. We had no data on age or sex for
the human cases.

The incidence of multiresistance did not
differ significantly between the food-de-
rived and human strains of S. enteritidis
(Mantel-Haensze! y? =2.54, P=0.11). The
strains derived from food appeared to be
more liable to resistance than the human
strains (odds ratio = 1.7, 95% CI: 0.89-
3.25). Other studies have given more sig-
nificant results [7]. Multiresistance was not
significantly different between food and
human strains (P = 0.16).

Three resistant phenotypes were found
in hath human and food strains: doxycy-
cline, doxycycline/nalidixic acid and doxy-
cycline/ampicillin/amoxicillin/
amoxicillin—clavulanic acid. The association
of resistance to doxycycline for food and
human strains was not significantly different
(Mantel-Haenszel 2 = 2.21, P =(1.3). This
is probably due to the small number of
strains collected in our study. A strong cor-
relation between antibiotic resistance and
doxycycline has been demonstrated for
Greek strains of S. enteritidis [7).

An increase in resistance to ampicillin in
non-typhi strains in a Spanish hospital has
also been reported [6]. The association of
resistance with doxycycline, the increase in
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ampicillin resistance and the resistance to  logical similarities between Mediterranean
cephalosporins from different generations  countries. More precise epidemiological
have all previously been reported in strains  characterization of the strains, for example
isolated from other Mediterranean coun-  using ribotyping or tDNA fingerprinting
tries [1,6,7]. These results reveal epidemio-  [21,22], is recommended.
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