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To derive guidelines for a safer bone marrow transplantation (BMT) policy, we have to study pre-BMT risk factors that may be associated
with an increased post-BMT death. Among those factors, the importance of pre-BMT viral hepatitis markers in BMT donors and recipients
remains unsettled. In the present study, we have determined the effect of prior donor and recipient cytomegalovirus (CMV), hepatitis B virus
(HBV), and hepatitis C virus (HCV) exposure on the incidence of those viral infections after bone marrow transplantation (BMT). The study
included 63 patients presented to the BMT unit; 28 of them underwent transplantation and 35 were not transplanted. All serum markers of
CMV, HBV, and HCV infections were monitored using ELISA technique, as well as PCR-DNA for CMV, HBV and HCV RT-PCR
techniques for HCY. The incidence of active CMVand HCV was 11/28 (39%) and 6/28 (2 I%) in post-BMT recipients compared to 2/35
(6%) and 2/35 (6%) in the 35 untransplanted patients (P=0.00003 and P=0.05). Whereas active HBV infection was non significantly
(P=O.I3) higher 3/28 (I I%) in the BMT patients in comparison to 1/35 (3%) in untransplanted patients. Ten out of the 19 (53%) of the CMV-
seropositive recipients developed CMV reactivation compared to 1/9 (11%) of the CMV-seronegative recipients who developed CMV
seroconversion. In addition, 3/8 (38%) of the HBV-seropositive recipients developed HBV reactivation in comparison to 0/20 of the HBV-
seronegative recipients. Moreover, 5/13 (39%) of the HCV-seropositive recipients developed HCV reactivation in comparison to 1/16 (6%) of
the HCV-seronegative recipients who developed HCV seroconversion. In conclusion, previous exposure to CMV, HBV, and HCV infections
in the recipients of BMT patients were found to influence the risk of developing those viral infections.
© 2004 Elsevier B.Y. All rights reserved.
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first 3 to 6 months after transplantation can result in hepatitis
Band C virus reactivation [2]. In hematopoietic cell trans-
plant recipients who are anti-HBc±anti-HBs-positive, but
HBsAg-negative, reactivation of latent infection can occur
and may lead to fulminant hepatic failure [3-6]. Hepatitis C
infection is a risk factor for veno-occlusive disease (YOD) of
the liver, but otherwise, has little short-term impact on
outcome after bone marrow transplantation. In the long term,
however, HCY infection may prove to be a significant cause
of morbidity and mortality, as some infected patients
gradually progress to cirrhosis and liver failure [2,7,8].

Hematopoietic stem cell transplantation is performed
annually in over 30,000 patients worldwide for a range of
underlying disorders, including hematological malignancy,
severe aplastic anemia, solid tumors, and genetic diseases [1].
Bone marrow transplantation (BMT) recipients are immuno-
suppressed and the impaired cellular immunity seen in the
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Cytomegalovirus (CMV) infection is a significant cause of
morbidity and mortality after allogeneic hematopoietic stem
cell transplantation. The majority of cases of active CMV
infection are considered to be due to reactivation of latent
infection [9]. Consequently, CMV serology status of the
recipient rather than the donor is the primary determinant of
risk for CMV conversion after T-cell-depleted allogeneic
hematopoietic stem cell transplantation [10,11,7]. Previous
studies have shown the effect of prior donor and recipient
CMVexposure on the incidence of CMV infection [12,9,10],
but the effect of prior donor and patient HBV and HCV
exposure on the occurrence of active HBV and HCV
infections is less clear and has not been well studied.

In this study, we sought to determine how CMV, HBV,
and HCV serology states of donors and recipients influ-
enced the risk of developing those viral infections.

This study was applied on 63 consecutive patients
presented to the BMT unit, Medical Oncology Department,
National Cancer Institute, Cairo University during the
period from January 2001 to January 2003. Of the 63
patients, only 28 underwent BMT. Transplant procedures,
including conditioning regimens and GVHD prophylaxis,
are summarized in Table 1. The study also included 28
matched donors. All donors and patients were screened for
the serum markers ofCMV, HBV, and HCVas well as active
virus infection was detected by PCR.

