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Background. Serum (1,3)-beta-D glucan (BDG) is increasingly used to guide the management of suspected Pneumocystis pneumonia (PCP). BDG lacks specificity for PCP, and its clinical performance in high-risk cancer patients has not been fully assessed.
Polymerase chain reaction (PCR) for PCP detection is highly sensitive, but cannot differentiate between colonization and infection.
We evaluated the diagnostic performance of serum BDG in conjunction with PCP PCR on respiratory samples in patients with
cancer and unexplained lung infiltrates.
Methods. We performed a retrospective analysis of adult patients evaluated for PCP at our institution from 2012 to 2015, using serum
BDG and PCP PCR. The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of the serum BDG
at different thresholds were evaluated using PCP PCR alone or in conjunction with clinical presentation in PCP PCR–positive patients.
Results. With PCP PCR alone as the reference method, BDG (≥80 pg/mL) had a sensitivity of 69.8%, specificity of 81.2%, PPV
of 34.6%, and NPV of 95.2% for PCP. At ≥200 pg/mL in patients with a positive PCR and a compatible PCP clinical syndrome, BDG
had a sensitivity of 70%, specificity of 100%, PPV of 100%, and NPV of 52.0% for PCP.
Conclusions. Patients negative by both BDG and PCR were unlikely to have PCP. In patients with a compatible clinical syndrome for PCP, higher BDG values (>200 pg/mL) were consistently associated with clinically-significant PCP infections among PCP
PCR–positive oncology patients.
Keywords. Pneumocystis jiroveci; polymerase chain beaction; beta-D glucans; diagnostic accuracy; cancer.
Pneumocystis jiroveci (PCP) is a common cause of opportunistic
lung infection and is associated with high mortality in immunocompromised patients [1, 2]. Despite the use of targeted prophylaxis, PCP is frequently encountered in patients with hematologic
malignancies and recipients of hematopoietic cell transplantation (HCT) [2, 3]. As a presumptive or suspected diagnosis, PCP
is also encountered during the course of cancer treatment in a
wide range of patients with solid tumors and in association with
novel cancer and immune therapeutics, with clinical outcomes
that ultimately hinge on a timely diagnosis [3–7].
The existing literature on PCP diagnoses is largely derived
from human immunodeficiency virus (HIV)-infected patients
[8–10]. However, there are distinct differences between the clinical presentation of PCP and the burden of infecting organisms
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in non–HIV-infected patients, which renders any direct extrapolations unreliable. For example, non–HIV-infected patients
with PCP have a more sudden onset of pulmonary symptoms,
whereas symptoms are more progressive in HIV-positive
patients [11]. Most importantly, conventional direct visualization techniques of PCP cysts have inferior diagnostic sensitivity
in non–HIV-infected patients [12].
For decades, the diagnostic gold standard for detecting PCP
has been direct microscopic identification of cysts in tissue samples. In recent years, molecular assays (eg, polymerase chain reaction [PCR]) on respiratory samples have become available
for the direct detection of target organism DNA [13–15]. Due
to the lower sensitivity of conventional methods, PCP PCR is
appealing, especially in non–HIV-infected patients. However,
PCR may be prone to misinterpretation in cases where PCP is
a colonizer (ie, present without causing disease) rather than the
cause of disease (ie, present in the context of clinical signs or
symptoms of acute pneumonia) [16–18].
Serum (1,3)-beta-D Glucan (BDG) is often used as a non-invasive means to support the diagnosis of PCP, especially in
situations where critical illness precludes invasive diagnostic
procedures [19]. BDG is an antigenic component of the cell wall
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Clinical Performance of (1,3) Beta-D Glucan for the
Diagnosis of Pneumocystis Pneumonia (PCP) in Cancer
Patients Tested With PCP Polymerase Chain Reaction

METHODS
Study Design and Settings

This was a retrospective cohort study performed at Memorial
Sloan Kettering Cancer Center, a 478-bed tertiary care cancer
center in New York City with 22 000 annual admissions, where
approximately 400 HCT are performed annually.
Study Population and Inclusion Criteria

