Pneumocystis Jiroveci in HIV/AIDS Patients:
Detection by FTA Filter Paper Together with
PCR in Noninvasive Induced Sputum Specimens
Siraya Jaijakul MD*,

Wilai Saksirisampant MSc**, Juraratt Prownebon BSc* ,

Sutin Yenthakam BSc*, Mathirut Mungthin MD, PhD***,
Saovanee Leelayoova PhD*** Surang Nuchprayoon MD, MPH, PhD*»**

* Department of Parasitology, ¥* Lymphatic Filariasis Research Unit, Faculty of Medicine, Chulalongkorn University ,
*** Department of Parasitology, Phramongkutklao College of Medicine

Objectives: To detect P. jiroveci (previously named P. carinii) by PCR using FTA filter paper to extract the
DNA, from noninvasive induced sputum samples of HIV/AIDS patients.

Material and Method: Fifty two HIV/AIDS patients suspected of Pneumocystis jiroveci pneumonia (PJP) in
King Chulalongkorn Memorial Hospital were recruited. Both cytological method and PCR with FTA filter
paper technique were performed to detect P. jiroveci from each specimen.

Results: The detectability rate of P. jiroveci infection was 21%. The PCR with FTA filter paper method was 4

Jfolds much more sensitive than Giemsa staining technique. P. jiroveci was detected in 18% of the HIV/AIDS

patients in spite of receiving standard PJP prophylaxis.

Conclusion: Detection of P. jiroveci by using FTA filter paper together with PCR in induced sputum samples
could detect more cases of P. jiroveci infection than by using cytological method. DNA extraction using the
FTA filter paper was more rapid and convenient than other extraction methods. The causes of failure of PJP

prophylaxis should be evaluated.
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Pneumocystis pneumonia (PJP) is caused by
Pneumocystis jiroveci, formerly named Pneumocystis
cariniiV. Although an incidence of this disease has
declined as a result of highly active antiretroviral
therapy (HAART)@, PJP remains one of the most com-
mon opportunistic infection in patients infected with
human immunodeficiency virus (HIV)®. The incidence
of pneumocystis pneumonia in developing countries,
including Thailand, has continuously increased®.

Diagnosis of PJP is based on history, physi-
cal examination, and laboratory investigation. The
risk of pneumocystis pneumonia among HIV/AIDS
patients is greatly increased when the T-helper cell
count (CD4+) is less than 200 cells per millimeter®
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because the host defence against P. jiroveci depends
mainly on the cellular immunity. The dominant presen-
tations of the disease are low-grade fever, progressive
dyspnea, nonproductive cough, bilateral perihilar
interstitial infiltrates, and hypoxemia®. Because these
classic symptoms do not always appear”, the diagno-
sis of P, jiroveci infection needs to be confirmed by
laboratory investigation. Nevertheless, Pneumocystis
spp. cannot be cultured; therefore, the current diag-
nostic method still requires direct microscopic exami-
nation after Giemsa, O-Toluidine, or Gomori methena-
mine silver (GMS) staining of respiratory specimens in
order to identify the Preumocystis organism®?.
Recently, the polymerase chain reaction
(PCR) has been used to amplify P, jiroveci-specific DNA
sequences from respiratory specimens, so as to increase
the detection of the parasite. A single PCR has greater
sensitivity and specificity than staining methods, when
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the PCR primers for Prneumocystis mitochondrial
large-subunit ribosomal RNA (rRNA) are used'*!), The
induced sputum samples often contain many endo-
genous substances that will inhibit PCR, and yield
false-negative results. In order to achieve appropriate
DNA template preparations, the methods currently
used for PCR to detect microorganisms often require
multiple steps!?. However, the simple filter-based
technique (ie. Flinders Technology Associates; FTA®
paper) has been developed to obtain DNA for PCR
technique effectively!>!®.

The appropriate specimens for detection of
P, jeroveci are induced sputum, bronchoalveolar fluid
(BALF), or lung tissue. BALF has traditionally been
the definitive clinical sample. However, the procedure
to obtain the specimen is invasive while the induced
sputum sample is not sensitive compared to BALF and
lung tissue for detection of P. jiroveci 1419, The collec-
tion methods of sputum specimens are less invasive,
and more convenient than those of BALF or lung tis-
sue. Therefore, increasing sensitivity and specificity
for PJP detection assay using sputum samples should
be collected in the laboratory.

This study is the first report to evaluate the
usefulness of FTA filter paper together with PCR to
detect P, jiroveci in HIV/AIDS patients.

