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Abstract

This study investigated the prevalence and genotype distribution of Pneumocystis jirovecii in
HIV-positive patients with pneumonia in Jakarta, Indonesia. A total of 100 sputum samples were collect-
ed from two hospitals and analyzed using real-time PCR targeting the P. jirovecii MSG gene to detect the
presence of the organism. Genotyping was performed through mtLSU ribosomal DNA sequencing and
DHPS gene restriction fragment length polymorphism (RFLP) analysis. P. jirovecii DNA was detected in
20% of samples (20/100). DHPS analysis revealed that 58.3% (7/12) of patients with P. jirovecii pneu-
monia carried resistant genotypes, including 16.7% genotype 3 and 41.7% mixed genotypes. Sequencing
of mtLSU identified seven variants, with variant 3 being the most common and showing a strong associ-
ation with lower CD4+ T-lymphocyte counts. These results suggest that multiple resistant genotypes of
P. jirovecii are circulating in Indonesia and that resistance is more closely linked to the patient’s clinical
condition and immune status than to mtLSU variant type. This study provides important molecular ep-
idemiological data on P. jirovecii in HIV-positive patients in Indonesia and highlights the need for on-
going monitoring of genotypes and resistance markers to guide treatment strategies and improve patient
outcomes.
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Pe3rome

ToBa npoyuBaHe M3ClieBa PA3MPOCTPAHECHUETO U PA3IMPENEICHUETO HA TEHOTUNIA HAa Pneumocystis
Jjirovecii ipu HIV-no3utuBHu naruentu ¢ naeBMoHus B J[xakapra, Mamgonesus. O6mo 100 mpobu ot
XpavyKu ca cChOpaHu OT JABe OOMHUIIM U aHanu3upaHu ¢ nomoiira Ha PCR B peasiHO Bpeme, HACOYEHH KbM
reHa MSG Ha P. jirovecii, 3a 1a ce OTKpUE HAJIMYMUETO HAa OpraHu3Ma. | eHOTUIIM3UPAHETO € U3BBPIICHO
ype3 cekBeHupane Ha pubozomna JIHK ma mtLSU u ananu3 Ha monumopdu3bM Ha IbIDKHHATA HA
pectpukinmonaute ¢pparmentu (RFLP) ¢ DHPS ren. IHK na P, jirovecii e otkputa B 20% oT mpobute
(20/100). DHPS ananu3sT paskpu, e 58.3% (7/12) or mamueHTHTE C MHEBMOHUS, IpUYMHEHa OT P
Jirovecii, HOCAT pe3UCTEHTHU T€HOTUIIOBE, BKIIOUUTENHO 16.7% renotun 3 u 41.7% cMeceHu reHOTUIIOBE.
CexBenupanero Ha mtLSU naeHTudumupa ceneM BapuaHTa, KaTo BapUaHT 3 € Hail-uyecTo CpelaHusT U
MOKa3Ba CHJIHA Bpb3Ka ¢ Mo-HUCHK Oport CD4+ T-mumdponntu. Te3u pe3ynraru nmokassar, uye B IHaoHE3Us
LUPKYJIUpaT MHOXKECTBO PE3UCTEHTHU T€HOTUIIOBE Ha P jirovecii WU 4e PE3UCTEHTHOCTTA € IO-TACHO
CBBbp3aHa C KIMHUYHOTO CHCTOSHUE M WMYHHHUSI CTaTyC Ha MAalMEeHTa, OTKOJIKOTO C THUIMAa BapUaHT Ha
mtLSU. ToBa npoy4BaHe npeaocTaBs BaXXHU MOJIEKYJISPHO-ENHUIEMHUOIOTUYHY J1TaHHU 3a P. jirovecii ipu
HIV-no3utuBHu nanuentu B MHAOHE3Ms U MoguepTaBa HEOOXOAMMOCTTA OT HEMPEKbCHATO HAOIIOCHHE
3a pa3snpOCTPaHEHUETO HAa TEHOTUIIOBETE U MAPKEPUTE 3a PE3UCTEHTHOCT, 3a J]a CE Haco4aTr CTpaTeruuTe 3a
JICUEHUE U J1a Ce MOA0OPAT pe3y/ITaTUTe MPHU MallUeHTHUTE.
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Introduction

