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Viral infections are important causes of morbidity and
mortality for patients with a hematological malignancy.
However, the true incidence and consequences of
viral infections for these patients who undergo
conventional nontransplant therapy are poorly
defined. The difference in incidence and outcome of
viral infections among patient groups is wide, but
dependent upon the intensity and duration of T-cell–
mediated immune suppression. Infections caused by
cytomegalovirus (CMV), herpes simplex virus (HSV),
varicella-zoster virus (VZV), respiratory syncytial
virus (RSV), parainfluenza viruses and influenza
viruses have been intensely studied, yet newly
recognized aspects of these viral infections including

late CMV infection; the emergence of new viral
pathogens (human herpesvirus-6, BK virus, adenovi-
rus, and human metapneumovirus); the development
of molecular diagnostic techniques, and the potential
of new agents for viral prophylaxis (maribavir), or
preemptive therapy (valganciclovir) form the basis of
this review. Well-designed prospective studies are
needed to better clarify the spectrum of these viral
infections and develop effective prevention and
treatment strategies. Yet the increased use of agents
like alemtuzumab that induce profound T-cell depletion
demands that we develop a better understanding of
viral infections that occur in patients with hematologi-
cal malignancy who receive nontransplant therapy.

Viral infections are important causes of morbidity and mor-
tality for patients with a hematological malignancy, but
the true incidence and consequences of viral infections for
these patients who undergo conventional nontransplant
therapy are inadequately defined.1,2 Differences in incidence
and outcome of viral infections among patient groups are
based on the intensity and duration of T-cell–mediated im-
mune suppression, but even allogeneic transplant recipi-
ents experience immune dysfunction that varies based on
stem cell product, donor-recipient matching, composition
of the conditioning regimen, and the occurrence and sever-
ity of graft-versus-host disease (GVHD).1

Infections caused by cytomegalovirus (CMV), herpes
simplex virus (HSV), varicella-zoster virus (VZV), respira-
tory syncytial virus (RSV), parainfluenza viruses and in-
fluenza viruses are well recognized.1,3,4 Yet newly recog-
nized aspects of these infections, the emergence of new
viral pathogens (human herpesvirus-6, BK virus, adenovi-
rus, and human metapneumovirus),5 and the development
of new diagnostic techniques and therapy support the need
for this review (Figure 1).

Herpesviruses
The group of herpesviruses consists of eight members. Pri-
mary and reactivation infections are characteristic of these
pathogens. Viral latency can be predicted by serological
screening and is useful for disease management. Antiviral
therapy is now routinely used for prevention and therapy.1,3,4

Currently available drugs include acyclovir and its prodrug
valacyclovir; penciclovir and its prodrug famciclovir;
ganciclovir and its prodrug valganciclovir; foscarnet; and
cidofovir. Maribavir is a new agent being tested. Viral im-
munization remains investigational, except for the vari-
cella-virus vaccination.

Herpes simplex virus
HSV infections in patients with hematological malignancy
are almost exclusively reactivation infections.1,3,4 They are
common, ranging from 15% among CLL patients treated
with fludarabine, to 90% of patients with acute leukemia
or stem cell transplant recipients.1,3,4,6 HSV infection and
disease occur early after therapy, and frequently recur with
future treatment. Mucocutaneous HSV disease will fre-
quently present with an atypical appearance and can mimic
other pathogens (i.e., Candida) or treatment-induced mu-
cositis. HSV infections among immunocompromised pa-
tients are characteristically more invasive, heal more slowly,
are associated with prolonged viral shedding, and may dis-
seminate.

Treatment and prophylaxis of HSV infections can be
administered either orally or intravenously, and acyclovir
resistance has remained relatively infrequent.1,3,4,7 Treat-
ment for acyclovir resistance is foscarnet, but resistance to
foscarnet also occurs. Cidofovir is the only available treat-
ment for double-resistant HSV isolates, but HSV reactiva-
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Figure 1. Viral infections—hematological malignancy.

Abbreviations: TX, transplant; RX, therapy

tion may occur despite cidofovir
treatment. HSV prophylaxis with
acyclovir is highly efficacious, but
the duration of HSV prophylaxis
must be individualized. I recom-
mend that antiviral prophylaxis be
continued during the period of
neutropenia, and longer for pa-
tients with severe immunosuppres-
sion, active GVHD or a history of
frequent HSV reactivations.

