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Abstract

Introduction: Viruses are the most important and common cause of opportunistic in-
fections following transplantation. The risk correlates with the virus encountered, trans-
planted tissue and organ, intensity of immune suppression, and other host factors govern-
ing susceptibility. Infections caused by the human herpesviruses, continue to challenge
the clinical management of transplant recipients.

Aim: The aim of this study was to investigate the prevalence of herpesvirus infections
among pediatric hematopoetic stem cell and renal transplant recipients (HSCTR and
RTR).

Material and methods: This is a retrospective study of 150 pediatric HSCTR and RTR
investigated in plasma samples by PCR in multiple testings, on the presence of cytomeg-
alovirus (CMV), Epstein-Barr virus (EBV), herpes simplex virus type 1 and 2 (HSV1/2)
and human herpes virus 6 (HHV®6) during 2015/2016 period. Visualization of PCR prod-
ucts was performed by electrophoresis on 2% agarose gel with ethidium bromide. For
statistical analyses T test, McNemar's test, Chi - square and Fisher’s exact test were used.

Results: During 2015, statistical significance was reached at the follow ups, where 33.3%
(p=0.031) and 46.7% (p=0.016) of HSCTR, and 4.3% and 28.0% of RTR, had positive
CMYV and EBV results, respectively, in regard to the first test. During 2016, similar finding
was observed where HSCT recipients had 70.6% CMV (p=0.002) and 29.4% EBV positive

Key words: results during the follow ups. Cytomegalovirus (CMV) finding was negative in all RTR,
herpesviruses, but 12.5 and 4.0% of investigated kidney recipients were EBV positive during the first test
pediatric transplant recipients, and follow ups, respectively.

HSCTR, Conclusion: The results demonstrated that HSCTR are in a greater risk of CMV and EBV
RTR, infections, compared to RTR. Therefore, the importance of permanent post - transplant

post-transplant CMV monitoring, monitoring of herpesviruses is in timely diagnosis and prevention of overt infections
post-transplant EBV monitoring  from occurring.
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Sazetak

Uvod: Virusi su najznacajniji i najce$¢i uzrocnici oportunistickih infekcija nakon tran-
splantacije. Rizik od nastanka virusnih infekcija korelira sa vrstom virusa, tipom tran-
splantiranog tkiva i organa, vrstom i dozom imunosupresiva, stepenom imunosupresije
i drugim faktorima koji povecavaju osjetljivost recipijenata za nastanak infekcije. Herpes
virusne infekcije predstavljaju kontinuirani rizik kod primaoca solidnih organa, odnosno
mati¢nih celija hematopoeze.

Cilj: Cilj rada je bio da se ispita prevalencija herpes virusa kod djece posle transplantacije
mati¢nih Celija hematopoeze (HSCTR) i bubrega (RTR).

Materijal i metode: Ovo je retrospektivna studija koja je izvedena tokom 2015-2016. go-
dine i obuhvatila je 150 pedijatrijskih HSCTR i RTR, ¢iji su uzorci plazme visekratno
testirani na prisustvo citomegalovirusa (CMV), Epstajn-Bar virusa (Epstein Barr, EBV),
herpes simpleks virusa 1, 2 (HSV1/2) i humanog herpes virusa 6 (HHV6) metodom lan-
¢ane reakcije polimeraze (PCR).Vizualizacija PCR proizvoda vr$ena je metodom elektro-
foreze u 2% agaroznom gelu pomocu etidijum-bromida. Za statisticku analizu korisceni
su T-test, Meknemar (McNemar), Hi kvadrat i FiSerov test.

Rezultati: Tokom 2015. godine statisticka znacajnost je uocena u kontrolnim nalazima,
gdje je 33,3% HSCTR (p = 0,031) imalo pozitivan CMV, odnosno 46,7% (p = 0,016) po-
zitivan EBV u odnosu na prvo testiranje. Medu RTR, 4,3% je imalo pozitivan CMV, a
28,0% EBV pozitivan nalaz u ponovnom testiranju. U 2016. godini uocen je slican nalaz,
gdje je 70,6% (p = 0,002) recipijenata kostane srzi imalo pozitivan CMV, odnosno 29,4%
pozitivan EBV u kontrolnim nalazima, dok je CMV bio negativan kod svih RTR i u prvom
i u ponovnom testiranju, a EBV je bio pozitivan kod 12,5% pacijenata u prvom, odnosno
4,0% u kontrolnim testiranjima.

Zakljucak: Na osnovu dobijenih rezultata, HSCTR su u ve¢em riziku za nastanak CMV i
EBV infekcija od RTR. Permanentni monitoring herpes virusa tokom posttransplantaci-
onog perioda znacajan je za pravovremeno postavljanje dijagnoze i prevenciju nastanka
manifestnih infekcija.

