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Background: The (1-3)-B-D-Glucan (BG) assay has been approved for making a diagnosis of invasive
fungal disease. However, the role of serum-BG assay for the diagnosis of preumocystis pneumonia (PCP) is
controversial, especially between patients with human immunodeficiency virus (HIV) and non-HIV. We
conducted a meta-analysis to determine the difference of the overall accuracy of serum-BG assay for the
diagnosis of PCP in immunocompromised patients with and without HIV.

Methods: After a systematic review of English-language studies and manual researching, sensitivity (Se),
specificity (Sp), and other measures of accuracy of serum-BG for the diagnosis of PCP were pooled using
random-effects models for bivariate meta-analysis. Summary receiver operating characteristic (SROC)
curve was used to summarize overall test performance. Subgroup analyses were performed to explore the
heterogeneity in Se and Sp.

Results: Thirteen studies met our inclusion criteria. The summary estimates for serum-BG assay for
definite PCP were as follows: Se, 0.91 [95% confidence interval (CI), 0.88-0.93]; Sp, 0.75 (95% CI,
0.68-0.81). As for the patients with and without HIV, the Se and Sp were 0.92 and 0.78, 0.85 and 0.73,
respectively. Significant heterogeneity between Se was presented (P=0.04).

Conclusions: Contrary to the results of the previous meta-analysis, a negative result of serum-BG
determination is sufficient for ruling out PCP only in HIV cases. For non-HIV patients, the results should
be interpreted in parallel with clinical and radiological findings. Besides, further prospective studies with

larger sample size are needed to confirm the diagnosis strategy of BG detection.
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Introduction

Pneumocystis pneumonia (PCP) remains the frequent
opportunistic infection in immunocompromised patients,
including those with human immunodeficiency virus (HIV)
infection, and is associated with serious mortality (1-3).
Hospital survival due to HIV-related PCP ranges from 10%
to 20% (4), whereas it reaches to 60% in HIV-unrelated
patients (5). The high mortality rate results partly from
difficulties in establishing an early diagnosis, because of
nonspecific clinical features, concurrent use of prophylactic
drugs, possible coinfection with various microorganisms (1,3).
With the development of medicine, as a study reported, the
survival rate of HIV-related PCP had approaches 90% in
many treatment centers (5). Therefore, it is of importance to
find out a feasible method which may allow an early diagnosis
of PCP.

Since Pneumocystis jirovecii cannot be cultured, the
diagnosis of PCP relies on the detection of cysts and/or
trophozoites by colorimetric or immunofluorescent stains
or by polymerase chain reaction (PCR) (3). In a meta-
analysis of seven reports in which PCP was diagnosed by
staining, the average sensitivity (Se) of sputum in HIV
patients was only 56%, whereas that of bronchoalveolar
lavage (BAL) fluid (BALF) was >95% (6). A bronchoscopy
with BAL should be performed when we acquire negative
results of sputum. However, the invasive procedure is not
always feasible for individuals with severe diseases. Other
diagnostic procedures, such as PCR, have greater Se but
less specificity (Sp) due to the problem of false positive (1).
Furthermore, good-quality respiratory samples, such as
BAL, always require the invasive procedure.

(1-3)-B-D-Glucan (BG) is a common cell wall constituent
of most pathogenic fungi, including P. jirovecii. The
detection of serum-BG has gained widespread acceptance as
a useful diagnostic tool for invasive fungal diseases (IFDs)
(mainly refer to pulmonary aspergillosis and candidiasis in
this context) (7). There have been some encouraging reports
describing the diagnosis of PCP with serum-BG (8-13).
In 2009, the Japanese guidelines even recommended that
the positive serum-BG should be regarded as a marker
of PCP for patients with rheumatoid arthritis (14).
Karageorgopoulos et 4/. published a meta-analysis about
the accuracy of BG for the diagnosis of PCP, reporting a
high Se of BG (15). However, most of the patients were not
HIV and they did not separately assessed the HIV-related
or -unrelated patients. Onishi et #/. performed another
meta-analysis and reported similar results in terms of the Se
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and Sp between HIV and non-HIV patients (16). But they
excluded the patients who were diagnosed with other IFDs,
which would exaggerate the Sp and positive predictive
value. Besides, both meta-analyses included several studies
in which the patients were not selected consecutively
or randomly and the accuracy would be affected by the
subjective enrollment of the numbers of patients in the
control group. However, some guidelines, which focused on
the opportunistic infections in HIV-related or -unrelated
patients, did not confirm “serum-BG” as microbiologic
evidence for PCP (5,17,18). In recent years, several trials
elucidating serum-BG in HIV patients have been published;
it is more valuable to assess the overall accuracy of serum-
BG for diagnosing PCP in immunocompromised patients
with some performance indicators and associated 95%
confidence interval (CI).

