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Diagnostic performance of noninvasive tests for
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Background/Aims: Diagnosis of cytomegalovirus (CMV) ileocolitis traditionally requires colonoscopy with tissue biopsy. Due
to potential complications in high-risk patients, there is growing interest in serum and stool tests for diagnosing this condition.
We aimed to evaluate the diagnostic accuracy of these noninvasive tests compared to traditional gold standards. Methods: Two
independent reviewers performed a comprehensive search on MEDLINE and Embase from inception up to October 1, 2023.
Prospective and retrospective studies evaluating the performance of serum CMV polymerase chain reaction (PCR), serum
CMV antigen (Ag), and stool CMV PCR in diagnosing CMV ileocolitis were included. Tissue histopathology or tissue CMV PCR
served as reference standards. Diagnostic performances of each serum and stool test were calculated based on a meta-analysis
using random-effects model. Results: A total of 30 studies, comprising 23 studies of serum CMV PCR, 9 of serum CMV Ag,
and 7 of stool CMV PCR, were included. The pooled sensitivity, specificity, and area under summary receiver operating char-
acteristic curves were 62% (95% confidence interval [CI], 51%-72%), 90% (95% CI, 79%-96%), and 0.81 for serum CMV PCR,
38% (95% CI, 26%-51%), 94% (95% CI, 70%-99%), and 0.56 for serum CMV Ag, and 53% (95% CI, 35%-70%), 91% (95% CI,
84%-95%), and 0.84 for stool CMV PCR. Conclusions: Serum and stool tests cannot replace colonoscopy for diagnosing CMV
ileocolitis due to their low sensitivities but may be useful when colonoscopy is not feasible. Positive results can aid diagnosis,
given their high specificities. Serum and/or stool CMV PCR are preferred over CMV Ag. (Intest Res 2025;23:213-224)
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INTRODUCTION

Cytomegalovirus (CMV) is a double-stranded DNA virus in
the human Herpesviridae family. This virus can persistently
integrate into the DNA of host cells following initial infection
and can be reactivated in response to various triggers, includ-
ing immunosuppression and significant chronic inflamma-
tion." While both acute CMV infection and subsequent reacti-
vation are usually asymptomatic and self-limiting, some pa-
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tients may develop CMV disease, characterized by clinical
symptoms that vary based on the affected organ.” Gastrointes-
tinal (GI) involvement is one common manifestation of CMV
disease, with hematochezia and diarrhea being the most prev-
alent symptoms.” The risk factors for CMV Gl infection include
HIV (human immunodeficiency virus) infection with low

CD4 count,"® post-organ transplantation,”"'

and taking immu-
nosuppressive agents, especially corticosteroids."”"* Patients
with inflammatory bowel disease (IBD) are particularly sus-
ceptible to CMV GI disease, mainly colitis, due to a combina-
tion of colonic inflammation, impaired immune function, and
long-term immunosuppression from advanced therapy.'®"’
Additionally, there is growing evidence of CMV colitis in im-

munocompetent patients, especially in the elderly with multi-
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ple comorbidities or severe illnesses."!

Tissue diagnosis, utilizing hematoxylin and eosin (H&E)
staining, immunohistochemistry (IHC), and quantitative poly-
merase chain reaction (PCR) techniques, remains the most
reliable method to diagnose CMV disease in the GI tract."”
However, when performing endoscopy with biopsy may not
be feasible in patients with severe medical illness, serum-based
tests, such as CMV serology and PCR, and stool-based tests,
such as stool CMV PCR, could be valuable alternatives. Although
these tests may have relatively low diagnostic yield and serum-
based tests may not be specific to intestinal disease,* they are
feasible options, particularly when traditional methods are not
achievable. Therefore, it is essential to know the performance
and the limitations of these noninvasive diagnostic tests. There-
fore, our study aimed to perform a systematic review and me-
ta-analysis to assess the diagnostic accuracy of these noninva-
sive tests compared to tissue-based methods, including H&E
staining, IHC staining, and tissue PCR across different suscep-
tible patient populations.

METHODS

This systematic review and meta-analysis adhered to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Anal-
yses statement guidelines (Supplementary Material).” This
study was registered in the PROSPERO database with the reg-
istration number CRD42023402868.

1. Search Strategy and Study Selection

Electronic database searches of MEDLINE (OvidSP), Embase,
and Cochrane Library were conducted from inception up to
October 1, 2023, under the guidance of a trained medical librar-
ian. Search terms were selected following the PICO format,
with terms including “colitis” or ‘enteritis” and “‘cytomegalovirus”
or “CMV” as populations, and ‘diagnosis,” “sensitivity and speci-
ficity,” “diagnostic accuracy,” or “performance” as outcomes.
Search terms were linked using “OR” to capture all relevant
studies. To broaden the search, specific index or reference tests
were not utilized in the search terms. The complete list of search
terms for both databases can be found in the Supplementary
Material. Exclusion criteria included case reports, review arti-
cles, small case series, and non-English publications.