The study population included all hospitalized adult patients
(≥18 years old) with unexplained lung infiltrates and clinical
suspicion for PCP who underwent an evaluation with bronchoscopy between January 2012 to December 2015. Individuals
included in the study had a bronchoalveolar lavage fluid (BAL),
bronchial washings, or a lung tissue sample collected for the
diagnosis of PCP using PCR. Results of serum BDG collected
within 7 days of bronchoscopy were used for the analysis. If
multiple serum BDG tests were obtained during this 7-day
window, the highest value was included in the analysis. Patients
were excluded if they (1) received empiric treatment (therapeutic doses) for PCP for at least 3 days prior to PCP PCR
testing; (2) had PCP PCR performed on specimens other than
BAL, bronchial washings, or lung tissues; or (3) had serum BDG
performed more than 7 days from the PCP PCR. The following
patient demographics and clinical variables were collected: age,
sex, underlying disease, absolute lymphocyte count, HIV co-infection, receipt of immunosuppressive medications, receipt
Table 1.
Infection

of PCP prophylaxis, and serum lactate dehydrogenase (LDH)
values obtained within 2 weeks before PCP PCR were collected.
The study was reviewed and approved by the Memorial Sloan
Kettering Cancer Center Institutional Review Board.
Definitions

Lymphopenia was defined as having an ACL <0.5 K/μL on the
day closest to when a PCP PCR was obtained on a bronchoscopy or biopsy sample. When PCP was suspected, corticosteroid
use was defined as use within 60 days of admission date, at an
equivalent dose of prednisone 20 mg or greater, and for at least
3 consecutive days. If a patient received temozolamide, fludarabine, or alemtuzumab at least once in the 180 days before PCP
testing, they were considered to have received a T-cell suppressing agent; receipt of Ibrutnib or check-point blockade therapy
(Ipilumab, Nivolumab, Pembrolizumab) were similarly defined.
Patients receiving trimethoprim-sulfamethoxazole (Bactrim),
Atovaquone, Pentamidine (inhaled or intravenously), or
Dapsone for more than 6 days before PCP PCR was checked
were considered to have received a PCP prophylaxis.
PCP infections were defined as either definite, probable, possible, or not PCP, as described for other invasive fungal diseases,
with some modifications (Table 1) [23]. Other non-PCP invasive fungal infections (eg, invasive Aspergillosis) were defined as
described previously [23]. All patients with a negative PCP PCR
who did not receive empiric treatment for PCP were considered
negative for PCP infection. Chart reviews for all patients with
a positive PCP PCR were performed independently by 2 infectious disease physicians (S. M. and A. F.-G.).
Pneumocystis Pneumonia Laboratory Methods

Samples were tested by a previously-described real-time PCP
PCR assay [24, 25]. The assay is a qualitative, real-time PCR
performed on the LightCycler instrument (Roche Molecular
Diagnostics), with primers and probes targeting the cyclin-dependent protein kinase cdc2 gene of P. jiroveci. BDGs were performed using the Fungitell BDG test (Associates of Cape Cod).
Numerical values for the BDG tests range from 31 pg/mL to

Definitions
Definite

Pneumocystis jirovecii 1. S
 uggestive respiratory
pneumonia
symptomsa;
and
2. PCP PCR, detected in
BAL and/or BW;
and
3. Documented PCP in
histopathology,
GMS cytology,
and/or
DFA

Probable

Possible

1. Nonspecific clinical presenta1. Compatible risk
tion without predisposing risk
factors with clinical
factors;
presentationa;
and
and
2. PCP PCR, detected in 2. PCP PCR, detected in BAL
BAL and/or BW
and/or BW

Not PCP
1. Negative histopathology/cytology/PCP PCR
with or without an established alternate
diagnosis

Abbreviations: BAL, bronchoalveolar lavage; BDG, beta-D glucan; BW, bronchial washing; DFA, direct fluorescent antibody; GMS, Gomori methenamine silver stain; PCP, Pneumocystis
pneumonia; PCR, polymerase chain reaction.
a

Shortness of breath, dyspnea on exertion, increased O2 requirements, dry or productive cough, and hemoptysis.
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of many fungi, including PCP, and is considered to be a valuable
diagnostic adjunct for PCP [19, 20]; however, the application of
BDG as a stand-alone test has been challenged, due to its lack of
specificity [21, 22].
To date, there are no studies evaluating the accuracy of BDG
when combined with PCP PCR in a large cancer-patient population. The objective of this study was to evaluate the diagnostic
performance of serum BDG to diagnose PCP in at-risk cancer
patients, when combined with PCP PCR obtained from bronchoscopy samples.

