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Abstract. Pneumocystis jirovecii pneumonia (PCP) is one of the most frequent
opportunistic infections in immunocompromised patients. The objective of this
study was to know the P, jirovecii epidemiology in Venezuelan patients with Human
Immunodeficiency Virus (HIV) infection and suspected pneumonia, through passive
surveillance at a national reference laboratory during six years. Laboratory records
of patients with HIV infection, who were hospitalized with acute lower respiratory
tract infection (ALRTT), and presumptive clinical diagnosis of PCP, were reviewed
between January 2007 and December 2012, at the Mycology Department of the
Instituto Nacional de Higiene Rafacl Rangel. Several respiratory specimens were
received and the direct immunofluorescence assay (DIF) and nested polymerase
chain reaction (nPCR) diagnostic techniques were used. One hundred and sixty-one
respiratory samples were processed and P, jirovecii was detected in 76 samples by
DIF and in 20 by nPCR. PCP’s frequency in Venezuelan patients with HIV is high and
it has been sustained throughout time. Colonization by P jirovecii has uncertain
clinical significance, but this study provides evidence that the state of advanced
immunosuppression increases the probability of colonization. DIF and nPCR are
very useful techniques for PCP diagnosis, but are of limited access in many hospital
centers, especially in developing countries. We recommend the use of DIF with spon-
taneous sputum specimens as the first diagnostic line for PCP in patients with HIV
infection. The results obtained by nPCR should be interpreted with caution, taking
into account the patient’s clinical symptoms.
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Pneumocystis jirovecii en pacientes con infeccion
por el VIH y sospecha de neumonia: un diagnéstico
problematico en Caracas, Venezuela.

Invest Clin 2020; 61 (3): 196-211

Palabras clave: SIDA; inmunofluorescencia directa; infeccién por VIH; PCR anidada;
Pneumocystis jirovecti.

Resumen. La neumonia por Pneumocystis jirovecii (PCP) es una de las
infecciones oportunistas mas frecuente en pacientes inmunocomprometidos.
El objetivo de este trabajo fue conocer la epidemiologia del P, jirovecii en pa-
cientes venezolanos con infeccion por el Virus de Inmunodeficiencia Humana
(VIH) y sospecha de neumonia, mediante vigilancia pasiva en un laboratorio
de referencia nacional durante un periodo de 6 anos. Se revisaron los registros
de laboratorio de los pacientes con infeccion por el VIH hospitalizados con
Infeccion Aguda del Tracto Respiratorio Inferior (IATRI) y diagnéstico clinico
presuntivo de PCP, entre enero de 2007 a diciembre de 2012 en el Departamen-
to de Micologia del Instituto Nacional de Higiene Rafacl Rangel. Se recibieron
diversas muestras del tracto respiratorio y los métodos diagnésticos empleados
fueron inmunofluorescencia directa (IFD) y reaccién en cadena de la polime-
rasa anidada (nPCR). Se procesaron 161 muestras respiratorias y se detecté P
jirovecii en 76 muestras por IFD y en 20 por nPCR. La frecuencia de PCP en pa-
cientes venezolanos con HIV es elevada y se ha mantenido en el tiempo. La co-
lonizacién por P, jirovecii tiene un significado clinico incierto, pero este estudio
aporta evidencia de que un estado avanzado de inmunosupresién incrementa la
probabilidad de colonizacién. La IFD y la nPCR son téenicas muy ttiles para el
diagnéstico de la PCP, pero son de acceso limitado en muchos centros hospita-
larios, sobre todo en paises en vias de desarrollo. Recomendamos la utilizacién
de la IFD con muestras de esputo espontdneo como primera linea de diagnoésti-
co para la PCP en pacientes con VIH. Los resultados obtenidos por nPCR deben
ser interpretados tomando en cuenta la sintomatologia clinica del paciente.
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INTRODUCTION

Pneumocystis jirovecii is an atypical fun-
gus that causes pneumonia in immunocom-
promised patients. It is considered a discase
that marks the presence of Acquired Immu-
nodeficiency Syndrome (AIDS), and is one of
the most frequent opportunistic infections.
Due to the lack of availability of standardized
methods for its conventional culture, the di-

agnosis of the disease has been performed
by demonstrating its morphotypes, asci and
ascospores, in various respiratory specimens
using special stains (1-3).

