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Detection of Human Herpes Viruses CMV, EBV, and HHV6 and their
co-infection in renal and allogeneic hematopoietic stem cell transplant
recipients by multiplex real-time PCR
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INTRODUCTION

Background: Herpesviruses infection especially Cytomegalovirus (CMV)

2] in transplant recipients cause life-threatening diseases. Furthermore, their

management may be complicated by co-infection with other human herpes
viruses like Epstein-Barr Virus (EBV) and human herpes virus 6 (HHV6).
Besides CMV, no data is available for EBV and HHV6 in transplant
recipients in the country.

Study Population: The study included 48 renal transplant recipients, and
36 allogenic hematopoietic stem cell transplant (allo-HSCT) recipients
treated at Evercare Hospital in Dhaka, Bangladesh, between February 2015
and November 2023.

Materials and method: The transplant recipients were advised to undergo
CMV, EBV, and HHV6 PCR tests based on recommendations from
nephrologists and hematologists. The diagnostic method used was
multiplex real-time PCR, which allows for the simultaneous detection of
multiple pathogens in a single test.

Results: In renal transplant recipients, 43.75% tested positive for
herpesvirus infections. Among them, 35.42% had CMV as the sole
infection, while 8.33% had co-infections involving CMV, EBV, and HHV6.
In allo-HSCT recipients, 88.89% tested positive for herpesvirus infections.
Of these, 58.33% had CMYV as the only infection, 11.11% had HHV6, and
19.45% had co-infections with CMV, EBV, and HHV6. Interestingly, no
cases of EBV infection as a single pathogen were found in either group of
patients.

Thus, this study suggests that after renal and allo-HSCT transplant
procedures, multiplex real-time PCR for CMV, EBV, and HHV6 may be
valuable for the further management of these patients and warrants large
scale study.
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Multiplex PCR.

Human herpes viruses are herpes simplex virus
type 1 (HSV1) and type 2 (HSV2), varicella-zoster
virus (VZV), epstein-barr  virus (EBV),
cytomegalovirus (CMV), and human herpesvirus 6
(HHV6), human herpesvirus 7 (HHV7), human
herpesvirus 8 (HHVS) or kaposi’s sarcoma
associated herpes virus (KSHV).! Herpes viruses
are present in human population all over the world
and often reactivated in latently infected
immunosuppressed patients’. After renal and
hematopoietic stem cell transplant, herpesviruses
reactivation frequently occurs**. Among human
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herpesviruses, EBV,CMV and HHV6 may cause
severe and occasionally lethal complications in
transplant recipients, such as pneumonitis, enteritis,
encephalitis, and viral associated lymphoprolifera-
tive disorders etc™®. In transplant recipients it was
evident that CMV was an active introducer of some
members of the herpesvirus family like EBV and
HHV6. CMV can enhance the pathogenicity of
other viruses through interaction with the transplant
recipients body defense systems. As a result, co-in-
fection occurs and co-infection between CMV and
other herpesviruses like EBV and HHV6 were
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important cofactors of lethal and severe diseases'’.
Therefore, it is important to screen and monitor for
these viruses and diagnose any virus-related
diseases as early as possible to ensure the success of
transplantation. Though CMV was found positive in
approximately one third of renal transplant
recipients in early post-transplant period in
Bangladesh there is no data of co-infection rate in
the country!'!. Hematopoietic stem cell transplants
have been started in the country in the recent past
and there was no study yet regarding existence of
herpes viruses like CMV, EBV and HHV6 alone or
co-infection among allogeneic hematopoietic stem
cell transplant (allo-HSCT) recipients.

