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Abstract
Whereas hospitals have been assumed as the sites for spreading infection at level of world health, therefore, the current
descriptive study has been conducted on 248 inpatients and outpatients who were suspected to fungal infection or disease.
Samples were collected from several wards along with radiographic and endoscopic analyses in three hospitals, including urine,
blood, skin, nail, wound (burning, surgery, eye and injury), lung, phlegm, ascites, bronchoaveolar lavage, (cerebrospinal,
abdominal, and knee) fluids, peritoneum, fistula, ear tests and biopsy and sent to reference mycological center. The fungal
species were identified by studying their macroscopic and microscopic and using PCR-RFLP technique. Among total studied
patients, 180 cases had fungal elements; among which, there were 53 (29%) nosocomial infection and 127 (71%) community-
acquired infection cases out of which inpatients and outpatients suffered from fungal diseases. The highest incidence of noso-
comial infection belongs to intensive care units (ICU) ward in 16% of patients. The most common isolated fungi were Candida
spp. The statistical results of this study suggest nosocomial fungal infections as the most important problems in the course of
treatment among hospitalized patients who are more likely to be infected.
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Introduction

There are ten thousand fungal spores in every cubic meter in
our surrounding ambience and this figure increases in some
sites and centers further, e.g., in hospitals and ICUs where
the above-said quantity may also reach to several hundred
thousand. On the other hand, ever-increasing rise of patients
with fungal infections and lack of access to antifungal efficient
drugs have been led to creating concern for officials in
healthcare and medical centers perse (George 2011; Tzar

et al. 2013; Kordbacheh et al. 2005). Whereas fungal infec-
tions are assumed as the reason for rising mortality in in-
patients at hospital, thus, the importance of review on ep-
idemiology of fungal infections in adult patients has been
considered in the instruction for control and prophylaxis of
nosocomial fungal infections with focus on invasive can-
didiasis and recently aspergillosis (Pakshir et al. 2004;
Tortorano et al. 2004; Nicolle et al. 2011). During the past
decades, rising healthcare was related to fungal infections
which have more likely been increased as a result of ad-
vancement in medicine and surgery and widely use of more
invasive techniques in treatment, e.g., hematopoietic stem
cells, organ transplantation, chemotherapy, and other fac-
tors. In addition to using invasive and accessorial devices
which may lead to infections in blood circulation,
candidoma, and metastatic candidiasis (Hinrichsen et al.
2008; Ahmed and Daad 2001; Tzar and Shamim 2009;
Pagano et al. 2006), the patients with immunity system
deficiency are exposed to risk of invasive fungal infections
which act as susceptible agents to risk of suffering from
opportunistic invasive fungal infections especially candidi-
asis in a host with cellular immunity deficiency in mucus
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(Takakura et al. 2004; Rangel-Frausto et al. 1999). The aim
of this study is to determine how many and what kind of
nosocomial fungal infections from hospitals in a develop-
ing country.

Materials and methods

Collection of samples

This descriptive-analytical study has been carried out on 248
cases suspicious of fungal infection received from inpatients
and outpatient referents to three educational hospitals in
Kerman during a year. Samples such as UTI, BI, skin, nail,
wound (burning, surgery, eye and injury), lung, phlegm, asci-
tes, BAL, (cerebrospinal, abdominal, and knee) fluid
pseudocyst, peritoneum, fistula, ear infection and biopsy col-
lected three educational hospitals in Kerman city during one
year.

Culture

The received samples from patients (in oncological and
infectious hospitalization ward) were entered directly by
a syringe into a blood culture medium (BHI) and incubated
at 37 °C for 2–3 weeks. All specimens were cultured in
Sabouraud Dextrose Agar (SC), Sabouraud Dextrose Agar
Chloramphenicol Cycloheximide (SCC), and dermato-
phyte test medium (DTM) (Seker and Dogan 2011).
Cultures were incubated for 1 to 2 weeks at 25 and 27 °C
and corn meal agar (tween-80) to form chlamydoconidia
isolated from Candida albicans. Czapek Dox agar was
utilized to identify aspergillus. For the observation of fun-
gal elements, we squeezed the colonies on the lamina and
stained it with lactophenol cotton blue (Karami Robati
et al. 2014; Proverbio et al. 2014).

