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BACKGROUND AND OBJECTIVE: Gram-positive bacteria are important nosocomial pathogens. The objective
of this study was to estimate the frequencies and resistance rates of gram-positive pathogens isolated from hos-
pitals in Makkah, Saudi Arabia.

DESIGN AND SETTING: Prospective study at three Makkah hospitals from May 2008 to April 2009.
PATIENTS AND METHODS: Clinical isolates were collected and demographic and laboratory data were re-
corded. Standard microbiological methods were used to identify the organisms and test for antimicrobial sus-
ceptibility. The results were interpreted according to the Clinical Laboratory Standards Institute (CLSI) guidelines.
RESULTS: Clinical isolates were collected from 1087 patients. Gram-positive pathogens infected all age groups,
but had no gender predominance. Staphylococcus aureus was the most common cause of wound infection and
accounted for more than half of the clinical isolates (688 cases). Coagulase-negative staphylococcus (CONS) was
a common isolate from blood cultures. Wounds were the most common site of infection (37.6%). Enterococcus
spp. and Streptococcus agalactiae were the second most common bacteria (26%). The resistance rates of S
aureus and CONS isolates were 39.4% and 82.4% for oxacillin, respectively. Among the streptococci, the resis-
tance rates of Streptococcus pneumoniae were 21.1% and 16.7% for ampicillin and erythromycin, respectively.
CONCLUSIONS: S aureus infections were found to be very common in the Makkah hospitals. Infection preven-
tion, control measures and continuous monitoring for antibiotic susceptibility are necessary to reduce these and
other nosocomial infections.

he introduction and increasing use of antibi-

otics for treatment have led to the rapid de-

velopment and spread of antibiotic resistance
in microorganisms, particularly in human pathogens.
In addition, a tendency towards an increased num-
ber and severity of gram-positive infections has been
observed in the last decade.! Gram-positive bacteria
are extremely important pathogens, both inside and
outside the hospital environment. These pathogens,
including methicillin-resistant Staphylococcus aureus
(MRSA), vancomycin-resistant Enterococcus (VRE),
vancomycin-intermediate and -resistant S aureus
(VISA and VRSA), coagulase-negative staphylococ-
cus (CONS) and penicillin-resistant Streptococcus
pneumoniae, have become a serious problem due to
their increased resistance rates, resulting in increasing

morbidity and mortality because of limited treatment
options.*? Susceptibility to resistant strains is a treat-
ment challenge.* An important issue to control resis-
tance among gram-positive pathogens is surveillance
to determine the extent of the problem and identify
epidemiological factors involved in the development
and spread of resistance.

Each year, more than 2 million pilgrims travel to
Makkah to perform Umrah and Hajj rituals. Mass
gathering of individuals from different parts of the
world in a confined area increases their susceptibility
to infections, including those caused by gram-pos-
itive bacteria. The aim of this study was to estimate
the frequencies and resistance rates of gram-positive
pathogens isolated from selected hospitals in Makkah,
Saudi Arabia.
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PATIENTS AND METHODS

This prospective study was undertaken at three hospi-
tals in Makkah: Al-Noor Specialist Hospital (ASH),
Hera General Hospital (HGH), and King Abdul-Aziz
Hospital (KAH). ASH is the largest hospital with a
560-bed capacity and is located east of Makkah near
the pilgrimage area. KAH is a 272-bed hospital and is
7 km away from the Holy mosque (north of Makkah),
while HGH is a 280-bed hospital 12 km away from the
central city (north). The study protocol was approved
by the local ethical committee and was in accordance
with the Helsinki Declaration of 1975, as well as the
2000 revision. Data were collected from May 2008 to
April 2009, corresponding to Islamic months Jumada'l
1429 to Rabi'II 1430H.

In addition to clinical isolates, demographic informa-
tion collected included age, gender, nationality, site of
infection and clinical wards. The data collected from the
laboratory records included the type of organism and
antimicrobial susceptibility. The bacteria were identified
by using standard microbiological methods, including
morphology on culture media, gram staining and bio-
chemical tests. Antimicrobial susceptibility testing was
performed with MicroScan WalkAway 40si (Siemens
Healthcare Diagnostics, Deerfield, IL, USA) in HGH;
and with Phoenix Automated Microbiology System
(BD, Franklin Lakes, NJ, USA) in ASH and KAH. The
results were analyzed by using IBM SPSS 17.0 soft-
ware (SPSS, Inc., Chicago, IL, USA), and the P values
were calculated by using GraphPad InStat 3.0 software
(GraphPad, Inc., San Diego, California, USA).

