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ABSTRACT:

Background: The occurrence of microorganisms especially antimicrobial-resistant bacteria in health facilities can
cause infections among admitted patients. This increases the treatment costs, prolonged hospital stays, and significant
morbidity and mortality for postoperative patients. Currently, there is insufficient evidence of surgical site infection
and multidrug-resistant bacteria. Therefore, continuous surveillance is necessary to guide an appropriate therapy for
surgical site infection and the rational use of antimicrobial agents. Thus, this study provides updated information on
information about the bacteria, Multi-Drug Resistance bacteria species responsible for postoperative surgical site
infection, and the etiologic agents in hospital environments.

Objectives: This study assesses bacterial profile and antimicrobial susceptibility patterns in samples collected from
postoperative surgical site infections and the hospital environment at the University of Gondar Comprehensive
Specialized Hospital, Gondar,; Northwest Ethiopia.

Materials and methods: A cross-sectional study was conducted among patients with postoperative surgical site
infections and hospital environment samples from February 1 to April 30, 2020. All postoperative patients suspected
of having surgical site infections and hospital environments were included in the study. A total of 202 samples (52
Jfrom wounds and 150 from the environment) were examined. Socio-demographic characteristics were collected using
a structured questionnaire. Swab samples were obtained and inoculated onto MacConkey agar, Mannitol salt agar,
Blood agar plates, and Chocolate agar by rolling the swab over the agar surfaces. The inoculated plates were then
incubated at 37 °C for 24 to 48 hours. Air culture samples from Blood agar plates were also incubated at 37 °C for
24 hours. Antimicrobial susceptibility testing was conducted using the disk diffusion method on Muller Hinton agar.
Data were entered and analyzed using Statistical Package for the Social Sciences version 20. Descriptive statistics
were employed to present the findings through words, percentages, and tables.

Results: Of 52 wound samples from surgical site infection, the most frequent isolates were S. aureus and Klebsiella
species, each accounting for 11 cases (20%), followed by E. coli with 10 cases (18.2%). Among the S. aureus isolates,
63.6% were methicillin-resistant. The overall rate of multidrug resistance was 31 cases (56.4%). Regarding hospital
environmental samples, of 150 samples, the most commonly identified isolates were coagulase-negative S. aureus with
57 cases (47.5%), followed by S. aureus with 35 cases (29.2%). The overall rate of multidrug resistance was 66 cases
(55.0%).

Conclusion: Staphylococcus aureus, Klebsiella species, and E. coli were identified as the most prevalent bacteria
from postoperative surgical site infections, with hospital environments serving as potential reservoirs for these
pathogens in the study area. High prevalence rates of methicillin-resistant and multidrug-resistant were observed
among both clinical and hospital isolates in this study. However, Amikacin and Clindamycin demonstrated the highest
effectiveness in inhibiting the in vitro growth of Gram-negative and Gram-positive bacterial isolates, respectively.
Therefore, updating treatment guidelines based on hospital formularies and susceptibility patterns is crucial to
prevent the further emergence and spread of multidrug-resistant bacterial pathogens. Additionally, infection
prevention practices should be strengthened.
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INTRODUCTION

Healthcare-associated infections (HAIs), also known
as "nosocomial" or "hospital-acquired" infections, are
infections acquired within 48 hours of hospital
admission or up to three days after discharge from the
hospital or surgical center 2. Some examples of
common healthcare-associated infections are catheter-
associated wurinary tract infections, ventilator-
associated pneumonia, surgical site infections (SSI),
and central line-associated bloodstream infections 3.

A surgical site infection is defined as an infection that
occurs within 30 days of an operation at or near the
surgical incision site, or within 1 year if an implant
was placed. These infections can be classified into
incisional SSI (superficial and deep) and organ/space
SSI 4 It is one of the most common healthcare-
associated infections ¢, Approximately 80% to 90%
of postoperative infections occur within 30 days
following the operative procedure .

The preponderant bacteria most frequently associated
with SSIs are Staphylococcus aureus, coagulase-
negative  Staphylococci  (CoNS), Enterococcus
species, Escherichia coli, Pseudomonas aeruginosa,
Enterobacter species and Klebsiella pneumonia &,
These pathogens causing SSIs are believed to originate
from the patient's own body (endogenous flora),
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contact with healthcare staff (cross-contamination),
contaminated hospital environments, and surgical
instruments (exogenous flora) *!°. Contamination of
the hospital environment contributes to the
multiplication, dissemination, and transmission of
pathogens to patients undergoing operative procedures
' Transmission of these microorganisms to patients
mainly occurs through contact with contaminated
hospital surfaces, particularly through hand contact .

Multidrug-resistant bacteria such as Methicillin
Resistant S. aureus (MRSA), Vancomycin-resistant
Enterococci, and multidrug-resistant Gram-negative
bacteria are common causes of postoperative SSI 7.
Gram-positive bacteria like S. aureus can survive on
dry surfaces, while Gram-negative bacteria like P.
aeruginosa can survive in moist environments such as
sinks for extended periods. Moreover, the infective
dose of these bacteria appears to be very low, meaning
that even slight environmental contamination is
sufficient to cause infection. '*. Even though modern
techniques for instrument sterilization, improved
operating rooms, and great efforts of infection
prevention strategies used, still SSI remains as HAT '4,

The burden of SSIs is very high in developing
countries, where limited resources, poor infection
control practices, overcrowded hospital settings, and
inappropriate  antimicrobial use are common
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challenges. Studies conducted in Ethiopia on
postoperative SSI have showed the incidence of 9.8%,
and 21% in Addis Ababa ', and Mekelle !©
respectively.

Previously, the operating rooms at the University of
Gondar Comprehensive Specialized Hospital were
renovated, well-organized, and equipped. However,
there is no evidence indicating whether there has been
a decrease in surgical site infections or multidrug-
resistant bacteria as a result.

Therefore, continuous surveillance is necessary to
guide appropriate therapy for surgical site infections
and ensure the rational use of antimicrobial agents.
This approach is crucial for preventing the emergence
of multidrug-resistant pathogens. A recent study is
needed to update the current knowledge of etiologic
agents and their antimicrobial susceptibility patterns
of isolates. Such a study will support clinicians in
selecting appropriate treatments and provide insight
into the definitive diagnosis of surgical site infections
based on local bacterial susceptibility profiles.
Additionally, this information is vital for infection
prevention and control efforts.