Introduction

imbalances, etc (5). Immunosuppressive therapy in the-

The number of Hematopoetic Stem Cell Tran-

se patients brings an array of adverse effects which affect
patients’ survival and quality of life (6). Development of

splant (HSCTR), Bone Marrow recipients (BMR) and Re-
nal Transplant recipients (RTR) are increasing, with life-
style and life expectancy approaching non - transplanted
persons (1).

The objective of HSCT is to replace the hemato-
poetic and lymphoid system of a patient, which can be
done through two processes. First process is an autologo-
us HSCT, where the patient’s own cells are sampled and
reinfused after total body irradiation (TBI) or aggressive
chemotherapy treatment, with the purpose of completely
eliminating the patient’s hematopoetic stem cells. Second
process is an allogeneic HSCT, where the patient receives
cells from another individual, to whom the patient can be
related or not. Indications for these procedures vary and
include neoplastic diseases, congenital immunodeficien-
cies, acute leukemias, etc (2). The risk of infection after
allogeneic HSCT is considerably higher than autologous
HSCT, and is further alleviated by most severe complica-
tions of this procedure (graft rejection, Graft versus Host
Disease, etc) (3).

Kidney transplantation is the most promising tre-
atment for patients with terminal kidney failure, resulting
in longer life expectancy and better quality of life (4). Indi-
cations for pediatric renal transplantation include delayed
psychomotor development, Rickets, persistent electrolyte

more effective immunosuppression protocols decreased
the incidence of acute rejection, while at the same time
increased the incidence of viral infections (7). Viral infe-
ctions in the post - transplant period are associated with
higher morbidity, even mortality (8).

Transplant patients are submitted to immunosu-
ppressive therapy that profoundly impairs T - lymphocyte
function. These patients are particularly susceptible to di-
seases caused by the relevant herpesviruses such as CMV,
EBV, HSV1/2 and HHV6 (9). In transplanted patients,
HSV1/2 cause extensive and severe muco - cutaneous in-
fections, but the most severe and important infection is
encephalitis. Cytomegalovirus, while causing mild infecti-
ons in immunocompetent individuals, in transplanted pa-
tients can cause an infectious syndrome of life threatening
severity. Lymphoproliferative syndrome is a hallmark of
EBV infection in immunocompromised, while HHV®6 is
associated with rejection in transplanted kidneys, often as
a cofactor with CMV or EBV (10).

The aim of this paper was to investigate the preva-
lence of herpesvirus infections among pediatric hemato-
poetic stem cell and kidney transplant recipients.
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Material and Methods

Patients

Children, both HSCTR and RTR, from the Insti-
tute for Health Protection of Mother and Child of Serbia
“Dr. Vukan Cupic” and University Children’s Hospital,
Belgrade, Serbia, were retrospectively reviewed in the pe-
riod from January 2015 to December 2016. Plasma sam-
ples were tested for the presence of relevant herpesviruses:
HSV1/2, CMV, EBV and HHV6 in the Virology Laborato-
ry of Institute of Microbiology and Immunology, Faculty
of Medicine, University of Belgrade. A total of 150 bone
marrow and renal transplant recipients were included in
this study (HSCTR boys 25, median age 10; range 1-17
and 19 girls, median age 10; range 1-15; RTR boys 64, me-
dian age 18; range 2-22 and 43 girls, median age 16; range
2-22). All four relevant herpes viruses were tested in blood
samples of HSCT recipients, whereas only CMV and EBV
were tested in blood samples of RT recipients, according
to the protocols.

Isolation and amplification of viral DNA

All 150 patients were tested for herpesvirus DNA
in plasma samples, by PCR-based test. Due to variable
clinical course, our patients underwent subsequent con-
trol tests after the initial virology test. Blood samples were
collected in 5mL Vacutainer - tubes containing EDTA.
The DNA extraction was performed from 200 pL of plas-
ma using QIAmp Blood Mini Kit (QIAGEN GmBH,
Hilden, Germany), according to the manufacturer’s pro-
tocols. Blood samples were most frequently tested at least
two times, to prove the presence of relevant herpes virus-
es, with a time interval of 7 — 30 days between two testing.
In this way, monitoring of herpesvirus infections was done
with patients who had a positive result and received ther-
apy.

Using the qualitative commercial End - point kit
HSV 430/720IC (Sacace, Biotechnologies S.r.l., Como, Ita-
ly), HSV1/2 DNA was detected, according to the manufac-
turer’s instruction. For nucleic acid amplification of DNA
specific primers were used, directed against glycoprotein
B - gene of HSV. The length of specific amplified HSV
DNA fragment is 430 bp.

