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Summary

The natural history of cytomegalovirus (CMV) infection and disease in transplant recipients prompts
researchers to look for other factors contributing to this infection. The ubiquity of lymphotropic
herpesviruses (EBV, HHV-6, and HHV-7) and the possibility of their activation during immuno-
suppression may suggest their participation in progression of CMV infection in patients after he-
matopoietic stem cell transplantation (HSCT).

The presence of CMV, EBV, HHV-6 and HHV-7 was confirmed through detection of viral DNA iso-
lated from leukocytes. Allo-HSCT recipients (n=55) were examined repeatedly within the average
period of 14+7.3 months post-transplant.

CMV DNA was detected in 24% of samples, while EBV, HHV-6 and HHV-7 were detected in 20%,
15% and 14% of samples, respectively. Based on the presence of CMV infection at particular time-
points (months) after transplantation, the recipients were divided into 3 groups: Group I (N=15)
with persistent infection, Group II (N=20) with transient infection, and Group III (N=20) with-
out CMV infection. In Group I, the mean CMV load was significantly higher than in Group II, and
the clinical condition of Group I patients was poorer. All these patients manifested clinical symp-
toms, and all had episodes of GVHD. All Group I patients developed multiple infections; EBV in
80%, HHV-6 in 47% and HHV-7 in 87% of patients. In the remaining groups, with the exception
of HHV-6 in group II, the frequency of infected patients was lower. In addition, CMV presence was
often preceded by another herpesvirus.

The results suggest that other herpesviruses, mainly HHV-7, could predispose CMV to cause chron-
ic infection.
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BACKGROUND

In the last few years hematopoietic stem cell transplanta-
tion [HSCT] has become the preferred treatment of con-
genital and acquired diseases of the hematopoietic system,
as well as other diseases such as lymphoproliferative disor-
ders, solid tumors, autoimmune diseases or immune de-
ficiencies [1-3]. Despite the expansion of this method of
treatment, and continuing evolution of technology, there
is still a serious risk of infectious complications after trans-
plantation, varying depending on the type of HSCT, the
underlying disease severity, conditioning regimens, pro-
phylaxis applied and post-transplant complications. The
risk and type of infection is various at different times post-
transplantation [4,5].

Human cytomegalovirus (CMV) continues to be one of the
most important pathogens in immunocompromised pa-
tients such as bone marrow or solid organ recipients and
those with AIDS [6,7]. Among these patients CMV may
cause a variety of clinical manifestations, from mild illness
to severe, life-threatening diseases, which follow a primary
or recurrent acute infection. Asymptomatic chronic CMV
infection may be associated with graft dysfunction, as well
as atherosclerotic vascular lesions [8-10]. The outcome
of CMV infection may be related to the humoral and cel-
lular immune status of the patient. In transplant patients,
the possibility of active infection depends on the serosta-
tus of the donor/recipient, the type of transplantation and
regimen of immunosuppressive therapy [7]. In cases of re-
current or persistent CMV infection, the probability of re-
infections with different CMV strains or of resistance as a
consequence of extended antiviral therapy must be consid-
ered. Recently, considerable attention has been given to re-
search of cofactors that might increase the severity of CMV
infection and affect CMV replication. One of these cofac-
tors may be a multiple infection, especially with other her-
pesviruses [4,11,12].

We studied the possible association between CMV replica-
tion, the outcome of CMV infection and other beta her-
pesviruses, such as human herpesvirus-6 (HHV-6), human
herpesvirus-7 (HHV-7), and Epstein-Barr virus (EBV) in pa-
tients after allogeneic hematopoietic stem cell transplanta-
tion (allo-HSCT). The above-mentioned viruses were select-
ed in view of the frequency of such infections in a healthy
adult population, their capacity for latency and reactivation,
and the similar route of transmission after HSCT transplan-
tation. Among these studied viruses only CMV is routinely
monitored after transplantation. The presence of DNA of
all the 4 herpesviruses (HHV-6, HHV-7, EBV, and CMV) in
HSCT patients was detected with polymerase chain reaction
(PCR) techniques. The kinetics of the appearance of par-
ticular herpesviruses after transplantation, not only in the
early, but also in the late period, more than 6 months post-
transplant was analyzed.

MATERIAL AND METHODS

Study population

Fifty-five recipients of allo-HSCT (23 females and 32 males,
average age 31.8+10 years), in whom follow-up could be car-
ried out for at least 6 months after transplantation, were

enrolled into the study. The transplantations were performed
at the Department of Hematology, Jagiellonian University
Medical College, between 2002 and 2008. The reasons for
transplantation were lymphoid (14 acute, 1 chronic) or
myeloid (23 acute, 9 chronic) leukemias. Eight patients re-
ceived transplants for other diseases. Twenty-eight patients
received peripheral blood stem cells, and 27 patients re-
ceived bone marrow cells, although within this group 2 of
them additionally underwent peripheral stem cell trans-
plantations. All patients received transplants from related
donors. Acute graft-versus-host disease (GvHD) was prophy-
laxed with cyclosporine and methotrexate. Acute GvHD and
chronic GVHD were diagnosed based on clinical evaluation
and graded according to the Seattle criteria [13].

The patients were given standard prophylaxis for bacterial
infections (ciprofloxacin, 500 mg twice daily p.o.), fungal
infections (fluconazole, 400 mg daily p.o.), and viral infec-
tions (acyclovir, 800 mg twice daily p.o.). No patients re-
ceived prophylactic intravenous immunoglobulins, ganci-
clovir, foscarnet, or cidofovir.

