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ABSTRACT

Background: Pneumocystis jirovecii (P. jirovecii) causes Pneumocystis
pneumonia (PCP) in people, especially the immunocompromised ones. It is also
one of the serious causes of numerous lung problems in affected patients. Since
documented data about P. jirovecii is not available in patients with pulmonary
infections in Tehran, this study aimed to investigate the molecular epidemiology
and parasitology of Pneumocystis to determine the frequency of the organism
infection.

Methods: Bronchoalveolar lavage (BAL) samples were collected for 367
patients hospitalized in the lung department of Shariati Hospital in Tehran from
July 2022 to July 2023. The samples were analyzed using Giemsa staining and
molecular methods. After DNA extraction from samples, Nested polymerase
chain reaction (Nested PCR) was employed for the amplification of the
18SrRNA gene and identification of P. jirovecii. The PCR products of Nested
PCR were sequenced for final confirmation.

Results: Out of 367 samples, only one sample (0.27%) and 28 samples (6.7%)
were found to be positive through parasitology and NestedPCR analysis,
respectively. P. jirovecii was detected in seven (25%) and 21 (75%)
immunocompromised and immunocompetent patients, respectively. Fever,
shortness of breath and dry cough were the most common clinical symptoms
among patients with Pneumocystosis. Patients with pulmonary disorders are
prone to colonization by pneumocystis, which increases the risk of
pneumocystosis and makes them a reservoir for transmission to susceptible
people.

Conclusion: It can be concluded that patients with distinct lung disease are
prone to colonization by Pneumocystis and, importantly, are at risk of infection.
Also, according to the current study, Nested PCR was a suitable method for
detecting P. jirovecii organisms because it had a very high sensitivity and
specificity.
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Extended Abstract

Background: Respiratory disorders impose a
substantial global health burden, impacting
millions of  people across  diverse
demographic groups. Among the myriad
pathogens capable of causing respiratory
infections,  Pneumocystis  jirovecii  (P.
jirovecii) stands out as an opportunistic
fungus, historically associated with severe
pneumonia in immunocompromised
individuals, particularly those afflicted by
HIV/AIDS. However, recent epidemiological
shifts have brought attention to the increasing
prevalence of P. jirovecii infections in
individuals with various pulmonary disorders
unrelated to HIV/AIDS. Formerly known as
Pneumocystis carinii, P. jirovecii is a
causative agent of pneumocystis infections in
immunocompromised patients with various
chronic diseases. This peculiar organism,
once considered a protozoan parasite, has
been reclassified through DNA sequencing
analysis of the 18S ribosomal RNA (18S
rRNA) gene, placing it in the phylum
Ascomycota of the fungal kingdom. This
opportunistic fungal pathogen, has long been
recognized as a leading cause of
Pneumocystis pneumonia (PCP),
predominantly impacting individuals with
compromised immune systems, particularly
those living with HIVV/AIDS. However, recent
studies have highlighted an emerging trend of
P. jirovecii infections in  non-HIV
immunocompromised  individuals  with
various pulmonary disorders. Newborns and
children are usually known as reservoirs of
infection and play an important role in the
colonization of P. jirovecii and its
transmission. Due to the lack of an optimum
culture system for culturing and isolating P.
jirovecii from various clinical samples, the
laboratory identification of infection and PCP
has directly depended on direct examinations
using microscopic detection of fungus. One
of these methods for diagnosis of the
organism is using conventional staining
protocols such as Grocott-Gomori
methenamine silver, Calcofluor White,

toluidine blue O, Giemsa, and also applying
fluorescence immunocytochemical staining.
In Iran, there are limited studies in the field
of presenting the frequency of P. jirovsii
among patients with pulmonary infections.
Therefore, in the current study we have
determined P. jirovecii colonization and
infection by direct and NestedPCR methods
in a relatively large group of patients with a
spectrum of pulmonary disorders from
collected Bronchoalveolar lavage (BAL)
samples in Shariati Hospital in Tehran. The
overall objectives of the study were to
determine the prevalence of P. jirovecii in
patients with diverse pulmonary disorders and
investigate potential associations between P.
jirovecii presence and disease severity in
patients ~ with  underlying  pulmonary
conditions.

Methods: The study involves the collection
of BAL samples from patients diagnosed with
various pulmonary disorders, including
interstitial lung disease (ILD), chronic
obstructive pulmonary disease ( COPD),
rhinitis/asthma, and  other  respiratory
conditions. BAL samples were collected from
367 patients hospitalized in the lung
department of Shariati Hospital in Tehran
from July 2022 to July 2023 which had
distinct pulmonary signs and symptoms. All
collected samples were analyzed using
parasitological (Giemsa staining method) and
molecular methods (Nested PCR). Molecular
detection of P. jirovecii was performed using
advanced techniques (Nested PCR), targeting
specific genes associated with the pathogen.
This approach offers enhanced sensitivity and
specificity, overcoming the limitations of the
conventional diagnostic methods. The Nested
PCR using the 18SrRNA gene was applied to
identify the P. jirovecii. DNA extraction was
done by the phenol-chloroform method. 18S
rRNA gene of P. jirovecii was amplified
based on the method of Umera et al. Two sets
of primers including

Pjf9: 5-TTCGGGGCTTACTTTGGTC-3,
Pjr4d: 5’GTAGTTAGTCTTCAATAAATCT-3’
as external primers and

Pjf8:  5-AGGCCTACCATGGTTTCG-3',
Pjr8: 5CTTCGGAGGACCGGGCCGT-3" as
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internal primers was used for first and second
rounds PCR, respectively. The PCR-produced
amplicons for the first and second rounds
were 710 bp, and 332 bp, respectively. The
second round of PCR products were analyzed
using electrophoresis on agarose gels
containing safe stain, and the bands were
observed under the UV light of a
transilluminator.