All serum samples were tested for: (l) CMV IgG
antibody (Ortho Diagnostic systems, Raritan, NJ, USA).
(2) HBV markers, including HBsAg, anti-HBs, and anti-
HBc antibodies (Abbott Laboratories, North Chicago, IL,
USA). (3) HCVantibody (Abbott Laboratories).

Active viral infections were studied by PCR for both
CMVand HBV, as well as RT-PCR for HCY.

The total nucleic acid was extracted from 100 III of
patient's serum as previously described by Boom et al. [13].

Hundred nanograms of the extracted DNA was used for
CMV-PCR as previously described by Einsele et al. [14], who
amplified 147-bp DNA fragment between positions 1767 and

Table I
Clinical characteristics of BMT patients (11=28)

Age (years)
Mean±S.D.
Range

Sex
Male:Female

Diagnosis
Acute myeloid leukemia
Chronic myeloid leukemia
Acute lymphoblastic leukemia
Non-Hodgkin's lymphoma
Hodgkin's disease
Fanconi's anaemia

Type of transplant
Allogeneic BMT
(from HLA-matched sibling donor)

Autologous BMT
Conditioning regimen, 11 (%)
Cy+fractionated dose TBI
Cy+BU
Others

GVHD prophylaxis
CSA+MTX
CSA

Hepatic complication
Grade II-IV GVHD
Veno-occlusive disease (VOD)

Outcome
Alive
Dead

22.5±8.98
2-40

I I (39%)
II (39%)
3 (11%)
I (4%)
I (4%)
1(4%)

18 (64%)
8 (29%)
2 (7%)

21 (75%)
7 (25%)

9 (32%)
3 (11%)

15 (54%)
13 (46%)

Abbreviations: 11, number of patients; Cy, Cyclophosphamide; TBI, total
body irradiation; Bu, busulphan; CSA, Cyclosporin; MTX, methotrexate.

1913 of the fourth exon of the immediate-early gene of CMV
strain using first primer pair (5' GAG TCC TCT GCC AAG
AGA AA3' ), (5' GAG TTC TGC CAG GAC ATC TIT3' )
and nested primer pair (5' GAG AAA GAT GGA CCT GAT
AAT3' ), (5' CTC GGG GIT CTC GIT GCA A 3' ). PCR
was performed as in 100 III reaction mixture, 1x of reaction
buffer (promega, Madison, WI) consisting of 50 roM KCI, 10
roM Tris-HCI (pH 9.0), 1.5 roM MgCI2 and 0.1% Triton x-
100, 0.2 mM dNTPs, 50 pmol each of primers and 2.5 U Taq
polymerase (promega). The reaction was performed in Perkin
Elmer Thermal cycler 480. The following temperature profile
was used: One cycle at 95 DC for 5 min, followed by 35 cycles
of denaturation at 95 DC for 1 min, annealing at 55 DC for 1
min, and extension at 72 DC for 2 min, followed by extension
cycle of 72 DC for another 10 min. Ten microliters of PCR
product was analyzed by gel electrophoresis through 2%
agarose gel in Tris-Acetate-EDTA buffer (pH 8.0) and stained
with ethidium bromide followed by visualization by UV
transilluminator.

RT and PCR were performed with a primer pair selected
from the highly conserved 5-UTR of the HCV genome. The
following sequences were used as antisense primers for c-
DNA synthesis HCV-6 {5-ACC-TCC nucleotides (NT)
319-324}. The internal primers were RB6A and RB6B



Table 2
Active CMV, HBV, and HCV infections in the different study groups

Viruses _G_ro_u_p _

Post-BMT Untransplanted P-value*
patients, 11=28 patients, 11=35

CMV (DNA) II (39%) 2 (6%) 0.00003
HBV (DNA) 3 (11%) 1(3%) 0.13
HCV (RNA) 6 (21%) 2 (6%) 0.05

BMT, bone marrow transplantation.
* P value is significant at <0.05.

