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Abstract

Background: Surgical site infection (SSI) is a crucial dilemma of surgery. Patients with SSIs not only face difficulty in
treatment but also bear extra cost with high mortality rate. Resistant strains of Candida have emerged as an important
nosocomial pathogen. Proteinase and phospholipase are exo- enzymes of Candida species, have importance with respect to
their contribution in diseases. This study focused on prevalence of Candida species in surgical wound, their resistance to
antifungal drugs, co-relation of these resistance with virulence potential of Candida species and comparison of production
level of exo-enzymes of Candida species isolated from patients with SSIs and healthy individuals to highlights their role in
SSIs.

Results: A total of (n= 555) swab samples were investigated. (n= 450) samples were collected from patients with SSIs and
(n= 105) were collected from healthy individuals. Samples were subjected for the identification of Candida species which
were subsequently investigated for antifungal susceptibility, MICs and enzymatic activity of Candida species. Out of 128
strains of Candida spp. isolated from SSIs, 54(42.18%) were identified as C. albicans followed by C. glabrata 32(25%), C.
parapsilosis 17(13.28%), C. krusei 13(10.16%) and C. tropicalis 12(9.38%). C. albicans isolates showed 100% susceptibility to
voriconazole and amphotericin B followed by itraconazole 98% and fluconazole 89%. Out of 6 fluconazole resistant C.
albicans 5(83.33%) were able to produce phospholipase while out of 48 fluconazole-susceptible strains 17(35.42%) were
found to be phospholipase producer. Out of 54 C. albicans isolated from surgical wound 46(85.18%) and 49(90.74%) were
found to be phospholipase and proteinase producer respectively, whereas out of 20 C. albicans isolates from healthy
subjects 14(70%) produce proteinase and 12(60%) produce phospholipase. There were significant statistical differences found
between the level of enzyme production by C. albicans, in relation to both sites (P= 0.014).

Conclusion: Study revealed that prevalence of Candida species is high in SSIs. Phospholipase and proteinase activity were
more pronounced in Candida Species from surgical wound in contrast to species from healthy individuals suggests these
enzymes may have been responsible for the severity of infection in surgical wound patients.

Keywords: Surgical site infection, Candida species, Antifungal drug resistance, Proteinase, Phospholipase

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: rakhshanda_11@yahoo.com
Department of Microbiology, University of Karachi, Karachi 75270, Pakistan

Erum et al. BMC Microbiology          (2020) 20:368 
https://doi.org/10.1186/s12866-020-02045-6

http://crossmark.crossref.org/dialog/?doi=10.1186/s12866-020-02045-6&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:rakhshanda_11@yahoo.com


Background
Surgical site infection (SSI) is one of the postsurgical
complications that occur in wound created for surgical
purposes. SSIs is defined as the infections caused by
pathogenic microorganisms in a wound created by inva-
sive surgical procedure and it can involve tissues, organs,
and cavities, involved during surgery [1]. One of the fac-
tors for SSIs is the immune status of patient. Patients
who have compromised immune system have greater
chance to acquire SSIs because of the suppressed im-
munity, high number of invasive procedures attained
and frequent visits to healthcare system. Age and sex of
patients, co-morbid conditions such as diabetes mellitus,
obesity, lack of nutrition are other factors for SSIs [2].
Among all Patients who encounter surgeries, at least 5%
of patients experience this infection [3]. variety of pre-
ventive measures such as, careful surgical techniques,
appropriate use of prophylactic antibiotics, proper on-
going training for staff and salubrious operating room
environment, markedly reduce the chance of surgical
site infection [4]. SSIs accounted for one-third of post-
operative deaths and 8% of all deaths associated with
hospital acquired infections [5]. Patients specially those
who belong to low socioeconomic class may have more
chance to develop SSIs because of their unhygienic living
condition, existence of co-morbidities, inadequate med-
ical assistance, and ignorance in getting medical aid on
time [6]. SSIs impact on economy as it increases the
length of hospital stay of patient, intensified the treat-
ment expenditure considerably, augmented hospital ad-
mission and imperiled the health outcomes [4, 7].
Although many of the guidelines have been developed
for prevention of SSIs, these infections still execute sub-
stantial burden on surgical patients particularly in low-
income countries [8]. C. albicans found as normal flora
in oral cavities, urogenital and gastrointestinal tracts of
healthy people [9] but the ratio of fungi, especially C.
albicans, is increasing considerably in surgical site infec-
tion [10]. Low availability of antifungal agents and im-
proper use of chemotherapeutic agents for longer period
as prophylactic drugs alters the microflora of patients
which may increases the risk of Candida infection in sur-
gical patients [11]. Due to less antifungal agents avail-
able, the treatment for serious Candida infections has
become difficult. Among few antifungal drugs available,
amphotericin B, a polyene fungicidal agent is used as
gold standard to treat Candidial infections [12]. Nystatin
is also an important drug which is found efficient against
several Candida species upon in vitro testing [13]. After
the introduction of azole antifungal agents, the way to
deal with the treatment of serious Candida infections
has become changed [14]. Azole antifungal compounds
have become prime drugs because of their lesser toxicity
and utmost efficacy [15]. The first drug included in the

