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Abstract

Background: Clinical and radiological features of fungal respiratory infections are nonspecific and have overlap with other respi-
ratory diseases. A definitive diagnosis requires laboratory identification of the causative agents, of which the most frequent ones
are Candida species, Aspergillus species, and Pneumocystis jirovecii.
Objectives: The aim of this study was to evaluate the rate of fungi identified from the respiratory tract system of patients suffering
from recurrent lung disorders (lung cancer or mycobacterial infections) by culture and real-time PCR.
Methods: One hundred and ninety-two bronchoalveolar lavage and sputum samples from 96 patients with clinical and radiological
signs and symptoms of lung diseases were collected and cultured. The identification of fungi was made by the macroscopic and
microscopic examination of the isolates and yeasts were identified by the API 20 C AUX system. Pneumocystis jirovecii was detected
by the microscopic examination of the samples through immunofluorescence staining and real-time PCR.
Results: Fungi identification was successful in 49/96 (51%) patients. The Candida species growth was observed in the culture of
28/96 (29.2%). Aspergillus species were isolated from 7 patients (7.3%). The most frequent species identified were Candida albicans, C.
glabrata, C. krusei, Aspergillus flavus, and A. fumigatus. Pneumocystis jirovecii immunofluorescence staining was positive in 23.9% of
the patients with more than five cysts and 42.7% of the patients with less than five cysts. By real time-PCR, P. jirovecii was detected in
54.2% of the patients.
Conclusions: A high frequency of identified fungi may be present as documented infection or colonization of the airways in pul-
monary diseases. The management of high risk and immunosuppressed patients requires special attention to fungi identified from
them.
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1. Background

Severe pulmonary infections can be due to bacterial,
viral, or fungal agents. Clinical and radiological features
of fungal respiratory infections are nonspecific and over-
lap with other respiratory tract infections (1). Therefore,
a gold standard diagnosis requires isolation and identi-
fication of the etiologic agents in respiratory specimens.
Early diagnosis and treatment are essential for the man-
agement of immunosuppressed patients. Invasive fungal
infections are most frequent in immunocompromised pa-
tients, such as those receiving immunosuppressive drugs,
chemotherapy, those with hematologic diseases, multiple
immune defects, chronic obstructive pulmonary disease,
and prolonged hospitalization (2-4). The most common
site of infection is the respiratory tract system (3, 4). Many
fungi can infect the respiratory tract and the most fre-
quent causative organisms (more than 90%) are Candida

and Aspergillus species (3). Pneumocystis jirovecii is an op-
portunistic organism responsible for pneumonia and as-
sociated with high morbidity and mortality in immuno-
compromised patients (5).

The gold standard method for the diagnosis of fungal
infections relies on the isolation of etiologic agents by the
cultivation of appropriate clinical samples; but the use of
molecular detection of fungal DNA may result in the in-
creased sensitivity of non-invasive specimens (6, 7). Pneu-
mocystis jirovecii is a pathogenic fungus in the respiratory
tract, which cannot be cultured, and the standard method
for its diagnosis is the microscopic examination of stained
specimens from the lower respiratory tract using the inva-
sive lung biopsy or bronchoalveolar lavage (BAL) (8). In pa-
tients with clinical signs and symptoms of lung disease, a
high index of suspicion is required to diagnose fungal in-
fections and unfortunately, the requests for the diagnosis
of such infections are limited.
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2. Objectives

The aim of this study was to evaluate the frequency
of fungi identified in the respiratory tract samples of pa-
tients suffering from recurrent lung disorders and suspi-
cious of lung cancer or mycobacterial infections by culture
and real-time PCR.

3. Methods

3.1. Ethics Statement

This study was approved by the ethics committee of
Prof. Alborzi clinical microbiology research center, Shiraz
University of Medical Sciences. The study protocol con-
formed to the ethical guidelines of the 1975 Helsinki dec-
laration (ethical code 94-12).