Result: Out of 367 samples, only one sample
was found to be positive through parasitology
analysis. In the molecular method, 28
samples were diagnosed as positive for
pneumocystis. The results of this study are
expected to provide valuable insights into the
prevalence of P. jirovecii in patients with
various pulmonary disorders. By employing
molecular techniques, the research aims to
overcome the limitations of traditional
diagnostic methods, which may miss P.
jirovecii infections in non-HIV
immunocompromised individuals.
Furthermore, the study seeks to unravel
potential associations between the presence of
P. jirovecii and disease severity in patients
with underlying pulmonary conditions. This
exploration may shed light on whether P.
jirovecii plays a contributory role in
exacerbating respiratory disorders or if its
presence is incidental. Additionally, the
research will delve into the impact of P.
jirovecii co-infection on the clinical outcomes
of patients with diverse pulmonary disorders.
Understanding how the fungal pathogen
interacts ~ with  underlying  respiratory
conditions is crucial for developing targeted
therapeutic interventions. The significance of
this research lies in its potential to redefine
our understanding of P. jirovecii infections
beyond traditional immunocompromised
populations. By exploring the prevalence and
clinical implications in patients with various

pulmonary disorders, the study may influence
diagnostic and therapeutic approaches,
ultimately improving patient care. In this
study, Nested PCR using the 18SrRNA gene
enhanced the accuracy of detection, enabling
the identification of cases that might be
missed using conventional  diagnostic
methods.

Conclusion: In conclusion, this study
demonstrates that patients with various
pulmonary disorders are susceptible to
Pneumocystis colonization and, importantly,
are at risk of infection. The Nested PCR
method proves to be a suitable tool for
detecting P. jirovecii due to its high
sensitivity and specificity. In addition, the
current research represents a comprehensive
exploration of the molecular detection of P.
jirovecii in BAL samples from patients with
various pulmonary disorders, contributing to
our understanding of the prevalence, clinical
significance, and potential therapeutic
implications of P. jirovecii infections in non-
HIV immunocompromised individuals. The
anticipated results have the potential to
inform  clinical practice, guiding the
development of targeted interventions
tailored to the unique challenges posed by P.
jirovecii in non-HIV immunocompromised
individuals, thereby contributing to the
evolving landscape of respiratory medicine.
We suggest considering preventive strategies,
potential interventions, and emphasizing the
importance of early detection to minimize the
impact of P. jirovecii infections in patients
with pulmonary disorders. Also, tracking
clinical progress, treatment responses, and
long-term pulmonary function can offer
insights into the impact of P. jirovecii
infections on the overall health and well-
being of patients.


http://dx.doi.org/10.61186/jarums.23.4.330
https://ejournals.arums.ac.ir/jarums/article-1-2262-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOI: 10.61186/jarums.23.4.330 ]

Juayl sy pgle aliila alyg

VE-Y plwse) .[o)l.;‘_‘; o )louls (oM 9 I 099

Jwol allis

)N,j,JT,ﬁ,» 5'93’ ;Sl.t'bd.'t,.o.i D (WYY ID  JUAIIIIIN 90 9oy J,SJ,_‘, )o_l_z' b3
S92 —lizo VWAL &y Mise ghless yd

| ! ! o ! . ! . . e
¢ 9o (a3 00 « Y93 SE ot 0 ¢ P (B Mapaws  9F0 ) ol sloo LSy o] i jlw gy S i
*loslinds Lo asle £ Siiotile Jouy & pauls wnisj M auing ol 110

Ol 0l ol pal G5t 3 pole olfls (S 5y 0aKisls (Huwlid B 5 Hwlid JSl 05,5 .\
(oS g 03Kl 03l 5 selatal S iy 095 (oeleial Sla T Sl (6 puSig 035k 9 3y wumen ol 9 (5 iy b wliizs 35 o ¥
Ol Wl Wl Kb 3y e ole oliils
Ol 0l i 0l s S0 3 pole olfsls w531y Gl plos (5K 3y Gwlid z B 05,8 ¥
Ul Olg Ol s S5k g o sle oSS (i puib Vi)l © 329 Sl bl yo 5 (5520 Ll £
badirzadeh.ar@iums.ac.ir : Ssg oSl oy - YYAEPYEOY :jusls - YPVAZY-YYPV :5als Jskune o o3 *

olus>

el S el eiu s S a5 631,30 s (Pneumocystis Jirovecii) uwss s (usismn g0 9 1D IB 9 ddso
532 b aalllas ¢yl .cunl Miro ghless )3 ($53) 33sio Mo Sl (s3a Julse Jl 9 o3 (PCP) (6 shmmuw g0 gy a5 5l oil3
4 0a S amalio 5920 Ublen 03 el ool Glohd s 5 w9 s s 90 5i3 9S50 (I 9 sre il (S
S Ll Ol g (i s Ol Yoy

(BAL) )Y559IT 5555 32 oY as 905 YFY Slacss VE- = 313 50 L5 \YA] 3l po Jl oo om0 95 azllbn ol 03 IS yhg)
LinosS (5 a0 TS5 b (55T gen Wl s b 1 pole olSisls &y dsunly s pib Ol low &) (i ) (5 i S92 wlew
Il im 3b plzl Ladigos 4ad (590 p2 (9850 (alwlish (sl 0 Nested-PCR ulws Gbs) s sl 3535 ) 52 |2
Qb Ll (w99 s i 90 933 4 gy yo (1BSTRNA) 18S ribosomal RNA ) asbs s DNA zl sl
B33 g3 s =bad Al s Nested-PCR by oY gua=e

Ole)T Lo Gawgg i (i 50 933 333ib 5 32 G950 9 5295w 9 )Sho Bl Jl 4 (slassgs YFV I Loraidly
Lo low (1YD) waaty ) .aub bbb (LV/#) aige YA )3 Nested-PCR oo b s (1+/PY) aigai S (95w 9 5o
S Ad w5 e 5SS e b Gluwlan Sws 9 s i 90 9iy JolS il SIS Dleg (YD) Y\ 5 sl Lpsts
Joiw g5 93ib 0 jus 9IS dsiuo (5920 Wlew 35390 () st ge giy SIS wbhlew (o 0> SL slaaslis ¢y y5ealis
S8l & Jlanl eus (5 rxe & Joauws b layT PR 5 313 3535 () g 50 5iy & LT Mol s (D &5 035y i 50 9
s Mike Oblow Jl s 55 Jolb Slacss sls gluiis Hbls asllbo Jsso 5 paiiune b9 I 03w ety mlis (6345 Azl
Yoial 5 ua) s 50 9iy & Oblesy (2l VS Bl oo &5 Saub 08 9lS (w9 pun i 50 5iy w55 (S 920 Sla G ILen
Obs) 3lgs o Nested-PCR (jizod oS Jditio Swiume ololows plw & 1) sl )l cawl oo b Sgib Jo3s5 (90 902
amanl D13) 95 50 (Vb Dby 5 529 9 cmmwlwa S ) Sl w99 pun (s 50 9iy (yoasulis Sl e (wlio

