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The study aimed to assess the frequency of invasive fungal infection in patients with 
respiratory diseases by conventional and molecular methods. This study included 117 

Broncho alveolar lavage (BAL) samples were collected from patients with respiratory disease 
(79 male and 38 female) with ages ranged between (20-80) years, who attended Medicine 

Baghdad Teaching hospital and AL-Emamain AL-Khadhymian Medical City, during the period 
from September 2019 to April 2020. The results in PCR versus culture methods in this study 

showed that out of 117 samples of fungal infections 30(25.6 %) were detected by culture 
method, while the 24(20.5%) samples were detected by PCR technique, the most commonly 

diagnosed pathogenic fungi is Candida spp. followed by Aspergillus spp. By considering the 
culture method as a gold standard against the PCR technique, the results show that the 

sensitivity and specificity of PCR were (86.6%) and (100%) respectively. 
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1. Introduction 

1Respiratory fungal infection is a severe clinical problem, 
especially in patients with compromised immune functions. 
Lower respiratory tract infections (LRTIs) include acute 

bronchitis, bronchiolitis and pneumonia; the symptom can 
range from mild to severe (Cao et al., 2013). Fungal 
pneumonia is caused by one or endemic or opportunistic 
fungi, the infection occurs in both immune-competent and 

immune-compromised patients. During recent decades, the 
incidence of opportunistic mycosis has greatly increased 
especially in immune-compromised such as patients 
receiving immune-suppressive therapy, that undergoing 
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bone marrow transplantation or a solid-organ transplant, 
diabetes mellitus and cancer patients (José et al., 2020). 

Candida spp. Aspergillus spp., Cryptococcus spp. and 
Mucor spp. are major pulmonary fungal pathogens that are 

able to result in life-threatening invasive diseases (Mikulska 
et al., 2019). BAL fluid was the most frequently tested 

material in pulmonary disease. Culture is still a gold 
standard for isolated fungi, more sensitive than direct 
microscopy, unfortunately, many fungal organisms may 
require several days to a couple of weeks to yield and 

identify. It is time-consuming (Arvanitis et al., 2014) while 
direct microscopic examination of candida in (BAL) fluid was 
more sensitive than culture, but utilization is limited as it 

requires expertise for interpretations and is distinguished 
poorly among fungi with similar morphology (Louisiana 
Office of Public Health, 2010). 

Internal Transcribed Spacer (ITS) region of nuclear DNA 

(rDNA) has become the most sequenced region to identify 
fungal taxonomy at a species level, and even within species. 
ITS region is a highly polymorphic non-coding region with 
enough taxonomic units (Fajarningsih, 2016) is the 

universal fungal barcode sequence. Includes ITS1, ITS2, 
ITS3 and ITS4 regions, separated by the 5.8S gene, and are 
situated between the 18S (SSU) and 28S (LSU) genes 
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(Bellemain, et al., 2010). The ITS gene was selected for 

several reasons: 

 Its universal conserved regions, make it possible to 
obtain the PCR products from most of the fungi 

 The large number of sequences in GenBank makes 

similarity searches convenient and facilitates the start 
of extensive laboratory screenings 

 (ITS) region evolves relatively slowly and is thus more 

suitable for finding consensus conserved regions within 
a group of fungi 

Finally, the repetitive nature, over 100 copies of which 
usually exist per fungal genome makes the region an 

appealing target for sequencing environmental substrates 
where the quantity of DNA present is low (Bellemain et al., 
2010). 

The development of molecular approaches has greatly 

facilitated the identification of fungal pathogens, PCR is one 
of the most widely used molecular methods in fungal 
diagnosis, and has the potential to achieve rapid, sensitive, 
specific detection and identification of fungi from the direct 

methods or culture (Lengerova et al., 2014). The aims of this 
study were to assess the frequency of fungal infections as 
causative agents of different respiratory infections and 
Carrying out a comparison between conventional (direct 

&culture) and molecular methods for the detection of 
pathogenic fungi among patients. 

2. Materials and Methods  

This study included 117 (BAL) samples were been 
collected from patients with respiratory disease (79 male, 

38 female) with ages ranged between (20-80) years, who 
attended Medical Baghdad Teaching Hospital and AL-
Emamain AL-Khadhymian, during the period from 
September 2019 to April 2020. 