Pneumocystis jirovecii is a fungal organism
responsible for pneumonia (Preumocystis pneu-
monia [PCP]) in immunocompromised individuals,
both with and without Human Immunodeficiency
Virus (HIV) infection (Almaghrabi et al., 2019;
Bozzi et al., 2022). This microorganism is ubiqui-
tous, airborne, and primarily targets the respiratory
system. It attaches to type I alveolar epithelial cells
and triggers host inflammatory responses (Beard e?
al., 2000). Under certain conditions, P. jirovecii can
disseminate to extrapulmonary organs such as the
liver, spleen, and kidneys (Witt et al., 1991).

Although the incidence of PCP among
HIV-positive individuals has decreased due to the
widespread use of antifungal prophylaxis and an-
tiretroviral therapy, it remains one of the most com-
mon opportunistic infections with significant mor-
bidity and mortality, especially in developing coun-
tries (Oladele et al., 2018; Gingerich ef al., 2021).
In Indonesia, HIV continues to represent an impor-
tant public health problem, with an estimated 0.4%
prevalence among people aged 15-49 years and
approximately 510,000-570,000 people living with
HIV (PLHIV) as of 2022 (HIV/AIDS Data Hub
for the Asia Pacific, 2022). The epidemic is con-
centrated primarily among key populations such as
men who have sex with men (MSM), sex workers,
people who inject drugs, and transgender individ-
uals (UNAIDS, 2024). Notably, more than 50% of
new HIV infections occur in the 15-24-year-old age
group, indicating a growing burden among younger
populations.

Therapeutic failure and the high mortality rate
of PCP have been associated with genetic polymor-
phisms in P. jirovecii strains (Singh et al., 2019).
One of the most studied polymorphisms involves
mutations in the dihydropteroate synthase (DHPS)
gene, resulting in amino acid substitutions at codons
55 and 57 (de la Horra et al., 2021). These amino
acid changes confer resistance to trimethoprim-sul-
famethoxazole (TMP-SMX), the drug of choice for
both prophylaxis and therapy (Salzer et al., 2019).

DHPS is the enzymatic target of sulfonamides,
the main class of drugs used for PCP prophylaxis
and treatment. The combination of trimethoprim
and sulfamethoxazole is widely employed as first-
line therapy for pneumonia caused by P. jirovecii
and other pathogenic microorganisms such as Plas-
modium falciparum, Toxoplasma gondii, and Strep-
tococcus pyogenes (de Armas et al., 2012; Maitte et
al., 2013). Mutations in the DHPS gene can lead to
resistance to TMP-SMX, and resistant strains have

been reported in several countries (Xue et al., 2022).

DHPS gene resistance is commonly deter-
mined by restriction enzyme analysis, as described
by Marijke et al. (2014), which classifies isolates
into four genotypes based on Accl and Haelll re-
striction patterns: wild-type (WT)-restricted by both
enzymes; genotype 1-restricted by Haelll but not
Accl; genotype 2-restricted by Accl but not Hael-
1I; genotype 3- not restricted by either enzyme; and
mixed genotypes (Szydlowicz et al., 2019; Liu et
al., 2020).

In addition, P. jirovecii pathogenicity and
disease severity are also associated with genetic di-
versity among strains. Several molecular markers
have been used to identify genetic variations, in-
cluding mitochondrial large subunit ribosomal RNA
(mtLSU-rRNA), small subunit mitochondrial ribo-
somal RNA, internal transcribed spacer 1 (ITS1),
superoxide dismutase (SOD), and cytochrome b
(CYB) (Szydtowicz et al., 2019; Liu et al., 2020).
Among these, mtLSU-rRNA is most frequently
used (Gurbuz et al., 2021; Rafat et al., 2021; Xue et
al., 2022). Studies from various countries have re-
ported different mtLSU-rRNA distribution patterns,
indicating high genetic diversity among P. jirovecii
strains (Dimonte et al., 2013; Jarboui et al., 2013;
Kim et al., 2015).

