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Introduction

Pneumocystis jirovecii is unicellular and opportunistic 
fungus, which can cause plasma cell pneumonitis, particularly 
in the high risk groups and neonates [1,2]. The prevalence of 
P. jirovecii increased significantly in patients with acquired 
immunodeficiency syndrome (AIDS), kidney transplant 
recipients, and even immunocompetent individuals [1,3]. In a 
retrospective multicenter study, considering characteristics and 
prognosis factors of Pneumocystis jirovecii Pneumonia, long-term 
corticosteroid therapy was found to be independently associated 
with increased mortality, specifically in patients with immune-
mediated inflammatory diseases [4]. The clinical symptoms of the 
pneumocystis pneumonia are nonspecific, including respiratory 
distress, nonproductive cough, cyanosis, low grade fever, and, in  

 
severe cases, respiratory failure, which are similar to symptoms of 
other viral and bacterial infections [1,5] . 

Meanwhile, the presence of P. jirovecii in the lungs are not 
always symptomatic. A review study showed that the mortality of 
pneumocystis pneumonia ranged between 20% to 53% (30.6% 
overall) in non-HIV patients and 5-30% in patients live with HIV 
(human immunedefiency virus) even with treatment [6,7]. This 
difference may be attributed to host responses to the infection. 
The immune response to pneumonia caused by P. jirovecii in AIDS 
patients is suppressed; this results in decreased inflammation in 
the alveoli [1]. Clinical pneumonia caused by P. jirovecii can be 
developed by mononuclear cell response and filling the alveoli 
with proteinaceous debris and fluid in the immunocompromised 
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Abstract 

Pneumocystis jirovecii is a widespread and important opportunistic fungal or parasitic organisms causing alveolar infection that may affect 
groups of patients with underlying diseases, particularly those with immunodeficiency. It may coexist with other respiratory infections and 
increase the severity of the clinical consequences. This study aimed to investigate the prevalence of P. jirovecii and its genotypes in patients with 
severe pneumonia admitted to intensive care unit in a COVID-19 referral center. A total of 93 mini bronchoalveolar lavage (mini BAL) specimens 
of COVID-19 patients with severe pneumonia and underlying diseases admitted to intensive care unit, were analyzed by cytology staining and 
PCR method. In addition, the positive P. jirovecii were genotyped by mitochondrial large subunit rRNA locus sequencing. PCR screening of the 
mini BAL specimens showed that 5 patients (5.38%) had P. jirovecii co-infection with COVID-19. The genotype analysis showed that 3 isolates 
were P. jirovecii genotype 1 (wild) and 2 isolates were genotype 2. The genotype 3 of this organism was not found in the isolates. The present 
study showed that the infection rate of P. jirovecii was relatively low in the patients with severe pneumonia. Meanwhile, they were detected in the 
diabetics or cardiovascular patients. The P. jirovecii isolates consisted of two genotypes I and II.

Keywords: Pneumocystis jirovecii, Genotype, Pneumocystis pneumonia, Severe pneumonia, COVID-19

Abbreviations: AIDS: Acquired Immunodeficiency Syndrome; HIV: Human Immunedefiency Virus; ICU: Intensive Care Unit; BAL: Bronchoalveolar 
Lavage; GMS: Gomori Methenamine Silver; LDH: Lactate Dehydrogenase
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patients, especially patients with T-cell immunodepression 
[1,8]. Adjunctive immunomodulatory and/or steroids therapies 
may develop lymphocytopenia in COVID-19 patients, which is 
of susceptibility factors for developing pneumocystosis [9-11]. 
There are some literature demonstrated that COVID-19 can 
become complicated with bacterial or fungal superinfection such 
as aspergilosis and pneumocystosis [12,13]. 

