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Immunostaining Detection of Cytomegalovirus in
Gastrointestinal Biopsies: Clinicopathological Correlation at
a Large Academic Health System
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Abstract

Background: Cytomegalovirus (CMV) infection can be asympto-
matic in healthy individuals but may cause serious complications in
immunocompromised patients. We investigated the clinicopathologi-
cal correlation of CMV in gastrointestinal (GI) biopsies at our insti-
tute between January 1, 2013 and December 31, 2015.

Methods: A total of 105 non-neoplastic GI biopsies tested positive
for CMV by immunohistochemistry (IHC). The IHC results were
stratified as “true positive” if > 2 cells stained, or “rare positive” if
only 1 - 2 cells stained. Clinical information including comorbidities,
serum CMYV viral loads, and treatment was reviewed and correlated.

Results: Overall 1% of all GI biopsies were positive for CMV by immu-
nostaining. The most frequently involved organ was colon, followed by
esophagus, stomach, ileum and duodenum. When > 2 cells were stained
positive, serum CMV viral loads were positive in 52.2%, negative in
17.2%, and not tested in 27.6% of cases. When only 1 - 2 cells stained pos-
itive, CMV viral loads were positive in 23.4%, negative in 25.5%, and not
tested in 51.1% of cases. We further showed that clinical management of
CMV differs based on both pathological findings and underlying diseases.

Conclusions: The role of CMV in GI biopsies remains controversial.
We propose an algorithm of performing CMV immunostaining based

on clinicopathological correlation.

Keywords: Cytomegalovirus; Gastrointestinal biopsy; Immunostain-
ing

Introduction

Cytomegalovirus (CMV), a member of the herpesviridae fam-
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ily, is a double-stranded DNA virus that replicates in the host’s
nucleus and manifests histopathologically as large intranu-
clear and smaller cytoplasmic inclusion bodies [1, 2]. Around
40-100% of the world’s population is seropositive for CMV
[3]. Primary CMYV infection in immunocompetent individuals
is mild and clinically asymptomatic [4], followed by a latent
state, during which the virus remains in endothelial cells, mac-
rophages or granulocyte stem cells, but viral proliferation is
inhibited by cell-mediated immunity [S]. Failure of immune
containment leads to reactivation with viral proliferation and
severe systemic illness characterized by fever, pancytopenia,
and inflammatory changes in liver, lungs, retina, and gastroin-
testinal (GI) system [6].

Tissue-invasive CMV infection/reactivation manifests
histopathologically as inflammation and ulceration [7]. In
CMV colitis, the body initially mounts an inflammatory re-
sponse that results in watery diarrhea [8]. As ulcers increase
in depth, erosion into blood vessels can cause profuse bloody
diarrhea [9, 10]. Over time, severe inflammation and vasculitis
may lead to ischemia and transmural necrosis of the bowel,
causing perforation and peritonitis [11]. It is estimated that
CMV colitis occurs in 2-16% of patients who have received
solid organ transplants, 3-5% of patients with HIV infection
or acquired immunodeficiency syndrome (AIDS), and 4-16%
in patients with inflammatory bowel disease (IBD) [12, 13].
The role of CMV in IBD patients is unclear. Some authors pro-
pose that CMV does not interfere with the clinical evolution of
Crohn’s disease (CD), and its involvement in ulcerative colitis
(UC) is debated, especially in severe flare-ups [14].

Diagnosis of CMV infection/reactivation in biopsied tis-
sues is classically based on histopathological identification of
virus-infected cells (viral cytopathic effect) on hematoxylin-
cosin (H&E) stained slides, and/or detection of CMV intra-
nuclear inclusions by immunohistochemistry (IHC) studies
[15]. Although IHC may not be the most sensitive method for
detecting CMYV, it is widely used in many academic centers
and private practice. There are currently no standard criteria
when [HC should be ordered. Whether CMV THC should be
performed routinely on biopsies with moderate and severe in-
flammation is still under debate [16, 17]. Some pathologists
have a lower threshold for ordering the test to avoid missing
any CMV-positive cells, a potentially treatable disease, while
others would consider routine immunostaining to be inefficient
use of resources without clinical significance. Furthermore,
when immunostaining yields ambiguous results with rare cells
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Figure 1. Histopathology of CMV. (A) H&E staining showing CMV cytopathic effect (arrows; magnification: x 400). (B) IHC stain-
ing with CMV as positive (> 2 cells stained; magnification: x 400) and (C) rare positive (1 - 2 cells stained; magnification: x 400).

being stained positive, the significance of rare CMV-positive
cells for clinical management and outcome is unclear.

