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Abstract

Objective: Co-reactivation of cytomegalovirus (CMV) and Epstein—Barr virus (EBV) occurs in
iatrogenically immunosuppressed patients, but the clinical relevance of this is unknown. We
aimed to determine the frequency of EBV reactivation in patients with CMV viremia and to
explore its clinical significance.

Methods: Serum or plasma CMV and EBV DNA was detected by quantitative real-time PCR in
82 patients who received immunosuppressive therapy and/or chemotherapy and underwent CMV
antigenemia tests.

Results: CMV DNA was positive in 55 patients, with EBV reactivation being found in 29 of these
(52.7%). EBV co-reactivation was significantly associated with aging (>64 years vs. <64 years,
odds ratio 4.07, 95% confidence interval 1.06—15.6). When older patients were divided into two
groups according to age, EBV co-reactivation occurred more frequently in early-old patients
(aged 65-74 years) than in late-old patients (aged >75 years) (100.0% vs. 53.3%, respectively).
Steroid pulse treatment was administered significantly more often in the early-old group than in
those aged <64 years and >75 years (72.7% vs 27.6% vs 14.3%, respectively).

Conclusions: Co-reactivation of EBV in patients with CMV viremia highlighted early-old patients
and may reflect treatment intensity as well as immunosenescence.
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Introduction

Cytomegalovirus (CMV) and Epstein—Barr
virus (EBV) are DNA viruses that belong to
the Herpesviridae family. During active
infection, CMV modulates host immunity,
and CMV-infected patients often develop
signs of immune dysfunction such as immu-
nosuppression and autoimmune phenome-
na.! However, EBV infection does not
appear to have similar effects, although
EBYV causes a variety of disorders including
malignancies such as nasopharyngeal carci-
noma, gastric carcinoma, and lympho-
mas.>> The positive rate of anti-EBV viral
capsid antigen IgG antibodies in adults is
more than 90%, and is 99% in those aged
over 60 years in Japan.*

Reactivation and re-entering of a herpes-
virus lytic cycle has frequently been
reported and can be triggered by a broad
range of physiological and environmental
factors such as immunosuppression, stress,
chemotherapy, radiotherapy, hypoxia,
prostaglandins, and infection with other
pathogens.” CMV and EBV are usually
kept as latent viruses by cellular and
immune surveillance mechanisms.
However, in cases of immunosuppressed
patients receiving steroid therapy and che-
motherapy, they frequently reactivate.
Additionally, the reactivation of latent
viruses is extremely common in patients
with prolonged sepsis where it is consistent
with the development of immunosuppres-
sion.® Herpes simplex virus type-1 can
cause pneumonitis in critically ill patients
and its detection was previously associated

with stronger immunosuppressive
regimens and vasculitis.” Moreover, the
co-reactivation of both human herpesvirus
6 and CMV in patients in the intensive care
unit (ICU) was associated with a worse
prognosis compared with reactivation of
either virus alone.® Human herpesvirus 7
reactivation preceded CMV reactivation in
patients with dual infection who underwent
renal transplantation, which was an
increased risk factor of viral disease.’”

Several herpesviruses have been studied
for their possible associations with immu-
nosenescence.'® 2 Immunosenescence  is
characterized by age-related dysfunction
of the immune system and is associated
with a reduced efficacy of vaccination, as
well as an increased frequency of infections
and auto-reactivity."> CMV and EBV co-
reactivation has been found to occur fre-
quently in older women, with CMV reacti-
vation being associated with aging and
ongoing frailty, whereas EBV reactivation
was associated with aging alone.'*
However, such co-reactivation has not
been studied in patients receiving immuno-
suppressive therapy and/or chemotherapy.
Immunosuppressive therapy is used to sup-
press the rejection of transplanted organs
and to treat autoimmune diseases and
hyperinflammatory states. The aim of this
study was to determine the frequency of
EBYV reactivation in CMV viremia patients
who were undergoing immunosuppressive
therapy and/or chemotherapy. The clinical
significance of this reactivation was also
explored.
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Materials and methods