The most frequently used specimens
are spontancous sputum (SS), induced spu-
tum (IS), bronchoalveolar lavage (BAL) and
lung biopsy. P, jirovecii can be viewed using
Giemsa stain, Gomori methenamine silver
stain, Toluidine blue O stain and immuno-
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fluorescence assay. Direct immunofluores-
cence assay (DIF) is currently considered
the preferred technique for the diagnosis of
P, jirovecii pneumonia (PCP) due to its high
sensitivity and specificity (1,3-6). However,
the polymerase chain reaction (PCR) has
proven to be more sensitive in detecting P
jirovecii than the aforementioned stains. The
differentiation between colonization and in-
fection using this technique requires that its
results be interpreted with caution, taking
always into account the patient’s symptom-
atology, since it can detect this fungus in as-
ymptomatic patients (1,3,5,7,8).

In Venezuela, the P jirovecii epidemi-
ology is not well known in human immu-
nodeficiency virus (HIV) infected patients
and to date, carried out studies are scarce
(4,6,7,9,10). PCP diagnosis is usually clini-
cal and has a significant impact on morbid-
ity and mortality, especially when there are
no complementary laboratory tests that
confirm the etiological diagnosis, due to the
absence of microbiological diagnosis, and
especially, mycological diagnosis in the hos-
pital centers (6,11,12).

The objective of this study was to know
the P jirovecii epidemiology in Venezuelan
patients with HIV infection and suspected
pneumonia, through a laboratory-based sur-
veillance of a national reference center dur-
ing a period of six years.

MATERIALS AND METHODS

A cross-sectional, descriptive, and ret-
rospective study was designed within the pe-
riod from January 2007 to December 2012.
We reviewed laboratory records of patients
with HIV infection, hospitalized with acute
respiratory infection of the lower respiratory
tract (ALRTI) and clinical suspicion of PCP.

The first report of the incidence of PCP
through passive surveillance in Venezuela
was published by the Mycology Department
of the Instituto Nacional de Higiene Rafael
Rangel (INHRR), in 2008. The laboratory
records from patients with a presumptive

diagnosis of lower respiratory tract infec-
tion were reviewed during a six-year period
(2001-2006) (6). Therefore, this is the sec-
ond incidence report of PCP through passive
surveillance, but only taking into account
HIV patients. Since 2012, reagents became
scarce and the diagnosis could not be car-
ried out properly; finally, since 2013 the nec-
essary reagents were not available any more,
which caused the suspension of passive sur-
veillance of the disease.

Respiratory samples from patients with
HIV infection were referred to the Mycol-
ogy Department of the INHRR, from several
public and private hospital centers, located
in the city of Caracas, accompanied by a re-
quest for the detection of P jirovecii (Hos-
pital Universitario de Caracas, Hospital del
Seguro Social Dr. Domingo Luciani, Hospital
General del Oeste Dr. Jose Gregorio Hernan-
dez, Hospital de Ninos Dr. J.M. de los Rios,
Hospital Militar Dr. Carlos Arvelo, Hospi-
tal del Seguro Social Dr. Miguel Pérez Car-
refio, Hospital Dr. Jose Maria Vargas, Insti-
tuto Médico La Floresta, Clinica Santa Sofia
and Clinica Vista Alegre). The development
of this work was carried out respecting the
guidelines regarding the processing of bio-
logical samples of human origin, according
to the principles of the Declaration of Hel-
sinki.

Demographic data, lymphocyte popula-
tion count, HIV viral load, serological tests
for antibodies detection against other virus
and fungi, signs and symptoms, radiological
findings, and treatments available in the lab-
oratory database, were collected.

A patient with any positive sample for
the detection of P, jirovecii by DIF or nested
PCR (nPCR) as the first diagnosis was de-
fined as a case. For the purpose of this study,
a single case reported positive per patient
was taken into account.

