ISSN 001-6012

Rev. Acta Médica Costarricense
Edited by: Colegio de Médicos y
Cirujanos de Costa Rica

2021/ april-june; 63 (2): 1-9

Authors’ affiliation:

Laboratorio de Biologia Molecular,
Hospital San Juan de Dios.
?Servicio de Hematologia, Hospital
San Juan de Dios.

3Servicio de Nefrologia, Hospital
San Juan de Dios.

“Laboratorio de Biologia Molecular,
Escuela de Biologia, Universidad de
Costa Rica.

Abbreviations:

BK virus, BKV; Caja Costarricense

del Seguro Social, CCSS; Cytomega-
lovirus, HCMV; Epstein Barr Virus,
EBV; Genotype 3, gB3; Herpes 6,
HHV6; Hospital San Juan de Dios,
HSJD; Kidney transplantation, KT;
Hematopoietic progenitor cell or bone
marrow transplant, BMT.

Sources of support: laboratory
tests for transplant patients, Molecular
Biology Laboratory, Dr. Clodomiro
Picado T. Clinical Laboratory.
Conflict of interest: there was no
potential conflict of interest among
the participating authors.
elirojc@gmail.com

@OEE

BY NC SA

This work is under an
international license: Creative
Commons Attribution-
NonCommercial-ShareAlike 4.0.

Original

Viral loads in transplant patients and cytomegalovirus
genotyping

Elizabeth Rojas-Cordero!, Marfa Rodriguez-Sevilla2, Alvaro Herrera-Mufioz?, James
Karkashian-Cérdoba*

Traduccion articulo original: Rojas-Cordero E, Rodriguez-Sevilla A, Herrera-Munoz A,
Karkashian-Cordoba J. Cargas virales en pacientes transplantados y genotipificacion de
citomegalovirus. Rev. Acta Médica Costarricense 2021;63:78-87 DOI: 10.51481/amc.v63i2.1192

Abstract

Aim: The aim of this study was to determine the course of viral infections during a
period of one year, by measuring viral loads for Adenovirus, BK virus, Epstein-Barr virus,
Cytomegalovirus, and Human herpesvirus 6, in 30 patients from the Hospital Nacional
San Juan de Dios, undergoing kidney or hematopoietic progenitor cell transplants.

Methods: Viral loads were determined in ten blood samples from each patient: a pre-
transplant sample, eight samples obtained at two-week intervals post-transplant, and
one last sample at six months post-transplant. Viral quantification was performed by
real-time polymerase chain reaction and, only for Adenovirus, by end-point polymerase
chain reaction. Also, Cytomegalovirus genotypes were determined in patients that tested
positive for this virus, by polymerase chain reaction directed towards the glycoprotein B
gene and sequencing of the amplified fragments. These sequences were compared and
aligned with a reference sequence, using the Clustal Omega Program.

Results: Theresults of the studyindicated that 77% of the patients had at least one of the five
viruses detected and the virus with the highest prevalence was Cytomegalovirus, exhibiting
57% positivity in the total population studied. The most frequent Cytomegalovirus
genotype detected was genotype 3. The viral load behavior was monitored for each virus
analyzed as well as the incidence proportion between male and female patients.

Conclusions. Viral quantification and characterization in transplant patients allow for
better clinical management of patients with opportunistic infections and also better
management of pharmacological therapies.
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The replacement of human cells, tissues, or organs is used as a therapy to
restore or establish the normal function of damaged tissue or organ. !

Since the first successful transplant was performed, a vast experience in the
subject has been generated, developing a series of procedures that depend on the
type of transplant to be performed.

When talking about solid organ transplants such as kidney transplants, the
organ usually comes from a donor who may be living or also from a dead donor, who is
compatible with the recipient or transplanted person.?
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In the case of hematopoietic progenitor cell or
bone marrow transplants, the criteria become more
selective and because of the same complexity, a clas-
sification has been established to choose the most ap-
propriate one for the patient. Several diseases related
to hematopoietic progenitor cells have been success-
fully treated by bone marrow allotransplantation.?

Viruses belonging to the Herpesvirus group
are those that most frequently infect transplant
patients. The importance of Herpesviruses in this
population is justified by their ubiquity and their
ability to produce latency, which allows the virus
to reactivate and begin its replicative cycle in
conditions in which there is a decrease in immune
surveillance, as occurs in transplants.?