Patients and clinical samples

Archived serum or plasma samples from
patients who received immunosuppressive
therapy and/or chemotherapy and under-
went CMV antigenemia tests at the
Tottori  University Hospital, Tottori,
Japan, from 2013 to 2016 were used in
this study. These samples were stored at
—20°C until they were required. Clinical
information, such as age, sex, disease,
length of hospital stay, ICU admission,
blood transfusion, medication, and out-
come was collected retrospectively. The
highest dose per weight of steroid and
immunosuppressants (tacrolimus, cyclo-
sporine, and/or cyclophosphamide) admin-
istered during the period from 2 months
before the first CMV antigenemia test to
the last test, was collected. Patients with
more than one sample were defined as pos-
itive when viral DNA was detected in at least
one sample, and the maximum DNA level
was subsequently used for statistical analy-
sis. This study was approved by the ethics
committee of Tottori University Faculty of
Medicine (registered as 18A115). Informed
consent from patients was obtained in the
form of an online opt-out clause.

Viral DNA quantification

Viral DNA was extracted from 200 puL of
serum or plasma using commercial DNA

Table I. Primer and probe design.

isolation reagents (QIAGEN, Tokyo,
Japan). Primers were designed and synthe-
sized for the CMV glycoprotein B (gB)
region and EBV BamHI-W region sequence
as shown in Table 1 (Takara Bio, Kusatsu,
Japan).'>'® Real-time detection (RTD)
PCR was carried out in a 50-pL reaction
mixture containing 900 nM forward and
reverse primer, 250 nM TaqMan Probe,
TagMan Universal PCR Master Mix
(Applied Biosystems, Waltham, MA,
USA), and 5SuL template (equivalent to
20puL of plasma or serum). The mixture
was incubated at 50°C for 2 minutes for

the initial activation of uracil-N-
glycosylase,  followed by  uracil-N-
glycosylase inactivation at 95°C for

5 minutes. Subsequent PCR amplification
consisted of 60 cycles of denaturation at
95°C at 15 s and annealing and extension
at 60°C for 1 minute in an ABI7300 Real-
time PCR System (Applied Biosystems).
CMV DNA reference panels, derived
from the AD169 strain which is the World
Health Organization International HCMV
standard, were purchased from the
National Institute for Biological Standards
and Control (Ridge, UK). This material has
been assigned a concentration of 5 x 10°
international units (IU) when reconstituted
in 1 mL of nuclease-free water.!” For the
EBV DNA reference panel, DNA was
extracted from the Namalwa cell line,
which is a diploid cell line containing two
copies of the EBV genome. The copy

Herpesvirus Target region

Primer and probe sequences (5'-3')

CMV Glycoprotein B

Forward: CCCTTGAGGTAGGGCGGTAG

Reverse: TGCGCGAATTCAACTCGTACA
Probe (FAM)-ACCTTGTCCTCCACGTACTTTACCCGCT-(TAMRA)

EBV BamHI-W

Forward: CCCAACACTCCACCACACC

Reverse: TCTTAGGAGCTGTCCGAGGG
Probe (FAM)-CACACACTACACACACCCACCCGTCTC-(TAMRA)

CMYV, cytomegalovirus; EBV, Epstein—Barr virus.
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number was calculated from the DNA con-
centration using 6.6 picograms (pg) of
DNA per diploid cell as a conversion
factor; 3.3 pg of Namalwa DNA corre-
sponds to one copy of the EBV genome.'®
Serial dilutions were carried out to obtain
standard curves with the reference panel,
and the DNA level was calculated. The
lower detection limit of EBV DNA quanti-
fication was determined by 2-fold serial
dilutions in 12 replicates using MedCalc
(Ostend, Belgium) for Probit analysis.