MATERIAL AND METHODS
Study area, study design, and period

A hospital-based cross-sectional study was conducted
at the University of Gondar Comprehensive
Specialized Hospital (UoGCSH) from February 1 to
April 30, 2020. UoGCSH is one of the largest tertiary-
level referral and teaching institutions in the Amhara
region, located in Gondar town, approximately 750 km
northwest of Addis Ababa, Ethiopia. According to the
Central Statistical Agency of Ethiopia report in 2015,
Gondar town comprises twelve sub-cities, twenty-two
urban and eleven rural kebeles, with a total projected
population of 323,900. UoGCSH, as reported by its
admission and discharge office, has 700 beds and
includes departments for surgical, medical, pediatric,
gynecologic, obstetrics, fistula care, and intensive care
units. The hospital serves residents of Gondar town,
surrounding zones, and neighboring regions.

Population

The study population included all patients who had
developed postoperative surgical site infections in the
surgical, orthopedics, and gynecology & obstetric
wards at UoGCSH during the study period. We
collected environmental samples along with wound
swabs to assess the similarity between the etiologies
of wound isolates and environmental samples isolates.
Our hypothesis was that the hospital environment
serves as a source of surgical site infections.
Therefore, environmental samples were collected
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from inanimate objects such as bed rails, tray tables,
IV poles, bedside tables, room sinks, room light
switches, door knobs, as well as air bacteriological
samples.

Sample size determination and

techniques

sampling

All postoperative patients suspected of having surgical
site infections and hospital environments during the
study period were included in the study. A convenient
sampling technique was employed to collect these
samples.

Inclusion criteria

All postoperative patients suspected of having surgical
site infections were included in the study.

Exclusion criteria

Patients who were very critical and difficult to take
samples were excluded.

Data collection and laboratory methods

Socio-demographic characteristics were collected
from each study participant through face-to-face
interviews using a structured questionnaire. Wound
swabs were collected aseptically using sterile cotton-
wool swabs soaked in normal saline during dressing
changes from the infected surgical site, prior to
cleaning with an antiseptic solution. The swabs were
then placed into sterile test tubes and immediately
transported to the Bacteriology Laboratory 7.

Environmental samples were collected from
frequently touched surfaces and equipment in the
wards. A sterile cotton swab moistened with sterile
normal saline was used for sampling high-touch
surfaces. Swabs were taken in the morning, prior to the
commencement of routine activities. Each site was
swabbed in a close zigzag pattern covering an area of
approximately 10 cm?, with the swab rotated during
sampling to ensure thorough surface coverage '®1°.
The swabs were securely placed in labeled sterile
tubes and promptly transported to the Bacteriology
Laboratory for further processing.

Indoor air samples were collected from the operating
rooms and surgical ward units using a settling plate or
passive air sampling method. In each operating room,
sampling was conducted in the early morning before
the start of surgical activities and during surgical
procedures on the day. For the wards, air samples were
collected in the morning (during healthcare worker
rounds) and in the evening (when visitors are present).
As per standard procedure, a sterile Petri dish with a
diameter of nine centimeters containing 5% Sheep’s
blood agar was left open to the air for one hour. This
dish was positioned one meter above the floor and one
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meter from walls or any other obstacles during
sampling 20-24,

The swabs collected from the infected surgical sites,
surfaces, and equipment were processed immediately
upon arrival at the laboratory following standard
procedures. Swab samples were inoculated onto
MacConkey agar, Mannitol salt agar, Blood agar
plates, and Chocolate agar by gently rolling the swab
over the agar surfaces. The inoculated agar plates were
then incubated at 37°C for 24 to 48 hours. Air samples
collected on Blood agar plates for air culture were
similarly incubated at 37°C for 24 hours 7.

Identification of bacteria and antimicrobial
Susceptibility Test

Presumptive identification of bacteria was done based
on its Gram reaction and colony characteristics of the
organisms. Confirmatory test was done by enzymatic
and biochemical properties of the organisms. Gram-
negative rods were identified by performing a series of
biochemical tests which include triple sugar iron agar,
citrate utilization test, lysine decarboxylase test, indole
test, motility test, urease production, and oxidase test
while Gram-positive cocci were identified based on
their Gram reaction, catalase, coagulase, and bile
esculin hydrolyze test %°.

The suspension was prepared from pure isolates using
0.85% normal saline, adjusted to a 0.5 McFarland
standard for antimicrobial susceptibility testing. The
suspension was evenly distributed on Muller Hinton
agar using a sterile cotton applicator stick.

The antimicrobial susceptibility test was conducted
using the Kirby-Bauer disk diffusion method, as
recommended by the Clinical and Laboratory
Standards  Institute = (CLSI). The following
antimicrobials were tested: Cefoxitin (30 pg),
Vancomycin (30 ug), Clindamycin (2 pg),
Erythromycin (15 pg), Doxycycline (30 pg),
Tetracycline (30 pg), Ampicillin (10 pg),
Chloramphenicol (30 pg), Gentamycin (10 pg),
Ciprofloxacin (5 pg); and  Trimethoprim-
sulphamethoxazole (1.25 / 23.75 pug ) for Gram-
positive bacteria.

Similarly, antimicrobial susceptibility test was
performed for Gram-negative bacteria using the
Kirby-Bauer disk diffusion method for the following
antimicrobials: Amikacin (30 pg), Ceftazidime (30
ng), Cefotaxime (30 pg), Cefepime (30 pg),
Tobramycin (10 pg), Piperacillin (100 pg) and
Meropenem (10 pg), Doxycycline (30 pg),
Tetracycline (30 pg), Ampicillin (10 pg),
Chloramphenicol (30 pg), Gentamycin (10 pg),
Ciprofloxacin (5 pg); and  Trimethoprim-
sulphamethoxazole (1.25 / 23.75 pg). After applying
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antimicrobials on Mueller Hinton agar, the plates were
incubated for 16-18 hours at 37 °C.The diameter of the
zones of inhibition was measured using a ruler.
Finally, the results were interpreted as Susceptible,
Intermediate, and Resistant using CLSI 2019 26,

Laboratory tests for MRSA

The susceptibility of consecutive isolates of S. aureus
to Cefoxitin was determined using Muller Hinton agar.
Suspension of the overnight growth S. aureus isolate
(0.5 McFarland turbidity) was evenly distributed onto
Muller Hinton agar. The Cefoxitin (30 pg) disk was
aseptically placed on the surface of the inoculated
plate and incubated aerobically at 35°C for 16-18
hours. The diameter of the zone of inhibition was
measured and compared with CLIS (2019). Cefoxitin
(£ 22 mm diameter) resistant isolates were termed as
MRSA 2%,

