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Pneumocystis pneumonia and tuberculosis infection
among HIV-infected patients with pulmonary infiltrates in
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Abstract. Pneumocystis pneumonia (PCP) and pulmonary tuberculosis infection (PTB) are
important opportunistic infections in HIV-infected patients. The diagnosis remains challenging
since Preumocystis jirovecii cannot be cultured, and expectorated-sputum is frequently
difficult to obtain. The monoclonal-antibody detection for P. jirovecii from induced sputum is
promising in diagnosing PCP. This study determined the percentage of PCP in HIV-infected
patients with pulmonary infiltrates at three government hospitals in Jakarta. The concurrent
infection of PTB was carefully documented as well. This cross-sectional study was carried
out by documenting the clinical symptoms, laboratory findings, chest X-ray, while clinical
outcomes were evaluated during hospitalization. The sputum induction was conducted for P.
Jirovecii with monoclonal antibody detection at the laboratory of Parasitology Department,
Faculty of Medicine Universitas Indonesia, as well as Ziehl-Nielsen staining for PTB. The
results indicated that of 55 HIV-infected patients with pulmonary infiltrates, the positive
monoclonal antibody for P. jirovecii was detected in eight patients (14.6%). Weight loss,
fever, shortness of breath, and crackles were found in all PCP patients; while dry cough in
five patients. Moreover, PTB cases with positive acid-fast bacilli (AFB) was detected in five
patients (9.1%), the PTB cases with negative AFB was 43.6% (24 out of 55 patients), and the
rest 26 patients (47.3%) were not proven to have PTB. The concurrent infections of PCP and
PTB were documented in three out of five positive AFB patients. The clinical outcome of
eight PCP patients showed improvement in five patients, but the other three patients died.
Laboratory findings play an important role in the diagnosis of PCP and PTB, along with
clinical characteristics and radiological features. Low CD4* cell count was considered a
possible risk factor for PCP and poor clinical outcomes.

INTRODUCTION

Prneumocystis pneumonia (PCP) and
pulmonary tuberculosis (PTB) are common
pulmonary infections in HIV-infected
patients; furthermore, their frequencies
depend on geographical region. Pneu-
mocystis jirovecii, formerly known as P.
carinii, is the most frequent cause of
opportunistic pneumonia in patients with

HIV in the United States and European
countries before Highly Active Anti
Retrovirus Therapy (HAART) era and co-
trimoxazole as PCP prophylaxis. Con-
versely, PCP is less frequently reported in
developing countries, while PTB and
bacterial pneumonia still become the leading
causes of death in AIDS patients. Some
studies showed an increasing prevalence of
PCP in HIV-infected patients in developing
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countries, such as India, Sub-Saharan Africa,
Thailand, South Korea, and the Philippine (de
Arma Rodriguez et al., 2011; Benito et al.,
2012; Pandey S et al., 2019) Indonesia has
the third-highest TB burden in the world
and the increasing number of HIV-infected
patients (Trinh et al., 2015), but data on
PCP and concurrent infection with PTB is
still a lack.

The diagnosis of PCP remains a
challenge since clinical symptoms, routine
laboratory and radiology features are not
typical, just as PTB. Preumocystis spp. has
yet to be cultured, so diagnosis depends
on the discovery of this fungi on direct
examination with staining. Monoclonal
antibody detection of P. jiroveci has
improved diagnostic sensitivity and
specificity, compared to conventional
staining. The clinical specimen from
broncho-alveolar lavage (BAL) or trans-
bronchial biopsy remains the gold standard,
but those procedures are invasive, require
special sKills, cost-prohibitive, and not all
hospitals have the facilities. Therefore,
sputum induction with hypertonic saline is
recommended because it is easier, cheaper,
less invasive, and has good equality in
diagnosis (Choe et al., 2014; Kaur et al.,
2015). An elevated level of serum lactate
dehydrogenase (LDH) is frequently asso-
ciated with PCP in HIV-infected patients,
documented in 90% of patients (Vogel et al.,
2011). This study aimed to determine the
percentage of PCP cases among HIV-infected
patients with pulmonary infiltrates at
three government hospitals in Jakarta.
The concurrent infection of PTB was also
documented, along with the possible risk
factors and clinical outcomes.

