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Introduction 
The human β-herpesviruses – cytomegalovirus (CMV), HHV-6 

and HHV-7, are ubiquitous viruses that infect the majority of humans. 
Primary infections with these viruses in the immunocompetent host 
are characterized by a benign clinical course. CMV causes an infectious 
mononucleosis-like syndrome while HHV-6 and HHV-7 cause roseola 
infantum, febrile seizures and other febrile syndromes in children [1,2]. 

The characteristically persistent nature of these infections allows 
reactivation with numerous clinical consequences during periods 
of immune suppression such as those occurring after organ or bone 
marrow transplantation. CMV has long been recognized as a significant 
source of morbidity and mortality in allogeneic bone marrow 
transplant patients and in this setting can manifest as pneumonitis, 
gastrointestinal syndromes, hepatitis, bone marrow suppression, and 
occasionally retinitis [3,4].

Ganciclovir has been established as an effective prophylactic agent 
for CMV infection [5]. Because of the high mortality rate associated 
with CMV, antiviral prophylaxis and/or preemptive therapy have 
been widely used after hematopoietic stem cell transplantation 
(HSCT) while improved diagnostic methods and correct deployment 
of antiviral chemotherapy against CMV has dramatically reduced the 
incidence of CMV pneumonitis in hematology patients which has also 
led to improved outcomes in infected patients [4]. 

Human herpesvirus 6 (HHV-6) and HHV-7, first discovered 
in 1986 and 1990, respectively, are genetically related to human 
cytomegalovirus (CMV) and as such are grouped with the latter in 
the betaherpesvirinae subfamily. Two variants of HHV-6 have been 
defined (termed HHV-6A and HHV-6B). HHV-7 is detectable in a 
variety of transplant settins, both HSCT and solid organ. Direct effects 
include fever, rash, myelossupression, encephalitis, and pneumonitis. 
Potentially, more important are the indirect effects HHV-7 has on 
CMV disease, invasive fungal disease and allograft dysfunction  [6,7].

In this study, we examined the impact of detection of active 
infection by β-herpesvirus (CMV, HHV-6 and HHV-7) in HSCT 
patients after transplantation using a simple and reliable method: 
a Nested-polymerase chain reaction (Nested-PCR) technique after 
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Abstract
Cytomegalovirus (CMV) is one of the most prevalent infectious pathogen in transplant recipients, including those 

receiving bone marrow or stem cell grafts. Rapid diagnostic tests to identify active CMV infection and preemptive 
treatment are significant improvements in the management of CMV. Two newly identified beta herpesviruses, hu-
man herpesvirus-6 (HHV-6) and human betaherpesvirus-7 (HHV-7), are genetically more closely related to each 
other than to CMV and have been frequently detected in the blood of allogeneic HSCT.  HHV-6 reactivation has 
been associated with fever, rash, delayed engraftment and encephalitis. Also, HHV-7 has been reported as a cause 
of severe central nervous system disease and with severe GVHD and sepsis secondary to immune suppression. 
Nested polymerase chain reaction in blood samples (serum or leukocytes) was used to monitor active CMV, HHV-6 
and HHV-7 infections and disease in forty-three HSCT patients for up to 150 days after transplant. All adult recipients 
with a risk for CMV disease (D+/R+; D+/R-) were enrolled in this study. Acyclovir was used at low doses prior to the 
transplant as herpes virus prophylactic therapy. Patients who were at least 2 consecutive N-PCR positive for CMV 
received preemptive therapy with ganciclovir. The prevalence’s of positive active CMV, HHV-6 and HHV-7 infec-
tions were 72%, 4.6% and 13.9%, respectively. Thirteen patients died (30.2%). Biopsies confirmed CMV disease 
occurred in 8 out of 43 patients (18.6%), in the gastrointestinal tract. All of them presented active CMV infection and 
one presented active CMV+HHV-6 infection. None of these patients presented active HHV-7 infection. One patient 
with CMV disease died by disseminated CMV. Detection of active HHV-6 and HHV-7 infections was low and clini-
cally significant complications were rare. CMV disease remains the most prominent disease associated with HSCT. 
Results show that surveillance with N-PCR ─ a sensitive, non-invasive and low-cost technique for detection of active 
beta herpesvirus infections ─ can be used when antigenemia or DNA quantitative methods are unavailable, because 
patients with a propensity for developing CMV disease can be readily identified and pre-emptive therapy started.
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transplant in samples of blood (leukocytes and/or serum) from patients 
monitored until day 150. 

Materials and Methods
Forty-three myeloablative hematopoietic stem cell transplant 

recipients with HLA identical siblings were selected from the Bone 
Marrow Transplant (BMT) unit of the university hospital. Patients 
requiring allogeneic hematopoietic stem cell transplantation for a 
variety of conditions were monitored prospectively for active CMV, 
HHV-6 and HHV-7 infections from 2004 to 2006, using Nested-
PCR. The patients did not receive CMV hyper immunoglobulin.
The blood products used were neither screened for CMV antibody 
nor filtered to deplete leukocytes, although all had been irradiated. 
Conditioning regimens and acute GVHD prophylaxis were selected 
based on ongoing protocols. Acute graft versus host disease (GVHD) 
was graded according to published criteria [8]. All patients received 
GVHD prophylaxis with cyclosporine (CSP) and methotrexate (MTX), 
and were tested for underlying diseases using established institutional 
protocols. Low doses of Acyclovir prophylaxis were used to prevent 
herpes virus simplex infections prior to engraftment. Patient’s 
characteristics are shown in Table 1. 