For over the first 3 months following transplantation the pa-
tients were weekly, prospectively monitored for CMV infec-
tion, and subsequently when CMV infection was suspected.
CMV infection and disease were defined according to the
published recommendations [14]. CMV-related symptoms
were classified as viral syndrome if the patient showed un-
explained fever for more than 2 days accompanied by ac-
tive CMV infection, and 1 of the following symptoms: leu-
copenia (<3x10/L), thrombocytopenia (<100x10°/L), or
arthralgia. The viral syndrome plus pneumonia, hepatitis,
gastroenteritis, or central nervous system involvement was
defined as CMV disease. Active CMV infection was deter-
mined based on the detection of pp65 antigen in leukocytes
(>2/200 000 cells) and/or the presence of CMV DNA in 2
consecutive blood samples. These results were obtained as
part of routine surveillance used for clinical management.
In these cases, antiviral pre-emptive therapy was based on
intravenous infusion of either ganciclovir at 10 mg/kg/day
or foscarnet at 60-90 mg/kg/day for 2 to 3 weeks. Patients
with evidence of CMV disease were treated with ganciclovir
5 mg/kg of body weight twice a day for 2 weeks and then
given maintenance therapy 5 mg/kg of body weight daily
or 5 times per week for 4 weeks, depending on the level of
immunosuppression and the absolute neutrophil count.
Some patients (n = 3) were treated with cidofovir at dose 5
mg/kg administered once every 2 weeks.

Detection of EBV, HHV-6 and HHV-7 DNA was carried out
only retrospectively and did not influence the diagnosis or
patient management. In collected samples with confirmed
CMV or HHV-6 presence, the viral load was also quantified
using real-time PCR (RT-PCR). EBV-positive samples were
evaluated by semi-quantitative PCR.

The study was approved by the Local Ethics Committee
and performed following the principles of the declaration
of Helsinki.

CMYV and EBV serology

CMYV and EBV serostatus was ascertained in all the donors
and recipients before transplantation, using a commercially
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available enzyme-linked immunoassay (Dade Behring), ac-
cording to the manufacturer’s instructions.

Specimen processing

Peripheral blood leukocytes (PBLs) obtained from the recip-
ients were isolated by sedimentation of 3-5 ml EDTA-treated
blood samples with 6% dextran in phosphate-buffered sa-
line (PBS) according to the method described by The et al
[15]. Suspension of 2x10° leukocytes per slide were used
to prepare cytospins. The slides were fixed in 5% buffered
formalin for antigenemia pp65 assay. The remaining leuko-
cytes (1x10° cells) were used for DNA extraction, using the
Genomic DNA Prep Plus kit (A & A Biotechnology, Poland).

CMYV detection

The CMV pp65 antigenemia test was carried out using flu-
orescent-labeled monoclonal antibodies NCL-HCMV pp65
(Novocastra) according to Gerna et al. [16]. The results were
reported as the number of positive cells/200 000 leukocytes.

CMV DNA detection was performed using primers specific for
viral glycoprotein B (gB) described by Mitchel et al [17]. The
“outer” set was 5-GTCGACGGTGGAGATACTGCTGAGG-3’
and 5’- GAGGACAACGAAATCCTGTTGGGCA-3’,
which amplifies a 150 bp sequence. The “inner” prim-
er pair was 5-ACCACCGCACTGAGGAATGTCAG-3’ and
5. TCAATCATGCGTTTGAGGAGGTA-3’, which amplifies a
100 bp sequence. PCR reactions were run in the thermocy-
cler (Biometra) in a total volume of 50 pl consisting of 2 pl
of sample DNA or control solutions in water, 10 mM Tris-
HCI pH 8.3; 50 mM KCI; 1.5 mM MgCl,; 1 U of Taq poly-
merase DyNAzyme™ (Finnezymes); 200 ptM dNTP and 100
ng of each primer. The amplification program included a
5-minute denaturation step at 94°C followed by 35 cycles
of 2 minutes at 95°C, 2 minutes at 58°C (for external prim-
ers) or 50°C (for internal primers) and 1 minute at 72°C. A
final elongation step at 72°C took 7 minutes. The presence
of Taq DNA polymerase inhibitors was checked by adding 2
ng of DNA (obtained from a cell culture infected with the
AD-169 strain of HCMV) to the negative samples and re-
testing. The PCR products were visualized by electrophore-
sis in 2% agarose gel with ethidium bromide.

CMV DNA was quantified using the Q-CMV Real-Time
Complete kit (Nanogen Advanced Diagnostics). The ampli-
fication reaction was specific for the MIEA gene of CMV and
for the region of the human beta-globin gene (as an inter-
nal control of inhibition). The probes specific for CMV and
beta-globin were fluorophore-labeled with FAM and VIC,
respectively. The reaction was performed in the Applied
Biosystems 7500 Fast Real-Time PCR System according the
manufacturer’s instructions. The results were calculated as
the CMV genomes equivalent/million cells.

EBYV detection

To confirm the presence of EBV-1 or EBV-2, 2-step PCR for
the EBNA2 gene was applied according to Venard et al. [18].
Five microliters of DNA isolated from clinical samples or
Burkitt lymphoma cell line (Namalwa) as a positive control
were used for amplification of 596 bp segment common to
EBV-1 and EBV-2. A total of 30 cycles (each cycle consisted

of 94°C for 1.5 minutes, 60°C for 1 minutes and 72°C for
2 minutes) were carried out. A second run used 2 sepa-
rate sets of primers specific for EBV-1 and EBV-2 amplified
fragments of 497 bp or 150 bp, respectively. PCR products
were analyzed in 2% agarose gel in TBE buffer containing
ethidium bromide. In EBV-positive samples, the amount of
EBV DNA was confirmed by a semi-quantitative PCR [19].