Statistical analysis

We performed logistic regression analyses
of risk factors for EBV reactivation by con-
sidering baseline variables such as age, sex,
disease (malignant or nonmalignant), blood
transfusion (administration of at least one
blood component, regardless of the volume
during treatment), length of hospital stay,
and ICU admission. We defined hospital
stays of more than 30 days as a poor out-
come.® All statistical analyses were per-
formed using EZR software (Saitama
Medical Center, Jichi Medical University,

Probability

| - e

Dose-Response plot

Saitama, Japan), which is a Japanese user
interface for R (The R Foundation for
Statistical Computing, Vienna, Austria)."’
Comparisons among groups Wwere per-
formed by Fisher’s exact test, the
Spearman rank correlation, the Kruskal—
Wallis test, and the Mann—Whitney
U test; p values < 0.05 were considered sta-
tistically significant. The 95% detection
limit was determined using Probit analysis
with MedCalc software.

Results

Low detection limit

Validation of the lower limit of detection of
our RTD-PCR system was obtained by
testing multiple replicates of dilutions of
the standard. Dilutions equal to 761.8,
380.9, 190.5, 95.2, and 47.6cps/mL were
tested for 12 replicates at each dilution.
Using Probit analysis (MedCalc), the
number of positive results at each dilution
was used to calculate the EBV DNA con-
centration with a 95% probability of detec-
tion (Figure 1). The 95% detection limit

1 1 1 n 1
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Figure 1. Probit analysis of EBV DNA quantification RTD-PCR assay data. Dotted lines indicate 95%
confidence interval (Cl). The lower detection limit was determined to be 309 cps/mL (95% Cl,

241-484 cps/mL).
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was determined to be 309cps/mL (95%
confidence interval [CI] 241-484 cps/mL).
Using a similar method, the 95% detection
limit for CMV DNA was determined to be
556 IU/mL (95% CI 440-797 IU/mL) when
CMV DNA measurements were reported
previously. "

Frequency of viral reactivation

Between 2013 and 2016, 85 patients under-
went CMYV antigenemia tests. A total of 255
serum or plasma samples were used for this
study, with an average of three samples per
patient. Three patients received no immu-
nosuppressive therapy or chemotherapy
and were excluded from this study. The
CMV antigenemia test was positive in 37
of 82 patients (45.1%) while CMV DNA
was positive in 55 patients (67.1%), in
whom EBV DNA was detected in 29
(52.7%). EBV DNA was also detected in
four of 27 patients (14.8%) without CMV
reactivation, which was significantly lower
than in patients with a positive CMV DNA
count (p=0.002, Fisher’'s exact test).

Clinical characteristics of patients with pos-
itive CMV DNA counts are summarized in
Table 2. In the EBV co-reactivation group,
CMV-DNA levels were significantly higher
than in the EBV-negative group (3.91 vs
2.87 LoglU/mL, respectively, p=0.002).
Furthermore, ganciclovir treatment (55.2
vs 23.1%, p=10.026) and CMV antigenemia
tests (4 vs 1 times, p=0.004) were carried
out significantly more often in EBV-
positive than EBV-negative patients. In our
study, most patients had nonmalignant dis-
eases (70.9%) which were mainly autoim-
mune diseases (Appendix). Nonmalignant
discase was associated, albeit not significant-
ly, with EBV co-reactivation compared with
malignant disease. There was no significant
difference in hospital stay duration, ICU
admission, or blood transfusion as surrogate
markers of disease severity, or sex between
EBV-positive and EBV-negative patients.

Risk factors for EBV co-reactivation

Logistic analysis was performed to investi-
gate the risk factors of EBV co-reactivation.

Table 2. Clinical characteristics of patients with CMV viremia.

EBV DNA
All Negative Positive

Characteristic N =55 N=26 N =29 p value
Age, median (range), years 64.4 (1.7-87.0) 55.1 (8.7-82.1) 68 (1.7-87.0) 0.15*%
CMV-DNA, median (range), 325 (<2.75-5.94) 2.87 (<2.75-5.94) 3.91 (<2.75-4.97) 0.002*

Log IU/mL
Hospital stay, median (range), days 78 (0-382) 83.5 (0-382) 60 (0-356) 0.66*
Sex, N (%) 0.591

Male 29 (52.7) 15 (57.7) 14 (48.3)

