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Introduction 

Pneumocystis jirovecii the causative agent of Pneumocystis pneu-
monia (PCP) is cosmopolitan in distribution. PCP remains one of 
the leading causes of morbidity and mortality especially among 
human immunodeficiency virus (HIV) infected individuals [1]. In 
addition to that among non-HIV immunocompromised patients with 
underlying conditions such as organ transplantation recipients re-
ceiving immunosuppressive therapies, various autoimmune disor-
ders and patients with malignant disorders and on chemotherapeu-

tic agents predispose them to PCP [2]. 

Confirmatory diagnosis of PCP mainly relies on the microscopic 
demonstration of cystic or trophic forms of Pneumocystis jirovecii in 
respiratory clinical samples [3]. As the clinical presentations of PCP 
among HIV and non-HIV immunocompromised patients differed a 
lot. Non-HIV immunocompromised patients often experience an 

abrupt onset of symptoms and with a shorter duration of symptoms 
prior to seeking medical evaluation, and rarely develop cystic lung 
disease [2,4,5]. Besides this, the burden of organism among HIV 
infected individuals is higher than that among non-HIV immunocom-
promised individuals [6]. Furthermore, the load of the organism may 
also vary with the type of the respiratory clinical samples. Hence, 
microscopic demonstration of P. jirovecii suffers with the problem of 
limited sensitivity and resulting in false negativity especially among 

non-HIV immunocompromised individuals [7]. 

To circumvent, the limitations of lower sensitivity and high negative 
predictive value of microscopy, a highly sensitive molecular diag-
nostics such as PCR assay has been studied extensively for the 
detection of P. jirovecii specific DNA from the clinical samples in 

patients with high index of clinical suspicion of PCP. 

However, sometimes it has been encountered that patients without 
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having overt clinical feature suggestive of PCP may be positive for 
P. jirovecii specific DNA by PCR based assays. Such cases have 
been termed as ‘Sub-clinical infection’ or ‘Colonization with P. jiro-

vecii.’ 

In such patients it is often difficult to distinguish between PCP dis-

eased and colonization with P. jirovecii using conventional PCR 
assays. Hence, a quantitative PCR is required to know the load of 
organism in the clinical sample to stratify the diseases spectrum. 
Larsen, et al [8], Huggett, et al [9], and in recent time, Matsumura, 

et al [10], proposed that the copy number of the specific P. jirovecii 
gene used for quantitation was found to be substantially higher in 
patients with PCP than in colonized individuals. 

In this study, we aimed to assess the applicability of quantitative 
PCR (qPCR) assay to differentiate among definite PCP, probable 

PCP and colonizers with P. jirovecii. 

Materials and Methods 

The present study was conducted at the Parasitology Laboratory, 
Department of Microbiology, All India Institute of Medical Sciences 
(AIIMS), New Delhi, India. 

Patients and Clinical Samples 

During the 5 year study period (Feb 2007 to Dec 2012), a total of 
355 patients including both HIV sero positive and non-HIV immuno-
compromised individuals with pulmonary infection clinically sugges-

tive of PCP attending to various OPD and/or admitted to our tertiary 
care centre were enrolled. 

Among these 355 patients, 106 were HIV seropositive patients 
(n=106) and remaining 249 were non-HIV immunocompromised 
patients. These non-HIV immunocompromised patients were further 
subdivided into post-renal transplant (PRT) recipients (n=66), can-
cer patients on chemotherapy (n=84), patients with various primary 
immunodeficiencies, and autoimmune disorders (n=99). From these 
355 patients, equal number of (n=355) samples were obtained that 
included, 244 bronchoalveolar lavage (BALF) fluid and 111 induced 
sputum (IS). 

Demographic profile, clinical characteristics, laboratory findings and 
radiological findings of each patient were collected prospectively 
during the course of study. 

Clinical Sample Processing and DNA Extraction 

All the BAL fluid samples were directly centrifuged at 4000 rpm at 
4°C for 10 min. However, induced sputum samples were first treat-

ed with 6.5 mM dithiothreitol (DTT), a mucolytic agent and then 
subjected to centrifugation. The pellet obtained was resuspended in 
20% of the supernatant and 100 µl of this suspended pellet was 
used for preparation of smears. 

