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Abstract

Background: Much of the recent literature in this context has focused on tracing of highly multidrug-resistant (MDR) which might be 
disseminated in hospital environment particularly through areas of highly susceptible patients like intensive care unit, burn and surgery wards 
and children’s lounge. Most of hospital infections caused by multiple resistant organisms, especially multiple resistant S. aureus which has been 
frequently isolated from patients. 

Materials and Methods: The present work was conducted on 500 patients with caesarean sections. Wound swab was taken on the third 
postoperative day from hospitalized patients and on the seventh postoperative day from patients attended outpatient clinic. The isolated S. aureus 
from caesarean sections were tested for antibiotic susceptibility and the degree of association of resistance to different antibiotics was studied. 

Results: It was found that the antibiotic resistance patterns of Staphylococcus aureus were 10 different resistance patterns. The total burden of 
resistance which is equal to sum of R-determinants multiplied by frequency was 208, showing a high multidrug resistance pressure in the sampled 
population. The Tau² value (~0.24) indicated a moderate between study variation, which justified using the random effects model. The present 
analysis of data did not show severe asymmetry was visible indicating no clear bias in association distribution. 

Conclusions: The present study analysis revealed that 50% of inpatients showed a higher burden of recurring resistance compared to 11.1% of 
Outpatients only, more complex and multiply resistance patterns with 10 drugs was seen in inpatients. The present study revealed that cloxacillin, 
gentamicin, fucidin, rifampicin and nitrofurantoin drugs had low to negligible individual resistance, but show up in some combinations.

Keywords: Caesarean wound; S. aureus; antibiotic resistance; association degree

*Corresponding author: Mohemid Maddallah Al-Jebouri, Department of Medical 
Laboratory Technology, Al-Qalam University College, Kirkuk, Iraq

Introduction

Because of the wide usage of antibiotics in hospitals, it become 
a serious problem all over the world, especially in developing coun 

 

tries. This type of usage led to emergence of antibiotic-resistant 
bacteria in the hospital environment. Most of hospital infections 
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are caused by multiply resistant microorganisms [1-5]. A signif-
icant continuous pose of threat has been made by infectious dis-
eases on human life and property. Revealing of the true patterns of 
transmission of infectious diseases among society and planning a 
real effective prevention and control should be made to minimize 
the widespread of large-scale infectious disease [6]. Much of the re-
cent literature in this context has focused on tracing of highly multi-
drug-resistant (MDR) which might be disseminated in hospital en-
vironment particularly through areas of highly susceptible patients 
like intensive care unit, burn and surgery wards and children’s 
lounge [6,7]. The assessment of the disease burden is of priority 
for policymakers and public health officials to perform evidence of 
resource allocation and consequently to plan for the mitigation of 
threats to health. The Burden of Communicable Diseases in Europe 
(BCoDE) report aimed to provide a practical policy for this burden 
assessment. A policy which was followed later by many national 
and international studies and analyses to be built [7-12].

Resistance to penicillin G by S. aureus appeared rapidly after 
introduction the drug. Later on there was increasing proportion of 
S. aureus strains that resist streptomycin and tetracycline within 
the first few years of introduction of these drugs. An outbreak of 
infection caused by strains of S. aureus resistant to gentamicin and 
methicillin occurred in special care baby unit [13]. Methicillin- re-
sistant S. aureus (MRSA) strain has been greately increased in re-
cent years, and patients are likely to be infected with MRSA include 
elderly peoples and those with postoperative infection such as or-
thopaedic, vascular surgery, patient with spinal injury, chronic skin 
ulcer, burn and chronic disease of respiratory and urinary tracts 
[14]. It has been found that erythromycin and clindamycin are sub-
stitutes to the use of B-lactam antibiotics or aminoglycosides, ei-
ther alone or in combination with some of these drugs, however, 
resistance to these drugs arised as a problem during therapy, the 
so-called macrolide and lincosamide resistance phenotype which 
characterized by cross-resistance to all macrolides, lincosamides 
and streptogramins B. This resistance phenotype is, in many cases, 
plasmid and/or transposon mediated, and they found that there is 
no relationship between methicillin and macrolide-lincosamide re-
sistance [15,16]. An outbreak of infection caused trimethoprim-re-
sistant Enterobacteriaceae occurred at the University college hos-
pital of London. It was found that geriatric patients previously 
treated with trimethoprim were the main source of this outbreak 
and this was plasmid-mediated and easily transferred from strain 
to another [17]. Resistance transfer studies and plasmid screening 
experiments demonstrated that multi-resistance phenotype was 
due to transmissible plasmid and/or transposons. These strains 
also shown resistance to cephalosporins which is chromosomaly 
encoded [18]. Most of hospital infections caused by multiple resis-
tant organisms [13], especially multiple resistant S. aureus which 
has been frequently isolated from patients.