Amplification of HHV-6 and HHV-7 genomes

HHV-6 DNA was detected by nested PCR amplifying a
consensus sequence of the major capsid protein encod-
ing region for both HHV-6 variants A and B, as described
previously [20]. A total volume of 50 pl reaction mixture
containing 5 pl of the sample, 200 pM dNTP, 1 U Taq poly-
merase and 0.125 pM of each external primer in PCR buf-
fer was heated at 95°C for 5 minutes (initial denaturation)
and followed by 30 cycles of 1 minute each at 95°C, 55°C
and 72°C, with 10 minutes of final extension at 72°C. Five
microliters of the product from the first PCR were ampli-
fied in a second reaction under the same conditions, ex-
cept 0.25 pM of internal primers was used. PCR products
were visualized by electrophoresis, and those that amplified
this region were used to assess the type of HHV-6. To distin-
guish between A and B variants of HHV-6, a set of variant-
specific nPCR assays was applied according to Yalcin et al.
[21]. Samples positive for HHV-6 were quantified with the
commercial HHV-6 real-time PCR kit (Nanogen Advanced
Diagnostics). The amplification reaction was specific for
the OFR 13R region of HHV-6 and for the region of the
human beta-globin gene (as an internal control of inhi-
bition). The specific probes for the virus and beta-globin
were fluorophore-labeled with FAM and VIC, respectively.
The results were calculated as the HHV-6 genomes equiv-
alent/million cells.

HHV-7 DNA was detected by nPCR with primers described
by Chan et al. [20]. The final product was a fragment of 124
bp. Both rounds of amplification were performed in 50 pl
containing of 1xPCR buffer, 200 pM dNTP, 1 U Taq poly-
merase and 0.125 pM primers. The template volume was 5
pl of DNA in both rounds. An initial denaturation at 94°C
for 5 minutes was followed by 40 cycles of 1 minute each
at 94°C, 54°C (first round) or 48°C (second round), and
72°C for extension. The final elongation step was extend-
ed to 10 minutes at 72°C. The PCR product of the second
round was determined by gel electrophoresis.

With each run of nPCR, a negative no-template control and
positive controls of HHV-6 and HHV-7 (DNA obtained from
clinical samples of patients with previously confirmed infec-
tion) were included.

Statistical analysis

Descriptive statistics were used to calculate the incidence
of viral infections. The results were expressed as mean or
median +SD. Continuous variables were analyzed by the
Mann-Whitney U test, with values of p<0.050 considered
significant. Dichotomous variables were analyzed using the
chi-square test or Fisher’s exact test. Comparison of viral ki-
netics in particular groups was carried out by the non-para-
metric Wilcoxon’s test. The statistical analysis was done us-
ing the STATISTICA PL 8.0 software package.
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RESULTS

Frequency of CMV infection

Out of 55 patients that had undergone allo-HSCT, 45 were
pre-transplant seropositive; 39 of them obtained cells from
CMV-positive donors, and 6 CMV-seronegative patients re-
ceived mismatch transplantations. Active CMV infections
were confirmed in 35 recipients, in whom we were able
to detect CMV DNA in nested PCR and quantified using a
commercial real-time PCR test.

In this part of the study, 1386 samples obtained from 55
HSCT recipients were tested. The presence of CMV was
confirmed in 331 (23.9%) leukocyte samples. Based on
CMYV detection in PBLs and its kinetics after transplan-
tation, the recipients of allo-HSCT were divided into 3
groups: Group I — 15 recipients with persistent (main-
tained for >3 months) and recurrent (>5 episodes) CMV
infections; Group II — 20 patients with sporadic (<3 epi-
sodes) and transient CMV infections during the entire fol-
low-up period; and Group III — 20 patients without CMV
infections. The characteristic features of patients in each
group according to CMV results are presented in Table 1.
In Group I, CMV was significantly more frequent in PBLs
than in Group II, in 44.4% vs. 20.6% samples, respective-
ly. The difference of CMV loads in Group I and Group II
was also significant.

EBV, HHV-6 and HHV-7 DNA detection

Detection of EBV, HHV-6 and HHV-7 was performed in se-
lected samples, usually collected once to twice per month
during the follow-up. Based on the observation of fluctua-
tion of positive and negative results in consequent samples
obtained from the same patients, we concluded that detec-
tion of viral DNA was a result of viral active replication, not
latency. In analyzed positive samples for EBV or HHV-6, only
EBV type 1 or HHV-6 variant B were confirmed.

Serological examinations before transplantation had
shown that the majority of transplant recipients were EBV-
seropositive, only 5 persons were seronegative (2 in Group
II'and 3 in Group III), and all of them had obtained cell-
grafts from EBV-seronegative donors. After transplantation,
EBV DNA was detected in 12 (80%) patients in Group I,
in 13 (65%) patients in Group Il and in 10 (50%) recipi-
ents in Group III (Figure 1). The presence of HHV-6 DNA
was confirmed in 7 (47%) patients in Group I, 13 (65%) in
Group II, and in 7 (35%) in Group III. The detection pat-
tern of HHV-7 in patients belonging to the above-mentioned
groups was as follows: 13 (87%), 7 (35%) and 5 (25%), re-
spectively (Figure 1). The incidence of HHV-7 infection in
Group I was statistically more frequent than in Group II
and Group III (Fisher’s exact test, p=0.0027 and p=0.0004,
respectively). No such relationship was observed for the re-
maining viruses investigated.