At our institute, IHC for CMV is generally ordered per
clinician’s request and/or when severe inflammation such as
ulceration is present on the biopsy specimen, typically in im-
munosuppressed individuals. With the increased volume of
GI biopsies especially from IBD patients, it is unclear when
this test should be ordered. We investigated the clinicopatho-
logical correlation of CMV by immunostaining in GI biopsies
to provide deeper insight into the role of CMV in GI pathol-
ogy as well as provide a practical guideline for better manage-
ment.

Materials and Methods

Institutional Review Board approval was obtained before the
initiation of this study. A total of 10,013 in-house non-neoplas-
tic GI biopsy accessioned cases (esophagus, stomach, duode-
num, ileum, and colon) performed between January 1, 2013
and December 31, 2015 at our institute were identified through
the electronic pathology information system (PowerPath). A
total of 1,205 accessioned biopsy cases were tested for CMV
infection/reactivation by IHC studies. Cases that reported
CMV positivity based only on viral cytopathic effect without
IHC were excluded (three cases). Cases that have concurrent
diagnosis of cancer on the same specimen were also excluded
(two cases). Finally, 105 cases (from 103 patients) that report-
ed CMV positive by THC studies were retrieved and included
in this study.

Clinical information was obtained from the patients’
charts through our electronic medical record system. The fol-
lowing parameters were recorded: patient’s age, gender, rele-
vant underlying disease or comorbidities, clinical presentation,
CMV viral loads (Roche COBAS Ampliprep TagMan CMV
test), treatment (ganciclovir/valganciclovir, surgery, etc.), and
follow-up biopsies. We further classified the pre-existing con-
ditions for each CMV-positive case as follows: 1) inflamma-
tory bowel disease, including CD and UC; 2) HIV infection
or AIDS; 3) solid organ or bone marrow transplant (BMT); 4)
other conditions, including patients with other GI disease, can-
cer other than GI system status post chemotherapy and/or ra-
diation therapy, autoimmune disease on immunosuppression,
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or other unspecified diarrhea.

In all cases, pathology reports and available original H&E
slides were reviewed. IHC stains were performed with anti-
bodies against CMV (Cell Marque, 213m-25, 1:100 dilution)
in the UCSD Pathology Laboratory. Pertinent positive and
negative controls (Newcome supply, part #3240B, positive:
lung tissue, negative: tonsil tissue) were included for each
case. In our routine sign-out of GI biopsies, while an abso-
lute number of positive cells was usually not reported, words
like “scattered, rare, ambiguous” were used when only a few
cells (mostly 1 - 2 cells) are stained, and words like “posi-
tive” or “numerous” were used when a considerable number
of cells are stained. To better quantify the immunodetection
of CMV positivity, we re-evaluated each CMV-positive case
microscopically, and defined those that only 1 - 2 cells stained
positive as “rare positive”, and those that have more than two
cells stained positive as true “positive” (Fig. 1).

Statistical analysis, including Student’s ¢-test and Fisher’s
exact test, was performed using SPSS software.

Results

Frequency of positive CMV immunostaining

The number of GI biopsies, CMV tests performed, and per-
centage CMV positivity detected between January 1, 2013 and
December 31, 2015 are summarized in Figure 2A and B. As
shown, the annual number of non-neoplastic GI biopsy cases
have steadily increased approximately 15% from 2013 (n =
3,143) to 2015 (n = 3,613); however, the number of CMV [HC
tests performed in GI biopsies more than doubled. Since the
CMV infection rate in all GI biopsies did not increase (1.06%
in 2013, 1.26% in 2014, and 0.89% in 2015), the positive de-
tection rate for all the IHC tests performed decreased from
12.5% in 2013 to 8.6% in 2015.

To determine the driving force in ordering the CMV tests,
we retrieved the ordering information for all 1,208 biopsy
cases that were tested for CMV IHC. Among them, 152 cases
were indicated by clinician to rule out “CMYV infection”, which
accounts for 50 cases (32.9%) that were reported as either true
positive or rare positive for CMV. The remaining 1,056 cases
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Figure 2. Summary of the total number of Gl biopsies, number and percentage of CMV IHC tests performed, number and per-
centage of CMV positive cases between 2013 and 2015. (A) Table and (B) Bar graph. (C) Organ involvement of CMV positive

cases.

tested for CMV infection by IHC were ordered by pathologists
only, resulting in 55 cases (5.2%) reported as CMV positive
(Table 1).