Materials and Methods

Patients

This study was carried out in teaching hospital of Tikrit. The 

present work was conducted on 500 patients with caesarean sec-
tions. Three hundreds were hospitalized and the other two hun-
dreds were non-hospitalized attended the outpatient’s clinic after 
operation for removal of stitches. Their ages ranged from 15-45 
years. The majority of these patients were from rural areas or re-
ferred to this hospital from other town’s hospitals. General infor-
mations such as including demographic survey were listed. The 
acceptance for participation in the present study was taken from 
all the participants whose native language is Arabic. They were not 
mentally retarded and they were completely healthy considering 
hearing and speaking. A pilot study to ensure the questionnaire 
and identification of the most frequent pathogens causing caesare-
an wound infection was carried out on 50 patients with caesarean 
section before the start of the present study.

Sampling

Wound swab was taken on the third postoperative day from 
hospitalized patients and on the seventh postoperative day from 
patients attended outpatient clinic. Samples were taken by using 
sterile cotton swabs moistened with nutrient broth carried in test 
tubes contained 2 ml broth liquid [4]. Wound swabs were enriched 
in nutrient broth at 37 °C for 18 hours. Each sample was sub-cul-
tured on mannitol salt agar and incubated at 37°C for 24 hours. 
Pure cultures were obtained after isolation on appropriate selective 
media. The suspected colonies were purified twice then sub-cul-
tured on nutrient agar slants and kept at 4 0C for full identification 
and further studies.

Antibiotic susceptibility testing

A loopful growth from isolates of Staphylococcus aureus were 
inoculated into nutrient broth and incubated at 37°C for 18 hours. 
The bacterial suspensions were diluted with ringer solution. The 
proportion of dilution was 1:1000 [14]. Diluted bacterial suspen-
sion were poured onto the surface of the Muller-Hinton agar plates. 
The excess of bacterial suspensions were discarded using Pasteur 
pipette and plates were left for one hour at room temperature to 
dry. The antibiotic discs which are shown in Table 1 were selec-
tively applied by using sterile forceps which was flamed after being 
cleansed with alcohol. The plates were incubated at 37 0C for over-
night. The size of zones of inhibition were measured from edge of 
disc to the edge of inhibition of growth and the result was compared 
with standard diameter of inhibition zones for each antibiotic uti-
lizing the method of Bauer et al. [19]. The following standard strain 
Staphylococcus aureus ATCC25923 was used as a reference strain.