To our knowledge, no study has yet reported
the molecular characteristics of P, jirovecii strains in
Indonesia based on DHPS and mtLSU-rRNA gene
analysis. Therefore, this study aims to describe these
genetic profiles for the first time. Such information
is essential for improving PCP patient management,
particularly among immunocompromised individu-
als with and without HIV infection.

P. jirovecii is a fungal organism responsible
for pneumonia diseases (Pneumocystis pneumonia
[PCP]) in immunocompromised people with Hu-
man Immunodeficiency Virus (HIV) and non-HIV
(Almaghrabi et al., 2019; Bozzi et al., 2022). This
microorganism is scattered everywhere, spreads
through the air, attacks the respiratory system de-
posited in the alveoli, is attached to alveolar cell
type 1, and triggers the host’s inflammatory re-
sponse (Beard et al., 2000). Under certain condi-
tions, P. jirovecii can spread to various locations in
the extrapulmonary lung, such as the liver, spleen,
and kidneys (Witt et al., 1991).

The PCP cases in people with HIV are de-
creasing because of the prophylactic fungal med-
ications and antiretroviral therapy; however, it
continues to be the most common infection with
significant morbidity and mortality, particularly in



developing countries (Oladele et al., 2018; Gin-
gerich et al., 2021). The therapeutic failure and high
mortality could be correlated with genetic polymor-
phisms of P. jirovecii strains (Singh et al., 2019).
One of the polymorphisms was a mutation of the
DHPS (dihydropteroic synthase) gene leading to the
amino acid change of the dihydropteroic synthase
enzyme at codons 55 and 57 (de la Horra et al.,
2021). The amino acid changes caused P. jirovecii
to be resistant to trimethoprim-sulfamethoxazole
[TMP-SMX], as the drug of choice for prophylaxis
and therapy (Salzer et al., 2019).

Dihydropteroate synthase (DHPS) is an en-
zymatic target or gene target for sulfonamides, the
main drug for prophylaxis or the treatment of Pneu-
mocystis pneumonia. The trimethoprim-sulfameth-
oxazole combination is widely used for the first line
of prophylaxis and treatment of pneumonia caused
by P, jirovecii and other pathogenic microbes such as
P. falciparum, T. gondii, and S. pyogenes (de Armas
et al., 2012; Maitte et al., 2013). The DHPS gene is
a gene that has the potential to undergo mutations
that result in resistance to trimethoprim-sulfameth-
oxazole. Several researchers have reported the pres-
ence of a resistant DHPS gene in some countries
(Xue et al., 2022).

Resistance to the DHPS gene is determined
based on the results of enzyme cleavage, classified
by Marijke et al. (2014). There are 4 genotypes
based on differences in the cutting of these en-
zymes, namely: WT (wild type) is restricted by both
Accl and Haelll enzymes; genotype 1 is restrict-
ed by Haelll but not restricted by Accl; genotype
2 is restricted by Accl but not restricted by Haelll;
genotype 3 is not restricted by Haelll or Accl, and
mixed genotypes (Szydlowicz et al., 2019; Liu et
al., 2020).

On the other hand, the P. jirovecii pathoge-
nicity and the disease severity were also associated
with genetically different strains. To identify the P
Jjirovecii genetic variations, mitochondrial large sub-
unit ribosomal RNA (mtLSU-rRNA), small subunit
mitochondrial ribosomal RNA, internal transcribed
spacer 1 (ITS1), superoxide dismutase (SOD), and
cytochrome b (CYB) have been used (Szydlowicz
et al., 2019; Liu et al., 2020), and among those,
the mtLSU-rRNA was frequently used by many re-
searchers (Gurbuz et al., 2021; Rafat et al., 2021;
Xue et al., 2022). Studies from many countries re-
ported different patterns of mtLSU-rRNA distribu-
tions, indicating high genetic diversity of P. jirovecii
strains (Dimonte et al., 2013; Jarboui et al., 2013;
Kim et al., 2015).