azole class is ketoconazole. fluconazole, posaconazole,
and voriconazole all are the members of triazole class of
antifungal agents which possessed antifungal activity to-
wards Candida species in in vitro as well as on clinical
basis [16]. For both immunocompetent and immunoom-
promised patients, fluconazole is a drug of choice, as
first line of treatment in infections caused by Candida
species [17]. Many factors are responsible for emerging
resistance against fluconazole such as treatments repeti-
tion and exposure of drug for longer period [18]. Apart
from genetically determined resistance, Candida species
have ability to acquire resistance to azole class by three
mechanisms [19] that are induction of multi-drug
pumps [20, 21], the alteration or up-regulation of the en-
zyme target lanosterol 14-a-sterol demethylase [22], and
the development of bypass pathways [23] which might
be the reason of change in susceptibility for each drug
within azole class. Candida spp. secrete different extra-
cellular enzymes which are proteases, phospholipases
and lipases [24]. Phospholipase and proteinase are two
putative virulence factors of Candida species which are
assumed as enhancer of its pathogenicity by accentuat-
ing its adhesion, tissue damage, immune system evasion,
as well as its dissemination [25]. The extracellular phos-
pholipases act on host cell membrane which results in
disruption of host cells or modification of surface attri-
butes that promote adherence and penetration of host
cell membranes and ensuing infection [26] while
secretory aspartyl proteinases (SAP) are the enzymes of
C. albicans that have capacity to hydrolyze host proteins
such as albumin, immunoglobulin, and skin proteins [24,
27]. Although proteinases are secreted by all Candida
species but non-albicans Candida produce proteinases
in very limited level as compared to C. albicans [28].
The reason for this less production of proteinase by
non-albicans Candida as compare to C. albicans is not
uncovered yet and still under research [29–31]. In order
to explore the actual relationship of exo-enzymes of C.
albicans in surgical site infection, there is need to focus
on the level of secretion of these enzymes. This study fo-
cused on prevalence of Candida species in surgical
wound, their resistance to antifungal drugs, co-relation
of these resistance with virulence potential of Candida
species and comparison of production level of two puta-
tive extracellular hydrolytic enzymes of Candida species
isolated from patients with SSIs and from healthy indi-
viduals to highlights their role in SSIs.

Results
Demographical sketches of patients and analysis of
surgical site infection in combination with cause and
sampling site
Out of 450 patients 269 (59.77%) were males and 181
(40.22%) were females giving female to male ratio of 1:
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1.4. The age range of patients was from 9 years to 78
years. The mean age of patients was 31 years (Table 1).
Among 450 studied cases 402 were found to be positive
for SSIs in which the infection rate was comparatively
high 53% in the age group of 20–39 followed by 21% in
40–59 years of age group. Looking into the activities
leading to the cause of surgery, disease was the major
cause of surgery which accounted for 368 (81.77%)
followed by gunshot 58 (12.88%) and accident 24
(5.33%) (Table 2). In association with disease distribution
SSIs was most commonly found in patients with intes-
tinal perforation 103 (28%) followed by intestinal ob-
struction 70 (19%), appendicitis 52 (14%), peritonitis 41
(11%), intestinal hernia 29 (8%), cholecystitis 29 (8%), ul-
cerative colitis 18 (5%) and others 26 (7%) (Table 3). Pa-
tients were also having a number of co-morbidities
including diabetes, liver disease and renal disease
(Table 4).

Pattern of pathogens in pus samples of patients with SSIs
Out of 450 pus samples obtained from patients with sur-
gical site infections, 402 (89%) samples yielded microbial
growth while in 48 (11%) samples no growth observed
(Fig. 1), indicative of no surgical site infection. A total of
611 isolates yielded, among which bacterial isolates were
483 (79.05%) while Candida species were 128 (20.94%).
Culture of the wounds yielded Escherichia coli 147
(24%), followed by Candida spp. 128 (20.94%), S. aureus
110 (18%), Klebsiella spp. 98 (16%), Pseudomonas spp.
55 (9%), Proteus spp. 37 (6%), Coagulase-negative
staphylococci 21 (3.43%) and others 15 (2.45%) (Table 5).

Prevalence of Candida species in SSIs and healthy
individuals
Among 450 studied cases of surgical wound infections
128 (28.44%) were found to be positive for Candida Spe-
cies, while in 105 Swab samples from tong dorsum and
jugal mucosa of healthy individuals 20 (19.04%) were
found to be positive with C. albicans by culture (Fig. 2).
Out of 128 strains of Candida species isolated from pa-
tients with SSIs, in comparison to C. albicans (n = 54),
non-albicans Candida (n = 74) were predominant.
These non-albicans Candida (n = 74) were categorized

as follows: C. glabrata (n = 32), C. parapsilosis (n = 17),
C. krusei (n = 13) and C. tropicalis (n = 12) (Table 6).

Antifungal susceptibility profile of Candida spp. isolated
from SSIs
Disc diffusion testing of all Candida isolates to flucona-
zole, voriconazole, itraconazole and amphotericin B was
performed. C. albicans showed 100% susceptibility to
voriconazole and amphotericin B followed by itracona-
zole (98.14%) and fluconazole (88.88%). Moreover, out
of 13 C. kuresi tested, 12 (92.30%) were susceptible to
voriconazole while all 13 strains of C. krusei were resist-
ant to fluconazole. Interestingly, C. parapsilosis found to
be susceptible to all tested drugs (Table 7). The correl-
ation between azole resistance was analyzed statistically.
In case of C. albicans a significantly higher percentage of
isolates had reduced susceptibility to fluconazole than to
itraconazole or voriconazole (P = 0.010), while in case of
C. glabrata and C. tropicalis no significant values found
for these drugs that is (P = 0.536) and (P = 0.755)
respectively.