3.2. Sample Collection

One hundred and ninety-two BAL and induced spu-
tum samples from 96 patients suspicious for mycobac-
terial infections or lung cancer with clinical and radio-
logical signs and symptoms of lung diseases were col-
lected between June 2016 and December 2016 from Shahid
Faghihi hospital, Shiraz University of Medical Sciences, Shi-
raz, Iran. The inclusion criteria were recurrent and se-
vere pneumonia and the need for a bronchoscopy exam-
ination. In these patients, bacterial infections were not
documented by routine sputum or blood cultures. The
patients had not received any antifungal treatment but
broad-spectrum antibiotics and they were not responsive
to these agents. The bronchoscopy examination and BAL
collection were part of their treatment course. Samples
were examined in pathology and mycology labs. Demo-
graphic data and pathology results were collected from the
patient’s records.

3.3. Processing of Samples

Bronchoalveolar lavage specimens were centrifuged
at 3000 rpm for 15 minutes and pelletable material was
washed in distilled water. To liquefy viscous sputum sam-
ples, each sample was treated with 0.5% N-acetyl-l-cysteine
(Sigma, St. Louis, MO), 0.2N sodium hydroxide (NaOH)/1%
sodium dodecyl sulfate, and 5 M potassium acetate (pH 5.0)
(Sigma, St. Louis, MO) (9).

3.4. Mycological Examination

All sputum and BAL samples were handled in a class
II biosafety cabinet, cultured (0.01 mL) three times on
Sabouraud dextrose agar (Merck, Germany) plates with
chloramphenicol. The plates were incubated at 30°C for 10
days. The identification of the yeasts was performed by API

20 C AUX (Biomerieux, France), according to the manufac-
turer’s instructions. The identification of mold was made
by macroscopic and microscopic examination of the iso-
late after lactophenol cotton blue staining.

3.5. Staining of Samples

The microscopic examination of BAL and sputum to
identify P. jirovecii was done for all sediments of samples
by immunofluorescence staining of cysts, according to the
manufacturer’s protocol (Bio-Rad, France). “Five or more
oocysts over the whole slide were reported as indicative of
Pneumocystis pneumonia infections and one to five fluores-
cent oocysts as equivocal results.”

3.6. DNA Extraction and Real-Time PCR

DNA was extracted from the specimens using a com-
mercial extraction kit (Invisorb® Spin bacteria DNA
Micro Kit, Berlin, Germany), as per the manufacturer’s
instructions. To prepare the standard curve of P. jirovecii,
the dihydropteroate synthase (DHPS) gene was cloned
using the PCR 2.1 vector (Invitrogen, Carlsbad, Califor-
nia, USA). The concentration of the DNA was calculated
and expressed by the number of gene copies/µL in 260
nm absorbance. Serial dilutions of DNA in water (107

to 100DHPS copies/µL) were prepared as the standard
for quantification. The primers used were the follow-
ing: forward 5’-GCTTGGTCCAAGTCGCAAAA-3’ and reverse
5’-AGCAGTGCCCCAAATCC-3’. The hybridization probes
were VIC-ATTTACAGGGTGTCTTACAGGTGATGTTATGCCAA-
TAMRA. Real-time PCR reactions were carried out in
duplicate, as described in Alvarez-Martinez (10). Primers
and probe were synthesized by BIONEER (Korea). Samples
were analyzed by the ABI 7500 sequence detection system
(Applied Biosystems, Foster city, California, USA). This was
a descriptive study and the collected data were analyzed
in SPSS (version 15) using cross tabulation.

4. Results

In total, 96 patients were entered into the study. The fe-
male to male ratio and the mean age were 25/71 (26%, 74%)
and 54 years (SD: 18.3, range 5 to 89 years), respectively.
The underlying diseases or predisposing factors at the sam-
pling time are presented in Figure 1.

Fungi identification was successful in 49/96 (51%) pa-
tients. The Candida species growth was observed in the cul-
ture of BAL and sputum samples of 28/96 (29.2%) patients.
The range of Candida colony counts was 0.7 × 103 to > 106

Colony Forming Units/mL. The most frequently identified
agents were Candida albicans, C. glabrata, and C. krusei. As-
pergillus species were isolated from seven (7.3%) patients, A.
flavus from four, and A. fumigatus from three patients.
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Figure 1. Predisposing factors in patients with suspicion of lung cancer and mycobacterial pneumonia