To our knowledge, there is no report regard-
ing the DHPS and mtLSU-rRNA-based molecu-
lar characteristics of P. jirovecii strains detected in
Indonesia; therefore, here, we report it as the first
study. This information is very useful to evaluate
PCP patient management, particularly immuno-
compromised people with HIV and non-HIV.

Materials and Methods

Characteristics of patients

A total of one hundred patients who met the
inclusion criteria were tested using a real-time RT-
PCR assay targeting the mSG gene of P. jirovecii.
Among them, twenty hospitalized HIV-positive pa-
tients with acute pneumonia from RSCM and RSAL
Hospitals, Jakarta, collected between November
2015 and June 2016, were confirmed positive for
P. jirovecii, as previously reported (Tjampakasari et
al., 2019). All patients provided written informed
consent and fulfilled the study’s inclusion criteria.
Demographic data, including age, sex, and ethnici-
ty, were recorded.

Clinical samples

Standard or induced sputum samples were
collected from patients by specialist doctors. The
samples were transported to the laboratory using a
cool box with a 2-8°C condition, and the samples
were immediately processed by adding 1 ml of 1 M
dithiothreitol and incubated at 37°C for 15 min. The
mixture was added by 1 ml of 1x phosphate buffer
saline (PBS), pH 7.4. One ml of the mixture was
centrifuged at 14000g for 5 min. The supernatant
was discarded, and the pellet was stored at -80°C
until used.

DHPS-based genotype

Nested PCR generated 370 bp product using
primers from Monroy-Vaca et al. (2014) and Lane
et al. (1997). PCR I (20 pl) and PCR II (30 pl)
contained 1x PCR Buffer, 1x Q Solution, 0.2 mM
dNTP, 2.5 mM MgCl], primers (0.4 uM for PCR
I, 0.3 uM for PCR II), 0.5 U HotStar Taq, and DNA
template (PCR I: 5 pul, PCR II: 4 pl of PCR I prod-
uct). Thermal cycling was 95°C for 15 min; 35-42
cycles of 94°C for 30 s, 52-55°C for 1 min, 72°C
for 1 min; and 72°C for 10 min. PCR II products
were gel-purified using QIAEX II and analyzed by
RFLP with Accl and Haelll to determine DHPS pol-
ymorphisms at codons 55 and 57 (Helweg-Larsen et
al., 2000).

mtLSU-rRNA characterization
Nested PCR produced a 251 bp product us-
ing primers from Helweg-Larsen et al. (2000) and



Wakefield (1996). PCR I (40 pl) and PCR II (50
ul) contained 1x PCR Buffer, 1x Q Solution, 0.2
mM dNTP, 2.5 mM MgCIl[], primers (0.4 uM),
and HotStar Taq (1-1.25 U). DNA template: PCR
I 10 pl, PCR II 5 pl of PCR I product. Thermal
cycling: 95°C for 15 min; 40—42 cycles of 94°C for
30 s, 55°C for 1 min, 72°C for 1 min; and 72°C
for 10 min. PCR II products were gel-purified with
QIAEX II and sequenced using the same primers.
Sequences were analyzed with SeqScape v2.7 and
deposited in GenBank (Accession No: PQ892037—
PQ892056).

Statistical test

The Kruskal-Wallis statistical test was per-
formed to examine the relationship between DHPS
and mtLSU genes with genotype, age, and CD4+
count, respectively.

