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Abstract

Background: Human cytomegalovirus (HCMV) has been an enormous threat for bone marrow transplant (BMT)
recipients. For active and/or latent HCMV infection, diagnosis of the risk factors which increase the risk of post-
transplant morbidity and mortality seems necessary. In this research, some of the HCMV risk factors were monitored
and compared with HCMV molecular diagnostic methods for better detection of HCMV infection in BMT patients

Methods: HCMYV risk factors including clinical, biological, biochemical, haematological indexes, and also anti-
HCMV and transplant prophylactic and therapeutic conditioning regimens were monitored from March 2002 to
March 2006, in 104 BMT patients referred to BMT Unit of Nemazee Hospital in Shiraz University of Medical
Sciences and was compared with HCMV molecular methods for BMT donors and recipients' pre- and post-
transplantation.

Results: Anti-HCMV-IgM was detected in 9.6% and 6.7% of BMT recipients and donors, respectively. Anti-
HCMV-IgG was also detected in 8.7% and 9.1% of recipients and donors, pre-transplant, respectively. HCMV-
PCR results were positive in 20% of recipients and 33.3% of donors. Significant correlations were observed
between HCMV positive results and the use of a therapeutic dose, but not the prophylactic dose of glucocorti-
coids and cyclosporine, pre and post-transplantation. Fasting blood sugar, creatinine, globulin, and liver enzymes
levels such as alkaline phosphates and asparagine transpherase significantly correlated with detection of HCMV-
DNA in transplant patients. Also, negative results of HCMV-PCR significantly correlated with the use of prophy-
lactic dose of acyclovir in BMT patients.

Conclusion: Significant correlations of positive and negative HCMV-PCR results with HCMV disease risk factors
suggest the possible role of these factors on prognosis and monitoring of HCMV disease in BMT recipients pre-
and post-transplantation.

Keywords: Risk factors; BMT;, HCMV-PCR; Haematological indexes

Introduction

Human cytomegalovirus (HCMV) has been an enor-
mous threat for BMT recipients and represents a ma-
jor cause of morbidity and mortality after bone mar-
row transplantation.' Clinical studies have suggested
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a direct linkage between HCMV infection with clini-
caly rdated symptoms with accderation of the de-
velopment of graft versus host disease (GVHD) and
graft rgection' In order to prevent and manage
HCMYV infections and/or its life threatening disorders,
transplant recipients may benefit from three mgjor
therapeutic approaches including prophylaxis, pre-
emptive therapy, and treatment of an established dis-
ease which linked directly with HCMV diagnostic
procedures in BMT patients during the first months
post-BMT.*? Despite significant progressin diagnostic
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and prevertion strategies, HCMV infections exist in a
dynamic environment and require constant reassessment
of chalenge in BMT recipients.*® During this study in
order to better define the impact of HCMV infection on
BMT patients, some of the HCMV risk factors like
dinicd, bioogicd, biochemica and haematoogica
indexes, and dso anti-HCMV, transplant prophylactic
and thergpeutic conditioning regimens, were monitored
and then compared with HCMV-molecular methods.

Materials and Methods

From March 2002 to March 2006, 104 patients re-
ferred to BMT Unit of Namazee Hospital affiliated to
Shiraz University of Medical Sciences in Shiraz,
southern Iran, were enrolled in a retrospective study.
Sixty five (62.5%) of these patients were male and 39
(37.5%) were female with the age range of 5-53 years
old and mean of 19 years old. They were monitored
during a 7 days pre-transplantation and 100 days post-
transplantation period. Seven of these redipients un-
derwent autologous transplantation and the remainder
received bone marrow from alogenic HLA-identica
sibling donors. All the clinica samples were tested
with an in-house multiplex-PCR protocol for recipients
and donors pre-transplantation and monitored weekly
for 100 daysin BMT patients post-transplantation.*

For monitoring of HCMV infection and/or disease,
the following parameters as possible HCMV risk fac-
tors which increased the risk of post-transplant mor-
bidity and mortality in BMT recipients, were ana-
lyzed. They include age and sex matching of donors
and redipients, type of immunosuppressive therapy,
type of underlying disease, kind of transplantation,
type of relationship between donors and recipients,
haematological and biochemical indexes of BMT re-
cipients, type of symptoms and grade of GVHD, pro-
phylactic and/or therapeutic dose of anti-GVHD drug
regimen, HCMV IgM and 1gG serological status of
donors (D) and recipients (R) at the time of transplan-
tation, HCMV-PCR results of donors and recipients
pre and post-transplantation, HCMV dlinical-like
symptoms, and prophylactic and/or therapeutic dose of
anti-HCMV drug regimens.