Statistical analyses

All statistical analyses were performed using IBM SPSS Sta-
tistics for Windows, Version 26.0 (IBM Corp., Armonk, NY, USA). 
Descriptive statistics such as means, standard deviations, and fre-
quency distributions were computed to summarize the data. To 
examine the relationships between variables, linear regression 
and multivariate linear regression models were applied. Where 
appropriate, interaction terms were included to evaluate the effect 
modification between predictors. An exponential decay model was 
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used to describe the decreasing trends in the outcome variable over 
time, and the model was linearized using natural logarithm trans-
formation for compatibility with linear regression frameworks. The 
significance of individual coefficients in the regression models was 
assessed using t-tests, with a p-value < 0.05 considered statistically 
significant. Assumptions of normality, linearity, homoscedasticity, 
and multicollinearity were checked prior to model interpretation. 
All graphical outputs and residual diagnostics were also generated 
using SPSS. In addition, for confirmation of model robustness, se-
lected analyses were repeated using R version 4.3.1 (R Foundation 
for Statistical Computing, Vienna, Austria).

Results

It was found that the antibiotic resistance patterns of Staphylo-
coccus aureus were 10 different resistance patterns, and the most 
frequent pattern was P, AP, TMP, E, BP (Table 1). Strains of inpa-

tients showed four resistance patterns which were different from 
the single pattern of outpatients strains as shown in Table 2. More 
than70% of strains revealed recurring multidrug resistance with 
a strong indicator of antibiotic pressure and resistance evolution. 
Beta-lactam family antibiotics and TMP were at the core of most re-
sistance patterns. High frequency of 5–7 drug resistance suggested 
a major challenge in treatment and necessitates antibiotic steward-
ship Table 1, Figure 1). Beta-lactams like P, AP, and BP dominated 
resistance patterns. Trimethoprim (TMP) was also commonly in-
volved. Multiply resistance was common with combinations involv-
ing up to 10 antibiotics in a single strain. It was found that the av-
erage resistance complexity per repeated pattern is ~6 antibiotics. 
But the most common pattern involved resistance to 5 drugs. The 
total burden of resistance which is equal to sum of R-determinants 
multiplied by frequency was 208, showing a high multidrug resis-
tance pressure in the sampled population (Table 1& 2; Figure 1).

Figure 1: Resistance burden (R-determinants x frequency).

Table 1: Antibiotics used in susceptibility testing.

Antibiotic Code Concentration (μg/disc) Manufacturer

Chloramphenicol C 30 Oxoid *

Streptomycin S 10 Oxoid

Gentamicin CN 10 Oxoid

Tetracycline TE 30 Oxoid

Erythromycin E 15 Oxoid

Penicillin G P 10 Oxoid

Tobramycin TOB 10 Oxoid

Nitrofurantoin F 300 Oxoid

Rifampicin RF 30 Oxoid

Fucidin FU 30 Leo**

Ampicillin AP 2 SDI***
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Cloxacillin CX 5 SDI

Clindamycin CL 2 SDI

Trimethoprim TMP 5 SDI

Benzathine penicillin Bp 6 SDI

*= Oxoid Ltd, Britain; **= Leo Pharmaceutical Products, Denmark; ***= SDI, Samarra Drug Industry, Samarra, Iraq.

Table 1: Frequency of antibiotic resistance patterns occurred twice or more among 40 strains of Staphylococcus aureus isolated from patients with 

caesarean wound.

Number of R-determinants Resistance Patterns:* Resistant strains:No. (%)

5 P, AP, TMP, E, BP 6(15)

7 P, AP, TMP, C, E, CX, BP 3(7.5)

6 P, AP, TMP, E, CX, BP 3(7.5)

5 P, AP, TMP, TE, BP 3(7.5)

4 AP, TMP, TE, BP 3(7.5)

4 P, TMP, TE, BP 3(7.5)

10 P, AP, TMP, TE, S, C, E, CL, CN, BP 2(5)

8 P, AP, TMP, C, E, CX, BP, RF 2(5)

5 P, AP, TMP, CX, BP 2(5)

2 P, TMP 2(5)

Total 10 29(72.5)

*= AP, ampicillin; TE: tetracycline; S: streptomycin; C: chloramphenicol; E: erythromycin; CL: clindamycin; CX: cloxacillin; CN: gentamicin; Fu: Fucidin; 

RF: rifampicin; BP: benzathine penicillin; F: nitrofurantoin; TMP: trimethoprim.