Results

Patient characteristics

Of 20 patients, the ages ranged from 20 to 66
years (mean + 37.76) with three ethnicities (9 Ja-
vanese [45%], 9 Sumatrans [45%], and 2 Sulawesi
[2%]). Most of the patients were male (15 [75%)]),
while the rest were female (5 [25%]). The patient
CD4+ counts were 200-349 (16 [80%]), >350 (2
[10%]), 50-199 (1 [5%]), and <50 (1 [5%]) cells/
mm?.

DHPS-based genotype

Of the 20 samples that were positive for P,
Jjirovecii, only 12 were positive for the DHPS gene.
The genotypes were conducted by DNA restriction
using Haelll and Accl enzymes (Fig. 1 and 2). Of
the 12 samples, 5 (41.67%) were wild type (WT), 2
(16.67%) were 3, and 5 (41.67%) were mixed (WT
and 1) genotypes (Table 1). The patients infected
by a mixture of genotype WT and 1 had 150-350
cells/mm? at the ages of 34-49; those infected by
genotype WT had 280-381 cells/mm? at the ages of
24-48, and those infected by genotype 3 had 267-
300 cells/mm? with ages of 31 and 66.

Figure 1 shows the visualization of the restric-
tion (enzyme cleavage) results of the DHPS gene
fragments using the Accl enzyme, while Figure 2
shows the results using the Haelll enzyme. For pa-
tient samples numbered 41, 49, 9, 24, and 26, two
bands were observed, indicating that the fragments
were successfully cut (restricted) by both Accl and
Haelll. In contrast, samples from patients 31 and
37 were not cleaved by either enzyme. Meanwhile,
samples from patients 6, 7, 29, 43, and 44 appeared
to be partially digested by the enzyme, producing

three bands, suggesting a mixture +/- with the Accl
enzyme.
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Fig. 1. Example of the visualization results of DHPS gene
fragment restriction using the Accl enzyme. Column M:
DNA marker 100 pb. Columns 9, 31: patient identifica-
tion number. No. 9 is restricted by the Accl enzyme. No.

31 is not restricted by Accl enzymes.
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fragment restriction using the Haelll enzyme. Column
M: DNA marker 100 pb. Columns 24, 26, and 37: patient
identification number. No. 24 and 26 are restricted by the
Haelll enzyme. No. 37 is not restricted by Haelll.

The percentage of genotypes with patient de-
mographics can be seen in Table 1. P. jirovecii WT
genotype was detected in patients with an age range
of 31-50 years by 80%, while the age range of 20-
30 years was 20%. Genotype 3 was detected in just
as many (50%) patients with an age range of 41-50
years and over 60 years. For the mixed genotype,
dominance (60%) was detected in the age range of
31-40 years. The table also shows the relationship
between genotype and clinical patients obtained
based on CD4+ T lymphocyte cell values. Based on
these data, the value range of CD4+ T lymphocyte
cells in patients with detected DHPS genes ranges
from 150 to 381 cells/mm’.

The association between P. jirovecii geno-
types (WT, Genotype 3, and Mixed [1 + WT]) and
patients’ CD4+ counts and agewas evaluated using
the Kruskal-Wallis test. No significant differences
were observed in CD4+ counts (H=4.12, p=0.127)



orage (H=2.34,p=0.31) among the genotypes, in-
dicating that genotype variation was n ot assoiated
with immunology status or age in this cohort.

Table 1. Genotype of P. jirovecii based on the DHPS gene

ID Restriction CD4+
Patients ~ enzymes Genotipe (celll  Age
Accl  Haelll mm’)
41 + + WT 350 24
49 + + WT 280 33
09 + + WT 320 33
24 + + WT 300 48
26 + + WT 381 31
37 - - 3 267 66
31 - - 3 300 42
06 +/- + Mix (1+WT) 200 45
07 +/- + Mix (14WT) 200 48
29 +/- + Mix (I+WT) 320 34
43 +/- + Mix (14WT) 150 49

44 +/- + Mix (1+4WT) 300 35
+, -, and +/-: restricted, not restricted, and partly restricted
by the indicated enzymes, respectively. WT: wild type.