RESULTS
Clinical isolates and complete data were obtained from
1087 patients with gram-positive bacterial infection
and they were included in the study. Patients with in-
complete clinical data were excluded. Most isolates were
collected from ASH (43%) and HGH (41%). S aureus
was commonly isolated from ASH (54.4%), where-
as Streptococcus agalactiae (76.2%) and Enterococcus
spp. (63.5%) were frequently obtained from HGH.
Moreover, most streptococcal strains were isolated
from HGH. The highest number of infections occurred
during the Umrah and Hajj seasons (ie., Shabaan
(10.1%), Ramadan [7.6%), Dhul Al-Hijah [10.2%]
and Muharram [12.3%]). The patients belonged to 22
different nationalities, the majority being Saudi (81%),
followed by Pakistani (4.4%), Yemeni (2%), Nigerian
(1.9%) and Egyptian (1.7%).

The most common pathogen was S aureus (63.3%)
(Figure 1). Although the gram-positive pathogens in-

fected all age groups, the number of cases increased in
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the 21-30 (19%) and “above 60” (21.1%) age groups,
with staphylococci having a higher distribution in these
age groups (17.9% and 21.5%, respectively) (Table 1).
Streptococcus pyogenes was found less frequently (only
13 cases); however, it affected all age groups. Infection
by Enterococcus spp. was more common in older patients
than in young children. Overall, there was no major dif-
ference between genders with regard to susceptibility
to infection. However, males were more susceptible to
S aureus infection (59%), and females were more sus-
ceptible to Streptococcus agalactiae infection (79.2%)

(Figure 2).
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Figure 1. Isolated pathogens of gram-positive bacteria during
the study period.
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Figure 2. Frequency of pathogenic isolates according to patient
gender.
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Table 1. Frequencies of gram-positive bacterial isolates according to patient age.

Age group (years)

Isolated
pathogen < 1-10 11-20 21-30 31-40 41-50 51-60 >60

n % n % n % n % n % n % n % n %
Saureus(688) 44 64 5 73 73 106 123 179 66 96 8 128 95 14 148 215
CONS (97) 3 31 2 21 0 0 16 165 14 144 13 134 21 216 28 289
Spyogenes(13 1 17 1 11 1 11 2 154 1 11 2 154 3 231 2 154
(31 gﬁa’a“""e 1 1 0 0 7 69 4 436 21 208 14 139 8 79 6 59
(31 E’,’)”E”’”"”""e 1 53 6 316 0 0 0 0 1 53 5 23 2 105 4 211
S viridans (5) 1 20 0o o0 ©0 ©0 ©0 0 2 4 1 2 0 0 1 22
E fecalis (60) 2 33 4 67 4 67 12 220 8 133 9 15 4 67 17 283
Enterococcus 0 0 5 48 7 67 18 173 19 183 12 115 20 192 23 221
spp. (104)
Total (1087) 53 68 92 215 132 144 154 229

The parenthetical values in the row headings are the total number of isolates. CONS: coagulase-negative S aureus.

Table 2. Distribution of the gram-positive pathogens according to site of infection.

Urinary tract Wound Respiratory Gastro- Septicemia/ Genital Ear/eye

Isolated infection infection tract infection enteritis blood culture infection infections
pathogen

n % n % n % n % n % n % n %
Saureus(688) 70 102 335 487 182 265 7 10 60 87 14 20 2 29
CONS (97) 19 196 13 134 2 2.1 0 00 62 639 1 10 0 0.0
(‘f é’)” ogenes 1 77 10 769 2 154 0 0.0 0 0.0 0 0.0 0 0.0
g [‘;’1-‘7)"”"”“""’9 3% 37 23 28 0 00 2 20 2 20 39 386 0 00
g é’)”e”’""”"""’ 1 53 0 0.0 6 316 0 0.0 8 421 0 0.0 4 201
S viridans (5) 1 200 2 400 0 0.0 0 0.0 2 400 0 0.0 0 0.0
E fecalis (60) 3% 583 6 100 4 6.7 4 6.7 4 6.7 7 M7 0 0.0
Enterococcus 47459 99 192 2 19 0 0.0 7 67 28 269 0 0.0
spp. (104)
Total 209 409 198 13 145 89 24

The parenthetical values in the row headings are the total number of isolates. CONS: coagulase-negative S aureus.