Twenty milliliters of BAL samples were collected. Ten 
milliliters samples for conventional works (direct and 
culture) were centrifuged and the sediment was inoculated 
on Sabouraud’s agar at 37˚C for 24 hours for candida and 

at (28 °C±2°C) for (2-5) days for other fungi. The direct 
examination was done by using Lacto phenol cotton blue 
stain for general fungal identification. Other ten ml of 
samples were used for molecular methods, DNA was 

extracted (ABIOpureTM Total DNA Extraction Kit) from BAL 
lavage, then all primers were supplied in a lyophilized 
form. (ITS1, ITS4 gene ribosomal DNA region, 
Aspergillus.BGT1, Candida CaVPS13, Cryptococcus PLB1, 
and Mucor MucL, MR1), were dissolved in a nuclease free 

water to give a final concentration of 100pmol/μl as a 
stock solution conventional polymerase chain reaction 

(PCR) method was used, PCR products were run on gel 
electrophoresis. 

The first run of conventional (PCR) was used with the 
help of primer internal transcribed spacer (ITS1and ITS4). 

The temperature and time of PCR program were optimized 
by using gradient PCR. The negative control contained all 
materials with the substitute of distilled water instead of 
template DNA. Reaction tubes were placed into the thermo 

cycler was performed in a total volume of 20 μl, the PCR 
component calculation for ITS, CaVPS13, BGT1, MucL1 and 
PLB, including 20μl volumes containing Master Mix (10X), 

2μl from Primers stock and 4μl of DNA template finally 

with 4μl Nuclease free water. The program conditions of 

amplification ITS gene include, initial denaturation at 95°C 
for 5 min. Followed by denaturation at 95°C for 30 s, 

annealing at 55°C for 30 s, and extension was given at 
72°C for 30 s, final extension of 7 min at 72°C. 

The second run conventional (PCR) was used for the 
detection of the gene specific for Candida. spp, Aspergillus 
spp., Mucor spp. and Cryptococcus neoformans. The 

program condition for each gene in this study includes 
initial denaturation at 95°C for 5 min. followed by 
denaturation at 95°C for 30 s, annealing at (50°C, 55°C, 

60°C, 61°C for 30 s, and extension was given at 72°C for 
30 s, final extension of 7 min at 72°C. The statistical 
analysis of this prospective study performed with the 
statistical package for social sciences (SPSS) 21.0 software 

and Microsoft Excel 2013. Numerical data were described 
as mean and standard deviation. While, categorical data 
were described as count and percentage. 

Sensitivity, specificity, positive predictive value and 

negative predictive value were calculated. The lower level of 
accepted statistical significant difference is equal or bellow 
to 0.05. 

3. Results and Discussion 

3.1. Patients Descriptive Data 

This study involved one hundred seventeen patients with 
respiratory diseases. The patients' age ranged from (20-80) 
years with mean age (58) years. The highest percentage of 
fungal infection was seen among (34%) of patients in the age 

group (61-70) years old, while the lowest one occurred only 
(3%) of patients in the age group (31-40) years old. 
Regarding sex features, the distribution of infection 
according to age intervals was a significant association 

between the age group and sex seen when P = 0.055, as 
shown in Figure 1. 

 

Fig. 1. Sex distribution according to age group among infected patients 

The current study shows that the highest fungal infection 
was seen among old patients, this is in agreement with 
(Njovu et al., 2021) in Uganda who saw that the highest age 

group was 60>, while it disagrees with the study by (Sani et 
al., 2020) in Nigeria. Studies conducted by (Ogba et al. 
2013) and (Jha et al., 2013) recorded that the highest age 
group developed fungal infected was (25–40) years. The most 

probable reason may be due to the high activity of patients 
in this age bracket. The participants with pulmonary fungal 
pathogens were mostly those ≥50 years compared to 
patients within lower age groups. The older adults become 

more susceptible to diseases due to predisposing factors as 
increased exposure to micro-organisms, outdoor activities, 
age-related physiological changes such as degeneration of 
various organs (arthritis, diabetes mellitus, heart disease), 

receiving aggressive regimens of chemotherapy, taking 



Rashied, Al-Attraqchi & Muhmmed  Biomedicine and Chemical Sciences 1(4) (2022), 225-233 

 

227 

immunosuppressive drugs for nonmalignant diseases, all 
these causes decrease immune response. In addition to that, 

older individuals are more likely to travel, which put them at 
risk of exposure to endemic mycoses that can make these 
age groups more prone to fungal colonization and/or 
infection (Baddley et al., 2011). 