Female 26 (47.3) I (423) 15 (51.7)
Ganciclovir treatment, N (%) 22 (40.0) 6 (23.1) 16 (55.2) 0.026"
ICU admission, N (%) 24 (43.6) 12 (46.2) 12 (41.4) 0.79*
Nonmalignant disease, N (%) 39 (70.9) 15 (57.7) 24 (82.8) 0.072%
Blood transfusion, N (%) 28 (50.9) 12 (46.2) 16 (55.2) 0.59%
Number of tests, median (range) 3 (1-23) I (1-22) 4 (1-23) 0.004*

*Comparison between EBV-negative and -positive groups (Mann—Whitney U test).
tComparison between EBV-negative and -positive groups (Fisher’s exact test).
CMYV, cytomegalovirus; EBV, Epstein-Barr virus; ICU, intensive care unit.
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Based on previous studies,®*!** age, CMV
DNA level, and ICU admission were select-
ed as independent variables. Multivariate
logistic regression analysis of these clinical
characteristics identified age (>64 years vs.
<64 years, odds ratio [OR] 4.07, 95% CI
1.06-15.6, p=0.041) and CMV levels
(>3.25 Log IU/mL vs. <3.25 Log IU/mL,
OR 5.81, 95% CI 1.46-23.2, p=0.012), but
not ICU admission (OR 0.36, 95% CI 0.09—
1.49), as being associated with EBV
co-reactivation.

Characteristics of age-specific EBVY
co-reactivation

The correlation between aging and EBV
DNA level was investigated further.
Typically, a positive correlation was identi-
fied where undetected cases were defined as
zero, and where measured values were used
even if they were under the lower limit of
detection (r,=0.244, p=0.070). We then
divided older patients into two groups by
age (early-old [65-74 years] and late-old
[>75 years]), and investigated the frequency
of EBV co-reactivation (Table 3 and
Figure 2). EBV DNA was detected in
100.0% (11/11) of early-old patients,
which was significantly higher than in the
late-old patients (53.3%, 8/15; p=0.010);

we also observed a significant difference in
EBV co-reactivation among all three
patient groups by age (<64 years, 65-74
years, and >75 years; p <0.001).

Treatment intensity and EBV
co-reactivation

Next, we hypothesized that the observed
frequent EBV co-reactivation in early-old
patients was related to iatrogenic immuno-
suppression, so investigated the intensity of
immunosuppressive treatment. Because of
the range of diseases included in this
study, we focused on patients with nonma-
lignant diseases. Steroid pulse treatment
was found to have been administered signif-
icantly more often in early-old patients than
in the <64 years and >75 years age groups
(72.7% vs 27.6% vs 14.3%, respectively,
p=0.006; Table 4). There was no signifi-
cant difference among groups when com-
paring the frequency of treatment with
1.0-2.0mg/kg of daily prednisolone or
other immunosuppressants (tacrolimus,
cyclosporine, and/or cyclophosphamide).
Additionally, no correlation was found
between steroid pulse treatment and EBV
co-reactivation among patients with non-
malignant diseases.

Table 3. Clinical characteristics of the three age groups.

Group Younger Early-old Late-old p value
Age range of each group, years <64 65-74 >75

Number of patients, N 29 Il 15

EBV co-reactivation, N (%) 10 (34.5) 11 (100.0) 8 (53.3) <0.001
CMV-DNA >3.25 Log IU/mL, N (%) 8 (27.6) 9 (81.8) Il (73.3) 0.001
Hospital stay >30 days, N (%) 22 (75.9) 9 (81.8) 11 (73.3) 1.00
ICU admission, N (%) Il (37.9) 4 (36.4) 9 (60.0) 0.36
Malignancy, N (%) Il (37.9) 3(27.3) 2 (13.3) 0.25
Blood transfusion, N (%) 14 (48.3) 6 (54.5) 8 (53.3) 1.00
Female, N (%) 13 (44.8) 7 (63.6) 6 (40.0) 0.55

CMV, cytomegalovirus; EBV, Epstein-Barr virus; ICU, intensive care unit.

All p values were calculated using Fisher’s exact test.
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Figure 2. EBV DNA levels vs. age. Patients were divided into three groups, <64 years old, 65-74 years, and
>75 years, shown by dotted lines. All early-old patients were positive for EBV DNA.