Several respiratory specimens were pro-
cessed, such as spontaneous sputum (SS),
induced sputum (IS), bronchoalveolar lavage
(BAL) and lung biopsy. DIF was performed
using the Merifluor® Pneumocystis kit (Me-
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ridian Bioscience, Inc.). Manufacturer’s in-
structions for the processing of the IS, BAL
and biopsy samples were followed, with some
modifications in the processing of SS sam-
ples, standardized in the INHRR Mycology
Department (4,6). The sediments obtained
from the samples were divided into two ali-
quots: one for DIF assay and one for nPCR.
DIF was performed following the manufac-
turer’s instructions. As a positive control,
a BAL specimen from an AIDS patient with
PCP clinical diagnosis, and staining of Go-
mori methenamine silver, and DIF positive
for P, jirovecii was used.

The nPCR was carried out following the
protocol described by Wakefield et al., with
modifications (7,13,14). Briefly: DNA was
extracted from the aforementioned samples
using the protocol for tissues of the QIAamp
DNA Mini Kit (QIAGEN) (DNA yields be-
tween 15-20 ug). In the first round of ampli-
fication, 10 mM Tris-HCI (pH 8.8) buffer so-
lution; 10 mM KCI 0.002%; Tween 20 vol/vol
(First Strand Buffer, Invitrogen); 50 mM of
MgCl, (Invitrogen); 100 mM of oligonucle-
otides (Invitrogen); 0.1 mM of dithiothrietol
(Invitrogen); 40 U/uL of recombinant ribo-
nuclease inhibitor (Invitrogen); 10 mM each
of pAZ102-E and pAZ102-H external primers
(Molecular Bioscience Inc); 5 U/uL of recom-
binant Taq DNA polymerase (Invitrogen);
extracted DNA, and nuclease free water (In-
vitrogen) were used, for a final volume of 50
uL. The second round of amplification was
performed with the DNA resulting from the
first round of amplification, 10 mM each of
pAZ102-X and pAZ102Y internal primers
(Molecular Bioscience Inc) and the same re-
agents mentioned above, for a final volume
of 50 uL. Both nPCR rounds were performed
on an iCycler® model thermal cycler (Bio-
Rad Laboratories) under the same condi-
tions: 94°C for 1.5 min; 40 cycles with 94°C
for 1.5 min, 55°C for 1.5 min and 72°C for 2
min, and a final extension of 72°C for 5 min.

The products generated in the second
nPCR round were subjected to an electro-
phoresis at 120 volts on a 2% agarose gel

stained with ethidium bromide. Products
were visualized in an image documentation
system (Gel Doc XR®, Laboratorios Bio-
Rad). The presence of a 260 bp band in the
second round was considered as a positive
sample. As controls for the nPCR the follow-
ing were used: samples positive control (the
same used in the DIF tests), samples nega-
tive control (BAL sample of an AIDS patient
with ALRTI clinical diagnosis and staining of
Grocott methenamine silver, and DIF nega-
tive for P jirovecii), and control reagents.
They all were processed under the same con-
ditions in which the samples under study
were treated.

For the purposes of this study, patients
with a positive result by DIF were referred
to as Pj+; patients with a negative result by
DIF but with a positive result by nPCR were
referred to as Pje+; and patients with nega-
tive results by DIF were referred to as Pj-.
The obtained data was described by means
of percentages, average and standard devia-
tion. Qualitative variables were compared
using Chi square test (X?) or Fisher’s exact
test. Continuous variables were compared
using Mann Whitney test. Statistical signif-
icance was accepted for a value of p<0.05
and a confidence level of 95%. Analyses were
performed using the Statgraphics Centurion
XVII program.