Statistical Methods

We applied receiver operating characteristic methodology to
evaluate the accuracy of BDG at different thresholds in the context of PCP PCR results. For evaluating BDG test performance,
we combined and analyzed the definite subgroup with the
probable subgroup and the possible subgroup with the not-PCP
subgroup. Serum BDG was assessed with respect to sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV). Analyses were performed in GraphPad Prism
7 and R, version 3.3.2.
RESULTS

A total of 697 unique patients over the 3-year study period underwent bronchoscopy with evaluation for PCP by PCR. Of
those, 438 patients met all requirements for inclusion in the
study (Figure 1). There were 53 patients who had a PCP PCR–
positive test, and among these, 40 patients had definite (n = 11)
or probable (n = 29) PCP. Another 13 patients were classified as
possible PCP (Supplementary Table S1). All PCP PCR–negative
patients (n = 385) were classified as not PCP (Table 1).
The demographics and clinical characteristics of patients included in the study are summarized in Table 2. Cancer diagnoses for all patients included 322 hematologic malignancies,
including recipients of HCT (124 patients; 27 autologous HCT,
82 allogeneic HCT, and 15 double umbilical cord transplants).

Co-infection with HIV was found to be 6% and 4% in PCP
PCR–positive and PCP PCR–negative patients, respectively.
There were very few patients (<5%) in each group that received
immunomodulating agents, such as immunotherapy, T-cell
suppressing agents, and Ibrutinib. Most patients (85.8%) were
not on PCP prophylaxis and had no exposure to steroids (64%).
Lastly, 70% of PCP PCR–positive patients had an elevated BDG
(≥80 pg/ml), while 82% of PCP PCR–negative patients had a
BDG value of ≤79 pg/ml (Table 2).
We first evaluated the performance characteristics of
BDG using the manufacturer’s threshold of >80 pg/mL to
designate those positive, with PCP PCR as the reference
method. This showed a sensitivity of 69.8% (95% confidence interval [CI] 56.5–80.5%), specificity of 81.2% (95%
CI 77.7–85.4%), PPV of 34.6% (95% CI 26.2–44.0%), and
NPV of 95.2% (95% CI 92.3–97.0%; Table 3). At a threshold
BDG value of 200 pg/mL, the sensitivity was much lower but
had an improved specificity of 90.4% (95% CI 87.7–93.1%).
The PPV was poor using the higher threshold, but the NPV
was high, at 93.6% (95% CI 90.6–95.8%; Table 4). The diagnostic accuracy as shown by the area under the curve was
0.82 (Figure 2).
Next, we focused on the subset of 53 patients positive for PCP
DNA. Using clinical data as described in Table 1, 40 patients
were considered to have definite or probable PCP and were
treated. The other 13 patients did not have convincing clinical evidence for PCP, and were grouped as those with possible
PCP infections: among these, 12 were treated. The proportion of patients with BDG values for each of these categories is
shown in Figure 3 and Supplementary Table S1. Ground Glass
Opacity (GGO; seen on chest imaging), elevated serum LDH,

PCP PCR performed in all
respiratory specimens
01/2012 to 12/2015
MSKCC
N = 697

EXCLUDE

Samples from Sputum,
Pleural Fluid, Lung Abscess = 65
On therapeutic doses of PCP
before PCR = 36
BDG obtained > 7 days = 158

PCP PCR in BAL, BW
Simultaneous serum BDG
off PCP treatment
n = 438

PCP PCR Positive Patients
n = 53

PCP PCR Negative Patients
n = 385

Figure 1. Diagram of inclusion and exclusion criteria for the study population. Abbreviations: BAL, bronchoalveolar lavage; BDG, beta-D glucan; BW, bronchial washings;
MSKCC, Memorial Sloan Kettering Cancer Center; PCP, Pneumocystis pneumonia; PCR, polymerase chain reaction.
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500 pg/mL. The test was interpreted using the following values
as interpretive criteria: negative for values <60 pg/mL; indeterminate for values 60–79 pg/mL; and positive for values >80 pg/
mL. For this study, all values <80 pg/mL were interpreted as
negative.