Using the PCR targeting of a 435 bp region in the
exon 4 of Mayor Immediate Early (MIE) gene, CMV DNA
was amplified. The amplification protocol was performed
using primers: FW 5’-ccaagcggcctctgataaccaagee-3’ and
REV 5’-cagcaccatcctectcttectetgg -3’ following several
steps: an initial denaturation at 950C for 5 min, followed
by 35 cycles 950C - 60sec, 580C - 60sec, 720C - 90sec, and
terminal elongation at 720C - 10 min (11).

For EBV DNA detection by nested PCR, two dif-
ferent sets of primers were used. The first-outer set ampli-
fied a 663 bp (FW 5’-gctaaggcattcccagtaaa-3’; REV 5°-gat-
gaacaccaccacgatg-3’) and the second-inner set of primers
(FW 5’-cggaaccagaagaccca-3’; REV  5’-tcccgcaccctcaa-
caag-3’) amplified a 506 bp within Carboxyl terminal LMP
1 coding region of EBV genome. The program for both

PCR reactions has initial denaturation step at 95°C for 5
minutes, 40 cycles of denaturation at 95°C for 60 seconds,
annealing at 47°C for 60 seconds and extension at 72°C
for 1 minutes with the final extension step of 72°C for 10
minutes (12).

The 520 bp fragment within UL67 coding region
of HHV6 genome was amplified using primers: FW (5’
gcgttttcagtgtgtagttcggeag- 3°) and REV (5’-tggccgcattcg-
tacagatacggagg-3’). The PCR program, for amplification
of HHV6, was initial denaturation at 95°C for 5 minutes,
57°C and 72°C 1 min, 30 cycles of denaturation at 94°C
for 60 seconds, annealing at 58°C for 60 seconds and ex-
tension at 72°C for 1 minute with the final extension step
of 72°C for 10 minutes (13).

The amplification of PCR, for all examined viral
DNA, was run in a reacting volume of 25 pL containing
12,5uL PCR Master Mix (QIAgenTaq PCR Master Mix,
Hilden Germany) 1pL (1pM) FW and 1pL (1pM) REV
primers, 5uL previously isolated DNA and 5,5uL injection
grade water. The PCR was carried out in thermocycler
Master Cycler Gradient (Eppendorf, Germany).
Visualization of PCR products

Visualization of all PCR products of appropriate
length was performed by electrophoresis in 2% agarose gel
stained with ethidium bromide and 100bp DNA standard.
Statistical analyses

For statistical analyses T test for two independent
samples, McNemar'’s test, Chi — square test and Fisher’s ex-
act test were used. All p values < 0,05 were considered sta-
tistically significant and p values < 0,001 were considered
highly statistically significant.

Results

The study included a total of 150 transplanted pa-
tients, which were post - transplantation tested on four
most relevant herpesviruses (CMV, EBV, HSV1/2 and
HHV6), during the whole study period, ie. 68 (45.3%) du-
ring 2015 and 82 (54.7%) during 2016. During 2015, 20
(29.4%) of the HSCTR and 48 (70.6%) of RTR were te-
sted for the herpesviruses, and in 2016, 23 (28.0%) of the
HSCTR and 59 (72.0%) of RTR were tested for the same
viruses.

In regard to the number of patients tested, there
was no statistically significant difference (p = 0.253, 68 vs.
82), however statistically highly significant more frequent
tests were done among children with kidney transplant (p
< 0.001, HSCT vs. RT = 43 vs. 107). This difference was
also observed within both years of our study. (Diagram 1)

Pediatric HSCTR were, according to statistical
analysis, highly significantly younger than RTR in each
year of the study - 10.55 vs. 15.44 in 2015 (p < 0.001) and
9.18 vs. 15.34 in 2016 (p < 0.001), respectively. (Table 1)