The results of DNA detection of the studied viruses (EBV,
HHV-6 and HHV-7) with respect to the number of tested
samples in 3 groups of patients are presented in Table 2. EBV
was detected more frequently than other viruses (Chi? test,
p=0.01). The average number of EBV-positive PBL samples
was 2.7+3.3 per patient. The analysis of the frequency of EBV

DNA in leukocyte samples in particular groups of patients
demonstrated a significantly higher percentage in Groups
IT and III as compared to Group I (Chi? test, p=0.0035 and
p=0.0116, respectively), which may be explained by appear-
ance of EBV primary infection in patients in these groups.
The mean EBV load was determined as 2.73+0.67 log, , ge-
nomes,/million cells, range: 2.3-5.5, and it was comparable
in the studied groups.

The presence of HHV-6 and HHV-7 in the total number of
tested samples was apparently similar — 14.8% and 13.6%,
respectively (Table 2). The mean number of DNA-positive
samples per person for HHV-6 and HHV-7 was also similar —
1.5+2.6 and 1.4+2.4, respectively. The comparison of HHV-7
positive samples in Groups I to III revealed that HHV-7
DNA was more frequent in Group I than in Groups II and
I11, and these differences were statistically significant (Chi?
test, p<0.0001 and p=0.0013, respectively). Quantification of
HHV-6 DNA in real-time PCR showed a low load of HHV-6
in the tested samples, with the mean value of 0.82+0.68 log,
genomes/million cells, range: 0.3-2.28. The mean loads in
particular groups were comparable and the differences were
not significant (Mann-Whitney U test).

Correlation between CMV and other herpesviruses

Out of 558 samples examined concurrently for 4 viruses, 86
(15.41%) were positive for at least 2 viruses. Co-infections by
double viruses predominated (88.4%). Co-infections were
detected with the least frequency in Group III (5.3% of sam-
ples), while in Group I and Group II, they were observed
with a similar frequency, in 21.8% and 17.3% samples, re-
spectively. These frequency rates were significant in com-
parison to Group III (Chi? test, p<0.00001 and p=0.0005,
respectively).

The appearance of particular viruses following transplan-
tation is shown in Figure 2, in which the relative frequency
of viruses adjusted to the same number of samples exam-
ined for each virus was used. This approach was necessary
because in the first months after transplantation, the pa-
tients were monitored more frequently as compared to the
later period. Detection of CMV predominated in the early
months after allo-HSCT; however, in late period CMV also
appeared in both Group I and Group II. The statistical
analysis of differences in CMV DNA detection in consecu-
tive months after transplantation was significant in Group
I and Group II (Wilcoxon’s test, p=0.0023). A similar rela-
tionship in Group I and Group II was observed for HHV-7
(Wilcoxon'’s test, p=0.0052), and also for Group I'and Group
III (Wilcoxon’s test, p=0.0131). The kinetics of HHV-6 ap-
pearance was significantly different between Group II and
Group IIT (Wilcoxon’s test, p=0.0159).

Table 3 shows the sequence of appearance of studied vi-
ruses in patients in the following months after transplan-
tation. CMV or HHV-6 appeared earlier than others. The
mean time to initial detection of HHV-7 and EBV was sig-
nificantly longer and was comparable for each virus, also
in particular groups of patients. Because in the majori-
ty of patients herpesviruses appeared sequentially after
transplantation, patients infected with CMV were ana-
lyzed in order to establish a hypothetical relation between
CMV and other viruses (Table 4). The virus that was most
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Table 1. Characteristics of patients after allo-HSCT grouped according to CMV DNA results in PBLs.

e T
Gender (M/F) 10/5 9 13/7
Age at transplant (years)
Median +SD 36+11.5 32486 32+11.0 ns
Range 18-55 19-44 17-58
Diagnosis
Acute lymphoblastic leukemia 4 5 5
Chronic lymphocytic leukemia - - 1
Acute myeloid leukemia 7 10 6
Chronic myeloid leukemia 2 4 3
Lymphoma - 1 -
Multiple myeloma 1 - -
Severe aplastic anemia - - 3
Other diseases 1 - 2
Source of stem cells
Peripheral blood 7 13 8
Bone marrow 7 7 M
Bone marrow + peripheral cells 1 - 1
CMV serostatus (donor/recipient)
Positive/positive 13 12 14
Positive/negative 1 4 1
Negative/negative - 2 2
Negative/positive 1 2 3
Time of follow-up (months)
Median +SD 14.0+9.6 9.5+5.6 12.5+5.4 0.02 (I vs. 11)
Range 8-35 6-23 6-23
Results of CMV study:
No samples tested 545 432 409
No CMV DNA positive (%) 242 (44.4) 89(20.6) 0 <0.00001
Mean No pos. samples/patient 5D 16.1£5.3 45+1.9 <0.00001
Mean CMV load** +SD 2.83+0.78 2.39+0.96 0.012
Range** 1.28—-4.54 0.48-4.53
Median CMV load** 2.90 2.35

Group | — patients with maintained CMV infection, Group Il — patients with sporadic CMV infection, Group Il — patients without CMV infection. PBL
— peripheral blood leukocytes; SD — standard deviation; ns — non-significant; * — Chi-squared or Mann Whitney U test as appropriate; ** - log,  of
CMV genomes equivalent/million PBLs.

commonly detected as the first one was HHV-6, while in Differences between Group I and Group II were not sta-
the second run it was CMV, and in the third run it was EBV. tistically significant.
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EBV

HHV-6

HHV-7

Figure 1. Distribution of EBV, HHV-6 and HHV-7 in patients belonging to various groups.

Table 2. Incidence of EBV, HHV-6 and HHV-7 DNA detection in samples obtained from allo-HSCT patients in our study groups.

Virus No.tested™ % positive No. tef:::il I()‘ylo pos.) No. tei:zzlz‘; pos.) No. teGsrt‘:el:ip(‘l’/loI pos.)