RESULTS

During a six-year period, 161 respira-
tory specimens were received from hospi-
talized patients with HIV infection, ALRTI
and PCP clinical suspicion. In 76 of 161
samples P jirovecii (Pj+) was detected by
DIF (47.2%); in 36 of 76 samples nPCR was
performed in parallel obtaining positive re-
sults; in 8 of 76 nPCR was negative, and in
the remaining 32 of 76 specimens this tech-
nique could not be performed, because the
necessary reagents were not available. In 85
of 161 samples DIF result was negative; in
65 of 85 nPCR was negative (Pj-), whereas in
20 of 85 (Pjc+) nPCR was positive (23.5%).
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In all, 96 patients had a positive result for P
jirovecii detection (39%).

The demographic characteristics (gender
and age), immunological condition and pro-
cessed respiratory specimens of the patients
are shown in Table I. The data about immu-
nological condition were not available for all
the patients. The average value of CD4 T cell
count was similar in Pj+, Pjc+ and Pj- patients.
Eighty six point seven percent (39 of 45 Pj+),
85.7% (12 of 14 Pjc+), and 83.8% (31 of 37 Pj-)
had counts lower than 200 cells/mm?, where
20 of 39 Pj+ (44.4%), 7 of 14 Pjc+ (50%) and
18 of 31 Pj- (48.6%) had counts < 50 cells/
mm?®. When comparing the results obtained
from these variables, among Pj+, Pjc+ and
Pj- patients, statistically significant differences
were not obtained (p>0.05).

Co-infections and treatments received
from HIV-infected patients included in this
study are shown in Table II. This information
was not available in all the patients. In 76
patients Pj+, ALRTI was the most frequent
followed by pneumonia (of unknown etiolo-
gy) and tuberculosis (TB), while in Pje+ and
Pj- patients, the results were similar, where
the ALRTI followed by TB were the most fre-
quent infections.

In addition, the presence of antibodies
against hepatitis B (n=4), cytomegalovirus
(n=3) and hepatitis B plus cytomegalovirus
(n=1) were serologically confirmed in eight
Pj+ patients. In the Pjc+ patients, the pres-
ence of antibodies was confirmed in one pa-
tient who presented cytomegalovirus plus
Epstein Barr virus and herpes simplex virus.
In the Pj- patients, the presence of antibodies
was confirmed in six patients: cytomegalovi-
rus (n=3), hepatitis B (n=2) and hepatitis C
(n=1). As for the serological tests to detect the
presence of circulating antibodies against en-
demic fungi such as Histoplasma capsulatum,
Paracoccidioides spp. and Coccidioides spp.,
in the Pj+ patients the test was positive for H.
capsulatum for a single patient (title 1:2, non-
diagnostic value for the disease), negative in 35
and was not requested in 40. In Pjc+ patients,
the test was negative in eight patients and was

not requested in 12; in Pj- patients the test
was negative in 34, it was not requested in 30
patients and was positive for H. capsulatum in
one patient (title 1:2, non-diagnostic value for
the disease). In a Pj- patient the capsular an-
tigen detection test for Cryptococcus Species
Complex was additionally performed by latex
agglutination in cerebrospinal fluid, which was
positive with a diagnostic title for the infection
(> 1:1024).

The most frequently antiretroviral drugs
(ARVs) used for the treatment of HIV-infected
patients included in this study were nucleo-
side reverse transcriptase inhibitors, non-
nucleoside reverse transcriptase inhibitors,
protease inhibitor and combinations thereof.
Of these, 12 of 76 Pj+, 7 of 20 Pjc+ and 9
of 65 Pj- patients were on ARV treatment at
the time of P jirovecii detection, but no in-
formation on duration and adherence was
obtained in any of the groups (Table II). The
most frequently used antibiotics were third
and fourth generation cephalosporins, beta-
lactams associated with beta-lactamase inhib-
itors, glycopeptides, aminoglycosides, macro-
lides and quinolones; among the antifungals,
the most common were amphotericin B, flu-
conazole and itraconazole, and among the
antivirals were valganciclovir and acyclovir.
Only 15 of 76 Pj+, 2 of 20 Pjc+ and 10 of 65
Pj- patients had prophylactic treatment with
trimethoprim/sulfamethoxazole (TMP/SXT)
at the time of P, jirovecii detection, and in no
case information on treatment compliance
and the duration of it was obtained.