Pneumocystis jirovecii immunofluorescence staining
was positive in 23/96 (23.9%) patients with more than five
oocysts and 41/96 (42.7%) patients with less than five oocysts
over the whole slide (Tables 1 and 2). By real time-PCR, P.
jirovecii was detected in 54.2% of the patients (52/96). The
histological examination revealed Mycobacterium genus in
nine patients (9.4%) and lung cancer in 10 patients (10.4%).
Candida species were isolated from 8/9 (89%) and 8/10
(80%) patients diagnosed with mycobacterial infections
and lung cancer (Table 1). Aspergillus species were isolated
from one patient with lung cancer. The rates of P. jirovecii
in patients diagnosed with mycobacterial infections and
lung cancer were 1/9 (11.1%) and 5/10 (50%), respectively. The
characteristics of other patients with the fungi identifica-
tion are shown in Table 2.

5. Discussion

Invasive fungal infections in immunocompromised
and immunocompetent patients are caused by oppor-
tunistic fungi (11). Bacterial pulmonary disease with fungal
infection is reported in the literature (12, 13). In this study,
fungi were isolated from the samples of patients with re-
current lung disease and not responsive to anti-bacterial
agents and receiving no antifungal agents. Bronchoalve-
olar lavage is the recommended specimen for the diagno-
sis of fungal elements with high sensitivity of about 50% to

97% (13, 14). It could be a proper and helpful sample in the
diagnosis of pulmonary infections. In our study, the mean
age of patients was 54 years. According to the literature,
older adults undergoing transplantation and aggressive
therapy such as immunosuppressive drugs or chemother-
apy for malignant or nonmalignant diseases are more sus-
ceptible to fungal infections (15).

According to the European organization for research
and treatment of cancer/invasive fungal infections cooper-
ative group, and the national institute of allergy and infec-
tious diseases mycoses study group (EORTC/MSG), the iso-
lation of Candida species from respiratory secretions is not
clinically significant (16). Invasion of lung parenchyma by
Candida species is controversial and the isolation of Can-
dida species from the respiratory tract secretions is not
clinically significant in many cases and do not need to be
treated. However, the isolation is important because in pa-
tients with Candida colonization, the rate of systemic can-
didiasis increases (17). Treatment of all patients colonized
with this organism may increase the risk of resistance to
antifungal agents, leading to inappropriate costs. In BAL
or protected brush specimens, the threshold of 103 or 104

Colony Forming Units/mL of bacteria is accepted to con-
firm bacterial infections (12). Unfortunately, the criteria for
Candida pneumonia have not been defined and the gold
standard method to diagnose this infection is the patho-
logic examination of the lungs biopsy. Histological crite-
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Table 1. Fungal Species Identified in Patients with Documented Lung Cancer and Mycobacterial Pneumonia

Age/Sex Diagnosis Fungal Culture, CFU/mL Copy Number, P. jirovecii/mL BAL

78/M Lung cancer 2.4 × 103 colonies of Candida albicans 20

72/M Lung cancer 2.5 × 103 colonies of Candida albicans Negative

53/M Lung cancer 105 colonies of Candida tropicalis Negative

57/F Lung cancer Aspergillus flavus 456

68/F Lung cancer Negative 360

81/M Lung cancer, HIV positive > 106 colonies of Candida albicans 100

73/M Lung cancer 700 colonies of Candida albicans Negative

75/M Lung cancer > 106 colonies of Candida glabrata Negative

47/F Lung cancer > 106 colonies of Candida albicans Negative

61/M Lung cancer 1.5 × 103 colonies of Candida albicans 100

65/F Positive MB3smear 1.5 × 103 colonies of Candida krusei Negative

25/M Positive MB smear Negative 120

28/M Positive MB smear > 106 colonies of Candida albicans Negative

54/M Positive MB smear > 106 colonies of Candida albicans Negative

20/M Positive MB smear > 106 colonies of Candida albicans Negative

75/M Positive MB smear 105 colonies of Candida glabrata Negative

24/F Positive MB smear 3.8 × 103 colonies of Candida albicans 10000

17/F Positive MB smear 2.2 × 103 colonies of Candida albicans Negative

25/M Positive MB smear 5 × 102 colonies of Candida albicans Negative

Abbreviations: CFU, Colony Forming Unit; F, Female; M, Male; MB, Mycobacterium.

ria for the diagnosis of this infection are the presence of
pseudohyphae and budding yeasts with acute inflamma-
tion (12). The lung biopsy is an invasive procedure; there-
fore, Candida pneumonia remains unrecognized. Mean-
while, Candida growth was observed in 8/9 (89%) and 8/10
(80%) patients diagnosed with a mycobacterial infection
and lung cancer, respectively. In our study, C. albicans was
the most frequently isolated species, like in other studies
(2, 18).