Two investigators (T.C. and O.S.) independently screened ti-
tles and abstracts for eligibility using Rayyan (Cambridge, MA,
USA), an online tool for systematic review management. The
articles that match the predefined inclusion criteria were re-
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viewed in full. Required inclusion criteria consisted of: (1) pro-
spective or retrospective case-control or cross-sectional de-
signs; (2) patients with CMV ileocolitis diagnosed by lower GI
tract endoscopy; and (3) a tissue-based technique, CMV PCR,
H&E stain, or IHC stain, was performed, along with at least one
noninvasive method to detect CMV viremia or reactivation.
Exclusion criteria included case reports, review articles, and
non-English publications. Studies with 5 or fewer patients or
insufficient data for true positive and true negative calculations
were also excluded. Disagreement was resolved through dis-
cussion with the third reviewer (J.L.).

2. Study Endpoints

The primary objective of this study was to evaluate the diag-
nostic performance of noninvasive tests in predicting CMV il-
eocolitis. The tests included blood-based assays, namely CMV
PCR and CMV phosphoprotein 65 (pp65) antigen (Ag), and
stool assay for CMV PCR. For the PCR test, serum and stool
underwent nucleic acid extraction, amplification, and quanti-
tation to determine viral load. Detection of CMV pp65 Ag in-
volved immunocytochemical detection of CMV immediate
early Ag in blood leukocytes. Due to variability among studies,
thresholds for positive PCR and Ag techniques could not be
standardized. Tissue diagnosis from endoscopy served as the
gold standard through positive tissue histopathology, identi-
fied by characteristic cytomegalic changes with intranuclear
and/or intracellular inclusion bodies on H&E sections or iden-
tification of CMV-specific Ag by IHC. Positive tissue CMV PCR,
tissue extracted DNA into the amplification mix, followed by
PCR analysis, was also considered a standard reference. Sub-
group analysis of study design and publication type was per-
formed to assess potential sources of heterogeneity. Analyses
based on the reference standard and comorbidity were per-
formed to determine diagnostic accuracy in specific situations.

3. Study Quality Assessment

We assessed the quality of included studies using the Assess-
ment of Diagnostic Accuracy Studies Version 2 (QUADAS-2)
checklist,” which divides the assessment into 2 domains: risk
of bias and concerns regarding applicability. Both areas en-
compass patient selection, index tests, and reference standards.
The risk of bias assessment includes an additional domain:
flow and timing. We evaluated and graded each domain as low,
high, or unclear. Discrepancies in quality assessment were re-
solved through consensus among the investigators.

www.irjournal.org
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4. Statistical Analysis

Pooled estimates of sensitivity, specificity, positive and nega-
tive likelihood ratios, diagnostic odds ratio, and the area under
the summary receiver operating characteristic (AUSROC) curves
were calculated, along with the corresponding 95% confidence
intervals (CI). The coupled forest plots were sorted in hierar-
chical format by increasing sensitivity to allow visual assess-
ment for the threshold effect. Heterogeneity across the studies
was assessed by the I value. Sensitivity analyses were con-
ducted to determine the robustness of the results. Publication
bias was evaluated through Deek’s asymmetrical funnel plot
method.” The diagnostic performance of all tests was ana-
lyzed using Stata version 17.0 (College Station, TX, USA), em-
ploying a random-effects model.

RESULTS

1. Study Search Results and Characteristics

From an initial pool of 4,553 citations identified through a da-
tabase search, 132 were deemed eligible for full-length review
after removing duplicates and excluding based on title and
abstract screening. Ultimately, 30 citations met the inclusion
and exclusion criteria for the final analysis, as depicted in Fig. 1.

23-34 35-52

These comprised 12 prospective™™" and 18 retrospective

studies, encompassing 26 full manuscripts and 4 abstracts.”"******
These studies included patients with varying comorbidities,
including IBD in 19 studies, with 12 focusing solely on ulcer-

ative colitis and 10 specifically on active ulcerative colitis. The

Records identified from:
3,406 Embase
1,120 MEDLINE
27 Cochrane
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remaining were post-hematopoietic stem cell transplant (HSCT)
conditions (4 studies), and other populations at risk for CMV
infection (5 studies). The gold standard tissue diagnostic meth-
ods varied among the studies, with tissue CMV THC used in
18 studies, CMV PCR in 16, and H&E staining in 8. The index
tests evaluated were serum CMV PCR in 23 studies, CMV Ag
detection in 9 studies, and stool CMV PCR in 7 studies. The
cutoft value of serum CMV PCR varied across studies, with
limits of detection ranging from 45 to 500 copies/mL. Only 1
study assessed the diagnostic accuracy of combined blood
and stool detection.” The details of all included studies are
shown in Table 1.

