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Contribution Various bacterial pathogens that are known to cause Surgical Site Infections (SSI)

Substqnt/al cont‘r/but/ons to the are becoming increasingly resistant to many antibiotics. The aim of this
conception or design of the work; systematic review was to see various pathogens responsible to cause SSI in
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Google Scholar and Pakmedinet was done. Four studies were selected from
various cities of Pakistan. Most common bacterial pathogen isolated was staph
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aureus 49%, followed by Ecoli 18%, Enterococcus 8%, and Pseudomonas 7.4%.
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type of pathogens. Drugs found effective against staph aureus were Vancomycin,
Linezolid, Meropenem and Fusidic acid. Drugs found sensitive against E coli were
Cefoperazone Sulbactam combination, Linezolid and Meropenem. Ampicillin and
Amoxicillin were found highly resistant against all pathogens. We concluded from
our systematic review that most common bacterial pathogen responsible to
cause SSI in Pakistan is staph aureus. Empirically Linezolid is found effective
against all pathogens. Imipenem, Meropenem, sulbactam plus Cefoperazone
combination, vancomycin, tazocin are effective drugs. Ampicillin, amoxicillin and
ciprofloxacin are highly resistant in Pakistan.
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associated with significant morbidity and mortality.
Patients with SSI have longer hospital stays than patients
without and socioeconomic cost of treatment is high.3#* SSI
are reported in every speciality of surgery with variable

Introduction

Infections occurring in surgical wounds, inside or around
organs or spaces that are manipulated or handled during

surgical procedures are known as surgical site infections
(SSI).! SSI are the most common complication after
surgery. The frequency of SSI varies in different type of
surgeries and regions and depends on many factors but
according to studies approximately 3-5 % of patients
undergoing surgical procedures develop SSI1.%2 Many
factors influence the development of SSI and include
immune system of patient, type of surgery, surgical
technique, presence of foreign material, level of
sterilization and prophylactic antiobiotics.>® SSI are

frequencies and different outcomes.>5" Various bacterial
pathogens are reported to cause SSI”. The management of
SSI is becoming a challenge due to increasing drug
resistance of microorganisms.”® Many cheaper drugs like
penicillins, co trimaxazole and ciprofloxacin are mostly
resistant and usually not prescribed to patients with
complicated SSI. Many new drugs like Meropenem and
Imipenem are effective against various pathogens but are
expensive. This microbiological resistance is a challenge
for poor resource countries®®. The rising frequency of
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Methicillin resistant staph aureus (MRSA) in swabs of SSI
is alarming and, on the rise, as well.”° As the treatment of
SSI is becoming difficult, there is strong need and urge to
focus on prevention of SSI.

Pakistan is an underdeveloped, poor resource country
which has a weak health care system. Inadequate
sterilization measures especially at remote public sector
hospitals and antibiotic resistance has caused rise in
SSI1.1%12 Various studies are published before in which
microbiology and drug sensitivity from swabs of SSI are
tested. The aim of this systematic review is to gather recent
information about microbiology and sensitivity of various
antibiotics against the microorganisms isolated in cultures.
We have limited this review to last 05 years to see recent
trends. This review will establish the frequency of various
bacterial pathogens responsible to cause SSI in Pakistan
and will guide in drug treatment of these infections as well.
Also the most effective drugs that may be used as
empirical therapy in patients with SSI will be known.

Methodology

This systematic review was conducted as per PRISMA
(preferred reporting items for systematic reviews and Meta
analyses) guidelines.'®

Pubmed, Google scholar and Pakmedinet databases were
searched for each of the following terms i.e. surgical site
infections, wound infections and microbiology SSI. All
studies that were conducted during last 05 years in
Pakistan where pus swabs were taken from patients of SSI
and were tested for presence of microorganisms and drug
sensitivity were included. Full texts of studies were
retrieved, studied in detail and relevant information
recorded and tabulated. Various microorganisms cultured
were noted according to their frequencies. Only those
studies were chosen which also tested various drug
sensitivities as well. Chosen studies were not limited to
elective or emergency surgeries, as well as not limited to
general surgery.

Studies conducted in Pakistan during last five years on
patients of SSI in which culture and sensitivity of pus
swabs recorded were included. Studies more than five
years old, published in journals not recognized in Pakistan
were excluded. Studies in which infected patients were not
separated before were also excluded. Studies where full
text was not found were also excluded.

