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Candida albicans (C. albicans) has emerged as a potentially pathogenic fungus rather than benefit
mucosal commensal in patients with pulmonary diseases. Although respiratory candidiasis
secondary to pulmonary tuberculosis has been reported in the past, it has gained more relevance
recently due to increased use of broad spectrum antibiotics and immunosuppressive drugs.
To detect C. albicans in sputum samples from patients with pulmonary diseases using conventional
and molecular methods.
One hundred sputum samples obtained from patients with pulmonary symptoms were included in
this study. Sputum samples were dispensed into three specimen parts; the first one was applicated
for cultured on Sabouraud dextrose agar at 37 °C for 48 hrs and then the purified colony of Candida
underwent biochemical tests including API Candida strips, and germ tube. The second part was
undergone direct gram stain, while the third part was applicated for DNA extraction and then
molecular diagnosis with PCR technique using specific primers.
Culture result revealed 43 positive samples for Candida species out of 100 samples. Among these
positive samples, 23 (53.5%) were positive for C. albicans in each of culture, germ tube and API.
Molecular test revealed an amplicon with 538bp fragment of phospholipase gene from the same 23
samples.
C. albicans is highly prevalent among patients suffering from bronchopulmonary symptoms. The
molecular and conventional methods gave concomitant results as detection tools for the diagnosis
of such microorganisms.
Candida albicans, phospholipase B gene, sputum.
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Introduction
andidiasis is secondary mycotic infection
caused by members of the genus
Candida. Chiefly, Candida albicans (C.
albicans) is responsible for about 70 to 80% of
all Candida infections. Infection with C.
albicans, which is an opportunistic yeast
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pathogen, increases predominantly in patients
with
predisposing
condition
including
immunodeficiency such as human immune
deficiency virus infections, prolong used of
broad-spectrum antibiotics, corticosteroids
therapy, diabetic patients and infections with
other debilitated disease (1).
In immunocompromised patients, the clinical
appearance of the C. albicans infection is often
very complex and identification of the
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organism is difficult. Therefore, speedy
diagnosis and management of candidiasis are
crucial for these patients (2). C. albicans has the
ability to form germ tube and chlamydospore,
which is a characteristic feature of the yeast. C.
albicans produces germ tubes when inoculated
in serum and incubated for 30 min at 37 °C.
The yeast cells have the ability to form germ
tube in their initial stages when the hyphae are
still attached to the yeast cell looking like
sprouts (3). Furthermore, this fungus secretes
many enzymes such as proteinase, which has
the ability to degrade a number of important
defensive
host
proteins,
particularly
(4)
immunoglobulin and complement .
Candida pneumonia is one of the most
challenging infections of all the Candida
infection. Pneumonia due to infection with
Candida spp. is extremely rare, but because of
contamination with oral flora, these organisms
are frequently cultured from respiratory
secretions (5,6). Non-culture-based methods,
such as DNA detection by PCR, have been
developed in order to assist in the rapid
diagnosis of fungal infections, allowing for the
initiation of species-oriented therapy as early
as 6 h after the onset of disease (7).
This study was carried out to detect C. albicans
in sputum samples from patients with
pulmonary diseases using conventional and
molecular methods.
Methods
Sputum samples have been collected from 100
patients of age group ranged from 10-90 years
old, with a mean age 47.23±19.51. Some of
these patients were suffering from systematic
disease such as such as tuberculosis, diabetes
mellitus, leukemia, while other were with
immunocompromised status. Those patients
were attending and admitting to Al-Yarmouk
Teaching Hospital, Imamein Kadhimein Medical
City and Chest and Respiratory Diseases
Institute, Baghdad City Hospital during the
period from September 2015 to February 2016.
Each sputum sample was dispensed into three
specimen parts the first one was applied for