The patients underwent the antiviral and condition-
ing regimens according to standard protocol approved
by institutional policy. HCMV-related active disease
was defined according to Ljungman et al.*

The possible HCMV risk factors increasing the
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risk of post-transplant morbidity and mortality in
BMT recipients were confronted to results of the
CMV qudlitative amplification by using Chi-square,
two-tail Fisher’s Exact test, association methods of
SPSS for windows (version 15, Chicago, IL, USA).

Results

During the study period, the complete characteristic
data of 104 BMT recipients were anadyzed. The
demographic data are summarized in Table 1. Donor
and recipient sex match were detected in 28 (27.0%)
malemale and in 23 (22.0%) femalefemale rdation-
ships. Donor and recipient sex mismatch was detected
in 25 (24.0%) male/female and in 15 (14.5%) fe-
male&/mal e rel ationships.

Table 1: Demographic data of BMT recipients and
donors.

Variables n (%)

Number of patients 104 (100.0)
Median age in years (range ) 19 (r:5-53)
Sex

Male 65 (62.5)
Female 39 (37.5)
Underlying disease

Thalassemia major 42 (40.5)
Acute myelogenous leukemia 22 (21.2)
Chronic myelogenous leukemia 14 (13.5)
Acute lymphoblastic leukemia 7 (6.7)
Aplastic anemia 7 (6.7)
Hodgkin lymphoma 5 (4.8)
Non-Hodgkin lymphoma 3(2.9)
Multiple myeloma 3(2.9)
Ewing sarcoma 1(1.0)
Type of transplantation

Autologus 7 (6.7)
Allogen 97 (93.3)
Conditioning regimen

Myleoablative 98 (94.2)
Non-myloeablative 6 (5.8)
Donor-recipient sex match

Male/Male 25 (27.0)
Male/Female 25 (24.0)
Female/Male 15 (14.4)
Female/Female 23 (22.1)

The high prevalence of underlying diseases in BMT
recipients was reaed to thalassemia mgjor (40.5%),
acute myelogenous leukemia (21.0%), and chronic
myelogenous leukemia (13.5%), respectively. HCMV
infection was diagnosed mostly in BMT candidates
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with underlying diseases of acute myeogenous |euke-
mia (59.0%), thalassemia major (55.0%), and chronic
myel ogenous leukemia (43.0%), respectively.

Nonmyeloablative conditioning regimen was pre-
formed for only 5.8% of BMT patients and the rest
received mayel oablative drug regimen.

Acute GVHD (aGVHD) which was categorized
clinicaly to four types was diagnosed in 87.4% of
BMT post-transplantation patients. Grade | of
aGVHD was detected in 32.7% of BMT recipients
and Grade I-1V of aGVHD in 61.5% of HCMV in-
fected BMT patients (Table 2), but grading of
aGVHD could not significantly increase the risk of
HCMV infection post-BMT (P>0.05).

Table 2: Grading of acute GVHD in HCMV infected
BMT patients.

Grade of acute No. (%) HCMV infection
GVHD No. (%)

None 20 (19.2)

Grade | 34 (32.7) 22 (65.0)

Grade Il 16 (15.4) 8 (50.0)

Grade 11l 18 (17.3) 10 (56.0)

Grade IV 16 (15.4) 12 (75.0)

HCMV IgM and 1gG serostatus were andyzed for
donors and recipients. Paositive results of HCMV IgM
were detected in 7.7% of donors and 9.6% of recipi-
ents. HCMV IgG positive results were detected in
57.7% and 84.6% of donors and recipients, respec-
tivey. The overall pattern of HCMV IgM and IgG an-
tibodies in BMT donors and recipients (D/R) is pre-
sented in Table 3.

HCMV genome was detected in 12.0% of donors by
guditetive in housesHCMV-PCR pretransplantation.
HCMV-DNA was deected in 20.0% of BMT patient’s
pretransplantation. Also, from the first to 10th week
period, the positive results of HCMV-PCR in BMT re-
cipients were 21.6%, 14.7%, 37.7%, 50.7%, 32.7%,
40.0%, 43.0%, 48.5%, 61.0%, and 57.0%, respectively.