Minimum inhibitory concentration (MICs) of antifungal
agents for C. albicans isolated from SSIs
Additionally, MIC of commonly prescribed antifungal
agents was tested in 54 C. albicans isolates. Concerning
the fluconazole MIC, three C. albicans had an MIC of
16 μg/mL. The remaining isolate had MIC 0.125 μg/mL
in two isolates, 0.25 μg/mL in five isolates, 0.5 μg/mL in
six isolates, 1 μg/mL in three isolates, 2 μg/mL in nine
isolates, 4 μg/mL in twelve isolates and 8 μg/mL in four-
teen isolates. MIC results of itraconazole showed MIC
0.06 μg/mL in six isolates, 0.125 μg/mL in twenty-one

Table 1 Age and Sex Distribution of Patients with Surgical Site
Infection

Age in years Male (%)
(n = 269)

Female (%)
(n = 181)

Patients
(n = 450)

0–19 58 (12.88%) 30 (6.66%) 88 (19.55%)

20–39 149 (33.11%) 90 (20%) 239 (53.11%)

40–59 45 (10%) 48 (10.66%) 93 (20.66%)

60–79 17 (3.77%) 13 (3%) 30 (6.66%)

Numbers in parentheses are percentages

Table 2 Reason for Surgery

Types of Surgery Patients (n = 450) Percentage

Disease 368 81.78

Gunshot 58 12.88

Accident 24 5.34

Table 3 Disease Distribution Associated with Surgical Site
Infections

Disease Patients (n = 368) Percentage (%)

Intestinal Perforation 103 28

Intestinal Obstruction 70 19

Appendicitis 52 14

Peritonitis 41 11

Intestinal Hernia 29 8

Cholecystitis 29 8

Ulcerative Colitis 18 5

Others 26 7
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isolates, 0.25 μg/mL in twelve isolates and 0.5 μg/mL in
fifteen isolates. When we discuss MIC pattern of vorico-
nazole, we found MIC 0.06 μg/mL in twenty isolates. No
interpretative breakpoints have been established for
amphotericin B. MICs for amphotericin B were mostly
in the range of 0.03—0.25 mg/mL. MIC50 and MIC90

values for fluconazole were higher than those for the
other antifungal agents. MIC50 and MIC90 of fluconazole
were 2 and 8 μg/mL respectively while for itraconazole
and amphotericin B MIC50 and MIC90 were 0.125 μg/
mL and 0.5 μg/mL and 0.06 and 0.25 μg/mL respectively.
MIC50 of voriconazole was 0.06 μg/mL while MIC90 of
this drug for C. albicans was 0.5 μg/mL (Table 8).

Manifestation of enzymatic activity of Candida species
isolated from patients with SSIs and healthy individuals
The phospholipase and proteinase activity were more
pronounced in Candida albicans in contrast to non-
albicans Candida (Table 9). Among all phospholipase
producing non-albicans Candida, Candida krusei
(46.15%) were found to be high phospholipase producer
followed by C. glabrata (31.25%), C. tropicalis (25.0%)
and C. parapsilosis (5.88%) (Table 10). Out of 54 C. albi-
cans isolated from surgical wound 46 (85.18%) were

found to be phospholipase producers while the protein-
ase production rate was found in 49 (90.74%) of isolates.
Out of 20 C. albicans isolates from healthy subjects14
(70%) produce proteinase and 12 (60%) produce
phospholipase (Table 11). The enzymatic activity was
measured by dividing colony diameter to the diameter of
the precipitation zone (Pz) around the colony formed on
the plate. A Pz (in mm) of 1.0 was evaluated as negative
(−), 0.99–0.9 as weak (+), 0.89–0.8 as mild (++), 0.79–
0.7 as relatively strong (+++) and 0.69-below (++++) as
very strong positive. C. albicans demonstrated high pro-
teinase activity, with Pz values varying from 0.17 to 0.90
for the surgical wound isolates and from 0.44 to 0.96 for
the isolates of healthy subjects. C. albicans isolates
showed high or low phospholipase activity, with Pz
values varying from 0.39 to 0.96 for surgical wound iso-
lates and from 0.57 to 0.93 for the isolates of healthy in-
dividuals. The high activity of phospholipases for C.
albicans was observed in 54.34% of the surgical wound
isolates and 25.0% in isolates of healthy individual. There
were significant statistical differences (P = 0.014) be-
tween the patterns of enzyme production by Candida
albicans isolated from patients with SSIs and healthy in-
dividuals (Table 12). We also evaluated the phospholip-
ase production between fluconazole-resistant and
fluconazole-susceptible strains of C. albicans in order to

Table 4 Co-morbid Conditions of Patients with Surgical Site
Infection

Diseases Patients (n = 450) Percentage (%)

Diabetes 54 12

Mental disorder 11 2.44

Arthritis 27 6

Obesity 18 4

Cardiovascular diseases 14 3.11

Ulcer 7 1.55

No comorbidity 319 70.88

Fig. 1 Ratio of Growth of Pathogens Isolated from Patients with SSIs

Table 5 Spectrum of Pathogens in Pus Samples of Surgical
Wound Patients

Isolates n = 611 Percentage

Escherichia. Coli 147 24

Candida spp. 128 20.94

S. aureus 110 18

Klebsiella spp. 98 16

Pseudomonas spp. 55 9

Proteus spp. 37 6

Coagulase-negative staphylococci 21 3.43

Other Pathogens 15 2.45

Fig. 2 Prevalence of C. albicans in Surgical Site Infection (SSIs) and in
Healthy Individuals (HI)
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explore the relationship between resistance to antifungal
drugs and virulence of C. albicans. Out of 6 fluconazole
resistant C. albicans 5 (83.33%) were able to produce
phospholipase while out of 48 fluconazole-susceptible
strains 17 (35.42%) were found to be phospholipase pro-
ducer (Fig. 3).