After the invention of real time PCR technology,
PCR assays are becoming widespread tools for
monitoring and alternative diagnosis'? . At the very
beginning of PCR technology, pathogen was
identified by conventional PCR and later with real
time PCR through which single pathogen was
detected by each run. However, conventional PCR is
laborious and monoplex PCR is expensive due to
the use of separate kit for each pathogen. Moreover,
there may be more than one virus simultaneously
reactivate after renal and hematopoietic stem cell
transplant'*!4. Real time multiplex PCR can resolve
this issue by detecting multiple pathogens
simultaneously by a single run which may save time
and money!'>16,

Here we report the existence of CMV, EBV and
HHV6 virus and their co-infection rate detected by
multiplex real time PCR in renal and allo-HSCT
recipients attended at Evercare Hospital Dhaka,
Bangladesh from February 2015 to November 2023.

MATERIAL AND METHODS

Method of data collection: The data of the patients
were taken from hospital information system of
Evercare Hospital Dhaka (Ex. Apollo Hospitals
Dhaka), Bangladesh. This study was carried out
between February 2015 and November 2023 among
renal and allo-HSCT recipients. Age, sex, type of
specimen clinical history etc. were used for data
analysis. To protect patients’ private information
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except for the age and sex, all samples were
de-identified and patient consent were not needed as
data is extracted from the routine test result
available in the hospital information system.

Clinical Samples: The samples were sent by the
Nephrology and Hematology department of
Evercare Hospital Dhaka. A total of 84 samples
were collected from the age group of 02-66 years
old. Peripheral blood with EDTA was collected
from post-transplant recipients who were advised
for CMV, EBV and HHV6 by Hematologist and
Nephrologist. Then centrifuge the tube and plasma
were separated in 2 ml micro-centrifuge tube and
plasma were used for DNA extraction. All samples
were stored at -20°C until DNA extraction and then
extracted DNA was stored at -80°C. All the
laboratory works were performed in the molecular
laboratory of Evercare Hospitals Dhaka.

DNA extraction & Multiplex Real time PCR:
DNA was extracted by using QIAamp DNA Mini
(Qiagen, Germany) spin column-based extraction
kit. 200 ul of sample was used for DNA extraction.
The elution volume was 50 pl. We used CE-IVD
approved Sacace CMV/EBV/HHV6 Real-TM
commercial multiplex real time PCR kit from
Sacace Biotechnologies Srl, Italy. The total PCR
volume was 25 ul where 15 pl master mix prepared
for each sample, Negative control (NC) and Positive
control (PC) and then 10 pl of extracted DNA, NC
& PC was added respectively in 0.2 ml PCR strip
tube. PCR amplification was done by Rotor-Gene Q
(Qiagen, Germany) and QuantStudio-5 Dx (Applied
Biosystems) thermocycler according to kit
manufacturer’s instruction which was programmed
as follows: Hold-95°C for 15 min, 5 cycles of 95°C
for 5s, 60°C for 20s, 72°C for 15 s, then 40 cycles
0of 95°C for 5s, 60°C for 20s (30s for QuantStudio-5
Dx) and 72°C for 15s. Signal was acquired at 60°C,
and analysis was performed on the linear scale.
Thresholds were set manually in each run. The
fluorescence was detected in ROX/Orange channel
for Cytomegalovirus, JOE/Yellow/HEX channel for
Epstein Barr Virus, CY5/Red channel for Human
Herpes Virus 6 and FAM/Green channel for
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amplification = of  internal  control. The
recommendations of the manufacturer were strictly
followed for DNA extraction and Real time PCR.

RESULTS

Our study population consisted of 84 transplant
recipients of which 48 (57.14%) were renal
transplant recipients and 36 (42.86%) were
allogeneic hematopoietic stem cell transplant
(allo-HSCT) recipients.

CMV/EBV/HHV6
recipients
Out of 48 patients 62.5% were male and 37.5%
were female in this group. 46 patients were

in  Renal transplant

motion (23.80%) were the most common symptoms
(table 3). Nausea, vomiting, breathing difficulties
were also observed.

CMV/EBV/HHV6
recipients

Out of 36 patients 72.23 % were male and 27.77%
were female in this group. Among them 32

in allo-HSCT transplant

(88.89%) were positive cases with at least one
pathogen and of them 21 (58.33%) were positive for
CMYV, 4 (11.11 %) were HHV6 and 7 (19.45%)
were co-infection cases (table 2). There was no
single EBV infection found in this group. Viral
infection rate was higher in male than in female.