293917 5559 0 S5V NESIEA-PCR o) gl 145 515 (55 50 533 1595 ) (ybiusasns 90 933 15345 (5o Slg y

VEY/E/F 1 gbpady VENV/AY/) bl



mailto:badirzadeh.ar@iums.ac.ir
https://www.sciencedirect.com/topics/medicine-and-dentistry/ribosome-rna
http://dx.doi.org/10.61186/jarums.23.4.330
https://ejournals.arums.ac.ir/jarums/article-1-2262-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOI: 10.61186/jarums.23.4.330 ]

Juayl sy pgle aliila alyg

VE-Y plwse) .[o)l.;‘_‘; o )louls (P9 9 I 099

GHl—on pp—w 5 Sl o SMe BL_=) I .[0]
S (e pIn S @ 9) S &y Al (p) gl 90 54
SN SL iy B oloy alae 0> 5 Siblise opsdly
A dandd Jl 38 9330 )3 3 gub 5o 3L Joiluw 9
0303 4 b 93 o pibiitio 5l ZLIS)I SullS Yoo 4y

[4] 35 50
B LT & (w5 s g g0 9y Al T
5 [7] s SO inlo )T sladar e )3 e isS

L oY SIS s (R8I0 slaphs) puized
oldlie a4 o e Solaial ouse is 13 cas)las
Jloslaiwl b (9 alize slaasigos ) ro.w.__u.‘»lf)l
Slabe) ailawlio Lol .cuuwl (5 jueT ) slaybs)
= oode L) o395 9hlon adued Su5 (295w pSue
23 SO il (63 58 a8 9 )l e jls Al
W@leé&,ﬁc)bd&;)ly
L 2lapbso) Il b gpl el 3 9 50 23 Soie
-] 3 oslatwl (5 359L cawobaial 5 cuwbus
st Sl G990 63 )L 5 pie slaghs)

b Sl resls Slo pazs ) iniSTs I odlasuwl  psiisiaans g0 iy
s wl Nested-PCR b5, 05—9a PCR
sbls Jsloa— e PCR a_, = s Nested-PCR
O30 o=l Lo A (6 ooy il (5 i eouwlwa
SHSIOS D) w9 s s g0 9iy Sidl 55—
il i CaER ) guay AS (53181 Siile alise
Uglﬂb))ﬁjrojl}».)l)él)bvl;l.l}_\d)lé 0luh a3
Pas 3o )l S92 s lew R [V] sus
e 31,80 )8 paod & 5 olew alize e Bl
5 a5 905 (y pimamlin Ang o)l 5wl Gieal (o
BAL 5 b s a5 gai sl Ginlo 3T b ¢y p—iue

PR (S99 )

LV RE-FY

ol 2o puli )l ' g pun Gustinsun 5o 5
0T b il Jxo Ygoazo &l ol 38
o=l [PA] el glusl as) sladssolT Jals s
Gabadb S IGl sladiaboSs £ ja e MLT)I
S50 wlsllbwe plazl Jl sy 09 pol Sy b 50
[¥] el a8 55 )18 > LS sl msgac 09,5 )
iy Sl 5 0350 VS phe Ul S uiumsan 50 9
by [€] ol asunls Ol jue 4 MolS 353 i 5
D3l e HbMiswe (il [o.a.umu b shls s3l )
Glasls YB3 iiS' S a0 9 yo j—o sl on
Al i3 Sl el (ol i 038 58w

[0] 35i 50 (PCP) (5 simumn 90 5
5 6920 Bl Vs & Eusl )l 3505 SKsSs
weiie @il Vsb & Jsit o (sl HLisil (ized
Il i g0 9o A S 5AdIRe ylbi=xe (S9 v
[7-V] ssibs0 355 L jue w3 3)ly Glikiml & pbo
23 mighe Job 0> i 50 50y SS9 999 3
el G oS a5 Jb )y s e bay)
SLaubs e V] as)ls 1 (i g oy Hlibuisl )
O J)—==e Ylg—ie a 3 islgS 5o siesl b8 SIS
I oT Juasl el 5 38 Joo wumen ) euslS)l
O sl &S Slo) b asgub )R 38 4 5,8
I3 =l S o el i a2 b (S e
V93— wigee el Yljre V3 ax ST ol o )8
o g0 3095 5o Lol (3iS o Sl ciuss b ol
el i i b Ol jae 03 LT & 0 Gise s
M) it 50 0y & )ww ATk gl palis [A] S g
“oe @ uleod 5 s b ) sl miee Dby
)5 S8 sds SUpba 5 dpauh @5Me s 0 Jl ol

! Pneumocystis jirovecii

sl uis 5L 8 Creative Commons Attribution-Non Commercial 4.0 International License loyl i w3 allio ¢yl


http://dx.doi.org/10.61186/jarums.23.4.330
https://ejournals.arums.ac.ir/jarums/article-1-2262-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOI: 10.61186/jarums.23.4.330 ]

Yo U|)l§.o.(h3)b»¢u._&_.___;u»f)j

Stllid Sh— Goge 5w p asllbe ol 0s
L 5 Nested-PCR (o) b swss pin (i 50 9k
[Vr] ais plomsl plon 5 s3laa (o) Sl oslauwl
3,5 18SrRNA L 18S ribosomal RNA o) as
285) 038 Sladdpel Jalyo (soles w8 )5 )1 LS HuiSS
oS b | e )8 uSae yiue Jl oslaiwl Ly (DNA
23 PCR icsly IS pomn .ot plswsl ¥ 0 9-SaloT
PCR1 )35 .59 rids 5Sao YO Ladiges (soled 3) 50
JL— pi—uST sl )l 3 (sl &l > o)

s Pjf9 (5-TTCGGGGCTTACTTTGGGTC-3")