There are factors associated with transplanta-
tion based on which decisions are made for the ther-
apeutic management of the patient. Among these
factors are the states of neutropenia and immuno-
suppression triggered by the medications applied for
the graft to be successfully achieved and to reduce
the possibility of transplant rejection.* Another fac-
tor is the appearance of infections due to the reacti-
vation of previously established latent viruses, even
in early childhood.® The latency of viral infections is
characterized by three general properties: viral gene
products that promote virus replication in small
quantities, cells that harbor the latent genome and
are poorly recognized by the immune system, and
the persistence of the intact viral genome to initi-
ate a subsequent productive infection, ensuring the
spread of viral progeny to new hosts.® The latency of
certain Herpesvirus genomes can be maintained as
an episome in dividing cells, as is the case with Ep-
stein-Barr virus (EBV) in B cells or Cytomegalovirus
infection in salivary and mammary gland cells. Cy-
tomegalovirus (HCMV) infection is one of the most
significant causes of morbidity and mortality in indi-
viduals who are affected by episodes of immunosup-
pression such as transplantation.” HCMV represents
the first cause of primary infection in humans and
remains latent throughout life so that reactivation
can occur leading to reinfection.® The seropositivity
rate of the general population in developed coun-
tries ranges between 30% and 70% and is higher in
older and low socioeconomic subjects.®

HCMV glycoprotein B (gB) is a highly
immunogenic protein incorporated into the viral
envelope, which exerts an essential biological role
in the virus-host interaction, as it participates in the
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entry, propagation, and replication of the virus in
different host cells. % *Wild-type HCMV strains can
be classified into four major gB genotypic variants
(gB 1-4), based on the gB sequence. Each has a
tropism for distinct cell lines, leading to differences
in pathogenesis and disease severity.

Therefore,genotypiccharacterizationof HCMV
strains infecting immunocompromised individuals
may contribute to molecular epidemiological
studies and the definition of the role of viral genetic
variability in clinical expression and prognosis.!!

This study aimed to determine the course
of viral infections over a period of one year, by
measuring the viral loads of Adenovirus, BK virus,
Epstein-Barr virus, Cytomegalovirus, and human
Herpesvirus 6, in patients undergoing kidney or
hematopoietic progenitor cell transplantation,
treated at the Hospital San Juan de Dios (HSJD).

Methods

Patients: Thirty patients older than 12 years
with a diagnosis of kidney transplantation (KT)
and hematopoietic progenitor cell or bone marrow
transplantation (BMT) were studied. Samples from
patients of the Nephrology Service and Hematology
Service of the HSJD of the Caja Costarricense del
Seguro Social (CCSS), during a period of one year
(September 2015 to September 2016) were analyzed.
The number of transplanted patients in the study
was calculated based on the annual historical
behavior recorded at the HSJD in previous years
(Source: Nephrology and Hematology Service, HS]D-
CCSS). All patients underwent the informed consent
process, according to the procedures and protocol
established by the Local Bioethics and Research
Committee of the HSJD, CCSS (CLOBI), and the
Scientific Ethical Committee of the Tropical Diseases
Research Center (CIET), Faculty of Microbiology and
Vice-Rectory of Research, University of Costa Rica.

Method: Blood was collected through
venipuncture in Vacutainer tubes with EDTA
anticuagulant. The blood sample was centrifuged at
2000 g (4400 r.p.m.) for 20 minutes, to separate the
plasma which was used in this study. We performed
measurements in 10 samples per patient that
included: a pre-transplant sample that corresponded
to measurement 1 and then 8 samples every fifteen
days after the transplant for a period of 4 months
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(measurements 2 to 9) and the last sample at 6
months after the transplant (measurement 10).

Quantification and detection of virus nucleic
acid: Quantification of BK, HCMV, EBV, and HHV6
viruses was performed through real-time polymerase
chain reaction (PCR) to determine the viral load of
each one. Onlyin the case of Adenovirus, the detection
was performed qualitatively, by end-point PCR.