MATERIALS AND METHODS

This cross-sectional study was conducted on
inpatient wards at three government hospitals
in Jakarta: Persahabatan Hospital, Cipto
Mangunkusumo Hospital, and Dharmais
Hospital. Subjects were patients aged 15
years or older, proven as HIV-infected
patients, had symptoms and signs of
pneumonia, including pulmonary infiltrates,

and has not received cotrimoxazole as a
prophylaxis therapy. The informed consent
was signed by all enrolled patients. Ethical
approval was received from the ethical com-
mittee of Faculty of Medicine, Universitas
Indonesia (No. 133/PT02.FK/ETIK/2008).
Sputum induction was obtained by inhaled
3% hypertonic saline over 15-20 minutes. The
mycological examination was performed at
the laboratory of Parasitology Department,
Faculty of Medicine Universitas Indonesia.
Monoclonal antibody detection with the
immunofluorescence staining technique
(MONOFLUO™ Preumocystis jirovecit IFA
Test Kit #32515) was conducted according
to the procedure. Meanwhile, Ziehl-Nielsen
staining for PTB was performed as well at
the microbiology laboratory of each hospital,
according to WHO guidelines (WHO, 2007).
Age, gender, HIV status, clinical symptoms,
physical examination, laboratory testing, and
radiographic features were documented
from the medical records, as well as clinical
outcomes during hospitalization. The serum
lactate dehydrogenase (LDH) was carried out
photometrically with reference values of
120-246 IU/L. The relative standard variant
has been adjusted as 1-2%, and the upper limit
of normal range for LDH is <250 IU/L. The
data was collected from July 2008 — February
2009, and the analysis was completed in
January 2011. Data were analyzed with
SPSS version 17.0 (SPSS Inc., Chicago, IL,
USA). The risk factors for PCP were
considered by analyzing the association
between variables of importance using the
Chi-square test and P-value < 0.05 was
considered as statistically significant.

RESULTS

There were 55 HIV-infected patients met
inclusion criteria and hospitalized due to
pneumonia symptoms, including pulmonary
infiltrates, within one year. Eight of them
showed positive results of P. jirovecit
monoclonal antibody detection. Hence, the
percentage of PCP in this study was 14.6%.
Furthermore, the percentage of PTB cases
with positive AFB was 9.1% (five out of 55
patients), the PTB cases with negative AFB
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was 43.6% (24 out of 55 patients), and the
rest 26 patients (47.3%) were not proven to
have PTB. Meanwhile, concurrent infection
of P. jirovecii was documented on three out
of five PTB patients with positive AFB.

In this study, there were 43 male patients
(78.2%) and 12 females (21.8%). The common
age group was 20-29 years old and mean
age 29.3 + 5.6 years. Transmission of HIV
infection showed 70.9% of patients were
intravenous drug users (IVDU). The clinical
manifestations of eight PCP patients showed
fever, shortness of breath, loss of appetite,
weight loss, oral thrush, and crackles in all
of them, while dry cough documented in
five patients. The laboratory findings of those
patients are shown in Table 1. All PCP patients
suffered from anemia with hemoglobin
(Hb) mean value of 9.15 g/dL. They also had
hypoalbuminemia with albumin mean value
of 2.58 g/dL. The mean PaO, was 77.23 mmHg
and the mean O, saturation was 93.18%. The
serum LDH was elevated with a mean
value of 354.38 IU/L. The CD4+* levels of all
PCP patients showed <50 cells/mm3, while
the mean value was 20.13 cells/mm?. Three
patients who died showed CD4* values
respectively: 5, 10, and 13 cells/mm?.

Radiographic features showed that all
PCP patients have radiographic abnormali-
ties, such as diffuse bilateral infiltrates in
seven patients, while infiltrates and unilateral
pleural effusion found in one patient. The
three patients who had concurrent PTB and
PCP infections showed significant radio-
logical abnormalities (Figure 1). Clinical
outcomes of eight PCP patients revealed

five of them showed an improvement, but the
other three patients died. Those three patients
were admitted to the hospital with a poor
clinical condition, shortness of breath,
malnutrition, Hb values <8.5 g/dl, and CD4*
cell count <15 cells/mm3. Two patients
showed Pa0O, 51.3 and 69.9 mmHg, while one
patient had PaO, 95.2 mmHg. The extensive
chest x-ray abnormality was found in those
three patients, and one of them showed
diffuse bilateral infiltrates with coarse
reticular opacities in both lungs. A few days
later she became unconscious and died
due to TB meningitis. Risk factors for PCP
could not be determined in this study because
the statistical tests showed no significant
results, but low CD4* cell count was
considered as a possible risk factor.