EBV 742 20.08 270 (14.07) 244 (24.18) 228 (22.81)
HHV-6 568 14.79 210 (14.29) 186 (21.51) 172 (8.14)
HHV-7 558 13.62 209 (22.49) 179 (6.70) 170 (10.00)

*The differences of number samples in Group | and Group Il as well as in Group Il and I1l are not significant (Chi-square test).
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Figure 2. Relative frequency of CMV, EBV, HHV-
6 and HHV-7 DNA in peripheral blood
leukocytes post-transplant.
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Table 3. Time from transplantation to detection of first positive sample (in days) in patients after allo-HSCT.

No. of positive Days from HSCT

95% Cl for mean

Virus patients median +SD Range value p-Value®

HHV-6 26 46.0+134 11-597 50-159 ns
Mv 35 53.0£39 19-217 46-73

HHV-7 24 75.5+135 10-468 75-189 0.05
EBV 35 94.0+133 19-621 85-176 0.025

*Mann Whitney U test; comparison for CMV; Cl — confidence interval; ns — non-significant.

Table 4. Sequence of herpesviruses appearance following allo-HSCT in 32 CMV-positive patients with multiple infections. The table shows the
number and percentage (in brackets) of patients with positive samples.

Sequence My EBV HHV-6 HHV-7 p-Value*
n=32 n=25 n=20 n=20
« First 14 (43.8) 8 (320 11 (55.0) 5 (250 ns
« Second 15 (46.9) 5 (200 6 (30.0) 7 (350 0.03 for EBV
« Third 3 (94 11 (44.0) 3 (15.0) 7 (350 0.003 for EBV, 0.03 for HHV-7
« Fourth 0 1 (4.0) 0 1 (5.0) ns
* Fisher’ exact test, comparison to CMV frequency; ns — non-significant.
Correlation between viral infection and clinical DiscussION

presentation

The clinical presentation was different in patients belong to
particular groups (Table 5). It should be emphasized that
any viral DNA was detected in 5 individuals from Group
III; in 9 patients of this group, only single infections were
recognized, while double infections were seen in 5 patients
and a triple infection in 1 patient. In Group II, only 3 pa-
tients had singular CMV infections, while 3-virus infections
predominated. In Group I, all the patients had mixed vi-
ral infections, caused by 3 (13 patients) or 4 viruses. The
patients in Group I developed infections with the frequen-
cies of 3.13+0.35 viruses as compared to 2.65+0.99 and
1.10+0.85 viruses in Group II and Group III, respectively.
These differences were statistically significant for Group
I vs. 111, as well as for Group II vs. Group III (the Mann-
Whitney U test, p=0.000002 and p=0.00007, respective-
ly). The clinical condition of Group I patients was poor-
er than in the remaining groups. The indirect exponent
of this phenomenon was a longer time of follow-up and
a higher frequency of sample testing in Group I (Tables
1, 2). Liver dysfunction was predominant in all patients.
Aminotransferase levels (ALT and ASP) showed mean val-
ues that exceeded normal levels 624 — fold in Group I, 4+4
- fold in Group II and 3+1 - fold in Group III. These dif-
ferences in aminotransferases levels were statistically sig-
nificant for Group I as compared to Group II and Group
III (the Mann-Whitney U test, p=0.05). Severe GVvHD oc-
curred in all the patients belonging to Group I, while in
Group II' and Group III, this complication was observed
in 40% and 10% of recipients, respectively (Fisher’s exact
test, p=0.0002 and p<0.0001).

In long-term follow-up of allo-HSCT recipients (a half of
studied patients were tested for over a year after transplan-
tation), CMV, HHV-6, and HHV-7 frequently occurred in
our study. CMV DNA was present in nearly 24% of the test-
ed samples, and EBV-1 DNA was present in 20%. HHV-6 B
and HHV-7 were detected with a somewhat lower frequency,
in 15% and 14% of the samples, respectively. In the present
study, DNA isolated from leukocytes was used; however, oth-
er researchers prefer plasma for herpesvirus DNA detection
to eliminate the possibility of amplification of latent forms
of viral genome [11,22,23]. In the present study, productive
infections were confirmed using specific CMV transcripts for
productive and latent infection (data not shown). This was
based on results of a previous study [24]. Razonable et al.
[25], in their quantitative assay simultaneously performed
in DNA isolated from whole blood, plasma, PBLs and blood
mononuclear cells, demonstrated the adequacy of all blood
compartments for CMV monitoring in transplant recipients.
In our opinion, although the use of PBLs was more time-
consuming and technically more difficult than using whole
blood, it allowed us to detect and compare the presence
of specific viral DNA in the same leukocyte numbers dur-
ing reconstitution of the graft. In our research, using PCR
method for CMV, EBV, HHV-6 and HHV-7 detection, fluc-
tuations of positive and negative results in consecutive sam-
ples in the same patient were observed. The load of EBV and
HHV-6 DNA was relatively low, considering the most dan-
gerous complications following transplantation as a post-
transplant lymphoproliferative disease (PTDL) and HHV-6
meningoencephalitis. As the exponent of EBV and HHV-6
relative low loads was that none of the studied patients had
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Table 5. Clinical presentation of viral infections and GvHD in patients
belonging to various groups.