Pjrd9 (5- GTAGTTAGTCTTCAATAAATCT-3")
4S5 1) (500 wda Y - asbd K a5 35U 03 3 IS

JUs piisl Lo poal i (p9 als 50) PCR2 ) 853 58
s Pjf8 (6-AGTCGCCTACCATG-3")

Pjr8 (5-CTTCGGAGGACCGGGCCGT-3")

agn YYY asbd S5 woly )s aS 353w 03 3 IS
[IY] ass,8 puss b b

OuSae yiue riulg xSuo \V/0 s5la PCR1 iisly
2ot gy i )San N wmad) sl py pids )Sae) FX
=T 39,50 A/D 9 DNA )5 5500 YersitS
A o O )840 VO (plid o) 9 0 jui s
D LaopT sobT as laml oab » 53 S)lge 3938l
Aol o a5 HUSLw oo )3 oliws Y9I 5 03,5 bylxo
0313 Y13 35 0 ealais Ju8 Jl OT (e 5 i)
PCR1 oaus 38, Jgame «yisiSTy plosl Sl (yuy . Suis
PCR2 LuisTy plxil sl »2 o3I DNA ylgic & (VD)
8,5 )18 oslaiwl 3)ge SIS S joal o S5 L
e 4l 3 50T 455 50 Jl 5 45 5
039358 ) )3PCR 5 7l yxiwl (s lwosloT
03 a8 il )53 Jols .o )5 el o gaze (slaEll
PANRCINEIT I VR JUN JICIN ZY U H g S VoY
09 ST asges Bl &) Ghie J)iS 985950
L PCR Jl oaoT s TG (5w 0 - dib aslal

V/B J9)lST UJ) 939,80 UJ b I oslaiwl

! 2X Tagq Master mix
2 Ampligon

sols8 Al Aige ) S B3 9a=e wilallaw Yl pl )
S50 Vblow dsels )3 w99 un Huiun g0 9y
b a_sllbe oyl Jl Ba_a 13 ) .3)ls 35 a9
> Nested-PCR o) L w99 pa (puusdsisss 50 9
Ol g i b gl plews VS (S99 e b phlew

e 1VA4-1E - - sladls b

LIS Y

LUV 3 SV RCSTIFINN

S i Dlaw Y7V I BAL a5505 jid Suo P-0 3932
33 po V3 Yl SR )b Pl low 4y Gl VS
A oo Sb e g Ee s sl o B IYAY
9 sl Jaunl 9 oSIs slaalgl ay lads gos . ol axd 5
5 isac ldaiges JUnl pogaie SlauSly Lusys
owlishs JSl olinlo T a4y (siveal Jg—ol wamley b
Jmitiie Ol G5 g oo olStals b 3y oaSdils
wliialo )T g9 b Il Jsd Ls olliinlo )T Do 3508
330 SIS (V1) ja s s Lasges

SR ISI (W) 2

(5 min at 3000 rpm) j gai yislaws I oslaiwl b lanl
5w .o a8 ,5 BAL slaasgai o)
Joslie L copis Jl sy 9 and (b piwS Lo sges
Lo o ) 5l pueunl b plmil LuasS (5 0T 5
)90 S 9= P oSy ySae V1 nladS) s Jl e laiwl
)T IS 348> () 2

g )2

093 BAL asgns o) pids 5Sao V- ¢ Jlaie
VIS A @BV e a9 b Ay D989 e
SHSwle ax )3 14 Glos i S S ok ol
DNAZ =il auwg 3 3)ls g (pl i o3ls )13
- =8 Giws by JI DNA zhsiwl sl p— 0
5 J—8 Il s 5lue bogIoee .3 oslaiwl @ )85 5
o9 Sebise L gy e (V:1) @95 )8
aileze 3L (90 Usle s> RNA sDNA


https://www.sciencedirect.com/topics/medicine-and-dentistry/ribosome-rna
http://dx.doi.org/10.61186/jarums.23.4.330
https://ejournals.arums.ac.ir/jarums/article-1-2262-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOI: 10.61186/jarums.23.4.330 ]

\E-Y ol ) ‘[D)l-‘c._.l o )louds ‘[oﬁmg\;w.ﬁ._\o)})

Joeal Kb s Ia,.lc olfisly al=e VY7

Solew (590 oo — L sl olew (e plb puw
o030l cawds s 35391 peals o Solow b (Sigac
383 e plis asllbws ¢yl s Nested-PCR s, Jl
Siholon 09,5 a0 §dsie e Slse (g pidin &
B39 (Sl Slaue) olow SIS &S il
35017 0a el wiwss cude Aiges YA Sl 4 slay
(¥ J93) 35393 5920 (P90 si & Mine wlolew T
£ o= BIIS -ie bl solol bas jlas )31
(ol ksl s i oaaline PCR il 5 s olew
ilod 93 (5390 94y A M e S)lge JI (e JI i
03 35593 50 (9o 9i &S SIS S99 Jleisl ¢l 5
>ho 9 3l JIAS 53 uesdaman 9.0 9 © gl i 9IS
390 yblows .39 S8l ol HS wiigae b &
SLagLs soisle Lo ol )l nluw bl I aslline
osdliie Z LS (g i b () 22 w8 Lioolew
Lol 399 13536 aie 9 wuade PCR 51381 s o
as il 5 Z LS £ 95 (i Sblws)l solweT bl
odaliie hlon =l VS Gawss rn i 90 9y
L 0 (5 3o [ 55 (Lo b i ) e 0 .35
ARG e A5500 K (2959 S0 ) g0 LinesS
Mo el 7 puy O 4 gy yo a5 (V JSib) b ools