Throughout the research process, a total of 44,079 records
were identified from various databases, including
PubMed, Google Scholar, and PakMediNet. Among these,

2,129 records were removed due to duplicate entries and
titles deemed irrelevant. The remaining 2,129 records
underwent screening, where abstracts were scrutinized for
relevance, resulting in the exclusion of 2,023 records.

Subsequently, 106 full-text articles were screened, and 102
studies were excluded as they did not meet the predefined
inclusion criteria. Finally, after final evaluation, four
studies were deemed eligible and included in the analysis.
This sequential process highlights the meticulousness
involved in filtering through vast amounts of data to
identify relevant studies for further analysis and
consideration.

Results

Four studies were included in review. Two studies were
carried out in hospitals in Rawalpindi, one study in Swat
and one study in Karachi. One study was conducted on
plastic surgery patients, one emergency general surgery,
one emergency pediatric surgery and one elective surgical
procedure of various Specialties (table 1). Total patients
included in four studies were 535 (male=296, female=
239). A total of 472 Culture positive SSI were noted. Most
common pathogen isolated from four studies collectively
was Staph aureus 49% (n=235), followed by E coli 18%
(n=87), Enterococcus 8% (n=38), Pseudomonas 7.4%
(n=35). Other organisms isolated were Streptococcus,
Klebsiella and Proteus. Mixed flora and rare atypical
organisms were found in 6% samples. Fungal cultures
were positive in 1.9% (n=9) samples collectively. MRSA
was noted in 5% Staph positive samples in one study and
20% staph aureus positive samples in another study. Two
studies did not report MRSA in cultures.

Drug sensitivity pattern showed Vancomycin, Imipenem,
Meropenem, Linezolid, Cefoperazone + Sulbactam to be
the most sensitive drugs against all type of pathogens.
Drugs found effective against staph aureus were
Vancomycin, Linezolid, Meropenem and Fusidic acid.
Meropenem was found ineffective against MRSA in one
study. Drugs found sensitive against E coli were
Cefoperazone Sulbactam combination, Linezolid and
Meropenem. Amikacin was found 45% resistant against
Ecoli. Ampicillin and Amoxicillin were found highly
resistant against all pathogens (table 11).

Discussion

Surgical site infections (SSI) are frequently observed in
surgical practice in Pakistan. Various bacterial pathogens
are responsible to cause SSI. The most frequent organism
reported to cause SSI is Staphylococcus aureus.’* We
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Table I: Microbiology of included studies

Reference Year of Type of Number of ~ Male: female ~ Gram positive Gram negative MRSA Fungal
publication surgeries SSI ratio organisms organisms growth
Igbal M et June 2021 Emergency 237 cases 65.40:35.59 Staph aureus 61% E .coli 16.45% 5% MRSA Nil
al'? JRMC general Enterococcus Klebsiella 4.2% 1% VRSA
surgeries 7.5% Pseudomonas 2.5% Most
Streptococcus effective
4.6% drug
Linezolid
Isthiag Set 2021, JIMC  Elective 128 cases 17.2:82.8 Staph E coli 18.75%, MRSA 3.13%
al* surgical studied aureus21.09%, Pseudomonas 20.03%
procedures Enterococcus 14.06%,
under GA all 5.4%, klebsiella3.9%,
types streptococcus proteus mirabilis
0.8%, 0.78%
Khan A et 2019, J Saidu  Plastic surgery 70 cases 81.3:18.7 Staph aureus 33%, E coli 20%, NR 1.3%
al*® med Col Swat procedures studied Enterococcus 1.35, pseudomonas
13.3%, proteus
10.7%,
Saleem AF et 2020 JPMA Emergency 98 children  61:39 Enterococcus 13% E coli 27%, NR 16%
al* Pediatric ,37 Klebsiella 10% Candida
surgeries pathogens
isolated
Table I1: Drug sensitivity pattern
Drug sensitivity pattern Ighal M et al 12 Isthiag S et al** Khan A etal 15 Saleem AF et al 16
Vancomycin 50% sensitive against  100% sensitive for staph, 100% sensitive against -
MRSA 92% sensitive to MRSA  all pathogens isolated
Ceftazidime - 96% sensitive against -