Pulmonary aspergillosis is a severe infection in im-
munocompromised and critically ill patients, such as
those with the chronic obstructive pulmonary disease, my-
cobacterial infections, lung cancer, or asthma (12). The
mortality rate of pulmonary aspergillosis in hematopoi-
etic stem-cell transplant recipients was reported to be 90%
(19). According to Table 1 Aspergillus species were isolated
from 7 out of 96 patients included in this study: one pa-
tient with lung cancer and 6 patients with the unknown
disease. The etiologic agents were A. flavus and A. fumiga-
tus, which are reported in other studies, as well (3, 12). Ac-
cording to EORTC/MSG, the isolation of Aspergillus species
from the respiratory tract is significant that would be con-
sidered as probable invasive aspergillosis in patients with

host and clinical criteria (16). The rapid detection and early
treatment of this infection are important due to its high
mortality rate. Unfortunately, although the prognosis of
this infection is invariably poor in patients, the clinicians
in this study had a low index of suspicion for such an infec-
tion and the fungal examination was requested for none of
these patients.

According to the manufacturer of immunofluores-
cence staining kit used in our study, cysts of P. jirovecii
more than 5 were seen in 23 (24%) patients (probably suf-
fering from PCP) and less than 5 cysts in 41 (42.7%) patients
(equivocal for this infection). By real-time PCR, 54.2% of
the patients had positive results for P. jirovecii. The rates
of P. jirovecii in patients diagnosed with mycobacterium and
lung cancer were 1/9 (11.1%) and 5/10 (50%), respectively.
Pneumocystis jirovecii may cause pneumonia with respira-
tory failure, which is a potentially life-threatening infec-
tion in case of impaired immunity. The major risk fac-
tors for this infection are CD4 counts of < 200 cells/µL,
malnutrition, transplantation, and corticosteroids ther-
apy (8). Colonization rates by this organism in patients
were reported in the literature: patients with lung cancer
21.7%, with kidney transplantation 20.3%, and patients with
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Table 2. Fungal Species Identified in Patients Without Documented Evidence of Lung Cancer and Mycobacterial Pneumoniaa

Age/Sex Predisposing Factors Fungi Isolate Copy Number, P. jirovecii/mL BAL

32/M Recurrent pneumonia > 106 colonies of Candida albicans 6 × 102

48/M Kidney transplantation Aspergillus fumigatus Negative

45/F Lung anthracosis > 106 colonies of Candida albicans Negative

49/F Chronic lymphoblastic leukemia > 106 colonies of Candida albicans 1.6 × 102

63/F Water pipe smoking Aspergillus fumigatus 1.3 × 102

65/F Water pipe smoking Aspergillus flavus Negative

72/M Cigarette smoking > 106 colonies of Candida albicans Negative

50/F Water pipe smoking Aspergillus flavus Negative

52/M Cigarette smoking > 106colonies of Candida albicans Negative

60/F Water pipe smoking > 106 colonies of Candida albicans Negative

53/M Water pipe smoking Aspergillus flavus 300

59/M Kidney transplant, diabetes mellitus Aspergillus fumigatus, > 106 colonies of Candida glabrata Negative

52/M Opium addiction > 106 colonies of Candida krusei Negative

65/M Ischemic heart disease > 106 colonies of Candida albicans Negative

58/M COPD and diabetes mellitus > 106 colonies of Candida albicans Negative

65/M Opium addict > 106 colonies of Candida glabrata Negative

51/M Asthma and pneumonia > 106 colonies of Candida albicans Negative

38/M Unknown Negative 3.1 × 103

59/F Unknown Negative 4.2 × 103

72/M Cigarette smoking Negative 1.1 × 103

54/M Ischemic heart disease Negative 8 × 103

82/M Recurrent pneumonia Negative 8.2 × 103

69/F Hypothyroidism Negative 2.8 × 103

67/M Diabetes mellitus Negative 7 ×102

28/F HIV Negative 5 × 103

70/M Diabetes mellitus, myocardial infarction Negative 12 × 103

41/M HIV Negative 1 × 104

89/F COPD exacerbation Negative 1.44 × 103

20/M Minor thalassemia Negative 1 × 105

Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; F, Female; M, Male.
aThe patients with less than five oocysts over the whole slide did not consider in the Table.