2. Diagnostic Performance of Noninvasive Tests for
Detecting CMV Ileocolitis

A total of 27 studies investigated CMV ileocolitis using blood-
based tests, with 22 studies utilizing serum CMV PCR and
9 studies using CMV Ag detection. The gold standard for diag-
nosis included tissue CMV IHC, PCR, or H&E staining. The re-
sults are shown in Table 2. In total, 2,272 tests were assessed
for serum CMV PCR, yielding a pooled sensitivity of 62% (95%
CI, 51%-72%), a pooled specificity of 90% (95% CI, 79%-96%),
and an AUSROC of 0.81 (0.77-0.84). For serum CMV Ag de-
tection, which was evaluated in 699 tests, the sensitivity was
notably lower at 38% (95% CI, 26%-51%) with a specificity of
94% (95% CI, 70%-99%), and an AUSROC of 0.56 (0-1). Seven
studies with 417 tests using stool CMV PCR, showed a sensi-
tivity of 53% (95% CI, 35%-70%), specificity of 91% (95% CI,

855 Records removed before screening:
duplicate records removed

3,698 Records screened

3,566 Records excluded based on
initial abstracts

132 Reports eligible for

full-length review

Records excluded:

45 Unable to calculate sensitivity/specificity

23 Less than 2 diagnostic tests
> 13 Not a diagnostic test

8 Patient data included in previous included manuscript
10 Gold standard diagnosis was not endoscopy

3 CMV infection was not specific to gastrointestinal tract

30 Citations included in
meta-analysis

Fig. 1. PRISMA flow diagram for database search, including Embase, MEDLINE, and Cochrane Library. CMV, cytomegalovirus.
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Table 1. Patient and Study Characteristics

INTESTINAL RESEARCH

Gold standard

True positive [

First author (year) czﬁzzt?:n Country  Study design Comorbidity .tissue_ Index test  false negativ?/
diagnosis total sample size
Alacam (2020)* 2016-2018  Turkey Retrospective  Any (include IBD) IHC Serum PCR 16/3/76
Ambelil (2019)* 2014-2015  USA Retrospective  Any H&E, PCR Serum PCR 6/19/87
Bhutani (2014)” 2005-2011  USA Retrospective  Post-HSCT PCR Serum PCR 28/3/252
Boo (2011)*® 2000-2010  South Korea  Retrospective® UC IHC Serum PCR 26/37/159
Serum Ag 29/34/159
Ciccocioppo (2015)* 2011-2013  ltaly Prospective IBD PCR Serum PCR 6/7/40
Cohen (2022)* 2013-2018  USA Retrospective ~ Severe UC [HC, H&E Serum PCR 11/2/206
Dimitroulia (2006)* 2000-2003  Greece Prospective IBD PCR Serum PCR 23/5/85
Doménech (2008)* 2000-2003  Spain Prospective uc [HC, PCR Serum Ag 6/0/19
Fukuchi (2013)*® 2010-2011  Japan Prospective uc [HC, PCR Serum Ag 1/14/51
Ganzenmueller (2012)” 2012 Germany Prospective’ Immunosuppressed  PCR Stool PCR 8/6/53
Hazir-Konya (2021)* 2017 Turkey Prospective Any (non-IBD) IHC Serum PCR 0/3/155
Herfarth (2010)” 2007-2008  USA Prospective IBD PCR Stool PCR 5/1/21
Inokuchi (2014)* 2004-201M1 Japan Retrospective  UC [HC Serum Ag 9/14/49
Kim (2014)" 2001-2012  South Korea  Retrospective ~ UC [HC, H&E Serum PCR 27/34/229
Serum Ag 39/44/229
Mavropoulou (2019)* 2005-2016  Germany Retrospective  IBD IHC, PCR, H&E  Serum PCR 15/8/47
Post-HSCT IHC, PCR, H&E  Serum PCR 16/4/61
Okahara (2017)* 2011-2015  Japan Retrospective  UC PCR Serum Ag 4/5/26
Prachasitthisak (2016)°  2015-2016  Thailand Prospective Immunosuppressed  PCR Stool PCR 8/6/53
Roblin (2011)°" 2009 France Prospective uc PCR Serum PCR 3/13/42
Sattayalertyanyong 2020-2021 Thailand Prospective Any (include IBD) IHC, H&E Serum PCR 18/9/122
(2023 Stool PCR 19/8/122
Serra-Ruiz (2023)* 2017-2022  Spain Retrospective®  IBD [HC Serum PCR 13/12/89
Sun (2015)* 2013-2014  China Prospective Post-HSCT IHC, H&E Serum PCR 6/1/58
Stool PCR 2/5/58
Thérn (2015)* 2010-2013  Sweden Prospective IBD, IBS PCR Serum PCR 3/5/67
Stool PCR 2/5/67
Tun (2019)* 2011-2014  Germany Retrospective  1BD PCR Serum PCR 6/5/20
Wang (2019)* 2014-2018  USA Retrospective’  Any [HC Serum PCR 6/2/42
Yang (2017)" 2010-2015  China Retrospective ~ UC [HC Serum PCR 12/12/50
Serum Ag 13/12/50
Yoshino (2007)* 2003-2006  Japan Retrospective  UC H&E Serum PCR 4/0/30
Yoshino (2011)* 2003-2008  Japan Retrospective  Refractory UC PCR Serum Ag 7/24(64
Zagorowicz (2016)* 2005-2012  Poland Retrospective  Inpatient UC [HC Serum PCR 20/4/52
Serum Ag 2[7[19
Zagbrowicz (2018)" 2009-2016  Poland Retrospective  UC IHC Serum PCR 24/26/234
Zavrelova (2018)% 2008-2015  Czech Retrospective  Post-HSCT IHC Serum PCR 4/2/69
Stool PCR 1/5/69