The most frequently tested herpesviruses were
CMYV and EBYV, and these tests came out with mostly nega-
tive results, both on the first test and in subsequent repe-
ated testing. However, comparing the HSCTR first testing
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to their follow ups, it can be seen that they had a greater

number of positive results during the follow ups, in com-

parison with their first tests. (Table 2 and Table 3) 75%
In 2015, all patients tested had negative HSV1/2
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and HHV6 results both at the first testing and the follow 4, B HsCT
ups, whereas during 2016, a significant number of positive W RT
results was noticed at the follow ups. (Table 2 and Table 3) s
0%
2015 2016 Total
Diagram 1. Comparison of number of tested children during
2015 and 2016.
Table 1. Average age of pediatric renal and HSCT patients during 2015 and 2016.
Year Transplant Type x +sd pS
Hematopoietic stem cell transplant recipients ~ 10.55+4.27
2015 <0.001
Renal transplant recipients 15.44+5.24
Hematopoietic stem cell transplant recipients ~ 9.18+5.57
2016 <0.001
Renal transplant recipients 15.34+5.74
Table 2. Results of all tests during 2015.
2015 Transplant type CMV EBV HSV1/2 HHV6
Hematopoietic stem negative 20 (100%) 19 (950%) 2 (100%) 2 (100%)
. cell transplant positive 0 (0%) 1(5.0%) 0 (0%) 0 (0%)
First Test .
negative 45 (100%) 39 (83.0%)
Renal transplant o N/A N/A
positive 0 (0%) 8 (17.0%)
Hematopoietic stem negative 10 (667%) 8 (533%) 5 (100%) 2 (100%)
Follow cell transplant positive 5 (33.3%) 7 (46.7%) 0 (0%) 0 (0%)
Ups negative 22 (95.7%) 18 (72.0%)
Renal transplant . N/A N/A
positive 1 (4.3%) 7 (28.0%)
Table 3. Results of all tests during 2016.
2016 Transplant type (01.%4% EBV HSV1/2 HHVe6
Hematopoietic stem negative 21 (955%) 20 (952%) 9 (100%) 9 (100%)
cell transplant positive 1 (4.5%) 1 (4.8%) 0 (0%) 0 (0%)
First Test
negative 54 (100%) 49 (87.5%)
Renal transplant o N/A N/A
positive 0 (0%) 7 (12.5%)
Follow cell transplant positive 12 (70.6%) 5(29.4%) 6 (46.2%) 1(7.1%)
Ups negative 25 (100%) 24 (96.0%)
Renal transplant B N/A N/A
positive 0 (0%) 1 (4.0%)

Statistical results showed that at the first testing
there was no difference among pediatric HSCTR, compa-
red to RTR, in the prevalence of CMV and EBV during
the whole study period (p = 0.298, p = 0.104). (Table 4)
However, there was a statistically significant difference at
the follow ups for the same study period (p < 0.001, p =
0.027). (Table 5)

Furthermore, the prevalence of HSCTR positive

CMV results at the first test is 2.4%, whereas at the follow
ups 53.1%. None of RTR had a positive CMV result at the
first test, and 2.1% had at the follow ups. Regarding EBV,
the prevalence of positive results among HSCTR at the
first test was 4.9%, and in subsequent follow ups 37.5%,
and the prevalence of RTR positive results was 14.6% du-
ring the first test and 16.0% at the follow ups. (Table 4 and
Table 5)
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Table 4. Comparison of EBV and CMV results between HSCT
recipients and RT recipients at the first testing during the whole

Table 5. Comparison of EBV and CMV results between HSCT
recipients and RT recipients at the follow ups during the whole

study period. study period.
Virus Result HSCT recipients  RT recipients p* Virus Result HSCT recipients  RT recipients
n, % n, % n, % n, %

Positive  1(2.4) 0(0.0) Positive 17 (53.1) 1(2.1)

CMV . 0.298¥  CMV _ <0.001§
Negative 41 (97.6) 99 (100.0) Negative 15 (46.9) 47 (97.9)
Positive 2 (4.9) 15 (14.6) Positive 12 (37.5) 8 (16.0)

EBV ) 0.104$ EBV ) 0.027$
Negative 39 (95.1) 88 (85.4) Negative 20 (62.5) 42 (84.0))

The prevalence of positive CMV and EBV results
among both HSCTR and RTR was greater at the follow
ups during 2015. (Diagram 2)

Moreover, during 2016 the prevalence of positive
results was greater within both groups of patients during
the follow ups, as well. (Diagram 3)

100
75 HSCT CMV p=0.031 EBV p=0.016
RT CMV p=0.500 EBV p=0.161 g
50 € W HSCT
7 g I RT
[
25
0
00
) o o p<0.001
First examination Control examination
First Test Follow Ups

Diagram 2. Prevalence of positive CMV and EBV results among HSCT and RT
recipients at the first test and follow ups during 2015.

