948 La Revue de Santé de la Méditerranée orientale, Vol. 6, N° 5/6, 2000

Staphylococcus aureus as a
paradigm of a persistent problem of
bacterial multiple antibiotic resistance
in Abha, Saudi Arabia

N.E. Bilal *and M. Gedebou
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ABSTRACT We reviewed the microbiology laboratory records of Abha Maternity Hospital, Saudi Arabia for
1996 and 1998 to assess multiple antibiotic resistance, using Staphylococcus aureus as a paradigm. A total
of 587 and 485 strains were isolated in 1996 and 1998 respectivaly. In 1996, over 60.0% were resistant to five
of the nine antibiotics tested; in 1998, over 55.0% were resistant to six antibiotics. In both years, 71.0% were
methicillin-resistant S. aureus. Over 85.0% of all strains were muitiresistant. Although over 100 types of
resistance patterns were detected, more than half of the strains displayed fewer than 15 types. The strains
most frequently isolated were considered hospital strains, which accounted for most infections.

Staphylococeus aureus comme paradigme d'un probldme persistant de multirésistance bacté-
renne aux antibiotiques en Abha en Arabie saoudite

RESUME Nous avons passé en revue les dossiars du laboratoire da microbiologie de la Maternité d’Abha
(Arabie saoudite) pour les années 1996 et 1998 afin d'évaluer la multirésistance aux antibiotiques, en utilisant
Staphylococcus aureus comme paradigme. Au total, 587 et 485 souches ont &té isoldes en 1996 et 1998
respectivement. En 1996, plus de 60,0% étaient résistantes a cing des neuf antibiotiques testds; en 1998,
plus de 55,0% étaient résistantes & six antibiotiques. Dans les deux années, 71,0% étaient des S. aursus
résistantos & la méthicilline. Plus de 85,0% de toutes les souches étaient multirésistantes. Bien qu'on ait
trouvé plus de 100 types de tableaux de résistance, plus de la moitié des souches présentaient moins de
15 types. Les souches les plus fréquemment isolées étaient considérées comme des souches hospi-
taligres, qui étaient responsables de la plupart des Infections.
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Introduction

Staphylococcus aureus is one of the most
frequently isolated pathogens in a clinical
microbiclogy laboratory of any hospital. It
is a common etiological agent of hospital-
acquired infections, which arc a constant
therapeutic problem to clinicians [7]. A va-
riety of human infections are caused by S.
aureus, including infections of the skin,
respiratory tract, bone and joints, cardio-
vascular system and metastatic infections.
S§.  aureus infections are often
difficult to treat because many methicillin-
resistant strains are multiresistant [2-4]. In
some cases, vancomycin or teichoplanin
are the only effective drugs for treatment
of infections. Methicillin-resistant S. gureus
(MRSA) has caused several hospital out-
breaks throughout the world and remains
endemic in many hospitals worldwide [5].
Strains resistant to multiple antibiotics ar¢
prevalent in the hospital environment where
the selective pressure from therapeutic and
prophylactic use of antibiotics favours
their proliferation and transmission.

We reviewed 2 years of microbiology
laboratory records at Abha Maternity Hos-
pital, a small 120-bed teaching hospital in
the south-west region of Saudi Arabia. We
assessed the problem of antibiotic resist-
ance and, in particular, resistance to multi-
ple antibiotics. It has been the experience
of laboratory statt in various hospitals in
the region that multiresistant strains of S.
aureus and various Gram-negative organ-
isms are frequently isolated. Therefore, we
chose S. aureus as a paradigm to elucidate
the magnitude of such a problem.

Materials and methods

Strains of S. aureus were isolated from var-
ious clinical specimens submitted to the

bacieriology laboratory for diagnosis of
suspected bacterial infections. Specimens
were processed and isolates were charac-
terized and identified as 5. auwreus
following conventional procedures [6].
Specimens were inoculated on blood agar
plates and incubated acrobically for 24
hours. The following colonies were con-
sidered to be S. aureus: B-haemolytic or
non-haemolytic, morpholugically typical,
large pigmented or non-pigmented, catala-
se- and coagulase-positive colonies.

The susceptibility of strains to antibac-
terial agents was determined by the stand-
ard agar disc diffusion method [7]. Every
strain was tested using the following panel
of antibiotic discs: cephalothin (30 ug),
clindamycin (2 pg), erythromycin (15 pg),
gentamicin (10 pg), oxacillin {1 pg), peni-
cillin (10 pg), tetracycline (30 pg), trimeth-
oprim-sulfamethoxazole (25 pg) and
vancomycin (30 pg). The standard sensi-
tive strain of S. aureus ATCC 25923 was
routinely included as a control for repro-
ducibility of results with every batch of an-
tibiotic sensitivity test.

Susceptibility or resistance of strains to
each antibiotic was determined on the basis
of the size of the zone of growth inhibition,
according to the chart of interpretive stand-
ards for disc diffusion susceptibility testing
[7]- The few strains with intermediate sus-
ceptibility to the various antibiotics were
arbitrarily included with the susceptible
strains for the assessment.