Table 2.

Patient Characteristics
PCP PCR Negative

Total

53

385

438

Mean age

57

56

57

38 (72%)

221 (57%)

259 (60%)

Sex (% male)
Underlying disease:
Transplant type
  Autologous

1 (2%)

26 (7%)

27

  Allogeneic

11 (20%)

71 (18%)

82

0

15 (4%)

15

  DUCT
Underlying hematologic malignancy (non transplant)
  Lymphoma

12 (23%)

49 (13%)

61

  Lymphoid leukemia

5 (9%)

33 (9%)

38

  Myeloid leukemia

5 (9%)

79 (21%)

84

  Multiple myeloma/aamyloidosis

1 (2%)

14 (4%)

15

18 (34%)

92 (24%)

110
6

Solid tumor
No cancer

0

6 (2%)

HIV co infection

3 (6%)

16 (4%)

6

Steroid exposure

19 (36%)

139 (36%)

158

Other T-cell–suppressing regimens

1 (2%)

4 (1%)

5

Immunotherapy

1 (2%)

9 (2%)

10

Ibrutinib

4 (8%)

6 (2%)

10

PCP prophylaxis
Bactrim

2 (4%)

25 (6%)

27

Atovaquone

6 (11%)

28 (7%)

34

Pentamidine

0

1 (0.3%)

1

Other

0

0

0

LDH (Units/L)
<250

9 (17%)

77 (20%)

86

250–500

23 (43%)

116 (30%)

139

>500

11 (21%)

66 (17%)

77

Not obtained

10 (19%)

126 (33%)

136

<0.5

27 (51%)

169 (44%)

196

≥0.5

26 (49%)

216 (56%)

242

≤79

16 (30%)

315 (82%)

331

80–200

9 (17%)

33 (9%)

42

201–499

8 (15%)

19 (5%)

27

20 (38%)

18 (5%)

38

ALC (K/mcL)a

BDG (picogram/ml)

≥500

Abbreviations: ALC, absolute lymphocyte count; BDG, beta-D glucan; DUCT, double umbilical cord transplant; HIV, human immunodeficiency virus; LDH, lactate dehydrogenase; PCP,
Pneumocystis pneumonia; PCR, polymerase chain reaction.
a

Thousands of cells per microliter of blood.

and steroid use were more common in the definite and probable
groups (Supplementary Figure S1 and Supplementary Table S1).
A threshold of 80 pg/mL resulted in BDG with sensitivity of
87.5% (95% CI 73.2–95.8%), specificity of 84.6% (95% CI 54.6–
98.1%), PPV of 94.6% (95% CI 81.8–99.3%), and NPV of 68.8%
(95% CI 41.3–89.0%; Table 5). Using a threshold of ≥200 pg/mL,
BDG had a sensitivity of 70% (95% CI 53.5–83.4%), specificity
of 100% (95% CI 75.3–100%), PPV value of 100% (95% CI 87.7–
100%), and NPV value of 52.0% (95% CI 31.3–72.2%; Table 6).
A total of 70 patients had an elevated BDG (>80 pg/mL),
but a negative PCP PCR (Table 3). For 57.1% (40/70) of these
patients, an alternative diagnosis other than PCP was found.
Of these patients, 52.5% (21/40) patients had an invasive fungal
1306 • cid 2019:69 (15 October) • Morjaria et al

infection with Aspergillus spp. or other molds. Candida colonization explained the elevated BDG in 40% (16/40) of patients. The
remaining 7.5% (3/40) of cases were secondary to intravenous
immunoglobulin (IVIG) use (Supplementary Figure S2). For the
remaining 42.9% (30/70) patients, no clear reasons could be identified in the electronic health record to explain the elevated BDG
value in the setting of a negative PCP PCR. A total of 11 of these
30 patients were treated for PCP.
DISCUSSION