for amplification of 266 bp of the 5-UTR, RB6A [5-GTG
AGG AAC TAC TGT CTT CAC G-3 (NT 47-68)] and
RB6B [5-ACT CGC AAG CAC CCT ATC AGG (NT 292-
312)]. Reverse transcription was performed in a 25-Jll-
reaction volume as previously described by Zekri et al. [15].
The PCR was performed in a 50-J.lI volume: 2.5 U Taq
polymerase (perkin-Elmer Cetus), 50 mM Tris-HCl (pH
8.3),20 mM KCI, 1.2 mM MgClz, I mg/ml BSA, 12.5 J.lIof
the RT reaction mixture, 200 JlM (each) deoxyribonucleo-
tide triphosphate, and 100 ng each of primers RB-6A and
RB-6B. Samples were denatured at 95°C for 5 min and
were subjected to 35 rounds of thermal cycling in a DNA
thermal cycler (type 480: Perkin-Elmer Cetus). Each cycle
consisted of 1 min at 95°C, I min at 55°C, and 2 min at 72
°c followed by 10-min incubation at 72 0c. All samples
were analyzed twice for the presence of HCV-RNA on
different days for confirmation. Ten microliters of each PCR
product was analyzed by electrophoresis through an
ethidium bromide-stained 2% agarose gel in Tris-Acetate-
EDTA buffer (pH 8.0).

PCR amplification of HBV was done as previously
described by Boom et al. [16]. In 100-JlI reaction mixture,
I x of reaction buffer was added (promega) consisting of 50
mM KCI, 10 mM Tris-HCI (pH 9.0), 1.5 mM MgClz, and
0.1% Triton X-IOO, 0.2 mM dNTPs, 50 pmol each of
primers I (TTGCCTTCTGAACTTCTTTCC) and 2
(TCTGCGAGGCGAGGGAGTTCT), and 2.5 U Taq poly-
merase (Promega). The reaction was performed in Perkin
Elmer Thermal cycler 480. The following temperature
profile was used: One cycle at 95°C for 5 min. Followed
by 35 cycles of denaturation at 95 °c for I min, annealing at
55°C for I min, and extension at 72 °c for 2 min, followed
by extension cycle of 72 °c for another 10 min. Ten
microliters of PCR product was analyzed by gel electro-
phoresis through 2% agarose gel in Tris-Acetate-EDTA
buffer (pH 8.0) and stained with ethidium bromide followed
by visualization by UV transilluminator.

Chi-square test (l) was used to test the assocIatIon
variables for categorical data. Fisher exact test was

performed in table containing value less than 5. Student's
t-test was used to compare the mean age in two groups, and
logistic regression model was performed to determine the
probability of virus reactivation. Level of significance was
tested at 0.05. The SPSS 7.5 program was used for
Windows (Statistical Package for the Social Sciences).

Twenty-eight out of the 63 studied patients received
BMT; 23 allogeneic and 5 autologous. Clinical character-
istics of the BMT patients are shown in Table I.

The incidence of active CMV and HCV was 11/28 (39%)
and 6/28 (21%) in the 28 BMT patients compared to 2/35
(6%) and 2/35 (6%) of the 35 untransplanted patients,
respectively (P<0.05). On the other hand, there was no
statistically significant difference between the two groups
regarding the active HBV infection (P>0.05; Table 2).

Eleven of the 28 BMT recipients (39%) developed CMV
reactivation. Ten of the II CMV converters were sero-
positive recipients compared with only I converter of CMV-
seronegative recipients. The pre-BMT donor and recipient
serology results were examined for the II CMV converters
(Table 3).

Ten BMT patients were CMV seropositive before enter-
ing transplant; seven of them received marrow from
seropositive donors, whereas three received BMT from a
CMV-negative donor. One CMV converter was seroneg-
ative pre-BMT and received marrow from a seronegative
donor. The effect of donor and recipient CMV serology on
the incidence of CMV conversion is shown in Table 4; 10/
19 (53%) of the 19 seropositive recipients developed CMV
reactivation compared with only 1/9 (11%) of seronegative
recipients, with an odds ratio of 8.89 (95% confidence

Table 3
The pre-BMT donor and recipient serology (IgG antibody) in relation to
seroconversion

Prior CMVexposure by serology
Donor -positive/recipient-pos itive
Donor-positive/recipient -negative
Donor-negative/reci pient -positive
Donor-negative/reci pient-negative

3 (43%)
1(11%)

Prior HBV exposure by serology
Donor -positive/recipient-positive
Donor-positive/recipient -negative
Donor-negative/recipient -positive
Donor-negative/recipient -negative

Prior HCVexposure by serology
Donor-positive/recipient-positive 3
Donor-positive/recipient-negative 0
Donor-negative/recipient-positive 9
Donor-negative/recipient-negative 16

a Seroconversion by nucleic acid positivity.