Material and Method
Study population and clinical specimens
Respiratory specimens were induced sputum
samples from 52 patients with HIV/AIDS and suspected
of Pneumocystis jiroveci pneumonia in King Chula-
longkorn Memorial hospital, between January 2002 and
June 2004. The study was approved by the Ethics Com-
mittee of the Faculty of Medicine, Chulalongkorn Uni-
versity. Each sputum specimen was treated with muco-
lytic agent (6.5 mM dithiothreitol, Gibco, Grand Island,
USA) and followed by centrifugation. The pellet was
processed for cytological method and DNA extraction.

Cytology

The pellet was directly smeared onto a slide
pellet, dried and fixed with methanol. Giemsa staining
was performed using methodology as described pre-
viously!®. The slides were examined by two indivi-
duals independently.

DNA extraction and detection of P. jirovecii

The DNA was extracted from the sample by
using FTA filter paper (FTA, Whatman Inc, Kent, UK)
as previously described!>!¥, Each specimen was
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spotted onto the FTA paper, air dried at room tempera-
ture, and washed twice with 200 ml of FTA purification
buffer for 15 min. The repeated washing was performed
twice with 200 ml of TE-1 buffer (10mM Tris-HCI pH
8.0,0.1 mM EDTA pH 8.0) for 5 min. The product was
used as a DNA template for the PCR amplification.

The primers used were pAZ 102E-
(5’GATGGCTGTTTCCAAGCCCA-3") and pAZ 102H-
(5’ GTGTACGTTGCAAAGTACTC-3) (Invitrogen,
Gibco,Tokyo, Japan) in order to amplify a 346-bp
segment from a specific region of a gene coding for a
large subunit of mitochondrial rRNA of human P.
Jiroveci',

The DNA was amplified in PCR buffer (10mM
Tris-HCI, pH 8.4, 50 mM KCl, 1.5 mM MgCl, ) containing
200 uM dNTPs, 1 pmol of each primer, and 0.5 units of
Taq DNA polymerase. The PCR was performed by pre-
denaturation at 94°C for 3 min and followed by dena-
turation at 94 °C for 1 min, annealing at 52°C for 30 sec,
and extension at 72°C for 1 min, for 35 cycles, by using
a DNA Thermocylcer (GeneAmp® PCR system 2400,
Perkin Elmer, USA). The PCR products were determined
by 0.8% agarose gel electrophoresis (Gibco Grand
Island, USA) with Tris-acetate EDTA buffer (Tris 0.04M,
Acetic acid 0.02M, EDTA, disodium 0.001M). The gel
was stained with ethidium bromide and visualized
by using ultraviolet light. Negative control ( normal
human sputum samples) and positive control (sputum
of HIV/AIDS patient with PJP) were included in each
experiment.

Results

Of all 52 HIV/AIDS patients, 29 were female
and 23 were male patients. Cytological staining and
PCR were performed for detection of P. jiroveci in
induced sputum samples. The 346-bp band of P, jiroveci
DNA from some patients was showed as a single band
(Fig. 1). Eleven (21%) cases were positive for P, jeroveci
infection by PCR, 8 were female and the rest (3) were
male (data not showed). Three HIV/AIDS patients
were under age of 15, and 1 among them was positive
for PJP detection. The rest (49) were more than 15 years
old, while 10 of them were positive for P. jeroveci (data
not showed)

The result of P, jiroveci detection is summa-
rized in Fig. 2 and Table 1. Of the total 52 specimens
tested, 11 were positive by PCR, giving the detect-
ability rate of P, jiroveci infection to 21%. Only 3 (6%)
samples were positive by cytology. Eight samples
negative by cytology were positive by PCR, while none
of the cytology-positive specimens were negative by
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PCR. Therefore, the use of FTA filter paper together
with PCR could detect more cases of P, jiroveci 4 folds
as much compared to staining method.

<340

Fig.1  PCR detection for P, jiroveci DNA from induced
sputum specimens. Ten microliters of PCR
products were subjected to electrophoresis in
0.8% agarose gel. The 346-bp band was confirmed
a positive result in both positive control and
patients’ specimens containing P, jiroveci. LaneM:
100 bp DNA marker; Lane 1: positive control; Lane
2: negative control; Lane 3-5: HIV +ve /P, jiroveci
+ve; Lane 6-7: HIV +ve/ P, jiroveci -ve

PCR+/CYT-8

PCR-/CYT- 41

+ = positive result - = negative result
Fig.2  Venn diagram of Cytology (CYT) and PCR to

detect P. jiroveci in 52-induced sputum samples
obtained from HIV/AIDS-infected patients
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Table 1. Comparison of PCR with cytological staining
method for detection P, jiroveci

A.
Sputum No. of samples Detectability (%)
Positive Negative
CYT 3 49
PCR 11 41 21
B.
PCR detction
Positive Negative
Microscopic Positive 3 0
examination Negative 8 41

Table 2. Correlation of pneumocystis pneumonia
prophylaxis and the P. jiroveci detection

PJP prophylaxis Total
+ _
P, jiroveci + 9 2 11
Detection - 40 1 41
Total 49 3 52

Among the total 52 HIV/AIDS patients, 94%
(49/52) received prophylactic drug against the P.
Jjiroveci infection (Table 2). We found that 9 (18%)
patients given prophylaxis were still positive for detec-
tion of Pneumocystis. However, one of three HIV/AIDS
patients who did not receive the prophylaxis remained
negative for the organism, while the other two became
positive.