In this study, we evaluated the performance characteristics of
serum BDG in conjunction with PCP PCR from bronchoscopy
specimens, in a cancer patient population at high risk for PCP
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PCP PCR Positive
Patients

Table 3. Beta-D Glucan Performance at 80 pg/mL Threshold in All
Pneumocystis Pneumonia Polymerase Chain Reaction Patients

37

70

BDG – (<80 pg/mL)

16

315

Total

53

385

69.8%

95% CI (56.5–80.5%)

0.75

BDG, 80, pg/mL

Specificity

81.2%

95% CI (77.7–85.4%)

PPV

34.6%

95% CI (26.2–44.0%)

NPV

95.2%

95% CI (92.3–97.0%)

Abbreviations: BDG, beta-D glucan; CI, confidence interval; NPV, negative predictive value;
PCP, Pneumocystis pneumonia; PCR, polymerase chain reaction, PPV, positive predictive
value.

BDG, 202, pg/mL
0.50

BDG, 500, pg/mL

AUC = 0.82
0.25

infection. We found this combination to be a useful diagnostic
tool. Our study findings, derived from over 400 patients with
lower airway disease who underwent evaluations for PCP, suggest that a serum BDG level of <80 pg/mL has a high NPV
(95.2%). With the careful review of clinical features, this cutoff value could be used to discontinue anti-PCP therapy. This
is consistent with other studies, primarily in HIV patients [10,
26], and could be especially useful in situations where patients
are unable to undergo a bronchoscopy evaluation. Our second
main finding is that, for patients with a positive BAL PCP PCR,
a serum BDG of >200 pg/mL favors infection over colonization
(specificity 100% and PPV 100%). The proposed criteria offer
support to the probabilistic approach applied by clinicians in
interpreting newer diagnostic tests for PCP in clinical practice,
especially in oncology patient populations, where an assessment of underlying immune function can be complex and lung
infiltrates pose a wide range of diagnostic possibilities.
When clinically feasible, the evaluation of BAL fluid for PCP
detection should be pursued. The sensitivity of conventional
direct visualization methods (direct fluorescent antibody, cytology) is suboptimal in non-HIV patients [12]. PCR for PCP
DNA has high analytical sensitivity and specificity, with a NPV
approaching 100% [27–29]. This method is increasingly being
used for target organism detection in BAL fluid and is now
preferred over conventional techniques by many laboratories.
Table 4. Beta-D Glucan Performance at 200 pg/mL Threshold in All
Pneumocystis Pneumonia Polymerase Chain Reaction Patients
PCP PCR +

PCP PCR -

BDG + (>200 pg/mL)

28

37

BDG – (<200 pg/mL)

25

348

Total

53

385

Sensitivity

52.8%

95% CI (38.6–66.7%)

Specificity

90.4%

95% CI (87.0–93.1%)

PPV

43.9%

95% CI (31.7–56.7%)

NPV

93.3%

95% CI (90.3–95.6%)

Abbreviations: BDG, beta-D glucan; CI, confidence interval; NPV, negative predictive value;
PCP, Pneumocystis pneumonia; PCR, polymerase chain reaction; PPV, positive predictive
value.

0.10

0.00
0.00

0.10

0.25

0.50

0.75

0.90

1.00

1–Specificity
(False positive fraction)

Figure 2. Receiver operating characteristic curve for serum BDG performance,
using PCR as the reference method. BDG shown at thresholds of 80 pg/ml, 200 pg/
ml, and 500 pg/ml. Abbreviations: AUC, area under the curve; BDG, beta-D glucan;
PCR, polymerase chain reaction.