For DNA extraction, 200 µl of pellet was lysed using 200 µl of a 
sample-specific lysis buffer (50 mM KCl, 15 mM Tris-HCl (pH 8.3) 
and 0.5% NP 40) [11] containing 500 mg of proteinase K. DNA 
extraction was performed using Qiagen DNeasy tissue kit (Qiagen 
Inc., Valencia, CA, USA). 

Microscopic Detection 

Smears were prepared from all the samples. Smears were stained 

using Grocott’s methenamine silver (GMS) staining. All the stained 

slides were examined by two experienced microbiologists inde-

pendently without prior knowledge of PCR results. 

Conventional PCR (c-PCR) Assay 

c-PCR was performed using highly conserved region of mitochon-
drial large sub-unit ribosomal RNA (mtLSU rRNA) gene of P. jiro-
vecii. The following set of published primers pAZ 102 E and pAZ 

102 H [12], were used that amplify a 346 bp region of the gene. 

Real-time PCR (qPCR) Assay 

DNA extracted from all the clinical samples were subjected to qPCR 

assay targeting the single copy gene Beta-tubulin gene. 

The set of primers used were as described by Nahimana, et al [13] 
and Brancart, et al [14] for c-PCR and qPCR respectively targeting 
Beta-tubulin gene. However, the probe used was with slight modifi-
cation. The probe was FAM - MGB labeled, with the product size of 
74bp. The sequences of forward and reverse primers; and probe 
used were as follows F-(1186-5’) GATCCGAGACATGGTCGC-
TATT, R-(1257-5’) TTCAACCTCCTTCATGGAAACAG and P-
(1217T-5’) FAM-CAGCGATTTTCCGCGGTA- MGB, for the Acces-

sion No. AF170964. 

The qPCR assay was performed in a 25 μl reaction volume contain-
ing 0.9 μM each primer, 0.25 μM TaqMan probe, 1× TaqMan Gene 
Expression Master Mix [Applied Biosystems, (ABI)], and 5 μl puri-
fied DNA. The thermal cycling was performed at universal condi-
tions in an ABI PRISM 7500 Sequence Detection system (ABI) and 
that were as follows: 2 min at 50°C, 10 min at 95°C, followed by 45 

cycles of 15 s at 95°C and 1 min at 60°C. 

Quantification was performed using ABI PRISM software and was 
based on the extrapolation of data to standard curves, which were 
generated by the amplification of a 10-fold serial dilution of a plas-
mid standard (10×106 to 10 copies/reaction). To generate the plas-
mids, the c-PCR-amplified product of 209 bp was cloned into the p-
GEMT Easy vector and was confirmed by colony PCR assay, re-
striction digestion and sequencing (Data not shown). A Ct value 
above 40 was not considered as positive for the presence of P. 
jirovecii specific DNA. The final results of qPCR were expressed as 

copy numbers of Pneumocystis jirovecii per ml of sample. 

Diagnosis of PCP 

On the basis of available clinical information, microscopic, c-PCR 
assay results and the definitions that have been described earlier 
were adopted to stratify the P. jirovecii positive patients into definite 

PCP, probable PCP and colonizers with P. jirovecii. 

The diagnosis of definite PCP was established by the microscopic 
identification of P. jirovecii using Gomori methenamine silver stain-
ing. A diagnosis of probable PCP was made when the patient did 
not have microscopically visible P. jirovecii but had a clinical 
presentation compatible with PCP, including complete resolution of 
pulmonary infiltrates after a full course of anti-PCP treatment [7]. 
However, “colonization with P. jirovecii” was defined as the patients 
who had positive PCR results without any signs or symptoms of 
PCP and who improved without anti-PCP treatment were diagnosed 

as “pneumonia with P. jirovecii colonization” [15]. 

Demographic and Clinical Information 

The relevant demographic and clinical information including age, 
sex, underlying diseases, immunosuppressive therapies and 
prophylaxis and treatment for PCP, clinical symptoms, laboratory 
values, the final diagnosis made and the treatment for the final diag-
nosis and co-infection. ABG values, ICU admission and require-
ment of mechanical ventilation were also obtained along with hema-
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tological profile of the patients were included in the study. 

