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ABSTRACT

Surgical site infections (SSI) are infections at or around the site of incision where surgical procedure
is conducted. It is a major cause of hospital morbidity, resulting in prolonged hospital stay,
increased treatment costs, higher rates of re-operation, and even increased mortality rates. The
etiological agents of superficial surgical site infections among post-operative patients attending a
Teaching Hospital in Southeastern Nigeria were evaluated using standard microbiological methods.
Seventy superficial surgical wound swab specimens were properly and aseptically obtained from
post-operative patients after ethical clearance was duly obtained from the hospital’s ethical
committee. Pure microbial cultures were obtained after 24 - 48 hours incubation, aerobically at
25°C, on blood, nutrient and Sabouraud’ Dextrose agar plates. The isolates were identified based
on their morphological, physiological, biochemical and molecular characteristics. Out of the 70
surgical swab specimens collected, 81% were bacterial isolates which included Staphylococcus
aureus 41%, Escherichia coli 16%, Pseudomonas aeruginosa 14% and Staphylococcus xylosus
10%. The fungi isolates (19%) were Candida tropicalis 8% and Trichosporon asahii 11%. These
isolates were probably endogenous and exogenous flora from the patients’ and hospital’
environments respectively; thereby necessitating the need for adequate patient care before, during

and after surgical procedures.
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1. INTRODUCTION

“Surgical site infection (SSI) is an infection that
occurs in the incision created by an invasive
surgical procedure. According to Centers for
Disease Control and Prevention (CDC), and the
National Health-Care Safety Network (NHSN),
these infections typically occur within 30 days of
an operation at the site or part of the body where
the surgery took place, or within a year if an
implant is left in place and the infection is thought
to be secondary to surgery’ [1,2,3]. “SSI also
known as post-operative wound infections are
nosocomial infections accounting for 20% to 39%
of all the infections acquired in hospitals” [4,5].

“‘According to the United States Centers for
Disease Control (CDC), surgical site infections
can be categorized into three: Superficial incision
SSI, which is limited to the skin area where an
incision was made; Deep incision SSI where the
infection develops below the incised skin and
spreads to affect surrounding muscles and other
soft tissues; and Organ or organ space SSI that
can disseminate to any part of the body to affect
organs or organ spaces. The vast majority of SSI
is superficial occurring within 30 days of the
operation and involves the skin and
subcutaneous tissue” [6,7].

“The majority of SSIs are caused by an
endogenous infection, which is when the incision
becomes contaminated with microorganisms
derived from the patient’s skin or from an opened
internal organ. Exogenous infection occurs when

external microorganisms contaminate the
operative site during the procedure. Sources
include surgical instruments, the theatre
environment and the air. External
microorganisms can also contaminate the
wound at the time of incident, or gain access
to the wound following surgery, before the
wound has healed. Among the exogenous
organisms commonly identified in surgical site
infections are staphylococci and streptococci.
However, the prevalence of highly virulent

hospital-acquired  microorganisms such as
methicillin-resistant S aureus (MRSA) or
extended-spectrum B-lactamase microbes

isolated from surgical site infections is on the
rise” [8]. “More rarely, SSIs can be caused
by a distant source of infection within the body. In
this instance, the microorganisms from the
infection attach to prosthesis or other artificial
implant within the operative site. This is often
referred to as haematogenous seeding or
spread” [9].

“The symptoms of surgical site infections
typically appear 5 to 7 days post-procedure,
however can develop up to 3 weeks after
(especially if prosthesis is inserted). The
common clinical features of surgical site
infections include spreading erythema, localized
pain, pus or discharge from the wound; and
persistent pyrexia. In certain cases, superficial or
even complete wound dehiscence can occur
secondary to SSI developing” [10,11]. “Factors
that increase the risk of surgical site infection
include aging, poor glucose control, obesity,
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weak immune system, cancer, smoking and
renal failure. Procedure-related risk factors
include contamination of the surgical site,
equipment, or personnel; improper hair removal;
inadequate antibiotic prophylaxis; insufficient
application of the skin prep; short duration of
surgical pre-operative scrub; prolonged surgical
time; poor operating room (OR) ventilation;
history of prior infection or contaminated case;
and prolonged peri-operative in-patient stay”
[12,13,14].