S5 Fsesy Solen &
5 BLAST 5 NCBI oals oL S )3 (—w) o @l
s Sequencher slalssle s Ly sw) p cp—izzed
03 LA Glasses ¥ plos a5 sls s BioEdit
Otk 9.0 93 (33— Slo—5 (yu—iss IBSIRNA
A0-99 i 139308 aigas ¥ 18 35393 w9 pun
O SSb S 39 ag0 il 8) slapi Lo s
Lo b ol eyt il LS 9 59 g0
E/16 5 Y1/8 Y2/11 .Y3/15 RU7 L&y yiwl

losus 1aa K peT ) oS Jl 5 lussl I &5 sibls

L s UV s s laash 5 w8 plssil (duo)s
DNA Safe Stain &) L wSls JJ olfiws il oslaswl
Y 5 5o caaliie jouzs 0 Lo oS i 3l gs
S5 oS Slhyo 9 oLl i S)lgo Jl a5 903
03ib 03 0 sLad) vstaio ¢yl Sl 536 Juw)l
Il 9 550 10 ol 0 4y ) 185 3 )50 3L 5l
asbod g5 (puss ) g-taie an (Sobaidl sl ool
xS pls Ay G99 pn s 90 53y IBSTRNA
VRV 3y WSTpwILv

GoboT ulT

Slas)bon (puin (o) G5 Sla jusie (e b
L 93 LS ws=iT b (2B Glo wgae 5 slaiue)
JIUT o a5 0/ 0 S )lS sise mhow
s 03laiwl SPSS-20 L1381 e 5 Jl laesls s leT
LChromas slaa_ob o Lo Loy s mls
s slayi L s 3JUT BioEdit s Sequencher
48,5 )l 8 aunlio 3) g0 (53 b VS ok

aaisl
285 PV ) 390 lew YEV I asllos ol )3
3390 ) (LE-/Y) )23 VEA 53— (JDA/Y)
£9/7¢& asllon 5) 9 33l (pw (3uSlo () Joan)
LaoT o 5 Juus ) LT o2 pieS &5 (350 Jlus
HosoT wiwss @l )3 uized 35351 Jw 1)
5 Jl 45503 YYA 4 ges V7Y I Nested-PCR
wabo aSg0i YA 5 (hie (a9 s (usiisnes 90 540
e 45903 YT JLL(V JSb) 350b o3l yousiis
\F oo A gei VA Sl pots VW8 53 p0 i V-V
bl J1.(Y o) 35390 w) =3 \Y 53 0 i
A Mol L g 5 i i GbLs)l oleT
Ol LT .06 0395 asllow ¢yl )3 Huuiugw 9o 9l

Asxllbe 390 amed Flghd 21595 ) Jgaa

PIFLY NI PE 5]

[ Als

(Quo ) dlass ublew 09,5

Y\V/& £4/AE

-q)

(d3/Y) Y14 Syo


http://dx.doi.org/10.61186/jarums.23.4.330
https://ejournals.arums.ac.ir/jarums/article-1-2262-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-08-03 |

[ DOI: 10.61186/jarums.23.4.330 ]

YYV 0bled 9 jlw can a8 s WIS i 90 902 (S 98] g0 LT

\4/ve £q/ve -A7 (E-/Y)VEA wJ
Y-/7\ £4/7¢ --q) (\--)Yey g5

AY Sl fudo sl Aiges jl 6313 N Y Saly 100 bp )5 )le N KBl . ow99 pn Juuismngogis IBSTRNA 5 b Nested-PCR galis |\ Jsub

50 bp 55 )le A€ Saly ((C7) ke Jpiis AY Al (C7) ke Jpiis

ko PCR ybless 9 wloless JS 03 i Ui &y i 5oy »5 Silglrd )93 ¥ Usaa
UG (i b Yl plows 43) ikt 43 0 34IS dxal o

e PCR yhlos wbles J5
. - (Jbs) o 03,5
S o o) Soe )
Y . Y \ <\
\7 A \-\d
\ . Yd \- \7-Y-
2 7 & ey Y1-£0
12 Y Y3 &\ E7-7-
12 Y 7- Y'd 71-Yd
\ Y Y- \Y >Yg
Sl dise) sl lon Silghd 21)95 ¥ Jgaa
JS slass FOR Solen
e d)lge e 3)lge
AT & 7 ) oo o 3lsasl s oles
£ ¢ - i 9 )
"y v \7 S 9ok
n \- \ SIS 9
A Y- \ uls’
va YA \ oyl
¥ Y . Lacl Sgn
\Y \Y . SolS solew



http://dx.doi.org/10.61186/jarums.23.4.330
https://ejournals.arums.ac.ir/jarums/article-1-2262-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-08-03 |

[ DOI: 10.61186/jarums.23.4.330 ]

VE-Y vl ‘[")L@ o )louds (P9 9 I ©) 9

Ju)l S 3y e sle oSl alzo VYA

Y Y
V¢

A A
Ay Y4

b
oic slasilen
LQ\S)LAJ_._X )._:_Lw

Y 03 el S)lgo

Ol ) 22 Sl | JSlo (b5 33 0
Il oslaiwl b (swegpun usiusnw g0 5y © gl 15 515
03w PCR sy s 0 shww e yroliio S o[ 55)
s odub aid 5 BAL a5 AY 590 0 lasllas
(TAR) s VY ols plxil ($ 500 wlilews Jl (95w 959 3
e dsllono (ol VS . 3530h 03l oK wude
S5 w539y PLSid )3 4§ (5 ,—a VAl
IN(EE) ya5 A 33553 03,5 w8l 359 il 9545 o8
0350 YUiS (pl 5 39392 e s 50 90y H1a5
3,8 3lg5 50 0aiS o5 rw SIS 8 juoo &S
LVE] aiS usisuians 90 53y O sa—snl jui oIS Aiuno
il aslliae a3lie (slasilae ol lKed 5 s,
L b ublew BAL sladasges ju LT cassls RES!
2353,5 w2 PCR 5 luesd (5 500T 55 Jl o 3laiwl
VE 5 LunasS 5 w5y 03 (10) e ¥ olow 7+ I
casbe (i g0 ol 133 JIPCR )3 )law (/YY)
CIVEV IVENP RPN (WP ¥t LT .asaub oaly yausubs
L9 &S dibls plg—ic 5 039 Ls)'__»,oT.;ﬁ) iy
IR RCNEW S LG TENSERTS <A LIRCIVIN FTEN | PCR