Staphylococci of inpatients showed four resistance patterns 
which were different from the single pattern of outpatients strains 
as shown in Table 2. The present study analysis revealed that 50% 
of Inpatients showed a higher burden of recurring resistance com-
pared to 11.1% of Outpatients. More complex and multiply resis-

tance patterns with 10 drugs was seen in inpatients only where-
as Outpatients had only one recurring 8-drug resistance pattern. 
The plot (Figure 2) clearly highlights that multidrug resistance was 
more diverse and frequent in inpatients, suggesting stronger anti-
biotic selection pressure in hospital settings.

Figure 2: Forest plot of resistance burden per pattern and group.
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Table 2: Resistance Pattern Statistics.

Metric Value

Mean 5.8

Median 5

Mode 5

Std Dev 2.3

Min 2

Max 10

Total R-Burden 179

Table 2: Frequency of antibiotic resistance patterns occurred twice or more among 40 strains of Staphylococcus aureus isolated from the two groups 

of patients with caesarean wound.

Source Number of R- determinants Resistance patterns Resistant strains No. (%)

Inpatients (n=22) 5 P, AP, TMP, E, BP 4(18.2)

7 P, AP, TMP, C, E, CX, BP 3(13.6)

10 P, AP, TMP, TE, C, S, E, CL, CN, BP 2(9.1)

5 P, AP, TMP, TE, BP
2(9.1)

Total 11(50)

Outpatients (n=18)
8 P, AP, TMP, C, E, CX, BP, RF

2(11.1)

Total 2(11.1)

Overall 13(32.5)

*= AP, ampicillin; TE, tetracycline; S, streptomycin; C, chloramphenicol; E, erythromycin; CL, clindamycin; CX, cloxacillin; CN, gentamicin; Fu, Fucidin; 

RF, rifampicin; BP, benzathine penicillin; F, nitrofurantoin; TMP, trimethoprim.

The degree of association between antibiotic resistance

The degree of association between antibiotic resistance among 
40 strains of Staphylococcus aureus was studied. Table 3 shows the 
shared resistance between pairs of antibiotics tested. It was seen 
that there were large numbers of strains resistant to pairs of anti-
biotics even of different antibiotic groups e.g. benzathine penicillin 
and ampicillin, ampicillin and trimethoprim. Both nitrofurantoin 
and Fucidin showed no shared resistance with any of the antibiotics 
used. The present study revealed that CX, CN, FU, RF, F, P drugs had 
low to negligible individual resistance, but show up in some com-
binations. Whereas some pairwise associations like CX–CN = 3 or 
RF–CN = 1 suggested sporadic or possibly horizontal gene transfer 
cases. The present work showed that the Phenotypic resistance was 
most prevalent for TMP and E, and strains resistant to one are high-

ly likely to resist others like BP and P. The present study showed 
that there may be a multi-drug resistance (MDR) pattern involving 
TMP, BP, P, and E, but no resistance observed for FU, F, indicating 
these might still be effective treatment options. The present study 
revealed that CX, CN, FU, RF, F, P drugs had low to negligible individ-
ual resistance, but show up in some combinations. Whereas some 
pairwise associations like CX–CN = 3 or RF–CN = 1 suggested spo-
radic or possibly horizontal gene transfer cases. The present work 
showed that the Phenotypic resistance was most prevalent for TMP 
and E, and strains resistant to one are highly likely to resist others 
like BP and P. The present study showed that there may be a multi-
drug resistance (MDR) pattern involving TMP, BP, P, and E, but no 
resistance observed for FU, F, indicating these might still be effec-
tive treatment options.

Table 3: Matrix showed the association between phenotypic resistance to pairs of antibiotics among the 40 strains of Staphylococcus aureus isolated 

from patients with caesarean wound.