Methods
Study identification and selection

Two investigators (Wei-Jie Li and Ya-Ling Guo)
searched MEDLINE and EMBASE databases for
relevant articles published until May, 2015, following
the PRISMA flow diagram (19). Search terms included:

” «

“pnenmocystis pneumonia”, “pneuntocytis carinii pneumonia”,
“pneumonia, preumocystis carinii”, “pneumocystis jirovecii
pneumonia”, “pneumonia, preumocystis jirovecii”,
“PCP”, “pneumocystosis”, “(1-3)-B-D-Glucan”, “B-D-
Glucan”, “BG”, “BDG” and “B-Glucan”, and the syntax
for MEDLINE searches was as follows: (“pneumocystis
pneumonia” OR “pneumocystis carinii pneumonia” OR
“pneumonia, pnreumocystis carinii” OR “pneumocystis jirovecii
pneumonia” OR “pneumonia, preumocystis jirovecii” OR
“PCP” OR “pneumocystosis”) AND [“(1-3)-B-D-Glucan”
OR “B-D-Glucan” OR “B-Glucan” OR “BG” OR “BDG”].
The searches were limited to English publications in
humans. We screened the reference lists of included studies
and related publications. The results were hand searched
for eligible trials. We did not include abstracts or meeting’s
proceedings. Results were arbitrated by a third investigator
(Ke Wang).

Full-text publications were included if (I) they compared
the serum-BG assay with the reference standard for
diagnosing PCP in a relevant clinical population. A
relevant clinical population was defined as a group of
at-risk individual with pulmonary diseases and in an
immunocompromised status; (II) they provided data of true
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positive, false positive, true negative and false negative;
(III) they were concerned with definite PCP. Diagnosis
of definite PCP was categorized as proven (positive
conventional stains) or probable (underlying host factors,
compatible clinical and radiological findings, along with
positive PCR). Since the detection of Preumocystis in
individuals without signs and symptoms of clinical infection
has been defined as colonization (20), PCR combined
with clinical manifestations are effect in diagnosing PCP
(3,14). The studies in which the subjects were not selected
consecutively or randomly were excluded. The under-ten-
patients studies were excluded to avoid selection bias.

Data extraction and quality assessment

Two investigators (Wei-Jie Li and Tang-Juan Liu)
independently abstracted the following information:
population characteristics, reference standard, assay
characteristics, methodological quality and diagnostic data
for two-by-two tables. Since the disease does not clinically
result from immunologically normal individuals (1,3), the
numbers of healthy volunteers in the control group were
excluded. When the same population was analyzed in
several publications, the results were accounted for only
once. When HIV-related and -unrelated PCP patients
were assessed in the same report, we e-mailed the author
for further information and extracted data separately if
available. If several cutoffs were reported in one study, we
used the cutoff that offered the best test performance for
PCP. Any disagreements were resolved by a third author
(Jin-Liang Kong).

We assessed the methodological quality using the updated
quality assessment of diagnostic accuracy studies [quality
assessment of diagnostic accuracy studies (QUADAS)-2]
tool (21), evaluating the bias and applicability of the patient
selection, index test, reference standard and flow and
timing.

Data synthesis

We constructed and analyzed two-by-two tables (PCP
vs. non-PCP). By using a bivariate regression approach,
we estimated the overall Se and Sp as the main outcome
measures, and then constructed summary receiver operating
characteristic (SROC) curves. This method has been
extensively described elsewhere and has been recently
recommended for meta-analysis of diagnostic tests (22,23).
Based on random-effects models, this bivariate regression

© Journal of Thoracic Disease. All rights reserved.

model accounts for potential between-study heterogeneity,
incorporates the possible association between Se and Sp (22).
By using pooled estimates for Se and Sp, we also calculated
positive likelihood ratio (PLR) and negative likelihood ratio
(NLR) (22,24). PLRs above 10 and NLRs below 0.1 have
been noted as providing convincing diagnostic evidence,
whereas those above 5 and below 0.2 give strong diagnostic
evidence.