100

HSCT CMV p=0.002 EBV p=0.125
70.6

75
RT EBV p=0.375

50

w2
Q
—3

LY 1IGARGCE |
|
3 s

25 4

s o 0§

First examination Control examination
First Test Follow Ups

Diagram 3. Prevalence of positive CMV and EBV results among HSCT and RT

recipients at the first test and follow ups during 2016.
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Discussion

The more potent immunosuppressive therapy su-
ccessfully reduced the incidence of acute rejection and
improved graft outcomes, however it also resulted in a
higher incidence of viral complications (14). Solid organ
transplant recipients, without preexisting immunity, are
at the highest risk of developing diseases associated with
herpesviruses, especially when they receive an organ from
a seropositive donor (15). Human herpesviruses have a
unique capability to establish a lifelong latent infection in
the host and reactivation of viral infections is a common
cause of hospitalization in transplanted patients (15,16).
These infections are associated with certain adverse effects,
which include an increased rate of graft rejection, oppor-
tunistic infections and malignancies (17). The goal of viral
monitoring is the detection of subclinical viral infection,
either preventing progression to viral disease or leading
to early diagnosis of viral disease, which is associated with
improved outcomes (14).

Statistically younger patients are among the HS-
CTR, making it unlikely they had contact with the her-
pesviruses at the age they were transplanted. On the ot-
her hand the RTR, which were statistically older than the
HSCTR, had plenty of opportunities to come into contact
with the herpesviruses (p<0.001). Similarly, Robertson JD
discovered that in contrast to other solid organ transplant
recipients, RTR are generally older, predominantly due to
the availability of dialysis as a long-term overpass to tran-
splant (18).

The significant impact of CMV infection and pro-
gression to CMV clinically apparent disease among HS-
CTR, has been reduced by prophylactic, preemptive, and
beneficial treatments, using ganciclovir, valganciclovir,
foscarnet, and cidofovir (19). Knowing the patient’s sero-
status before transplantation is important because the risk
of occurrence of clinically manifested infections can be
predicted (20).

According to the results of our research, HSCTR
are in a greater risk of reactivation of CMV infection,
comparing to RTR. Ozdemir et al. reached a comparable
conclusion that 30% of HSCTR experienced late CMV re-
activation, and 93% within a year from the transplantation
(20).

The incidence of CMV in the RTR population
is estimated to be between 8 and 32%, according to Cu-
pic et al (21), and according to Smith JM, approximately
65% of pediatric RTR are CMV seronegative at the time
of transplant (14). Likewise, RTR included in this study
demonstrated a very low prevalence of positive CMV re-
sults, during the whole study period. Donor seropositivity,
especially in the absence of prior recipient infection, is the

most important risk factor for post - transplant infection,
rendering the recipients at risk of invasive CMV disease,
recurrent CMV, and ganciclovir - resistant CMV infecti-
on (21). Nowadays, routine monitoring allows for early
detection of active CMV infection and the introduction
of pre-emptive therapy with a goal to prevent overt CMV
disease from occuring. The clinical value of quantitative
plasma viral load measurements for prediction of CMV
disease, was studied by Humar et al. They indicate the si-
gnificance of pre and post-transplant screening protocols
and report a modest value of regular CMV plasma viral
load measurements in predicting CMV disease (23).

The greatest risk presents EBV infection, due to
it’s oncogenic potential and the primary goal is to prevent
the development of post - transplant lymphoproliferative
disorder (PTLD). The greatest risk for PTLD have the reci-
pients which are EBV seronegative before transplantation
and receive an organ from seropositive donor, therefore it
is most commonly seen in pediatric and young adult po-
pulations. Post - transplant lymphoproliferative disorder
can be present in many organs, including the allograft it-
self (21). According to Cukuranovic et al. RTR have the
lowest risk of acquiring PTLD in comparison with other
transplant populations, approximately 1-3% (22). A simi-
lar conclusion can be drawn from this research, conside-
ring the low prevalence of positive EBV results among the
RTR.

Hematopoetic Stem Cell Transplants were monito-
red on all four expected herpesviruses, in contrary to RTR
for which HSV1/2 and HHV6 were not expected and were
rarelly tested for. However, this does not diminish the im-
portance of these viruses in the post - transplant period,
especially HHV6, which together with CMV and EBYV, is
a cofactor in the appearance of clinically manifested CMV
or EBV infections or tumors. Perhaps, RTR are in a greater
risk when infected by JC or BK viruses, due to their ability
to establish latent infections within the kidneys and cause
renal transplant dysfunction and/or loss of the graft, with
manifestations like intestinal nephritis, ureteral stenosis or
ureteral stricture (21).

Conclusion

In consideration of these results, HSCTR are in a
greater risk of CMV and EBV infections, compared to the
RTR, due to their high prevalence of positive virology test
results. Therefore, CMV and EBV post - transplant moni-
toring is important, especially in pediatric HSCTR, but it
could also be useful for identifying other transplant reci-
pients at high risk for symptomatic herpesvirus infection
during the post - transplant period.
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