Discussion
Surgical site infection (SSI) constitutes a major compli-
cation after surgery [32] which still stands as the most
frequent form of undesirable hospital events [33]. Des-
pite the development in infection control practices, the
incidence of SSIs is still increasing, especially in low and
middle-income countries [34]. There are limited data
available focusing the incidence of SSIs in Pakistan. One
of the prospective studies conducted in Pakistan by San-
grasi et al. [35] revealed that surgical site infections
causes considerable morbidity and economic burden.
Another local study conducted on surveillance of SSIs,
documented that the surgical wound infections rates are
much higher than the National Nosocomial Infection
Surveillance (NNIS) standards [36].
In this study incidence of SSIs was higher in males.

This predominance is might be due to more exposure of
males in surrounding for their work, and for other activ-
ities when compared with females thus they have more
risk of accidental injuries [37, 38]. In the present study
the infection rate was comparatively high (53.11%) in the
age group of 20–39 while a lower percentage (6.66%)
was seen in 60–79 year age group. Similar findings re-
garding the age distribution of patients with SSIs was
found in other studies [38]. In this study, disease was the
major cause of surgery and SSIs were most commonly

found in patients with intestinal perforation (28%)
followed by intestinal obstruction (19%), appendicitis
(14%), peritonitis (11%), intestinal hernia (8%), cholecyst-
itis (8%), ulcerative colitis (5%) and others (7%). Similar
findings were observed by Mawalla et al. in Tanzania
where they also found high rate (27%) of SSIs in patients
with peritonitis, intestinal obstruction and intestinal per-
foration, (15%) of patients with appendicitis and (14.3%)
patients with cholecystitis also had SSIs [37]. Another
study also highlights the fact that SSIs was observed in
22% cases of incisional hernia and 7% cases of bowel ob-
struction [39]. In our study, among patients with SSIs
131 patients having pre-morbid illnesses of which 54
(12%) were suffering from diabetes. Comparable findings
have been accrued by other investigators [37, 40] and
they reported that patients having pre-morbid health
problems, such as diabetes are at high risk of appearing
SSIs, because their defense system have been compro-
mised as compared to healthy individuals.
450 pus samples isolated from patients with SSIs were

analyzed. The growth positivity was observed in 89.33%
of samples. This high rate of growth positivity could be
because of specimens were collected from patients who
have sign and symptoms indicative of surgical site infec-
tions. Our results are in accordance with study con-
ducted by Giacometti et al. [41] who worked on
epidemiology and microbiology of SSIs and they also
found growth in 90.82% of samples.
Our findings showed E. coli (24%) were the most iso-

lated pathogen of surgical site infection. Several studies
conducted in different parts of the world also reported
E. coli as the main culprit of surgical site infection [42–

Table 6 Spectrum of Candida Species in Pus Samples of
Surgical Wound Patients

Isolates n = 128 Percentage (%)

C. albicans 54 42.18

C. glabrata 32 25

C. parapsilosis 17 13.28

C. krusei 13 10.16

C. tropicalis 12 9.38

Table 7 Antifungal Susceptibility Profile of Candida spp. Isolated from Surgical Wound Patients

Candida spp. Fluconazole Voriconazole Itraconazole

S R S R S R

C. albicans (n = 54) 48 (88.88%) 6 (11.11%) 54 (100%) 0 (0%) 53 (98.14) 1 (1.85%)

C. glabrata (n = 32) 26 (81.25%) 6 (18.75%) 29 (90.62%) 3 (9.37%) 28 (87.5) 4 (12.5%)

C. tropicalis (n = 12) 11 (91.66%) 1 (8.33%) 11 (91.66%) 1 (8.33%) 10 (83.33%) 2 (16.66%)

C. krusei (n = 13) 0 (0%) 13 (100%) 12 (92.30%) 1 (7.69%) 13 (100%) 0 (0%)

C. parapsilosis (n = 17) 17 (100%) 0 (0%) 17 (100%) 0 (0%) 17 (100) 0 (0%)

S Sensitivity, R Resistance, numbers in parentheses are percentages

Table 8 MICs of Antifungal Agents against C. albicans Isolated
from Surgical Wound Patients

Antifungal
drugs

MIC
Range
(μg/ml)