DISCUSSIONS

The increased prevalence of PCP is in line
with the increasing number of HIV/AIDS
cases in developing countries. The access
to PCP prophylaxis therapy or HAART is
still limited, and the prevalence was
underestimated due to diagnosis limitation
(de Arma Rodriguez et al., 2011; Benito et
al., 2012; Lowe et al., 2013). Moreover, PTB
cases become a global health crisis in many
developing countries, including Indonesia
that has ranked the third-highest number of
TB cases in the world (Trinh et al., 2015).
The percentage of PCP in our study
was 14.6% (8 of 55 patients). Meanwhile,
the prevalence of PCP in various countries

Table 1. The laboratory results of 55 patients for PCP monoclonal antibody detection

PCP monoclonal antibody detection

Characteristics Positive (n=8) Negative (n=47) P-value
Mean SD Mean SD
Hb (g/dL) 9.15 1.92 10.00 2.82 0.416*
Pa0, (mmHg) 77,24 12,79 86,37 19,82 0,181#
O, saturation (%) 93,18 2,17 94,49 2,66 0,192%
Serum albumin (g/dL) 2,58 0,46 2,81 0,87 0,503#
CD4+ (cells/mm?) 20,13 12,56 22,77 26,26 0,720*
Serum LDH (IU/L) 354,38 49,91 341,96 61,44 0,5691%*

* unpaired t-test, ¥ Mann-Whitney test, SD: standard deviation.
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Figure 1. Radiology features of three patients with concurrent PCP and PTB infections.

1A. The posteroanterior of chest X-ray of a female patient aged 27 years revealed a bilateral pattern
of parenchymal opacities, characterized as reticular opacification and ground glass in appearance.
1B. The posteroanterior of chest X-ray of a male patient aged 30 years depicted multiple patchy
shadows with increased density in both lungs which are more obvious in left lung.

1C. The posteroanterior of chest X-ray of a female patient aged 24 years that showed inhomogeneous
consolidation consisting of diffuse bilateral infiltrates with coarse reticular opacities in both lungs.

varies from 10%-30%. The varied range of
prevalence rates among studies might be
caused by differences in the study design,
subjects characteristics, quality of the tests
performed, etc. (de Arma Rodriguez et al.,
2011; Lowe et al., 2013; Aderaye et al. 2007).

The most frequent age group in this
study was 20-29 years old which indicated
as the most vulnerable group of HIV infection,
usually due to lifestyle, as well as many
opportunistic infections including PCP. The
transmission of HIV infection showed 70.9%

of patients were intravenous drug users
(IVDU) and the rest was through sexual
contact. Clinical manifestations showed
fever, shortness of breath, loss of appetite,
weight loss, oral thrush, and crackles in all
of eight PCP patients, while dry cough in five
patients. The study in Ethiopia reported the
clinical symptoms of PCP patients were
shortness of breath, dry cough, and weight
loss, while crackles were found only in a
few patients (Aderaye et al., 2007). Patients
affected with Pneumocystis pneumonia and
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HIV infection tend to present with subacute
onset of progressive dyspnea, minimally
productive or non-productive cough, malaise,
and low-grade fever (Kaur et al., 2015).

Radiographical features of PCP patients
in this study showed all patients have
radiographic abnormalities, particularly
diffuse bilateral infiltrates. Some literature
stated that common chest X-ray features in
PCP patients are infiltrates mostly reticular
or bilateral ground glass in the perihilar.
Other radiological findings are focal
consolidation, solitary or multiple lung
nodules, pleural effusion, pneumothorax,
cavities, or calcification (Hardak et al., 2010;
Carmona et al., 2011; Crothers et al., 2011).

Examination of blood gas analysis is
an important clue in assessing the degree
of PCP severity. Hypoxemia can arise due to
increased alveolar-arterial oxygen gradient,
diffusion capacity problems arise, along with
the changes in lung compliance and total lung
capacity. In severe pulmonary inflammation,
gas exchange disorders will cause hypoxia
and decreased lung compliance. Meanwhile,
elevated levels of serum LDH is reported
very sensitive but not specific to indicate
PCP. It is likely to be the result of the lung
inflammation and injury, as also occurs in
other lung diseases such as PTB and bacterial
pneumonia (Carmona et al., 2011; Crothers
et al., 2011; Kaur et al., 2015).