AP

TMP 15

S 4 4

C 8 12 4

E 5 22 4 12

CL 4 4 3 5 5
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CX 1 14 1 8 12 2

CN 4 4 4 4 4 3 1

FU 0 0 O 0 0 0 0 0

BP 18 34 4 15 22 5 14 4 0

RF 2 3 1 4 3 1 2 1 0 4

F 0 0 0 0 0 0 0 0 0 0 0

P 14 33 4 15 22 5 14 4 0 33 4 0

AP TMP S C E CL CX CN FU BP RF F P

AP: ampicillin; TMP: trimethoprim; S: streptomycin; C: chloramphenicol; E: erythromycin; CL: clindamycin; CN: gentamicin; FU: Fucidin; CX: cloxacil-

lin; BP: benzathine penicillin; RF: rifampicin; F: nitrofurantoin; P: penicillin G; TE: tetracycline.

The present study showed that the percentage matrices were 
not symmetrical as determined by the considered resistance e.g. 
11.1% percent of strains resistant to penicillin G were resistant 
streptomycin, while 100 percent of strains resistant to streptomy-
cin were resistant to penicillin G. It was also found that 22.2 % of 
strains resistant to tetracycline were resistant to clindamycin, but 
80% of strains resistant to clindamycin were resistant to tetracy-
cline (Table 4). Meta-analysis showed that the fixed effects model 

assumes all studies (drug pairs) share the same underlying resis-
tance rate. The random effects model allows for variability across 
drug combinations and shows a lower pooled estimate due to 
high heterogeneity. The Tau² value (~0.24) indicated a moderate 
between study variation, which justified using the random effects 
model. The forest plot showing the resistance estimates for each 
antibiotic pair (Figure 3).

Figure 3: Forest plot of pairwise resistance estimates with 95% confidence interval.
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Table 5 shows a strong association between pairs of resistance 
to many antibiotics used. Other resistance appeared stand out as 
being close to independence e.g. penicillin with trimethoprim and 
clindamycin with gentamicin. Figure 4 shows that most points clus-

ter near the mean, but a few like S, RF and BP stood out with high 
χ², suggesting strong co-resistance patterns. The present analysis of 
data in Table 5 did not show severe asymmetry was visible indicat-
ing no clear bias in association distribution.

Figure 4: Funnel plot of Chi-square association.

Table 4: The percentage matrix showing the results as percentage of the total number of Staphylococcus aureus strains resistant to each antibiotic.

Percentage of strains resistant to indicated pairs of drugs:*

F TMP BP RF FU CN CX CL E C S TE AP P

0 91.6 91.6 11.1 0 11.1 38.8 18.8 61.1 41.6 11.1 38.8 77.8 - P

0 93.5 96.7 12.9 0 12.9 38.8 12.9 64.5 41.9 12.9 41.9 - 90.3 AP

0 83.3 100 11.1 0 22.2 5.5 22.2 27.7 94.4 22.2 - 72.2 77.7 TE

0 100 100 25 0 100 25 75 100 100 - 100 100 100 S

0 80 100 26.6 0 26.6 53.3 33.3 80 - 26.6 53.3 86.6 100 C

0 100 100 13.6 0 18.2 54.5 22.7 - 54.5 18.1 22.7 90.9 100 E

0 80 100 20 0 60 40 - 100 100 60 80 80 100 CL

0 100 100 14.2 0 7.1 - 14.2 85.7 57.1 7.1 7.1 85.7 100 CX

0 100 100 25 0 - 25 75 100 100 100 100 100 100 CN

0 0 0 0 - 0 0 0 0 0 0 0 0 0 FU

0 75 100 - 0 25 50 25 75 100 25 50 100 100 RF

0 91.9 - 10.8 0 10.8 37.8 13.5 59.4 40.5 10.8 48.6 81.1 89.1 BP

0 - 91.9 8.1 0 10.8 37.8 10.8 59.4 32.4 10.8 40.5 78.3 86.1 TMP

0 0 0 0 0 0 0 0 0 0- 0 0 0 F

*= P, penicillin G; AP, ampicillin; TE, tetracycline; S, streptomycin; C, chloramphenicol; E, erythromycin; CL, clindamycin; CX, cloxacillin; CN, genta-

