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Introduction

Parvovirus B19 (PVB19) is a well known small DNA virus
from Erythrovirus genus which is in scope of pediatricians
for decades being associated with erythropoiesis disturbanc-
es, arthropathies, myocarditis and other disabling clinical
conditions [1]. PVB19 shows an affinity for the group P an-
tigen of red blood cells, with lesser amounts in blood plas-
ma [2]. The major hematotoxic effect of the virus is believed
to occur at the pronormoblast stage, thus causing arrest of
erythroid differentiation. PVB19 was occasionally found in
aplastic anemias and pure red cell aplasia [3]. In this respect,
most studies concerned resistant anemia cases in the patients
subjected to renal transplantation where the PVB19 was not
a rare finding [4].

Over past years, many cases of severe myocarditis and hepa-
titis were shown to be associated with parvovirus infection,
as based on positive PVB19 antigen or DNA findings in af-
fected tissues. Meanwhile, a latent persistence of PVB19 was
quite common in skin, synovial tissues, myocardium and
bone marrow [5]. The viral DNA was detectable in peripher-
al blood from 5% of healthy donors [6]. The authors suggest

only a small risk for the donor-recipient viral transmission
upon hematopoietic stem cell transplantation (HSCT).

Following allogeneic HSCT, a regular activation of herpes-
viruses and other latent pathogens is observed, due to acute
myelosuppression and cellular immune deficiency [7]. Clin-
ical significance of the PVB19 in immunocompromised pa-
tients is not yet properly evaluated. E.g., a prolonged study of
the PVB19 viral load has been performed in 53 patients after
allo-HSCT using quantitative PCR [8]. Specific viral DNA
was detectable in blood serum from 30% of the HSCT recip-
ients, either before, or after HSCT, at maximal viral load ob-
served 2 months post-transplant. However, the patients with
detectable PVB19 did not show specific clinical symptoms
that could be ascribed to parvovirus infection.

Hence, the aim of our work was to compare the PVB19
DNA levels prior to allogeneic HSCT, and at 1-2 months
post-transplant, as well as search for correlations with specif-
ic antibody levels, and rates of hematopoietic recovery with-
in 60 days after allo-HSCT. Our preliminary data point to
a prognostic significance of parvovirus DNA detection and
increased antibody levels as possible predictors for delayed
engraftment and febrile neutropenia.

Table 1. Clinical and demographic characteristics of the patients at allo-HSCT

Parameter Values, years or per cent
Age, years (median value) 7.2 years (0.6 mo - 19 years)
Gender:
Male 50% (27)
Female 50% (27)
Primary diagnosis:
Acute leukemia 55.5% (30)
AML 30% (16)
ALL 26% (14)
Chronic myeloid leukemia 1.8% (1)
Malignant lymphomas 3.6% (2
Juvenile myelomonocytic leukemia 15% (4)
Neuroblastoma 3.6% (2)
Severe aplastic anemia 9% (5)
Fanconi anemia 1,8% (1)
Beta-thalassemia 18% (1)
Wiscott-Aldrich syndrome 18% (1)
Osteopetrosis 18% (1)
Type 1 mucopolysaccharidosis 11% (6)
Stage at the time of allo-HSCT
Remission 1 33% (18)
Remission 2 or more 18.5% (10)
Absence of remission 20.5% (1)
Nonmalignant disease 28% (15)
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Patients and Methods

A total of 54 pediatric and adolescent patients were involved
into the study at the median age of 7.2 (0.6 to 19 years old),
who had a malignant disease of hematopoiesis or inherited
disorders as initial diagnosis who underwent allogeneic he-
matopoietic stem cell transplantation (allo-HSCT). Fifty-one
patient of this group were observed for at least 2 months (60
days) after HSCT. Selection of the patients for allo-HSCT,
choice of conditioning regimens, prophylaxis of acute graft-
versus-host disease was performed according to current
EBMT recommendations. Most part of this group was rep-
resented by the patients with acute myeloblastic leukemia
(AML, n=16; 30%), acute lymphoblastic leukemia (ALL,
n=14; 26%); severe anemias (SAA) of different origin (13%;
n=7). 33% of the patients were in first remission after pre-
vious treatment. Socio-demographic features their distribu-
tion for diagnosis and stage of the disease, main parameters
of allo-HSCT, are shown in Tables 1 and 2.