4 (44%)
1(6%)



Table 2
Active CMV, HBV, and HCV infections in the different study groups

Viruses Group

Post-BMT Untransplanted P-value*
patients, n=28 patients, n=35

CMV (DNA) II (39%) 2 (6%) 0.00003
HBV (DNA) 3 (11%) 1 (3%) 0.13
HCV (RNA) 6(21%) 2 (6%) 0.05

BMT, bone marrow transplantation.
* P value is significant at <0.05.

for amplification of 266 bp of the 5-UTR, RB6A [5-GTG
AGG AAC TAC TGT CTT CAC G-3 (NT 47-68)] and
RB6B [5-ACT CGC AAG CAC CCT ATC AGG (NT 292-
312)]. Reverse transcription was performed in a 25-lll-
reaction volume as previously described by Zekri et al. [15].
The PCR was performed in a 50-Ill volume: 2.5 U Taq
polymerase (perkin-Elmer Cetus), 50 mM Tris-HCl (pH
8.3),20 mM KCl, 1.2 mM MgCI2, I mg/ml BSA, 12.5 III of
the RT reaction mixture, 200 IlM (each) deoxyribonucleo-
tide triphosphate, and 100 ng each of primers RB-6A and
RB-6B. Samples were denatured at 95°C for 5 min and
were subjected to 35 rounds of thermal cycling in a DNA
thermal cycler (type 480: Perkin-Elmer Cetus). Each cycle
consisted of 1 min at 95°C, I min at 55°C, and 2 min at 72
°c followed by 10-min incubation at 72 0c. All samples
were analyzed twice for the presence of HCV-RNA on
different days for confirmation. Ten microliters of each PCR
product was analyzed by electrophoresis through an
ethidium bromide-stained 2% agarose gel in Tris-Acetate-
EDTA buffer (pH 8.0).

PCR amplification of HBV was done as previously
described by Boom et al. [16]. In 100-1l1reaction mixture,
1x of reaction buffer was added (promega) consisting of 50
mM KCl, 10 mM Tris-HCl (pH 9.0), 1.5 mM MgCI2, and
0.1% Triton X-IOO, 0.2 mM dNTPs, 50 pmol each of
primers I (TTGCCTTCTGAACTTCTTTCC) and 2
(TCTGCGAGGCGAGGGAGTTCT), and 2.5 U Taq poly-
merase (Promega). The reaction was performed in Perkin
Elmer Thermal cycler 480. The following temperature
profile was used: One cycle at 95°C for 5 min. Followed
by 35 cycles of denaturation at 95 °c for I min, annealing at
55°C for I min, and extension at 72 °c for 2 min, followed
by extension cycle of 72 °c for another 10 min. Ten
microliters of PCR product was analyzed by gel electro-
phoresis through 2% agarose gel in Tris-Acetate-EDTA
buffer (pH 8.0) and stained with ethidium bromide followed
by visualization by UV transilluminator.

Chi-square test (X2
) was used to test the aSSOCIation

variables for categorical data. Fisher exact test was

performed in table containing value less than 5. Student's
t-test was used to compare the mean age in two groups, and
logistic regression model was performed to determine the
probability of virus reactivation. Level of significance was
tested at 0.05. The SPSS 7.5 program was used for
Windows (Statistical Package for the Social Sciences).

Twenty-eight out of the 63 studied patients received
BMT; 23 allogeneic and 5 autologous. Clinical character-
istics of the BMT patients are shown in Table I.

The incidence of active CMV and HCY was 11/28 (39%)
and 6/28 (21%) in the 28 BMT patients compared to 2/35
(6%) and 2/35 (6%) of the 35 untransplanted patients,
respectively (P<0.05). On the other hand, there was no
statistically significant difference between the two groups
regarding the active HBV infection (P>0.05; Table 2).

Eleven of the 28 BMT recipients (39%) developed CMV
reactivation. Ten of the II CMV converters were sero-
positive recipients compared with only I converter of CMV-
seronegative recipients. The pre-BMT donor and recipient
serology results were examined for the II CMV converters
(Table 3).