micin; Fu, Fucidin; RF, rifampicin; BP, benzathine penicillin; F, nitrofurantoin; TMP, trimethoprim.
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Table 5: Degree of association between pairs of antibiotics. The tabulated values are the contribution to X2 of the doubly resistant cell in each 2 x 2 

table (40 strains of Staphylococcus aureus).

Degree of association between resistance to indicated pairs of drugs:

F RF BP FU CN CX CL E C S TMP AP TE

16 9.4 17 16 12.1 0.3 9.6 0.13 0.2 12 9.3 6.2 - TE

29 25 3.1 29 26 12.2 22.3 4.9 11.2 25 1.1 - - AP

35 30.2 0.17 35 34 21 30 13.1 15.7 31 - - TMP

2.5 0.17 31 2.2 0 5 0 16 9.1 - - S

13.1 9.1 20 13.1 9.1 0 4.1 2.1 - - C

20 14.4 13.1 20 16 4.1 3.7 - - E

3.2 0.1 31 3.2 0 3.7 - - CL

12.1 5.8 21 12.1 51 - - CX

2.2 0.2 32 2.2 - - CN

0 2.2 35 - - FU

35 31 - - BP

2.2 - - RF

- - F

*= AP, ampicillin; TE: tetracycline; S: streptomycin; C: chloramphenicol; E: erythromycin; CL: clindamycin; CX: cloxacillin; CN: gentamicin; Fu: Fucidin; 

RF: rifampicin; BP: benzathine penicillin; F: nitrofurantoin; TMP: trimethoprim.

Discussion

Bacterial resistance to antibiotics and other chemotherapeu-
tic agents is a phenomenon that has been known for many years 
[11,18]. In the present study, strains of S. aureus frequently showed 
shared resistance to pairs of antibiotics such as ampicillin and 
erythromycin, ampicillin and trimethoprim Table 3. The same re-
sistance association was found by Macnil and his colleagues who 
found that strains of methicillin-resistant S. aureus isolated from 
Australian teaching hospitals frequently showed resistance to 
many other antibiotics [20]. The result of present study showed 
that resistance is frequently multiple and that cross-infection in the 
hospital plays an important role in the resistance of microorgan-
isms to antibiotics. Furthermore, nitrofurantoin and Fucidin were 
two effective drugs and showed no shared resistance with any an-
tibiotic used. This is possibly due to absence of genetic markers to 
be combined with those responsible for resistance of other antibi-
otics [21]. The percent of resistance to pairs of antibiotics was not 
symmetrical as shown in Table 4, e.g. resistance between penicillin 
G and streptomycin. In general, other similar findings were found 
elsewhere [22,18]. Richardson and Marples found the same finding 
among isolates of S. epidermidis [23]. The common mechanism by 
which bacteria become resistant to antibiotics is the modification 
of the antibiotic’s target like penicillin-binding proteins (PBPs) 
which leads to resistance to β-lactam drugs [24]. The mechanism 
of resistance reflects the amount of drug that can combine to the 
target is affected by changes in the number of PBPs [20]. A structur-
al modification e.g. the development of the mecA gene in S. aureus 
will decrease or might completely prevent drug binding to the tar-
get [25]. The methylase of the erythromycin ribosome (erm) gene 
family, will methylate 16S rRNA and changes the drug-binding site 

leads to resistance to macrolides, streptogramins, and lincosamines 
due binding prevention with them [26]. Resistance mediated by 
changes in DNA gyrase or topoisomerase IV leads to inactivation 
of fluoroquinolones by inhibit nucleic acid synthesis. These muta-
tions lead to the composition change of gyrase and topoisomerase 
to reduce or exclude the drug’s ability to link to these components 
[27-30].