Quality control

The reliability of the study findings was ensured by
implementing stringent quality control measures
throughout the entire laboratory process. All materials,
equipment, and procedures were thoroughly regulated.
Quality assurance was maintained during the pre-
analytical, analytical, and post-analytical stages.
Additionally, all clinical and environmental specimens
were collected in accordance with standard operating
procedures. All media were prepared according to the
manufacturer’s instructions and standard operating
procedures. The sterility of each batch of test medium
was confirmed by visually inspecting for growth or
discoloration after incubating 5% of uninoculated
plates and tubes at 37°C for 24 hours. Media
performance was verified by inoculating known
control strains. The growth and hemolysis
performance on blood agar plates were checked using
Staphylococcus aureus ATCC 25923 (B-hemolysis).

MacConkey agar was checked by Staphylococcus
aureus ATCC 25923 (no growth) and Escherichia coli
ATCC 35218 (lactose fermenter). Mannitol salt agar
was checked by Staphylococcus aureus ATCC 25923
(Mannitol  fermenter).  Additionally, all the
aforementioned reference strains were used to checked
the quality of the antimicrobial disks.?®.

Data analysis and interpretation

Socioeconomic and data obtained from laboratory
results were entered and analyzed using the Statistical
Package for Social Sciences (SPSS) version 20.
Descriptive statistics were calculated to summarize
demographic and clinical characteristics. Frequency
distribution was used to compute the results. Study
findings were presented in words, numbers,
percentages, tables and graphs.
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RESULTS

Socio-demographic and clinical characteristics of
study participants

A total of 52 study participants who had developed
postoperative surgical site infections were included in
this study. Of the wound swabs collected, 44 (87.3%)
were positive for bacteria, while 8 (12.7%) showed no

bacterial growth. Twenty-nine (55.8%) participants
were male. The mean age of the participants was 33.8
years with a standard deviation of 13.5 years, ranging
from 17 to 75 years. Most participants (46.2%) were
in the 21 to 30-year age group. The majority (63.5%)
stayed in the hospital for 10-20 days. The abdomen
was the most common surgical site (65.4%), and
emergency surgeries were the most frequent type of
case (67.3%). (Table 1).

Table 1 Socio-demographic and clinical characteristics of the study participants in UoGCSH, Northwest Ethiopia, February —

April 2020 (n=52)

Surgical units

Characteristics Surgical ward  Orthopedic ward Gynecology & TOt;l No

No (%) No (%) obstetrics Ward No (%) (7o)
Sex Male 15(28.8%) 14(26.9%) 0(0.0%) 29(55.8%)
Female 8(15.4%) 0(0.0%) 15(28.8%) 23(44.2%)
11-20 4(7.7%) 1(1.9%) 1(1.9%) 6(11.5%)
Ave in vears 21-30 8(15.4%) 6(11.5%) 10(19.2%) 24(46.2%)
gemy 31-40 6(11.5%) 3(5.8%) 2(3.8%) 11(21.2%)
>41 5(9.6%) 4(7.7%) 2(3.8%) 11(21.2%)
Residence Rural 18(34.6%) 10(19.2%) 7(13.5%) 35(67.3%)
Urban 5(9.6%) 4(7.7%) 8(15.4%) 17(32.7%)
Hospital stays <10 10(19.2%) 4(7.7%) 3(5.8%) 17(32.7%)
(in days) 10-20 13(25.0%) 8(15.4%) 12(23.1%) 33(63.5%)
21-30 0(0.0%) 2(3.8%) 0(0.0%) 2(3.8%)
Back 1(1.9%) 0(0.0%) 0(0.0%) 1(1.9%)
Site of Thorax 1(1.9%) 0(0.0%) 0(0.0%) 1(1.9%)
operation Abdomen 16(30.8%) 4(7.7%) 14(26.9%) 34(65.4%)
Leg 2(3.8%) 7(13.5%) 0(0.0%) 9(17.3%)
Other* 3(5.8%) 3(5.8%) 1(1.9%) 7(13.5%)
Emergency 12(23.2%) 11(21.2%) 12(23.1%) 35(67.3%)
Typeofcases 1o ive 11(21.2%) 3(5.8%) 3(5.8%) 17(32.7%)

Key: * Hand, inguinal area, and breast

Distribution of bacterial isolates in SSIs and
hospital environments

Approximately 44 (84.6%) clinical samples were
culture-positive. Among these, 33 (75%) had single
isolates, while 11 (25%) had mixed isolates. The
highest number of isolates was found in patients
admitted to the surgical ward (24, 43.6%), followed by
those in the orthopedics ward (16, 29.1%).
Additionally, a total of 150 environmental samples

(104 surface and 46 air samples) were collected from
the wards, with 116 (77.3%) testing positive for
bacterial culture. The predominant isolates were CONS
57(47.5%) followed by S. aureus 35(29.2%),
Klebsiella spp 7(5.8%) and P. aeroginosa and E.coli
each 6(8.1%). Of those 46 air samples, 44(95.7%)
were culture-positive. Similarly, CoNs were the most
common isolates in air samples 22(47.8%), followed
by S. aureus 17(37.0%), Enterococcus spp 3(6.5%),
and E. cloacae 1(2.2%) (Table 2).