Groupl Groupll Grouplil
Asymptomatic infection 0 5 N
Symptomatic infection: 15 15 4
- Fever 2 - 1
« Thrombocytopenia 8 5 2
» Leucopenia 8 3 2
+ Anemia 1 1 -
« Gastoenteritis 3(1%) 2% -
+ Hepatitis 1* - -
« Increased aminotransferases 13 107 3
« Pneumonia 1* 1 -
+ Retinitis 1 - -
GvHD 15 g** 2
+ Acute 7 3 2
« Chronic 13 6 2
Chronic GvHD manifestation:

liver 8 2 1

skin 7 1 1

gastrointestinal tract 3 1

joint 3 2

conjunctiva 1

* CMV confirmed in autopsy; ** in one patient with a double EBV +
HHV6 infection; *** in 3 cases associated only with EBV or HHV-6
infection; * EBV primary infection (1 patient), EBV+HHV-7 (2 patients)
and EBV+HHV-6 (1 patient).

been affected by the lymphoproliferative syndrome associat-
ed with EBV and nobody suffered from HHV-6 encephalitis.
Moreover, the low load of HHV-6 found in our study shows
that none of the patients had chromosomal integration of
HHV-6. The chromosomal integration of HHV-6 found in
0.2-2.9% of asymptomatic individuals is characterized by
persistent abnormally high viral level [26,27].

The present study allows us to recognize multiple infec-
tions in the majority of allo-HSCT patients (69%): 10 sub-
jects were infected by double viruses, 22 by triple viruses,
and 6 recipients by 4 viruses. These mixed infections were
detected retrospectively. Both the American Society of
Transplantation Infectious Diseases Guidelines and other
authors of the VICTOR trial who carried out observations
on a large cohort of patients after solid organ transplanta-
tion have suggested that routine monitoring for viral co-in-
fections in patients with CMV disease is not indicated [11].
Our observations on HSCT recipients, however, confirmed
frequent herpesvirus mixed infections.

In our study, all patients were prospectively monitored for
CMV infection only, according to the guidelines for HSCT

patients and, based on positive results, they received antiviral
treatment. Even though all patients were administered antivi-
ral agents for a similar period, differences in CMV-clearance
in some patients were observed. Because of this we consider
that other viruses have an influence on the course of CMV in-
fection. Based on the presence of CMV infection and its kinet-
ics, the patients were divided into 3 groups and were studied
for other herpesviruses that could potentially promote rep-
lication and persistence of CMV. In Group I, severe compli-
cations and persistence of CMV DNAemia or high rates of its
recurrence were observed. Out of 20 CMV-infected recipients
in Group II, only 10 had CMV infections, but their response
to antiviral treatment was better. In this group, a prompt de-
crease of CMV DNA was noted, and recurrences were seen
rarely in follow-up. In Group III, CMV DNA was not detected.

In our retrospective study, materials previously collected
were used to search for other lymphotropic herpesviruses
that have the potential to be pathogenic in transplant re-
cipients. Based on PCR, EBV was detected in 64% patients,
in the same proportion as CMV, followed by HHV-6 (47%)
and HHV-7 (44%). These results were similar to previous
reports focusing on hematopoietic stem cell or solid organ
transplant patients [22,28-31]. Chan et al. [28] investigated
bone marrow transplant recipients, and reported CMV in
61%, HHV-6 in 28% and HHV-7 in 53% of the individuals,
while Kidd et al. [29] researched renal transplant patients
and observed parallel viruses in 58%, 23% and 46% of the
patients. A high percentage of infected patients were also
recorded by Wang et al. [30], and this is in agreement with
the observations presented here, especially with respect to
CMV and EBV incidence. Other authors also reported fre-
quent HHV-6 and HHV-7 infections in adult transplant re-
cipients, describing rates of 30-50%, as a result of reactiva-
tion of endogenous latent viruses [23,31].

In contrast, recently published results of multi-center studies
carried out in a large group (N=298) of solid organ trans-
plant recipients monitored in connection with anti-CMV
treatment demonstrated a low (<10%) frequency of HHV-
6 and HHV-7 infections, as well as rare instances (<15%) of
mixed infections [11]. The authors did not observe co-in-
fections to be associated with a higher degree of immuno-
suppression and poorer response to CMV infection treat-
ment, nor with the number of recurrent disease episodes.
They based their results on examinations of samples col-
lected at the onset of anti-CMV therapy and subsequently
on days 3, 7, 14 and 21 of the treatment. In our study, car-
ried out as long as 35 months post-transplant, an impor-
tant observation is that CMV presence was often preced-
ed by another herpesvirus infection (especially HHV-6).
In 18 of 32 patients (56%) with active CMV replication in
whom mixed infections were detected, the presence of an-
other herpesvirus preceded the appearance of CMV (Table
4). Observations presented in this paper confirm that the
majority of patients infected with 2 or more viruses had se-
quential and not concurrent infections. Co-infections were
relatively rare, only in 15% of samples. The most frequent
observation was sequential infections; their appearance
might promote an increase in CMV replication intensity
(e.g. through an additional immunosuppressive effect re-
sulting from a decreased number of T CD4+ lymphocytes
in HHV-6 or HHV-7 infections due to their selective tropism
or released cytokines) [32].
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There are no reports in the available literature where fol-
low-up was as long as in the present study. In most cases ob-
servations were carried out in the early post-transplant peri-
od, when immunosuppression is most intense, more often
up to 12 weeks [28,29,33]. The present paper draws atten-
tion to the common appearance of infections not only in
the period of hematologic reconstitution and the associ-
ated immunosuppression, but also in the late post-trans-
plant period. Recurrent infections by CMV, but also by EBV,
HHV-6 and HHV-7, were observed. Such infections may af-
fect the progression of CMV disease. It is too early to assess
if the symptoms observed in patients were truly caused by
CMV infection or if other herpesviruses could participate
in the development of CMV disease. This observation co-
incided with the data of others who reported similar co-in-
fections in solid organ recipients [22,34,35]. On the oth-
er hand, Pasca et al. [36] did not observe any correlation
between HHV-6 and HHV-7 with the presence of CMV ge-
nome and with CMV-related clinical manifestations. In our
study, EBV, HHV-6 and HHV-7, as well as CMV, were detect-
ed in PBLs in asymptomatic individual patients. Such an as-
ymptomatic infection was observed in 16 out of 50 (32%)
subjects, but only in groups II and IIL In turn, all Group I
patients presented clinical symptoms. In a few isolated cas-
es, CMV infection was confirmed “in sitw” in autopsy speci-
mens (Table 5). High aminotransferases, as an index of liver
damage, might have been the result of both a viral infection
and advanced GvHD [37,38]. In Group I, chronic GVvHD was
seen in 13 patients and extensive GVHD in 5. Otherwise, it
is well-known that CMV alone or in concomitant presence
of other herpesviruses may initiate or exacerbate GvH dis-
ease [39], hence it is difficult to pinpoint the cause of such
high aminotransferases level in our patients. The possible
contribution of HHV-7 to the process of transplant rejec-
tion has already been indicated by other authors [29]. On
the other hand, Chan etal. [40] did not observe, in pediat-
ric allogeneic recipients of HSCT, a significantly higher risk
for development of acute GVHD in HHV-7-positive patients.
Based on research presented here, the contribution of lym-
photropic herpesviruses to infections, particularly HHV-7,
in maintaining CMV replication and disease progression,
as well as in chronic GVHD progression, may be suggested.
The findings are in accordance with results obtained in sol-
id organ transplant recipients, in which allograft rejection
was a stronger predictor of late episodes of CMV disease
[41]. Our study demonstrates frequent lymphotropic her-
pesvirus infections in allogeneic HSCT patients with CMV.
Their presence could predispose to symptomatic CMV in-
fection and promote GvHD, and should not be omitted in
the study of the pathogenesis of CMV disease.