culture on Sabouraud dextrose agar at 37 °C for
48 hrs. Purified colonies from this culture were
underwent biochemical tests including API
Candida strips and germ tube. The second part
was used in direct gram stain, while the third
one was applied for molecular method.
Standard strains of C. albicans ATCC 10231,
was obtained from the National Institute of
Health in Baghdad, which was used as a
positive control.
Isolation and identification of C. albicans
Gram stain method was applied to each fresh
sputum
specimen
and
examined
microscopically for detecting Candida species.
Sputum samples were streaked on Sabouraud’s
Dextrose Agar (SDA) and incubated at 37 °C for
24-48 hrs. The isolates were re-identified by
using API 20 C AUX and germ tube production.
API 20 C AUX was performed according to the
manufacturer’s
instructions
(Biomuriex,
France) for the confirmatory identification of
the C. albicans and other species. Germ tubes
production is a diagnostic characteristic
method for C. albicans. A small part of yeast
colony to be tested was emulsified with 0.5 ml
of mammalian serum in a small test tube. The
tube was incubated aerobically at 37 °C in an
incubator for 2 hrs. A drop of the serum was
removed to a slide and examined
microscopically using the x10 and x40 objective
lenses. A cylindrical filament originating from
the blastoconidium without any constriction at
the point of origin and without obvious
swelling along the length of the filaments
indicates a germ tube positive yeast (7).
Molecular method for diagnosis of C. albicans
DNA was extracted from each sample using
PreplT. MAX, DNA genoTek, purification kit
(Canada) with modification by mixing 200 μl of
the sputum sediment with the 40 μl of MAX
lysis Reagent. The resultant suspension was
undergone repeat freezing-thawing by
subjecting the samples to liquid nitrogen for 5
minute followed by boiling for 3 min for five
cycles (8). The primers set used for the
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amplification of PLB genes of Candida was
Forward 5’-TTGTGTTGCTACATCACCAAC-3’ and
reverse 5’-TTTGCTGGCAACTTGATTACC- 3’ (9) to
produce a DNA fragment of 538 bp . The
thermocycling conditions were as follows:
after initial denaturation at 94 °C for 5 min, 30cycle amplification profile consisted of 95 °C for
30 s, 63 °C for 35 s and 72°C for 1 min was
adapted. Final elongation was carried out at 72
°C for 10 min. PCR products were processed
into a 1.5% (wt/vol) agarose gel (MerckGermany) at 120 mV for 30 min. A molecular
marker (100 pb DNA ladder; Bioneer/Korea)
was run concurrently. DNA bands were
visualized and photographed under UV light
after the gel was stained with ethidium
bromide.
Statistical analysis
Statistical Analysis system (SAS) software was
used for all statistical analysis continuous
variables were expressed in mean ± standard
deviation (SD). The Pearson’s Chi-square test or
Fisher exact test was used for comparing the
categorical variable. A two-sided significant
level of 0.05 was considered to indicate a
statistically significant difference.

were positive for Candida species the colonies
were mucoid and have a creamy color (Figure
1). Gram stain confirmed this result in that the
43 samples were gram positive.
Table 1. Demographic and clinical features of
patients
Variables

Value

Age (mean ±SD)
Sex M:F (No.)

(47.23 ±19.51))
64:36

Clinical Features (No, %)
Hematological
malignancies

22 (22%)

Solid tumors

28 (28%)

Asthma

5 (5%)

Diabetes mellitus

26 (26%)

Tuberculosis

33 (33%)

Results
Demographic and clinical characteristics of
patients:
The characteristics of the study population are
shown in table (1).
C. Albicans from patients with pulmonary
manifestation and other underlying diseases:
C. albicans was isolated from 4 (18.1%),
patients with hematological malignancies, 8
(28.5%), patients with solid tumor, 1 (4.3%),
patients with asthma, 6 (23.07%) patients with
diabetes mellitus and 4 (17.4%) patients with
tuberculosis.
Cultivation and Gram stain
A total of 100 sputum samples were cultivated
on Sabouraud′s Dextrose agar and incubated
for 2 days at 30 ˚C. Forty three samples (43%)
332

Figure 1. Candida species colonies on
Sabouraud′s agar media
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Germ tube formation
A total of 43 culture samples were examined
for germ tube. The result revealed that 23

(53%) were positive for C. albicans, as shown in
Figure 2.

