J Parasit Dis (Jan-Mar 2017) 41(1):298-301
DOI 10.1007/512639-016-0776-3

=
@ CrossMark

SHORT COMMUNICATION

J|P|D

Comparison of three cost effective staining methods for detection

of Pneumocystis jirovecii

Mohamad Mohsen Homayouni' - Ali Rostami’ -+ Hamed Gholizadeh' -
Amir Sayed Ali Mehbod' - Maryam Ebrahimi” - Saeed Mehravar®

Received: 6 July 2015/ Accepted: 8 March 2016/ Published online: 2 June 2016

© Indian Society for Parasitology 2016

Abstract Pneumocystis pneumonia due to Prneumocystis
Jirovecii infection is an emerging health problem not only
for HIV-infected patients but also for other immunocom-
promised patients in many countries. We compared
Gomori methenamine silver (GMS), Toluidine Blue O
(TBO) and Giemsa staining methods using standard pro-
cedures. The sensitivity and specificity of GMS were
100 %. The sensitivity and specificity of TBO were 96 and
100 %, respectively. The sensitivity and specificity of
Giemsa stain were 84 and 90 %, respectively. Only GMS
had positive and negative predictive values of 100 % while
PPV and NPV for TBO were 100 and 90.9 %, and for
Giemsa stain were 95.4 and 69.2 %, respectively. There-
fore, our results suggest that if TBO or Geimsa stains are
used as the primary staining methods in a clinical labora-
tory, then confirmation with a GMS staining method should
be performed to increase the sensitivity and specificity of
the final test result.
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Introduction

Pneumocystis jirovecii is the causative agent of Pneu-
mocystis pneumonia (PCP) in patients with acquired
immunodeficiency  syndrome (AIDS) and other
immunosuppressived patients especially in transplant
recipient patients (Calderén-Sandubete et al. 2002). It is
demonstrated that PCP can developed in 5-15 % of
patients who underwent kidney, lung and heart—lung
transplantation (Goto and Oka 2011). PCP has non-
specific clinical symptoms such as dyspnea, fever and
nonproductive cough that are similar to many infectious
agents. Although a variety of polymerase chain reaction
(PCR) methods, such as nested-PCR and real-time PCR,
have been developed for the diagnosis of PCP, these
assays are not conventional in most clinical microbiol-
ogy laboratories and are not easily available, especially
in developing countries (Bandt and Monecke 2007;
Contini et al. 1998; Larsen et al. 2002). Therefore, the
standard laboratory method for diagnosis of PCP is
microscopic examination of the clinical specimen such
as induced sputum, bronchoalveolar lavage (BAL) and
lung biopsy after some types of staining meth-
ods(Takahashi et al. 2002).

Immunosuppressived patients due to AIDS and use of
immunosuppressive therapy are increasing worldwide
especially in developing countries. Following this condi-
tion, laboratories are receiving increasing numbers of
requests for the diagnosis of P. jirovecii. The purpose of
this study was to compare three commonly used staining
methods for the direct detection of P. carinii (as a model
for P. jirovecii) in the BAL of experimentally infected
rats.
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Materials and methods

We used adult male Sprague-Dawley rats weighing about
280 g, obtained from Pasture Institute of Iran. The animal
care and procedure of the experiment in this study were
approved by Institutional Animal Care and Research
Advisory Committee of Aja University of Medical Science.
Techniques for rat’s infection and preparation of bronchial
lavage were performed, as described by Walzer et al.
(1980) with some modification. Briefly, the rats were
divided into two groups. Group A consisted of 50 rats on
the treatment of increasing dose (from 0.4 to 1.2 mg)
Dexamethasone (Daropakhsh drug’s company, Iran)
injected subcutaneously weekly, low (8 %) protein diet,
and tetracycline (1 mg/ml) in the drinking water for 8 to
9 weeks to produce P. carinii infection. Group B (controls)
composed of 20 rats, which received no Dexamethasone,
ate a regular diet, and drank tap water with or without
tetracycline. The rats were sacrificed by exposure to
halothane in a closed container. Bronchial lavage was
performed by the method of Masur and Jones (1987) and
lavage fluids were processed for staining (Milder et al.
1980). Giemsa staining was performed (with 2 ml of
Giemsa stain in 40 ml of 6.7 mM phosphate buffer at pH
7.2) on methanol fixed BAL smears, as described previ-
ously (Wolfson et al. 1990). The modified Toluidine Blue
O staining was performed by the method of Gosey et al.
(1985). For Grocott-Gomori methenamine silver (GMS)
staining procedure was performed by the method of Procop
et al. (2004). All experiments were examined twice in
parasitology and mycology laboratories, and positive or
negative findings were confirmed by a professional para-
sitologist and mycologist. The samples were considered as
a true positive if Prneumocystis cysts or trophozoites were
found by at least two out of three staining methods
(Fig. 1a—d). Contrarily, samples were considered as nega-
tive if all stains were negative or only one stain was pos-
itive after 30 min of visual examination under light
microscopy. To calculating of sensitivity, specificity, PPV
and NPV we used of standard statistic procedures, as
described previously (Aghamolaie et al. 2014).