MICs μg/ml Resistant
strains%MIC 50 MIC90

Fluconazole 0.125–16 2 8 6

Voriconazole 0.03–0.5 0.06 0.5 0

Itraconazole 0.06–0.5 0.125 0.5 0

Amphotericin B 0.03–0.25 0.06 0.25 0
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44]. The possible explanation for E. coli most frequently
isolated in this study is may be due to the fact that most
of the specimens were taken from patients who under-
went abdominal surgeries [45]. This can be due to inci-
dental spilling of bowel flora during surgery.
Candida species are found as normal flora of human

skin, genital and oral mucosa as well as gastrointestinal
area [46]. Healthy people have 3–47% of Candida spe-
cies as oral normal flora [47]. Candida has emerged as
an important nosocomial pathogen from the last few
years [8, 48]. As there is a lack of studies focusing the
impact of colonization of Candida species as a risk fac-
tor for SSIs, therefore the correlation between the Can-
dida colonization as a risk factor for SSIs is still
questionable. We are unaware of any previous study
from Pakistan addressing the contribution of the Can-
dida species to the risk of surgical site infection in pa-
tients undergoing surgeries. This study focused on
prevalence of Candida species in surgical site infection,
their resistance to antifungal drugs, co-relation of these
resistance with virulence potential of Candida species
and comparison of production level of two putative exo-
enzymes, phospholipase and proteinase of Candida spe-
cies isolated from patients with SSIs and from healthy
individuals in order to highlights their role in SSIs. Our
data demonstrated the clinical significance of Candida
colonization. According to our data, prevalence of Can-
dida species in SSIs was (28.4%) which is in accordance
with study conducted in Poland [49] where they also
found Candida species (29%) in surgical wound patients.
In addition, the result of this study contrast to study
conducted in Nigeria [50] where they found Candida in-
fection in 9% patients with SSIs. Presence of Candida
spp. in surgical wound is not unusual happening because
the prolonged used of chemotherapy alters the microbial
flora of surgical patients which may increases the chance
of Candida infection. In the present study, C. albicans

followed by C. glabrata were the most commonly iso-
lated Candida species. Li and YZ [51] documented the
same pattern of Candida spp. in patients of surgical in-
tensive care unit. This substantial percentage of C. albi-
cans demonstrating the role of fungi in surgical wound
and it is an alarming bell for doctors as well as for indi-
viduals associated with health care providing services.
The increasing resistance to antifungal agents has

aroused the requirement of an antifungal sensitivity test-
ing to treat patients with fungal infections. Antifungal
susceptibility of Candida species was performed against
fluconazole, voriconazole, itraconazole and amphotericin
B. C. albicans, showed 100% susceptibility to voricona-
zole and amphotericin B followed by itraconazole
(98.14%) and fluconazole (88.88%). These findings are in
accordance with study conducted by Citak et al., and
Badiee and Alborzi [52, 53] who reported resistance to
fluconazole 87.5 and 89.5% respectively. Furthermore,
several studies conducted in Europe, South America and
the USA demonstrated that, before the year of 2005 the
rate of resistance to fluconazole and itraconazole was
very less in nosocomial isolates [54], but it was gradually
increased during the latter five years of the decade not
only against azoles but also against echinocandins [55].
In addition, this study revealed, in non-albican Candida
strain, C. glabrata (19%) were resistant to fluconazole
followed by C. tropicalis (8%). These findings are con-
sistent with study [56] but in inconsistent to local study
conducted by Farooqi et al. [57] where they reported 0%
resistance to these drugs. The diverse capacity of C. albi-
cans strains to adapt to antifungal exposure [58] and
mutation are might be the reasons for antifungal resist-
ance especially in clinical isolates. Another possible rea-
son for this increasing ratio of resistance to antifungal
drugs in Candida spp. is the extensive and long-term
use as well as the application of short courses of the an-
tifungal agents for treatment. Moreover, all tested strains
of C. krusei were resistant to fluconazole. C. krusei is
usually intrinsically resistant to fluconazole, [59]. Orozco
et al. who investigated the three general mechanisms of
fluconazole resistance in C. krusei reported that the pre-
dominant mechanism of fluconazole resistance in C.

Table 9 Prevalence of Phospholipase and Protienase Producing
Candida species in Surgical Wound Patients

Extracellular
enzymes

Candida albicans
(n = 54)

Non-albicans Candida
(n = 74)

Phospholipase 46 (85.18%) 20 (27.02%)

Proteinase 49 (90.74%) 52 (70.27%)

Table 10 Production of Phospholipase in non-albicans Candida
species

Non-albicans Candida (n =
74)

Phospholipase producing strains (n =
20)

C. glabrata (n = 32) 10 (31.25%)

C. parapsilosis (n = 17) 1 (5.88%)

C. krusei (n = 13) 6 (46.15%)

C. tropicalis (n = 12) 3 (25.0%)

Table 11 Phospholipase and Proteinase Activity of C. albicans
Isolates from Patients with Surgical Wound and Healthy
Individuals

Candida albicans Producers Non producers Pz Ranged

Surgical wound (n = 54)

Proteinase 49 (90.74%) 5 (9.25%) 0.17–0.81

Phospholipase 46 (85.18%) 8 (14.81%) 0.39–0.82

Healthy subjects (n = 20)