We assessed statistically significant heterogeneity using
the I’ statistic, because I’ does not inherently depend on
the number of studies in the meta-analysis (25). Potential
between-study heterogeneity was explored by subgroup
analysis (26). Covariates requiring that at least 80% of
studies reported on a particular item were analyzed: HIV
status (related vs. unrelated), study subjects (only PCP
vs. IFDs including PCP), study design (prospective vs.
retrospective) and reference standard (staining vs. PCR vs.
autopsy) (26). We assessed the potential publication bias by
using Deeks’s funnel plots (27).

All analyses were performed using STATA (version 10;
Stata Corporation; College Station, TX, USA) with the
program “MIDAS” (28). Except for Deeks’s funnel plot
using P values of 0.10, other statistical tests were two-sided
with P values of 0.05 denoting statistical significance.

Results
Eligible study characteristics and quality assessment

Of the 183 references identified, 12 studies met our criteria
(29-40). Additionally, one Chinese trial was retrieved by
screening the reference lists of the included studies (41).
Opverall, 13 studies were finally pooled in our meta-analysis.
Figure 1 shows the literature search leading to selection of
the 13 reports.

Table 1 listed the characteristics of eligible studies. Among
the 13 studies, only three trials were prospective studies
(37-39) and the rest were retrospective trials. Besides, three
trials (30,31,36) evaluated the accuracy of BG in HIV-
related patients. Five trials (34,35,37,38,40) exclusively
consisted of HIV-unrelated patients and the other four
trials (29,32,33,39) enrolled all of the immunocompromised
patients including HIV. In one of the latter four trials (33),
since the HIV patients were just small part of the overall
subjects, we excluded the HIV patients based on the original
data offered by the authors, so the rest of patients could be
analyzed in the subgroup of non-HIV. One study (41) had
not mentioned whether they had enrolled HIV patients. All
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Figure 1 A PRISMA flow diagram shows the progress of trials through the review. PRISMA, Preferred Reporting Items for Systematic

Reviews and Meta-Analyses.

or part of patients had accepted prophylactic treatment in
11 trials.

In terms of reference standard of PCP in each study,
autopsy was performed in four trials (30,32,33,38). PCR was
applied in four trials (35-37,40) and cytology by staining
was performed in nine trials. All of trials accept one (41)
had taken radiology characteristic into consideration when
patients were diagnosed with PCP. Four kinds of assays were
applied for the measure of BG. WAKO was used in two trials
(29,40), Fungitell was used in five trials (30,31,34,37,39),
Fungitec was used in four trials (32,33,36,38) and GKT25M
set was used in only one trial (41).

Four domains of risk of bias and three domains of
applicability were assessed for all studies. The results are
shown in 7able 2. Since the studies were properly designed
and we excluded studies in which the subjects were not
selected consecutively or randomly, the risk of bias and the
concerns about applicability were acceptable. To be noted,
all studies did not directly indicate whether the results of
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index test and the reference standard were independently
interpreted, we cautiously rated the concerns about the
applicability as “unclear”. Overall, the quality of the
included trials was superior, guaranteeing the reliability of
our meta-analysis.

Diagnostic accuracy of serum-BG

For the overall analysis, the summary estimates and 95%
CI were as follows: Se, 0.91 (95% CI, 0.88-0.93), I’=0; Sp,
0.75 (95% CI, 0.68-0.81), I’=78.17, shown as the Figure 2;
PLR, 3.60 (95% CI, 2.78-4.65), I’=53.80; NLR, 0.12 (95%
CI, 0.09-0.17), I’=0 (Figure 3). I’ values indicated that
significant heterogeneity for Sp and PLR.