ForHCMV,the ABBOTT technique and equipment
were used. The nucleic acid was extracted through
electromagnetic particles that trap nucleic acids in
the Abbott m2000sp equipment. Subsequently, the
reaction mixture was assembled and finally, the HCMV
viral load was detected and quantified in the Abbott
m2000rt equipment. For the rest of the viruses, a single
extraction of nucleic acid was carried out using QIAGEN
columns in the QIAcube instrument. The principle
of the technique is based on several centrifugation
cycles through which the viral genetic material is
trapped in the silica gel columns and then the DNA is
released employing an elution solution, to be collected
in polypropylene tubes. The final volume of nucleic
acid extracted was 100 uL. From this extracted DNA,
each reaction mixture was assembled according to the
virus to be determined and the viral load of each virus
was determined by real-time PCR. The real-time PCR
reactions were performed in the Rotor-Gene equipment
of QIAGEN. In the case of Adenovirus, reagents from
SECASE were used to assemble the reaction mixture
and nucleic acid amplification was performed by end-
point PCR in a thermocycler from Applied Biosystems.
The electrophoretic run of the amplified fragment was
then performed on an agarose gel stained with ethidium
bromide and visualized through a transilluminator
with ultraviolet light. Samples were qualitatively
classified as positive or negative. Viral loads of the
remaining viruses were reported in terms of copies/mL.
Any viral load greater than the lower limit of detection
was considered a positive test and the upper and lower
limits of detection were determined by commercially
available and manufacturer’s recommendations.

Nested PCR and HCMV genotyping: HCMV-
positive viral loads were stored in a freezer that
maintains samples at -80 °C. For HCMV genotyping
purposes, only viral loads greater than 1000 copies/
mL® were worked with and a nested PCR was
performed to verify the presence of viral genetic
material using an agarose gel. Nucleic acid extraction
was performed from the samples saved and selected
for genotyping analysis using QIAGEN brand
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columns on the QIAcube instrument. For nested PCR,
a reaction mix from Thermo Scientific commercial
house No. K0171 was used. For the first round of
amplification, the external primer oligonucleotides
used were gB 1319 (5’TGGAACTGGAACGTTTGGC3?’)
and gB 1676 (5’TGACGCTGGTTTGGTTGAATG3’).
For the second round of nested PCR, primers gB
1319 (5’TGGAACTGGAACGTTTGGC3’) and gB
1604 (5’GAAACGCGCGGCAATCGG?3’). were used.
All primers were standardized for use at a final
concentration of 10 uM. The reaction mixture had a
final volume of 50 uL including the reaction solution,
each of the primers, DNA from each clinical sample,
and nuclease-free water. PCR conditions were as
follows: initial denaturation at 95 °C for 3 minutes,
25-40 cycles with denaturation at 95 °C for 30
seconds; hybridization at Tm 55 °C for 30 seconds,
and extension at 72 °C for 1 minute, with a final
extension at 72 °C for 5-15 minutes.

The 357 bp amplified product from the first
round was visualized on a 2% agarose gel stained with
ethidium bromide. A nested PCR was performed on all
the amplified samples from the first round to obtain
an amplified fragment of 285 bp. The conditions and
quantities for the second round were the same as for
the first round, but with the primers mentioned above.
For sequencing, the services of the CIBCM (Centro de
Investigacion en Biologia Celular y Molecular, Universi-
dad de Costa Rica) were contracted, where the samples
were analyzed on ABI 3500 equipment. The sequences
obtained from the patients were edited to leave only
the nucleotide sequence corresponding to codons 441-
511 of the gene for human HCMV glycoprotein B (gB).
For this purpose, an alignment of the sequences ob-
tained with the reference sequence Human Herpesvirus
5 strain HANRTRS5, complete genome (accession number
KY123652.1) was performed using the DNA Baser pro-
gram (Version 4.36.0.2.). The amino acid sequence was
compared by Blast analysis on the NCBI site (https://
blast.ncbi.nlm.nih.gov) and a Clustal alignment of the
amino acid sequences was performed to compare the
amino acid positions in the protein. Clustal alignment
was performed using the Clustal Omega tool (http://
www.ebi.ac.uk/Tools/msa/clustaloy).

Results

Of the selected sample of 30 patients, 21
underwent KT and 9 underwent BMT and the
distribution by sex was 15 men and 15 women, with
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only one patient under 18 years of age. In addition,
one patient had graft rejection on the second day after

one and a half months after receiving the graft. We
found that 23 patients (77%) tested positive for at

transplantation and three patients died approximately ~ least one of the viruses tested (Table 1).