Methicillin-resistant strains were tested
by using 1 pg of oxacillin disc. A strain
showing a growth inhibition zone diameter
of > 10 mm after incubation at 35 °C for 24
hours was considered MRSA [7,8].

Rates of resistance to each antibacterial
agent and the antibiogram of each strain
were determined for the S. aureus isolates.
These were studied to assess the problem
and prevalence of multiresistant strains.
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We reviewed the medical charts of 21
patients with MRSA bacteraemia to check
the therapy they received in relation to the
antibiograms of the ctiologic agents and the
outcome of their treatment.

Results

In 1996, culture requests were received for
6878 miscellaneous specimens of which
30.7% were positive. In 1998, there were
7738 requests with 31.1% positive cultures.
In both years, over 95.0% of the S. aureus
strains were isolated from fewer than 10
types of specimen: high vaginal swabs,
urine, blood, eye or ear swabs, wound or
pus swabs, sputum or endotracheal tubes
and umbilical cords. S. aureus isolates in
1996 comprised 27.8% of all the positive
cultures while in 1998, the rate was 20.2%.
A total of 587 and 485 strains were isolated
in 1996 and 1998 respectively.
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Resistance rates of S. aureus to the anti-
biotics tested for both years are shown in
Table 1. No strain resistant to vancomycin
was detecled in either year. The majority of
the strains were resistant to five or six of
the nine antibiotics tested. Resistance rates
of strains to seven of the nine antibiotics
tested increased between 1996 and 1998.
Resistance increased significantly to the
drugs clindamycin, penicillin and trimetho-
prim-sulfamethoxazole (Table 1). Multiple
resistance (resistance to three or more anti-
biotics) was 85.5% and 88.0% in 1996 and
1998 respectively. The isolated strains in
both years showed more than 100 different
types of resistance pattern or antibiogram:
122 types in 1996 and 105 in 1998. These
types varied from resistance to only one
antibiotic, to resistance to eight of the nine
antibiotics tested, More than half of the
strains (50.9% and 56.1%) displayed 14
and 10 types of antibiogram, if we consid-
ered just those antibiogram types shown by

Table 1 Antiblotic resistance of Staphylococcus aureus isolates

Antibiotic Zone Resistance of Resistance of 12
diameter* Isolates of 1996 isolates of 1998
(mm) {587 strains) (485 strains)
No. % No. %
Cephalothin <14 132 225 130 268 268
Clindamycin <14 266 453 265 546 9.04>
Erythromycin <13 376 64.1 328 678 1.51
Gentamicin <12 240 40.9 214 444 1.14
Oxacillin =10 420 71.6 345 711 0.02
Penicillin <28 496 845 432 89.1 4.78°
Tetracycline <14 444 75.6 388 80.0 2
Trimethoprim-
sulfamethoxazole <10 425 724 398 821 13.90°
Vancomycin <14 0 0 0 0

*Growth inhibition zone diameter for resistance [7].
P =001
P = 0.05,
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10 or more strains (Table 2). The rate of
resistance of S, aureus to eight of the nine
antibiotics increased from 3.4% in 1996 to
16.5% in 1998 (y* = 53.78, P < 0.001}.
Among those strains with a greater number
of antibiogram type, MRSA comprised 242
out of the total 299 strains (80.9%) in 1996
and 236 out of 249 strains (94.8%) in 1998
(x*= 23.36, P < 0.001).

The medical charts of the 21 patients
with MRSA bacteraemia showed that they
were all given an empirical treatment of
ampicillin and gentamicin. Some were also

given a third antibiotic, which was either
metronidazole, ceftriaxone or cefotaxime.
In all, 10 patients responded favourably to
the treatments, while 3 patients did so only
after receiving vancomycin treatment fol-
lowing the laboratory reports of the etiolog-
ic agents and their sensitivity to the
antibiotics. Also, 4 patients were trans-
ferred to another hospital because they
were not responding to the combined em-
pirical therapy. The remaining 4 patients
left the hospital against medical advice and
the charts did not indicate the outcome of
the empirical treatment.

Table 2 Resistance antibiogram types shown by 10 or more strainsg of Staphylococcus aureus

Antibiotic 1996 1998
resistance pattern (587 straing) {485 strains)
No. % No.
ClinEryOxaPenTetTri-sul 39 6.6 47 9.7
ClinEryGenOxaPenTetTri-sul 3 6.8 52 107
CephEryGenOxaPenTetTri-sul 29 4.9 - -
ClinOxaPenTetTri-sul 26 44 13 27
EryGenOxaPenTetTri-sul 25 43 14 28
EryCxaPenTefTri-sul 21 36 17 35
CephClinEryGenOxaPenTetTri-sul X 34 80 16.5
Pen 17 29 13 27
EryOxaPenTet 7 29 - -
EryPenTetTri-sul 15 26 - -
PenTri-sul - - 11 23
ClinEryGenPenTetTri-sul 1 1.9 - -
EryGenPenTetTri-sul 14 24 - -
OxaPenTetTri-sul 13 22 - -
CephClinEryOxaPenTetTri-sul 13 22 13 27
PenTet - - 12 25
Total 269 609 272 56.1

Clin = clindamycin; Ery = erythromycin; Oxa = oxacillin; Pen = penicillin; Tet = tetracyciine; Tri-sul =
trimethoprim-sulfamethoxazole; Ceph = cephalothin; and Gen = gentamicin.