Hierarchical SROC curve is displayed in Figure 4. The
SROC curve represented the relationship between Se
and Sp across studies, recognizing that they might have
used different thresholds. Because the bivariate approach
estimates the strength and the shape of the correlation

www.jthoracdis.com F Thorac Dis 2015;7(12):2214-2225



Li et al. Diagnosis Accuracy of serum (1-3)-p-D-Glucan for Pneumocystis pneumonia

2218

‘8WOJpUAs Aousiolepounwiwi paiinboe ‘gqly ‘sesessip [ebuny aAISeAUl ‘sQ4| ‘1S91 Hg [|oHBun4 ‘[|oubund s81 oxep) DG ‘OMVM ‘@suodsai
[eolulo ‘Yo ‘eluownaud spisAoownaud ‘qOd ‘ebeAe| Jejoaneoyouolq “yg ‘ueonn-a-g-(e-1) ‘g ‘uonoeal uieyd asesswA|od ‘YOd M 181 H o816un4 ‘0anbuny
‘Buipuly [eo1BbojoIpe) Y ‘uoieIsajuBW [BOIUID ‘AD ‘SNJIA ADusiojepounwiwl uewny ‘AJH ‘@Aiebau any ‘N1 ‘eAnebau asie} ‘N4 ‘@ailsod asie) ‘d4 ‘eniisod aniy 41

a|ozexouoweyns-wiudoyiawiy

yum uswiBal onnadessyl dOd-IUe ey} 8104eq ‘| L0Z PUE 866

22 /. 6 29 00}  98ubung HOd + 44 + IND  udsamiaq ‘swoirdwAs Aiojesidsal yum siuaized ynpe anllsod-AlH 001 9Al0adsosdy  10g S9Adis]
sjuaiied g Ul s|ge|leAe HY 10}
pajsa} wnuss jo sejdwes "ueoisAyd e Aq eluownaud yum pasoubelp

/S v G 2gv 00¢ eHBung Bulurels + 44 + NO pue AlH Uim [ejdsoy 8y} 0} pejiwpe sjusiied }npe SAIN0asU0D  BAloedsoleY  710g Oulses

Asdojne +
IS €L 82 09L 08 [leHBUNg  Buiuels + 44 + N dnoug sfeu] [ealul) Salv ul siuedioied g6z 9Ai0edsolley } L0C Xeg
198

9. 0 L& ¢ 0c  INSGCIMD Bulurels + NO  sA4| 0 Msu Je alom oym sjuslyed paziendsoy GL | ‘6002 0} 800¢ Wol4  dAjoadsoliey 0102 NA
HOd bBuibewi 1sayo pue uonejussaid uo paseq 4dOd Buirey jo snoioidsng

6 € 1 8l 08 [[eubuny /Buurels + 44 + NO  "sjusized pasjwoidwosounwiwl Jnpe ‘enlebau-A|H 9AIIN0SSU0D g dAloadsold  01.0g 4909 op
asuodsal [eolulo + eluownaud yum ajqiredwod

2 0 SIL v 08 [leubunyg Buuels + 44 + ND SWOJPUAS [BOJUIO B PUB J0JOB} }SOY SUO 1SEd| Je yim sjusned |G aAjoadsoid 0102 B1sooy

¥/9 | €81 €l 08 [leubunyg Buuels + 44 + ND 9IN}ISUl J9oUED E e }nsal Aesse Hg e pey oym sjualied ||y oAi30adsoley 6002 00
sjusned | g
4D Ul d|gejieAe wnuss jo sajdwes "uoissaiddnsounwiwl Yim pajeloosse

2 ¢ ¢ vl LE OMVM  +4Od + 44 + IND  uonosjul Areuowind jo swoidwAs [eojuljo yum pajusseld sjusiyed |Iy - oAloadsoliey 8002 Yoi3
sjusied 0 ul
a|ge|iene wnuas Jo sa|dwes ‘a|ge|ieAe splodal Asdoine yum sasessip

0. |} 8 S 08 osybung Asdoine+ 44 + |ND  Shoiosjul pue sejoueubiiew Buljeas) Ajuewnd [eudsoy e 1e sased ||y 9Al3dadsoliey 8002 IyseAeqO
dod

80¢ ¥ vI €5 }L'le OMVYM  Buiuress + 44 + NO 40 sisoubelp 8y} J0} Tyg UsMIBpUN oYM SjuSlIed SAIINOBSUOD GEZ  ©AII08dS0IleY /00¢ exeseL
Buiureys + g Buisn uonosjul [ebuny aaiseaul aaljesadolsod

oL 0 8¢ ¢ ov 299)bung Asdoine + 4y + NO Joj pasoyuow ‘spusidioas Juejdsued) JOAI| JOUOP BUIAIl 9AINOBSUOD 08 SAI30adsold /002 NSiewesy
uolo8yU