Results

Of the specimens provided from rats of group A (treated
with Dexamethasone), all were detected by at least two
staining methods. Thus, these specimens were considered
as true positive. Of the true positive specimens, all (100 %)
were detected by the GMS, 42 of 50 (84 %) were detected
by Giemsa stain, and 48 of 50 (96 %) were detected by

TBO. Also, according to the results of staining methods, all
specimens provided from rats of group B (control group)
considered as true negative. GMS and TBO stains not have
false-positive results. But, false-positive result was 2 of 20
(10 %) for Giemsa stain. False-negative results for TBO
and Giemsa stains were 2 of 50 (4 %) and 7 of 50 (14 %),
respectively. The results for the sensitivity of staining
methods, the specificity, positive and negative predictive
values, and cost and time spent for each staining method
were calculated, and presented in Table 1.

Although all true-positive specimens were found by the
GMS, this number was not significantly different from
those detected by the TBO (P = 0.495) stain. But, the
number of true-positives samples detected by Giemsa stain
was significantly fewer than those detected by the GMS
(P = 0.006) and TBO (P = 0.045) stains. GMS and TBO
stains did not have false-positive results. Although the
number of false-positives observed in Giemsa stain (two
samples) was more than those observed in staining with
GMS and TBO (not have false-positive), but this difference
was not statistically significant (P = 0.487).

Discussion

In developing countries, P. jirovecii infection is an
emerging health problem not only for HIV-infected
patients, but also for other patients who receive immuno-
suppressive drugs during their treatments (Goto and Oka
2011). Therefore, there is an important necessity for lab-
oratories that use of the best possible method to detection
the Pneumocystis infection, because there are major dif-
ferences in the treatment of pneumonia caused by Pneu-
mocystis ~ versus  pneumonia caused by  other
microorganisms (Procop et al. 2004). Pneumocystis is
mostly detected by examining induced sputum or BAL
specimens of suspicious patients, although evaluating BAL
specimens is more costly and its collection is slightly risky
for the patients. For a definitive diagnosis of PCP, a variety
of staining methods, such as Giemsa stains, Methenamine
silver, Calcofluor white, and Toluidine blue, can be used
(Lautenschlager et al. 1996).

Calcofluor white staining is a rapid, easy and inexpen-
sive method for detecting of Pneumocystis, but its disad-
vantage is that it requires a fluorescence microscope that
may be not available in many laboratories in developing
countries.

Here we found that the Geimsa staining was not an
effective staining method for detection of Pneumocystis
due to its low sensitivity (84 %), weak specificity (90 %)
and negative predictive value (69.2 %). Of interest, sig-
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Fig. 1 Pneumocystis in rat
BAL specimen under light
microscopy. a Trophozoites of
Pneumocystis staining with
Geimsa stain (x10), b Cyst
walls of Pneumocystis staining
with Geimsa stain (x40), ¢ Cyst
walls of Pneumocystis staining
with Gomori’s methenamine
silver stain (x10), d Cyst walls
of Pneumocystis staining with
Toluidine Blue O stain (x10)

Table 1 Statistical parameters of different stains used for detecting of Pneumocystis jirovecii

Method No. of PSY/TPS® No. of NSYTNS® SEN (%)° SPEC (%)" PPV (%)Y NPV (%)" Time consumed (min) Cost consumed ($)

GMS 50/50 20/20
G 42/50 18/20
TBO 48/50 20/20

100
90
100

100
95.4
100

100
69.2
90.9

90 35
25 2
20 2.5

# Positive slides detected by methods

® True positive samples

¢ Negative slides detected by methods

9 True negative samples

¢ Sensitivity (measures the proportion of positives that are correctly identified)
T Specificity (measures the proportion of negatives that are correctly identified)

§ Positive predictive value (is the probability that subjects with a positive screening test truly are positive)

b Negative predictive value (is the probability that subjects with a positive screening test truly are positive)
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nificant number of specimens contaminated with Pneu-
mocystis was not detected by the Geimsa staining while
being detected by GMS and TBO. Consistantly, a weak
sensitivity and a low negative predictive value was repor-
ted for Geimsa method when it was used for the detection
of Pneumocystis in rat BAL specimens (Wolfson et al.
1990). Moreover, the number of false-positive results with
the Geimsa stain was greater than that reported for each of
the other stains (Mohebali et al. 2002).

In our study, the GMS stain was the most sensitive
staining method and may be useful for screening of
Prneumocystis as a routine laboratory trial. However, in
comparison with two other utilized methods it was more
time-consuming and costly. Moreover, in accordance with
a previous study (Mohebali et al. 2002) here we also found
that the GMS stain had a high specificity, PPV, and NPV.
These findings, however, are in contrast with Procop et al.
(2004) study that reported low sensitivity for GMS.

Although, sensitivity, NPV, and cost of TBO stain were
located somewhere between those of the GMS and Geimsa
stains, this staining method showed high specificity and
PPV similar to GMS. The sensitivity, specificity, NPV and
PPV of TBO satin in our study is in agreement with
Mohebali et al. (2002) study.

There were some limitations to our study. Firstly, the
staining methods used in this study are not specifically
staining Pneumocystis species, although they are often used
to diagnosis of Pneumocystis in medical laboratories.
Secondly, the Pneumocystis sp. that infects rats is P. carinii
and differs from those infecting humans (P. jirovecii),
although they have same pathway to cause of the PCP
infection.

In conclusion results of this study revealed that GMS
and TBO stains have the best parameters for routine use in
clinical laboratories with limited facilities. TBO was cost
effective and less time-consuming method but GMS had
highest sensitivity and specificity. Therefore, our results
suggest that it is better the TBO staining is being used as
the primary staining methods in a clinical laboratory for
fast and cost benefit evaluation method. Then, confirmation
with more costly and time consuming GMS staining should
be performed especially for the suspicious samples to
increase the sensitivity and specificity of the final test
results.
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