Regarding chronic disease and its relation with fungal 
infection and sex factor, in case of DM (diabetes mellitus) it 
was formed the highest percentage 40(50.6%) in males, 
while11 (28.9%) in females, add in cancer case there was 

3(3.8%) in males and 6 (15.7%) in females as shown in Table 
1. 

Table 1 
Distribution of Sex according to disease 

Disease 

sex 

Total % 
Female 

(N=38) 
% 

Male 

(N=79) 
% 

Cancer 
6 

15.7 

3 

3.8 
9 7.6 

DM 
11 

28.9 
40 

50.6 
51 43.5 

DM = diabetes Mellitus 

Regarding underlying diseases in the current study, the 
rate of diabetes mellitus (DM) was (43.5%) represented by 51 
patients in males and females with fungal infection which is 

in agreement with a study conducted in Nepal by (Saud, et 
al. 2020) who reported the prevalence of fungus was (34.0%) 
in diabetics and (4.7%) in non-diabetics. It means the 
prevalence of fungal colonization in diabetics is eight times 

higher than that in no diabetic participants. In addition, 
another study in Portugal by (Rodrigues, et al. 2019) proved 
that DM patients have an increased susceptibility to fungal 
infections, in cases of uncontrolled hyperglycemia. A study 

in China by (Lao et al., 2019) reported invasive fungal 
disease was diagnosed in 120 patients with diabetes 
mellitus, the yeast infection was (46.7%) and mold infection 
was (40.8%) while a total of (12.7%) patients had mixed 

fungal infection. Hyperglycemic state and acidosis cause 
promote fungal growth and immune dysfunction which lead 
to local and systemic infection due to overgrowth of 
microflora which causes an opportunistic infection (Mandell, 
et al., 2005). In the case of cancer, there were 9 (7.6%) in 

both males and females; Cancer treatments such as 
chemotherapy and radiation can naturally lower the body's 

immune system, which can give the opportunity for fungal 
infections to occur (Puebla, 2012). In case of smoking, out of 
the 117 there were 54 (90 %) smoker in males while 6 (10%) 
in female as shown in Figure 2. 

 
Fig. 2.  Frequency of smokers regarding sex factor 

These results are concomitant with most studies (Akram 
et al., 2018) in Bosnia and Herzegovina, patients with the 
presence of oral candida were smokers in (82.5%) cases, 

while patients without candida were smokers in (44%) cases, 
(75 male and 65 female). Smoking has an influence on oral 

colonization with Candida spp. Cigarette smoking promotes 

adhesion and biofilm formation, which may explain the 

increased persistence of the pathogen in smokers, the 
adhesion of yeast to host tissue is the initial phase of a 
potential infection that enables fungi to survive inside the 
host and eventually colonize host tissues. 

3.2. Laboratory Diagnosis: Conventional Methods 

Out of 117 BAL samples, Candida spp. was seen in 28 

(23.9%), distributed as in males 17 (60.8%) while in females 
11(39.2%) upon direct microscopic examination. By Lacto 

phenol cotton blue, while regarding the culture methods, out 
of the 117 BAL samples tested 30 (25.7%) samples belonged 
to fungus-infected patients, while non-fungus-infected 
patients were 87 (74.3%) samples, there are different 

associations between infected and non-infected patients. 
This result comes close to this done by (Jahromi et al., 
2020) in Iran, who proved the prevalence of fungi in 
respiratory infection was (36.6%), (Rafat et al., 2020) in Iran 

also reported the prevalence was (35.6%) and (Roohani et 
al., 2018) in India reported the prevalence was16 (32.0%). 
While it disagreed with the result obtained by (Ahmed et al., 
2019) in Egypt who showed that the prevalence of mycosis 

was 40 (66.6%). In the current result, the percentage of 
fungal respiratory infection was considered low due to the 
limitations of the study which was the small number of 

cases collected, thus our findings may not be representative 
of the entire population of Baghdad; other factors were the 
relatively short period during which patients were selected 
from different respiratory units. Regarding the genus of 

isolated fungi on Sabouraud dextrose agar, it was seen that 
out of 30 positive samples, twenty (66.6%) samples were 
Candida spp., five (16.6%) samples were Aspergillus spp., 4 
(13.3%) samples were Cryptococcus spp., and only one 

(3.3%) sample as Mucor spp. as shown in Figure 3: 