Notably, viral cytopathic effect was described/reported in
only 11 cases (10%) among the 105 cases that were CM V-pos-
itive by immunostaining, although retrospective review of the
H&E staining in correlation with CMV staining does reveal
possible viral inclusions in some cases.

Demographics and outcomes of CMV-positive patients

For patients with positive CMV on GI biopsies, the age ranged
between 18 and 88 years old (mean = 51.8, median = 54).
There is slight male predominance (F:M=1:1.1). All patients
except three survived to date. One patient (a 58-year-old fe-
male) with primary biliary sclerosis-related end-stage liver
disease on steroid treatment died 1 month after CMV colitis
was diagnosed. Autopsy findings revealed persistent CMV co-
litis and necrosis as a major source of sepsis that led to the
death. The other two deceased were BMT patients that died of
complications other than CMV.

Similar to other published studies [18], colon is the organ
mostly frequently involved by CMV (n = 70), followed by es-
ophagus (n = 18), stomach (n = 8), ileum (n = 5), and duode-

num (n = 4) (Fig. 2C).
Correlation of positive IHC with CMV viremia

Next, we reviewed the 105 CMV immunostained slides and
counted the number of CMV-positive cells on each slide. As
shown in Table 2, 47 cases were classified as “rare positive” (<
2 cells stained) and 58 cases were classified as “positive” (> 2
cells stained). We then correlated the number of CM V-positive
cells with results of systemic viremia detected by CMV PCR
that was performed within 1 week of the biopsies. Also shown
in Table 2, cases with rare positive cells had a low percent-
age of positive CMV PCR (23.4% positive, 25.5% negative,
and 51.1% not tested), while cases with > 2 positive cells have
a high correlation with positive CMV PCR (55.2% positive,
17.2% negative, and 27.6% not tested). This difference is sta-
tistically significant by Fisher’s exact test (P < 0.05), indicating
that the number of cells detected by CMV IHC on GI biopsies
correlated with systemic CMV viremia.

Clinical management of CMV IHC positive results

Classification of underlying conditions for the 105 CMV-posi-

Table 1. Summary of CMV IHC Tests Ordered by Clinician and Pathologists

St FOMVIHC [ Ll Clnicams reguest requested _ pathologst reques
2013 (January 1 - December 31) 272 43 20 (46.5%) 229 14 (6.1%)
2014 (January 1 - December 31) 401 46 16 (37.5%) 355 25 (7.0%)
2015 (January 1 - December 31) 535 63 14 (24.1%) 472 16 (3.4%)
Total 1,208 152 50 (32.9%) 1,056 55 (5.2%)
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Table 2. Correlation of the Number of Positive Cells Detected by IHC With Systemic

Virology (PCR-Based Tests)

THC, > 2 cells labeled IHC, 1 - 2 cells labeled

#CMYV viral load positive* 32 (55.2%)

#CMYV viral load negative 10 (17.2%)
#Virology not tested 16 (27.6%)
Total 58

11 (23.4%)
12 (25.5%)
24 (51.1%)
47

*VL > 137 IU/mL. Fisher’s exact test: P < 0.05.

tive cases and correlation of pathological findings with clinical
information are summarized in Table 3. There are a total of 40
cases with IBD (17 CD and 23 UC), 20 with HIV/AIDS, 17
with solid organ or bone marrow transplant, and 28 “others”.
As seen in Table 3, the majority of the 47 “rare positive” cases
are from IBD patients (n = 20), followed by “others”. In con-
trast, patients with HIV/AIDS and those with bone marrow or
solid organ transplant tend to have more CMV “positive” than
“rare positive” in their biopsies.

In IBD patients, as well as patients with other conditions,
if CMV immunostaining is in the category of “rare positive”,
the serum CMYV PCR study was either negative or not tested,
and as a result, the majority of these patients were not treated
with anti-viral agents. In contrast, patients with HIV/AIDS or
bone marrow/solid organ transplant were usually treated with
antiviral medication even when only “rare positive” cells were
detected (Table 3).

Interestingly, for those patients that were reported to be
“rare positive” for CMV by IHC and were not clinically treated
with antiviral medications, follow-up biopsies were either not
performed because they were clinically not indicated, or were
mostly negative for CMV if performed (data not shown).