°Abstract.

IBD, inflammatory bowel disease; IHC, immunohistochemistry; PCR, polymerase chain reaction; H&E, hematoxylin and eosin staining; HSCT, hematopoietic

stem cell transplantation; UC, ulcerative colitis; Ag, antigen.
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4834  590(2.70-12.90) 0.52(0.34-0.78) 12 (4-35) 0.84 (0-1.00)

4390 0.91(0.84-0.95)

0.53 (0.35-0.70)

41.25

417

Stool CMV PCR
Tissue histopathology (IHC and/or H&E) as a reference

0.77 (0.73-0.80)
0.51 (0.47-0.55)

10 (4-24)
0.83 (0-1.00)

0.43 (0.31-0.59)
0.65 (0.54-0.79)
0.60 (0.34-1.08)

86.35  4.10 (2.00-8.30)

44.08 0.84(0.70-0.93)

0.64 (0.52-0.75)
0.44 (0.35-0.54)

1,571 66.61

14

Serum CMV PCR
Serum CMV Ag

Stool CMV PCR
Tissue CMV PCR as a reference

5(1-23)
6 (1-25)

3.10 (0.80-12.60)
3.40 (1.40-8.70)

7139
40.44

27.73 0.86(0.51-0.97)

0.02
0.05

539
276

5504 0.86(0.78-0.91)

0.48 (0.23-0.74)

0.90 (0.87-0.92)

0.41(0.22-0.76) 150 (6-3,834)

61.70 (2.30-1,676)

5.32

75.44 099 (0.76-1.00)

0.59 (0.34-0.84)
0.28 (0.16-0.43)
0.56 (0.33-0.77)

23.78

506

Serum CMV PCR
Serum CMV Ag
Stool CMV PCR

0.98 (0.87-1.00)
28.76 0.97 (0.90-0.99)

90
141

41 (10-168) 0.95 (0-1.00)

0.45 (0.27-0.77)

18.60 (5.70-61.00)

7.52

0

CMV, cytomegalovirus; Cl, confidence interval; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; AUSROC, area under the summary receiver operating

characteristic curve; IHC, immunohistochemistry; PCR, polymerase chain reaction; H&E, hematoxylin and eosin staining; Ag, antigen.
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84%-95%), and an AUSROC of 0.84 (0-1). Visual analysis of
sensitivity and specificity pairs using coupled-forest and AUS-
ROC plots revealed no threshold effect (Fig. 2). Substantial
heterogeneity was detected in serum CMV PCR (I =61.57).
We performed subgroup analyses for each noninvasive test
using different reference standards, including tissue histopa-
thology and tissue CMV PCR. As shown in Table 2, the overall
diagnostic performances were not significantly different.

3. Comparison of Diagnostic Performance of Different
Tests in the Same Studies

We performed a subgroup analysis by examining only studies
that utilized more than 1 noninvasive test in a single study.
The results are shown in Table 3. The serum CMV PCR diag-
nostic performance was comparable to CMV Ag in this sub-
group.”*""*** In contrast, stool CMV PCR had significantly
lower sensitivity than serum PCR (39% vs. 70%) but tended to
have higher specificity (90% vs. 76%).”****
a combination of serum and stool CMV PCR, with tissue IHC

One study employed

serving as the reference standard, demonstrating a sensitivity
of 81.5% when either one was positive, significantly higher than
serum CMV PCR alone, and a specificity of 96% when both
were positive, significantly higher than stool CMV PCR alone.”