 
Fig. 3. Frequency of fungal among patients with respiratory disease detected 

by culture methods 

In the current study, the higher isolated genus was 
Candida spp.as 20 (66.6%), followed by five (16.6%) samples 

were Aspergillus spp.; these findings agreed with the study 

done by (Chadana, et al. 2019) in India and a study by 
(Pendleton et al., 2017) in the USA, revealed that candida is 
the most commonly isolated fungal genus detected in 

respiratory specimens . However, the findings disagree with 
a study by (Bezdicek et al., 2016) in the USA. Thhe study 
reported that Aspergillus spp. are still the most common 
pathogens, followed by Candida spp., this could have been 

due to the fact that Aspergillus spores are more distributed 
in the atmosphere, their ability to grow in abundance 
everywhere and the production of small conidia that easily 

penetrate deep in the alveoli region and grow at 37°C. In 
addition, another study by (Xu et al. 2019) in China showed 
a high percentage of Aspergillus spp., among patients with 

chronic obstructive pulmonary disease (COPD) due to TB. 
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Prakash et al. (2019) in India reported that the incidence of 
mucormycosis is rising globally with the change in the 

epidemiology of mucormycosis in Asia, especially in India 
and China mostly among patients with uncontrolled 
diabetes mellitus. 

Among sex of the patients with positive pathogenic fungal 

isolates, males were found to be 18 (60%) and females 12 
(40%), as shown in Table 2. 

Table 2 
Distribution of pathogenic fungal among both sex 

Fungal genus Male  Female 
Frequency/ 

30 
% 

Candida spp. 14 70% 6 30% 20 66.7% 

Aspergillus spp. 2 40 % 3 60% 5 16.7% 

Cryptococcus 

neoformans 
1 25% 3 75% 4 

13.3 

% 

Mucor spp. 1 100% 0 0 1 3.3 % 

Total 18 60 % 12 40 % 30 100% 

There was no significant association between sex and the 
prevalence of fungal pathogens (P= 0.553), it agrees with 

(Sani et al., 2020), who confirmed that males had a relatively 
higher prevalence of fungal isolates,(63.5%) than females 
counterpart (36.5%) and (Wood et al., 2019) who stated that 
this fungal disease affects men (75.5%) often more than 

women. While it disagrees with (Njovu et al. 2021) in Uganda 
who reported that females 62 (59.3%) were more affected 
than males 46 (40.7%). Aluyi et al., (2010) and Ekenna et 
al., (2007) reported that the occurrence of pulmonary 

mycoses was higher in females 86(44.1%) than in males 
80(41.0%), this discrepancy in prevalence can be attributed 
to geographical location, sample size, and diagnostic 
approaches used. Findings from the current study revealed 

that the higher colonization rates in males could have been 
responsible for increased risk among patients because they 
mostly engage in outdoor activities that may predispose 
them to inhalation of more fungal spores (Bulpa et al., 

2017). 

3.3. Relation between Culture and Direct Methods 

By considering culture as a gold standard when compared 
with direct examination, the latter revealed high specificity 

as (88.5%) and low sensitivity as (60%) as shown in Table 3, 
which agree with a study by (Shamly, et al., 2014), who 

reported the specificity of the direct method was (93.0 %) 
and sensitivity (65.2%). While it disagrees with (Yadav et al., 
2013) in India, who say that the specificity of the direct 
method was (40%) and (68%) sensitivity, the low sensitivity 

of direct method may come from the presence of collagen 
fibers, tissue matrix and air bubbles are often difficult to 
distinguish from fungi. The current study shows a high 
specificity (88.5%) and low sensitivity (60%), discrepancy of 

these methods might be due to the volume of (BAL), the 
volume of saline to retrieve cells from the pulmonary 
parenchyma, positioning of the patient and processing of the 
BAL fluid for cellular analyses. 

Direct microscopic examination of candida in (BAL) fluid 
is more sensitive than culture, but utilization is limited as it 
requires expertise for interpretations and is distinguished 
poorly among fungi with similar morphology. Culture is still 

a gold standard compared to the direct method for isolated 
fungi. 

 

Table 3 
Sensitivity and specificity, positive and negative predictive value results of 
cultures as a gold standard compared to direct method 

  
Culture (gold standard) 

Total 

 
Data analyzed Positive Negative 

Smear 
Positive 18 10 28 

Negative 12 77 89 

Total 30 87 117 

Effect size Value 95% CI 

Sensitivity 60 42.32 - 75.41 

Specificity 88.51 80.12 - 93.64 

Positive Predictive Value 64.29 45.83 - 79.29 

Negative Predictive Value 86.52 77.90 - 92.12 

3.4. Molecular Methods 

Out of 117 BAL samples showed 27 (23%) for ITS were 
positive, as shown in Figure 4. 