02 ¥ 9 Pl Jespun Jesppun H0od + 44 + ND Aioyesdsal jo uoroidsng sjualjed aSeas|p aNsSI} 9AI}0BUUOD 99  dAIRDadsoleY 9002 unyI|
juaned AJH auo AjuQ "aiow Jo
Bulurels + YoM e J0} SO130IgIIUE WNJ0ads-peolq 0} 9suodsal Ou YHUM J9AS) UO

9L 0 6L Vv 0z oaybung Asdoine + 44 + ND paskeq suolosul [ebuny olwaisAs Buiney jo snojoidsng "syusiied g oAl0adsoley 666} Lo

NL N4 dd dL (o) - potsiou d9d J0 uone|ndod Apnig  ubisep Apnig teak/Apmg

yomny  Aessy euso onsoubelq

SOIpMIS ¢ POpNIOUT JO SONSLINOLIRYD) | IR,

F Thorac Dis 2015;7(12):2214-2225

www.jthoracdis.com

© Journal of Thoracic Disease. All rights reserved.



Journal of Thoracic Disease, Vol 7, No 12 December 2015 2219
Table 2 QUADAS-2 assessments of the included studies
Risk of bias Applicability concerns
Study Patient Reference L Patient Reference
. Index text Flow and timing . Index test
selection standard selection standard
Mori 1999 Low Low Low Low Low Unclear Low
likuni 2006 Low Unclear Low Low Low Unclear Low
Akamatsu 2007 Low Low Low Low Low Unclear Low
Tasaka 2007 Low Low Low Low Low Unclear Low
Obayashi 2008 Low Low Low Low Low Unclear Low
Etoh 2008 Low Low Low Low Low Unclear Low
Koo 2009 Low Low Low Low Low Unclear Low
Acosta 2010 Low Low Low Low Low Unclear Low
de Boer 2010 Low Low Low Low Low Unclear Low
Yu 2010 Low Low Low Low Low Unclear Low
Sax 2011 Low Low Low Low Low Unclear Low
Salerno 2014 Low Low Low Low Low Unclear Low
Esteves 2014 Low Low Low Low Low Unclear Low
QUADAS, quality assessment of diagnostic accuracy studies.
Study ID : Sensitivity [95% Cl] Study ID } Specificity [95% Cl]
| i
Akamatsu, 2007 I | 1.00 [0.16-1.00] Akamatsu, 2007 L= 0.79 [0.72-0.84]
Esteves, 2014 —+ 0.90 [0.80-0.96]  Esteves, 2014 —m:— 0.71 [0.52-0.86)
Etoh, 2008 ——= |0.82(0.57-0.96] Etoh, 2008 | ———s——L—— | 0.50(0.07-0.93]
likuni, 2006 — % |0.78[0.52-0.94] likuni, 2006 — 0.77 [0.56-0.91]
Koo, 2009 —i-— 0.93 [0.66-1.00] Koo, 2009 i: 0.79 [0.76-0.81]
Mori, 1999 ————————%| 1.00[0.40-1.00] Mori, 1999 —— 0.46 [0.29-0.63]
de Boer, 2010 — = |0.86[0.64-0.97] de Boer, 2010 ———=— | 0.90[0.55-1.00]
Acosta, 2010 —:—n 1.00 [0.40-1.00]  Acosta, 2010 —l-'r- 0.68 [0.53-0.81]
| 1
Obayashi, 2008 ———————=—— | 0.83[0.36-1.00] Obayashi, 2008 —e 0.71 [0.61-0.80]
Salerno, 2014 —F 0.91[0.79-0.98]  Salerno, 2014 } — 0.92 [0.82-0.97]
Tasaka, 2007 —= |0.93[0.83-0.98]  Tasaka, 2007 — 0.86 [0.78-0.92]
Sax, 2011 + 0.92 [0.87-0.96] Sax, 2011 ﬂ—i 0.65 [0.53-0.75)
Yu, 2010 L= | 1.00 [0.16-1.00] Yu, 2010 —t 0.67 [0.58-0.76]
| |
Combined ¢ |091[088-0.93] Combined < 0.75 [0.68-0.81]
I |Q=8.31,df=12.00, P=0.76 : Q=54.98, df =12.00, P=0.00
| | ”=0.00 [0.00-83.46] ! [=78.17 [66.73-89.62]
02 Sensitivity 1.0 01 Specificity 1.0