4. Diagnostic Performance Based on IBD and Post-HSCT
Subgroup

As shown in Table 4, of the 19 studies involving populations
with IBD, 13 assessed serum CMV PCR. Overall, the pooled
sensitivity was 56% (95% CI, 45%-67%), while the pooled spec-
ificity was 94% (95% CI, 82%-98%). The corresponding values
for serum CMV Ag detection were 35% (95% CI, 22%-50%)
and 94% (95% CI, 79%-99%), respectively. Only 1 study uti-
lized stool PCR to detect CMV ileocolitis, using qualitative tis-
sue PCR as the reference standard. The sensitivity and speci-
ficity were 83% (95% CI, 36%-99.6%), and 93% (95% CI, 68%—
99.8%), respectively. In the subgroup of patients who under-
went HSCT and were clinically suspected of CMV ileocolitis,
data were available from only 4 studies. Here, the pooled sen-
sitivity of serum CMV PCR was 85% (95% CI, 73%-92%) with
aspecificity of 47% (95% CI, 21%-74%). In contrast, the pooled
sensitivity of stool PCR was only 23% (95% CI, 8%-52%), and
the pooled specificity was 81% (95% CI, 72%-87%).

5. Comparison of Diagnostic Performance Based on

Different Study Designs and Publication Types
To assess potential sources of heterogeneity, further subgroup
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author Sensitivity (95% Cl) Specificity (95% Cl)
v v
Hazir-Konya (2021) -— 0.00 (0.00, 0.71) e 0.93(0.88,097)
Roblin (2011) —_— ' 0.19 (0.04, 0.46) ——e 1.00(0.87, 1.00)
Ambelil (2019) —_— ] 0.24 (0.09, 0.45) | —e 100 (0.94,1.00)
' '
Thom (2015) —_— 0.38 (0.09, 0.76) ——e= 0.95(0.86,0.99)
' '
Boo (2011) —_— 0.41(0.29,0.54) —e-  094(087,098)
' '
Kim (2013) —_— 0.44 (0.32,0.58) —e—  089(0.82,094)
' '
Ciccocioppo (2015) —_— 0.46 (0.19, 0.75) ~— 1.00(087,1.00)
Zagorowicz (2018) —_— 048 (0.34,0.63) - 090(0:85,094) >
Yang (2017) —_— 050 (0.29,0.71) —_— ! 050(029,071) =
Serra-Ruiz (2023) —o—:— 0.52 (0.31,0.72) —o—:— 0.84 (0.73, 0.92) =
Tun (2019) —_— 0.55 (0.23, 0.83) ————L—e 1.00 (065, 1.00) a
Mavropoulou (IBD) (2019) B — 0.65 (0.43, 0.84) ——e—L  079(058,0.93) “
Sattayalertyanyong (2023)  —— 0.67 (0.46, 0.83) 4o 0.95(0:88,0.98)
Zavrelova (2018) —_—e—————  067(0:22,096) —_— 0.71(0.59, 0.82)
. '
Wang (2019) ——T—e——— 0.75(0.35,0.97) ——T— 0.94(0.80,0.99) ° Observed data
Mavropoulou (HSCT) (2019) ———e——  080(056,0.94) —_— H 0.54 (0.37, 0.69) 0.2 —————— Prediction region
Dimitroulia (2006) |——e—  082(063,094) | — 1.00(0.94,1.00) | mm— Confidence region
Zagorowicz (2016) j———e—  083(063,095) ——e- 0.96 (082, 1.00) e — SROC curve
' ' ;
Alacam (2020) ————e——  0.84(0.60,097) —_— I 061(048,0.74) * Summary point
i '
Cohen (2022) —————e——  0.85(0.55,0.98) | - 0.98(0.96,1.00) 0 : : : : .
i '
Sun (2015) ——————— 0860042100 — | 010(003,021) 0.2 0.4 0.6 0.8 1.0
Bhutani (2014) | ——e— 090(074,098) — ! 061(054,068)
Yoshino (2007) —_— e 1.00(0.40,1.00) R — I 0.50(030,0.70) 1 -Speciﬁcity
Overall <> 0.62(0.51,0.72) é 0.90 (0.79, 0.96)
o 1 o 1
Sensitivity Specificity
e author Sensitivity (95% C1) Specificity (95% CI)
i i 1.0 .
' '
' '
' '
Fukuchi (2012) —_—— 007 (0.00, 0.32) —— 1.00(0.90, 1.00)
' '
' '
(2016) 0 0.22 (0.03, 0.60) ——————l—e 1.00 (0.69, 1.00)
' '
' '
Yoshino (2011) —_— 0.23(0.10,0.41) — 1.00(0.89, 1.00)
- - z
' '
Inokuchi (2014) B — 039 (0.20, 0.61) ——e- 0.96 (0.80, 1.00) =
=]
' ' =
1 ' (%)
Okahara (2017) _— 0.44 (0.14,0.79) ———+— 094(0.71,1.00) S
' ! n
' '
Boo (2011) —_—— 0.46 (0.33, 0.59) —e— | 083(074,090)
' '
: : 7 . Observed data
Kim (2013) — 047 (0.36, 0.58) —e— | 082(0.74,0.88) Va =TV 3
! ! 02 ¥ . = Prediction region
! ' Lo [ . A
Yang (2017) —_— 052 (0.31,072) —_— | 024(0.09,045) ggrglgence region
' ' curve
i | * Summary point
Domenech (2008) ' ——————————— 1.00(0.54, 1.00) ———————— | 058(028,085) 0 : . : . |
' I
Overall ® 0.38 (0.26, 0.51) Q 0.94 (0.70, 0.99) 02 04 06 08 1 0
'