Table 2 Distribution of isolated bacteria in different surgical units and hospital environments at UoGCSH, Northwest, Ethiopia,

February — April 2020

Surgical units Hospltal
environments

Surgical Orthopedic gynecology Surfaces Air Over

Bacterial ward ward obstetrics Total samples samples Total All
o o, o, o (1) o,
Isolates N (%) N (%) ward N (%) N (%) N (%) N (%) N (%) Total
S. aureus 4(7.3) 1(1.9) 6(10.9) 11(20.0) 18(24.3) 17(37.0) 35(29.2) 46(26.3)
CoNS 1(1.9) 2(3.6) 2(3.6) 50.1) 35(473) 22(47.8) 57(47.5) 62354
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Surgical units I:Iosp1tal
environments

Surgical Orthopedic Gynecology Surfaces Air Over

Bacterial ward ward obstetrics Total samples samples Total All
() o, o, () () o,

Isolates N (%) N (%) ward N (%) N (%) N (%) N (%) N (%) Total
Enterococcus 2(3.6) 4(7.3) 0(0.0) 6 (10.9) 2(2.7) 3(6.5) 5(4.2) 11 (6.3)
Spp
Klebsiella spp 509.1) 3(5.5) 3(5.5) 11(20.0) 4(5.4) 3(6.5) 7(5.8) 18(10.3)
E. coli 6(10.9) 4(7.3) 0(0.0) 10(18.2)  6(8.1) 0(0.0) 6(5.0) 16 (9.1)
E. cloacae 1(1.9) 1(1.9) 3(5.5) 50.1) 2(2.7) 1(2.2) 3(2.5) 8 (4.6)
P. aeroginosa 5(9.15) 0(0.0) 0(0.0) 50.1) 6(8.1) 0(0.0) 6(5.0) 11 (6.3)
Acinitobacter 0(0.0) 1(1.9) 1(1.9) 2 (3.6) 1(1.4) 0 (0.0) 1(0.8) 3(1.7)
Spp
Total 24 (43.6) 16 (29.1) 15 (27.3) 55(100) 74 (100) 46 (100) 120(100) 175(100)

Thirty-three (60%) of the isolates were Gram-negative
bacteria, while 22 (40%) were Gram positive. The

spp., each accounting for 11 (20%) of the total isolates,
followed by E. coli with 10 (18.2%) isolates (Figure

. . 1).
most common isolates were S. aureus and Klebsiella )
25.00%
20.00% 20.00%
20.00% 18.20%
<
< 15.00%
(&}
&
= 10.91%
;{; 10.00% 9.09% 9.09% 9.09%
a,
5.00% I I I 3.64%
0.00% I
S.aureus  Klebsiella E.coli  EnterococcusP. aeroginosa E. cloacae CoNS  Acinitobacter
Spp Spp Spp

Isolated bacteria

Figure 1 Frequency of bacterial species involved in surgical site infections in UoGCSH, Northwest Ethiopia, February - April

2020.

The distribution of bacterial isolates varied among the
wards. Most isolates were obtained from surgical
wards (38, 31.7%). Staphylococcus aureus (17,
14.2%) and E. coli (3, 2.5%%) were most frequently
found in surgical wards compared to other wards
respectively. Enterococcus species (4, 3.3%) and

Klebsiella species (4, 3.3%) also isolated most
frequently from surgical wards. Coagulase-negative
staphylococci isolates were most frequently isolated
from surgical ward (23, 19.1%) and orthopedic wards
(19,15.8%) followed by gynecology and obstetrics
ward (12.5%) (Table 3).

Table 3 Distribution of isolated bacteria from environmental samples among wards in UoGCSH, Northwest Ethiopia, February —

April 2020
Surgical units
Surgical ward  Orthopedic Gynecology & Total N (%)
Isolated bacteria N (%) ward obstetrics ward
N (%) N (%)
S. aureus 17(14.2%) 10(8.3%) 8(6.7%) 35(29.2%)
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Klebsiella spp 4(3.3%) 1(0.8%) 2(1.7%) 7(5.8%)
E. coli 3(2.5%) 2(1.7%) 1(0.8%) 6(5.0%)
Pseudomonas spp 4(3.4%) 1(0.8%) 1(0.8%) 6(5.0%)
E. cloacea 1(0.8%) 1(0.8%) 1(0.8%) 3(2.5%)
Acinetobacter spp 1(0.8%) 0(0.0%) 0(0.0%) 1(0.8%)
Cons 23(19.1%) 19(15.8%) 15(12.5%) 57(47.5%)
Enterococcus spp 4(3.3%) 1(0.8%) 0(0.0%) 5(4.1%)
Total No. (%) 57(47.5%) 35(29.2%) 28(23.3%) 120(100%)
resistance. All six Enterococcus isolates were

Antimicrobial susceptibility patterns

The antimicrobial susceptibility patterns of Gram-
positive bacteria isolated from surgical sites and
hospital environments are presented in Table 4.
Staphylococcus aureus from surgical sites showed
high resistance rates to Penicillin (90.9%),
Tetracycline (90%), Erythromycin (72.7%), and
Cotrimoxazole (72.7%). The MRSA isolation rate in
this study was 63.6%, as indicated by Cefoxitin

susceptible to Vancomycin.

Regarding environmental isolates S. aureus exhibited
resistance to Cotrimoxazole (60%) and Penicillin
(80%), while showing sensitivity to Clindamycin
(100%) and Ciprofloxacin (91.4%). The prevalence of
MRSA was 17(48.6). All of the five Enterococcus
spps were Vancomycin susceptible (Table 4).

Table 4 Antimicrobial-resistant pattern of Gram-positive bacterial isolates from surgical sites and Hospital environments in

UoGCSH, Northwest Ethiopia, February — April 2020

Gram-positive bacteria
CoNS (N, %)

0
Antimicrobial S. aureus (N, %)

Enterococcus spp (N, %)

Hospital . Hospital . Hospital
agent Patient (N, %)  environment I()lztl;?)t environment I()lztl;?)t environment
(N, %) ’ (N, %) ’ N, %)

Ciprofloxacin 4(36.4%) 3(8.6%) 3(60%) 9(15.8%) _ _
Chloramphenicol _ 12(34.3%) _ 10(17.5%) 3(50%) 2(40.0%)
Gentamycin 6(54.5%) 12(34.3%) 1(20%) 18(31.6%) _ _
Cotrimoxazole 8(72.7%) 21(60%) 4(80%) 35(61.4%) _ _
Tetracycline 10(90.9%) B 3(60%) B _ _
Erythromycin 8(72.7%) 12(34.3%) 3(60%) 25(43.9%) _ _
Clindamycin 2(18.2%) 0(0.0%) 1(20%) 8(14.0%) _ _
Penicillin 10(90.9%) 28(80%) 5(100%) 49(86.0%) 6(100%) 4(80.0%)
Ampicillin _ _ _ _ 5(83.3%) 1(20.0%)
Cefoxitin 7(63.3%) 17(48.6%) 3(60%) 25(43.9%) _ _
Vancomycin _ _ _ _ 0(0.0%) 0(0.0%)
Doxycycline 9(81.8%) 13(37.1%) 2(40%) 14(24.6%) 6(100%) 3(60.0%)