The role of CD4* T-cells is very important
in the defense process against P. jirovecit
infection. In most PCP studies, nearly all
patients had CD4+ cell count <200 cells/mm?.
The severity of CD4* cell count impairment
is associated with PCP severity, as well as
the degree of lung inflammation severity. In
excessive lung inflammation, gas exchange
disorders can cause hypoxia, decreased
lung compliance, even lead to respiratory
failure (Kelly et al., 2010; Carmona et al.,
2011).

A meta-analysis study on the use of
sputum induction as the initial examina-
tion procedure of PCP reported 74-95% of
sensitivity and reduce requirements of
bronchoscopy procedure (Cruciani et al.,
2002). Monoclonal antibody detection of
P, jiroveci with immunofluorescence staining

shows good results and can be compared
with the histopathologic examination by
silver staining (GMS). In many countries,
several studies showed induced sputum
and immunofluorescence staining as a
recommended procedure to diagnose PCP
in AIDS patients (Cruciani et al., 2002; Choe
et al., 2014; Kaur et al., 2015).

Development of the molecular method
using PCR allows the diagnosis of PCP from
more easily obtained clinical specimens,
although not yet clearly distinguish between
commensal and pathogens. Therefore,
clinical correlation is always necessary.
Real-time PCR allows a quantitative
examination to distinguish commensal or
subclinical infections with pathogens
more quickly and precisely. However, some
limitations should be considered, including
standardizing the examination protocol that
requires a specific technical skill, adequate
facility support, and high costs of tool supply
(Carmona et al., 2011; Choe et al., 2014; Kaur
et al., 2015; Song et al., 2016).

Risk factors for PCP could not be
determined in this study because the
statistical tests showed no significant results,
but low CD4+ cell count was considered as
a possible risk factor. Studies to determine
the risk factors of having PCP have been
conducted and show various results, but
only CD4* cell count is widely reported as a
major risk factor occurrence of PCP in AIDS
patients (Kaplan et al., 1998; Yanagisawa et
al., 2015).

The HIV-infected patients may suffer
from PCP concurrently with PTB, especially
in hyperendemic TB areas. Therefore,
patients with diffuse pneumonia should be
evaluated for P, jirovecii and M. tuberculosis
from the beginning since dual infections
might aggravate the patient’s condition. When
both microorganisms are found, then
treatment for both diseases should be
adequately administered. In patients who
have either one of PCP or PTB infection,
but showed no improvement or even clinical
worsening despite apparently adequate
treatment, we should consider the possibility
of those concurrent infections (Castro et al.,
2007; Huang et al., 2011).
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Even though optimal therapy has been
administered, but it seemed that patients
could not survive due to very poor immune
status, including very low CD4+ cell counts
and advanced disease stages resulting in
multiple complications. The possibility of
other opportunistic infections caused by
bacteria, viruses, parasites or other fungi,
might worsen the patient’s condition. The
microorganism resistance is another issue
to be taken into consideration although it
could not yet be known due to limited
facilities. Therefore, further study is needed
to address all of these issues.

This was a preliminary study with a
limited number of participants due to limited
resources, facilities, and financial issues.
Further study on PCP and or concurrent
infection with PTB is needed using a
prospective-analytic study, involving a larger
number of participants, including more
complete data collection on diagnostic
procedures, risk factors, epidemiology,
prognostic factors, and management. It is
worth investigating the source of infection
to make better prevention and management
in the future.

In conclusion, the percentage of PCP in
55 HIV-infected patients in this study was
14.6% (8 out of 55 patients). The clinical
manifestations showed weight loss, fever,
shortness of breath, and crackles in all PCP
patients, while dry cough in five patients.
The most common chest x-ray feature was
diffuse bilateral infiltrates. Furthermore, the
percentage of PTB with positive AFB was
9.1% (5 out of 55 patients), and concurrent
infection of P. jirovecit and M. tuberculosis
was documented on those three out of five
positive AFB patients. Severe immune
disorders including very low CD4+ cell
counts, advanced disease stages, and other
complications might lead to deterioration
of patient conditions. Early diagnosis is
mandatory, begins with clinical suspicion,
adequate laboratory testing, along with
radiological examination. Induced sputum
and immunofluorescence staining is a
recommended procedure in diagnosing PCP
in HIV-infected patients, particularly in
limited facility situations.
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