Table 4. Frequency and intensity of immunosuppressive therapy.

Group Younger Early-old Late-old p value
Age range of each group, years <64 65-74 >75

Number of patients, N 29 I 15

Daily prednisolone (1.0-2.0 mg/kg/d), N (%) 7 (24.1) 3(27.3) 6 (40.0) 0.52
Steroid pulse therapy, N (%) 8 (27.6) 8 (72.7) 2 (14.3) 0.006
Immunosuppressants®, N (%) 17 (58.6) 7 (63.6) 5 (28.6) 0.24

*Immunosuppressants included tacrolimus, cyclosporine, and cyclophosphamide.

All p values were calculated with Fisher’s exact test.

Discussion

Recently, frequent multiple virus reactiva-
tions of members of the Herpesviridae
family have been reported. In this study,
we found that EBV reactivation occurred
in 52.7% of CMYV viremia patients which
is slightly higher than the frequencies
reported previously. For instance, EBV
co-reactivation occurred in 40% of ICU
patients with positive CMV DNA, and
was associated with mechanical ventilation
and fever.”® Additionally, EBV reactivation
was found in 30% of women aged 60 to 80
years, and was associated with CMV in
40.5% of CMV-positive women (17 of
42)."* In patients with sepsis, EBV reactiva-
tion occurred more frequently in patients

with high CMV loads compared with those
with low CMV loads or negative CMV
tests.® EBV co-reactivation also occurred
in 15.5% of patients undergoing kidney
transplantation.”’  Therefore, EBV  co-
reactivation is observed frequently in CMV
viremia patients with different conditions.
We also investigated risk factors of EBV
co-reactivation in patients with CMYV vire-
mia. Risk factors for EBV co-reactivation
were aging and high DNA levels of CMV,
as noted in previous work.*'* Additionally,
EBV co-reactivation occurred significantly
more often in patients aged 65 to 74 years
than in older patients (>75 years).
Conventionally in Japan, older individuals
are defined by a chronological age of >65
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years, with those aged 65 to 74 years as
early-old and those aged >75 years as
late-old. The former group is typically
more active and receives more intensive
treatment compared with older individu-
als.?® Thus, our data highlight the impact
of iatrogenic immunosuppression that can
occur through intensive treatment. In much
older patients, treatment intensity is often
reduced to avoid the occurrence of adverse
events and in consideration of the quality of
life. Accordingly, steroid pulse therapy was
administered significantly more often in
early-old patients than in late-old patients
in our study. However, no correlation was
found between steroid pulse therapy and
EBV reactivation. Because of the range of
diseases in this cohort, it was difficult to com-
pare treatment intensity among age groups.
Hence, further investigations are required to
elucidate the relationship between treatment
intensity and EBV reactivation.

EBYV appears to be integral to oncogen-
esis and virus containing tumors have been
associated with distinct patterns of tumor
mutations, supporting the role of EBV as
an oncogenic driver.>*** Additionally,
plasma EBV is detectable in a wide range
of EBV-associated lymphoid malignan-
cies'® and nasopharyngeal carcinoma,'¢
and its quantitation may allow improved
prognostication of these diseases.'®*
However, such cases were not included in
this study while EBV-associated hemopha-
gocytic lymphohistiocytosis and chronic
active EBV infection were included in non-
malignancies and co-reactivation were
found in both cases. Recently, EBV
microRNAs were detected in 27% of 8955
individual tumor samples representing the
breadth of cancer. The increased levels pre-
dicted poor outcomes of patients with acute
myeloid leukemia and may reflect immune
impairment.”® In the current study, we
found that nonmalignant disease was asso-
ciated, albeit not significantly, with
co-reactivation compared with malignant

disease. Because of the retrospective
nature of our study, the selection of patients
who received CMV antigenemia tests may
have been biased towards those with non-
malignant diseases who received immuno-
suppressive therapy. Therefore, patients
with malignant diseases comprised 29% of
all patients and 19% of older patients. The
small sample size meant that the association
of malignancy with EBV co-reactivation
was barely assessed and remains to be
investigated.