Table 5 presents the antimicrobial susceptibility
patterns of Gram-negative bacteria isolated from
surgical sites and hospital environments. Klebsiella
spp. exhibited resistance rates of 100% to Cefotaxime
and 81.8% to both Ceftazidime and Cotrimoxazole. E.
coli showed 100% resistance to Cefotaxime and
Cotrimoxazole, and 80% resistance to Ceftazidime.
Pseudomonas isolates demonstrated resistance rates of
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80% to Ceftazidime, and 60% to Ciprofloxacin,
Gentamycin, and Tobramycin. In contrast, among
environmental isolates, Klebsiella spp. showed high
resistance rates of 100% to both Cotrimoxazole and
Cefotaxime. Similarly, E. coli exhibited 100%
resistance to both Cotrimoxazole and Cefotaxime.
Pseudomonas isolates from the environment were
resistant to Ciprofloxacin and Tobramycin, each at
83.3%.
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Table 5 Antimicrobial resistant pattern of Gram-negative bacterial isolates from surgical sites and Hospital environments in
UoGCSH, Northwest Ethiopia, February — April 2020.

Gram-negative bacteria

Klebsiella spp N . o P. aeroginosa N E. cloacae N Acinitobacter

Antimicrobial (%) E. coli N (%) (%) (%) spp N (%)
agent Patient Evnt. Patient Envt. Patient Envt. Patient Envt. Patient ﬁth'

N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%) (%)
CIP 3(27.3) 2(28.6) 4(40)  4(66.7) 3(60) 5(83.3) 2(40)  0(0.0)  0(0.0) B
CAF 3(27.3)  5(71.4)  2(20) (835 3 - B 360)  1(33) B
GEN 4(36.4) 5(71.4)  2(20)  4(66.7) 3(60)  3(50)  3(60) 2(66.7) 1(50)  1(100)
COT 9(81.8) 7(100) 10(100) 6 (100) B _ 3(60) 1(33.3) 1(50) 1(100)
CAZ 9(81.8) 6(85.7) 8(80)  3(50)  4(80)  3(50)  2(40)  0(0.0)  1(50)  1(100)
CXT 11(100)  7(100)  10(100) 6 (100) B B 4(80)  3(100)  2(100)  1(100)
TOB 7(63.6) 4(57.1)  3(30) 6(100) 3(60) 5(83.3) 4(80) 1(33.3)  1(50)  0(0.0)
AMK 19.1)  00.0) 1(10) 0(0.0) 1(20) 0(0.0) 1(10)  0(0.0) 0(0.0)  0(0.0)
MER 7(63.6) 2(28.6) 2(20)  0(0.0)  2(40) 2(33.3) 3(60)  0(0.0)  1(50)
PEP B B B B 2(40)  3(50) B B
CEF 2(40)  4(66.7)

Key: CIP- Ciprofloxacin, CAF-Chloramphenicol, GEN-Gentamycin, COT-Cotrimoxazole, DOX-Doxycycline, CAZ-
Ceftazidime, CXT-Cefotaxime, TOB-Tobramycin, AMK-Amikacin, MER-Meropenem, PEP-Pepracillin, CEF-
Cefepim, Envt — Environment

The multidrug-resistant pattern of isolates (68.2%) were from Gram-positive isolates and 16
(48.5%) from Gram-negative isolates. Of the 11 S.
aureus isolates, 9 (81.8%) were found to be MDR.
(Table 6).

Table 6 The multidrug-resistant pattern of bacterial isolates from surgical sites in UoGCSH, Northwest Ethiopia, February — April
2020

The overall MDR resistance from surgical sites was
observed in 31 cases (56.4%). Among these, 15

Bacterial isolate Total Multidrug-resistant pattern

RO R1 R2 R3 R4 >RS Total MDR

Gram-positive bacteria 22 0 2 8 4 2 9 15(68.2%)
S. aureus 11 0 1 1 0 2 7 9(81.8%)
Cons 5 0 0 2 1 0 2 3(60%)
Enterococcus spp 6 0 0 3 3 0 0 3(50%)
Gram-negative bacteria 33 3 5 11 9 4 3 16(48.5%)
Klebsiella spp 11 0 2 4 1 2 2 5(45.5%)
E. coli 10 0 1 3 5 1 0 6(60%)
E. cloacae 5 1 0 1 1 1 1 3(60%)
Pseudomonas spp 5 0 2 1 2 0 0 2(40%)
Acinetobacter spp 2 1 0 1 0 0 0 0
Total 55 3 7 19 13 6 12 31(56.4%)

Key: RO — No antimicrobial resistance, R1 - Resistant to One, R2 - Resistant to Two, R3 - Resistant to three, R4 -
Resistant to Four, >R5 — Resistant to Five and more antimicrobial classes, MDR - Multidrug-resistant, CoNS —
Coagulase negative staphylococcus

The overall multidrug-resistant (MDR) resistance isolates, and 13 (56.5%) were from Gram-negative
from hospital environments was 66 cases (55.0%). isolates. More than 70% of Klebsiella isolates were
Among these, 53 (54.6%) were from Gram-positive multidrug-resistant (see Table 7).

Table 7 The multidrug-resistant pattern of bacterial isolates from environments at the UoGCSH, Northwest Ethiopia, February —
April 2020

Multidrug-resistant pattern
RO R1 R2 R3 R4 >RS Total MDR
Gram-positive bacteria 97 9 27 8 11 10 32 53(54.6%)

Bacterial isolates Total
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Multidrug-resistant pattern

Bacterial isolates Total RO R1 R2 R3 R4 >R5 Total MDR
S. aureus 35 2 11 3 4 3 12 19(54.3%)
CoNS 57 6 13 4 7 7 20 34(59.6%)
Enterococcus spp 5 1 3 1 0 0 0 0
Gram-negative bacteria 23 2 1 7 8 1 4 13(56.5%)
Klebsiella spp 7 0 0 2 3 0 2 5(71.4%)
E. coli 6 0 0 2 3 1 0 4(66.7%)
Pseudomonas spp 6 0 1 2 1 0 2 3(50.0%)
E. cloacae 3 2 0 1 0 0 0 0
Acinetobacter spp 1 0 0 0 1 0 0 1(100%)
Total 120 11 28 15 19 11 36 66(55.0%)

Key: RO — No antimicrobial resistant, R1 - Resistant to One, R2 - Resistant to Two, R3 - Resistant to three, R4 -
Resistant to Four, >R5 — Resistant to Five and more antimicrobial classes