Molecular test

Isolation of DNA molecules from yeast colonies by means
of phenol-chloroform-isoamyl alcohol technique

Candida species were isolated from patients with superficial
and deep candidiasis. All fungi were harvested by centrifuging
in 5000 rpm andwashed by sterile saline and frozen in − 25 °C
until use. The fungal suspensions with predetermined concen-
trations were centrifuged at 5000×g, and then the pellet was
frozen at − 20 °C for 1 h and incubated at 65 °C for 1 h in
0.5 ml of extraction buffer (50 mM Tris-HCl, 50 mM EDTA,
3% sodium dodecyl sulfate, 1% 2-mercaptoethanol) and 50 μl
proteinase-K (20 mg/ml). The lysate was extracted with
phenolchloroform-isoamyl alcohol (25:24:1, vol/vol/vol).
Then, 65 μl of 3 M sodium acetate and 75 μl of 1 M NaCl

were added to 350 μl of the supernatant and the resulting
volume was incubated at 4 °C for 30min. DNAwas recovered
by isopropanol precipitation and washed with 70% (vol/vol)
ethanol (Haynes and Westerneng 1998).

PCR screening

The oligonucleotide primers based on the nucleotide se-
quences of interval transcribed spacers (ITSs) existing in
ribosomal DNA in fungi (Iwen et al. 2002) were pur-
chased from the Fanvaran Gene Company. The program
for PCR was started with the first stage of 95 °C in 5
min, a cycle of initial denaturation in the second stage,
with a temperature of 94 °C in 30 s, the third stage with
a temperature of 50 °C for 1 min, and the fourth step
with the temperature of 72 °C and in 1 min and 15 s, a
total of 35 cycles for DNA replication, which took more
than 2 h (Paganini et al. 2002).

PCR-RFLP

After the end of PCR, PCR products were exposed to the
restricted effect MSP1 enzyme for enzymatic digestion.
To this purpose, we added 5 μl of PCR product to
1.5 μl of buffer of the restricted effect enzyme and mixed
well 0.5 μl of MSP1 enzyme with 8 μl of water (HPLC
grade) and stored them at 37 °C for 2 h. To observe
bands, 5 μl of digested products was treated with enzyme
by electrophoresis (80–100 v) for 45 min. Agarose (1.5%)
was used for PCR products and agarose (2%) was con-
sumed for RFLP products (Fallahi et al. 2013).

Results

Out of the total 180 samples with positive culture in this study,
UTI (36.5%), blood stream infection (BSI) (33.1%), ear infec-
tion (6.8%), endoscopic (5.5%), BAL sample (4.7%), and
each of oral infections and in wound site with a rate of 2%
were the most infectious samples (Fig. 1). The rate of noso-
comial fungal infections from the three hospitals in this study
was estimated (53/180) to be 29%. Among hospitalization
wards, ICUs acquired nosocomial fungal infection (29/53) at
the highest rate and in 16% of patients (29/180) (Table 1). The
most common fungal infections were UTI (75%), BSI (4%),
surgical site infection (SSI) (4%), x-ray chest, and respiratory
tract infection (RTI) (13%) which are caused by Candida spp.
(100%). Candida albicans is the most frequent species isolat-
ed from clinical specimens followed by C. glabrata,
C. parapsilosis, C. tropicalis, C. dubliniensis, and C. kefir
(Table 2). The highest rate of sample involved in fungal dis-
ease among hospitalized patient belonged to BSI (37.8%), and
among outpatient referents, it is ear infection (26%). In this