Proteinase 14 (70.0%) 6 (30.0%) 0.44–0.62

Phospholipase 12 (60.0%) 8 (40.0%) 0.57–0.93
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krusei is a 14α-demethylase with reduced susceptibility
to the inhibitory effects of fluconazole [60].
Additionally, MICs of commonly prescribed antifungal

agents was determined for 54 C. albicans isolates. In
case of fluconazole, (5.55%) strains showed MICs at
16 μg/mL which is 2 times greater than breakpoint
levels. These finding showed higher MIC value in com-
parison to MIC observed by Pfaller et al. [61] in USA
where they found the fluconazole MIC for C. albicans at
0.5–2.0 μg/mL. Furthermore, (27.77%) strains of C. albi-
cans showed MIC at 0.5 μg/mL towards itraconazole
comparable to studies conducted in USA [62] where
they observed MIC at 0.5 μg/mL in 5% clinical isolates
of C. albicans. This high percentage indicated that re-
sistance to itraconazole is increasing in C. albicans.
MIC50 and MIC90 of fluconazole were 2 μg and 8 μg/mL
respectively which are similar with observations of other
investigators [63]. In case of voriconazole, MIC50 and
MIC90 were 0.06 μg/mL and 0.5 μg/mL. Mandras et al.
[56] also reported similar findings for MIC50 but they
found MIC90 at 0.12 μg/mL.
Candida species are commensal of host epithelial tis-

sues that usually reside as normal flora in oral cavities,
urogenital and gastrointestinal tracts of healthy people.
One of the aims of this study was to highlights the role
of extracellular hydrolytic enzymes of Candida albicans
in SSIs. To achieve this goal, we focused on different pa-
rameters which effects on the secretion level of these en-
zymes. One of the parameters was pH. To compare the

secretion levels of extracellular hydrolytic enzymes of C.
albicans isolated from patients with SSIs and healthy in-
dividuals we have taken samples from the oral route be-
cause the pH of mouth is neutral or near to neutral [64]
while the pH of vagina is acidic and on acidic pH these
enzymes may trigger to secrete [65].
The findings of the current study revealed that the

phospholipase and proteinase activity were more pro-
nounced in C. albicans as compared to non-albicans
Candida. The proteinase and phospholipase production
were observed 49/54 (90.74%) and 46/54(85.18%) in C.
albicans isolates, followed by non-albicans Candida spe-
cies 52/74 (70.27) and 20/74 (27.02) respectively. These
results are in accordance with study conducted by
Kumar et al. [31] who worked on Candida species recov-
ered from HIV seropositive and cancer patients, re-
ported that enzymatic activity was high in C. albicans
with 100% phospholipase and 94.1% proteinase activity
as compared to Candida non-albicans species with
29.6% phospholipase and 70.3% proteinase activity. The
findings of this study are also consistent with study con-
ducted by Jasim et al. [66] who studied the virulence fac-
tors of Candida species isolated from clinical specimens
and they observed proteinase-producing ability in 31
(79.5%) C. albicans isolates followed by non-C. albicans
albicans 7(63.63%) and Sachin et al. [30] who reported
the high proteinase production in C. albicans (82.1%)
followed by Candida non albicans (80%); which were
isolated from different clinical specimens. The reason
for this less production of proteinase by non-
albicans Candida as compare to C. albicans is not un-
covered yet and still under research [29–31]. The vari-
ance in the virulence attributes of Candida albicans may
depend on the type, site and stage of infection and the
immune status of patients [67]. For the comparison of
virulence property of C. albicans isolated from surgical
wound and healthy control, oral swabs were collected
from healthy individuals. The oral samples from SSI pa-
tients were not taken for this study because surgery pa-
tients have compromised immune system and on
antibiotic treatment, so it might be possible that their
normal oral flora also be effected and might affect the

Table 12 Enzymatic Activity (mm) Exhibited by C. albicans Isolated from Patients with Surgical Wound and Healthy Individuals

Pz
Value

Phospholipase Proteinase

Surgical wound
isolates (n = 54)

Healthy Individual
Isolates (n = 20)

Surgical wound isolates (n = 54) Healthy Individual
Isolates (n = 20)

< 0.69 ++++ 25 (54.34) 3 (25.0) 34 (69.38) 2 (14.28)

0.70–0.79 +++ 11 (23.91) 5 (41.66) 8 (16.32) 5 (37.71)

0.80–0.89 ++ 6 (13.04) 3 (25.0) 5 (10.20) 4 (28.57)

0.90–0.99 + 4 (8.69) 1 (8.33) 2 (4.08) 3 (21.42)

1.00 – 8 (14.81) 8 (40.0) 5 (9.25) 7 (30.0)

Pz Value = Enzymatic activity zone, Numbers in parentheses are percentages

Fig. 3 Phospholipase Production in Fluconazole Resistant and
Fluconazole Sensitive Strains of C. albicans
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secretion of relative level of hydrolytic enzymes of Can-
dida albicans.
Another reason for not taken oral samples from SSI

Patients, as this study was done in Pakistan which is geo-
graphically located in South Asia where over one-third
of tobacco consumed regionally is smokeless and Trad-
itional forms like betel quid, tobacco with lime and to-
bacco tooth powder are commonly used not only among
men but also among children, teenagers and women of
reproductive age [68] which influence on normal oral
flora and change the microbial ecosystem. The alteration
in the microflora in any way either by the immune sup-
pression or by the use of smokeless tobacco can lead to
the growth and proliferation of pathogenic microorgan-
isms such as Candida albicans which is a component of
normal oral flora but they switch to pathogenic form
[69] and starts to release their enzymes more pronoun-
cedly. The patients (n = 239) in this study belonged to
20–39 years of age group and majority were habitual of
smokeless tobacco (Paan and Gutka). As our aim was to
highlights the role of extracellular hydrolytic enzymes of
Candida Species in surgical wound infections so it was
necessary to take samples from those who have healthy
and natural oral conditions so that we were be able to
present the exact comparison of the secretion of these
enzymes in healthy and infection conditions. Among
105 healthy individuals, 19.04% were found to be posi-
tive with C. albicans while non-albicans Candida species
were not detected in any of volunteer.
These findings of current study are consistent with