! Maskell

A
Vee LodS ) 5a b bunosS (5540 T5) b it sloss &a) Sl9V diges )3 w9931 uuimangogiy S ko diges .Y JSibs

ol ZoE punssl)] K (w9 s (usisniin 90 53
23 5035 Sl il shls a5l Clbeis 56
i B2 b Jl 9T Jlasl .31 39a s ol blas ploes
a5 530581y el (ySan T sawl 3 515 ol
VYoo (59 .3 9ub 0333 )l Sl lgsch EXPUC I
oo i Sl el il P a0 é§|,¢o 03
20l asllos )o .3 gubs 5o S8l YD s gl g0 oy
Sose 56 5s)si Ly Blx I a5 (slas 503 ¥FY
Oilo)T L Gwoo mn sl 90 iy 3530 (a0 22
b Lo 5 (L-/VY) asb903 ) ) (oS wy o

03 . 3ub lwlihs (1Y/7) 45505 YA s Nested-PCR
690 r— WlSod 9 Ju s —dual V- VY J—0
4 Mo yhlow VS i go 9o ) gl ju5 915
Jlon OA )3 (COPD) as) (salamusl (o jo (S Lo
s )3 Yol iuslS £ omb 5 3330 plsl slasllias
E:Lu AL SRSV PRTS]| SITEy] KW P S TN
Mo Yholows & sls Ylis asllos (yl JI ISEVY FEIRY
O 50 633 ) 9a—wl 35 515 S=iuwo COPD o,
DY) St w5


http://dx.doi.org/10.61186/jarums.23.4.330
https://ejournals.arums.ac.ir/jarums/article-1-2262-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOI: 10.61186/jarums.23.4.330 ]

rya U|)l§.o.(h3)b»¢u._&_.___;u»f)j

P RCP PR NEINT [ PTLNS R Tr| RN FTENS ) BPUV T
L ol (pSoe wigie @5 Db )3 0 Jasr vl S)lse

S gulis 03l yousis yh9) (ol
I 85 545 2 PCR U s g0 (sl bl
2= A4S ol b5 3 )50 aigas RNA L DNA Jiss
s 1) 5135 350 ewlS )l Olgs e bl ol
alos Jl aliee sl lew (youis sl PCR sls
aiwd 93 4 9 [VY] Sl 3 ,)LS Sisac slasilen
i)l g 93 &S SRS 9313 gub 50 Eads 0Soc
BIRNE TR SN o SIS NNV Y N )
253 Jobs s & ol [VA] 2 5o 0l b panstSl
Loas 505 Jl ylg—5 50 PCR Lzl (sl s a5 el
,ﬂ)’l’T SVEQNENE JUSNE WA IR WRTHEH DL RCIV [Nt P

SLRL sladsges Jl abl ojls &b g0
S o0 )l ds Sin 9 3,5 oslatwl Ylgd 5o jui ol

[VA-Y ] il plomsl ol Ginlo)T jus S sn 5T
Y Jawwilis 9 0393 olaial 5 (wlws Hbg) PCR
Lo Sl ged VS i 90 9iy YRUTULS uS
9 Pl (5 g duiul (S LS L UW')&NT Aiile
e LAl i)l IS Gaizmes [PV] S)ls ) dals
03 Ginle 3T azuis i)l 03483 plis &5l (YL
Loy )3 [PV] ol Guitungopiy wisie )
SLR0) Il pusicww g0 90 (5w )2 Bt S990
3lass &5 0 ol 35 o3kl Ylgsse 'MLSU sisle

W}b)'b .),_A} dumuw’.ayu ).)L’ASL).:_\JA
k_,.:L».sl.u.u.s 6')_> L,Jlll_) \_LLM)LIMA )|A_f\_x_w| oAb

et Sho O )53 el Dl 55
BAL L oo Wl bl (sladsgos ) yuuiammn 50 i3
OlSol b9y oyl > Lol nwl Nested-PCR o)
S 5 O gawl jus 85 I Sy PCP ous i
PCR 0 Jl asb JShie ¢yl o e 9 3135 3929
DNA S (a5 9lkel QPCR .3 i o slaial (o8

? Mitochondria LargeSubunit

56518 [10] 32350 Lyl 38l sl £ 1) Loukis
9 LwosS (63— T8 5) Jl oalaiwl Loy )l Son
Real-time 5 o3l PCR yized 5 ) gl yrolite
Sl wbhlew Jl o ass ,5 BAL Qgas 1O+ PCR
W 9o b e \WY) ool pae 5 (K3 19)
93 o e wlus Sy o=l DS 3 Sdls )l 8
Sl 9 300,37+ )3l Sladiges Sl S a5
CIVTT PVENR V- R VPE SNV S AN ER TS R ¥ GUre- F X PUY)
9303 AY 9V -+ w54 03Llw PCR bs)
93003 \ -+ s & Real-time PCR wuwlua
Obsy oS a b LBl 5 b puss 3o s AL/
owlie (B9 (W3 o8 Jus 4 Real-time PCR
ol e oMe H 93 0 jw ol Yhlew WIS jues Sl 0
253 4 s Lo (5 jue 15 a8 LuT Jl[V¢]
PRVING EFCE A g VRGPS UKV TICS VY N ¢P)
) 5 5o TS 5l s sl sLaye 55 aas
A 0 & Yy ke aijo Bl Jl pized 9 35,5 50
RTC VL U Laoliulo 3T )l (s obuws 0 13 cemawl
olre Sl Lol 39050 I (w9 p s 50 54
slaesl s Ladsluw oS wwl ¢yl Sl 55y ol
G 2 DD Al ) aid )T S 5) S ol e
oddliie b0 b 5 iy S5 b 95wy S0
Ul__»).g,o;x_'eL;)'ll)ro_mg,iLf)lulﬁ_igl_'SA)Y gryimy
ST 55 cauwlio 43505 A ) ohained .3y 845
P EEVEEIENE- L g Y EEVSENGIEINEE Y A 1Z9)
LT slye as Sl gas Y7V I cmawl (59 00 [o.ux._a_.'\lf)l
U_m)).;).)mlal_zﬂksHDThf_i))é_&iw|
i 9.0 93y )b Jl 4 905 0 LS (52559 )50
Olgie Sobe 4.2 03y ausldls ke Gwo9 p
Sl 4 )51 6 5ueT ) by & 3,5 Yl L sbil
QG Llls b s9a s slawmplds 9 bl e (olwlivs
5 oSS =)o wljse 03 S9a 50 Slawslas Juls