Table 1. Distribution of the 30 patients with kidney transplantation (KT) and hematopoietic progenitor cell
or bone marrow transplantation (BMT) according to the type of virus found, time period September 2015 to
September 2016, Nephrology Service and Hematology Service, Hospital San Juan de Dios, Caja Costarricense
de Seguro Social.

Sex Adenovirus BKV HCMV EBV HHV6 TOTAL
Male 1 2 9 1 1 14
Female 6 3 8 1 2 20
TOTAL 7 5 17 2 3 34

Quantification and detection of virus
nucleic acid:

Table 1 shows the viruses found in each
patient. A total of 7 patients were found positive for
adenovirus, of which 3 corresponded to BMT and 4
to kidney transplantation. BK virus was detected in
5 cases, of which 2 were from KT and 3 from BMT.

The virus most frequently detected was HCMYV,
with 17 cases corresponding to 11 cases of KT and 6
of BMT. EBV was the least detected virus, with only 2
cases, and finally HHV6 with 3 positive cases.

In the Adenovirus-positive patients, one
positive qualitative measurement was obtained
in measurement 3, two in measurement 4, one
in measurement 5, one in measurement 6, one in
measurement 7, and one in the post-transplant
measurement. Table 2 shows the number of
positive patients according to the virus and sex of
the patient. In general, there were more viruses
present in the female population than in the male
population. Adenovirus was present in 6 cases in
women and 1 case in men.

Of the 5 positive cases of BK virus, 2 were male
and 3 were female. HCMV showed almost equal
behavior between men and women, since of the
total of 17 positive cases, 9 were male and 8 were
female. For Epstein-Barr virus, there was only one
female and one male case, while for HHV6 there
were 2 cases in females and one in males.

Figure 1A shows the behavior over time of
the viral load determinations of the BKV-positive
patients. It was observed that in patient 15 the viral
load was significantly elevated during measurement
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5, then declined and rose again in measurement 9,
while in the other patients’ virus was detected in
measurements 7 through 9 in the study.

Figure 1B shows the behavior of the viral load
over time for Epstein-Barr virus in patients 23 and
24. In both patients, the virus was detected in the
fourth measurement.

The only three cases that were positive
for HHV6 are shown in Figure 1C, where similar
behavior is observed. Patient 3, virus was detected in
measurement 2, while patients 13 and 19 virus was
detected during measurement three of the study.

Figure 1D shows the behavior over time of the
viral loads of HCMV-positive patients. This was the
virus that reported the most positive cases, with
high viral load values.

Patient 15 and patient 23 were the only
patients in whom multiple viruses were detected
simultaneously, as shown in Figure 2.

Nested PCR and HCMV genotype detection:

Ofthe 17HCMV-positive cases,only 13 patients
with viral loads greater than 1000 copies/mL were
considered. Of these 13 patients, only 11 samples
were amplified in the second round of PCR, and 8
of these samples corresponded to KT patients, and
the remaining 3 were from BMT patients. The bands
obtained were approximately 285 bp in size. Finally,
of the 11 samples amplified in the second round of
PCR, samples from 10 patients were successfully
sequenced and analyzed (Table 3). Only one patient
(number 15) exhibited an HCMV genotype 1, while
the others showed HCMV genotype 3. No mixed
infection was detected in the patients.
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Table 2. Distribution of the 30 patients according to viral detections and type of transplant, time period
from September 2015 to September 2016, Nephrology Service and Hematology Service, Hospital San Juan de
Dios, Caja Costarricense de Seguro Social.

PATIENT'S PATIENT’S TYPE OF Adenovirus BKV HCMV EBV HHV6
NUMBER SEX TRANSPLANT
1 Female KT Positive
2 Female KT Positive*
3 Male KT Positive
4t Male KT Positive
6 Male KT Positive Positive Positive*
7 Male KT
9 Female KT Positive
10 Female KT
11 Female KT Positive
12 Male KT Positive
13 Male KT Positive Positive
14 Female KT Positive Positive
17 Male KT
18 Male KT
19 Female KT Positive Positive
20 Male KT
21 Male KT Positive
22 Male KT Positive
26 Male KT Positive
27 Male KT
28 Female KT Positive*
5 Female BMT Positive Positive
8 Female BMT Positive Positive
15 Female BMT Positive Positive Positive
16 Female BMT Positive
23 Male BMT Positive Positive Positive
24 1 Female BMT Positive Positive
25 1 Female BMT
29 Female BMT
30 Male BMT Positive*

Kidney transplant (KT), hematopoietic progenitor cell, or bone marrow transplant (BMT).