The signs, symptoms and radiological
findings of HIV-infected patients, according
to the results of the P, jirovecii detection, are
shown in Table III. Dyspnea, cough, expecto-
ration, fever and chest pain were the most
frequent signs and symptoms in the three
groups of patients; other less frequent but
important symptoms in both groups were as-
thenia and lymphadenopathy, among others.
As for the radiological findings, diffuse bilat-
eral infiltrate and bilateral interstitial infil-
trate were the most frequent, but the latter
predominated in the Pj- group.
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DISCUSSION

Studies on PCP in Venezuela are scarce
and its epidemiology is not well known
(4,6,7,9,10). This is mainly due to the fact
that this disease is not considered in the
differential diagnosis of opportunistic infec-
tions in immunosuppressed patients with
and without HIV infection, as well as the
absence of diagnostic methods in hospital
centers. In the case of this study, patient’s
specimens were referred to the INHRR from
public and private hospitals, which do not
have the necessary methods to diagnose this
disease.

The comparison between the results of
this study and those of other research, ac-
cording to the frequency of the disease, gen-
der, age, CD4 T cell count, HIV viral load,
types of specimens used, diagnostic tech-
niques used, signs and symptoms, prophylac-
tic treatment with TMP/SXT, ARV treatment
and interstitial infiltrate, considered the
most common radiological alteration in pa-
tients with HIV infection and PCP, is shown
in Table V.

According to the results of this study,
a 47.2% frequency of PCP diagnosed by DIF
was obtained in patients with HIV infec-
tion, registering an increase of 10.6% com-
pared to the previous study, which reported
a 36.6% using the same technique (6). The
PCP frequency in patients with HIV infection
and AIDS in Latin America is highly variable,
with ranges between 5.9% and 55%. This vari-
ation is due to differences in the studies de-
sign, heterogeneity of studied patients and
the methods used to make the diagnosis. In
comparison with the reports of the decline
in the incidence of this disease in developed
countries, subsequent to the introduction
in Latin America of the highly active anti-
retroviral therapy (HAART), PCP frequency
in patients with HIV infection and AIDS ap-
pears to remain stable, but with a tendency
to increase in time (11,12).

The PCP frequency reported in patients
with AIDS according to European studies

(15-17), Asian studies (1,2,18), and one Af-
rican study (19), as well as in Latin America,
depends on the variables mentioned above.
The absence of data on the immunological
status of the patient, evaluation of signs and
symptoms, treatments and radiological im-
age registration were common findings in
the studies consulted, and prevented ade-
quate comparisons. However, it was observed
that the frequency of the disease is high, the
male gender continues to be the most affect-
ed, with the exception of the work done by
Ebner L, et al. (17) and the average age was
very similar among all studies.

The CD4 T cell count is the biggest risk
predictor for PCP development, and today it
is better than any other biomarker or clinical
characteristic. The results obtained in this
study are quite similar to those found in oth-
er research (1,2,15-19). There is no cutoff
value for CD4 T cell counts related to the de-
velopment of this disease, however, the 200
cell/mm?® count has been used for analytical
purposes. For counts of 400 to 600 cells/
mm?® the risk is low but not absent. With 50
cells/mm?® counts, the risk is greater than
100 or 200 cells/mm?, but probably it is the
same for patients with 195 and 205 cells/
mm?® counts. For a given cell count, the risk
of developing PCP is higher in those patients
with high HIV loads, compared to those with
counts low or below the detection limits of
the method. HIV viral load has been reported
to be an independent risk factor for PCP de-
velopment; however, recent research has re-
ported the association between elevated HIV
viral load and increased risk of PCP, regard-
less of CD4 T cell counts and prophylactic
treatment (20).