Varicella-Zoster Virus
The clinical manifestations of
VZV infections include
chickenpox and herpes zoster
(shingles). Chickenpox results
from a primary VZV infection,
while herpes zoster is due to viral
reactivation of latent VZV. The
incidence of varicella-zoster infec-
tion ranges from 2% among pa-
tients with CML receiving
imatinib mesylate; to 10-15% in
patients with CLL receiving
fludarabine or alemtuzumab; to
25% of patients with Hodgkin
lymphoma or autologous stem cell
transplant recipients; and to 45-
60% among allogeneic stem cell
transplant recipients.1,3,4,6,8,9 Infec-
tion risk is greatest within the first
12 months following treatment or
transplant, but late-onset disease
occurs because of persistent immu-
nosuppression or age-associated
immune senescence.8 The major-
ity of VZV infections in adult pa-
tients with a hematological malig-
nancy are reactivation infections
and 80% present with localized
disease.8 Patients who are VZV
naïve are at risk for primary infec-
tion with either wild type or vac-
cine strains and should be coun-
seled about the risk of developing
such an infection. Primary VZV in-
fection can be very severe, and
measures to prevent exposure and
intervene early are recom-
mended.10

Unusual VZV syndromes of
importance include trigeminal
zoster with keratitis and retinal
necrosis; encephalitis; Ramsey-
Hunt syndrome; secondary bacte-
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rial and yeast infections; and post-zoster pain.8 Hepatic or
gastrointestinal VZV disease is an important entity, and
may present with few or no skin lesions. This presentation
may result in delayed diagnosis, and has been associated
with significant mortality.11

Treatment of VZV disease should include the early
institution of antiviral therapy (valacyclovir, acyclovir or
famciclovir).1,3,4,8 There is no evidence that intravenous
immunoglobulin or corticosteroids add benefit in the treat-
ment of VZV disease in immunocompromised patients. Pre-
vention of VZV reactivation among patients with hemato-
logical malignancy remains controversial. Acyclovir and
valacyclovir are highly effective.1,3,4 Yet, despite its effi-
cacy in preventing VZV disease, antiviral prophylaxis is
not routinely recommended by many of the clinical care
guidelines.1,4 The reluctance to recommend routine pro-
phylaxis appears based on observations that VZV disease
may still occur after the discontinuation of VZV prophy-
laxis. A recently published study using oral acyclovir
showed that late VZV infection is likely to be caused by
persistent immunosuppression, and that acyclovir prophy-
laxis does not to predispose to late VZV disease.12 I rou-
tinely prescribe antiviral prophylaxis (valacyclovir 500 mg
BID) for the first year after stem cell transplantation, and
also for patients with Hodgkin lymphoma therapy or those
who receive intensive therapy or alemtuzumab.

Cytomegalovirus
CMV disease manifestations include pneumonia, enteritis,
encephalitis, retinitis, hepatitis, cholangitis, cystitis, ne-
phritis, sinusitis and marrow suppression.13-16 T-cell func-
tion is paramount in the control of CMV, and T-cell deplet-
ing agents (e.g., alemtuzumab) and aggressive chemo-
therapy (e.g., hyper-CVAD, and acute leukemia induction)
appear to increase the risk of CMV infection and disease.
In the absence of effective antiviral prophylaxis, the inci-
dence of CMV infection among patients with hematologi-
cal malignancy ranges from 5-75%.17 Nonmyeloablative
transplant-conditioning regimens do not appear to signifi-
cantly decrease the cumulative incidence of CMV infec-
tion.18 Patients undergoing an autologous stem cell trans-
plant have a low risk of CMV infection, but CD34 selec-
tion of the autologous stem cell product increases the risk
of CMV disease and CMV-associated death.19 The inci-
dence of CMV infection and disease is less clearly defined
for patients with hematological malignancies who receive
conventional therapy. Investigators at the MD Anderson
Cancer Center have reported a series of retrospective stud-
ies on the incidence of CMV disease among patients re-
ceiving conventional therapy.20-22 These investigators re-
ported an overall increase in CMV gastrointestinal disease
during the past two decades, and CMV pneumonia was
also increased among patients with lymphoma and acute
leukemia. CMV-attributable mortality for these patients
ranged from 30% to 57%. An early prospective surveil-
lance study from the University of Maryland Cancer Cen-

ter reported an incidence of CMV infection in patients with
acute leukemia that ranged from 32% to 58%.2 CMV-associ-
ated death occurred in 8/130 patients studied. CMV disease
in these studies was associated with the use of high-dose
cytarabine, fludarabine, or high-dose cyclophosphamide, and
increased patient age. More recently CMV infections have
been observed among patients who receive alemtuzumab.15,16

Nguyen et al reported CMV viremia in 5/34 (15%) such pa-
tients.15 Viremia developed a median of 28 days after starting
therapy, and all patients experienced fever, but none of these
patients developed CMV disease. A similar incidence of CMV
infection was reported for patients with lymphoid malignan-
cies who were treated with alemtuzumab and rituximab.16

CMV antigenemia occurred among 13/48 (27%) patients.
Nine patients received anti-CMV therapy, and no patient died
as a consequence of this infection.