T | T m! 1-Specificity

o 1 o 1

Sensitivity Specificity

O Author Sensitivity (95% CI) Specificity (95% CI)

v T -
' i N
: ' '~
H H - ~o
Zavrelova (2018) —_— 0.17 (0.00, 0.64) ——e— | 0.76(0.64,086) X N,
' ! 08 [~ .
1 | I K
Sun (2015) —_— 0.29 (0.04,0.71) ——e—+  0.86(0.74,0.94) 1
H ' 1
: : Z 06 |
Thom (2015) —_— 0.29(0.04,0.71) —e 098(091,1.00) = 0O »
H H = 1
H H 4] |
Ganzenmueller (2012) ——— 0.57 (0.29,0.82) — % 0.97(0.83, 1.00) g 1
| | "\
! H v 04 n ! \
Sattayalertyanyong (2023) — 0.70 (0.50, 0.86) —#  092(0:84,096) 1 / A
' i i \
1 ' Q
) L]
Prachasitthisak (2016) _:—O_ 0.71(0.29, 0.96) _0—:— 0.85 (0.62, 0.97) -~ Observed data
! ' 0.2 \ = Prediction region
! ! N ————- Confidence region
Herfarth (2010) —:—O— 0.83 (0.36, 1.00) _:.— 0.93 (0.68, 1.00) '\_\vs —_— SROC curve
: A * Summary point
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Fig. 2. Coupled forest plot and summary receiver operating characteristic (SROC) curve of serum CMV PCR (A), CMV antigen (B), and stool
CMV PCR (C) to detect CMV ileocolitis. CMV, cytomegalovirus; PCR, polymerase chain reaction; Cl, confidence interval.

analysis was conducted, categorized by study design and pub- Among studies using serum CMV PCR as the index test, 7 out
lication type. The results are shown in Supplementary Table 1. of 23 were prospective studies, showing lower sensitivity (53%)
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Table 3. Pooled Sensitivities and Specificities of Each Noninvasive Test in the Studies Comparing Different Tests within the Same Studies

Diagnostic tests No. of studies

No. of tests

Pooled sensitivity (95% CI) Pooled specificity (95% CI)

Two methods in a single study
Serum CMV PCR vs. serum CMV Ag 4

Serum CMV PCR vs. stool CMV PCR 4 316

490 (PCR), 457 (Ag)

0.54 (0.36-0.70) vs. 0.89 (0.67-0.97) vs.

0.46 (0.36-0.56) 0.80 (0.38-0.96)
0.70 (0.48-0.85) vs. 0.76 (0.28-0.96) vs.
0.39 (0.16-0.68) 0.90 (0.79-0.95)

CMV, cytomegalovirus; PCR, polymerase chain reaction; Ag, antigen; Cl, confidence interval.

but higher specificity (97%) compared to overall and retrospec-
tive studies. This discrepancy could be from the study protocols,
patient populations, and diagnostic methodologies, which may
explain the observed heterogeneity. Studies examining serum
CMV Ag and stool CMV PCR showed no differences in sub-
group analysis.

6. Quality Assessment and Publication Bias

Supplementary Fig. 1 and Supplementary Table 2 illustrate the
risk of bias assessment across the included studies. The do-
mains of patient selection, index test, and flow and timing pre-
dominantly showed a low risk but with a noticeable portion of
high risk and some unclear areas. The reference standard do-
main primarily indicates a low risk of bias, with minor segments
of high and unclear risks. Regarding applicability concerns,
most domains exhibited low concern suggesting strong appli-
cability of the studies. Overall, most studies maintain a low risk
of bias and concerns regarding applicability. Deek’s funnel plot
asymmetry tests showed no significant bias across the studies,
with P-values of 0.99, 0.48, and 0.42 for serum CMV PCR, CMV
Ag detection, and stool CMV PCR, respectively (Supplemen-