The use of prophylactic dose of anti-GVHD drug
regimen including glucocorticoids and cyclosporine
and the use of thergpeutic dose of cellcept were not
significantly associated with detection of HCMV-
DNA in blood samples of BMT recipients pre- and
post-transplantation. Therapeutic dose of prednisolon
and methyl prednisolon (P=0.05) and cyclosporine
(P=0.05) in patients with different grades of GVHD
clinica symptoms was significantly associated with
positive results of HCMV-PCR in the second week
period post-BMT.
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Table 3: Pre-transplant donor and recipient HCMV
serostatus.

Donor/recipient HCMV serostatus n (%)
Recipient HCMV serostatus

IgM Antibody

Negative 87 (83.6)
Positive 10 (9.6)
Not tested 7 (6.7)
IgG Antibody

Negative 9 (8.7)
Positive 88 (84.6)
Not tested 7 (6.7)
Donor HCMV serostatus

IgM Antibody

Negative 58 (55.8)
Positive 8 (7.7)
Not tested 38 (36.5)
IgG Antibody

Negative 6 (5.7)
Positive 60 (57.7)
Not tested 38 (36.5)
Donor / recipient IgM serostatus

D*/R" 1(1.0)
D/R" 5 (4.8)
D'/R 6 (5.8)
D'/R 51 (49.0)
Not tested 47 (45.2)
Donor / recipient IgG serostatus

D'/R" 54 (52.0)
D'/R 5 (4.8)
D/R" 2 (1.9
D'/R 2 (1.9
Not tested 47 (45.2)

Pre- and post-BMT use of intravenous immu-
noglobulin (IVIG) could not prevent HCMV disease
and/or reectivation. But the use of acyclovir as an
anti-herpetic agent was significantly associated with
negative results of HCMV-PCR.

Weekly and blind (separate) monitoring of the effi-
dency of anti-HCMV therapy with gancydovir by
HCMV-PCR protocol showed that gancidovir does not
have a significant rolein the control of HCMV disease.

Trombocytosis  (P=0.02) and hemoglobinemia
(P=0.05) may have a dgnificant role in decreasing
HCMV-PCR positive results. White blood cdl count,
sodium, potassium, bilirubin, albumin, and aanine tran-
spherase levels were not significant causes of increase in
HCMYV infection in BMT patients. Statistica rdation-
ships were identified between fasting blood sugar
(P=0.02), ceratinine (P=0.02), globulin (P=0.01), ad
liver enzyme leves like dkdine phosphates (P=0.05)
and asparagine transpherase (P=0.05) with
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detection of HCMV-DNA in transplant patients.

Discussion

The importance of HCMV as an opportunistic infection
among immunocompromised patients, especialy among
BMT patients, was documented in numerous studies.>”
Human cytomegalovirus infection may lead to different
cinica complications and may trigger the deve opment
of GVHD in transplant recipients.*® Moreover, HCMV
infection may induce an immunosuppressive effect and
the devel opment of other complications.® Therefore, it is
critical to study different risk factors which may lead to
a better definition of diagnostic methods, preventive
draegies, and trestment protocols of HCMV infection
in transplant patients?

Among the demographic data, although most of
patients are in paediatric age range (<19 years), age
and gender were not considered as risk factors in de-
veloping HCMV reactivation or disease. However, it
has been demonstrated that older age represents a risk
factor for developing HCMV disease and for trans-
plant-related mortality.”®

Although the role of underlying disease has not
been specifically studied as a risk factor of HCMV
reactivation or disease development after alogeneic
or autologous BMT, it has been demonstrated that the
underlying disease stage is a highly significant pre-
dictor of HCMV disease rdated mortality in BMT
patients. However, diagnosis of chronic myelogenous
leukemia could represent a negative prognostic factor
in patients receiving T cells depleted bone marrow
from HCMV positive donors.”® Similarly, without
any significant associations, most of HCMV infected
patients had underlying diseases such as acute mye-
logenous leukemia (59.0%), thalassemia magjor
(57.0%), and chronic myel ogenous leukemia (43.0%).