 

 
Fig. 4. Amplification of ITS gene of unknown fungal species were fractionated on 1.5% agarose gel electrophoresis stained with Eth.Br. M: 100bp ladder marker. Lanes 

1-76 resemble ≈600bp PCR products 

 
It nears to agree with a study done by (Badiee et al., 2019) 

in India in which 53/300 (17.7%) patients were positive for 
fungal PCR while not comparable to a study done by 
(Wagner et al. 2018) in Switzerland with 76/143 (53%) 
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positive ITS .These variations in the results could be 
attributed to the different sample sizes, demographics, 

differences in host factors, sample collection methods, and 
DNA extraction methods.  

Fungal PCR for species-specific primer can detect fungal 
DNA even from nonviable cells with good sensitivity and 

specificity (Vilgalys et al., 1990). In the ongoing study, out of 
27 (23%) ITS positive samples, 24 (20.5%) of there were PCR 
positive using fours specific primers for Candida spp., 
Aspergillus spp., Cryptococcus spp. and Mucor spp.. The 

results were seen that 14 (58.2%) samples belong to 
Candida spp., 6(25.2%) samples belong to Aspergillus spp. 
and 2 (16.6%) samples for bath Cryptococcus spp. and Mucor 

spp. as distributed in Figure 5. 

 
Fig. 5. Frequency of fungal among patients with respiratory disease detected 

by using housekeeping gene with conventional PCR 

In this study, the result shows that the most commonly 
diagnosed fungi is Candida spp. followed by Aspergillus spp. 

This is in agreement with results done by (Spahr et al., 
2019) also a study in Iran by (Zarrinfar et al., 2015), who 
reported that Candida spp. is the first most important cause 

of pulmonary fungal disease. Moreover, 6 patients (25%) 
belonged to Aspergillus spp.; distribution of Aspergillus in 

the environment can facilitate exposure and increase the 
risk of colonization and infection. Several recent reviews 
have highlighted the increasing incidence of Aspergillus 

infections that are associated with critical care medicine due 
to immunological (Zarrinfar et al., 2015). 

Regarding detection method using housekeeping gene to 

detect the genus of fungus in BAL samples directly was as 
follows: in Candida spp. the cavps13 gene amplification 

showed a product size 741 bp as represented in Figure 6, 
the housekeeping gene (BGT1) which is useful in the 

detection of Aspergillus spp., the product of this gene was 
811 bp as in Figure 7, Regarding Cryptococcus spp., the 
PLB1 gene was used and the PCR product appeared was 

about 532 bp as shown in Figure 8,while Mucor spp .the 
MucL1 gene was used and its products were 836 bp which is 

explained in Figure 9. 

 

 

 
Fig. 6. Agarose gel electrophoresis of 741 bp specific PCR product for CaVP13 gene for candida spp. using 1.5% agarose gel at 90V for 1hr. in 1x TBE buffer, and 

visualized under transilluminator UV after staining by ethidium bromide. Lane M: 100 bp . DNA ladder, lane (2, 3, 4): positive result, lane N: negative control and lane P: 

positive control. 

 

 
Fig. 7. Agarose gel electrophoresis of 811 bp specific PCR product for BGT1 gene for Aspergillus spp. using 1.5% agarose gel at 90V for 1hr. in 1x TBE buffer, and 

visualized under transilluminator UV after staining by ethidium bromide. Lane M: 100 bp. DNA ladder, lane (1, 2, 3, 4, 5, 6): positive result, lane N: negative control and 

lane P: positive control 
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Fig. 8. Agarose gel electrophoresis of 532 bp specific PCR product for PLB1 gene for Cryptococcus spp.using 1.5% agarose gel at 90V for 1hr. in 1x TBE buffer, and 

visualized under transilluminator UV after staining by ethidium bromide. Lane M: 100 bp DNA ladder, lane (1): positive result, lane N: negative control and lane P: positive 

control 

 

 
Fig. 9. Agarose gel electrophoresis of 836 bp specific PCR product for MucL1 gene for Mucor spp. using 1.5% agarose gel at 90V for 1hr. in 1x TBE buffer and visualized 

under transilluminator UV after staining by ethidium bromide. Lane M: 100 bp DNA ladder, lane (2, 3, 4): positive result, lane N: negative control and lane P: positive 

control 
 

The results in PCR versus culture methods in this study 
showed that out of 117 samples fungal infection as 30(25.6 

%) were detected by culture method, while the 27(23.0%) 
samples were detected by ITS technique as shown in Figure 
10. 