tary Fig. 2).
DISCUSSION

Our study represents the first systematic review and meta-
analysis to evaluate the diagnostic ability of noninvasive tests,
including serum and stool tests, for detecting CMV ileocolitis
across various populations. A total of 30 studies were included.
Serum CMV PCR demonstrated an acceptable pooled sensi-
tivity of 60% and a high specificity of 90%. Serum CMV Ag ex-
hibited significantly lower sensitivity than serum CMV PCR.
Stool CMV PCR had comparable pooled diagnostic perfor-
mance to serum CMV PCR. However, the stool tests showed
substantially lower sensitivity but higher specificity when in-
cluding only the studies performed both tests in the same

www.irjournal.org

populations. A combination of serum CMV PCR and stool
CMV PCR enhanced the diagnostic performance, but the evi-
dence is limited to only a single study. Subgroup analysis in
patients with IBD shows satisfied diagnostic performances
for noninvasive tests, with pooled sensitivity of 56% and
specificity of 94% for serum CMV PCR and the correspond-
ing values of 83% and 93%, respectively, for stool CMV PCR.
On the other hand, in postHSCT, serum CMV PCR achieved
a high pooled sensitivity of 85% but a low pooled specificity
of 47%, while stool CMV PCR showed poor diagnostic perfor-
mance with a very low sensitivity of 23% and fair specificity
of 81%.

The common sites of viral latency after primary CMV infec-
tion are circulating lymphocytes, monocytes, and polymor-
phonuclear leukocytes.” Therefore, CMV viremia is reason-
ably used as a diagnostic test for CMV GI disease. However,
our results show that serum CMV PCR and Ag pooled sensi-
tivity is not high, 60% and 38%, respectively. This could be ex-
plained by the fact that the GI tract is another site of viral la-
tency, and local GI reactivation can occur without systematic
reactivation.'""***" Of note, the sensitivity also varied due to
differences in the cutoff thresholds used for noninvasive tests
and the number of inclusion bodies required for histopatho-
logical confirmation." In contrast, the pooled specificity of
both serum tests is high, 90% and 94% for serum CMV PCR
and Ag, respectively. This result is initially unexpected because
it is well known that CMV viremia commonly occurs in pa-
tients with CMV reactivation, particularly in an immunosup-

55,56

pressed state, without CMV GI disease.”” However, in our
systematic review, 17 of 23 studies evaluating serum CMV PCR
and 7 of 9 studies evaluating serum CMV Ag reported a speci-
ficity above 70%. We hypothesized that these tests may become
more specific in a setting with GI symptoms in high-risk pa-
tients for CMV reactivation. Some organizations, such as the
Transplant Associated Virus Infections Forum, have accepted

using serum CMV PCR to diagnose possible GI CMV disease
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Table 4. Pooled Diagnostic Performance of Noninvasive Tests for Diagnosis of CMV ileocolitis in Patients with Inflammatory Bowel Diseases and Post-Hematopoietic Stem Cell

Transplantation

AUSROC
(95% CI)

Pool DOR
(95% ClI)

Pool NLR
(95% ClI)

Pool PLR
(95% ClI)

Pool sensitivity 12 Pool specificity P
(95% CI) (95% CI)

IZ

test

No. of No. of
IBD using tissue CMV IHC or PCR or H&E as references

studies

Diagnostic test

0.79 (0.76-0.83)
0.56 (0-1.00)

21 (6-70)

0.45 (0.34-0.60)
0.66 (0.58-0.76)

9.40 (3.30-26.60)
6.60 (0.58-0.76)

0.56 (0.45-0.67) 55.77  0.94(0.82-0.98) 56.26

0.35 (0.22-0.50)

Serum CMV PCR 13 1,283 56.01

Serum CMV Ag
Stool CMV PCR

10 (2-49)

0.94 (0.79-0.99) 47.31

63.09

0.02

649

0.93 (0.68-0.998)

0.83 (0.36-0.996)

21
Post-HSCT using tissue CMV IHC or PCR or H&E as references

0.84 (0.81-0.87)

033 (0.14-0.75) 5(1-18)

1N 0.47 (0.21-0.74) 93.26  1.60(0.90-2.70)

0.85 (0.73-0.92)

0.14

440

Serum CMV PCR
Serum CMV Ag
Stool CMV PCR

0.81(0.72-0.87)

0.23 (0.08-0.52)

127

CMV, cytomegalovirus; Cl, confidence interval; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; AUSROC, area under the summary receiver operating
characteristic curve; IBD, inflammatory bowel diseases; IHC, immunohistochemistry; PCR, polymerase chain reaction; H&E, hematoxylin and eosin staining; Ag, antigen; HSCT, hematopoietic stem

cell transplantation.
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in patients after solid organ transplantation.”