staph

Co trimaxazole

81% sensitive to staph

Cefoperazone plus

19.40% sensitive against

> 90% sensitive against

sulbactam all pathogens

pseudomonas, E coli
effective against proteus

metronidazole 18.40% sensitive

Patients treated with
combination of
Metronidazole and
Ampicillin with success

Linezolid Highly effective against Not mentioned 100 sensitive to all -
staph, 50% sensitive pathogens isolated
against MRSA
Amikacin 8.86% E coli 83% sensitiveto  25% resistance against -
Amikacin proteus, 90% sensitive
against pseudomonas
Piperacillin 8.43% -
Amoxicillin 6.75% High resistance 45% Staph aureus and Patients treated with
pseudomonas showed combination of
100% resistant to metronidazole and
amoxicillin, Ampicillin with success
Ciprofloxacin 3.79% Highly resistant E coli 60% sensitive -
Ceftriaxone 3.79% resistant -
Imipenem & - 70% resistance for No resistance against E -
Meropenem MRSA coli, 90% sensitive
against pseudomonas
Fusidic acid - 84% sensitive against -

staph,

noted 472 positive cultures in our review in four studies in
Pakistan. Staph aureus was found to be the most common
pathogen. 49% (n=235) cultures were positive for staph
aureus. The results in Pakistan are similar to studies
conducted elsewhere in the world. The study conducted by
PAL Setal'” in INDIA also showed results similar to our

review where staph aureus was found the most frequent
pathogen causing SSI being positive in 45.3% samples.

Study conducted by Ali A et al'' in Ethiopia on SSI
showed 66.67% isolates of staph aureus. Even in the
modern world staph aureus is the predominant cause of
SSI. Study conducted by Dreyfus J'8 in US on 884 803
elective surgical patients showed staph aureus the most
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common pathogen isolated from patients of SSI and found
in 1.35% of infections. Majority of the traditionally used
drugs are now resistant against staph aureus. This is also
evident from our review. Study conducted by Khan A et
al*® al in swat showed amoxicillin to be 100% resistant
against staph aureus while study conducted by Isthiaq A et
al** showed 45% resistance of staph aureus against
amoxicillin. The traditional use of amoxicillin as an
empirical therapy in SSI is not further recommended. The
study conducted by Saleem AF et'® al in Karachi on
pediatric population found amoxicillin to be effective
against staph aureus. However other factors may be
involved as well

The growing incidence and emergence of Methicillin
resistance staph aureus (MRSA) in wounds of SSI is
alarming and on the rise. Study conducted by Igbal M et
al*? in Rawalpindi showed 5% of all staph aureus positive
cultures were MRSA while 1 % were vancomycin resistant
staph aureus (VRSA). This growing incidence is alarming.
Study conducted by Isthiaqg S et al'* in Rawalpindi showed
20% MRSA positive cultures which is very high and
alarming. The increase incidence of MRSA in SSI may be
because of nasal colonization of staph aureus as
determined by Ning J et al'® in his meta-analysis. Drugs
found effective in our review against staph aureus are
vancomycin, linezolid, Meropenem and Imipenem. Study
conducted by Isthiaq s et al'* found ceftazidime to be 96%
effective against staph aureus. Although majority of the
cheaper, conventional drugs are now resistant against
staph aureus Isthiag et al found sensitivity of
Cotrimaxazole as 86% against staph aureus. This drug is
cheap and readily available as well. The incidence of
steven johnson syndrome and other serious side effects are
rare.?° The treatment against staph aureus and particularly
MRSA is very expensive and the focus should be on the
prevention of SSI as depicted by Utzolino S? in his
review.

After staph aureus most common pathogen found in our
review was E coli, found in 18% cultures of SSI. All four
studies showed almost similar results for E coli. Alkaki A??
noted most common pathogen responsible to cause SSI as
E coli. This is not contradiction to our review as Alkaki A
only included abdominal surgeries and this is documented
in literature that the most common pathogen causing SSI
after abdominal surgeries is E coli. Maximum E coli was
found in pediatric population in study conducted by
Saleem AF et al*® in Karachi where they isolated E coli in
27% cultures and treated every patient with amoxicillin or
amoxicillin and clavulanic acid. The cause of this increase

effectiveness of amoxicillin in pediatric population needs
further evaluation as amoxicillin was found highly
resistant in adults in rest of three studies. Most effective
drugs found in our review against gram negative
organisms and particularly E coli were Linezolid,
combination of Cefoperazone and sulbactam, Amikacin,
ceftazidime, Meropenem and Imipenem. Conventional
drugs against gram negative flora like ciprofloxacin,
ceftriaxone are found resistant against E coli. Isthiag A et
al** found ciprofloxacin as highly resistant while
Amikacin 83% sensitive against E coli. Pseudomonas was
found in 7.4% cultures of SSI and Cefoperazone sulbactam
combination, Imipenem, Meropenem, linezolid and
Amikacin were found sensitive. Mixed flora was also
noted in few cultures in all studies and broad spectrum
antibiotics  like  Imipenem, Meropenem,  and
sulphamethaxazole plus sulbactam were sensitive. We
found 8% Enterococcus in cultures of SSI. Our results
regarding Enterococcus are similar to the study conducted
by Shah S% in India. Fungi are also known to cause SSI in
literature?*. S Saleem AF et al'® also found 31% fungal
positive cultures although rest of three studies did not have
fungal growth.