CONCLUSIONS

Our results from long-term observation of allo-HSCT adult
recipients confirm frequent lymphotropic herpesviruses in-
fections. Their presence could predispose CMV to cause
chronic and recurrent infection. Their monitoring, espe-
cially in patients after HSCT, should be considered.

REFERENCES:

1. Basak G, Torosian T, Starski E et al: Hematopoietic stem cell transplanta-
tion for T315I-mutated chronic myelogenous leukemia. Ann Transplant,
2010; 15: 68-70

o

©

ot

o

~

=}

10.

1

—

1

no

1

oo

14.

15.

16.

17.

18.

19.

20.

2

—

24.

25.

26.

Gratwohl A, Baldomero H, Aljurf M et al: Hematopoietic stem cell trans-
plantation: a global perspective. JAMA, 2010; 303: 1617-24

Starski E, Milczarczyk A, Franek E, Jedrzejczak W: Potential role of im-
munoablation and hematopoietic cell transplantation in the treatment
of early diabetes type 1. Ann Transplant, 2010; 15: 75-79

. Wingard JR, Hsu J, Hiemenz JW.: Hematopoietic stem cell transplanta-

tion: an overview of infection risks band epidemiology. Infect Dis Clin
North Am, 2010; 24: 257-72

. Tomaszewska A, Nasilowska-Adamska B, Prochorec-Sobieszek M et al:

Extrapulmonary tuberculosis following allogeneic stem cell transplan-
tation — a difficult and late diagnosis. Arch Med Sci, 2009; 5: 489-91
Alford CA, Britt WJ: Cytomegalovirus. In: Fields BN, Knipe DM (eds.),
Virology. Philadelphia: Lippincott — Raven Publishers, 1996; 2494-512
Razonable R: Epidemiology of cytomegalovirus disease in solid organ
and hematopoietic stem cell transplant recipients. Am J Health-Syst
Pharm, 2005; 62 (Suppl.1): S7-13

. Srivastava R, Curtis M, Hendrickson S et al: Strain specific effects of

cytomegalovirus on endothelial cells: implications for investigating
the relationship between CMV and cardiac allograft vasculopathy.
Transplantation, 1999; 68: 1568-73

. Grahame-Clarke C: Human cytomegalovirus, endothelial function and

atherosclerosis. Herpes, 2005; 12: 42-45

Streblow DN, Dumortier J, Moses AV et al: Mechanisms of cytomegalovi-
rus-accelerated vascular disease: induction of paracrine factors that pro-
mote angiogenesis and wound healing. Curr Top Microbiol Immunol,
2008; 325: 397-415

. Humar A, Asberg A, Kumar D et al: An assessment of herpesvirus co-

infections in patients with CMV disease: correlation with clinical and
virologic outcomes. Am J Transplant, 2009; 9: 374-81

. Krukowska J: Children’s mycoinfection after bone marrow transplanta-

tion. Ann Transplant, 2009; 14 (Suppl.1): 83-84

. Shulman HM, Sullivan KM, Weiden PL et al: Chronic graft-versus-host

syndrome in man. A long-term clinicopathologic study of 20 Seattle pa-
tients. Am | Med., 1980; 69: 204-17

Ljungman P, Griffiths P, Paya C: Definitions of cytomegalovirus infection
and disease in transplant recipients. Clin Infect Dis, 2002; 34: 1094-97

The TH, van der Berg AP, Harmsen MC et al: The cytomegalovirus anti-
genemia assay: a plea for standardization. Scan J Infect Dis Suppl, 1995;
99: 25-29

Gerna GM, Revello G, Percivalle E, Morini F: Comparison of different
immunostaining techniques and monoclonal antibodies to the lower
matrix phosphoprotein (pp65) for optimal quantification of human
cytomegalovirus antigenemia. | Clin Microbiol, 1992; 30: 1232-37
Mitchell SM, Fox JD, Tedder RS et al: Vitrous fluid sampling and vi-
ral genome detection for the diagnosis of viral retinitis in patients with
AIDS. J Med Virol, 1994; 43: 33640