Figure 2 Forest plots of sensitivity (Se) and specificity (Sp) for the overall analyses.

between Se and Sp, we can draw a 95% confidence ellipse
and a 95% prediction ellipse. The area under the SROC
curve was 0.91 (range, 0.88-0.93), indicating that the
serum-BG assay had a good discrimination ability.

Investigations of beterogeneity, publication bias

For subgroup analysis by HIV-related and HIV-unrelated

© Journal of Thoracic Disease. All rights reserved.

patients (7able 3), the Se in patients with HIV infection
was 0.92 (95% CI, 0.88-0.95), while in those without HIV
infection Se was only 0.85 (95% CI, 0.77-0.94). Significant
heterogeneity between Se was presented (P=0.04), which
was not in line with the former study (16). However, the
Sp was 0.78 and 0.73 for HIV-related and HIV-unrelated
patients, respectively, showing no significant heterogeneity
between them (P=0.47).
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Study ID : DLR positive [95% Cl] Study ID : DLR negative [95% ClI]

| |
Akamatsu, 2007 —— 3.87[2.17-6.91]  Akamatsu, 2007 | ——s—————————— | 0.21 [0.02-1.00]
Esteves, 2014 —i:*— 3.10 [1.77-5.40] Esteves, 2014 —-:l— 0.14 [0.07-0.30]
Etoh, 2008 | ——e— 1.65 [0.60-4.50] Etoh, 2008| +——s———————— [0.35[0.09-1.00]
likuni, 2006 e 3.37 [1.60-7.09] likuni, 2006|  —®———— 0.29 [0.12-0.70]
Koo, 2009 :m 4.35 [3.58-5.28] Koo, 2009 -§— 0.09 [0.01-0.60]
Mori, 1999 —n— 1.66 [1.09-2.53] Mori, 1999 | —\— 0.22 [0.02-1.00]
de Boer, 2010 — = 857 [1.32-55.48]  de Boer, 2010| —f*———— 0.16 [0.05-0.46]
Acosta, 2010 —h:— 2.79 [1.69-4.61] Acosta, 2010 := 0.15 [0.01-1.00]
Obayashi, 2008 — 2.92[1.81-4.69]  Obayashi, 2008 | ——s————————— |0.23[0.04-1.00]
Salerno, 2014 e 11.32 [4.86-26.36]  Salerno, 2014 | —s}— 0.09 [0.04-0.24]
Tasaka, 2007 |—e— 6.71[4.10-10.96] Tasaka, 2007 | -#1— 0.08 [0.03-0.21]
Sax, 2011 4H: 2.61[1.93-3.52] Sax, 2011 4:F 0.12[0.07-0.20]
Yu, 2010 — 2.53 [1.43-4.48] Yu, 2010 | ————————— [0.25[0.02-1.00]

| |
Combined <1:> 3.60 [2.78-4.65] Combined 4:> 0.12 [0.09-0.17]

, Q=40.68, df =12.00, P=0.00 ! Q=8.02, df =12.00, P=0.78
. i _JiP=53.80 [53.80-87.21] ‘ I | =0.00 [0.00-83.46]
N DLR positive %55 0 DLR negative

Figure 3 Forest plots of positive likelihood ratio (PLR) and negative likelihood ratio (NLR) for the overall analyses. DLR, diagnostic

likelihood ratio.
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Figure 4 Summary receiver operating characteristic (SROC) curve

plots of sensitivity (Se) and specificity (Sp) for PCP cases.

Table 3 Subgroup analysis based on the HIV status

Figure 5 shows the results of the subgroup analyses by
reference standard, study design and the study subjects.
Regarding the subgroup analysis based on the reference
standard of staining, autopsy or PCR, the Se shown
significant heterogeneity between groups (P<0.05), while
Se seemed not to be influenced by the investigated disease,
whether it was PCP only or other IFDs including PCP
(P=0.17). Besides, there was no significant heterogeneity
between the prospective studies and retrospective studies
in terms of Se (P=0.13). However, the heterogeneity of Sp
was not significant; accept for the subgroup by autopsy. The
Sp would be worse if we performed autopsy as one of the
criteria for the diagnosis of PCP (P=0.00). The publication
bias shown as Figure 6 was found in Deeks’s funnel plot
(P=0.13).