“The standard approach to identifying the
pathogens involved in a surgical site infection
involves collecting a wound swab and culturing
for different aerobic and anaerobic
microorganisms. Apart from bacteria, wound
swab specimens can also be used to identify
fungal disease-causing agents. Ultrasonography
is the single most useful radiological tool in the
diagnosis and treatment of surgical site
infections. An ultrasound scan can be used to
determine the presence of collection or abscess
within a surgical site, and guide its drainage.
Antibiotic therapy remains the cornerstone
principle in treating SSls. Additionally, adequate
wound site care, excision and drainage of
abscess collection, and clinical surveillance are
also critical aspects of the intervention. Empirical
antibiotics covering a broad range of infective
organisms should be started immediately after
collecting swab specimens for lab testing to
determine the specific organisms involved. Once
the organism causing the SSI has been
identified, antibiotic therapy should be modified
according to the sensitivity patterns of the
particular pathogen” [15,16].

“Surgical site infections contribute significantly to
the overall cost of healthcare among surgical
patients. Inhibiting its onset is therefore a top
priority among healthcare providers. Prevention
strategies can be implemented at all stages of
surgical treatment (pre, intra, and post-op). Pre-
op measures include use of prophylactic
antibiotics; proper shaving the area to be incised
as hair can serve as a nidus for infection; and
encourage good lifestyle choices such as
smoking cessation, reduced alcohol consumption
and weight loss. Intra-op measures include
adequate skin prep before incision; proper
gowning and gloving; and observation of total
asepsis. Post-op measures include regular
wound inspection and dressing changes; paying
special attention to surgical wounds in hard to
reach areas like natural skin folds; assess tissue
viability often and clean or debride as necessary;

administer intravenous and oral antibiotics as
indicated after assessing intra-op contamination
status” [10,17,18].

The study aims at evaluating the etiological
agents of superficial surgical site infections
among post-operative patients attending a
Teaching Hospital in Southeastern Nigeria.

2. MATERIALS AND METHODS
2.1 Study Area

The study was carried out at the Laboratory Unit
of Department of Applied Microbiology and
Brewing, Nnamdi Azikiwe University, Awka,
Anambra State, Southeastern Nigeria.

2.2 Sample Size

The sample size was estimated using Kish Leslie
formula [19].

P(1-P)
n = (Zg9s)* <T)
Sample size was calculated based on prevalence
of fungal and bacterial infection from previous
studies [20].

Z = Standard normal deviation = 0.95 at 95%
P = Prevalence rate = 26%
D= Error margin = 5%

Sample size n, equals 69.9 approximately 70

2.3 Surgical Wound Swab Specimens’
Collection

Seventy (70) surgical wound swab specimens
were aseptically and carefully collected from
patients with superficial surgical wounds after
abdominal surgery at Chukwuemeka Odumegwu
Ojukwu University Teaching Hospital (COOUTH),
Awka, Anambra State.

2.4 Isolation of Microorganisms

Plates of blood agar, Sabouraud dextrose agar
supplemented with chloramphenicol (50 pg/mL)
and nutrient agar supplemented with nystatin
(100 U/mL) were inoculated with the swab
specimens, using the spread plate method. The
plates were aerobically incubated at 25°C for 24 -
48 hours and thereafter observed for microbial
growth [21].
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2.5 Pure Culture Isolation and

Identification

The bacteria and fungi isolates were purified by
sub culturing on fresh plates of nutrient agar and
Sabouraud dextrose agar. They were identified
based on their morphological, physiological,
biochemical and molecular characteristics. The
identification  tests include macroscopic
appearance of the colonies, Gram’' stain
reactions [22], Lactophenol cotton blue stain
reaction, Growth on cornmeal tween-80 Agar
[23], Germ tube test [24], Citrate utilization,
Catalase, Coagulase, Indole and Oxidase tests
[25], Motility [26], Voges-Proskauer (VP), sugar
fermentation tests [27] and Nucleic acid
sequence analysis [26].

3. RESULTS AND DISCUSSION

3.1 Microscopic Morphologies of Yeast
Isolates and Germ Tube Test

This research investigated the microorganisms
implicated in superficial surgical site infections
among post-operative patients attending a
Teaching Hospital in Southeastern Nigeria. Table
1 showed the morphological characteristics of
the isolates after 24 to 48 hours growth on

cornmeal tween-80 agar at 25°C. Candida
tropicalis produced chlamydospores,
blastospores and pseudohyphae; while

Trichosporon asahii produced arthroconidia. C.
tropicalis was negative to germ tube test as
shown below in Table 1.

Table 1. Microscopic morphologies and germ

tube test

Characteristic C.tropicalis T. asahii
features

Germ tube - +
Chlamydospores  + -
Pseudohyphae + -
Blastospores + -
Arthroconidia - +

+ = positive, - = negative
3.2 Morphological and  Biochemical

Characteristics of Bacteria Isolates

Table 2 showed the morphological and
biochemical characteristics of the bacteria
isolates including Gram staining reaction,

microscopic appearance, motility test, enzyme

production tests such as catalase, oxidase,
citrate and urease tests.