Discussion

Pneumocystis jiroveci is an important oppor-
tunistic fungus that causes potentially fatal pneumo-
nia in HIV/AIDS patients. This pathogen cannot be
cultured. Therefore, the diagnosis of PJP is based on
direct microscopic examination to visualize cysts or
trophozoites by special stains of respiratory specimens
(ie. induced sputum, BALF and lung tissue). Identifi-
cation of the organism is still considered to bethe gold
standard for dianosis of P. jiroveci. Giemsa stain is
routinely used to detect trophozoites, while Gomori
methinamine silver (GMS) and O-Toluidine is used to
detect cysts. As Giemsa stain is simple, inexpensive
and familiar to most microbiological laboratories, this
staining method is widely used for screening samples
suspected of PJP!7). However, Giemsa cytological
detection still presents some disadvantages. Direct
microscopic examination requires enough burden of
the organisms in picked-up specimens to visualize.
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Moreover, technical expertise is also needed to deter-
mine and differentiate P, jiroveci from artifacts and other
organisms, such as yeast form of Candida albican
which has approximately the same size as P. jiroveci
cyst. Therefore, the microscopic examination is rather
uncertain of both sensitivity and specificity.

The polymerase chain reaction (PCR) tech-
nique has been widely used as a tool for detection of
Pneumocystis organisms. PCR has been found more
sensitive than cytological staining with senstitivity of
84-100 % and specificity of 95-100%">1%1°) Our study
also suggested that PCR was superior to cytological
method in the detection of P. jiroveci in induced spu-
tum samples. By using PCR, the detectability rate was
about 4 folds as much as using cytological method.

BALF has been considered to be the defini-
tive sample for detection of P, jiroveci. The P. jiroveci
detection in BALF is more sensitive than that in
induced sputum samples, with sensitivity of 100%
and 84.62% respectively!'. However, the procedure
obtaining the BALF specimens is invasive. The more
sensitive method to detect Pneumocystis organisms
from noninvasive induced sputum should be useful
and more practical for the physicians and patients. The
FTA filter paper is a filter-based template. It has been
used to extract DNA with more DNA recovery com-
pared to phenol-chloroform method which is widely
used as a standard method®® . When organisms con-
tact with this paper, they will be lysed after solubilized
in FTA purification buffer, and their DNA will be trapped
on the matrix. Other debris then will be removed by
washing. Using FTA filter paper, our PCR result showed
comparable detectability rate (4 folds as much as the
rate of Giemsa staining) to previous PCR studies (2-6
times as much)>29. Moreover, using the FTA filter
paper does not involve several steps as the phenol-
chloroform method. Furthermore, the FTA technique
is a simple and rapid test that can be used with a
large number of samples, as well as does not require
experienced personnel to handle!'?.

The US Public Health Service Task Force has
recommended cotrimoxazole, the combination of
trimetroprim (TMP) and sulfamethoxazole (SMZ), to
be used as the first-line drug for the prophylaxis against
P. jiroveci infection. Dose of cotrimoxazole recom-
mended are 1 double-strength tablet daily or 1 single-
strength tablet daily®?. HIV/AIDS patients should
receive primary prophylaxis against PJP when the CD4+
count is less than 200 cells per millimeter, or if there is a
history of oropharyngeal candidiasis. Secondary pro-
phylaxis should begin in patients who have ever had
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been infected with Pneumocystis organisms. SMZ is
an inhibitor of dihydropterate synthase (DHPS), while
TMP inhibits dihydrofolate reductase (DHFR). Our
data showed 18% (9/49) failure rate in the HIV/AIDS
patients receiving PJP prophylaxis. Although the
patients provided the information of good drug com-
pliance, the possibility of drug allergy and lacking
adherence could not be ruled out. Another explanation
for failure of PJP prophylaxis is that the drug resistance
might occur in Thai-HIV/AIDS patients. Both DHPS
and DHFR are enzymes involved in the biosynthesis
of folic acid of P, jiroveci. The emergence of P, jiroveci
drug resistance has been suggested®*?». The mecha-
nism of drug resistance may result from the alteration
of DHPS or DHFR genes. Further study of drug resis-
tance will answer the question. There were two of three
patients, who did not receive PJP prophylaxis, infected
with P, jeroveci. This result suggests that criteria for
PJP prophylaxis in HIV/AIDS patients may be needed
to be reevaluated.
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