Wounds were the most common infection site

(37.6%). S aureus was isolated from patients with wound

infection at a frequency of 48.7%, followed by respira-
tory tract infection (RTT) (26.5%), urinary tract infec-
tion (UTT) (10.2%) and septicemia (8.7%) (Table 2).
CONS was the common isolate from blood cultures
(63.9%), followed by UTT (19.6%) and wound infec-
tion (13.4%). Streptococcus pyogenes was isolated com-
monly from the patients with wound infection (76.9%),
followed by those with RTT (15.4%) and UTI (7.7%).

Most clinical isolates of Streptococcus agalactiae origi-
nated from genital infections (38.6%), followed by UTT
and wound infection (34.7% and 22.8%, respectively).
Streptococcus pneumoniae was mainly isolated from the
patients with septicemia (42.1%), followed by those
with RTT (31.6%) and ear or eye infection (21.1%).
Enterococcus spp. was very common in the patients with
UTI (45.2%).

The susceptibility patterns of 8 gram-positive bac-
terial isolates were compared (Table 3). The resistance
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rates of S aureus to penicillin-G, oxacillin and vancomy-
cin were 92.6%, 39.4% and 2%, respectively; for CONS,
the resistant rates were 89.5%, 82.4% and 2.6%, respec-
tively. There was a significant correlation between the
resistance to oxacillin and the resistance to gentami-
cin, erythromycin and ciprofloxacin (P>.01). Among
the streptococci, the resistance rates of Streptococcus
pneumoniae were 21.1%, 16.6% and 70% to ampicillin,
erythromycin and trimethoprim-sulfamethoxazole, re-
spectively. The resistance rate of Streptococcus agalactiae
to penicillin and erythromycin, respectively, was 12.7%.
No Streptococcus pyogenes or Streptococcus viridans iso-
late showed resistance to penicillin and erythromycin.
The resistance rates of E fecalis were 26.8%, 2% and 83%
to ampicillin, vancomycin and gentamicin, respectively.

DISCUSSION

The demographic data revealed that gram-positive bac-
terial infections can affect all age groups without pre-
dominant gender differences. The study showed that
the highest number of cases of such infections occurred
during the Umrah and Hajj seasons, possibly because of
the high number of visitors and pilgrims from around
the world and the effects of overcrowding, exhaustion
and undernourishment on these visitors.

Wounds were the most common site of infection
(409 cases), and S aureus was the causative agent in
about half of these cases. Previous studies have shown
a high prevalence of skin infection compared with other
sites of infection both inside and outside the hospital
environment.>® In a recent study, the incidence of skin
infection was estimated to be 24.6 per 1000 person-
years, and skin infection was estimated to be the third
most common diagnosis after chest pain and asthma in
the emergency-care setting.”® In other studies, S aureus
was considered to be the main cause of skin infection
acquired nosocomially, with a high resistance rate to
oxacillin (40%).”®* CONS was responsible for about
two thirds of the positive blood cultures in the present
study. As the organism is normally found on the skin,
many positive blood cultures are frequently a result of
contaminants from the skin. In fact, the interpretation
of positive blood cultures of CONS is a major chal-
lenge facing clinicians worldwide, and it has not been
well studied in Saudi hospitals.’