DISCUSSION

The present study provides insights into the bacterial
profiles and their antimicrobial susceptibility patterns
in samples from postoperative surgical site infections
and hospital environments, crucial for selecting
appropriate antimicrobial agents and preventing future
infections. The culture positivity rate for postoperative
SSIs was 84.6%, with the main isolates being S. aureus
(20%), Klebsiella spp. (20%), E. coli (18.2%),
Enterococcus spp. (10.9%), and Pseudomonas spp.
(9.1%). These findings are consistent with a study
conducted six years ago at the same hospital in
Gondar, Ethiopia, where S. aureus (22.4%) and
Klebsiella spp. (20.4%) were the predominant isolates
%7, This result is also consistent with studies conducted
in Hawassa, Ethiopia 28, Mekelle, Ethiopia 2%, Pakistan
830 and Saudi Arabia 31 where S. aureus, Klebsiella
spp, and E. coli were reported as major isolates of
SSIs. However, this contrasts with findings from
studies in Tanzania and India, where Pseudomonas
species were found to be the predominant isolates 323>,

In this study, Klebsiella species and E. coli also
showed high prevalence, similar to S. aureus which
could be due to contamination of the wound with the
gastrointestinal tract in which they are normal floras
and most operations were undertaken on the abdomen.

In the present study, Gram-positive bacteria were
found in 40% and Gram-negative bacteria in 60% of
culture-positive cases of SSIs. Similar studies
conducted in different regions have also highlighted
that Gram-negative bacteria are frequently identified
as a more significant cause of SSIs compared to Gram-
positive bacteria 3*+*°, This could be attributed to the
diverse habitats of Gram-negative bacteria, including
inanimate surfaces in hospitals, and potential
contamination from the intestinal tract during surgery.
S. aureus typically plays a predominant role in HAI
due to contamination of wounds with normal
endogenous flora found on the skin and mucous

https://ejts.aphi.gov.et

48

membranes, or through environmental contamination.
S. aureus can survive for extended periods on dry
surfaces in hospital environments *. Due to its ability
to survive for extended periods in hospital
environments, it contributes to the emergence of drug-
resistant strains.

The prevalence of MRSA in this study (63.6%) was
consistent with a study conducted in Pakistan (65.7%)
8. On the contrary, this finding was higher than the
results of studies conducted in Gondar, Ethiopia
(34.7%) 3*, Debre Markos, Ethiopia (49.7%) 37, Addis
Ababa, Ethiopia (10.5%) '5, Nepal (41.7%) ** and
India (48.8%) *. The high incidence rate of MRSA in
this study could be attributed to improper
antimicrobial use or the prophylactic use of
antimicrobials, leading to the timely emergence of
resistant strains. Most of the isolates of S. aureus
(81.8%) were Clindamycin susceptible which is in
agreement with the study conducted in Gondar 3 and
Saudi Arabia 3! in which 88.5% and 97.2% of the
isolates were clindamycin susceptible
correspondingly.

Our results have shown that Amikacin was effective
against more than 80% of Gram-negative bacterial
isolates. However, these isolates exhibited high
resistance rates to Cefotaxime, Cotrimoxazole, and
Ceftazidime (ranging from 72.7% to 82.1%).
Klebsiella species demonstrated high resistance rates
to Cefotaxime (100%), Cotrimoxazole, and
Ceftazidime (81.8% each). Similarly, E. coli was
resistant to Cefotaxime and Cotrimoxazole (100%
each) and Ceftazidine (80%). These findings are in
agreement with the study done in Addis Ababa,
Ethiopia "> which showed that Klebsiella spp and E.
coli were highly resistant to Ceftazidime (80%, 79.2).
Another study done in Addis Ababa, Ethiopia *° also
showed Ceftazidime and Cotrimoxazole were not
effective antimicrobials for E. coli and Klebsiella spp.
Similarly, Pseudomonas isolates showed resistance to
Ceftazidime (80%), Ciprofloxacin, Gentamycin, and
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Tobramycin (60% each). It was observed that all
surgery patients in the study area received Ceftriaxone
as prophylaxis, which likely contributed to the
emergence of resistant bacteria.

In the current study, 56.4% of the isolates were MDR.
This result was lower than the result of the studies
conducted in Addis Ababa *°, in which the MDR level
was 65.5%, and Nepal * also showed 66.7% of MDR.
This variation might be due to the difference in the
definition of MDR between the two studies. In
previous studies, MDR was defined as resistance to
two or more classes of antimicrobials and improper
antimicrobial usage practices in the respective areas.

Several studies have demonstrated that healthcare
facility environments, including frequently touched
surfaces and air, are contaminated by various types of
bacteria, contributing to HAI #!*#3, In the current study,
the overall contamination rate of the hospital
environment was 116 (77.3%), with contamination
rates of 69.2% among * inanimate surfaces and 95.7%
among air samples. This finding aligns with studies
conducted in Nepal and Brazil ¥ which reported
contamination rates of 78% and 83.3%, respectively.
However, it was higher than studies conducted in
Mizan Tepi, Ethiopia® (43.8%), Uganda ** (44.2%),
and Poland ' (69.6%) (19). The variation may be due
to differences in cleaning practices, decontamination
of surfaces, and the effectiveness of disinfectant use.

In this study, hospital environment isolates of S.
aureus showed 100% susceptibility to Clindamycin
and 91.4% susceptibility to Ciprofloxacin. Of all S.
aureus isolates, 17 (48.6%) were MRSA, which is
higher than the rate reported in a study conducted in
Bahir Dar (25%) #!. The variation may be attributed to
differences in infection prevention practices between
the two settings or variations in antimicrobial use for
treating bacterial infections across different hospitals.
The overall MDR level of the isolates in this study was
66 (55.0%), which is lower than the study conducted
in Bahir Dar #!, where more than 75% of isolates were
reported to be MDR.