Deceased patients.

*Low viral loads < 1000 copies/mL.
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HHV6, and D. HCMV. Measurement 1 is pre-transplant, measurements 2-9 were performed every 15 days post-transplant, and measurement
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Service, Hospital San Juan de Dios, Caja Costarricense de Seguro Social.

Discussion

For one year, the detection of five viruses was
carried out in thirty patients of KT and BMT of the
Hospital San Juan de Dios, with the approval of
informed consent from each of the patients.

In particular, bone marrow transplant patients,
due to the previous medication they receive, suffer from
a high depletion of cells, especially lymphocytes, which
leads to a favorable environment for the development
of many microorganisms, especially viruses. These viral
infections can develop as a result of a primoinfection
or latency due to past infections and, according to
clinical trials, 30% of deaths due to infections after
transplantation are due to viruses.'* Concomitant
infections with several viruses at the same time have
also been observed in this patient population.'

Generally, the activation of common Herpes-
viruses such as HCMV promotes the reactivation of

other latent Herpesviruses such as EBV, BK virus,
and Adenovirus. Of all the patients in this study,
seven were positive for Adenovirus, i.e. 23%, which
is in agreement with other studies indicating that
the incidence of Adenovirus in transplant patients
is higher than 21%.1>!4

Therapeutic management with antivirals causes
the viral load to decrease as observed in this study
where patients passed several positive measurements
but then the viral load drops to undetectable levels
by drug administration. It is worth mentioning that
these treatments, unfortunately, bring side effects to
the patient, especially hematological abnormalities,
mainly neutropenia, anemia, and thrombocytopenia.!”
For this reason, periodic measurements of viral load in
these processes are of great help since only those cases
that warrant it will be treated. The high toxicity and the
possibility of resistance to these antivirals is an issue
that should be taken into account for institutional
protocols since it is valid to perform therapeutic
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management by reducing immunosuppression and
observing the patient’s reaction.® > 1¢ In addition, the
cost for the institution per patient would be lower,
since these drugs are expensive.
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Figure 2. Time-course measurements of viral loads of A. BKV,
HCMYV, and EBV from BMT patient number 23 and B. BKV, HCMV,
and Adenovirus from BMT patient number 15. Measurement 1 is
pre-transplant, measurements 2-9 were performed every 15 days
post-transplant, and measurement 10 was performed at 6 months
post-transplant; time period from September 2015 to September
2016, Nephrology Service and Hematology Service, Hospital San
Juan de Dios, Caja Costarricense de Seguro Social.

The study shows a low incidence of EBV and
HHV6 viruses in comparison with HCMV, which
is curious since according to the literature, the
positivity for EBV in transplant patients could reach
up to 20%!* and 95% of adults are seropositive for
HHV6.3 This study showed that 2 patients out of 30
were positive for EBV (6%) and only 3 out of 30 were
positive for HHV6 (10%).

The study also showed that the virus that re-
ported the most cases was HCMV with 17 positive
patients, equivalent to 57% of the total number of pa-
tients involved in the project, which makes sense since
70% of the adult population worldwide is seropositive
for HCMV.¢® Ten HCMV-positive patients underwent
HCMYV genotyping by sequencing and the most pre-
dominant genotype was genotype 3 (gB3), which was
present in 9 patients. The remaining patient was the
only case of genotype 1 (gB1) and corresponds to a
kidney transplant patient. Studies indicate that gen-
otype 1 is not associated with fatal HCMV disease. '8

According to other studies,' the predominant
genotypein CostaRicawas genotype 2 (gB2),however,
in a smaller proportion, they also found genotypes 1
and 3. On the other hand, Cunha et al ! mention that
genotypes 2 and 3 are the most frequently found in
patients with bone marrow transplants.

Our study is not conclusive, since it has several
limitations such as a limited sampling, only plasma
samples were used, and the study population
refers only to transplant patients. For this reason,
it is suggested that in the future, a study with a
larger sampling that is more representative of the
population in question should be carried out.