3.3 Sugar Fermentation Test

The ability of the isolates to ferment various
carbohydrates with the production of acid and or
gas as end products was shown in Table 3. Acid
production was indicated by a yellowish colour
change of the indicator (bromothymol blue), while
gas production was indicated by gas
accumulation in the submerged Durham tubes.
The sugars include fructose, sucrose, lactose,
glucose, maltose, D-xylose, galactose,
cellobiose, dextrose, trehalose, raffinose and
mannose. The isolates exhibited varied response
to the various carbohydrates as shown below in
Table 3.

3.4 Distribution of Microbial Isolates
from Surgical Wound Swab
Specimens

Out of the 70 surgical swab specimens collected,
81% (57) were bacterial isolates which included
Staphylococcus xylosus 10% (7 isolates),
Pseudomonas aeruginosa 14% (10 isolates),
Staphylococcus aureus 41% (29) and
Escherichia coli 16% (11 isolates). The total fungi
isolated were 13, which is 19% of the total
number of isolates. The fungi isolates were
Candida tropicalis 8% (5 isolates) and
Trichosporon asahii 11% (8 isolates) as shown
below in Figs. 1 and 2. The findings are in line
with Chidimma et al. [28], who isolated different
species of bacteria from surgical wounds of
about 160 surgery patients attending Enugu state
University teaching Hospital.

Amongst these isolates, the most prevalent
bacteria species were Staphylococcus aureus
and Pseudomonas aeruginosa. A similar study
was performed by Ezekiel et al. [20] affirming
that Staphylococcus aureus is the most etiologic
bacterial agent that is implicated in surgical
wound infection. Staphylococcus aureus is
mostly found in the environment. It is also a
normal human flora, located on the skin and
mucous membranes (most often the nasal area)
of most healthy individuals. It does not normally
cause infection on healthy skin. However, if
allowed to enter the bloodstream or internal
tissues, these bacteria may cause a variety of
potentially serious infections [29]. Hence, the
increase in prevalence of Staphylococcus aureus
isolated from superficial surgical wound
infections calls for more attention.
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Table 2. Morphological and biochemical characteristics of bacterial isolates

S/IN_ Shape Gram Catalase Oxidase Motility Citrate MR H2S Urease Isolates

1 Cocci + + + - + +- - + Staphylococcus xylosus

2 Rod - + + + + - + + Pseudomonas aeruginosa
3 Cocci + + + - + + - - Staphylococcus aureus

4 Rod - + - + - + - - Escherichia coli

+ = positive, - = negative

Table 3. Sugar fermentation test

Sugars . Xylosus P. aeruginosa coli C. tropicalis T. asahii

+ -
+ -

E.
Fructose +
+
+ - -
+
+
+
+

S

+ -
Sucrose +
Lactose + -
Glucose +
Maltose +
D-xylose +
Galatose +
Cellebiose -
Dextrose
Trehalose
Raffinose -
Mannose +

1
+

+ +

+ + + + + + +
]

+ +
+ +

+
+

+ = positive, - = negative
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In the current study, Escherichia coli was the
most common Gram-negative bacteria which is
consistent with the findings of Ashoobi et al. [30]
having Escherichia coli as the most common
Gram-negative isolate identified from surgical
wound infection. The results are also consistent
with the reports by Christian et al. [31], who

revealed the following; Escherichia coli,
Staphylococcus aureus, Pseudomonas
aeruginosa, Klebsiella  pneumoniae  and

Streptococcus pyogenes as bacteria commonly
found in infected wounds.

Fig. 1. Frequency of bacterial isolates

Fig. 2. Frequency of fungal isolates

Fungi are rarely etiological agents of surgical site
infections; though Candida tropicalis and
Trichosporon asahii were implicated as shown in

Fig. 2. This corresponds with the report of
Zoungrana et al. [32] which indicated that
Candida albicans, Nakaseomyces glabrata,
Candida tropicalis and Pichia kudriavzevii were
implicated in surgical site infections. The work on
Trichosporon asahii [33] revealed that the fungus
causes a rare opportunistic infection in immune
compromised individuals. Kruschewsky et al. [34]
reported that Trichosporon asahii was isolated
from patient after carpal tunnel surgery. The
above findings call for the need for more efficient
and effective means of managing surgical site
infections.