Furthermore, among the total Gram-positive bacterial
environmental isolates, 53 (54.6%) were multidrug-
resistant (MDR) in our study. Additionally, 13
(56.5%) of the gram-negative isolates were also MDR.
Klebsiella spp. and E. coli isolates in our study showed
resistance to Cotrimoxazole and Cefotaxime but were
susceptible to Amikacin which the primary causative
bacteria associated with postoperative surgical site
infections (SSI), and hospital environments served as
potential reservoirs for these pathogens in the study
area.
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CONCLUSION

Staphylococcus aureus, Klebsiella species, and E. coli
were identified as the most prevalent bacteria from
postoperative surgical site infections, with hospital
environments serving as potential reservoirs for these
pathogens in the study area. The study also revealed a
high prevalence of methicillin-resistant and multidrug-
resistant strains among clinical and hospital isolates.
However, Amikacin and Clindamycin demonstrated
effectiveness in inhibiting the in vitro growth of Gram-
negative and Gram-positive bacterial isolates,
respectively. To curb the further emergence and
spread of multidrug-resistant bacterial pathogens,
treatment guidelines for the use of antimicrobials
should be updated based on the hospital formularies
and the susceptibility patterns. Additionally, infection
prevention practices should be strengthened.

ACKNOWLEDGEMENT

We express our heartfelt gratitude to the study
participants and the staff of the University of Gondar
Comprehensive  Specialized Referral Hospital,
particularly those working at the tuberculosis
laboratory and bacteriology teaching laboratory. Their
significant contributions throughout the data and
specimen collection process are deeply appreciated.

ABBREVIATIONS

CLSI: Clinical and Laboratory Standards Institute,
CoNS: Coagulase-negative Staphylococci, HAIs:
Health-care-associated infections, MDR: Multidrug-
resistant, MRSA: Methicillin-resistant
Staphylococcus aureus, SSI Surgical site infection,
UoGCSH: University of Gondar Comprehensive
Specialized Hospital, WHO: World Health
Organization

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

This study received approval from the Ethical Review
Committee of the School of Biomedical and
Laboratory Sciences, University of Gondar. Informed
consent was obtained from each study participant and
their legal guardians after explaining the study's
purpose. Participant information was treated
confidentially, and specimens collected were used
solely for the study's intended purposes. All
procedures in this study were conducted in accordance
with the amended Declaration of Helsinki.

CONSENT FOR PUBLICATION
Not applicable.

ISSN 2958-9916 (Print) 2958-9924 (Online)



EJTS Vol. 2 No. 1 June 2024

Bacterial profile and antimicrobial susceptibility patterns of isolates

AVAILABILITY OF DATA

All the data sets analyzed during the current study are
available from the corresponding author upon
reasonable request.

COMPETING INTERESTS

The authors declare that they have no competing
interests.

FUNDING

There is no specific fund received for this study.

REFERENCES

"WHO. Report on the burden of endemic health care-
associated infection worldwide. 2011.

2 WHO. Communicable disease surveillance and
response systems: a guide to planning: World
Health Organization, 2006.

3Al-Tawfiq JA, Tambyah PA. Healthcare associated
infections (HAI) perspectives. Journal of
infection and public health 2014;7:339-344.

“Horan TC, Gaynes RP, Martone WJ, et al. CDC
definitions of nosocomial surgical site infections,
1992: a modification of CDC definitions of
surgical wound infections. Infection Control &
Hospital Epidemiology 1992;13:606-608.

SBerrios-Torres SI, Umscheid CA, Bratzler DW, et al.
Centers for disease control and prevention
guideline for the prevention of surgical site
infection, 2017 JAMA surgery 2017;152:784-
791.

“Laloto TL, Gemeda DH, Abdella SH. Incidence and
predictors of surgical site infection in Ethiopia:

prospective cohort. BMC infectious diseases
2017;17:119.

"Bastola R, Parajuli P, Neupane A, Paudel A. Surgical
site infections: Distribution studies of sample,
outcome and antimicrobial susceptibility testing.
J Med Microbiol Diagn 2017;6:2161-2703.

8Ullah K, Ahmad 1, Jalil F. Bacterial isolates from
surgical site infection and their pattern of
antibiotics sensitivity. Journal of Bacha Khan
Medical College 2017;1:8-8.

‘Mbim EN, Mboto CI, Agbo BE. A review of
nosocomial infections in Sub-Saharan Africa.
British ~ Microbiology =~ Research ~ Journal
2016;15:1-11.

0Chikere C, Omoni V, Chikere B. Distribution of
potential nosocomial pathogens in a hospital

https://ejts.aphi.gov.et

50

CONTRIBUTION OF AUTHORS

SB and AA contributed to conceiving the research
idea, data collection, and data analysis. GB and WT
contributed to the conception of the research idea,
method rationalization, data analysis, interpretation of
results, evaluation of scientific content, and
manuscript preparation. GB, SB, FW, and WA were
also involved in reviewing and editing the manuscript.
All authors have read and approved the final
manuscript for submission.

environment. African Journal of Biotechnology
2008;7.

"Dresch F, Rempel C, Maciel MJ. Microbiological
analysis of surfaces in a surgical center:
Identification and bacterial activity against
antibiotics and disinfectant. Ciéncia e Natura
2017;39:738-747.

2Muhammad UK, Isa MA, Aliyu ZM. Distribution of
potential nosocomial pathogens isolated from
environments of four selected hospital in Sokoto,
North Western Nigeria. Journal of Microbiology
and Biotechnology Research 2013;3:139-143.

3La Fauci V, Genovese C, Facciola A, et al. Five-year
microbiological monitoring of wards and
operating theatres in southern Italy. Journal of
preventive medicine and hygiene 2017;58:E166.

14Qattar F, Sattar Z, Zaman M, Akbar S. Frequency of
post-operative surgical site infections in a Tertiary
care hospital in Abbottabad, Pakistan. Cureus
2019;11.

SDessie W, Mulugeta G, Fentaw S, et al. Pattern of
bacterial pathogens and their susceptibility
isolated from surgical site infections at selected
referral hospitals, Addis Ababa, Ethiopia.
International journal of microbiology 2016;2016.

'Mengesha RE, Kasa BG-S, Saravanan M, et al.
Aerobic bacteria in post surgical wound infections
and pattern of their antimicrobial susceptibility in
Ayder Teaching and Referral Hospital, Mekelle,
Ethiopia. BMC research notes 2014;7:1-6.

"Cheesbrough M. District laboratory practice in
tropical countries. . 2nd ed. New York:
Cambridge University Press, 2006.

80umokhtar B, Lalami AEO, Benaicha N, et al.
Environmental surfaces in healthcare setting: a
great potential risk of pathogens transmission.
2017.