Enterococcus spp. and Streptococcus agalactiae were
the second most common pathogens, and accounted
for about 26% of the total cases. Enterococcus spp. were
most commonly isolated from female UTTs. A study in
India provided similar results: enterococci were found
in 22.2% of the clinical specimens, with Foley catheters
and burn wounds being the major sites of isolation.'
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Data from the CDC indicate that enterococci are the
second leading cause of nosocomial infection, joining
Escherichia coli, Pseudomonas aeruginosa, and S aureus
in the list of the most prevalent pathogens.!' The fre-
quency of enterococci in clinical specimens is possibly
related to their ability to grow and survive because of
selective pressure of antimicrobial agents.'” The lack of
significant differences between genders with regard to
susceptibility to infection with gram-positive pathogens
in this study is probably because both genders were sub-
jected to the same environment and physical activities.

The resistance rate of S aureus isolates to oxacillin
was 39.4%, and that of CONS isolates was 82.4% in
this study. The oxacillin-resistance rate varies among
countries and depends on several factors, including
infection control activities and antimicrobial selection
pressure.'” For example, the prevalence of MRSA was
found to vary from approximately 64.5% in the United
States and Taiwan to negligible levels in Sweden and
Denmark.'» The present data is in agreement with
the findings of previous studies performed in different
regions of Saudi Arabia, where MRSA was detected
in 30% to 40% of the clinical isolates, although some
of these studies were performed several years ago."*"’
As demonstrated by many investigators from other
geographical regions, we found a strong correlation be-
tween oxacillin resistance and co-resistance to non—f3-
lactam antimicrobials such as gentamicin, erythromycin
and ciprofloxacin (P>.01)."¥%° Such high rates of co-
resistance suggest the presence of multidrug-resistant
MRSA strains.

Among the streptococci in this study, the resis-
tance rates of Streptococcus pneumoniae were 21.1% and
16.6% to ampicillin and erythromycin, respectively. The
resistance rate of these isolates against penicillin was
much lower than that estimated in many local and in-
ternational studies. For example, in a study performed
at King Saud University in Riyadh, Fouda et al found
that 44.6% of the Streptococcus pneumoniae isolates
were susceptible to penicillin.! In a study conducted in
Japan, Qin et al found that 27.4% of the Streptococcus
pneumoniae isolates were susceptible to penicillin.*
Similarly, in another study conducted in Taiwan, the
resistance rate of Streptococcus pneumoniae to penicillin
was 69%."

The resistance rates of E fecalis were 26.8%, 2% and
83%, for ampicillin, vancomycin and gentamicin, re-
spectively. The ampicillin-resistance rate in this study
was much lower than the estimate in many interna-
tional studies, although there are no recent local studies
available for comparison. The results show that the rate
of vancomycin resistance remains low in Saudi hospi-
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tals. Data from the SENTRY program confirms that
the rate of vancomycin resistance in the Asia-Pacific re-
gion is similar to that in the current study (1% to 2%).>
Such a low rate may reflect the fact that vancomycin is
used less often in Saudi hospitals than in other coun-
tries such as the United States, where resistance is more
common.” High-level resistance to gentamicin was
observed in this study. A similar finding was reported
by McDonald et al, who calculated a resistance rate of
66%." In Taiwan, although human outpatient use of
gentamicin may be very common, aminoglycosides are
also used in agriculture, and high levels of gentamicin-
resistant E fecalis and E fecium can be detected in the
human food supply. Thus, one possibility, in addition to
the frequent use of parenteral aminoglycosides among
outpatients, is food-borne transmission of high-level
resistance to gentamicin, contributing to elevated rates
of resistance among outpatient isolates.”® Johnson et
al stated that, among the enterococci, high-level resis-
tance to gentamicin, which abolishes synergy between
cell-wall—active agents and all aminoglycosides except
streptomycin, is a major problem; in their study, 40%
of the E fecalis isolates and 25% of the E fecium isolates

ANTIBIOTIC SUSCEPTIBILITY IN MAKKAH
were highly resistant to gentamicin.”

In conclusion, S aureus infections were found to be
very common in Makkah. The expansion of resistance
to antimicrobial agents is currently the main concern of
the medical community worldwide. Infections caused
by gram-positive antibiotic-resistant strains seem to be
associated with increased morbidity and mortality in
hospitals. Infection prevention and control measures
should be established to reduce such and other health-
care—associated infections. Antibiotic susceptibility of
gram-positive bacteria should be continuously moni-
tored to avoid treatment difficulties.
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