4. CONCLUSION AND RECOMMENDA-
TION

Superficial surgical site infection, a nosocomial
infection, is a common post-operative problem
accounting for high morbidity and mortality
among patients. The etiological agents are
mostly patients’ endogenous normal flora and
sometimes exogenous microbes from the
environment. The need for proper and adequate
patient care through application of pre, intra, and
post-op preventive strategies is very vital in all
surgical procedures. These measures would
drastically reduce the high morbidity and
mortality associated with surgical site infections.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc.) and text-to-image
generators have been used during the writing or
editing of this manuscript.

CONSENT AND ETHICAL APPROVAL

Ethical clearance was duly obtained from
COOUTH Ethical Committee. These swab
specimens were obtained with due consent from
the patients. The specimens were collected
between October, 2023 till April, 2024.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Horan TC, Andrus M, Dudeck MA.
CDC/NHSN surveillance definition  of
health care-associated infection and



10.

11.

12.

13.

Ottong et al.; Int. J. Path. Res., vol. 13, no. 6, pp. 1-8, 2024; Article no.lJPR.124605

criteria for specific types of infections in the
acute care setting. Am J Infect Control.
2008;36(5):309-332.

Nel DC. Surgical site infections.
Anaesthetics Supplement. S. Afr. Fam.
Pract. 2014;56:35-39.

Barie PS, Wilson SE. Impact of evolving
epidemiology on treatments for
complicated skin and skin structure
infections: The surgical perspective. J Am
Coll Surg. 2015;220(1):105-106.
Oguntibeju OO, Nwobu RA. Occurrence of
Pseudomonas aeruginosa in  post-
operative wound infection. Pak J Med Sci.
2004;20(3):187-91.

Mulu W, Kibru G, Beyene G, Damtie M.
Postoperative nosocomial infections and
antimicrobial resistance pattern of bacteria
isolates among patients admitted at Felege
Hiwot Referral Hospital, Bahirdar, Ethiopia.
Ethiop J Health Sci. 2012;22(1):7-18.
Azoury S, Farrow N, Hu Q. Postoperative
abdominal wound infection: epidemiology,
risk factors, identification and
management. Chron Wound Care Manag
Res. 2015;2:137-148.

Gedefaw G, Asires A, Shiferaw S. Factors
associated with surgical site infection
among women undergoing obstetrics
surgery at Felegehiwot Referral Hospital,
Bahir Dar, Northwest Ethiopia: A
retrospective cross sectional study. Safe
Health. 2018;4:1-9.

Young PY, Khadaroo RG. Surgical site
infections. Surg Clin  North  Am.
2014;94(6):1245-64.

Goyal R, Kumar A, Sandhu HP. Surgical
site infection in general surgery. Int J Sci
Res Knowl. 2015;3:198-203.

WHO. Global Guidelines for the Prevention
of Surgical Site Infection. World Health
Organization, Geneva, Switzerland; 2016.
Shiferaw WS, Aynalem YA, Akalu TY.
Surgical site infection and its associated
factors in Ethiopia: A systematic review
and meta-analysis. BMC Surg. 2020;20:
107.

Anderson DJ, Podgorny K, Berrios-Torres
S|, Bratzler DW, Dellinger EP, Greene L,
Nyquist AC, Saiman L, Yokoe DS,
Maragakis LL, Kaye KS. Strategies to
prevent surgical site infections in acute
care hospitals: 2014 update. Infect Control
Hosp Epidemiol. 2014;35(6):605-27.
Vitiello R, Perna A, Peruzzi M, Pitocco D,
Marco G. Clinical evaluation of
tibiocalcaneal arthrodesis with retrograde

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

intramedullary nail fixation in diabetic
patients. Acta Orthop Traumatol Turc.
2020;54(3):255-61.

Albertini R, Coluccia A, Colucci ME, Zoni
R, Affanni P, Veronesi L, Pasquarella C.
An overview of the studies on microbial air
contamination in operating theatres and
related issues over time: A useful tool for a
multidisciplinary approach. Acta Biomed.
2023;94(S3):e2023149.

Neumayer L, Hosokawa P, Itani K, El-
Tamer M, Henderson WG, Khuri SF.
Multivariable predictors of postoperative
surgical site infection after general and
vascular surgery: Results from the patient
safety in surgery study. J Am Coll Surg.
2007;204(6):1178-87.

Stevens DL, Bisno AL, Chambers HF, et
al. Practice guidelines for the diagnosis
and management of skin and soft tissue
infections: 2014 update by the Infectious
Diseases Society of America. Clin Infect
Dis. 2014;59(2):e10—e52.