CMYV in IBD patients and outcomes

Some authors have noted that CMV mainly affects the right
colon in IBD patients and does not affect the clinical course of
CD, in contrast to patients with UC [14]. Interestingly, in our
study, we found that CMV was detected predominantly in the
left colon for both CD and UC patients. To examine how CMV
differs between these two patient groups, we selected cases
with > 2 cells positive for CMV on IHC (n = 8 for CD and

n = 11 for UC, Table 4). The gender distribution was similar
between the two groups, while UC patients tended to be older
(average 49 years) than those with CD (average 39 years).
Most patients were on steroids (prednisone) around the time
CMV was detected (n = 7/8 in CD and 10/11 in UC), and the
majority of them were treated with the anti-viral agent ganci-
clovir (n=6/8 in CD and 9/11 in UC) after CMV was reported.
Follow-up with clinical course reveals five out of eight patients
with CD and four out of 11 UC patients had very complicated
clinical courses that required surgical intervention including
colectomy (Table 4). Most of the surgeries occurred 0.5 - 19
months after CMV detection, while one CD patient and two
UC patients underwent surgery within 1 month of CMV re-
activation/infection, indicating possible association between
CMV and the adverse clinical course.

Discussion

By studying the frequency and positive rate of CMV immu-
nostaining in all non-neoplastic GI biopsy cases and correlat-
ing the pathological findings with clinical information during
a 3-year period of time, we found that overall CMV infection/
reactivation rate is constant, occurring in approximately 1% of
all non-neoplastic GI biopsies at our institute. The possibility
of CMV is initially considered given the severity of inflam-
mation and/or visible viral cytopathic effect on routine H&E
staining, followed by IHC studies to confirm or rule out the
presence of CMV antigen. Interestingly, lowering the thresh-
old of ordering THC test does not lead to increased detection
of CMV positive cases, as the more IHC studies performed,
the lower the positive detection rate by IHC. In our study, we
further demonstrated that clinician’s request to rule out CMV

Table 3. Pre-Existing Conditions Influence Clinical Management of CMV Positivity

Pre-existing disease # Cases CMYV by IHC Clinical management for anti-CMV

HIV 20 14 positive Usually treated regardless of CMV PCR results
6 rare positive

BMT or solid organ transplant 17 10 positive Usually treated regardless of CMV PCR results
7 rare positive

IBD 40 20 positive Usually treated
20 rare positive Usually only treated if CMV PCR positive

Others 28 14 positive Usually treated

14 rare positive

Usually only treated if CMV PCR positive
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Table 4. Clinical Outcomes Bewteen CD (n = 8) and UC (n = 11) Patients With Positive CMV IHC (> 2 Cells)

CD (n=38) UC (n = 11)* Statistical test

Age, years (range) 39 (21-77) 49 (21-179) P>0.05
Female 3 5 P>0.05
Male 5 6

On systemic steroid 7 10 P>0.05
Not on steroid 1 1

Anti-viral treatment 6 9 P>0.05
No anti-viral treatment 2 2

Surgery after reported CMV 5 4 P>0.05
No surgery 3 7

Duration from CMV to surgery if performed 1 - 19 months (1 within 1 month) 0.5 - 6 months (2 within 1 month)

*Total biopsy case number is 12. However, there are two cases belonging to one single patient.

infection does yield a high detection rate of CMV, suggesting
the importance of clinicopathological correlation.

Although immunostaining detection of CMV is relatively
inexpensive with a short turn-around time, interpreting the
results can sometimes be challenging. We noticed that nearly
half (45%) of the reported CMV positive biopsy specimens
have actually only 1 - 2 cells stained on IHC, leading to a de-
scription of “single”, “rare”, “ambiguous”, or comments that
this finding is unlikely to be the etiology of the severe inflam-
mation or ulceration. Indeed, whether CMV infection/reacti-
vation represents an “innocent bystander” or “true player” in
IBD disease has long been debated [19, 20], and data regarding
CMV in this setting are quite conflicting [21-23]. Proponents
of the “innocent bystander” hypothesis state that CMV virus
has a propensity towards colonizing inflamed, granulated ulcer
beds, and suggest that the presence of CMV represents tropism
towards areas of inflammation, rather than a reflection of true
disease [21, 24]. Nonetheless, there have been several studies
presenting solid evidence to support testing for CMV in cases
of moderate to severe colitis, and if CMV is present, treating
with ganciclovir [15, 17].