Conclusion

SSI are serious post operative complication. In Pakistan
majority of SSI are caused by staph aureus followed by E
coli and Enterococcus. The commonly used drugs
effective against all pathogens are Cotrimaxazole,
linezolid, Imipenem and Meropenem. Approximately 5%
staph positive cultures are MRSA against which linezolid
and vancomycin are highly sensitive.

References

1. Seidelman JL, Mantyh CR, Anderson DJ. Surgical Site
Infection Prevention: A Review. JAMA. 2023; 329(3):244-
52.
https://doi.org/10.1001/jama.2022.24075

2. Mohan N, Gnanasekar D, Tk S, Ignatious A. Prevalence and
Risk Factors of Surgical Site Infections in a Teaching Medical
College in the Trichy District of India. Cureus. 2023; 15(5):
e39465.
https://doi.org/10.7759/cureus.39465

3. Harikumar V, Anvery N, Hag M, Christensen RE, Ahmed A,
Koza E et al. Risk factors for hospital-based surgical site
infections. Arch Dermatol Res. 2023; 316(1): 43.
https://doi.org/10.1007/s00403-023-02773-5

4. Totty JP, Moss JWE, Barker E, Mealing SJ, Posnett JW,
Chetter IC et al. The impact of surgical site infection on
hospitalisation, treatment costs, and health-related quality
of life after vascular surgery. Int Wound J. 2021; 18(3): 261-

Ann Pak Inst Med Sci

Jan-Mar 2024 Vol. 20 No. 1 6


https://doi.org/10.1001/jama.2022.24075
https://doi.org/10.7759/cureus.39465
https://doi.org/10.1007/s00403-023-02773-5