Ten BMT patients were CMV seropositive before enter-
ing transplant; seven of them received marrow from
seropositive donors, whereas three received BMT from a
CMY-negative donor. One CMV converter was seroneg-
ative pre-BMT and received marrow from a seronegative
donor. The effect of donor and recipient CMV serology on
the incidence of CMV conversion is shown in Table 4; 10/
19 (53%) of the 19 seropositive recipients developed CMV
reactivation compared with only 1/9 (11%) of seronegative
recipients, with an odds ratio of 8.89 (95% confidence

Table 3
The pre-BMT donor and recipient serology (lgG antibody) in relation to
seroconversion

Prior CMVexposure by serology
Donor -positive/recipient-pos itive
Donor-positive/recipient-negative
Donor-negative/recipient -positive
Donor -negative/recipient-negative

3 (43%)
1 (11%)

Prior HBVexposure by serology
Donor -positive/recipient-positive
Donor-positive/recipient-negative
Donor-negative/recipient-positive
Donor -negative/recipi ent -negative

Prior HCVexposure by serology
Donor-positive/recipient-positive 3
Donor-positive/recipient-negative 0
Donor-negative/recipient-positive 9
Donor-negative/recipient-negative 16

a Seroconversion by nucleic acid positivity.

4 (44%)
I (6%)



Table 4
Percentage of seroconversion of BMT donors and recipients in relation to
viral exposure

Virus Virus conversion" % P-value Odds 95%
serology No Convert ratio CIYes

CMV serologyb
Donor
Positive 7 5 58% 0.121 4.2 (0.84-21.05)
Negative 4 12 25%

Recipient
( 1.92-85.65)Positive 10 9 53% 0.04 8.89

Negative 1 8 11%

HBV serology b

Donor
Positive 1 I 50% 0.206 0.154 (0.03-1.05)
Negative 2 24 8%

Recipient
Positive 3 5 38% 0.017 1.6 ( 1.1-2.8)
Negative 0 20

HCV serologyb
Donor
Positive I 2 33% 0.459
Negative 5 21 19%

Recipient
Positive 5 8 39% 0.048
Negative I 15 6%

" Virus conversion by nucleic acid positivity.
b Seropositivity by IgO antibodies.

interval 1.92-85.65, P=O.04). Fifty-eight percent (7112) of
patients with CMV-seropostive donors experienced CMV
reactivation post transplant compared to 25% (4/16) of
patients with seronegative donors (P=0.121). There was no
CMV seroconversion of seronegative recipients who
received marrow from (IgG) seropositive donors.

3.1. Effect of donor and recipient HBV serology on
incidence of HBV conversion

Three of the 28 BMT recipients (11%) developed HBV
reactivation, and those three patients were HBV-seropositive
recipients. The pre-BMT donor and recipient serology
results were examined for the three HBV converters (Table
3). Two of the three HBV-seropositive recipients received
marrow from a seronegative donor, whereas one received
BMT from an HBV-positive donor. The effect of donor and
recipient HBV serology on the incidence of HBV con-
version is shown in Table 4.

Table 5
Effect of transplantation source on the virus seroconversion

Virus Active virus Active virus in Active virus in
allo-BMT (11=23) auto-BMT (11=5)

HCV 6
HBV 3
CMV II

0.57
1.00
0.62

Table 6
Relationship between the clinical outcome and active viral infection

Virus Active virus VOD (3) OVHD (9) P-value

HCV
HBV
CMV

0.02
0.66
0.001

Thirty-eight percent of the eight seropostive recipients
developed HBV reactivation, the odds ratio was 1.6 (95%
confidence interval 1.10-2.8, P=O.017). Fifty percent of
patients with HBV-seropositive donors experienced HBV
reactivation posttransplant compared with 8% (2/26) of
patients with seronegative donors (P=O.206). There was no
HBV seroconversion of seronegative recipients who
received marrow from HBV-(IgG) seropositive donors.