studies conducted in India [70] and Brazil [71] where
they also found the prevalence rate of oral C. albicans
15, 17, and 26% respectively. However, a study con-
ducted in France by Sitterle et al. who screened 56
undergraduate students to evaluate the prevalence of
oral Candida carriage in healthy individuals reported
that 10 of the 56 students (17.9%) were carriers of Can-
dida spp., 8 harboured only C. albicans, and 2 har-
boured both C. albicans and C. glabrata [72]. In this
study we observed that proteinase activity of C. albicans
isolated from surgical wound and healthy individuals
were (90.74%) and (70.27%) while the phospholipase ac-
tivity was (85%) and (60%) respectively which suggest
that these enzymes may have been responsible for the
severity of infection in surgical wound patients. Pinto
et al. [73] who worked on patients with denture-related
stomatitis and control individuals reported that the
phospholipase activity of Candida spp. was higher in in-
fection as compared to commensal. Furthermore, a
study conducted by Borst and Fluit who worked on dif-
ferences in secretion level of two putative virulence fac-
tors of Candida albicans isolated from different sites of
infection reported that, Candida Species that isolated
from respiratory infections secreted phospholipase and

proteinase in a considerable amount as compare to spe-
cies isolated from wounds, blood, and the urinary tract
[74]. Such disparity might be because of factors such as
origin of isolates, the vast phenotypic variability of the
isolate, or possibly a variance in the technique used.
With a purpose to investigate the co-relation between

resistance to antifungal agents and virulence of C. albi-
cans, we observed the level of phospholipase production
in fluconazole- resistant and fluconazole- susceptible
strains of C. albicans. We found majority of (83.33%)
fluconazole resistant C. albicans were able to produce
phospholipase while only (35.42%) fluconazole-
susceptible strains found to be phospholipase producer.
These findings are in accordance to the observations of
Ying and Chunyang [75] who also reported that high
phospholipase production correlate with fuloconazole
resistance. Forgacs et al. [76] used two C. albicans
strains (a fluconazole-sensitive clinical isolate and a
fluconazole-resistant laboratory mutant) to examine the
changes in virulence traits accompanying the develop-
ment of resistance to fluconazole and they stated that
the fluconazole-resistant strains proved to be superior in
the virulence traits examined.

Conclusion
Despite the fact that surgical site infection constitutes a
major complication after surgery, there is still lack of
data that describes its epidemiology. A considerable de-
liberation is required to a more definite comprehension
of the SSIs. The higher prevalence of Candida species
among surgical wound patients may be related to in-
creased infection in this group of patients which may re-
sults in increased morbidity and mortality by delayed
wound healing. The development of resistance to flucon-
azole has become a matter of concern as it contributes
in an increased virulence in Candida species. Phospho-
lipase and proteinase activity were more pronounced in
Candida Species from surgical wound in contrast to spe-
cies isolated from healthy individuals, highlights the role
of these enzyme in SSIs as an enhancer of the patho-
genic potentials of Candida species.

Methods
Study population
450 Patients who underwent surgeries and developed
any signs and symptoms indicative of surgical site infec-
tions were selected for the study. Swab samples of tong
dorsum and jugal mucosa were also collected from 105
healthy volunteers as control. A proper approval from
the ethical committee, University of Karachi with ap-
proval number IBC-005-13-16 have been obtained for
the study and consent was taken from all the patients
prior the sample collection.
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Collection of samples

A. Samples from Patients with Surgical Site Infections

Samples were taken form 450 patients having surgical
site infection with sign and symptoms including redness,
warmth, and pain. Other symptoms include extreme
tenderness at surgical site, purulent discharge, increased
body temperature and swelling of wounded area. Two
pus swabs were taken from every patient with the help
of sterile swab and transported to research laboratory
within 1 h for further processing.

B. Samples from Healthy Individuals

Swab samples of tong dorsum and jugal mucosa were
collected from 105 healthy adults who were apparent
good conditions of oral hygiene, not immunocomprom-
ised, and were not currently hospitalized. Test people
were asked for to forgo brushing their teeth for the 24-h
period going before examination. After collection, sam-
ples were transported to laboratory to examine the exist-
ence of C. albicans by standard procedures.

Isolation and identification
For the growth of yeast species, samples were cultured on
Sabrouad’s dextrose agar (SDA) (Oxoid, Basingstoke,UK)
supplemented with 50mg/L of chloramphenicol and incu-
bated at 30 °C for 48 h at static condition. Yeast isolates
were then subjected to mycological identification by germ
tube test, chlamydospore formation on corn meal and rice
agar, biggy agar, carbohydrate assimilation test and
opacity-test in Tween 80-CaCl2 agar. After presumptive
identification, isolated colonies with indicative phenotype
of C. albicans were investigated for growth at 45 °C on
modified Sabouraud’s glucose agar (SGA) to facilitate the
differentiation of C. albicans and C. dubliniensis. Isolation
and Identification of bacterial pathogens were also per-
formed using standard microbiological methods.