Diagnosis of CMV infection and disease has been en-
hanced with the development of techniques for rapid cul-
ture, CMV antigen assays and PCR-based molecular tests.23

Treatment consists of ganciclovir, foscarnet and/or cido-
fovir.1,3,24 Concomitant IVIG appears helpful only when
patients suffer from CMV interstitial pneumonia.1 Ganciclo-
vir resistance among CMV isolates is well recognized, and
isolates harbor either the more common UL 97 (phospho-
transferase) gene mutation or a mutation of the UL 54 (DNA
polymerase) gene.25 Treatment with foscarnet or cidofovir
is recommended for infections caused by ganciclovir-re-
sistant CMV isolates. CMV-negative or leukocyte-depleted
blood products are effective CMV prevention for CMV-
seronegative patients.1,17,24 Prophylaxis of infection or early
preemptive intervention remains the foundation of effec-
tive CMV infection management for seropositive patients.17

Both of these approaches have significantly lowered the
risk of early mortality from CMV disease, but CMV disease
continues to impact patient survival. Two possible reasons
for this lack of overall success is the occurrence of late
cytomegalovirus infection and disease, and inadequate
CMV prophylaxis for patients with latent CMV infection.

Late CMV infection after stem cell transplant is com-
mon (3-17% of allogeneic transplant recipients) and is as-
sociated with a 13-fold increase in post-transplant mortal-
ity.26 The primary risk factor for late CMV infection is CMV-
specific T-cell dysfunction.27 Surrogate markers for this im-
munosuppression include active GVHD, high-dose steroid
therapy, low CD4 cell count, and previous treatment for
CMV infection or with donor lymphocyte infusions.26 Late
CMV disease can have a varied presentation, with retinitis,
sinusitis, encephalitis and marrow failure being more com-
mon than in early CMV disease. Treatment of late CMV
infection relies on CMV surveillance (3-12 months after
transplant or longer in patients with chronic GVHD) and
preemptive therapy with ganciclovir. Oral treatment alterna-
tives are needed, but despite studies showing favorable drug
bioavailability, there are no published randomized trials us-
ing oral valganciclovir as preemptive treatment.28,29

CMV infection prophylaxis remains an attractive op-
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tion for both early and late CMV infection, but early ap-
proaches were associated with increased treatment associ-
ated toxicity.30,31 Preliminary results from a randomized,
phase II trial of maribavir suggest that infection and dis-
ease prophylaxis maybe possible with this agent (personal
communication, Stephen A. Villano, MD, Viro Pharma Inc.).
Maribavir is a selective UL 97 viral protein-kinase inhibi-
tor and, unlike other currently available anti-CMV agents,
does not inhibit CMV DNA polymerase. The early analysis
of 111 patients treated after engraftment with maribavir or
placebo showed that maribavir decreased the incidence of
CMV infection and disease. Maribavir toxicity was mild
and did not appear to affect marrow function adversely.
However, additional studies are needed to truly clarify the
utility of this new anti-CMV agent.

Human Herpesvirus–6
HHV-6 is a ubiquitous herpesvirus that infects most per-
sons early in life.32 Two major viral variants have been iden-
tified (A and B), but the B variant is most frequently asso-
ciated with disease among immunocompromised patients.
Longitudinal studies in stem cell transplant recipients found
that viral reactivation occurred a median of 20 days after
transplantation, and that viral shedding for some patients
was prolonged, and correlated poorly with clinical improve-
ment.33 A clinical syndrome consisting of CNS dysfunc-
tion, impaired memory, secondary (hypothalamic) hypothy-
roidism, and delayed platelet engraftment are common dis-
ease manifestations.33,34 HHV-6 viremia among allogeneic
transplant recipients is associated with an increase in all-
cause mortality, and viremia appears to be increased when
patients are transplanted for disease other than first remis-
sion, when donor and recipient are sex mismatched, and
among younger patients.33 We have recently diagnosed and
treated 4 patients for HHV-6 viremia who developed CNS
dysfunction and delayed platelet recovery. Three of these
patients had undergone an autologous transplant for myeloma
following melphalan conditioning, and the 4th patient had
been treated with hyper-CVAD and imatinib for relapsed ALL.
All 4 responded to prolonged antiviral therapy.