doi. 10.48036/apims.v20i1.953

68. 15. Khan A, Amanullah A, Hssain M, Syed A, Ziaurrahman,
https://doi.org/10.1111/iwj.13526 Akbar F. Determination of Antimicrobial Sensitivities of
5. Kulkarni SP, Kothari O. Surgical Site Infection in Obstetric Different Microorganisms in Post Surgical Wound Infection.
and Gynecological Surgeries: A Prospective Observational J Saidu Med Coll Swat. 2019; 9(2):162-8.
Study. Cureus. 2023; 15(2):e34855. 16. Saleem AF, Halepota HF, Omar H, Zain A, Mateen Khan MA.
https://doi.org/10.7759/cureus.34855 Surgical-site infections in emergency abdominal paediatric
6. FengY, Feng Q, Guo P, Wang DL. Independent risk factor surgeries at a tertiary-care hospital in Pakistan. J Pak Med
for surgical site infection after orthopedic surgery. Assoc. 2020; 70(12): 2244-46.
Medicine  (Baltimore).  2022; 101(52): e32429. https://doi.org/10.47391/JPMA.1107
https://doi.org/10.1097/MD.0000000000032429 17. Pal S, Sayana A, Joshi A, Juyal D. Staphylococcus aureus: A
7. Zukowska A, Zukowski M. Surgical Site Infection in Cardiac predominant cause of surgical site infections in a rural
Surgery. J Clin Med. 2022 Nov 26;11(23):6991. healthcare setup of Uttarakhand. J Family Med Prim Care.
https://doi.org/10.3390/jcm11236991 2019; 8(11): 3600-06.
8. Sarang B, Tiwary A, Gadgil A, Roy N. Implementing https://doi.org/10.4103/jfmpc.jfmpc 521 19
antimicrobial stewardship to reduce surgical site 18. Dreyfus J, Yu H, Begier E, Gayle J, Olsen MA. Incidence of
infections: Experience and challenges from two tertiary- Staphylococcus aureus Infections after Elective Surgeries in
care hospitals in Mumbai, India. J Glob Antimicrob Resist. US Hospitals. Clin Infect Dis. 2021; 73(9): e2635-e2646.
2020 https://doi.org/10.1093/cid/ciaa913
https://doi.org/10.1016/].jgar.2019.08.001 19. Ning J, Wang J, Zhang S, Sha X. Nasal colonization of
9. Velin L, Umutesi G, Riviello R, Muwanguzi M, Bebell LM, Staphylococcus aureus and the risk of surgical site infection
Yankurije M, Faktor K, et al. Surgical Site Infections and after spine surgery: a meta-analysis. Spine J. 2020
Antimicrobial Resistance After Cesarean Section Delivery in https://doi.org/10.1016/j.spinee.2019.10.009
Rural Rwanda. Ann Glob Health. 2021; 87(1): 77. 20. Acharya A, Acharya SP, Bhattarai TR. Cotrimoxazole
https://doi.org/10.5334/aogh.3413 Induced Steven Johnson Syndrome: A Case Report. INMA J
10. Salmanov AG, Shkorbotun VO, Shkorbotun YV. Nepal Med Assoc. 2020; 58(229): 702-04.
Antimicrobial resistance of staphylococcus aureus causing https://doi.org/10.31729/jnma.4999
of surgical site infections in ear, nose and throat surgery. 21. Utzolino S, Eckmann C, Lock JF. Pravention postoperativer
Wiad Lek. 2019; 72(2):154-158. Wundinfektionen [Prevention of Surgical Site Infections].
https://doi.org/10.36740/WLek201902102 Anasthesiol Intensivmed Notfallmed Schmerzther. 2021
11. Ali A, Gebretsadik D, Desta K. Incidence of surgical site https://doi.org/10.1055/a-1249-5169
infection, bacterial isolate, and their antimicrobial 22. Alkaaki A, Al-Radi OO, Khoja A, Alnawawi A, Alnawawi A,
susceptibility pattern among patients who underwent Maghrabi A et al. Surgical site infection following
surgery at Dessie Comprehensive Specialized Hospital, abdominal surgery: a prospective cohort study. Can J Surg.
Northeast  Ethiopia. SAGE Open Med. 2023; 2019; 62(2): 111-17.
16;11:20503121231172345 https://doi.org/10.1503/cjs.004818
https://doi.org/10.1177/20503121231172345 23. Shah S, Singhal T, Naik R, Thakkar P. Predominance of
12. Igbal M, Malik NA, Hanif M. Spectrum of surgical site multidrug-resistant Gram-negative organisms as cause of
infection on the surgical floor; Increasing resistance to surgical site infections at a private tertiary care hospital in
routine antibiotics. JRMC. 2021; 25(2): 258-63. Mumbai, India. Indian J Med Microbiol. 2020; 38(3 & 4):
https://doi.org/10.37939/jrmc.v25i2.1600 344-350.
13. Paje MJ, et al. The PRISMA 2020 statement: an updated https://doi.org/10.4103/iimm.JMM 20 284
guideline for reporting systematic reviews. BMJ. 2021; 24. Alfonso-Sanchez JL, Martinez IM, Martin-Moreno JM,
29(3):371-2. Gonzalez RS, Botia F. Analyzing the risk factors influencing
https://doi.org/10.1136/bmj.n71 surgical site infections: the site of environmental factors.
14. IsthiagS, Ahned I. susceptibility pattern of bacterial isolates Can J Surg. 2017; 60(3): 155-161.
from surgical site infections in a atertiary care hospital at https://doi.org/10.1503/cjs.017916
rawalpindi. JIIMC. 2021; 16(4): 224-31.
Ann Pak Inst Med Sci Jan-Mar 2024 Vol. 20 No. 1 7


https://doi.org/10.1111/iwj.13526
https://doi.org/10.7759/cureus.34855
https://doi.org/10.1097/MD.0000000000032429
https://doi.org/10.3390/jcm11236991
https://doi.org/10.1016/j.jgar.2019.08.001
https://doi.org/10.5334/aogh.3413
https://doi.org/10.36740/WLek201902102
https://doi.org/10.1177/20503121231172345
https://doi.org/10.37939/jrmc.v25i2.1600
https://doi.org/10.1136/bmj.n71
https://doi.org/10.47391/JPMA.1107
https://doi.org/10.4103/jfmpc.jfmpc_521_19
https://doi.org/10.1093/cid/ciaa913
https://doi.org/10.1016/j.spinee.2019.10.009
https://doi.org/10.31729/jnma.4999
https://doi.org/10.1055/a-1249-5169
https://doi.org/10.1503/cjs.004818
https://doi.org/10.4103/ijmm.IJMM_20_284
https://doi.org/10.1503/cjs.017916