Statistical Analysis 

Categorical variables were compared using the Fisher exact t-test. 
Continuous variables were compared using the Kruskal-Wallis t-test 
or the Mann-Whitney U test. Receiver-operating characteristic 
(ROC) curves for the copy numbers were constructed and studied 
between three different groups i.e. ‘definite PCP’ and ‘colonizers’, 
‘probable PCP’ and ‘colonizers’ and ‘definite PCP-probable PCP’ 
together and ‘colonizers’. Areas under the curve (AUC) of the three 
ROC curves were analyzed as already described by Delong, et al 
[16]. A p value <0.05 was considered statistically significant. All 
statistical analyses were carried out using SPSS software version 

16 (SPSS, USA). 

Results 

From 355 patients enrolled, there were only 80 patients positive for 
P. jirovecii specific DNA using qPCR assay and were included for 
the further analysis. The additional four patients that were positive 
by c-PCR and negative by qPCR were considered negative for 
PCP. Thus, the remaining 275 patients were considered as nega-
tive for PCP. The demographics profile and clinical characteristics 

of PCP positive and negative patients were shown in [Table-1]. 

Table 1- Comparison of demographic and clinical characteristics of 
PCP positive (n=80) and PCP negative patients (n=275) under 

study (n=335) 

ICU: Intensive Care Unit;  PaO2: Arterial Partial Pressure of Oxygen; CXR: 

Chest X-ray 

On comparing demographic and clinical characteristics the mean 
age of PCP positive patients was observed to be 25.94 ± 20.12, 
while the mean age of PCP negative patients was 22.09 ± 19.78, (p 
≤ 0.001, [Table-1]). There were no significant differences when the 
male to female ratio of PCP positives and negatives patients were 
compared. Anti-Pneumocystis prophylaxis with sulfa drugs could be 
documented only in 15.6% (43/275) of PCP negative patients and 
22.5% (18/80) of PCP positive patients and were found to be statis-
tically non-significant in occurrence of PCP. However, dyspnoea 
(p=0.01) and abnormal CXR/CT findings (p=0.001) were significant-
ly associated with PCP positive patients compared to PCP nega-
tives. In addition, ICU admission and mechanical ventilation were 

also found to be significantly associated with PCP positive patients 

compared to negatives (p=0.01). 

All these 80 c-PCR and qPCR assay positive patients were further 
stratified into definite PCP (n=14), probable PCP (n=54) and colo-

nizer (n=12) with P. jirovecii as per the criteria defined above. As 
the detailed clinical and laboratory findings could be obtained only 
for 68 (85.00%, 68/80) of these 80 patients, therefore, these 68 
patients were included for the final analyses. These 68 PCP posi-
tive patients were stratified into ‘definite PCP’ (n=12), ‘probable 

PCP’ (n=47) and ‘colonizers’ with P. jirovecii (n=09) [Table-2]. De-
mographic profiles and clinical characteristics of these definite PCP, 
probable PCP and colonizer were also analyzed. Among them 49 
were male and 19 were female. Definite group of patients com-
prised of one (n=1) HIV infected individuals, nine (n=9) PRT recipi-
ents and two (n=2) from other immunocompromised conditions 
respectively. Probable group of patients included eighteen (n=18) 
HIV infected individuals, eight (n=08) PRT recipients, seven (n=07) 
patients were with malignant disorders and two (n=02) from other 
immunocompromised conditions. Only nine individuals belongs to 
colonizers that included two (n=02) PRT recipients, one (n=01) 
patient with malignant disorders and six (n=06) from other immuno-
compromised conditions. 

The final diagnosis among colonizers included CMV infection 
among both the PRT patients, Mycobacterium tuberculosis was 
present among four (n=04) of these patients and two were having 

Candida albicans along with M. tuberculosis. Pseudomonas species 
was present in one of them and bacterial pneumonia with Staphylo-
coccus aureus (n=01), Streptococcus pneumoniae (n=01) and Hae-
mophilus influenzae (n=01) was also present as the primary pneu-
monia causing agent. None of these colonizers developed clinical 
PCP during the same episode of hospitalization for pneumonia and 
followed up for a period of 42 days. 