674 Comp Clin Pathol (2018) 27:673–678



study, 180 different genus and species of fungi were identified
based on microscopic observations, macroscopic examina-
tion, and PCR-RFLP. The most common isolated fungi were
Candida spp. (71 cases of C. albicans, 3 cases of C. glabrata,
and 1 case of each of C. parapsilosis, C. tropicalis,
C. dubliniensis, and C. kefir), Aspergillus spp. (4 cases of A.
fumigatus, 2 cases of A. niger, and 1 case of rhinocerebral
mycosis), and dermatophyte species (1 case of Trichophyton
mentagrophytes), respectively (Table 3) and the remaining
positive samples of the fungal disease were diagnosed as
Candidiasis. The fungal agent of rhinocerebral mucormycosis

was identified as one of the isolated fungal agents from a
biopsy sample in the suborbital zone on the face of a 72-
year-old man who suffered from chronic diabetes and hospi-
talized in the infection ward. The onychomycosis was caused
by A. fumigatus was reported, the pleural infection case with
aspergilloma, and the involved species are A. fumigatus,
A. niger, and C. parapsilosis in aural infection, and the case
of foot wound in a diabetic patient is caused by C. albicans.

Results of PCR-RFLP

Candida albicans, C. glabrata, C. parapsilosis, and C. kafier
were identified by the method PCR-RFLP (Fig. 2).

Discussion

Invasive fungal infections are increasingly common in the
nosocomial setting (Perlroth et al. 2007). Concerning statisti-
cal results from the rate of morbidity of nosocomial infection,
the rate of hospital-acquired fungal infection has been totally
approximated to be 29% in the given studied hospitals, which
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Fig. 1 Distribution of
community-acquired infection
cases by site of infection

Table 1 Patients (n = 180) with nosocomial infection and community-
acquired infection: ward of referral

Ward of referral Community-
acquired
infection (n = 127) %

Nosocomial
infection
(n = 53) %

Intensive care units (ICUs) 6 55

Oncology 21 6

Infectious 15 6

Urology and nephrology 2 0.0

Neonatal intensive care unit 2 6

ENT 26 0.0

Eye 3 0.0

Obstetrics and gynecology 0.0 6

Gastroenterology 5 0.0

Dermatology 4 0.0

Lungs 5 4

Repair the jaw face 0.0 4

Nephrology rheumatoid 1 4

Neurology 2 8

Emergency 8 0.0

Hemodialysis 0.0 1

Table 2 Distribution of commonly reported Candida spp. (100%) by
site of nosocomial infection

Candida spp. UTI
(N = 40)
%

RTI
(N = 7)
%

BSI
(N = 2)
%

SSI
(N = 2)
%

Others
(N = 2) %

C. albicans 90 72 100 100 100

C. glabrata 5 14 0.0 0.0 0.0

C. tropicalis 0.0 14 0.0 0.0 0.0

C. dableninsis 2.5 0.0 0.0 0.0 0.0

C. kafier 2.5 0.0 0.0 0.0 0.0
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is consistent with the values mentioned in reference books of
infection diseases as 5–20% and agreed with the results of a
study as 11.4% (Ferrer et al. 2001). The study conducted in
Iran suggests morbidity rate of 25% of infectious diseases in
the studied patients (Lotfi and shokohi 2014). Among the
studied wards, six ICU wards in hospitals were reported with
a rate of 54.7% of nosocomial infection; this rate has been
reported to be 17.69% based on the conducted studies in
ICU of hospitalization wards (Mythri and Kashinath 2014).
A large cohort multicentric international study has reported at
least one ICU-acquired infection in 18.9% of patients, with an
incidence ranging from 2.3 to 49.2% across the centers
(Alberti et al. 2002). In the EPIC II study (Vincent et al.
2009), the most frequently reported sites for ICU-acquired
infections were the lungs followed by the abdomen and blood-
stream. Data from the US National Nosocomial Infections
Surveillance System showed the nosocomial pneumonia,
UTI, and BSI (Richards et al. 2000). The world statistical
figures about morbidity of fungal agent of infectious type
including epidemiological and microbiological analysis on
nosocomial infection done in At-Taif in Saudi Arabia have