Table 1: Distribution of CMV/EBV/HHV6 among renal transplant recipients

Total
Case

Age

(Years) Sex(M/F)

Positive

(7o)

Co-infection
CMV/EBV/HHV6
(%)

EBV HHV6
(%) (%)

CMV
(%)

Total Positive

M-0
F-0
M-1
F-0
M-12
F-8
M-16
F-10
M-1
F-0
M-30(62.5)
F-18(37.5)

M-0
F-0
M-1
F-0
M-6
F-3
M-7
F-4
M-0
F-0
M-14(66.67)
F-7(33.33)

20

26

1

48
(100)

Total
(%)

11

0

21

(43.75)

17
(35.42)

0
(0)

0
(0)

04
(8.33)

among 19-65 years old. Among all the patients 21
(43.75%) had at least one pathogen positive cases
and of them, 17(35.42%) were only CMV positive
cases and 4 (8.33%) were co-infection with CMYV,
EBV and HHV6 cases (table 1). There are no EBV
and HHV6 infections found as a single pathogen in
renal transplant recipients. Viral infection rate was
higher in male than in female. Among 21 positive
cases 66.67% of patients were male and 33.33%
were female. Among positive cases, generalized
weakness (57.14%), cough (47.61%), fever
(38.09%), abdominal discomfort (23.80%), loose
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Among 32 positive cases 68.75% patients weremale
and 31.25% were female. In this group, a higher
positivity rate was found in the age group of 19-45

years old. Among 32 positive cases the most preva-

lent symptoms were generalized weakness
(40.62%), nausea (34.37%), vomiting (34.37%) and
abdominal discomfort (31.25%) with loose motion,
fever, cough and breathing difficulties (table 3).
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Table 2: Distribution of CMV/EBV/HHV6 among allo -HSCT recipients

Age
(Years)

Sex(M/F)

Total Positive CMV
Case (%) (%) (%)

EBV  HHVe6

Co-infection
CMV/EBV/HHV6
(%)

Total

Positive

M-1
F-0
M-6
F-0
M-12
F-7
M-7
F-3
M-0
F-0
M-26
Total (72.23)
(%) F-10
(27.77)

46-65

>65

M-1
F-0
M-6
F-0
M-10
F-7
M-5
F-3
M-0
F-0
M-22
(68.75) 36 32 21
F-10 (100)  (88.89)  (58.33)
(31.25)

0(0)

7
(19.45)

Table 3: Clinical
(CMV/EBV/HHV6)
recipients:

symptoms of herpes viruses
in both group of positive

Symptoms

Renal transplant
recipients no.

allo-HSCT 6335
recipients 5%
(%) no. (%)

Generalized
weakness
Nausea

Vomiting
Loose motion

Abdominal
discomfort
Fever

Cough
Breathing

12 (57.14) 13 (40.62)

Renal transplant recipients

Co-infection rate

19.45%

13.89%

2.78% I 2.78%
|| |

Allo-HSCT recipients

2(9.52)
2(9.52)
5(23.80)

5(23.80)

8 (38.09)
10 (47.61)

4(19.04)

11 (34.37)
11 (34.37)
3 (9.37)

10 (31.25)

4 (12.5)
3(9.37)

3(9.37)

difficulty

CMV/EBV/HHV6 Co-infections

Co-infection was found in both renal and HSCT
groups. In renal transplant recipients total 4 (8.33%)
infection found and all were double infection.
Among them 3 (6.25%) were CMV and EBV and 1
(2.08%) was CMV and HHV6. There was no triple
infection found in this group. In allo-HSCT
recipients, a total of 7 (19.45%) co-infections were
found. Among them 5 (13.89%) were CMV and
HHV6 and 1 (2.78%) was CMV and EBV and 1
(2.78%) was CMV, EBV and HHV6 co-infection
(Figure: 1).