Stool CMV PCR has emerged as a promising noninvasive
diagnostic method, potentially offering a better representation
of ileocolonic infection by targeting the same affected organ,
which may enhance the test's specificity. Although the overall
pooled specificity in our study is 91%, comparable to but not
greater than serum CMV PCR, the specificity appears to be
higher, 90% for stool CMV PCR and 76% for serum CMV PCR,
in the analysis including only the studies measuring the 2 tests
in the same studies. The limitation of stool CMV PCR is its low
sensitivity. Although the overall pooled sensitivity is 53%, com-
parable to serum CMV PCR, the pooled sensitivity is signifi-
cantly lower in stool CMV PCR, 39% for stool CMV PCR and
70% for serum CMV PCR, when including only the studies
with 2 tests performed in the same studies. The low sensitivity
of stool CMV PCR could be due to various factors, including
intermittent viral shedding, non-standardized specimen han-
dling, timing of collection, and sample processing methods.
The study by Gu et al.”
ods and reported different diagnostic performances.

compared different extraction meth-

The diagnostic performance varied when divided into IBD
and post-HSCT populations. Tandon et al.”® conducted a me-
ta-analysis of publications from 2004 to 2015 on IBD popula-
tions. The study evaluated the diagnostic accuracy of blood-
based tests (either serum CMV PCR or pp65 Ag) using tissue
CMV IHC or PCR as reference standard. Despite an excellent
specificity of 99.9%, the overall sensitivity was only 50%, with
serum CMV PCR at 60% and CMV Ag at 39.7%. These findings
are consistent with the performance observed in our study.
The sensitivity of stool CMV PCR in the IBD subgroup was
higher than that of serum studies. However, the results are
from a single study done in hospitalized patients due to se-
vere disease activity, possibly with high viral load and contrib-
uting to the high chance of stool CMV PCR detection.” For
the post-HSCT group, the high sensitivity of serum CMV PCR
at 85% was likely due to severe immunosuppression, which
might promote viremia, but this is not specific to ileocolitis.
In contrast, stool tests performed poorly in this subgroup,
likely because the virus may be confined in intestinal tissue
without leaking through the mucosa, as seen in IBD, resulting
in lower viral shedding. The other hypotheses were stool dilu-
tion and differences in the detection time window between
fecal and tissue samples, which may further limit sensitivity.”

A key challenge is how to integrate these noninvasive tests
into clinical practice. According to the results above, both se-
rum and stool CMV PCR cannot replace colonoscopy with

www.irjournal.org
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tissue biopsy due to their low sensitivities. However, they are
possibly helpful when colonoscopy is not available because
of their high specificities. In another scenario, these tests may
be used as an initial screening to enhance the diagnostic yield
of subsequent colonoscopies. This approach is supported by
evidence in post-HSCT patients. In the study of Bhutani et al.”’
involving 252 post-HSCT patients, 31 were diagnosed with
biopsy-proven CMV gastroenteritis. A strong association was
found between CMV viremia and gastroenteritis, with viremia
being detected a median of 9 days before the diagnosis in 28
of the 31 patients (90%). Given the high risks associated with
either colonoscopy or ganciclovir side effects in post- HSCT
patients who may have concurrent neutropenia, the decision
to empirically treat CMV colitis or confirm with colonoscopy
after a positive noninvasive test should be individualized. In
patients with IBD, both serum and stool CMV PCR can be
useful when there is clinical worsening given their consider-
able performance. If the test is positive, although early colo-
noscopy should still be recommended to confirm the diagno-
sis and grade disease severity, antiviral treatment should not
be delayed if pathology results are expected to take time.

The strength of our study is that we conducted a meta-anal-
ysis using 2 large databases and performed several subgroup
analyses, including different reference standards, populations,
and types of publications. The results were robust even when
different reference tests were used, suggesting strong reliability.
Nonetheless, our study has some limitations. Firstly, although
we include all populations at risk, the majority of them are in-
dividuals with IBD. Secondly, diagnostic cutoff values for each
noninvasive test and the types of commercial assays varied
across studies. We attempted to demonstrate the absence of
threshold effect using a couple-forest plot. However, substan-
tial heterogeneity was present, particularly in serum CMV PCR,
which may complicate the interpretation of findings. Addi-
tionally, the number of biopsies and threshold for the refer-
ence standards varied and were not accounted for, especially
tissue CMV PCR that may detect low levels of the virus and
classify it as CMV ileocolitis without having significant symp-
toms. Lastly, there is an unclear risk of bias in certain areas of
the studies reviewed.

In conclusion, noninvasive tests cannot replace colonosco-
py with tissue biopsy for diagnosing CMV ileocolitis owing to
their poor sensitivities. However, they can be valuable when
colonoscopy is not feasible, as positive results can aid further
management. Serum and/or stool CMV PCR tests should be
prioritized over serum CMV Ag due to their higher pooled
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sensitivities. Combining serum and stool CMV PCR may im-
prove diagnostic accuracy, but further research is warranted.
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