é__g)bﬂua.g_.xuur;_mplfﬂc)__ﬂ lwlidh )s =3

! Flori


http://dx.doi.org/10.61186/jarums.23.4.330
https://ejournals.arums.ac.ir/jarums/article-1-2262-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOI: 10.61186/jarums.23.4.330 ]

\E-Y ol ) s[o)l.{c__; o )louds ‘[oﬁmg\;w.ﬁ._\o)gb

Jaol S5 o Ia,.lc olKisls aJ=o YE -

sl )98 raws Sl 9IS 8 pae aBlaie 05wl
oSl Js 0S5 lbenio)8 0553k ol Js e
S5k @se & plerd 9 plid 39) HauTis wl
i ads SDIS pblew £léy sl )y w90 932
ailawlio Lol wmul D3 )3 33 (9L el Jl icdl
pNe pos a5 L 16 o pliless )3 S )l pausits
Olaid Juds 4 uizmed 5 0353 Dlgibs Dl Sl
Sbs) Vs Hobail GAKivle)T —uis Gbs)
0=l peaiss gblito SLAGUSTY 3939 5 SR2Isls
WS 9o 03yl by Jl eslaiwl b uJssly
22 p—aslS )l oaal e 5 (5 30T S) by
WP VS Mo )1l ax ST S5 98w g )See
as 3)lgn )3 9035 Hub 0T wuawlua Sy wuwl
SIS bie ausds OLSel sl ub wxsae )b
YU L shls Nested-PCR i) Lol .o )ls 3535
ok L S G el 5o pal £ 93) liwlih V>
D gRe RIS VS (s=bod b9y 5wl S gac

Sodbze

S9033 9 i
o8 o eila bl wlid )l aebobl Jl aslas (pl
GYAI S 5 VAVYY o)locits 7 )b 25 L Jlw e
ol wls )l IR.IUMS.FMD.REC.1400.536

el 03 ]yl Ol pal S Sape e
23lio U5

UKM}J Sl 28l slas dq}izm GRS gl S

SD)las S99

References

L Olpe el yo Jled wxigac 9 wsawl j5lS o
Sl = Lioguozxe PCR o) [YYPE] ol casgac
ol Sae HIV I e Sl (o 4 Mive ¢llew
azalro el o8 L L adel gblow ol 1)
sla ey il oslaiuwl Ly el oy Soo 5 3idS 5
s5baie any [YO] S5is 03ls paus i 95w Sk
PLzsl Bl s (5 305 9 b Gl )8l
Obs) Jlaslla o oyl )3 JsTge el inle T
r3lie by ol 0 .0k oslaiwl Nested-PCR
m,;xj;leas,&s)afmplf)lDNA)‘lL;);
as yo 93 SIS Gbs) =l S 5o (LS VL
b o=l VIR Blada jo 93wl PCR2 s PCR1
Spbse ogmze Ol wpwlus Gl 31 )3 Sige Jole
wasire ) ot a3 PCR2 (sl youl 5o aT Juds a5 9
oab sl PCR1 ys)ys Jl slasbs , iS5 sl ym
Ol e 4 sobaial e wilsabd i Jlois] wawl
Jg—oo b 4 Joobs mlis 9 3o L YL
0 a5g905 YABAL 45505 YPY Sl ol Joud Jol8
O g0 ois b5 I Nested-PCR i)
Nested-PCR Jl Jools gl .asaub wudo swo9
Ob9) I edel e ws 4 mli L ol awlie 5
Ob9) o=l &S ol e ol LBl 6 el S)
b g3 5y wade S)lge 5 0392 338 Slsse
O3 a8 )8 03530 Jleial 9 35 g 50 (Sl T
b R VL Uljue 42 Sshe Slge
Nested-PCR I oslaiwl e BB ga=o Jl
9wl Yo wspoliaial b polus S9S g0 o) S &
Laoliule T oo ro._m;_.ilf)l e Slhym vl 50
L looliws 5 whiuas diojls J9 3,5 oslaiwl
] puazkie 9 030 b Jisel lag s 9 Vb aiy i
o=l @ e slaolinle )T )3 &S 3 g 50 w95 13
O 5.0 91y xS Sh—r Sl se o)
S g 5 jlslely



http://dx.doi.org/10.61186/jarums.23.4.330
https://ejournals.arums.ac.ir/jarums/article-1-2262-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOI: 10.61186/jarums.23.4.330 ]

YEV Oed 9 jlw o puf SR I ]IS i 90 9y (S 98 g0 oSkl

1- Meenakshi K, Gowtham, RR, USha, K. Pneumocystis jirovecii Pneumonia: a Revisit to the old
Malady. J Clin Diagn Res. 2019; 13(11):1-8.

2- Hammarstrom H, Grankvist A, Broman |, Kondori N, Wenneras C, Gisslen M, et al. Serum-based
diagnosis of Pneumocystis pneumonia by detection of Pneumocystis jirovecii DNA and 1, 3-B-D-
glucan in HIV-infected patients: a retrospective case control study. BMC Infect Dis. 2019; 19(1):1-10.
3- Mohebali M, Mirbakhsh M, Keshavarz H. Rapid detection of Pneumocystis carinii in spiratory
specimens of rats by calcofluor white staining. Iran J Public Health. 2002.31(3-4):108-110.