Post-transplant development of graft-versus-host dis-
ease (GVHD) is another risk factor of HCMV reactiva
tion or disease in BMT patients.® In this study, 87.4% of
BMT patients suffered from grade I-1V of aGVHD. Al-
though HCMV infection was seen in 50-75% of trans-
plant recipients with dinical symptoms of aGVHD, sig-
nificant reationships were not defined between aGVHD
and onsat of post-transplant HCMV infedtion. In differ-
ent studies, HCMV infection did not devate the indi-
dence of aGVHD,®* but in another, aGVHD signifi-
cantly increased the risk of HCMV infection.”*

HCMV sardogic gatus is one of the key risk factors,
espedidly in unrdated donor transplant recipients.®***
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HCMV -seropositive patients have poor outcome than
seronegative redipients despite improvement in preven-
tive strategies against HCMV disease such as antivira
prophylaxis and presmptive therapy.®***® The pattern of
HCMV serogtatus has shown the low and high preva
lence of HCMV-IgM and HCMV-IgG antibodies in
both BMT donors and recipients, respectively (Table 3).
The lowest HCMV-IgM seroprevalence (1.0%), and
reversdy, the highest HCMV-IgG seroprevaence
(52.0%) bdonged to D/R" rdlationships. But, the high-
et HCMV-IgM seroprevadence (49.0%), and reversdy,
the lowest HCMV-1gG seroprevaence (2.0%) beonged
to D/R HCMV serology reaionships. D'/R™ HCMV
reationship, which mostly threstened the post-BMT
hedthy conditions, was only 6.0% and 5.0% for
HCMV-IgM and HCMV-IgG serostatus of donors and
recipients, respectively.

Different types of PCR protocols were run for de-
tection and monitoring of HCMV infection in trans-
plant patients, especially BMT recipients.®**° In this
study, the HCMV infection was detected and moni-
tored in donors and recipients by two sensitive and
specific qualitative multiplex-PCR methods pre- and
post-BMT. The rise of HCMV infection was initiated
from the third week (37.7%) and continued to the
10th week (57.0%) post-transplantation.

Monitoring of HCMV infection and/or disease by
this HCMV-PCR protocol was compared with differ-
ent risk factors of transplant patients. One of these
HCMV risk factors is transplant conditioning regi-
mens. Myeloablative conditioning regimens seek to
destroy the existing cdls, alowing for replacement
with the graft cels. Mixed chimerism occurs with
coexistence of host and donor cells until the replace-
ment of graft material prevails in patients using non-
myeloablative conditioning regimen.® In this study,
prophylactic dose unlike therapeutic dose of anti-
GVHD drug regimen was not significantly associated
with detection of HCMV-DNA in BMT recipients
pre-transplantation.

IVIG could not prevent HCMV disease and/or re-
activation in BMT patients. Similarly, in two separate
randomized, controlled trids of treatment of sero-
negetive recipients of alogendc BMT, use of
HCMV-IVIG for viral prophylaxis showed no differ-
ence in disease incidence.™®% In other studies, IVIG
or HCMV immunoglobulin failed to show ether con-
sstent positive results for HCMV-related complica
tions or survival benefits.”** Overall, antibody trest-
ments are not currently recommended for HCMV pro-
phylaxis”®> and uncertainty remains over the usefulness
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of IVIG or hyperimmune globulin for the prevention
of non-HCMV complications.®

Acyclovir administration as an anti-HCMV pro-
phylactic agent was significantly associated with a
decrease in the rate of HCMV infection. Similarly,
the first trial use of antivira prophylaxis of intrave-
noudy high-dose acyclovir from 5 days before en-
graftment to 30 days post-transplantation in seroposi-
tive dlogeneic bone marrow transplant recipients
showed the reduction of the risk of HCMV infection and
invasive disease?® With the apparent success of acy-
dovir, a more extensive prospective, double-blind trid
showed a survival advantage for the IV acydovir/ord
acydovir group compared with the controls.?"%

Monitoring of anti-HCMV ganciclovir therapy by
gualitative PCR protocol did not significantly reduce
the incidence of HCMV disease post-BMT. Similarly,
gancdiclovir has also been used as HCMV prophylaxis
but no survival advantage was demonstrated and se-
vere neutropenia was observed in all studies.?”* But,
the results of early prophylaxis with gancidovir in
seropositive allogene ¢ bone marrow transplant recipi-
ents have been reported from 3 randomized, double-
blind studies with slightly different protocols. All these
studies demonstrated a significant (P=0.001) reduction
of HCMV infection or disease during the first 100 day
period post-transplantation.? 3%
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