Bone marrow was used as a source of hematopoietic stem
cells in 83% of cases (45 of 54 patients), infusion of periph-
eral stem cells was applied in the rest of cases. Allo-HSCT
from unrelated donors was performed in 45% of cases (24
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of 54); grafting from matched related donors or haploiden-
tical transplant was carried out in, resp., 20% (11/54) and
35%(19/54) patients. Reduced-intensity conditioning was
used in nearly all cases (51 of 54 patients). Development of
acute GVHD within early period after allo-HSCT was ob-
served in 25 patients, of them, 9 exhibited grade 3-4 GvHD.

Regular examination of the patients before and after HSCT
was carried out according to a standard local clinical proto-
col. He study was approved by the Local Institutional Board
at the St.Petersburg State I. Pavlov Medical University. The
laboratory studies included routine blood counts and serum
biochemistry, urinalysis etc. Quantitative determination of
the PVB19 DNA as well as herpesviruses (CMV, EBV, HSV)
and polyomaviruses (BK, JC) in blood plasma was performed
before conditioning therapy which preceded allo-HSCT, as
well as on day +30 (D+30) and day+60 (D+60) post-trans-
plant. DNA extraction from the samples and quantitative
evaluation of PVB19 DNA in the samples were performed
by means of PCR with specific fluorescent probes using “Am-
pliprime” amplification kits» and «Amplisens® Parvovirus
B19-FL» (Moscow, Russia). Moreover, quantitative determi-
nation of IgM and IgG antibodies to PV B19 was performed
by means of ELISA at 0, +30 and +60 days post-transplant

Table 2. Main characteristics of allogeneic HSCT in the group under study

Parameters Value, % (abs.)
Stem cell source
Bone marrow 83% (45)
Peripheral stem cell cells 17% (9)
Donor type, HLA and ABO-compatibility
Nonrelated, compatible 37% (20)
Nonrelated, partially matched 8% (4)
Related matched 20% (1)
Related, partially matched 35% (19)
Full match for ABO system 50% (27)
Major mismatch for ABO system 22% (12)
Minor mismatch for ABO system 28% (15)
Conditioning regimen
Non-muyeloablative (RIC) 94% (51)
Mueloablative (MAQ) 6% (3)
Graft cellularity, CD34+ cells 106/kg (median value) 5.4 (11-15.6)
Immunosuppressive therapy used in conditioning regimens
Fludarabin 100% (54)
Antilymphocyte (antithymocyte) immunoglobulin (ALG/ATG) 26% (14)
Cyclophosphamide usage in GvHD prophylaxis 2% (39)
Usage of granulocyte colony-stimulating factor (G-CSF) 35% (19)
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using «Anti-Parvovirus B19 ELISA IgM» and «Anti-Parvo-
virus B19 ELISA IgG» kits (EUROIMMUN, Germany). The
diagnostic kits were used according to instruction. Statistical
evaluation of the data was performed with a Winstat soft-
ware package.

Results

Transplant-related changes of PVB19 DNA levels

and anti-PVBI9 antibodies

The pre-transplant contents of PVB19 DNA and IgG anti-
bodies to the virus showed a broad-range scatter (Table 3).
PVBI19 was found in about 30% of this group. Meanwhile,
68% of the patients exhibited increased levels of IgG-anti-
PVB19 antibodies (>10 IU/ml), thus reflecting high preva-
lence of adaptive immune response. Mean pre-transplant
contents of PVB19 DNA did not correlate either with age of
the patients, or with clinical disease status, physical state, or
activation of other latent viruses.

The detectability and average levels of PVB19 DNA as well as
concentrations of anti-PVB19 antibodies did not show any

significant changes at 30 or 60 days after HSCT, as seen from
Table 1. However, actual scatter of these data proved to be
rather sufficient, thus suggesting some correlations between
these laboratory indexes and clinical signs in the individual
patients. In particular, positive (non-zero) viral loads have
been registered in 28% before allo-HSCT, 29% and 30.4%
on day+30 and day+60 after allo-HSCT, i.e., ca 70% of the
patients showed negative results for PVB19 over the early
period after allo-HSCT.

Association between the PVBI19 presence and

specific antibody response after allogeneic HSCT
Detection of PVB19 DNA, both before and after allo-HSCT
was not accompanied by IgM antibody detection at any ob-
servation point, thus suggesting absence of acute infectious
process caused by parvovirus infection.

Meanwhile, a significant positive correlation was revealed
between the overall PVBI19 viral load and serum levels of
IgG antiviral antibodies (r=0.351; p=8x10¢, 153 assays in
54 clinical cases). In particular, a significant correlation was
shown between initial viral load and anti-PVB19 levels at all
three terms of the study (Table 3) being, however, maximal
at the day+60 after allo-HSCT.