mtLSU-rRNA characteristic

For mtLSU-rRNA, all 20 P. jirovecii positive
samples were PCR (251 bp) positive. The two po-
sitions (85 and/or 248) are highly varied and can be
used to differentiate the fungal strains (18, 23). After
deducting the primer sequences, the mtLSU-rRNA
sequences that can be analyzed are 207 bp from nu-
cleic acids at positions 35 to 241. Therefore, a pol-
ymorphism at position 85 could be analyzed, while
another polymorphism at position 248 could not be
analyzed because it was not spanned by the primers
used in this study. Based on variation at position
85, 11 (55%) of 20 strains had a nucleotide adenine
(A), 6 (30%) had a nucleotide mixture of cytosine
(C/A), 1 (5%) had a nucleotide mixture of C/thy-
mine (T), 1 (5%) had nucleotide T, and 1 (5%) had
nucleotide C (Table 2). Nucleotide A at position 85
was obtained from 11 patients with 150-492 CD4+
counts and 20-56-year-olds. Mixtures of C/A were
obtained from 6 patients with 21-320 CD4+ counts
and 14-58-year-olds. Nucleotide C, T, and a mix-
ture of C/T were obtained from patients with CD4+
counts of 200 (39 years old), 200 (47 years old),
and 320 (34 years old), respectively. Kruskal-Wal-
lis analysis shows a significant difference in CD4+
counts among nucleotide genotypes at position 85
(p < 0.05), with patients carrying genotype A ex-
hibiting higher CD4+ counts than those with C, T,
or C/A genotypes. No significant differences were
observed in patient age across genotypes (p > 0.05),

indicating that genotype at position 85 is not asso-

ciated with age.
Table 2. Variations of nucleotides at position 85 of Pneu-
mocystis jirovecii mtLSU-rRNA

Nucleotide at D4+ count

ID Patient position 85 ((:cell/mm?)) Age
01 C 200 39
02 T 200 47
06 A 280 45
08 A 381 31
09 A 492 33
07 A 300 48
13 A 350 56
15 A 350 24
16 A 150 49
17 A 300 35
20 A 300 58
21 A 275 20
22 A 280 33
03 C/A 200 58
04 C/A 320 41
05 C/A 280 43
12 C/A 300 42
14 C/A 267 66
18 C/A 21 21
10 C/T 320 34

C: cytosine. T: thymine. A: adenine.

Discussion

In contrast to most bacteria, the fungus P.
Jjirovecii cannot be cultured. Therefore, genomic
typing must be conducted directly from clinical
samples. DNA amplification from clinical samples
has certain obstacles because of the small amount
of DNA fragments. In this study, amplification of
DHPS DNA fragments showed less sensitive re-
sults. Of 20 P. jirovecii-positive samples, only 12
were DHPS-positive. For the mtLSU-rRNA DNA
fragment, all 20 P. jirovecii positive samples were
positive. The different sensitivity between DHPS
and mtLSU-rRNA might be caused by different
amounts of DNA molecules in the genome. Of the
two targets, the mtLSU-rRNA is preferred because
it exists in multiple copies of mitochondrial orga-
nelles; therefore, the mtLSU-rRNA can be detected
more easily than a single copy of the DHPS gene
(Wakefield et al., 1990; Montes-Cano et al., 2004).

The characteristic of the DHPS gene, poly-
morphisms at codons 55 and 57, can affect the pa-
tient‘s response to antifungal drug therapy (Salzer
et al., 2018; de la Horra ef al., 2021). To know the