Clinical characteristics of definite PCP, probable PCP and coloniz-
ers were statistically evaluated. Both dry cough and cough with 
expectoration were found to be significant. The persistence of dry 
cough was found to be 92% associated with definite PCP patients 
followed by 48.9% in probable PCP group. Expectorated cough was 
predominantly (78%) associated with colonizers. BAL fluid sample 
was extremely useful for the diagnosis of definite PCP (92%) and 
colonizers (100%). Whereas, sputum samples could detect only 
49% probable PCP. 

However, fever, dyspnoea, abnormal CXR, respiratory rate, partial 
pressure of oxygen, ICU admission and mechanical ventilation 
when compared among these three groups were not statistically 
significant [Table-2]. Analyses of laboratory findings revealed that 
only hemoglobin (Hb%), serum phosphate and serum sodium were 
significant, while other parameters were non-significant [Table-3]. 

Upon analyses of various therapeutics regimens given, 34 (50%) 
out of 68 patients were on corticosteroids, that included 08 (66%), 
19 (40.4%) and 07 (78%) from definite PCP, probable PCP and 
colonizer groups respectively. Twenty two (22/68, 32.4%) of total 
individuals were on immunosuppressive drugs. There were 07 
(10.3%) patients who were on chemotherapy and all of them were 
from definite and probable group. All of these colonizers neither 
received anti-PCP prophylaxis nor anti-PCP treatment. 

Anti-PCP prophylaxis and administration of TMP-SMX treatment 
was found to be statistically significant (p=0.002, p=0.000) with 
definite and probable PCP group of patients [Table-4]. 
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Characteristics 
PCP -ve PCP +ve 

p-value 
(n = 275) (n = 80) 

Sex (Male / female) 189 / 86 59 / 21 0.28 

Age (Mean ± S.D) 22.09 ± 19.78 25.94 ± 20.12 0.001 

Fever (no.%) 
194 

(70.3%) 
76 

(94.9%) 
0.0001 

Cough (no.%) 
188 

(68.1%) 
66 

(82.3%) 
0.01 

Dyspnoea (no.%) 
181 

(65.6%) 
76 

(94.9%) 
0.001 

Abnormal CXR Findings (no.%) 
228 

(82.6%) 
80 

(100%) 
0.0001 

PCP prophylaxis with sulpha (no.%) 
43 

(15.6%) 
18 

(22.7%) 
0.16 

Anti-PCP treatment (no.%) 
87 

(31.6%) 
71 

(94.9%) 
0.000 

ICU admissions (no.%) 
42 

(15.2%) 
22 

(27.8%) 
0.01 

Mechanical ventilation (no.%) 
40 

(14.5%) 
22 

(27.8%) 
0.01 
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Table 2- Demographic and clinical profile of definite PCP, probable PCP and colonizers (n=68) 

HIV* : Human Immunodeficiency Virus; PRT** : Post  Renal Transplant; ICU; Intensive Care Unit; PaO2; Arterial partial pressure of oxygen; CXR: Chest X-ray. 

Others immunocompromised conditions: Cushing's syndrome (n=02); Primary Immunodeficiency (n=01); Langerhan's cell histiocytosis (n=01); Bone marrow 
transplant recipient (n=02); Systemic lupus erythematosus (n=03); Pulmonary alveolar proteinosis (n=03); Post liver transplant (n=01); Wegner’s granulomato-
sis (n=01); Hyper IgM syndrome (n=02); Hyper IgG syndrome (n=02); Steroid-dependent nephrotic syndrome (SDNS) (n=01); Maple’s syrup urine disease 

(n=01); Metabolic acidiosis (n=01); Autoimmune related cirrhosis (n=01). 