3.2. Effect of donor and recipient HCV serology on
incidence of HCV conversion

Six of the 28 (21%) BMT reCIpIents developed HCV
reactivation. Five of the six HCV converters were sero-
positive recipients compared with only one converter of
HCV-seronegative recipient. The 'pre-BMT donor and
recipient serology results were examined for the six HCV
converters (Table 3). Five patients were HCV seropostive
entering transplant. Four of these five seropositive recipients
received marrow from an HCV -negative donor, whereas
one received BMT from a seropostive donor. One HCV
converter was seronegative pre-BMT and received marrow
from a seronegative donor. The effect of donor and recipient
HCV serology on the incidence of HCV conversion is
shown in Table 4,5/13 (39%) of 13 seropositive developed
HCV reactivation compared with 1/16 (6%) of seronegative
recipients with an odds ratio of7.5 (95% confidence interval
1.2-78.9, P=O.04). Thirty-three percent of patients with
HCV-seropositive donor experienced HCV reactivation
posttransplant compared with 5/26 (19%) of patients with
seronegative donors (P=0.459). There was no HCV
seroconversion of seronegative recipients who received
marrow from (IgG) seropositive donors.

It was found that D-/R - cases were occasionally
associated with virus reactivation post-BMT for the viruses
studied (Table 3). Regarding D+/R+ cases, donor CMV,
HBV, and HCV exposure did not increase the risk of
reactivation for those viruses posttransplant. In addition,

Table 7
Hepatic complications in relation to virus seroconversion in the 28 BMT
patients

Hepatic complication _V_iru_s_se_ro_c_o_nv_e_rs_io_n _

OVHD
VOD

CMV

8 (89%)

HCV

4 (44%)
1(33%)



Table 8
Clinical outcome of the 28 BMT patients in relation to active virus infection

Virus Active virus Alive Dead P-value

No. % No. %

HCV 6 3 50 3 50 0.45
HBV 3 I 33 2 67 0.33
CMV II 3 27 8 73 0.05

there were no donor+/recipient- cases for any of the three
viruses examined (Table 3).

3.3. Ejji:xt of transplantation source on the virus
seroconversion

There was no statistically significant relation between
source of transplantation and seroconversion where CMV,
HBV, and HCV seroconversions were 44%, 9%, 22% in
allo-BMT recipients compared to 20% of CMV, HBV, and
HCV seroconversions in auto-BMT recipients, respectively
(Table 5).

3.4. Relationship between the clinical outcome and active
viral infection

There was a statistically significant difference in the
distribution of hepatic complications (acute graft versus host
disease (GVHD) and VOD) among patients with active
CMVand HCV infections (P<0.05), as shown in Table 6. In
patients who developed acute GVHD, the active CMV,
HBV, HCV infections were 73%, 33%, and 67%, respec-
tively. In patients who developed VOD, active HCV
infection was 33%, while active CMVand HBV infections
were absent among VOD patients.

In addition, patients with GVHD were more susceptible
to develop CMV reactivation than patients with VOD with
an odds ratio of 0.1 (95% confidence interval 0.02-0.7,
P=0.02), while there was no statistically significant differ-
ence among patients with GVHD and VOD regarding HCV
reactivation, as shown in Table 7.

There was a statistically significant difference in the
clinical outcome among patients with active CMV infection
(P<0.05), while this finding was not observed among
patients with HBVand HCV infections (P>0.05), as shown
in Table 8. As regards single and combined viral infections,
there was no statistically significant difference between the
single and combined viral infections in the clinical outcome
(P>0.05), as shown in Table 9.

Several authors have tried to define pre-BMT risk factors
that may be associated with an increased post-BMT death to
derive guidelines for a safer BMT policy. Among these

factors, the importance ofpre-BMT viral hepatitis markers in
donors and recipients remains unsettled. Previous studies
have shown the impact of prior donor and patient CMV
exposure on the incidence of CMV infection after BMT
[17,10].

Reactivation of latent virus in a seropositive recipient
was the major predisposing factor for occurrence of active
virus infection. The primary determinant of risk for HBV
and HCV conversion after allogeneic BMT has not been
well studied. The present study has demonstrated the effect
of prior donor and patient CMV, HBV, and HCV exposure
on the incidence of those viral infections. Interestingly,
previous exposure to CMV, HBV, and HCV infections
were seen to influence the risk of developing those viral
infections.