Quantitative real-time PCR analysis on blood and cere-
brospinal fluid is the method of choice for diagnosis.33

Foscarnet and ganciclovir, alone and or in combination, have
been used as treatment for HHV-6 infections. Prospective stud-
ies are needed to better understand the importance of HHV-6
infection among patients with hematological malignancy,
and to define disease spectrum, and appropriate therapy.

Adenovirus
Adenovirus is a DNA virus categorized by 51 human sero-
types. Primary infection is acquired from either a respira-
tory droplet or the oral-fecal route. Most infections among
compromised hosts are postulated to be viral reactivation.35

Clinical manifestations vary with serotype, and include
viremia, pneumonia, hepatitis, gastrointestinal disease,
cystitis, nephritis and conjunctivitis.36 Control of adenovi-

rus appears T-cell mediated, and allogeneic stem cell trans-
plant recipients appear to be at greatest risk of infection
and disease.36,37 However, fatal adenovirus infections have
been reported in patients with B-cell lymphoma, multiple
myeloma and acute myeloid leukemia.38,39 Risk factors for
infection and disease include unrelated donor transplanta-
tion, GVHD, T-cell depletion, younger patient age, total
body irradiation, and viremia.37 The incidence of infection
in stem cell recipients has been reported to range from 5%
to 29%, with disease occurring in 5-8% of patients. Death
secondary to adenovirus disease has been reported to range
from 30% to 50%.37,40

Standard detection methods include cell culture, shell
vial assays and direct antigen detection. Quantitative PCR
assays are now suitable for detection of adenovirus in
blood.40 There are no controlled treatment trials for aden-
ovirus infection in immunocompromised patients, but
cidofovir has shown promise for the management of clini-
cal disease.41 The availability of techniques for molecular
monitoring of adenovirus in blood suggests that preemp-
tive treatment of adenovirus disease is potentially possible.

BK Virus
BK virus is a ubiquitous, DNA polyoma virus that is be-
lieved to cause nephropathy and graft loss among renal
transplant recipients and also may cause pneumonia.5 There
is increasing evidence that BK virus plays an important
role in some cases of hemorrhagic cystitis and renal impair-
ment in patients with hematological malignancy, but viral
tissue invasion has only recently been demonstrated.42-44

BK viruria is reported to occur in up to 95% of stem cell
transplantation recipients, with the onset of viral shedding
occurring a median of 41 days after transplant. BK viruria
maybe prolonged, can be severe and some patients remain
symptomatic for more than 1 month.

Diagnostic tests have been developed, and a highly
sensitive quantitative PCR assay for BK virus detection in
blood and urine is now available. In a case-control study of
hemorrhagic cystitis, BK plasma levels greater than 10,000
copies/mL were highly associated with post-engraftment
BK-associated hemorrhagic cystitis among stem cell trans-
plant recipients.43 Treatment of hemorrhagic cystitis is sup-
portive and should be supplemented with hyperhydration
and platelet support for patients who are thrombocytopenic.
Refractory hemorrhagic cystitis is rare but may be cata-
strophic. Antiviral therapy for BK virus remains inadequate.
Cidofovir has in vitro BK virus activity and some reported
clinical activity for renal transplant recipients. Leflunomide,
an immunosuppressive agent used to treat rheumatoid ar-
thritis, has been reported to be active against BK virus.45 A
recent case report suggests the potential efficacy of blad-
der-instilled cidofovir when used in allogeneic stem cell
transplant recipients with refractory hemorrhagic cystitis.46
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Respiratory Viruses
Respiratory viruses, including RSV, parainfluenza
virus and Influenza virus A and B, are widespread
in the community and easily transmitted to patients
with a hematological malignancy.47,48 Infections are
spread by air-borne droplets and contact with the
hands of infected persons. Infection control mea-
sures are critical and should consist of meticulous
hand washing, annual influenza vaccination, early
infection detection, and both respiratory and con-
tact isolation of infected health care workers and
patients. Patients who develop respiratory virus
infections prior to the initiation of treatment or trans-
plantation, should if possible, have their therapy
delayed.49