The dilemma of reporting “ambiguous” immunostaining
results was addressed in our study by correlating the number of
immunostaining positive cells on biopsies with patient’s serum
CMV PCR studies. While not all cases were tested for serum
CMV PCR, not surprisingly, only a quarter of those cases with
1 - 2 cells stained positive have CMV viremia. In contrast, in
biopsy specimens that have > 2 cells stained, more than half of
the patients were found to have systemic viremia as detected
by serum PCR test. If systemic CMV viremia represents true
CMV infection/re-activation, which likely it does, it is reason-
able to propose that, the number of CM V-positive cells reflect
the role of CMV. The fewer cells that are CMV infected, the
more likely it is just an “innocent bystander”; the more cells
CMV infected, the more likely it is a systemic disease contrib-
uting to the tissue pathology (severe inflammation or ulcera-
tion) seen on the biopsy specimens.

Through the pathological-clinical correlation, we also
found that clinical management regarding the CMV positivity
is usually based on comorbidities. Patients with HIV infection/
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AIDS and those who are status post solid organ or bone mar-
row transplant are usually treated regardless of number of cells
stained and/or serum PCR results. This is because CMV in
patients with HIV/AIDS or solid organ or bone marrow trans-
plants can cause significant disease in these immunodeficient
patients [25-27]. For patients with IBD and other conditions at
our institution, treatment for CMV is usually not given if only
1 - 2 cells stained, unless there is systemic viremia. In addi-
tion, most of the IBD patients with > 2 IHC positive cells and
subsequent positive CMV viral loads were on systemic steroids
(prednisone) at the time of detection, suggesting that the in-
creased risk for CMV in IBD patients may in part be iatrogenic,
mostly ascribed to steroid therapy [20, 24]. The proposal that
CMV in IBD patients may represent transient CMV reactiva-
tion status/innocent bystander was further supported by nega-
tive CMV in follow-up biopsies without anti-viral treatment.

Our data suggest an algorithm that may help the patholo-
gist address the CMV issues more practically, putting more
emphasis on patients that are truly immunocompromised (HIV/
AIDS, solid organ or bone marrow transplant), while raising
the threshold for testing for CMV and reporting of positivity
in IBD patients to those patients who are on systemic steroids,
especially when dealing with ambiguous results (Fig. 3).

CMYV in IBD patients has long been a controversial topic.
Although rare severe consequences of CMV infection have
been reported [28, 29], studies have shown that CMV does not
contribute to increased morbidity and mortality and that antivi-
ral therapy will eradicate the virus without altering the course
of underlying disease [21, 30, 31]. On the other hand, some au-
thors proposed that CMV may alter the disease process of UC,
but not CD [24]. Given the conflicting opinions, it is interesting
to note in our study that the clinical course is similar in both pa-
tients with UC and CD during and after CMV, in terms of being
on steroid therapy, treatment with anti-virals, and frequency of
complications requiring surgical intervention. The conclusion
may be limited by the small number of patient population in
this study, and further follow-up study may be warranted.

In summary, we performed a study focusing on the clin-
icopathological correlation of CMV immunostaining in GI bi-
opsy specimens. Our findings suggest that pathologic evalua-
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1. Checkorderingrequisitionif CMV is a concern
(32.9% positive per clinician’s request)

2. Check histopathology
(viral cytopathic effect seen in 10% CMV positive cases without
staining)

3. Check serum CMV viral loads
(55% positive if “Positive >2 cells stained” by IHC)

/

A. For patients with
BMT/solid organ
transplant, lower

threshold for ordering
the test

|

~.

B. For patients with IBD
and “others”, check
medicationfor steroid
use;
keep a higher threshold

’

Most likely IHC will be needed

Most likely IHC is not necessary

(5.2% positive per pathologist only

Figure 3. Algorithm proposed for performing IHC tests on Gl biopsies.

tion plays an essential role in the diagnosis and management of
CMYV in immunocompromised patients. As an ancillary study to
detect CMV, IHC studies should be ordered and interpreted in
appropriate clinical context. While the threshold for ordering/
reporting CMYV should be lower in patients with true immuno-
deficiency (such as HIV infection or status post bone marrow
or solid organ transplant), knowledge of the IBD characteris-
tics and clinical course will help to guide when the pathologist
should order the test and how to interpret the results. It should
be kept in mind that increasing the number of IHC tests does
not lead to increased CMV detection. Finally, we propose an
algorithm for performing the IHC tests in selected GI biopsies
(Fig. 3), with all steps involving clinicopathological correlation.
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