The variation, both in the specimens
and in the methods used to carry out the de-
tection of P, jirovecii was notorious in the re-
viewed studies, being SS and BAL specimens
the most used, and among the methods DIF
and nPCR, similar to those used in this study
(1,2,15-19). The SS was the most frequently
specimen referred to the INHRR for the de-
tection of P, jirovecii in this work. Although
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it has been described that it is not the ideal
specimen for diagnosis, there are reports
that have shown that it is sensitive enough
to detect this microorganism in patients
with HIV infection or AIDS, regardless of the
method used (1,3,19,21). Our experience in
the PCP diagnosis and the results obtained
in this work also support this statement
(4,6,7,9). It is important to obtain the speci-
men in optimal conditions, as well as having
well trained and experienced staft in charge
of the diagnosis. BAL is considered the ideal
sample, but is obtained by an invasive pro-
cedure, which requires specialized personnel
and expensive equipment (2). These charac-
teristics make it an impractical specimen in
hospitals with limited resources located in
developing countries such as ours.

It has been demonstrated that nPCR is
more sensitive for the detection of P jirove-
cii than stains and even than DIF. The prim-
ers described by Wakefield et al., were cho-
sen because the mitochondrial large subunit
rRNA (mtLSUrRNA) gene is the most spe-
cific and sensitive for the detection of this
fungus, with a detection threshold that can
reach values of 0.5-1 organism/ul. of speci-
men. The mtLSU rRNA is a multicopy gene
in the P jirovecii genome that contributes
to the higher successful amplification rates,
especially when used with nPCR. For this
reason, this technique produced less false
negative results and presented higher con-
cordance with the results of conventional
stains and DIF (8,13,14).

Studies by other researchers have re-
ported discrepancies observed between the
results obtained by DIF and by nPCR. The
results for nPCR have not been considered
to be false positives and several interpreta-
tions have been proposed that will be dis-
cussed hereafter. The high nPCR sensitiv-
ity has allowed the detection of P, jirovecii
several weeks before and after the presence
of the fungus is demonstrated microscopi-
cally (probed PCP) (22-25). These findings
are consistent with those obtained in experi-
mental PCP studies, which demonstrated

that the PCR was positive before obtaining
positive results by histological techniques
(26,27). On the other hand, the detection of
P, jirovecii DNA does not prove the viability
of the fungus; some positive results obtained
in nPCR may be due to recent infection, the
presence of non-viable remains of a past in-
fection or be product of the inhalation of
non-viable P, jirovecii (28), assumptions that
have promoted ideas about the acquisition
and transmission of this fungus (28,29).
Another explanation is that the use of
prophylactic therapy for PCP can reduce the
number of microorganisms, which cannot be
detected in the stains (22-24). It has been
reported that treatment with TMP/SXT re-
duces the amount of P, jirovecii which can be
detected in respiratory samples (30). In ad-
dition, according to the results obtained by
Davis et al., (28) although the use of TMP/
SXT high doses as an empirical treatment
did not contribute to reduce the probabil-
ity of colonization, the period between ini-
tiation of treatment and the realization of
diagnostic tests may have been too short to
achieve the elimination of P jirovecii DNA.
Although only 2 of 20 Pje+ patients were
receiving prophylactic treatment with TMP/
SXT at the time of fungus detection, and
that the use of antimicrobial doses, as well
as their duration and compliance, are un-
known, the result obtained by Davis et al.,
(28) suggests a possible explanation for the
discrepant results obtained in this study.
Finally, these discrepancies could be
related to subclinical colonization, particu-
larly in patients with respiratory symptoms
(22-25). It is difficult to distinguish between
colonization and infection in the case of
Pjc+ patients of this study, since all patients
presented respiratory symptoms and clinical
suspicion of PCP, however, the symptoms are
non-specific and may be frequently associat-
ed to pneumonia of bacterial, viral and even
mycotic etiology. It is possible that patients
with HIV infection acquire P, jirovecii during
their hospitalization, as suggested by the
observation by Helweg-Larsen et al., (31) in
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which several patients had dissimilar results
of colonization during the PCP episode. Col-
onization remains a state of uncertain clini-
cal significance, therefore, in patients with
respiratory symptoms and clinical suspicion
of PCP, the discrepant results between DIF
and nPCR should be interpreted with cau-
tion, taking into account both the patient’s
clinical symptoms and the result issued by
the laboratory (3,8,18).