Table 3. Mean and median values for serum IgG PVBI9 antibodies and specific viral DNA before and at different terms

after allo-HSCT

Parameters studied IgG-antibodies to PVBI19 (ME)

Study terms Pre-HSCT Day +30 Day +60

Number of cases 54 51 49

Mean values 27 248 228

SE 37 34 36

SD 269 24 254

Median 10.7 18.8 125

Minimum 0.0 16 15

Maximum 100.0 96.3 110.0
Parvovirus B19 DNA, copy number per mL

Study terms Pre-transplant Day +30 Day +60

Number of cases 54 51 49

Mean values 212 329 257

SE 6.7 9.7 6.8

SD 495 68.8 473

Median 0 0 0

Minimum 0 0 0

Maximum 1783 2809 2222
Correlations between the pre-transplant viral load and IgG anti-PVB19-antibodies at
different terms after HSCT

Study terms Pre-HSCT (Day 0) Day +30 Day +60

R quotient 0.367 0.274 0.464

P significance level 0.003 0.02 0.0004
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As seen from Fig. 1, a significant correlation exists between
pre-transplant PVB19 load and expressed antibody response
detected 60 days after allo-HSCT, i.e., the non-zero viral loads
were associated with higher contents of specific antibodies,
thus suggesting an association between the PVB19 persis-
tence and production of virus-specific antibodies (Fig. 1).

A half-life time for endogenous IgG antibodies in humans
is about 1 to 4 weeks [10]. These findings suggest an oppor-
tunity of specific antibody production at early terms after
intensive cytostatic treatment, due to potential activity of
surviving memory cells, e.g., plasmocytes which are able to
function for months and even years after their maturation.

Parvovirus B19 activation and hematopoiesis

recovery

In our clinical series, altered engraftment was, generally,
more common at increased IgG PVB19 antibody levels when
determined 60 days after HSCT (r=0.315; p=0.034; n=46).

Specifically, significant correlations were shown between in-
itial parvovirus DNA detection, and delayed reconstitution
of erythrocytes and platelets in peripheral blood (respective-
ly, r=-0,281; p=0.02; r=-0,303, p=0.01). Moreover, a marked
correlation was shown by the day +60 between decreased
neutrophils and platelet counts, and increased anti-PVD19
antibody levels (Fig. 2-4). This association may suggest a re-
lation between continued parvovirus persistence and slower
hematopoiesis recovery at 30 to 60 days post-transplant.

In general, altered engraftment was also registered in cases
with higher IgG antibodies against parvovirus 60 days after
HSCT (r=0.315; p=0.034; n=46).

Parvovirus detection and febrile neutropenia
Positivity for PVB19 DNA by the day +30 after allo-HSCT
was, in all cases (14/14), associated with febrile neutropenia
(FN), as compared to 68% in patients with nondetectable
PVB19 (23/34; p=0.015, see Table 4). Hence, active parvo-
virus infection could be a sufficient factor of common fe-
brile reactions observed in early posttransplant neutropenia,
thus supporting pathogenic significance of this infection, at
least, in a subgroup of immunocompromised patiens. Devel-
opment of these febrile responses could be either virus-in-
duced, or combined with secondary bacterial infections
caused by slow recovery of cellular immunity.
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Discussion

The issue of optimal PVB19 diagnostics in heavily treated
hematological patients is not yet clear, since the results of se-
rological tests (serum IgM and IgG antibodies) did not cor-
relate with detection of viral DNA in blood serum or bone
marrow from the HSCT recipients [9]. In our study, a pilot
group of the HSCT patients was studied for PVB19 DNA and
specific serum antibodies before and at 30-60 days following
transplantation. Generally, PVB19 was found at, generally,
in about 30% of this group. Remarkably, these figures were
at rather low levels, both pre-transplant and after HSCT and
did not sufficiently increase post-translant. Mean initial con-
centrations of PVB19 DNA did not correlate either with age
of the patients, or with clinical disease status, physical state,
or activation of other latent viruses. IgM antibodies to PVB19
were not detectable in HSCT patients, thus suggesting ab-
sence of de novo infection. However, class IgG antibodies
(>10 IU/ml) were, found in ca 70% of cases thus presuming
previous contacts with the virus. Hence, the background lev-
els of parvovirus exist both pre- and posttransplant.