 It is noticeable that there was a strong association between 
pairs of resistance to many antibiotics used. Other resistance ap-
peared to stand out as being close to independence i.e penicillin 
G with trimethoprim , clindamycin with gentamicin (Table 5). Fi-
dalgo et al. found that there was an association between erythro-
mycin and clindamycin resistance among isolates of S. aureus, the 
so-called macrolises-lincosamides resistance but no relationship 
between methicillin and macrolide-lincosamide resistance was 
observed [13]. In the present study, there was a strong association 
between the resistance to streptomycin and erythromycin. In con-
trast, Al-Ani found a weak relationship between the resistance to 
the same antibiotics among strains of S. aureus in Mosul city [1]. 
Moreover, the association in antibiotic resistance in the present 
study is partially similar in some combinations to that found by 
others [1,13]. The association between pairs of resistance to many 
antibiotics might be explained by presence of resistance to one an-
tibiotic induces the organism to resist another antibiotic from the 
same group even if not exposed to it, this is known as cross-resis-
tance. In addition, presence of multiple antibiotic resistance at the 
same time might be due to the presence of multiple R-determinants 
on the same plasmids carried by the organism [17,10]. It is natu-
ral for bacteria to develop antibiotic resistance which is encoded 
by the antibiotic resistance genes (ARGs) which is not more than 
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production of billions of years of evolution. It has been found that 
bacteria living in the environment already possess ARGs which are 
responsible for resistance to newly approved antibiotics before 
using of these drugs [13]. Inherited structural and / or physio-
logical properties lead to intrinsic resistance to antibiotics. These 
functional properties including efflux to actively eliminate antibi-
otics from bacterial cells which entered through porin which is the 
mechanism by which the antibiotics unable to pass the outer mem-
brane and by this mechanism cannot reach the target site [13,25].

 It has long been known that the synthesis of many staphylo-
coccal exoproteins, including virulence factors, is inhibited by sub-
inhibitory concentrations of antibiotics whose mode of action is 
to block protein synthesis. In the present study, sub-MIC concen-
trations of gentamicin inhibited virulence factor expression by S. 
aureus isolates, as demonstrated by a significant decrease in five 
virulence factors (alpha-hemolysin, beta-hemolysin, delta-hemo-
lysin, coagulase, and DNase) production by these isolates. Similar 
result found by Gemmell and Ford [8] who estimated that Sub-MIC 
concentrations of linezolid led to a significant decrease in toxin and 
enzyme production by S. aureus and S. pyogenes. Also, exposure to 
linezolid at concentrations below the MIC potentiated susceptibili-
ty of S. aureus and Streptococcus pyogenes to opsonophagocytosis 
by human neutrophils [14].

Conclusions 
Beta-lactams like penicillin, ampicillin, and benzathine penicil-

lin dominated resistance patterns. Trimethoprim (TMP) was also 
commonly involved. Multiply resistance was common with combi-
nations involving up to 10 antibiotics in a single strain. The present 
study clearly highlights that multidrug resistance was more diverse 
and frequent in inpatients compared to outpatients isolates, sug-
gesting a stronger antibiotic selection pressure in hospital settings. 
The present data revealed that there may be a multi-drug resis-
tance (MDR) pattern involving trimethprim, benzathine penicillin, 
penicillin, and erythromycin, but no resistance observed for fusidin 
and nitrofurantoin, indicating these might still be effective treat-
ment options. 11.1% of strains resistant to penicillin G were resis-
tant streptomycin, while 100 percent of strains resistant to strepto-
mycin were resistant to penicillin G. It was also found that 22.2 % of 
strains resistant to tetracycline were resistant to clindamycin, but 
80% of strains resistant to clindamycin were resistant to tetracy-
cline. The present analysis of data did not show severe asymmetry 
was visible indicating no clear bias in association distribution.
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