On the other hand, the high frequency
of CD4 T cell counts below 200 cells/mm?
in the three groups of patients of this study,
particularly in the Pje+ (85.7%) and the
frequency of possible colonization (23.5%),
are similar to the results obtained by other
investigators (25,32,33), but different from
those obtained in the study by Davis et al.
(28), where the percentage of patients colo-
nized with P, jirovecii was higher (58%). Ad-
ditionally, these investigators found that the
colonization probabilities increased in pa-
tients with CD4 T cell count < 50 compared
to those with > 50 cell counts, supporting
the hypothesis that immunosuppression pre-
disposes patients to colonization. This limit
is lower than that reported in other studies
(1,2,15-19), and contrasts with the evidence
that the risk of PCP increases with CD4 T
cell counts lower than 200 cells/mm® (34).
It could also be the reflection of the distri-
bution of CD4 T cell counts from a popula-
tion of HIV-infected patients whose samples
refer to a particular center for the detection
of P, jirovecii (28), a situation similar to that
of our study. The possible colonization ob-
served in this work, related to the decrease
in CD4 T cell counts, is possibly due to a
random event; however, it is consistent with
studies that demonstrated this inversely pro-
portional relationship (25,32,33).

Unfortunately, in 32 of 76 Pj+ patients,
nPCR could not be performed in parallel
with DIF, because the necessary reagents
were not available. In Venezuela, as well as
in Latin America and other developing coun-
tries, the PCP diagnosis is limited by the ab-
sence of diagnostic methods in laboratories

and difficulties in accessing medical care
and treatment of the population (11,12).
Latin America is considered to be the most
unequal region of the world, where poverty
continues being one of the principal chal-
lenges. For this reason, we recommend the
use of DIF with SS samples as the first di-
agnostic line for PCP in patients with HIV/
AIDS infection, especially in hospitals where
it is not possible to obtain BAL and IS sam-
ples. In the event that the hospital does
not have the diagnostic methods, samples
should be sent to a reference center. This
suggestion has also been endorsed by other
authors (1,2,19).

Co-infections in patients with HIV infec-
tion are frequent and this may be the reason
why the most common was ALRTI. On the
other hand, there were also TB, disseminat-
ed histoplasmosis and oral candidiasis, all of
which are diseases that marked the presence
of AIDS. These findings were similar to those
of other studies (2,16,18,19) and are related
to the need to consider the PCP in the dif-
ferential diagnosis of the ALRTI; this would
imply introducing changes in the diagnos-
tic protocols and in the routine use of wide
spectrum antimicrobials, when the clinical
findings are atypical (16). This last point was
also documented in this study (Table II).

In developed countries, access to both
HAART and prophylactic therapy are some
of the reasons why the PCP frequency has
declined in patients with HIV infection.
However, as mentioned previously, this is
not the case in developing countries such as
ours (11). Particularly, in our country, it has
been demonstrated that HIV/AIDS diagno-
sis is late. The time that passes between the
moment of the diagnosis and the beginning
of the HAART is of approximately 1 year.
Among the reasons for this delay are the col-
lapse of outpatient visits, limited access of
the population to medical care, and the dif-
ficulty of performing CD4 T cell counts, viral
load and diagnosis of opportunistic diseases,
common situations in our hospital centers
(35). All this is reflected in the low values of
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CD4 T cell counts and high viral loads of HIV
in the patients evaluated in this study, also
explaining the high frequency of PCP and
the presence of other opportunistic diseas-
es. In spite of these premises, similar results
have been obtained in studies carried out in
developed countries such as Spain, France
and Switzerland (Table II) (15-17). Due to
this, to diagnose PCP it is necessary to have
a high index of clinical suspicion, opinion
shared by other authors (16,18).