A search for associations between PVB19 positivity and spe-
cific antibody production have shown a significant correla-
tion between pre-transplant PVB19 load and expressed IgG
antibody response detected 60 days after allo-HSCT, i.e., the
non-zero viral loads were associated with higher contents of
specific antibodies, thus suggesting an association between
the PVB19 persistence and production of virus-specific an-
tibodies.

Conclusions

1. Presence of parvovirus B19 in peripheral blood of children
before allogeneic hematopoietic stem cell transplantation is
followed by increased PV-specific antibodies of IgG class in
blood serum at all terms after allo-HSCT.

2. Increased IgG levels of antibodies in blood of the patients
after allo-HSCT is associated with relative neutropenia and
thrombocytopenia at first 2 months after allo-HSCT.

3. Detection of parvovirus DNA at initial terms (before
HSCT) and and 30-60 days later may be followed by devel-
opment of early febrile neutropenias and slower recovery of
erythrocyte and platelet counts in peripheral blood.

Table 4. Differences in PVB19 levels for the patients with vs without febrile neutropenia (p=0.015)

Febrile neutropenia Free of febrile neutropenia
Number of patients 37 1
Mean copy number of PVBI9 per ml plasma 4237 0
Standard deviation 71.01 0
Standard error 127 0
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Figure 1. Association between initial PVB19 viral load
(day 0), and IgG antibodies to PVB19 by day 60 (r=0.464;
p=0.0004). Abscissa, parvovirus concentration (copies
per mL); ordinate, amounts of specific IgG antibodies,
expressed as IU/ml, at 2 months after HSCT
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Figure 3. Negative correlation between the blood neu-
trophil counts, and amounts of PVBI9-specific anti-
bodies, expressed as IU/ml, at the day +60 post-HSCT
(r=-0.422; p=0.002)
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Figure 2. Negative correlation between blood platelet
counts (10° per mL), and IgG anti-PV B19 antibodies, ex-
pressed as IU/ml, at the day +60 post-HSCT (p=0.001;
r=-0.422)
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alloHSCT (r=-0.380; p=0.003)
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Pe3some

[TapsoBupyc B19 (IIB B19) aBisercs XOpOLIO U3BeCT-
HbIM JJHK-Brpycom, KOTOPBI, BOSMO>KHO, aCCOLUIPO-
BaH C HapyUIEHVAMY SPUTPOI033a. Byaydn 1aTeHTHbIM
BUpycoM, I1B B19 MokeT akTMBMPOBAThCA y MALMIEHTOB
¢ ocmabneHHbIM UMMYHUTeTOM. OfHAKO KIMHUYeCKoe
sHadeHue PV B19 mocne TpaHCIIaHTaIMy reMOno3TH-
yeckux cTBOOBbIX K1eToK (TTCK) mo cux mop He BbI-
sicHeHO. [109TOMY Lie/Ibl0 HallleTo JCCIeoBaHmsA ObLIIO
cpaBHeHye yposHeil IIB B19 mo ammorennonn TI'CK
n 4yepes 1-2 MecAla IOC/Ae TPAHCIUIAHTALMM, a TAaKXe
IIOVICK KOPPE/ALNII MeXAY Ha/lu4yeM BUpyca U ypOB-
HAMU CIeIpUYeckmux aHTUTENI, a TaKXKe BO3MOXKHBIM
BIUAHMEM BUpPYCa Ha BOCCTaHOBJIEHME TeMOII033a B
npepenax 60 cyr. mocne TI'CK. Hamre mccnenoBanue
BKJIIOYA/I0 54 OOJNBHBIX [IETCKOTO U IOLPOCTKOBOIO
BospacTa (0.6-19 yeT) ¢ OHKOreMaTONIOTMYeCKUMIY 3a-
6071eBaHAMM VIV HAaCJIef[CTBEHHOI IIATOJIOTHENL, KOTO-
poiM posopym annorernyio TT'CK. V3 sToit rpymisl,
51 manyeHTa HaOIIOfAMN B TeYEeHNe, TI0 KpailHell Mepe,
60 mHett mocne TTCK. 33% 60mbHBIX 3TOI IPYIIIBI Ha-
XOIUINCh B TIEPBOJ PEMICCUM TIOC/IE HPeAbIAYILero
nedeHnsA. Hemmenoa6matuBHOe KOHAVIIVOHVPOBaHUE
npuMeHAmM B 94% cnydaeB. AHTWIMMQOLMUTAPHDI
VIMMYHOITIOOY/IVH 1/ IUKI0(ochaMyy IPUMeHINA
B Ka4eCTBe MIMMYHOCYIIpeccuBHOI Tepanuu. Onpepene-
Hue JJHK IIB B19, a taxxe repunecsupycos (CMV, EBV,
HSV) n nomomasupycos (BK, JC) npoBoammm 1o KOH-
AVMLVOHMpYIoIe Tepanuy, npepmectsytomeit TTCK, a
taioke B 1HM +30 1 +60 nocite TpancnnanTanuu. Komm-
4yecTtBeHHOe onpepenenue 1B B19 ocymecrsnanm ¢ mo-
Molnplo reHocnenyduyeckoir IIIP B peanbHOM BpeMe-
HIJI KOMMEPYECKOJ TeCT-CUCTEMOI. AHTUTENa KIacCOB
IgG and IgM x I1B B19 onpenensany B KOMMIeCTBEHHOM
dbopmare metoom VIDA.