Table 3- Laboratory findings of PCP positive patients (n=68) 

TLC: Total leucocytes count; BALF: Bronchoalveolar lavage fluid; Hb: Hemoglobin 
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Characteristics Total (n = 68)  Definite PCP (n = 12) Probable PCP (n = 47) Colonizers (n = 09) p-value 

Age Median (min-max) 25.5 (1-74) 44.5 (1-74) 18 (1-71) 28 (14-53) 0.01 

Sex (Male / Female) 49/19 10/02 33/14 06/03 0.70 

Underlying Conditions 

HIV positive (no.%) 19/68 (27.9%) 01 (8.3%) 18 (38.2%) 0 (00%) 0.01 

PRT recipients (no.%) 19/68 (27.9%) 09 (75%) 08 (17%) 02 (22.2%) 0.00 

Malignant disorders (no.%) 08/68 (11.8%) 00 (00%) 07 (14.8%) 01 (11.1%) 0.43 

Others immunocompromised conditions (no.%) 22/68 (32.8%)  02 (16.6%) 14 (29.7%) 06 (66.6%) 0.04 

Clinical characteristics 

Fever (no.%) 65/68 (95.6%) 12 (100%) 44 (100%) 09 (100%) 1.00 

Cough (no.%) 61/68 (89.7%) 12 (100%) 40 (85.1%) 09 (100%) 0.30  

a. Dry Cough (no.%) 36/68 (52.9%) 11 (92%) 23 (48.9%) 02 (22.2%) 0.003 

b. Cough with expectoration (no.%) 25/68 (36.8%) 01 (8.3%) 17 (36.1%) 07 (77.7%) 0.004 

Dyspnoea (no.%) 57/68 (83.8%) 10 (83.3%) 41 (87.2%) 06 (66.6%) 0.27 

Abnormal CXR (no.%) 68/68 (100%) 12 (100%) 47 (100%) 09 (100%) NA 

Respiratory rate Median (min-max) 30 (16-56) 28 (18-44) 32 (16-56) 30 (18-36) 0.22 

PaO2 Median (min-max) 54.6 (42.4-66.4) 54.6 (46.8-62.2) 54 (42.4-66.4) 56.2 (46-62.2) 0.29 

ICU admission (no.%) 21/68 (30.9%) 02 (16.6%) 18 (38.2%) 01 (11.11%) 0.15 

Mechanical ventilation (no.%) 21/68 (30.9%) 02 (16.6%) 18 (38.2%) 0 (11.11%) 0.15 

Laboratory findings 
measurement units Median [min - max] 

Total 
(n=68) 

Definite PCP 
(n = 12) 

Probable PCP 
(n = 47) 

p - value 
Colonizers 

(n = 09) 

0.01 Hb (gms/dl) 9.55 (5.8 - 12.9) 9.7 (8.2 - 12.7) 8.7 (5.8 - 12.9) 10.1 (8.2 - 12.7) 

0.32 TLC (10 3/ cu. mm.) 7.6 (6 - 21) 8.1 (4.7 - 17.1) 8.4 (.6 - 21) 6.9 (3.8 - 8.6) 

Platelets (10 3/ cu.mm.) 194.5 (2.78 - 575) 200 (2.78 - 564) 189 (16 - 575) 196 (23 - 300) 0.65 

Serum urea (mg.%) 29.5 (7.2 - 236) 38 (7.2 - 236) 28 (14 - 200) 25 (20 - 56) 0.11 

Serum creatinine (mg.%) 0.9 (.4 - 8.8) 1.6 (.4 - 5.6) .8 (.4 - 8.8) .9 (.4 - 2.7) 0.27 

Serum calcium (mg.%) 8.6 (1.0 - 9.8) 8.6 (7.4 - 9.1) 8.4  (1.0 - 9.8) 8.6  (7.2 - 9.8) 0.50 

Serum phosphate (mg.%) 3.95 (2.4 - 136.0) 4.3  (3.3 - 5.8) 3.9 (2.4 - 5.8) 4.0  (3.0 - 136) 0.001 

Serum sodium (mEq / L) 136 (124 - 147) 136 (124 - 139) 13 (126 - 147) 135  (124 - 146) 0.05 

Serum potassium (mEq / L) 3.9 (2.4 - 5.6) 3.9 (3.1 - 5.6) 3.9 (2.4 - 5.2) 4.0  (2.7 - 4.9) 0.55 