Frequencies of active CMV, HCV infections were
significantly higher (P<0.05) in BMT recipients than in
those who did not receive marrow; this could be due to the
impaired cellular immunity seen in the first 3 to 6 months
after transplantation which results in virus reactivation
[2,7]. Reconstitution of cellular immunity posttransplant
often leads to a biochemical hepatitis and CMV-associated
disease [6,18]; however, some patients rapidly develop
acute hepatitis and fulminant hepatic failure. Frequency of
active HBV infection was markedly higher in BMT than in
untransplanted patients. However, with a relatively small
sample size, the differences observed did not reach
statistical significance. On the other hand, the most
frequent virus infection in BMT recipients was CMV 11/
28 (39%). This finding coincides with previous studies
byMeyers et al. [19], Hebast et al. [20], Saavedra et al.
[11], and George et al. [7], where they found that CMV
infection was the most frequent infectious complication
after allogeneic bone marrow transplantation, occurring in
approximately 60-70% of patients who were seropositive
before transplant or received a transplant from a sero-
positive donor.

As regards the influence of CMV donor and recipient
status upon the incidence of CMV reactivation, our study
shows that 53% of the 19 seropositive recipients developed
CMV reactivation compared with only 11% of seronegative
recipients with an odds ratio of 8.89 (95% confidence
interval 1.92-85.65, P=0.04), while there was no significant

Table 9
Clinical outcome of the 28 BMT patients in relation to single or combined
viral infection

Dead

7 (58%)
6 (38%)

13 (47%)

12 (100%)
16 (100%)
28 (100%)

Combined"
Single
Total
P-value=0.41

5 (42%)
10 (63%)
15 (54%)



difference in the incidence of CMV reactivation among
CMV-seropositive and CMV-seronegative donors. This
result was in agreement with previous study done by Lin
et al. [10] who showed that the risk of CMV reactivation
after allogeneic BMT was determined by the serology status
of the recipient, and the use of a seropositive donor can
decrease that risk. The same findings were also observed in
case ofHBVand HCV infections, where 38% of the 8 HBV-
seropositive recipients developed HBV reactivation com-
pared with none of seronegative recipients with an odds
ratio of 1.6 (95% confidence interval 1.1-2.8, P=O.O 17). In
case of HCV infection, 39% of 13 HCV-seropositive
recipients developed HCV reactivation compared with 6%
of seronegative recipients with an odds ratio of 7.5 (95%
confidence interval 1.2-78.9, P=O.04).

Regarding D-/R - cases that were occasionally associ-
ated with virus reactivation post-BMT for the viruses
studied, this might be owing to the low sensitivity of the
qualitative PCR used. We lack a quantitative PCR technique
in order to increase the sensitivity of virus detection. Owing
to D+/R+ cases, donor CMV, HBV, and HCV exposure did
not increase the risk of reactivation for those viruses post
transplant. In addition, there were no donor+/recipient-
cases for any of the three viruses examined. Thus, a further
big study is needed in order to take an active decision on the
part of the BMT physicians.

Regarding the relationship between the hepatic compli-
cation after BMT and virus reactivation, patients with
GVHD were more statistically likely to develop CMV and
HCV reactivation. A similar observation has been reported
by others [17,10], where they found that the development of
acute GVHD is one of the major risk factors for the
increased incidence of CMV infection after allogeneic BMT,
and CMV-specific cytotoxic T Lymphocytes (CTL) are
considered to play an important role in the control of CMV
infection. It has been reported that the growth of this CTL
population is impaired in patients who develop acute
GVHD.

Analysis of our results has also shown that active HCV
infection was more frequent in patients who develop VOD
than in those with CMVand HBV infections. Locasciulli et
al. [21] and Strasser and McDonald [2] have reported that
HCV infection is a risk factor for VOD of the liver, but
otherwise, has little short-term impact on outcomes after
BMT. In the long term, however, HCV infection may prove
to be a significant cause of morbidity and mortalility, as
some infected patients gradually progress to cirrhosis and
liver failure.

The present study has also shown that there is no
statistically significant difference in the disease outcome
among patients with single and combined viral infections;
this may be explained by the small sample size. Interest-
ingly, the higher percentage of the patient's death was found
among active CMV infection, indicating that CMV infection
remains an important cause of morbidity and mortality after
allogeneic BMT in Egyptian patients.
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