In this cohort of patients, CMV reacti-
vation was being monitored closely as their
physicians postulated that it was possible
following the administration of immuno-
suppressive treatment and/or chemothera-
py. Such additional virus monitoring
could provide detailed information about
immune status, and adjustments of
treatment intensity may be guided by
co-reactivation and viral loads. Indeed, a
benefit in monitoring EBV viral loads in
lung transplant recipients for long periods
after transplantation was previously
reported.?”” Moreover, iatrogenic immuno-
suppression can be more severe in older
patients than those in younger age groups.
Thus, an opportunity remains to investigate
the role of EBV DNA monitoring in the
assessment of immunosuppression and
immunosenescence to make treatment adjust-
ments in older patients receiving immunosup-
pressive therapy and/or chemotherapy.

There are several limitations of this
study. First, the cohort comprised patients
with a variety of diseases so comparisons of
treatment intensities for different diseases
was difficult. Additionally, each disease is
related to aging, which affects immune
function differently. Second, the study was
retrospective and the cohort consisted of
patients who underwent CMV antigenemia
tests because of suspected CMV infection.
Thus, selection bias existed and a future
prospective study is required to verify find-
ings. Third, patients with multiple samples
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often have more positive results for both
viral DNAs than those with only a single
sample. In fact, EBV co-reactivation was sig-
nificantly more common in patients with
multiple samples available. Therefore, EBV
reactivation might be missed in patients with
few samples and co-reactivation might have
occurred more frequently in our study.

In conclusion, we observed a high fre-
quency of EBV co-reactivation in associa-
tion with CMV viremia in the present
study. EBV DNAs were frequently detected
in older patients, especially in those aged
65 to 74 years. EBV co-reactivation was
shown to be related to aging as previously
reported,'* and may also be related to high-
intensity treatment which is particularly
administered to early-old patients. EBV
DNAs may therefore be an indicator for
iatrogenic immunosuppression and immu-
nosenescence, but it remains to be deter-
mined whether the monitoring of EBV
DNA during immunosuppressive therapy
and/or chemotherapy is beneficial.
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Appendix

List of patient diseases.

CMV

EBV EBV

Disease N

Malignant 26
Acute myeloid leukemia
Adult T-cell leukemia
Anaplastic large cell lymphoma
Cervical cancer
Diffuse large B cell lymphoma
Follicular lymphoma
Lung adenocarcinoma
Mantle cell lymphoma
Multiple myeloma
Myelodysplastic syndrome
Peripheral T lymphoma
Nonmalignant
Acute respiratory distress syndrome
Adult Still’s disease
Alveolar hemorrhage
ANCA-positive vasculitis
Asthma-COPD overlap syndrome
Bronchial asthma

2
I
|
2
7
I
4
I
3
3
|
56
I
3
|
I
I
|
Central nervous system vasculitis |
I
I
I
I
I
I
9
2
3
I
2
2
5
|
2
I
I
3

[0, )
N
(6,

Chronic active EBV infection

Crohn’s disease

Cryptogenic organizing pneumonia
Eosinophilic granulomatosis with polyangiitis
EBV-associated hemophagocytic lymphohistiocytosis
Hemophagocytic syndrome

Interstitial pneumonia

Mixed connective tissue disease

Nephrotic syndrome

Pemphigus

Polymyositis

Post kidney transplantation

Post lung transplantation

Purpura nephritis

Rheumatoid arthritis

Systemic lupus erythematosus

Takayasu arteritis

Ulcerative colitis

0

OO0OWO ———0O0ON—NN—00——00—00000—0O0O ——00—0 N NOOOo —
— O ——OBN—N———DhO0O——00—00———NN—N—O0O0——00—00—o0ouwu +
O OO —0 000000 —0000DO0DO0DO0ODO0ODO0ODO0ODO0ODO0OONOOOOOOOO —0—N —+

N —0 OO0ONOOODOONOOODODOO—0000—0—ON—OhMNOOOOO — 0

CMYV, cytomegalovirus; EBV, Epstein-Barr virus; ANCA, antineutrophilic cytoplasmic antibody; COPD, chronic obstructive
pulmonary disease.
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