Serum uric acid (mg.%) 4.3 (1.5 - 12.6) 5.4 (2.9 - 12.6) 4.1 (1.5 - 12.4) 4.8  (3.1 - 12.4) 0.17 

Serum bilirubin  (mg.%) 0.6 (0.3 - 2.6) 0.6 (0.5 - 1.2) 0.6 (0.3 - 2.6) 0.6 (0.3 - 1.3) 0.64 

Serum total protein (gm.%) 6.8 (4.1 - 88) 6.2 (4.9 - 8.8) 6.8 (4.1 - 8.8) 6.0 (5.4 - 7.8) 0.39 

Serum albumin (gm.%) 3.5 (1.1 - 4.8) 3.4 (2.8 - 4.0) 3.5 (1.1 - 4.8) 3.4 (2.7 - 4.2) 0.98 

Serum globulin  (gm.%) 3.1 (2.0 - 5.9) 3.1 (2.0 - 4.8) 3.2  (2.0 - 5.9) 2.8 (2.0 - 4.0) 0.25 

BALF (no.%) 44 (64.7%) 11 (92%) 24 (51%) 09 (100%) 0.001 

Sputum (no.%) 24 (35.3%) 01 (8.3%) 23 (49%) 00 (00%) 0.001 

Beta tubulin(copy no. / ml) 
Median [min - max] 

16000 
(152 - 1430000) 

395500 
(53700 - 1430000) 

14100 
(200 - 620000) 

1990 
(152 - 15300) 

0.000 
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Table 4- Immunosuppressive therapies and various prophylactic and treatment regimens administered to PCP patients (n=68) 

awithin 3 months before present hospital visit/admission 
^ATT-Anti-Tuberculosis Treatment 
*Corticosteroids: Prednisolone, Hydrocortisone, Methyl prednisolone 
**Other Immunosuppressive drugs: Cyclosporine, Mycophenolate, Tacrolimus, Azathioprine, 
***Chemotherapy: Cyclophosphamide, Doxorubicin, Vincristine, Prednisone, Cisplatin, Etoposide 
≠TMP-SMX-  Trimethoprim/sulfamethoxazole 
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Various Regimens 
Total 

(n=68)   
Definite PCP 

( n = 12 ) 
Probable PCP 

( n = 47 ) 
Colonizers 
( n = 09 ) 

p-value 

Corticosteroids (no.%) 
34/68 
(50%) 

08 
(66.6%) 

19 
(40.4%) 

07 
(78%) 

0.06 

Other Immuno-suppressive drugs (no.%) 
22/68 

(32.4%) 
06 

(50%) 
14 

(30%) 
04 

(44.4%) 
0.38 

Chemotherapy (no.%) 
07/68 

(10.3%) 
06 

(50%) 
01 

(2.1%) 
00 

(00%) 
0.48 

Anti- PCP prophylaxis (no.%) 
23/68 
(33.8) 

01 
(8.3%) 

22 
(47%) 

00 
(00%) 

0.002 

TMP-SMX (no.%) 
59/68 

(86.8%) 
12 

(100%) 
47 

(100%) 
00 

(00%) 
0.00 

Clindamycin (no.%) 
27/68 

(33.7 %) 
07 

(58%) 
20 

(42.5%) 
00 

(00%) 
0.01 

Anti-CMV (Gancyclovir) (no.%) 
15/68 

(22.1%) 
03 

(25%) 
10 

(21.2%) 
02 

(22.2%) 
0.90 

ATT (no.%) 
19/68 

(27.9%) 
02 

(16.6%) 
13 

(27.6%) 
04 

(44.4%) 
0.41 

Anti-fungal treatment (no.%) 
20/68 

(29.4%) 
04 

(33.3%) 
14 

(30%) 
02 

(22.2%) 
0.85 

Antibiotics (no.%) 
17/68 
(25%) 

04 
(33.3%) 

08 
(17%) 

05 
(55.5%) 

0.03 

Real time PCR (qPCR) Assay Analysis 

The standard curve was established with a plasmid control [Fig-1]. 
The qPCR assay showed a limit of detection of 50 copies/ml and 
the P. jirovecii quantification found to be linear over a range of 
5log10 of magnitude i.e from 106 to 102 copies/ ml. The detection 

rate was 100% when the copy number was > 100 copies/ml. 