Studies evaluating the clinical utility of PCP PCR for diagnosing
PCP have rendered mixed results and raised concerns around
the clinical specificity of the test [16–18, 25]. While some of
these differences are related to the patient populations evaluated, the analytical performance of the test varies with gene targets (eg, cyclin-dependent kinase 2 vs large subunit ribosomal
ribonucleic acid) and assay design (nested PCR and real-time
PCR) [29]. Collectively, these studies highlight the limitation of
PCR in distinguishing between PCP colonization and infection.
In addition, since we identified a subset of patients with negative PCP PCRs and elevated BDGs for reasons that were unclear,
the possibility of false-negative PCP PCRs could be considered
in patients with clinical syndromes consistent with PCP. BDG
testing also demonstrates high sensitivity for the diagnosis of
fungal infections but lacks specificity for PCP [30]. However, in
Table 5. Beta-D Glucan Performance at 80 pg/mL Threshold in
Pneumocystis Pneumonia Polymerase Chain Reaction–Positive Patients
Definite/Probable PCP

Possible PCP

BDG + (>80 pg/mL)

35

2

BDG – (<80 pg/mL)

5

11

Total
Sensitivity

40

13

87.5%

95% CI (73.2–95.8%)
95% CI (54.6–98.1%)

Specificity

84.6%

PPV

94.6%

95% CI (81.8–99.3%)

NPV

68.8%

95% CI (41.3–89.0%)

Abbreviations: BDG, beta-D glucan; CI, confidence interval; NPV, negative predictive value;
PCP, Pneumocystis pneumonia; PPV, positive predictive value.
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BDG + (>80 pg/mL)

Sensitivity

0.90

PCP PCR –

Sensitivity
(True positive fraction)

PCP PCR +

1.00

Table 6. Beta-D Glucan Performance at 200 pg/mL Threshold in
Pneumocystis Pneumonia Polymerase Chain Reaction–Positive Patients
Definite/Probable PCP

Possible PCP

28

0

BDG – (<200 pg/mL)

12

13

Total
Sensitivity

40

13

70.0%

95% CI (53.5–83.4%)

Specificity

100.0%

95% CI (75.3–100.0%)

PPV

100.0%

95% CI (87.7–100.0%)

NPV

52.0%

95% CI (31.3–72.2%)

Abbreviations: BDG, beta-D glucan; CI, confidence interval; NPV, negative predictive value;
PCP, Pneumocystis pneumonia; PPV, positive predictive value.

patients with positive PCP PCRs, the PPV of BDG for PCP was
excellent (94.2%), and further increased to 100% when a higher
threshold value (≥200 pg/mL compared to 80 pg/mL) was used
to define a positive result. We conclude that an elevated BDG
value of ≥200 pg/mL, in conjunction with a positive PCR result,
strongly supports a diagnosis of PCP infection.
We also evaluated a possible relationship between GGOs on
chest imaging and higher mean LDH values in the context of
PCP PCR. Older studies from HIV patients reported that GGOs
on chest imaging and an elevated LDH value could be used as
indirect evidence for PCP [31–34]. Although this observation was also seen in our cohort of cancer patients, additional
studies will be necessary to confirm this finding.
There are several limitations to our study. First, the retrospective design did not allow for the evaluation of the pre-test probability of PCP to help determine whether the BDG and PCP
PCR lab tests were clinically indicated. Second, although we
evaluated over 400 patients, only 9% had probable or definite
PCP. Third, the quantification of BDG could not be performed
for values outside of the reported threshold ranges of 80–500
pg/mL. Similarly, the quantification of fungal burden by PCR
was not performed.

PCP diagnosis

Confirmed
n = 11

0

0.18

0.09
0.60

Probable
n = 29

0.24

0.41

0.45
0.30

Possible
n = 13

0.85

0.15

0

80-200
201-499
BDG ranges
(pg/mL)

0

0.15
0.00

Figure 3. PCP patients and BDG value heat map. This figure illustrates the proportion of patients in each PCP diagnostic category and the corresponding BDG value.
The intensity of the red color increases with of a greater proportion of patients
falling within the corresponding BDG range and diagnostic category. Abbreviations:
BDG, beta-D glucan; PCR, polymerase chain reaction.
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