codon polymorphisms, the RFLP method can be
used by using Accl (codon 55) and Haelll (codon
57) enzymes. The method is simple, rapid, and
cost-effective for the detection of point mutations at
codons 55 and 57 (Ma et al., 2018). In this study, of
12 samples, 41.67% (5/12) were WT, 16.67% (2/12)
were 3, and 41.67% (5/12) were mixed (WT and 1)
genotypes. This result showed a higher prevalence
than in some countries in Asia. In Hangzhou, Chi-
na, Zhu et al. (2020) found only one case (1.67%
[1/163]) of mutation at codon 55, and the majority
of cases were the WT genotype (Siripattanapipong
etal.,2008; Singh et al.,2019). In Guangzhou, Chi-
na, Deng et al. (2014) reported that of 25 patients,
22 (88%) showed the WT genotype, 2 (8%) showed
a mixture of WT and mutant in codons 55 and 57,
and the remaining 1 (4%) showed a mixture of WT
and mutant in codon 55 (30). The mutation preva-
lence (codon 55 and 57) was also low in Thailand
(11.7% [2/17]) and Iran (6.25% [1/16]), and there
were no cases of the mutations in India (0% [0/14]),
Turkey (0% [0/28]), and Korea (0% [0/95]) (Tyagi
et al., 2008; Deng et al., 2014; Mane et al., 2015;
Zhu et al., 2020).

Be aware of the data obtained; the results of
the P, jirovecii study in Indonesia showed a high
rate of gene mutations, that is, 7 of 12 patients
(58.34%). This should be cautioned because gene
mutations are associated with resistance to trimeth-
oprim-sulfamethoxazole (TMP-SMX) and result
in treatment failure. Genotypes do not change over
time. The occurrence of the resistance genotype is
due to increased exposure to TMP-SMX (Siripat-
tanapipong et al., 2008; Ozkoc et al., 2918). Sta-
tistical analysis showed no significant differences
in CD4+ counts among P. jirovecii genotypes (WT,
Genotype 3, Mixed [1 + WT]). These results sug-
gest that genotype variation is not associated with
immune status or patient age in this cohort.

Analysis of polymorphism in the hot spot
region of the mtLSU gene nucleotide positions 35
to 241 (205 PB) was obtained in 20 patients with
30 strains of P. jirovecii, where some patients were
infected by 2 different strains (mixed infections).
Seven variants were found in this study, and the
3rd variation type is the type of nucleotide varia-
tion that is widely found, which is 16 strains; the
2nd variation type is 2 strains, and 1 strain for each
type of 4th, 5th, 6th, and 7th nucleotide variation.
Of the 30 strains that were detected, mutations at
nucleotide position 49 (C—T) were found in 1
strain. Mutations in nucleotide position 85 (C—T)
were found in 2 strains, while mutations from C to

A were found in 20 strains. Mutations at nucleo-
tide positions 100 (T—C), 119 (G—A), and 203
(A—G) were also found in 1 strain, respectively. So
far, the 7 variants we found have not been reported
by other researchers.

The results of our study are different from
the results of Ernesto et al. (2014) study in Cuba;
they found 10 variants with polymorphism from
nucleotide positions 25 to 258 with changes from
(A—T) at positions 25, 252, and 258. The 1st type
of variation is the type of nucleotide variation that
is widely found, which is as many as 31 strains.
The differences in nucleotide variation between
our study and Ernesto et al. (2014) were influenced
by differences in disease, specimens, and subjects
studied; transmission; and circulation of different
P. jirovecii genotypes and geographical locations.
Ernesto et al. (2014) examined infants and toddlers
with cough symptoms as research subjects with
nasopharyngeal swabs as the specimens studied
(Sheikholeslami et al., 2015).

The mtLSU gene is a gene that resides in the
fungal ribosome, located on ribosomal RNA that is
not directly involved in the formation of proteins
(Sheikholeslami et al., 2015). Therefore, the nucle-
otide variation in the mtLSU gene does not indicate
any change in the amino acid arrangement that can
be transformed into a new protein. Changes in ribo-
some structure due to nucleotide variations tend to
change the structure of the ribosomal RNA itself.
The existence of 7 variants of P. jirovecii found in
this study shows the high genetic variation of the
mtLSU gene in Jakarta.