[Tomy4eHbpl cefylonie pesynbTaTbl: HEBbICOKIE YPOB-
Hu [JHK IIB B19 65111 06Hapy>keHbI B I1a3Me KPOBU
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y 31.5% manueHTOB [AaHHOTO KOHTMHIeHTa. OIHaKO
68% 9TMX GONBHBIX Me/IV 3HAYMMbIE YPOBHI aHTUTET
knacca IgG kx mapBoBupycy B19 B mmasme KpoBu
(>10 ME/mn), dYTo OTpakaeT BBLICOKYIO YacTOTY
alaTMBHOTO MMMYHHOTO OTB€Ta Ha JJaHHbIN BUPYC.
B memom, BcTpedaeMocTb u cpegaue yposau JHK I1B
B19, a TaxXe KOHIIEHTpaluy aHTUTEN K ITapBOBUPYCY
B19 He mpoABIAIOT CYIIECTBEHHBIX USMEHEHMIL B TeYe-
Hue 30-60 cyrok mocie TTCK.

Mexpy TeM, ITOKa3aHa CyIIeCTBEHHas OIOXKUTeNbHAsSA
KOppenAnusa MeXay BupycHol Harpyskoi IIB B19 mo
BCEMY MAacCVBY HAHHBIX U YPOBHAMU CIEIVIPUIECKNX
antuten kiaacca IgG (r=0.351; p<0.0001). Kpome Toro,
[TIIP-mmosutuBHOCTH 0 1B B19 Ha menp +30 mocre an-
n10-TT'CK 6b11a Bo Beex cmyvasnx (14/14) acconmmpoBa-
Ha C IMarHOCTUPOBAaHHON (peOpIUIbHOI HeITPOIIeHmel
Y 3TVIX MAIMIEHTOB, YTO IPeAIIosIaraeT IOTeHIMaIbHYIO
POJIb IAPBOBUPYCHOV MHGEKINM B reHe3e MOCTTPaHC-
IUIAHTAIVIOHHBIX MHEeKIINIL.

B yacTHOCTH, Ba)KHbIe KOPpPEIALNM ITOKa3aHbl MEX-
ny ucxopnHbpiM BblaBneHueM [JHK mapsoBupyca n ot-
JIO)KEHHBIM BOCCTAHOBJIEHMEM 4MC/Ia 9PUTPOLUTOB U
TPOMOOIMTOB B mepudepnieckoir KpoBu (COOTBET-
CTBEHHO, r=-0,281; p=0.02, n r=-0,303, p=0.01). BbraB-
JIeHa ¥ JOCTOBEPHAs KOPPe/ALsA MEeXY CHYKEHHBIMU
YPOBHAMIU HENTPO(GUIOB ¥ TPOMOOLUTOB depe3 60
CYT., ¥ HOBbILIIEHHbIMU TUTpamy aHTUTeN IgG k PV B19
B 9TOT CPOK. [JaHHBIe (paKThI HOIMYCKAIOT aCCOLMALINIO
MEeXJy aKTuBalueil mapBoBupyca B19 m samennen-
HBIM BOCCTAQHOBJIEHIEM Ie€MOII033a II0C/Ie a//IOTeHHO

TI'CK.

Kniouesble ¢10Ba

TpaHCITaHTAIA TEMOIIOITUIECKUX CTBOTIOBBIX KJIETOK,
napBoBupyc B19, akTUBaIVA, aHTMBUPYCHBIE aHTHUTETIA,
MIenocynpeccus, pedpuIbHas HETPOIeHNA.
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