Approximately 5-10% of patients with COVID-19 required 
intensive care unit (ICU) management [14]. The hospitalized 
patients of COVID-19 in ICU might be at risk of infection caused 
by P. jirovecii due to the existence of cytokine storm, mechanical 
ventilation and use of corticosteroid therapy. Several cases of 
superinfection with severe acute respiratory syndrome were 
reported in patients with COVID-19 but the prevalence of P. jirovecii 
in these patients was unknown. Only a few reports are presented 
in this regard. Gerber et al. [12] found 4 cases of Pneumocystis 
pneumonia among 57 COVID-19 patients; Blaize et al. [15] found 

1.4% positive cases of the patients in ICU and Alanio et al. [16] 
found 9.3% positive cases using PCR in sputum, bronchoalveolar 
lavage (BAL) and tracheal aspirate. To do further investigation, we 
aimed to survey the prevalence of P. jirovecii and its genotypes in 
COVID-19 patients admitted to ICU in referral centers in Zanjan 
province in 2021.

Materials and Methods 

Specimen Collection

A total of 93 mini BAL specimens were collected from 
COVID-19 patients with severe pneumonia and underlying 
diseases, admitted to ICU in Valiasr teaching hospital, Zanjan, Iran, 
from February to August 2021. The samples were also previously 
evaluated for Lophomonas blattarum infection in another study 
[17]. The patients’ records, including demographic information 
and medical history, as well as clinical, microbiological, and 
radiological data were collected to be considered.

P. jirovecii Detection and Genotype Analysis 

Table 1: The primers used for detection of P. jirovecii in mini BAL specimens of COVID-19 patients with severe pneumonia.

Primers Sequences Product size (bp) Annealing temperature Reference

pAZ102-E 5’ - GATGGCTGTTTCCAAGCCCA - 3’
346 55℃ [18]

pAZ102-H 5’ - GTGTACGTTGCAAAGTACTC - 3’

pAZ102-X 5’ - GTGAAATACAAATCGGACTAGG - 3’
260 58.6℃ [18]

pAZ102-Y 5’ - TCACTTTGGAATAATGGAATTCG - 3’

The specimens were stained with Giemsa, Papanicolaou 
and Gomori methenamine silver (GMS) staining methods. Total 
DNA were extracted using a DNA extraction kit (Addbio, Korea). 
Nested PCR was performed by two primer pairs of mitochondrial 
large subunit ribosomal RNA (mtLSU rRNA) locus shown in 
Table 1. The PCR products were analyzed by 1.5% agarose 
gel and visualized using standard UV trans-illuminator. The 
positive PCR products were sequenced with Sanger sequencing 
(ABI 3500, Applied Biosystems Inc., USA). All post sequencing 
analysis was performed using Multiple Sequence Comparison 
by Log- Expectation (MUSCLE) of EMBL-EBI (https://www.ebi.
ac.uk/Tools/msa/muscle/). Each sequence was compared with 
a reference sequence of mtLSU rRNA of P. jirovecii (Genbank 
accession number: M58605.1) [18].

Results

The patients subjected to the study, included 49 males and 44 
females with the mean age of 68.8 ± 14.8, ranged between 20 to 
90 years old. Over 80% of the patients showed to have underlying 
diseases, including cardiovascular disease and hypertension in 
29 (31.18%), diabetes in 21 (22.58%), pulmonary disease in 13 
(13.98%), different types of cancer in 4 (4.30%), other diseases in 
9 (9.68%) cases, and 2 patients were kidney transplant recipients 
(2.15%). All patients received dexamethasone and broad-

spectrum antibiotics such as imipenem, ceftriaxone, cefotaxime. 
The BAL cytology, using GMS, Papanicolaou, and Giemsa staining 
detected P. jirovecii in 6 specimens (6.45%). PCR amplification of 
the 93 mini BAL specimens detected P. jirovecii DNA in 5 patients 
(5.38%) Figure 1. The genotypic analysis of P. jirovecii showed that 
3 isolates were genotype 1 (wild) and 2 isolates were genotype 2 
Figure 2. The genotype 3 of this organism was not found within 
the isolates. The demographic, laboratory and clinical data of the 
patients with co-infection of COVID-19 and P. jirovecii are shown 
in Table 2.