This study analyzed the mtLSU gene hotspot
area. Some researchers use the mtLSU gene as a
genotyping study for their country, and some relate
it to the patient’s clinical condition to determine the
severity of the disease (CDC, 2020). Therefore, it is
necessary to characterize the genotype of the mtL-
SU gene to determine the severity of the disease.
Genotype at nucleotide position 85 was signifi-
cantly associated with CD4+ count, with A carriers
showing higher levels than C, T, or C/A genotypes
(Kruskal-Wallis, p < 0.05). No differences in age
were observed (p > 0.05), suggesting that this vari-
ant affects immune status independently of age.

Regarding PCP prophylaxis in HIV-posi-
tive patients based on CD4 count, fungal drugs
are recommended when CD4 counts are less than
200 cells/mm? and discontinued when CD4 counts
are sustained at > 200 cells/mm?® for more than 3
months (Witt ef al., 1991). If ART initiation must
be delayed and frequent monitoring of CD4 counts



(e.g., every 3 months) is impossible, some experts
recommend starting P, jirovecii Pneumoniae proph-
ylaxis at CD4 counts >200 cells/mm3 to <250 cells/
mm3. In one study, the P. jirovecii pneumonia case
occurred in an HIV-infected patient with an unde-
tectable viral count and a significant CD4 count
(>487 cells/mm3) (Sullivan et al., 2020).

Several intrinsic factors affect the charac-
teristics of resistance and virulence of P. jirovecii
with CD4+ T lymphocytes, including gender, age,
and clinical condition of the patient. In addition to
intrinsic factors, other causative factors that play a
role are the risk of therapy and the presence of other
diseases.

Based on gender, men differ significantly
from women. Although age does not show signif-
icance, in this study, the productive age range (31-
40 years) dominates. The patient‘s condition was
traced based on the CD4+ T lymphocyte cell val-
ue and treatment status. Based on the data search,
it was known that inpatients were indicated with
more severe infections than outpatients.

Therapy plays an important role in the man-
agement of infection. When used correctly, antibi-
otics provide undoubted benefits. However, when
used or prescribed inappropriately, it can cause
widespread harm in terms of health, economy, and
even for future generations. The use of antibiotics
has increased tremendously over the past 5 dec-
ades; this is not only the case in Indonesia but also a
problem in developed countries such as the United
States (Ernesto ef al., 2014).

Another thing that needs to be followed up
on is regular CD4+ T lymphocyte examinations
to monitor the patient‘s clinical condition, accom-
panied by viral load examinations to monitor vi-
rus particles in the patient‘s blood. The higher the
number of virus particles in the blood, the higher
the risk of transmitting them and developing an op-
portunistic infection. It is crucial to link the data to
the DHPS resistance gene to determine whether the
genotype directly affects the patient‘s clinical con-
dition. The information must also be linked to the
different forms of the mtLSU gene so that we can
figure out which form is most contagious based on
the patient‘s health.

This study has several strengths. It employed
sensitive molecular techniques, including real-time
PCR, mtLSU sequencing, and DHPS RFLP anal-
ysis, allowing accurate detection and genotyping
of P. jirovecii. The focus on HIV-positive patients
provides clinically relevant insights into preva-
lence, genotype distribution, and potential antibi-

otic resistance, while linking genotype data with
CD4+ counts adds an immunological perspective.
Additionally, the study represents one of the first
molecular investigations of P. jirovecii in Indone-
sia. However, the study also has limitations, in-
cluding a relatively small sample size from only
two hospitals and a cross-sectional design, which
may limit generalizability and prevent causal in-
ferences. Genotyping was restricted to mtLSU and
DHPS RFLP analysis, and the observed association
between genotype and CD4+ count is correlative
rather than causal.

Conclusion

The study identified three DHPS genotypes
(wild type, genotype 1, and genotype 3), with
resistant genotypes being predominant. Seven
mtLSU variants were detected, dominated by vari-
ant 3. Overall, DHPS resistance appears to be more
closely associated with the patient’s clinical condi-
tion than with mtLSU variant type.
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