reported community-acquired (51.7%) and hospital-acquired
(48.3%) rates during the studied period (Sherifa and Moataz
2012), and the studied nosocomial infections included RTI
with an average rate of 32.3%, UTI 25.3%, BSI 18.2%, and
SSI 12.9% in which the isolated fungal species constituted 2%
of total isolated samples, similar to the record statement of
UTI (11.3%), BI (8.32%), SSI (12.9%), and BAL (12.9%) in
which the isolated fungal species were Candida sp. (Pfaller
and Diekema 2007). Patients with urinary tract catheters were
reported with a rate of 77% of nosocomial UTIs (Richards
et al. 1999). Candidiasis now is the most frequent nosocomial
infection in hospitals in the USA and worldwide
(Wisplinghoff et al. 2014; Pakshir et al. 2004). In our study
too, the most commonly isolated organisms were Candida sp.
Candida spp. were the second most common pathogen caus-
ing 21% of catheter-associated UTIs (Craven et al. 1988).
More than 95% of all Candida BSI worldwide are caused by
five species: C. albicans, C. glabrata, C. parapsilosis,
C. tropicalis, and C. krusei (Takakura et al. 2004). The detec-
tion of Candida species in 15% of the isolates in the present
study is also consistent to some extent with the studies of Pittet
and Wenzel (Pittet and Wenzel 1995) and Edgeworth et al.
(Edgeworth et al. 1999) who have reported that fungal patho-
gens are also becoming increasingly common among patients
with nosocomial bloodstream infections. Some of fungal and
yeast species are etiological agents for foot infection in dia-
betic patients. The involved fungus in a diabetic foot wound is
mainly of Candida species including foremost ones like
C. albicans, C. tropicalis, C. parapsilosis, and C. glabrata
(Kafaie and Taghi Noorbala 2010), with C. albicans as the
second frequent agent of onychomycosis after dermatophyte
(Gerami shoar et al. 2002). Epidemiological study done in
Ahwaz City (Iran) on opportunistic fungi which could treat
otomycosis, the isolated fungi from external ear infection have
been reported in about 26.7% of cases, where in other studies
done in Iran, this suggests the aforesaid fungus is the agent for
external ear infection in 38–74% of cases (Mahmoudabadi
et al. 2010). Aspergillus spp. (38–74%) were isolated from
out ear infection (Nicolle et al. 2011). A study performed in
a Turkish university hospital during 2001–2002 found the
prevalence of dermatophytoses to be 7.34% (68 out of 926)

Table 3 Identification of the fungal species isolated (n = 86) from 180
patients

Fungal species Fungal agents

Candidia
(n = 78)
%

Saprophyte
(n = 7) %

Dermatophyte
(n = 1) %

C. albicans 91

C. glabrata 5

C. parapsilosis 1

C. tropicalis 1

C. dableninsis 1

C. kafier 1

Aspergillus
fumigatus

57

Aspergillus niger 29

Rhinocerbral
mucormycosis

14

T. mentagrophytes 100

Fig. 2 Product electrophoresis PCR. Molecular marker 100 bp. M: Candida kefir 1; Candida albicans 2, 3, 4, 5, 6, 10, 11, 13, 14, 15, 16, and 7;
C. glabrata 8 and 9; C. glabrata 12; C. parapsilosis 17 wells
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(Ozkutuk et al. 2007). In our study, Candida spp. are the most
common fungal pathogens causing nosocomial fungal infec-
tions of patients admitted to the ICU. It seems that increased
length of hospital stay, prior antimicrobial therapy, and urinary
catheterization were associated with the acquisition of noso-
comial infections. The objectives of the current study were to
define how many and what kind of nosocomial fungal infec-
tions are there in education hospitals as a model of hospitals
from a developing country.
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