18

HTotal Co-infection ®CMV+EBV ®CMV+HHV6 B CMV+EBV+HHV6

Figure 1: Distribution of CMV/EBV/HHV6 co-infection in
renal transplant and allo-HSCT recipients.

DISCUSSION

Human herpes viruses particularly CMV, EBV and
HHV6 have a great impact on the health of
transplant recipients. Post-transplant infection is a
common cause of graft deterioration, morbidity,
and mortality'’. To our knowledge, this is the first
study in Bangladesh using the multiplex real time
PCR assay for detection of CMV, EBV and HHV6
DNA in renal and allo-HSCT recipients. It was
already proved that the multiplex assay is sensitive
and specific as the single real time PCR assay
which facilitates cost effective diagnosis and may
contribute to decrease in the use of antiviral agents,
viral complications, and hospitalization of
patients'®. The results of our study demonstrated a
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high level of CMV infection in both groups of
transplant recipients. CMV alone was positive
3542 % in renal and 58.33 % in allo-HSCT
recipients. Our data was similar with one PCR
based study in Bangladesh, where showed that
34.4% renal transplant patients were CMV
positive'!. A study from Brazil has also shown 39.4
% of CMV positive among renal transplant
recipients'. In renal transplant recipients, we found
CMV-EBV and CMV-HHV6 co-infection 6.25%
and 2.08%, respectively. The existence of these
co-infection reported in other studies were showed
CMV-EBV co-infection was 2.6% to 32.7% and
CMV-HHV6 co-infection was 9.1 to 29.3 % in solid
organ transplant recipients including renal
transplant recipients®*?!. In our study there are no
triple infections found in renal transplant recipients.
In allo-HSCT recipients, our data was also matched
with other study in Pakistan, where CMV detection
rate was higher and the positivity rate was 66.1% >
In this group, CMV-EBV, CMV-HHV6 and
CMV-EBV-HHV6 co-infection were found 2.78%,
13.89% and 2.78% respectively. We observed a

higher co-infection rate between CMV and HHV6
in our study. Higher co-infection rate was also
reported in two previously published studies where
co-infection of CMV and HHV6 among positive
cases were 52.3% ** and 52.8% ** in allo-HSCT
recipients.

In this study, we found HHV6 infection as a single
pathogen only in allo-HSCT recipients.
Interestingly, no cases of EBV infection as a single
pathogen were found in either allo-HSCT recipients
or renal transplant recipients.

Another important issue that needs to be mentioned
here is, the herpes viruses like CMV, EBV and
HHVG6 can affect the transplant recipient patients
through blood and blood products transfusion as
they can be transmitted through blood®. In the
context of Bangladesh, the transfusion medicine
department does not screen the blood donor for
CMYV, EBV and HHV6,% although healthy blood
donor may be infected by these pathogens. Several
studies from many countries exhibited the existence
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of herpes viruses, especially CMV, EBV and HHV6
infection and their co-infection among blood
donors?™*. Blood, or blood product transfusion may
be needed during treatment or after transplantation.
So, it is better to screen herpes viruses CMV, EBV
and HHV6 in all blood donors to reduce pathogen
transmission in renal and allo-HSCT recipients and
multiplex PCR can help to identify all herpes
viruses by a single test. Screening of CMV alone
may miss cases where infection may happen with
other member alone such as we found few cases of
HHV6 alone in allo-HSCT recipients.

CONCLUSION

Human herpesviruses remain an important
challenge in immunocompromised hosts, like
transplant recipients. In our study, we found
evidence of herpes virus infection and their
co-infection among both types of transplant
recipients. Till now, for latent infection, serology
remains a useful marker, but molecular based assay
needs for current diagnosis of herpes virus
infection. Multi-center based large scale research
may improve understanding of the burden of CMV,
EBYV, HHV6 infection and co-infections. Multiplex
real time PCR can be used due to its high sensitivity
and accurate diagnosis of herpesvirus viruses and
their co- infection for better management of
transplant recipients.
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