Antifungal susceptibility of Candida species by disc
diffusion method
Antifungal susceptibility of Candida spp. was measured
by disc diffusion method following the document M44-
A, proposed by CLSI. Firstly, test suspension was pre-
pared. The turbidity of suspension was adjusted to 0.5
McFarland standards. Subsequently suspension was in-
oculated on Mueller Hinton agar (MHA) supplemented
with 2% glucose and 0.5 μg/mL of methylene blue.
Plates of MHA were leaved for 5–15 min to dry. Anti-

fungal discs, flucnazole (25 μg), voriconazole (1 μg) were
obtained from Oxide and amphotericin B (100 μg) and
itraconazole (10 μg) were prepared by filter paper. After
placing the discs on agar, plates were incubated at 35 °C

for 24 and 48 h. Inhibitory zone diameters were mea-
sured at the transitional point where growth abruptly de-
creased, as determined by a marked reduction in colony
sizes and interpreted by standard interpretive criteria. C.
albicans (ATCC90029), C. prapsilosis (ATCC 22019),
and C. krusei (ATCC6258) were used as quality control
strains.

MICs of antifungal agents for C. albicans by microdilution
method
Sensitivity profile of C. albicans to different antifungal
drugs including fluconazole, amphotericin B, voricona-
zole and itraconazole were assessed by broth microdilu-
tion test according to CLSI. Test suspensions were
prepared by suspending 4 to 5 colonies of C. albicans in
0.9% saline and turbidity was adjusted to 0.5 McFarland
standards with approximately 1–5 × 106 CFU/mL. Di-
methyl sulfoxide (DMSO) or water was used to prepared
solutions of drugs. Two-fold serial dilutions of antifungal
agents were prepared with RPMI 1640 containing L-
glutamine without bicarbonate, buffered to pH 7.0 with
0.165M morpholinepropane sulfonic acid (MOPS;
Sigma). Final concentrations of fluconazole ranged from
0.125 to 64 μg/mL and voriconazole, amphotericin B,
and Itraconazole from 0.03 to 16 μg/mL. The suscepti-
bility assays were performed in sterile 96-well micro-
plates. To achieve a final test volume of 200 μL, 100 μL
of antifungal drug (from final concentration) and 100 μL
suspension of test isolates was added to each well. Two
wells were run as positive and negative control wells. In
positive control well only the yeast suspension was
added while the negative control well lacks the yeast sus-
pension and only had the drug suspension. The volumes
of both control wells were adjusted to a final test volume
(200 μL) by sterile saline. The plates were incubated at
37 °C for 48 h. Plates which have the amphotericin B
drug were wrapped using aluminum foil to protect them
from light. After 24 h, the MIC value was recorded as
the least concentration of antifungal drug that inhibited
at least 80% of the growth of organism as compared to
positive control well. The results were noted not only as
the least and the highest MIC value but additionally as
the values of MIC50 and MIC90. The MIC50 and MIC90

values expressed that specific concentration of drug
which has potential to suppress the growth of isolates to
50 and 90% respectively. In this test the strain of C.
parapsilosis ATCC 22019 was used as control strain.

Preparation of yeast suspension for enzymatic activity
To prepare yeast suspension a well isolated colony of
Candida species was picked from primary isolation
plates and suspended in a sterile saline. The turbidity of
suspension was adjusted to 0.5 McFarland (1 × 108 CFU/
mL).
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Determination of enzymatic activity by agar plate method
Phospholipase activity
The egg yolk agar plate method described by Price et al.
[77] was used to detect phospholipase activity of Can-
dida species isolated from surgical wounds and healthy
subjects. The Test medium used to detect phospholipase
enzyme was consisted of agar 20 g, peptone 10 g, sodium
chloride 57.3 g, calcium chloride 0.55 g, glucose 30 g and
sterile egg yolk enrichment (50%) 100 mL/1000 mL of
distilled water. 10 μL suspension of test isolate was inoc-
ulated on agar plate. After inoculation, the plates were
incubated at 37 °C for 48 h C. albicans ATCC 10231
used as positive controls.
Formation of an opaque zone (precipitation of a cal-

cium complex) around the Candida colony was identi-
fied as phospholipase activity. The zone of precipitation
was calculated using the method depicted by Price et al.
[77]. According to that method, ratio of the diameter of
colony to the total diameter of colony plus zone of pre-
cipitation (Pz) was considered as the zone of precipita-
tion of the enzyme tested.

Pz ¼ Diameter of colony
Total diameter of colony plus zone of precipitation

:

Depending on this method, Pz = 1.00 suggests that the
test strain is negative for phospholipase, while Pz = 0.63
implies that the test strain is releasing considerable
quantity of phospholipase. Estimations of Pz in between
0.64 and 0.99 showed that the test strain is releasing
small amounts of phospholipase.

Proteinase activity
To verify the enzymatic activity of proteinase [78], bovine
serum albumin (BSA) agar was used which was composed
as follows: BSA 2 g, yeast nitrogen base (YNB) (Difco La-
boratories) 145 g, glucose 20 g and agar 20 g/1000mL of
distilled water. 10 μL of test suspension containing 1 × 108

CFU/mL was inoculated on test medium. The plates were
incubated at 37 °C for 72 h for proteinases. A clear halo
around each colony were measured as proteinase activity
and used in the determination of the precipitation zone
(Pz) values. C. albicans ATCC 10231 used as positive con-
trols. The proteinase activity was determined in a similar
manner as delineated for phospholipase.

Statistical analysis
All data were analyzed in the statistical packages for so-
cial science (SPSS-19). Frequency and percentage were
computed for qualitative observation using chi-square
test and fisher exact test and the chi-square test was also
used to analyze the correlation between different azole
drugs. P < 0.05 was considered as significant.
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