RSV and influenza are primarily winter viruses.
Parainfluenza virus infections are most prevalent during
the summer. The clinical syndromes of these viruses range
from the common cold, to sinusitis, pharyngitis, tracheo-
bronchitis, bronchiolitis and pneumonia. Respiratory vi-
rus infections among patients with hematological malig-
nancy are associated with a more prolonged infection (i.e.,
RSV shedding may exceed 100 days versus 21 days for
immunocompetent children); a higher frequency of noso-
comial acquisition (55-83% of exposed immuno-
compromised patients will become infected), and a higher
rate of pneumonia, co-pathogens and death (Table 1). The
risk of death from a respiratory viral pneumonia has ranged

Table 1. Documented respiratory virus infections in adult leukemia
or bone marrow transplantation (BMT) patients at M.D. Anderson
Cancer Center.*

Number of Number of Number of
Infections Pneumonia (%) Deaths (%)

Respiratory Syncytial Virus
Leukemia 22 13 (59) 7 (32)
BMT 33 20 (61) 12 (36)

Influenza Virus
Leukemia 27 21 (78) 9 (33)
BMT 20 14 (70) 5 (25)

Parainfluenza Virus
Leukemia 9 6 (67) 4 (44)
BMT 45 26 (58) 10 (22)

*Reprinted from 41, with permission from Elsevier Publications.

Figure 2. Respiratory viruses (including respiratory syncytial virus [RSV]) management approach: respiratory virus
treatment flow chart.

* Molecular detection or shell vial culture
** Oseltamivir or aerosolized ribavirin + IVIg may be beneficial
***Aerosolized ribavirin (2 g over 3 hrs, TID × 7 d) may be indicated in NPT(+) for RSV
Abbreviations: NPT, nasopharyngeal wash or swab; CXR, chest radiograph; BAL, bronchial alveolar lavage

from 9% to 82%, and appears to vary little between the differ-
ent groups of patients with active hematological malig-
nancy.48,49

Rapid diagnosis is made by viral antigen or nucleic
acid detection. An RT-PCR assay that detects RNA from
RSV, Influenza A and B, and parainfluenza viruses from
nasal wash and nasopharyngeal specimens is highly sensi-
tive and readily available. However, negative tests must be
repeated if the patient’s symptoms persist. A scheme for the
management of patients with hematological malignancy
who develop respiratory virus infection symptoms is in-
cluded (Figure 2). Neuraminidase inhibitors such as osel-
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tamivir appear helpful for both Influenza A and B, but more
prolonged treatment may be needed for stem cell trans-
plant recipients and those who develop pneumonia. RSV
pneumonia is treated with aerosolized ribavirin, with or
without palivizumab.48 Management of patients with non-
pneumonic RSV infections is unclear, but I routinely treat
such patients who are severely immunocompromised with
7-10 days of TID aerosolized ribavirin. While there contin-
ues to be debate regarding the utility of the influenza vac-
cination in patients with hematological malignancy, my
approach is to annually vaccinate all such patients and
their household contacts.

Human Metapneumovirus (hMPV)
hMPV is a newly discovered RNA paramyxovirus. Most
children by age 5 years are seropositive. This virus infec-
tion occurs primarily during winter months and can mani-
fest as both upper and lower respiratory tract disease.50 More
serious disease has been reported with hMPV infection
among immunosuppressed patients. Results from a recent
retrospective study suggested that hMPV infection could
be an important cause of idiopathic pneumonia syndrome
after stem cell transplantation.51 Five patients among 200
tested had hMPV detected in archived bronchial alveolar
lavage specimens. All 5 positive patients had upper respi-
ratory tract prodromes that preceded their pneumonia, and
4 of 5 patients died. Lung tissue obtained at autopsy from
the 4 patients who died had histologic changes consistent
with idiopathic pneumonia syndrome.

Prospective studies of the role of hMPV as a cause of
infection for patients with hematological malignancy are
needed. There is no established treatment for hMPV infec-
tions although ribavirin appears to have antiviral activity.

Summary
The spectrum of viral infections for patients with hemato-
logical malignancy is expanding and diagnosis has in-
creased because of new molecular diagnostic techniques.
Well-designed prospective studies are needed to better
clarify the spectrum of viral infection, risk factors for dis-
ease, and define effective prevention and treatment strate-
gies. Clinical management guidelines for patients receiv-
ing conventional T-cell–depleting therapy with agents like
alemtuzumab will need to be developed if the maximum
benefit from these agents is to be achieved.
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