Hechenbleikner EM, Hobson DB, Bennett
JL, Wick EC. Implementation of surgical
quality improvement: Auditing tool for
surgical site infection prevention practices.
Dis Colon Rectum. 2015;58(1):83-90.
Brenner P. Prevention of surgical site
infections. Basic Concepts of Infection
Control. Intl Fed Infect UK. 2016;1-10.

Kish L. Sampling Organizations and
Groups of Unequal sizes, American Soc
Rev. 1965;20:564-572.

Ezekiel OA, Abdul-Rashid A, Adebayo L.
Pattern of pathogens from surgical wound
infections in a Nigerian hospital and their
antimicrobial susceptibility profiles. African
Health Sci. 2014;14(4):802-9.

Pagana KD, Pagana TJ, Pagana TN.
Mosby‘'s Diagnostic & Laboratory Test
Reference (14th ed). St. Louis, Mo:
Elsevier; 2019.

Oyli H. Standard procedures for Gram
staining. Clin Chem Lab Med. 2017;55(3):
309-310.

Ezeamalu CP, Udemezue Ol, Ottong DJ,
Udemezue ol, Ezeadila JO.
Microorganisms implicated in vulvovaginitis
among patients attending a teaching
hospital in southeastern Nigeria. Intl J Sci
Res Arch. 2024,;12(02):2658-64.
Udemezue OIl, Oyeka CA. Antifungal
Efficacy of natural stones against
clinical isolates of Candida species.
World J Pharmacy Pharm Sci. 2021;10(4):
289-99.



25.

26.

27.

28.

29.

30.

Ottong et al.; Int. J. Path. Res., vol. 13, no. 6, pp. 1-8, 2024; Article no.lJPR.124605

Dawodu O, Akanbi R. Isolation and
identification of microorganisms associated
with automated teller machines on Federal
polytechnic Ede campus. Plos One. 2021;
16(8):1-15.

Udemezue Ol, Alaebo CL, Udenweze EC,
Okoli UO. Evaluation of antimicrobial
effects of trona and alum on dental caries
isolates. Intl J Res Innovation Appl Sci.
2023;8(9):52-58.

Chessbrough M. Antimicrobial sensitivity
test. In: District laboratory practice in
tropical countries (part 2). Cambridge
University press, United Kingdom. 2010;
134-142.

Chidimma CM, Judith OO, Emmanuel 10.
A narrative review on bacteria from
surgical wound. Department of Medical
Labouratory  Science, Enugu state
university. Intl J Res Innovation Appl Sci.
2023;11(9):1-9.

Chukwueze  MC, Ogochukwu VO,
Emmanuel 10. A systematic review on
methicilin resistant Staphylococcus aureus
in patients with suirgical wounds. Intl
J Adv Multidisciplinary Res. 2022;9(9):
25-36.

Ashoobi MT, Mohammad RA, Milad SN,
Fathalipour AP, Zakiyeh J, Elahe R,
Mohaya F, Pirouz SM. Incidence rate and

31.

32.

33.

34.

risk factors of surgical wound infection in
general surgery patients: A cross-sectional
study. Intl Wound J. 2023;20(7):2640-48.
Christian C, George CN, Chibuzo VA,
David Ul, Emmanuel KA, Prisca CA, Isabel
CN. Isolation and identification of bacteria
from wound sepsis among patients at
Obigwe Orthopedic Clinic, Amorji Ubaha,
Okigwe. South Asian J Res Microbiol.
2022;12(2):9-15.

Zoungrana J, Isidore W, Yerbangal S,
Nakanabo D, Amadou K, Toussaint R,
Nikiense G, Isabel M, Olivier D, Hector R,
Sanata B. Yeasts as a potential causes of
surgical site infections at the Sourd Sanou
University Hospital Center of Bobo-
Dioulasso, Burkina Faso. EAS J Parasitol
Infect Dis. 2023;5(5):2663-0982.

Aslinur OP, Eda K, Ali, BC, Ates K, Atilla'Y,
Safak G, Deniz G. Trichosporon asabhii
sepsis in a patient with pediatric
malignancy. J Microbiol Immunol Infect.
2016;49(1):146-149.

Kruschewsky W, Massaroni P, Maifrede S,
Leite M, Péssa T, Lei F, Cayb R, Pe¢canha
P, Goncgalves S. Trichosporon asabhii
causing subcutaneous mycoses in an
immunocompetent patient: Case report
and a minireview. Brazilian J Microbiol.
2022;53(10):1007.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/124605



https://www.sdiarticle5.com/review-history/124605