other lung diseases 7.3% (20). Co-morbidity between P.
jirovecii and bacterial pneumonia and mycobacterial infec-
tions was detected in the sputum of 16/367 (4.4%) and 12/227
(5.3%) in Namibian patients, respectively (13, 21). Transmis-
sion of P. jirovecii is controversial and colonized patients
may play the role of reservoir or carrier, as reported in the
literature (22, 23).

6. Conclusions

Our data showed that a high frequency of fungi (Can-
dida species, Aspergillus species, and P. jirovecii) was identi-
fied in patients with severe and recurrent pulmonary dis-
eases. They may be presented as documented infection or
colonization of airways. In immunocompromised or crit-
ically ill patients, colonized fungi can lead to invasive life-
threatening lung diseases and they may be transmitted to
other susceptible patients. Isolated fungi must be inter-
preted along with the clinical signs and chest X-ray find-
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ings. The management of high-risk patients, particularly
those with immunocompromised systems, requires spe-
cial attention to fungi identified from them.

Acknowledgments

The authors would like to thank Dr. Hassan Khajei
Ph.D., for copy editing of the manuscript.

Footnotes

Authors’ Contribution: Parisa Badiee, study concept and
design, analysis and interpretation of data and drafting
of the manuscript; Mohammad Ali Ghayomi, administra-
tive, technical, and material support, study supervision;
Farimah Farhodi, acquisition of data, statistical analysis,
and critical revision of the manuscript for important intel-
lectual content. Hadis Jafarian, laboratory procedure, ac-
quisition of data.

Conflict of Interest: The authors declare no conflict of in-
terest.

Financial Disclosure: We declare that we have no finan-
cial interests related to the material in the manuscript.

Funding/Support: This work was financially supported
by Professor Alborzi clinical microbiology research center,
Shiraz University of Medical Sciences, Shiraz, Iran.

Role of the Sponsor: The funding organization is a pub-
lic institution and had no role in the design and con-
duct of the study; collection, management, and analysis
of the data; or preparation, review, and approval of the
manuscript.

References

1. Kousha M, Tadi R, Soubani AO. Pulmonary aspergillosis:
a clinical review. Eur Respir Rev. 2011;20(121):156–74. doi:
10.1183/09059180.00001011. [PubMed: 21881144].

2. Badiee P, Alborzi A, Vojdani R, Shakiba E, Rasouli M, Ravanfar P, et al.
Early diagnosis of systemic candidiasis in bone marrow transplant re-
cipients. Exp Clin Transplant. 2010;8(2):98–103. [PubMed: 20565365].

3. Badiee P, Kordbacheh P, Alborzi A, Ramzi M, Shakiba E. Molecular
detection of invasive aspergillosis in hematologic malignancies. In-
fection. 2008;36(6):580–4. doi: 10.1007/s15010-008-7385-8. [PubMed:
18854937].

4. Ruhnke M, Maschmeyer G. Management of mycoses in patients with
hematologic disease and cancer – review of the literature. Eur J Med
Res. 2002;7(5):227–35. [PubMed: 12069913].

5. Harris JR, Balajee SA, Park BJ. Pneumocystis jirovecii pneumonia: Cur-
rent knowledge and outstanding public health issues. Curr Fungal In-
fect Rep. 2010;4(4):229–37. doi: 10.1007/s12281-010-0029-3.

6. Badiee P. Evaluation of human body fluids for the diagnosis of fungal
infections. Biomed Res Int. 2013;2013:698325. doi: 10.1155/2013/698325.
[PubMed: 23984401]. [PubMed Central: PMC3747334].

7. Badiee P, Alborzi A. Assessment of a real-time PCR method to de-
tect human non-cryptococcal fungal meningitis. Arch Iran Med.
2011;14(6):381–4. [PubMed: 22039841].