- = antibiograms shown by fower than 10 strains.
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Discussion

Resistance rates to every antibiotic tested
increased in the 2-year period, except to
oxacillin and vancomycin, to which resist-
ance and susceptibility rates remained un-
changed (Table 1). The rates of resistance
to oxacillin in both years indicated a very
high prevalence of MRSA, among the high-
est rates reported worldwide [5]. MRSA
infections accounted for 71.0% of the total
S. aureus infections in both years, Despite
such a high endemic rate, there was no out-
break of MRSA strains in the hospital in ei-
ther year. Many of our MRSA strains were
susceptible in vitre to cephalothin, clin-
damycin or gentamicin, as reflected by the
lower rates of resistance to these antibiot-
ics, in contrast to what iy generally report-
ed [4,9,10]. However, Mulligan et al. have
reported that despite such in vitro activity
against MRSA, treatment with cepha-
losporins has not been successful [8].

Over 85% of the isolates in both 1996
and 1998 were multiresistant, with a slight
increase in 1998. Such a high rate of S. au-
reus resistance to multiple antibiotics
should raise concern as it limits the choice
of effective antibiotics. In some cases only
vancomycin was effective. The concern is
manifested in our study by the significant
increase of resistance rates to eight antibi-
otics from 3.4% to 16.5% in the 2-year pe-
riod (Table 2). Vancomycin was the only
effective antibiotic for these strains. The
spectre of vancomycin-resistant S. aureus
is a serious health threat. The fear that
MRSA strains will also become fully resist-
ant to vancomycin is becoming real follow-
ing recent reports from Japan [/1] and the
United States of America of MRSA strains
with intermediate resistance to vancomycin
{12,13].

Considering the patterns of antibiotic
resistance of the isolates in both years,

thers was a decrease in the number of anti-
biogram types from 122 in 1996 to 105 in
1998. Although not statistically significant
(£ > 0.05), this indicates that some strains
of certain antibiogram type are increasing
in prevalence in the hospital. Despite the
large number of antibiogram types, the
strains showed that over half of all the in-
fections by S. aureus were by 14 types in
1996 and 10 types in 1998 (Table 2}). This
indicates that these strains are more preva-
lent in the hospital. In 1996, 80.9% of the
strains with the 14 more common antibio-
gram type were MRSA strains. Similarly in
1998, 94.8% of the strains with the 10
more common antibiogram type were
MRSA strains, indicating a significantly in-
creased prevalence of the more common
MRSA strains in the hospital.

The high rates of multiple resistance is a
direct consequence of hospital and com-
munity use of antibiotics and its concurrent
selection of resistant strains. In Saudi Ara-
bia, as in many other developing countries,
antibiotics are readily available over the
counter. A person can buy the antibiotic of
their choice or one will be prescribed by the
pharmacist just by describing their symp-
toms. Patients, therefore, treat themselves
with the wrong antibiotic or wrong dosage.
Thus, patients may then come to the hospi-
tal already harbouring resistant strains.
These strains may be the cause of endog-
enous infections or exogenous infections in
other patients. Another important cause of
resistance is excessive or inappropriate use
of antibiotics in hospitals [/4—76]. The
magnitude of the problem of multiresist-
ance is such that clinicians must be familiar
with the causes of antibiotic resistance and
the measures for preventing or minimizing
the emergence of resistance. Our study un-
derscores the need for hospital clinicians to
be aware of the common bacterial isolates
in their unit and their usual antibiotic sus-
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ceptibility. This is imperative in order to
make rational decisions for the prudent use
of antibiotics, particularly for empirical
therapy.

The number of patients’ charts re-
viewed in our study was small. It does,
however, highlight some aspects of the pat-
tern of antibiotic usage in the hospital.
Therapy was changed after the laboratory
report of culture and sensitivity was re-
ceived for only 4 of the 21 (19.0%) pa-
tients. For 6 patients (28.6%), there was no
change of therapy upon receipt of the labo-
ratory report, although the patients were
not responding to the empirical treatment
of combined antibiotics. These were the

patients who either were transferred to an-
other hospital or left the hospital against
medical advice, one or several days after
the laboratory reports were available, It is
difficult to explain why treatment was not
changed from the records on the charts.
Further investigations are warranted to
evaluate the pattern of use of antibiotics in
the hospital.
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Antimicrobial reststance is a worrying phenomenon
since it could have gredl adverse effects on the control
and treatment of diseases such as pneumonia, tuber-
culosis and malaria. These conditions emphasize the
need for health systems to Invest In research and de-
velopment strategles to come up with cost-effective
tools to control the remaining threats from Infectious

diseases.
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