Discussion

In this study, 5 out of 93 (5.38%) COVID-19 patients 
admitted to ICU were found to be co-infected with P. jirovecii 
using microscopic and PCR methods. Individuals with healthy 
immune system can play the role of asymptomatic carriers and 
sources of P. jirovecii infection. This infection may lead to the 
stimulation of inflammatory responses and lung tissue damage 
[2,19]. The results demonstrated that 2 cytology positive mini 
BAL specimens were negative by PCR test; they were diagnosed 
by Papanicolaou and GMS staining. In addition, one cytology 
negative isolate was positive by PCR test. These might be due to 
microscopic false positivity. It can also be attributed to the skill 
and expertise of the researcher in identifying the organism, the 
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error during work, as well as the high sensitivity and specificity 
of the PCR method. The sensitivity of different staining methods 
depends on various factors such as type and quality of the 
sample, the number of organisms present and the experience of 
the laboratory staff [20]. PCR test of P. jirovecii could not distinct 
between pneumocystis pneumonia and colonization, especially 
in immunocompetent patients involved with COVID-19 [21,22]. 
Direct examination due to the estimated risk of aerosolization 
is usually not performed in COVID-19 patients, therefore the 
diagnosis of pneumocystis pneumonia in these patients are 
very challenging [15]. The existence of a cytokine storm, use of 

corticosteroid therapy or mechanical ventilation might be at risk 
of pneumocystis pneumonia in COVID-19 patients hospitalized 
in the ICU [23], which was found in all 5 patients reported in 
this study. In addition, COVID-19 pneumonia and pneumocystis 
pneumonia have a similar pattern in terms of clinical symptoms 
and chest radiology (CT scan) findings (24). In this regard, Menon 
et al. [22] recommended to use the mycological criteria, on a set of 
arguments including clinical worsening, serum (1,3)-b-D-glucan, 
lactate dehydrogenase (LDH) assays, deep lymphocytopenia, 
immunosuppression, and response to treatment for the diagnosis 
of pneumocystis pneumonia. 

Table 2: Demographic, laboratory and clinical data of the patients with co-infected with P. jirovecii (confirmed by PCR).

Data subjects Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Demographic

Gender Female Female Male Male Male

Age 80 29 71 90 84

Laboratory data:

PCR test Positive Positive Positive Positive Positive

P. jirovecii genotype І II II І І

Gimsa staining Negative Negative Negative Positive Negative

GMS staining Positive Positive Negative Negative Negative

Papanicolaou 
staining Negative Negative Negative Negative Positive 

Clinical data:

Underlying disease Diabetes, Hyper-
tension Lymphoma cancer Diabetes Hypertension, Chronic kidney 

disease, hyperthyroidism Chronic heart failure

Time from symptom 
onset to hospital-

ization
2 days 2 days 5 days 3 days 3 days

CT-scan GGO 75% pleural 
effusion 

GGO 80% High 
bilateral pleural 

effusion

GGO 80% Multilobar 
effusion

GGO 90% Severe bilateral diffuse, 
predominant at the base of the 

lung

GGO 60% pleural 
effusion

ICU transfer Day 2 Day 3 Day 1 Day 2 Day 1

Ventilation type Mechanical Mechanical Mechanical Mechanical Mechanical

Steroid therapy Yes Yes Yes Yes Yes

Pneumocystosis 
prophylaxis No No No No No

Antibiotic therapy Imipenem, cefo-
taxime

Imipenem, cefo-
taxime Imipenem, ceftriaxone Imipenem, cefotaxime Imipenem, ceftri-

axone 

Immunosuppressive 
treatment Pred, IFN, Dex Dex Dex Dex, Pred Dex, HCT

Outcome Death (10 days 
after admission)

Death (5 days after 
admission)

Death (10 days after 
admission) Death (14 days after admission) Death (18 days after 

admission)

Abbreviations: CT-scan: computed tomography scanning; GGO: ground-glass opacities; ICU: intensive care unit; Pred: prednisolone; IFN: 
interferon; Dex: dexametazon HCT: hydrocortisone.