Fig. 1- Standard curve of Beta-tubulin gene 

X axis- Tenfold serial dilutions of cloned plasmid (106 - 101) 
Y axis-  Ct value  

The median of P. jirovecii copy numbers among definite PCP, prob-
able PCP and colonizers were 395500, 14100 and 1990 copies/ml 
respectively [Fig-2]. These findings clearly showed that the load of 
P. jirovecii was much higher in definite PCP group and was statisti-

cally significant. Moreover, the comparisons between BALF and 
induced sputum samples were not done separately as there was no 

sputum sample among the colonizers. 

Fig. 2- Copy number P. jirovecii among positive samples (n=68) 

Although the median value of copy numbers were analyzed in all 68 
clinical samples. The Receiver Operating Characteristic 
(ROC) curve was constructed to ascertain the cut-off value to differ-
entiate between definite PCP, probable PCP and colonizers among 

them. 

In the present study, the arbitrary cut-off value of 13950 copies /ml 
was used to differentiate definite PCP from colonizers i.e. patients 
having copies equal or more than 13950 copies/ml were suggestive 
of definite PCP and less than 13950 copies/ml may be considered 
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as colonizers. Cut-off value of 6580 copies/ml was used to differen-
tiate between probable PCP and colonizers. Patients having copy 
number equal to or less than 6580 may be considered as colonizer 
and copy number above 6580 indicated probable PCP. The area 
under curve (AUC), sensitivity, and specificity for discriminating 
definite PCP from colonizer was 1 with sensitivity and specificity of 
100% and 89%. Moreover, 0.81, 72% [Fig-3(a)] and 78% were the 
values for AUC, sensitivity, and specificity for discriminating proba-
ble PCP versus colonizers [Fig-3(b)]. The area under curve (AUC), 
sensitivity, and specificity were 0.85, 75% and 78% respectively 
[Fig-3(c)] when colonizers were differentiated from both definite-

probable PCP taken together the cut-off of 7015 copies/ml. 

Fig. 3a- ROC curve for definite PCP and colonizers  

The arbitrary cut-off value of 13950 copies /ml was used to differen-
tiate definite PCP from colonizers. The AUC, sensitivity and speci-

ficity were 1, 100% and 89%. 

Fig. 3b- ROC curve for probable PCP and colonizers. 

The arbitrary cut-off value of 6580 copies /ml was used to differenti-
ate probable PCP from colonizers. The AUC, sensitivity and speci-

ficity were 0.81, 72% and 78%. 

Fig. 3c- ROC curve for definite PCP, probable PCP and colonizers. 

The arbitrary cut-off value of 7015 copies /ml was used to differenti-
ate definite PCP + probable PCP from colonizers. The AUC, sensi-

tivity and specificity were 0.85, 75% and 78%. 

Discussion 

Microscopic demonstration of P. jirovecii considered as standard 
method for the diagnosis of PCP. But microscopic demonstration 
suffers with the problem of lower sensitivity thus encountered with 
the problem of false negativity. However, with the introduction of 
PCR assays in the late 90s, such impaired sensitivity related issues 
have been overcome. Moreover, these conventional PCR based 
assays may have the problem of false positivity or these PCR as-
says are positive among those individuals that show no clinical 

signs and symptoms of Pneumocystis pneumonia. Such cases are 
commonly known as colonizers, asymptomatic individuals or pa-
tients with subclinical infection [17]. 

Concerns related to these issues lead to the development and em-
ployment of more advanced and rapid qPCR assays. Since, the first 
application of qPCR assay for the detection of PCP has been re-

ported a number of researchers have explored variety of P. jirovecii 
specific genes for the detection and quantification. 