Parameter No. of studies Sensitivity (95% Cl) P values Specificity (95% Cl) P values
HIV 3 0.92 (0.88-0.95) 0.78 (0.64-0.92)

0.04 0.47
Non-HIV 6 0.85 (0.77-0.94) 0.73 (0.61-0.85)

HIV, human immunodeficiency virus; Cl, confidence interval.
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Figure 5 Subgroup analyses based on the reference standard, study
design and the study subjects. PCP, Preumocystis pneumonia; PCR,

polymerase chain reaction.
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Figure 6 Deeks’s funnel plot asymmetry test.

Discussion

PCP is a life-threatening opportunistic infection that occurs
exclusively in patients whose immune systems have been
compromised due to disease and/or immunosuppressive
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treatments. Compared with HIV patients, HIV-unrelated
patients develop PCP abruptly and progress to acute
fulminating pneumonia with acute respiratory failure. To
evaluate the overall accuracy for diagnosing PCP between
HIV and non-HIV patients, we performed this meta-
analysis with bivariate regression approach.

Thirteen publications comparing serum-BG with
reference standard were ultimately included. In our meta-
analysis, we drew a conclusion that serum-BG assay was
moderately useful for the diagnosis of PCP in individuals
especially with HIV infection. An exploration of the reasons
for heterogeneity is an important goal of meta-analysis
(25,26). Part of variability is due to chance, because some
studies have small sample sizes (33,35,37,39,40). The
remaining heterogeneity may be due to differences in study
populations, assay characteristics and reference standards.

In some situations, variations may occur between
studies due to differences in cutoff values. For example, the
turbidimetric BG test Wako, the colorimetric Fungitec G
test MK (Fungitec) and the Fungitell BG test (Fungitell)
have been applied to most clinical studies. Many differences
are identified in these kits, such as pretreatment, BG
standard, and detection range (32,33,42). In fact, a value of
11 pg/mL measured by the Wako assay is equivalent to a
113.7 pg/mL measurement by the Fungitec method, and a
reading of 60 pg/mL by the Fungitell method corresponds
to a measurement of 20 pg/mL by the Fungitec assay
(32,42). According to our results, we found the partial
heterogeneity due to threshold effect. Since these variations
failed to account fully for the heterogeneity, searching other
differences was very important in our meta-analysis.

The status of HIV infection was found to have great
influence on the positivity rates of stained specimens. The
decreased of positivity rates might be explained by lower
burdens of Preumocystis in HIV-unrelated PCP individuals (1).
As to serum-BG, some studies found that the BG value
reflected Preumocystis burden (43,44). According to
subgroup analysis, the Se of serum-BG was greater in HIV
individuals, with 0.92 and 0.85 for patients with and without
HIV infection, respectively (P=0.04). As a result, it may be
interpreted that the superior Se of BG in HIV patients was
related with the higher burden of Preumocystis. Therefore,
if we get a negative result, serum-BG is valuable to be used
as a screening test for PCP in HIV patients. Furthermore,
extra economic burden and unnecessary prophylactic
treatment can be avoided. For non-HIV patients, the results
should be cautiously interpreted in parallel with clinical
characteristic, radiological findings and other diagnostic
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evidence. This was not in line with the former trial which
reported that there was no heterogeneity between different
HIV statuses (16).

However, there were slightly difference in terms of
the Sp with a moderate result (P=0.47). Although the
nonsignificant difference was probably related to small
numbers of patients and/or studies included, along with the
high degree of variation in BG levels among individuals,
we were not surprised for the poor Sp without remarked
heterogeneity between different HIV statuses. Because BG
was not a specific biomarker of Preumocystis and it would
be positive in various pathogenic fungi (45). Furthermore,
as some studies reported, the elevated false positive was
associated with the application of cellulose membranes
during hemodialysis, certain treatment including
antimicrobial agents or immunological preparations and
even some diseases such as renal failure and severe mucositis
(46-48). As a result, for patients whose BG was positive,
more clinical and laboratorial information such as PCR,
BAL, computed tomography (CT) scan or autopsy would
be needed to validate the diagnosis of PCP.