The most frequent signs and symptoms
presented by patients in this study were
cough, dyspnea and fever, similar to those
reported in other studies (2,15-17). As pre-
viously mentioned, they are nonspecific, but
a recent work has reported that the use of
four or more clinical manifestations (cough,
dyspnea, fever, chest pain and weight loss)
added to an albumin value < 30 g/L as pre-
dictive factors, would allow physicians to
recognize the risk of PCP in advance, avoid-
ing further deterioration of patient’s condi-
tion (18).

The PCP diagnosis in developing coun-
tries tends to be clinical, supported in the
evaluation of signs and symptoms, radio-
logical findings, complementary laboratory
tests and the patient history (11,12). The
physician makes a presumptive clinical diag-
nosis based on his findings, which does not
necessarily lead to provide the most suitable
treatment to the patient (36). It is very diffi-
cult for the physician to make decisions with
a 100% certainty when the degree of uncer-
tainty is high, since the signs, symptoms and
radiological findings observed in PCP are
common to other respiratory diseases such
as TB and bacterial pneumonia, with which
it is frequently mistaken. In these cases, val-
ues of sensitivity, specificity, and positive
and negative predictive values calculated
for each sign and symptom. are of limited
use for the diagnosis (9). In clinical prac-
tice, diagnostic reasoning based on history,
signs and symptoms usually, in 90% of the
cases, guides the physician in the decision
making and the request for the necessary

complementary examinations. Therefore,
the physician’s ability to properly diagnose
and handle PCP can have a significant im-
pact on morbidity and mortality, especially
when there are no complementary tests that
confirm the etiological diagnosis at the hos-
pital (11,12,35,37).

In this work, in the Pj+ patients, the
most frequent radiological finding was the
diffuse bilateral infiltrate followed by bilat-
eral interstitial infiltrate, different results to
those of other researches, where the diffuse
bilateral interstitial infiltrate was the most
frequent (2,15-17). The classical radiologi-
cal presentation of PCP in chest X-rays is
the diffuse bilateral interstitial infiltrate,
which is characterized by finely granular
and/or reticular opacities, with the appear-
ance of ground glass. However, almost any
radiological presentation can be observed in
PCP, including infiltrates in the upper lobes,
asymmetric infiltrates, nodules, cavitations,
spontaneous pneumothorax and images con-
sidered within normal limits (3). These find-
ings are similar to those obtained by Kaur et
al. (2), this study, and other previous Ven-
ezuelan study, which showed that the values
of sensitivity, specificity and predictive val-
ues of radiological findings are low, due to
the diversity of pathologies that HIV infec-
tion and AIDS patients have (9).

The retrospective nature of this work
and the fact of reflecting the diagnostic ex-
perience of a referral center through passive
surveillance, are important limitations that
prevent the generalization of the results.
Another significant limitation is the lack of
data availability in the majority of patients
and that a systematic monitoring of their
clinical evolution cannot be performed. Nev-
ertheless, and in spite of these limitations,
the obtained results were very similar to
those of other researches.

In Venezuela, spreading the advances
and knowledge of medical mycology is a cur-
rent need and should be accessible not only
to specialists in this branch of microbiology,
but also to the whole health team, in order
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to efficiently diagnose mycotic pathologies.
Patients with HIV infection or AIDS, despite
of carried out efforts, continue to suffer from
diseases that should have been overcome, if
it could rely on both the availability of re-
sources for diagnosis in the hospital centers
and, an educated population, who request
and, at the same time, allow the necessary
medical assistance as soon as possible (38).

Finally, PCP frequency in patients with
HIV infection in this study is high but has
been maintained over time. Colonization
by P jirovecii has an uncertain clinical sig-
nificance, but this study provides evidence
for the hypothesis that the condition of ad-
vanced immunosuppression increases the
probability of colonization. DIF and nPCR
are very useful for the detection of P, jirove-
cii, but are of limited access in hospital cen-
ters. We recommend the use of DIF with SS
specimens as the first diagnostic line for PCP
in patients with HIV infection, especially in
hospitals where it is not possible to obtain
BAL and IS specimens. The results obtained
by nPCR should be interpreted with caution,
taking into account the patient’s clinical
symptomatology.
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