Figure 2. Germ tube formation by Candida albicans
API Candida kit
A total of 23 positive cultures were examined
by API 20 AUX Candida strips. It was found that
all samples represent C. albicans 23 (23%).
Using PCR as a golden standard to evaluate
both germ tube and API Candida system, the
specificity and sensitivity of both API Candida
system and germ tube are 100%.
Molecular detection
Conventional PCR was done for the
amplification of PLB gene, which by using
specific set of primers sequences. The results
showed that, this gene (PLB gene) was present
in twenty three out of one hundred sputum
samples (23%). PCR product of this gene was
538 bp. (Figure 3).
Discussion
In the present study, relatively high percentage
of C. albicans infection was found among
patients with hematological malignancies, solid
tumor, asthma, diabetes mellitus and from
patients with tuberculosis. These results are in

accordance with those obtained by Ansari, et al
(10)
who showed that a fungal infection
represents a growing problem in patients with
hematologic malignancies. In particular, with
chemotherapy-induced
neutropenia,
the
majority of the infections were referred as C.
albicans (74.7%). 11. Ramirez-Garcia, et al (11)
reported that, the opportunistic fungus C.
albicans increases the risk of carcinogenesis
and metastasis. In another’s study, C. albicans
was isolated from sever patients with diabetes
mellitus (12), while Kali et al (13) mentioned that
Candida co-infection was observed in 40% of
patients with pulmonary tuberculosis.
Many factors are accused for this increment in
fungal infections, the most important of which
is
massive
and
prolong
use
of
immunosuppressive drugs. Most of these drugs
are chemotherapies intended to treat
malignancies. However, they reversely affect
the immune system and eventually enhance
the opportunistic microorganisms, to invade
the body (14). Beside chemotherapies, the
333
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invasive method for diagnosis or treatment in
intensive care unit may facilitate the

contamination with C. albicans. Other factors,
like personal hygiene, also have a role (14).

Figure 3. Gel electrophoresis (2% agarose, 7v/cm2, 1.5hrs) of the PCR products, lane 9(MW): 100
bp DNA ladder; lane (1-5 &7) Positive sample for (PLB genes of Candida albicans gene538 bp);
lane 6: Negative control. Lane 8: Positive control
Microscopic examination of sputum using
staining methods remains popular in the
diagnosis of pulmonary infection especially in
low-income countries, due to its rapidity, low
cost, relatively easy to perform and high
positive predictive value (15). On the other
hands, culture is considered to be the "gold
standard" method for the diagnosis of
pulmonary infections but require 20 to 100
viable organisms per sample and this is a
cumbersome in partially treated patients.
Culture also labor intensive and timeconsuming (16).
In this study, positive cultures were tested by
germ tube and biochemical API 20 AUX. Results
of germ tube revealed that 53.4% of positive
culture were C. albicans. All germ tube positive
samples were positive for C. albicans by API 20
AUX. The API 20 AUX, and germ tube technique
provides a convenient and reliable methods for
identification of C. albicans.
334

Twenty three samples were positive for PLB
gene, which is specific for C. albicans. The PLB
gene of Candida species is a novel target, which
shows a high variability of sequences among
Candida. The nucleotide sequence variability
between the different species of Candida can
reach 95% (17). Thus, it is possible through
designing specific set of primers to target the
unique sequence of PLB gene.
Being used the same set of primers as in the
current study Harmal et al (9) proved that
species-specific PCR assay could identify and
differentiate between the four most common
Candida species isolated from clinical
specimens namely, C. albicans, C. glabrata, C.
parapsilosis and C. tropicalis. Distinctive
product size for each of these 4 species allow
specific identification directly from the gel
electrophoresis without the need for further
genotyping.
Based on molecular weight of amplicon
product from that PCR product of this gene, it
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was 404 bp in Candida glabrata and 252 bp in
C. parapslosis (18,19).
In conclusion, Candida albicans is an important
fungal infection formed a high percentage
among
patients
suffering
from
bronchopulmonary symptoms. The molecular
and conventional methods gave concomitant
results as detection tools for the diagnosis of
such microorganisms.
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