In the present study, we classified the PCP positive patients into 
three groups based on the results of microscopy, PCR assay, clini-
cal findings and response to treatment. Further, qPCR assay target-

ing Beta-tubulin (single copy) gene of P. jirovecii genome allowed 
us to know the exact load of the organisms in the clinical sample. 
The copy numbers of the definite PCP patients were significantly 
higher than the copy number of the colonizers, with an AUC, sensi-
tivity and specificity (1, 100% and 89%). However, when probable 
PCP were compared with colonizers, and, combination of definite-
probable PCP together with colonizers the AUC, sensitivity and 
specificity were 0.81, 72%, 78% and 0.85, 75%, 78% respectively. 
Thus patients having less than 7015 copies/ml may be considered 
as colonizers [Fig-3(c)]. It was observed that the copy numbers 
between probable group of patients and colonizers were overlap-
ping and a clear distinction could not be made. Therefore, in the 
present study, there was clear discrimination between the load of 
the definite PCP and colonizers with P. jirovecii and was statistically 
significant. However, there was an overlap between the load of the 
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Probable PCP and colonizers. Consequently, there was a grey-
zone between probable PCP patients and colonizers. 

Several, previous studies have reported a broad range of qPCR 
based cut-off values that do not efficiently made the discrimination 
between PCP patients with colonizers. Larsen et al used an arbi-
trary cut-off value of 10 copies/reaction for discrimination between 
infection and colonization [8]. However, applying this cut-off the 
false positive detection rate fell at the cost of an increase in false 
negative results. Flori, et al [18] found that a cut-off to differentiate 
asymptomatic carriage from PCP could not be established as there 
was an overlap between the two groups and sample with <103 cop-
ies of DNA per capillary could be a chronic carrier. Huggett, et al 
developed and evaluated q-PCR assay targeting single copy 
HSP70 gene and found that a cut-off of >10 copies/reaction, 
showed clinical sensitivity of 98% and specificity of 96% [9]. Fur-
thermore, they said that load of organism in those with PCP, was 
not associated with disease severity and outcome of the diseases. 
Alanio, et al proposed two cut-off values of 120 and 1900 TFEq/mL 
to discriminate active pneumonia from colonization, with a grey 
zone between them [19]. Matsmura, et al used 1300 copies per ml 
as a cut-off to discriminate between definite PCP and colonizers 
with P. jirovecii [20]. Muhlethaler, et al proposed that q-PCR values 
of between 1 to 1,450 P. jirovecii per ml were associated with both 
colonization and infection; thus, a cut-off between the two condi-
tions could not be established [21]. Maillet, et al also used two cut-
off values to discriminate between diseased and colonizers with a 

grey zone between them [22]. 

This study had certain limitations like, the samples under study 
were non-homogenized i.e. BALF and IS. Furthermore, when the 
BALF and IS samples were analyzed separately, it was observed 
that there was only one sputum sample among definite PCP pa-
tients and there was no induced sputum sample among colonizers 
with P. jirovecii. The majority of the IS samples were among proba-
ble group of patients and the copy number was significantly higher 
in definite than in probable PCP patients. In-addition, the copy num-
bers were higher in probable PCP patients than in colonized pa-
tients, but the difference was again not statistically significant. This 
might be attributed due to the less number of patients among defi-

nite and colonizers group of patients. 

Second, we had non-homogenized population under study. As stat-
ed earlier by Sing, et al that HIV associated PCP patients had high-
er organism burden as compared to non-HIV immunocompromised 
patients [23]. Therefore, the cut-off value to discriminate between 
definite, probable and colonizers ideally should be established sep-
arately for both HIV associated PCP patients and non-HIV associat-

ed. 

Third, few of these patients were already on anti-PCP prophylaxis, 
therefore the organism burden among those patients might be less-
er than that of naïve patients. As a result the cut-off would be differ-
ent for both these group of individuals, so the population under 
study preferably should be naïve. Larsen, et al also observed simi-

lar results during the study on oral wash samples [24]. 

In conclusion, from the present study we observed that qPCR assay 
had high accuracies in differentiating definite PCP from colonization 
with P. jirovecii and moderate accuracies in differentiation between 
probable PCP and colonization. These results revealed that clinical, 
radiological and response to treatment should always be taken into 
consideration along with qPCR values especially among probable 

PCP patients and colonizers. 
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