Table 3. Multiple alignment of amino acid sequences deduced from the sequence of codons 441-511 of the gene for HCMV glycoprotein B (gB),
obtained from blood samples of the 10 HCMV-positive patients and with a viral load greater than 1000 copies/mL, time period from September
2015 to September 2016, Nephrology Service and Hematology Service, Hospital San Juan de Dios, Caja Costarricense de Seguro Social.

Codon
HANNTNORNVAOEFANNTNONVNOAANNTNONNNAODTNNTNONVONOAANNTNONVAODOEHNNITNONONOHNNTLNWONVNO
Sequence I3 I I IIIIT AR08 R e R R T R T T E TR oI RT3 RS2 RRRRIRIRIRR MM Genotype
Reference ELERLANRSSLNLTHNRTKRSTDGNNATHLSNMESVHNLVYAQLQFTYDTLRGYINRALAQIAEAWCVDQR Groupl
Patient 15 * ok ok ok ok ok ok ok ok k k ok k ok ok k k ok k ok k k k k k k k ok k k k k k k *x >k k k k k >k k *k k k k * * >k k k * k >k *k * *k >k k * * * k *k * * * * ¥ * * Groupl
PatientOl * %k %k %k % * % s *GV * S * R . RT KR ST * % TT * L S L E S * %k ok R *V L * k k k k k % % ¥ % ¥ % s * %k k k k k %k % k k k k 3k k k k k % Group3
PatiEnt04 * ok k ok Kk k %k S *GV * s * R - RT KR ST * ok TT * L S L E s * kK R *v L * ok ok ok k k Kk Kk k *k *k X s k ok Kk ok k k Kk k ok k k k *k k *k * * * Group3
PatientlZ * ok ok ok Kk k kK S *GV * S * R . . RT KR ST * ok TT * L S L E S * ok Kk R tv L * ok ok ok ok k Kk k k k k % S k ok ok ok ok ok k Kk k k k k k k Kk k k * Group3
Patient 13 * ok k k k k Xk S *GV * S * R . RT KR S T * ok TT * L S L E S * *x k R * v L * ok ok k ok k Kk k k *k *k X S * k ok ok k k k k ok k *k k *k k *k ¥ * * Group3
Patient14 * * * * * % *x g *x Gy * § * R . _ RTKRST* * TT*LSLES? **R* |\ L * %% % % % % %k % %k % % g % *k % k % % % & * % *k % %k % % % % % Group 3
PatientZl * k k k Kk k ¥ S *GV * S * R . . RT KR ST * K TT * L S L E S * Kk kK R *V L * ok *M* * k k k Kk k ¥ S * ok ok k ok k Kk Kk *k *k *k *k *k *k *k *k k * GrUUp3
Patientzz * k k k k ¥ % S *GV * S * R . . RT K R S T * ¥ TT * L S L E S * ¥ K R * v L * k k k k k k* ¥ ¥ * * % S * ok ok ok k kK Kk k k k ¥k Kk k k ¥ ¥ ¥ Group3
Patient23 * k k k Xk k X s *GV * S * R . . RT KR S T * K TT * L s L E S * ok k R * v L * ok k k k k Kk Xk k * *k X s * ok ok ok ok k Kk Kk k k *k *k k k k k *k * Group3
Patientze * k k k * ¥ * S *GV * S * R . . RT KR S T * ok TT * L S L E S * ok K R * v L * %k k k k kX X X * ¥ X X S * ok ok ok k k ok k k k k k k k ¥ X ¥ k Group3

Note: Amino acid positions that differ from the reference sequence used for HCMV (GenBank accession number: KY123652.1) are indicated
with a letter symbol, matching positions with an asterisk (*) ,and absent positions with a dash (-). The HCMV genotype determined for each
patient is shown in the last column and the gray shading corresponds to the most relevant positions for determining the HCMV genotype,

according to Chou and Dennison (1991).
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In conclusion, it can be stated that molecular
techniques are an excellent tool for the detection
and quantification of viruses and thus the treating
physician is able to give better clinical management
to the patient suffering from an opportunistic viral
infection. In addition, a better prognosis can be
achieved without having to use pharmacological
therapies that lead to undesirable side effects.?°
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