8. Liu D. Molecular detection of human fungal pathogens. CRC Press; 2011.
doi: 10.1201/b11375.

9. Nogueira CL, Wildner LM, Senna SG, Rovaris D, Gruner MF, Jakimiu
AR, et al. Alternative sputum preparation to improve polymerase
chain reaction assay for Mycobacterium tuberculosis detection. Int J
Tuberc Lung Dis. 2012;16(6):783–7. doi: 10.5588/ijtld.11.0644. [PubMed:
22507521].

10. Alvarez-Martinez MJ, Miro JM, Valls ME, Moreno A, Rivas PV, Sole M, et
al. Sensitivity and specificity of nested and real-time PCR for the detec-
tion of Pneumocystis jiroveci in clinical specimens. Diagn Microbiol
Infect Dis. 2006;56(2):153–60. doi: 10.1016/j.diagmicrobio.2006.03.010.
[PubMed: 16678378].

11. Badiee P, Alborzi A, Farhoudi F. A case of Candida mediastinitis after
dental extraction. J Infect Dev Ctries. 2011;5(1):75–8. [PubMed: 21330746].

12. Limper AH, Knox KS, Sarosi GA, Ampel NM, Bennett JE, Catanzaro A,
et al. An official American Thoracic Society statement: Treatment of
fungal infections in adult pulmonary and critical care patients. Am J
Respir Crit Care Med. 2011;183(1):96–128. doi: 10.1164/rccm.2008-740ST.
[PubMed: 21193785].

13. Helweg-Larsen J, Jensen JS, Dohn B, Benfield TL, Lundgren B. Detec-
tion of Pneumocystis DNA in samples from patients suspected of
bacterial pneumonia–a case-control study. BMC Infect Dis. 2002;2:28.
doi: 10.1186/1471-2334-2-28. [PubMed: 12445330]. [PubMed Central:
PMC139972].

14. Soubani AO, Qureshi MA. Invasive pulmonary aspergillosis follow-
ing bone marrow transplantation: risk factors and diagnostic aspect.
Haematologia (Budap). 2002;32(4):427–37. [PubMed: 12803117].

15. Kauffman CA. Fungal infections in older adults. Clin Infect Dis.
2001;33(4):550–5. doi: 10.1086/322685. [PubMed: 11462194].

16. De Pauw B, Walsh TJ, Donnelly JP, Stevens DA, Edwards JE, Calandra
T, et al. Revised definitions of invasive fungal disease from the Eu-
ropean Organization for Research and Treatment of Cancer/Invasive
Fungal Infections Cooperative Group and the National Institute of Al-
lergy and Infectious Diseases Mycoses Study Group (EORTC/MSG) Con-
sensus Group. Clin Infect Dis. 2008;46(12):1813–21. doi: 10.1086/588660.
[PubMed: 18462102]. [PubMed Central: PMC2671227].

17. Badiee P, Zareifar S, Haddadi P, Jafarian H. Incidence of fungal infec-
tions in pediatric patients with hematologic neoplasms. Arch Pediatr
Infect Dis. 2017;5(3). e41317. doi: 10.5812/pedinfect.41317.

18. Badiee P, Alborzi A, Shakiba E, Farshad S, Japoni A. Susceptibility
of Candida species isolated from immunocompromised patients
to antifungal agents. East Mediterr Health J. 2011;17(5):425–30. doi:
10.26719/2011.17.5.425. [PubMed: 21796956].

19. Fukuda T, Boeckh M, Carter RA, Sandmaier BM, Maris MB, Maloney DG,
et al. Risks and outcomes of invasive fungal infections in recipients of
allogeneic hematopoietic stem cell transplants after nonmyeloabla-
tive conditioning. Blood. 2003;102(3):827–33. doi: 10.1182/blood-2003-
02-0456. [PubMed: 12689933].

20. Khodadadi H, Mirhendi H, Mohebali M, Kordbacheh P, Zarrinfar
H, Makimura K. Pneumocystis jirovecii Colonization in Non-HIV-
Infected Patients Based on Nested-PCR Detection in Bronchoalveo-
lar Lavage Samples. Iran J Public Health. 2013;42(3):298–305. [PubMed:
23641407]. [PubMed Central: PMC3633800].