Venard V, Carret AS, Pascal N et al: A convinient semi-quantitative meth-

od for the diagnosis of Epstein-Barr virus reactivation. Arch Virol, 2000;
145: 2211-16

Zawilinska B, Kosinska A, Lenart M et al: Detection of specific lytic and
latent transcripts can help to predict the status of Epstein-Barr virus in-
fection in transplant recipients with high virus load. Acta Biochim Pol,
2008; 55: 693-99

Chan PK, Ng HK, Cheng AFB: Detection of human herpesvirus 6 and
7 genomic sequences in brain tumours. J Clin Pathol, 1999; 52: 620-23

. Yalcin S, Karpuzoglu T, Suleymanlar G et al: Human herpesvirus 6

and human herpesvirus 7 infections in renal transplant recipients and
healthy adults in Turkey. Arch Virol, 1994; 136: 183-90

. Chapenko S, Folkmane I, Tomsone V et al: Co-infection of two beta-

herpesviruses (CMV and HHV-7) as an increased risk factor for ‘CMV
disease’ in patients undergoing renal transplantation. Clin Transplant,
2000; 14: 486-92

. Zerr DM, Corey L, Kim HW et al: Clinical outcomes of human herpes-

virus 6 reactivation after hematopoietic stem cell transplantation. Clin
Infect Dis, 2005; 40: 932-40

Zawilinska B, Bulek K, Kopec J, Kosz-Vnenchak M: In situ detection of
DNA and mRNA of human cytomegalovirus to distinguish different forms
of viral infection in leukocytes. Acta Biochem Pol, 2006; 53: 457-61

Razonable RR, Brown RA, Wilson J et al: The clinical use of various blood
compartments for cytomegalovirus (CMV) DNA quantitation in trans-
plant recipients with CMV disease. Transplantation, 2002; 73: 968-73

Ward KN, Leong HN, Nacheva EP et al: Human herpesvirus 6 chromo-
somal integration in immunocompetent patients results in high levels
of viral DNA in blood, sera, and hair follicles. J Clin Microbiol, 2006;
44: 1571-74

CR440



Med Sci Monit, 2011; 17(8): CR432-441

Zawilinska B et al - Herpesviruses infections in HSCT recipients

27.

29.

30.

34.

Hubacek P, Muzikova K, Hrdlickova A et al: Prevalence of HHV-6 inte-
grated chromosomally among children treated for acute lymphoblas-
tic or myeloid leukemia in the Czech Republic. ] Med Virol, 2009; 81:
258-63

. Chan PK, Peiris JS, Yuen KY et al: Human herpesvirus-6 and human

herpesvirus-7 infections in bone marrow transplant recipients. ] Med
Virol, 1997; 53: 295-305

Kidd IM, Clark DA, Sabin CA et al: Prospective study of human beta-
herpesviruses after renal transplantation: association of human herpes-
virus 7 and cytomegalovirus co-infection with cytomegalovirus disease
and increased rejection. Transplantation, 2000; 69: 24004

Wang FZ, Dahl H, Linde A et al: Lymphotropic herpesviruses in allo-
geneic bone marrow transplantation. Blood, 1996; 88: 3615-20

. de Ona M, Melén S, Rodriguez JL, Sanmartin JC, Bernardo MJ:

Association between human herpesvirus type 6 and type 7, and cyto-
megalovirus disease in heart transplant recipients. Transplant Proc,
2002; 34: 75-76

. Razonable RR, Paya CV: The impact of human herpesvirus-6 and -7 in-

fection on the outcome of liver transplantation. Liver Transpl, 2002; 8:
651-58

Miyoshi H, Tanaka-Taya K, Hara | et al: Inverse relationship between
human herpesvirus-6 and -7 detection after allogeneic and autologous
stem cell transplantation. Bone Marrow Transplant, 2001; 27: 1065-70

Osman HK, Peiris JS, Taylor CE et al: ,,Cytomegalovirus disease” in re-
nal allograft recipients: is human herpesvirus 7 a co-factor for disease
progression? ] Med Virol, 1996; 48: 295-301

35.

36.

37.

38.

40.

41.

Razonable RR, Rivero A, Brown RA et al: Detection of simultaneous be-
ta-herpesvirus infections in clinical syndromes due to defined cytomeg-
alovirus infection. Clin Transplant, 2003; 17: 114-20

Pacsa AS, Essa S, Voevodin A et al: Correlation between CMV geno-
types, multiple infections with herpesviruses (HHV-6, 7) and develop-
ment of CMV disease in kidney recipients in Kuwait. FEMS Immunol
Med Microbiol, 2003; 35: 125-30

Wojnar J, Giebel S, Holowiecka-Goral et al: A The incidence and risk
factors for chronic graft-versus-host-disease. Ann Transplant, 2006; 11:
14-20

Rzepecki P, Oborska S: How can we help patients with refractory chron-
ic graft versus host disease —single centre experience. Ann Transplant,
2009; 14(Suppl.1): 74

. Wang LR, Dong L], Zhang MJ, Lu DP: Correlations of human herpesvi-

rus 6B and CMV infection with acute GVHD in recipients of allogene-
ic haematopoietic stem cell transplantation. Bone Marrow Transplant,
2008; 42: 673-77

Chan PK, Li CK, Chik KW et al: Risk factors and clinical consequenc-
es of human herpesvirus 7 infection in paediatric haematopoietic stem
cell transplant recipients. ] Med Virol, 2004; 72: 668-74

Razonable RR, Rivero A, Rodriguez A et al: Allograft rejection predicts
the occurrence of late-onset cytomegalovirus (CMV)disease among
CMV-mismatched solid organ transplant patients receiving prophylax-
is with oral ganciclovir. J Infect Dis, 2001; 184: 1461-64

CR441