 
Fig. 10. Result of culture compared to conventional PCR(ITS) technique 

3.5. Relation between Molecular Technique and culture 
Methods 

By comparing PCR (ITS) with the culture method, the 
results of the current study revealed 26 samples were truly 
positive, while 86 samples were true negative, also 4 
samples as false positive and only one sample was false 

negative as shown in Table 4. 

 

 

 

 

Table 4 
Positive and negative results of culture compared to ITS 

 

Sensitivity and specificity of ITS (PCR) compare to culture 

as a gold standard method, the results showed, the 
sensitivity was (86.6%), specificity (98.8%) of ITS detection 
technique with negative predictive value NPV (95.5%) while 
positive predictive value PPV was (96.3%) as shown in Table 

5. 
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Table 5 
Sensitivity and specificity of culture diagnostic method compared to ITS 

Statistic Value 

Sensitivity 86.67 

Specificity 98.8% 

PPV 96.3% 

NPV 95.5% 

These results are in agreement with study conducted by 
(Capoor et al., 2017) who found that broad-range PCR 
showed a sensitivity, specificity, PPV positive predictive 

value and NPV negative predictive value was (94.3%) 
,(95.2%), (97.6%) and (88.9%) respectively. Also another 
study by (Srinivas et al.2021), reported that the sensitivity, 

specificity, positive predictive value and negative predictive 
value of pan fungal PCR assay were found to be (82.7%) 
,(90.48%), (92.31%) and (79.17%) respectively, a wide range 
of sensitivity seen in this study may be due to different case 

definitions and criteria for a PCR positive episode. 

While it disagrees with study by (Lass-Flörl., et al., 2013) 
in Austria who found that broad-range PCR with a 
sensitivity, specificity, positive predictive value and negative 

predictive value was (57.1%), (97.0%), (80%) and (91.7%) 
respectively. The low sensitivity in this study may be due to 
species-specific PCR being based on the amplification of 
species-specific genes and usage is restricted to a limited 

number of pathogens from defined clinical samples. 

The low sensitivity of the culture may be due to the 
contamination and slow growing of fungi, the patients who 
underwent BAL sampling may in the early stage of the 

disease, fungus from non-sterile specimens (BAL) may also 
reflect colonization of the airway instead of invasive 
infection. Culture is still considered the gold standard, but it 
is time-consuming, taking 1to3 days to grow and delaying 

the species identification, those that are slow to sporulate 
(Zarrinfar et al. 2015). 

Culture remains the gold standard for the diagnosis of 
candida and has high sensitivity, while the Aspergillus is 

low, but the positive predictive value of culture depends on 
the prevalence of the infection; it is higher among immune-
compromised patients and in areas of endemicity. As a 
general rule, isolation of Aspergillus spp. from BAL almost 

invariably represents colonization in immune-competent 
patients, while it suggests invasive disease in the immune-
compromised patients (Rampini, et al., 2016). 

The main advantage of PCR based detection is its 

diagnostic speed, prompt identification of species, the ability 
to allow rapidly for a species-targeted treatment, prospects 
for automation to decrease the contamination (Rampini, et 

al., 2016). Specific-species primer and the processed of cell 
wall disruption for DNA extraction which confirmed the 
diagnosis; also DNA may have been detected at an early 
stage of infection in some patients before clinical signs of 

disease.  

4. Conclusion 

The current study showed the percentage of respiratory 
fungal infection was 30 (25%) which remain a major cause 
of morbidity and mortality in certain high-risk groups. In 
this study, among patients with DM (diabetic mellitus) are 

more susceptible to develop fungal respiratory infection. 
Direct method for the detection of fungal infection among 

patients with respiratory disease was found to be more 
specificity (88%) and less sensitivity (60%) when compared 

with culture(gold standard method), referring to fungal 
species which was detected by PCR using specific-species 
primers include: Candida spp. Aspergillus spp., Cryptococcus 
spp. and Mucor spp.it was seen that, Candida spp. and 

Apergillus spp. had the highest positive percentages among 

other species and finally PCR (ITS) assay showed a high rate 
of specificity (98.8%) and sensitivity (86.6%) if compared to 
culture, when the latter considered to be the gold standard 

method for fungal infection. 
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