21. Nowaseb V, Gaeb E, Fraczek MG, Richardson MD, Denning DW. Fre-
quency of Pneumocystis jirovecii in sputum from HIV and TB patients
in Namibia. J Infect Dev Ctries. 2014;8(3):349–57. doi: 10.3855/jidc.3864.
[PubMed: 24619267].

22. Medrano FJ, Montes-Cano M, Conde M, de la Horra C, Respaldiza N,
Gasch A, et al. Pneumocystis jirovecii in general population. Emerg
Infect Dis. 2005;11(2):245–50. doi: 10.3201/eid1102.040487. [PubMed:
15752442]. [PubMed Central: PMC3320436].

23. Badiee P, Rezapour A, Abbasian A, Foroutan HR, Jafarian H. Preva-
lence of colonization and mitochondrial large subunit rRNA mu-
tation of Pneumocystis jiroveci among Iranian children. Iran J
Microbiol. 2016;8(5):326–30. [PubMed: 28149493]. [PubMed Central:
PMC5277602].

6 Jundishapur J Microbiol. 2018; 11(7):e66135.

http://dx.doi.org/10.1183/09059180.00001011
http://www.ncbi.nlm.nih.gov/pubmed/21881144
http://www.ncbi.nlm.nih.gov/pubmed/20565365
http://dx.doi.org/10.1007/s15010-008-7385-8
http://www.ncbi.nlm.nih.gov/pubmed/18854937
http://www.ncbi.nlm.nih.gov/pubmed/12069913
http://dx.doi.org/10.1007/s12281-010-0029-3
http://dx.doi.org/10.1155/2013/698325
http://www.ncbi.nlm.nih.gov/pubmed/23984401
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3747334
http://www.ncbi.nlm.nih.gov/pubmed/22039841
http://dx.doi.org/10.1201/b11375
http://dx.doi.org/10.5588/ijtld.11.0644
http://www.ncbi.nlm.nih.gov/pubmed/22507521
http://dx.doi.org/10.1016/j.diagmicrobio.2006.03.010
http://www.ncbi.nlm.nih.gov/pubmed/16678378
http://www.ncbi.nlm.nih.gov/pubmed/21330746
http://dx.doi.org/10.1164/rccm.2008-740ST
http://www.ncbi.nlm.nih.gov/pubmed/21193785
http://dx.doi.org/10.1186/1471-2334-2-28
http://www.ncbi.nlm.nih.gov/pubmed/12445330
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC139972
http://www.ncbi.nlm.nih.gov/pubmed/12803117
http://dx.doi.org/10.1086/322685
http://www.ncbi.nlm.nih.gov/pubmed/11462194
http://dx.doi.org/10.1086/588660
http://www.ncbi.nlm.nih.gov/pubmed/18462102
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2671227
http://dx.doi.org/10.5812/pedinfect.41317
http://dx.doi.org/10.26719/2011.17.5.425
http://www.ncbi.nlm.nih.gov/pubmed/21796956
http://dx.doi.org/10.1182/blood-2003-02-0456
http://dx.doi.org/10.1182/blood-2003-02-0456
http://www.ncbi.nlm.nih.gov/pubmed/12689933
http://www.ncbi.nlm.nih.gov/pubmed/23641407
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3633800
http://dx.doi.org/10.3855/jidc.3864
http://www.ncbi.nlm.nih.gov/pubmed/24619267
http://dx.doi.org/10.3201/eid1102.040487
http://www.ncbi.nlm.nih.gov/pubmed/15752442
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3320436
http://www.ncbi.nlm.nih.gov/pubmed/28149493
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5277602
http://jjmicrobiol.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Ethics Statement
	3.2. Sample Collection
	3.3. Processing of Samples
	3.4. Mycological Examination
	3.5. Staining of Samples
	3.6. DNA Extraction and Real-Time PCR

	4. Results
	Figure 1
	Table 1
	Table 2

	5. Discussion
	6. Conclusions
	Acknowledgments
	Footnotes
	Authors' Contribution
	Conflict of Interest
	Financial Disclosure
	Funding/Support
	Role of the Sponsor

	References