ISSN 2958-9916 (Print) 2958-9924 (Online)



EJTS Vol. 2 No. 1 June 2024

Ethiopian Journal of Translational Sciences - EJTS

YRozanska A, Romaniszyn D, Chmielarczyk A,
Bulanda M. Bacteria contamination of touch
surfaces in Polish hospital wards. Medycyna
pracy 2017;68:459.

2Genet C, Kibru G, Tsegaye W. Indoor air bacterial
load and antibiotic susceptibility pattern of
isolates in operating rooms and surgical wards at
Jimma University specialized hospital, Southwest
Ethiopia. Ethiopian journal of health sciences
2011;21:9-18.

2'Napoli C, Marcotrigiano V, Montagna MT. Air
sampling procedures to evaluate microbial
contamination: a comparison between active and
passive methods in operating theatres. BMC
Public Health 2012;12:594.

22Saha R, Agarawal S, Khan AM. Air sampling
procedures to evaluate microbial contamination:
A comparison between active and passive
methods at high-risk areas in a Tertiary Care
Hospital of Delhi. J Patient Saf Infect Control
2017;5:18-23.

Bajpai T, Bhatambare GS, Gagrani N, et al.
Microbial evaluation of hospital environment and
surface: a study in tertiary care centre. 2014.

24Pasquarella C, Pitzurra O, Savino A. The index of
microbial air contamination. Journal of hospital
infection 2000;46:241-256.

Calon TGA, Trobos M, Johansson ML, et al.
Microbiome on the Bone-Anchored Hearing

System: A Prospective Study. Frontiers in
microbiology 2019;10:799.

2CLSI. performance standard for antimicrobial
susceptibility testing. M100 29th ed, 2019.

YIGelaw A, Gebre-Selassie S, Tiruneh M, et al.
Isolation of bacterial pathogens from patients with
postoperative surgical site infections and possible
sources of infections at the University of Gondar
Hospital, Northwest Ethiopia. J Environ Occup
Sci 2014;3:103-108.

ZBDessalegn L, Shimelis T, Tadesse E, Gebre-selassie
S. Aerobic bacterial isolates from post-surgical
wound and their antimicrobial susceptibility
pattern: a hospital based cross-sectional study. J
Med Res 2014;3:18-22.

YMengesha RE, Kasa BG-S, Saravanan M, et al.
Aerobic bacteria in post surgical wound infections
and pattern of their antimicrobial susceptibility in
Ayder Teaching and Referral Hospital, Mekelle,
Ethiopia. BMC research notes 2014;7:575.

https://ejts.aphi.gov.et

51

Malik AZ. Surgical site infections after elective
surgery in Pakistan: Surgipak Study. Journal of
Rawalpindi Medical College 2015;19:209-214.

3IAL-Aali K. Evaluation of Surveillance for Surgical
Site Infections and Drug Susceptibility Patterns,
Taif, Saudi Arabia. Ann Clin Lab Res 2016;4:2.

3Manyahi J, Matee MI, Majigo M, et al
Predominance of multi-drug resistant bacterial
pathogens causing surgical site infections in
Muhimbili National Hospital, Tanzania. BMC
research notes 2014;7:500.

3 Amatya J, Rijal M, Baidya R. Bacteriological study
of the postoperative wound samples and antibiotic
susceptibility pattern of the isolates in BB
hospital. JSM Microbiology 2015;3:10-19.

3Amare B, Abdurrahman Z, Moges B, et al.
Postoperative surgical site bacterial infections and
drug susceptibility patterns at Gondar University
Teaching Hospital, Northwest FEthiopia. J
Bacteriol Parasitol 2011; 2:126.

3Asres G, Legese M, Woldearegay G. Prevalence of
multidrug resistant Bacteria in postoperative
wound infections at Tikur Anbessa specialized
hospital, Addis Ababa, Ethiopia. Arch Med
2017;9:12.

3La Fauci V, Genovese C, Facciola A, et al. Five-year
microbiological monitoring of wards and
operating theatres in southern Italy. Journal of
preventive medicine and hygiene 2017;58:E166.

3Kahsay A, Mihret A, Abebe T, Andualem T.
Isolation and antimicrobial susceptibility pattern
of Staphylococcus aureus in patients with surgical
site infection at Debre Markos Referral Hospital,
Ambhara Region, Ethiopia. Archives of public
Health 2014;72:16.

3Raza MS, Chander A, Ranabhat A. Antimicrobial
susceptibility patterns of the bacterial isolates in
post-operative wound infections in a tertiary care
hospital, Kathmandu, Nepal. Open Journal of
Medical Microbiology 2013;2013.

¥Jain K, Chavan NS, Jain S. Bacteriological profile of
post-surgical wound infection along with special
reference to MRSA in central India, Indore. Int J
Intg Med Sci 2014;1:9-13.

4Kalayu AA, Diriba K, Girma C, Abdella E.
Incidence and Bacterial Etiologies of Surgical
Site Infections in a Public Hospital, Addis Ababa,
Ethiopia. The Open Microbiology Journal
2019;13.

ISSN 2958-9916 (Print) 2958-9924 (Online)



EJTS Vol. 2 No. 1 June 2024

Bacterial profile and antimicrobial susceptibility patterns of isolates

4lGetachew H, Derbie A, Mekonnen D. Surfaces and
air bacteriology of selected wards at a referral
hospital, Northwest Ethiopia: a cross-sectional
study. International journal of microbiology
2018;2018.

“Sserwadda 1, Lukenge M, Mwambi B, et al
Microbial contaminants isolated from items and
work surfaces in the post-operative ward at
Kawolo general hospital, Uganda. BMC
infectious diseases 2018;18:68.

“Worku T, Derseh D, Kumalo A. Bacterial profile and
antimicrobial susceptibility pattern of the isolates
from stethoscope, thermometer, and inanimate

https://ejts.aphi.gov.et

52

surfaces of Mizan-Tepi University Teaching
Hospital, Southwest Ethiopia. International
journal of microbiology 2018;2018.

“Bhatta DR, Hamal D, Shrestha R, et al. Bacterial
contamination of frequently touched objects in a
tertiary care hospital of Pokhara, Nepal: how safe
are our hands? Antimicrobial Resistance &
Infection Control 2018;7:97.

#Qliveira-de-Souza CW, de-Melo-Martins D, Soares
CA, Paiva de Sousa C. Microbiological
characterization of the surface contamination in
surgical room areas in a Hospital in Sao Paulo
(Brazil). Infectio 2014;18:130-134.

ISSN 2958-9916 (Print) 2958-9924 (Online)