Given that the reference standard varied, we undertook
a subgroup analysis by the diagnostic method. When
staining or autopsy was used to define proven PCP, the
Se of BG assay was 0.92 and 0.93, respectively. When
lower degrees of proof for PCP, including PCR method,
were used as the reference standard, the Se decreased to
0.86. Since many investigators have detected the carriage
of Pneumocystis by staining and/or PCR methods (20),
Pneumocystis colonization could be misclassified to PCP.
However, compared with PCR techniques, the staining
assays and autopsy are generally not adequate for detection
of colonization (20). Although we applied the combination
of clinical manifestations and PCR to differentiate PCP
from colonization, it was unavoidable that Preumocystis
colonization with other pulmonary disease may still exist (49).
Recently, the serum-BG values of individuals colonized with
Pneumocystis were found to be significantly lower than those
of patients with PCP (49,50), indicating that serum-BG
assay is effective in discriminate PCP from colonization.
Therefore, PCR may increase the number of false-
negativity, decreasing the Se of BG assay. Furthermore,
to exclude Preumocystis colonization, we recommend the
diagnostic criteria of PCP proposed by Tokuda et al. (44).
According to their opinions, the diagnosis of PCP is based
on the combination of clinical and radiological findings,
positive staining and/or PCR, along with positive serum-
BG results.

© Journal of Thoracic Disease. All rights reserved.

Since serum-BG values >500 pg/mL (Fungitell kit)
were observed in most PCP individuals, a higher cutoff
value has been recommended for differential diagnosis
from IFDs (9). In Koo’s reports, BG values >500 pg/mL
(Fungitell kit) were found in 12 of 16 PCP patients, while
those found in 22 of 98 patients with IFDs (8,34). However,
our data are too limited to confirm an optimal cutoff
value for discrimination between PCP and IFDs. On the
other hand, the typical findings of CT and galactomannan
assay between IFDs and PCP are quite different (7). For
IFDs, the features of CT are the presence of dense, well-
circumscribed lesions(s) with or without a halo sign, air-
crescent sign and/or cavity (7), while most PCP patients
present with bilateral diffuse infiltrate (1,3,5,14). Thus,
discrimination might be achieved when different tests are
used in combination, like CT, BG and galactomannan assay.
In fact, the recent published guidelines also recommended a
similar diagnostic flow sheet from CT to BG for PCP (14).
Since CT is routinely used for evaluating the pulmonary
diseases of at-risk patients in most hospitals, we suggest that
a diagnosis strategy with CT-based BG detection for PCP
could be used safely. Further prospective studies are needed
with a larger sample size to confirm this diagnosis strategy.

Our study had several important limitations. First, only
two trials included patients without prophylaxis (36,37).
However, in the rest studies, not all of the patients accepted
prophylactic treatments, which blocked us to take a further
heterogeneity analysis. But it was not humanistic and
rational to prevent the at-risk individual especially with a
suspicious clinical manifestation of the lethal PCP from
the prophylaxis, though we all knew it would definitely
affect the accuracy of BG assay. Second, in the subgroup
analysis by the HIV status, three trials consisted of
various immunocompromised patients had to be excluded
because the detail of the HIV and non-HIV patients were
not provided and we could not classify them into any of
the subgroup. We failed to obtain the data from these
authors, potentially resulting in biased results and less
precise estimates of pooled diagnostic accuracy. Third, the
publication bias was present. A major reason is that studies
with nonsignificant results are less likely to be published
than studies with significant findings (51). However, it is
not easy to investigate and analyze publication bias for
diagnostic tests (27,52). Furthermore, the included trials
were not large enough and we could not acquire sufficient
data to explore the potential interference between various
factors that created the significant heterogeneity.

In conclusion, the current meta-analysis suggests that
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serum-BG assay can be used as a screening adjunct with
high Se and moderate Sp in patients with HIV. When it
is applied to patients with non-HIV, the results should be
interpreted in parallel with clinical and radiological findings.
Given to the limitations, more well-designed, prospective
studies with larger sample size are needed to confirm the
diagnosis value of BG detection.
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