4- Delliére S, Gits-Muselli M, Bretagne S, Alanio A. Outbreak-causing fungi: Pneumocystis jirovecii.
Mycopathologia. 2020; 185(5):783-800.

5- Nevez G, Guillaud-Saumur T, Cros P, Papon N, Vallet S, Quinio D, et al., Pneumocystis primary
infection in infancy: additional french data and review of the literature. Med Mycol. 2020; 58(2):163-
171.

6- Fauchier T, Hasseine L, Gari-Toussaint M, Casanova V, Marty PM, Pomares C. Detection of
Pneumocystis jirovecii by quantitative PCR to differentiate colonization and pneumonia in
immunocompromised HIV-positive and HIV-negative patients. J Clin Microbiol. 2016; 54(6):1487-
1495,

7- Vera C, Rueda ZV. Transmission and colonization of Pneumocystis jirovecii. J Fungi. 2021;
7(11):979-995.

8- Lagrou K, Chen S, Masur H, Viscoli C, Decker CF, Pagano L, et al. Pneumocystis jirovecii disease:
basis for the revised EORTC/MSGERC invasive fungal disease definitions in individuals without
human immunodeficiency virus. Clin Infect Dis. 2021; 72(Supplement_2):114-120.

9- Karageorgopoulos DE, Qu JM, Korbila IP, Zhu YG, Vasileiou VA, Falagas ME. Accuracy of B-D-
glucan for the diagnosis of Pneumocystis jirovecii pneumonia: a meta-analysis. Clin Microbiol Infect.
2013; 19(1):39-49.

10- Pennington K, Wilson J, Limper AH, Escalante P. Positive Pneumocystis jirovecii sputum PCR
results with negative bronchoscopic PCR results in suspected Pneumocystis pneumonia. Can Respir J.
2018; 2018:1-5.

11- Fan LC, Lu HW, Cheng KB, Li HP, Xu JF. Evaluation of PCR in bronchoalveolar lavage fluid for
diagnosis of Pneumocystis jirovecii pneumonia: a bivariate meta-analysis and systematic review. PL0S
One. 2013; 8(9):e73099.

12- 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 bronchoalveolar
lavage samples. Iran J Public Health. 2013; 42(3):298-305.

13- Gantois N, Lesaffre A, Durand-Joly I, Bautin N, Le Rouzic O, Nseir S, et al. Factors associated
with Pneumocystis colonization and circulating genotypes in chronic obstructive pulmonary disease
patients with acute exacerbation or at stable state and their homes. Med Mycol. 2022; 60(1): myab070.
14- Maskell NA, Waine DJ, Lindley A, Pepperell JC, Wakefield AE, Miller RF, et al. Asymptomatic
carriage of Pneumocystis jiroveci in subjects undergoing bronchoscopy: a prospective study. Thorax.
2003; 58(7):594-597.

15- Rozaliyani A, Sjam R, Tugiran M, Adawiyah R, Dwiatmo C, Haryanto B, et al. Detection of
Pneumocystis jirovecii by nested PCR in lung cancer patients in a tertiary hospital in Jakarta: A
preliminary study. Int J Infect Dis. 2020; 101:386-387.

16- Flori P, Bellete B, Durand F, Raberin H, Cazorla C, Hafid J, et al. Comparison between real-time
PCR, conventional PCR and different staining techniques for diagnosing Pneumocystis jiroveci
pneumonia from bronchoalveolar lavage specimens. J Med Microbiol. 2004; 53(7):603-607.

17- Parvizi P, Ready PD. Nested PCRs and sequencing of nuclear ITS-rDNA fragments detect three
Leishmania species of gerbils in sandflies from Iranian foci of zoonotic cutaneous leishmaniasis. Trop
Med Int Health. 2008; 13(9):1159-1171.

18. Morley AA. Digital PCR: A brief history. Biomol Detect Quantif. 2014; 1(1):1-2.

19. Eisenstein Bl. The polymerase chain reaction: a new method of using molecular genetics for
medical diagnosis. N Engl J Med. 1990; 322(3):178-183.


http://dx.doi.org/10.61186/jarums.23.4.330
https://ejournals.arums.ac.ir/jarums/article-1-2262-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOI: 10.61186/jarums.23.4.330 ]

VE-T Yliwo) (ool oolod oo 9 oy ©) 9 Jd )l S 3y psle olfiuls alze YEY

20- Baumforth KR, Nelson PN, Digby JE, O'Neil JD, Murray PG. Demystified the polymerase chain
reaction. Mol Pathol. 1999; 52(1):1-1.

21- Bateman M, Oladele R, Kolls JK. Diagnosing Pneumocystis jirovecii pneumonia: A review of
current methods and novel approaches. Med Mycol. 2020; 58(8):1015-1028.

22- McTaggart LR, Wengenack NL, Richardson SE. Validation of the MycAssay Pneumocystis kit for
detection of Pneumocystis jirovecii in bronchoalveolar lavage specimens by comparison to a
laboratory standard of direct immunofluorescence microscopy, real-time PCR, or conventional PCR. J
Clin Microbiol. 2012; 50(6):1856-1859.

23- Robberts FJ, Liebowitz LD, Chalkley LJ. Polymerase chain reaction detection of Pneumocystis
jiroveci: evaluation of 9 assays. Diagn Microbiol Infect Dis. 2007; 58(4):385-392.

24- Alanio A, Desoubeaux G, Sarfati C, Hamane S, Bergeron A, Azoulay E, et al. Real-time PCR
assay-based strategy for differentiation between active Pneumocystis jirovecii pneumonia and
colonization in immunocompromised patients. Clin Microbiol Infect. 2011; 17(10):1531-1537.

25- Maillet M, Maubon D, Brion JP, Francois P, Molina L, Stahl JP, et al. Pneumocystis jirovecii (Pj)
quantitative PCR to differentiate Pj pneumonia from Pj colonization in immunocompromised patients.
Eur J Clin Microbiol Infect Dis. 2014; 33(3):331-336.


http://dx.doi.org/10.61186/jarums.23.4.330
https://ejournals.arums.ac.ir/jarums/article-1-2262-en.html
http://www.tcpdf.org