There are several case reports that describe co-infections of 
SARS-CoV-2 with P. jirovecii. Mang et al. [24] described a HIV patient 
with COVID-19, who treated with trimethoprim-sulfamethoxazole 
and presented an elevated level of LDH, fine reticular changes in 

chest radiology and a severe depletion of CD4 T-cells. CD4+ T and 
CD8+ T cell levels could be remarkably decrease in severe COVID-19 
cases [11,15]. Blaize et al. [15] suggested that there are no 
association between the occurrence of Pneumocystis pneumonia 
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and the lymphocytopenia encountered in severe COVID-19 cases. 
Therefore, we did not assess the lymphocytopenia in the patients. 
Limited studies have been conducted to investigate P. jirovecii and 
COVID-19 in different patients at the same time. Alanio et al. [25] 
reported the co-infection of P. jirovecii in patients with COVID-19 
hospitalized in the ICU. It was positive in 5 out of 27 (17%) BAL 
samples and 2 aspirate fluid samples. Gerber et al. [12] reported 
7.1% co-infection of P. jirovecii in the patients with COVID-19. 
The impact of Pneumocystis contribution leading to pneumonia 
depends on several factors, including the studied population, the 
existence of clinical background and other diseases, geographical 

area, administered drugs (i.e. a broad spectrum antibiotics 
received by COVID-19 patients, as mentioned in this study). 
One of the possible reasons for relatively low infection rate of P. 
jirovecii in the examined patients in the present study, may be 
due to the effects of antibiotics being used to treat COVID-19. Two 
samples were positive by microscopic examination but were not 
detected by PCR amplification. On the other hand, a sample with 
microscopically negative result was positive with PCR method. 
This may be due to lower sensitivity and/or low specificity of 
microscopic observation. The different staining methods also 
showed variable microscopic results.

Figure 1: Nested PCR results (on 1.5% agarose gel) of P. jirovecii mtLSU rRNA locus using mini BAL specimens of COVID-19 patients 
admitted to ICU in Valiasr Hospital, Zanjan, Iran in 2021. M: 100 bp molecular marker; NC: negative control; PC: positive control; lanes 1-5: 
patients’ specimens.

Figure 2: Sequence alignment of the Nested PCR products of P. jirovecii mtLSU rRNA locus obtained from mini BAL specimens of 
COVID-19 patients admitted to ICU in Valiasr Hospital, Zanjan, Iran. A reference sequence with accession number M58605.1 obtained from 
GenBank.
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P. jirovecii has genotypic diversity that may differently affect the 
development of pneumocystis pneumonia, colonization, and drug 
resistance. Sequencing of several gene loci of P. jirovecii, especially 
the mtLSU rRNA locus, is a standard method for genetic diversity 
analysis. Based on this target, genotypes 2 and 3 are globally 
reported to be associated with severe Pneumocystis pneumonia 
and are claimed to be very fatal [26]. The molecular results of the 
present study using sequence comparison showed that out of 5 
P. jirovecii isolates, 3 samples were related to genotype 1 and 2 
samples belonged to genotype 2; no genotype 3 was observed in 
sequence analysis. Genotype 2 was observed in a diabetic patient 
and in a lymphoma cancer patient; genotype 1 was observed in 
patients with diabetes and/or cardiovascular disease. However, 
it is not possible to confirm the distinct connection of P. jirovecii 
infection with the type of underlying disease due to the small 
number of positive cases in the studied samples.

Conclusion

This study showed that P. jirovecii infection has a relatively 
low rate in the patients with COVID-19, but it was found in 
the patients with severe condition. Therefore, Pneumocystis 
pneumonia should be considered in the patients with severe 
COVID-19 and similar pulmonary infections. Determining the 
sequence of the amplified DNA fragment showed that genotypes 
1 and 2 constituted the Pneumocystis genotypes in the COVID-19 
patients with underlying diseases. We suggest additional studies 
on colonization, distribution, diagnostics, and interaction of P. 
jirovecii with regards to other respiratory coexisted infections and 
disorders.
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