The patients were monitored in the 150 days following 
transplantation. Blood was collected weekly for N-PCR. The protocol 
was designed in accordance with the requirements for research involving 
human subjects in Brazil, and was approved by the Institutional Ethics 
Committee.

Leukocyte and Serum DNA extraction Briefly, DNA was extracted 
from 200ul of serum or “buffy-coat” using a phenol-chloroform 
protocol after overnight incubation in lysis buffer (containing SDS and 
proteinase K) at 56°C which was followed by DNA precipitation with 
cold ethanol [9]. The resulting DNA pellet was eluted in 50ul of TE-
buffer.

Nested polymerase chain reaction (N-PCR) CMV, HHV-6 and 
HHV-7 DNA in blood specimens were detected by an Nested-PCR 
technique using primers described by Demmler et al.[10];Shibata 
et al. [11]; Secchiero et al. [12] and Pozo et al. [13]. The sizes of the 
Nested-PCR amplification products were 159, 258 and 122 base 
pairs, respectively. The same protocol was used to amplify the human 
β-globin gene sequence to guarantee the quality of the extracted DNA. 
All experiments had two negative controls (one without DNA and the 
other with a human PBL DNA preparation known to be negative for 
CMV DNA) and one positive control (by CMV strain AD169 aliquot).

Definitions

Active CMV infection: Active CMV infection was defined based on 
the following criteria: two or more positive Nested-PCR CMV-DNA 
results detected in leukocytes

CMV disease: The detection of active infection had to be 
accompanied by clinical symptoms and histopathological identification 
of CMV [14]. 

Active HHV-6 infection: Active HHV-6 infection was defined 
based on the following criteria: one or more positive Nested-PCR 
HHV-6-DNA result from serum-extracted DNA [15]. 

Active HHV-7 infection: Active HHV-7 infection was defined 
based on the following criteria: one or more positive Nested-PCR 
HHV-7-DNA result from serum-extracted DNA [16,17].

Treatment of active CMV infection

Patients with proven active CMV infection received ganciclovir (5 
mg/kg, i.v.), twice a day for 7 days followed by a maintenance dose of 5 
mg/kg/day, i.v., three times a week for 4 weeks. Preemptive therapy was 
discontinued only after the end of the maintenance dose and if active 
CMV infection was not detectable.

Treatment of CMV disease

CMV disease was treated with ganciclovir (5 mg/kg, i.v.), twice 
a day for 21 days, followed by a maintenance dose of 5 mg/kg/day, 
i.v., three times a week for 4 weeks if active CMV infection was not 
detectable.

Statistical analysis

All data were analyzed using the Fisher Exact test [18]. AP value 
of < 0.05 indicated statistical significance. All statistical analysis was 
performed using Graph Pad software.

Results
Diagnosis of active CMV, HHV-6 and HHV-7 infections and 
co-infections after transplantation

Thirty-one patients (72%) had active CMV infection in two or 
more leukocyte samples during the monitoring period. First, positivity 
occurred at a median of 65 days (range 0-160 days) after transplant. 
HHV-6 analyzed in serum, variant B, was detected in 2/43 patients 
(4.6%) at a median of 43 days after transplant (range 0-154 days). 
Active HHV-7 infection was detected in serum in 6/43 patients (13.9%) 
and occurred at a median of 47 days after transplant (range 0-140).

Detection of HHV-6 infection occurred first (median 43 days), 
followed by HHV-7 (median 47 days) and CMV (median 65 days) after 
HSCT.

Characteristic  (n = 43)

Age – Median years (range) 38 (22-63)

Sex – Male/Female 23/20

Underlying disease – n (%)

Malignant disease

Acute lymphocytic leukemia (ALL) 3 (6.9)

Acute myelogenous leukemia (AML) 8 (18.6)

Chronic myelogenous leukemia (CML) 18 (41.9)

Multiple Myeloma (MM) 6 (14)

      Non-Hodgkin Lymphoma (NHL) 2 (4.65)

Severe aplastic anaemia (SAA) 3 (6.9)

     Others 3 (6.9)

Pretransplant CMV serostatus – n (%)

R+/D+ 39 (90.7)

R-/D+ 4 (9.3)

Stem cell source

Bone marrow 17 (39.5)

Peripheral blood 26 (60.5)

Table 1: Patients’ characteristics.
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Co-infections CMV+HHV-6 occurred in 2/43 (4.6%) and 
CMV+HHV-7 occurred in 4/43 (9.3%) patients. These infected patients 
are summarized in (Table 2).

Acute GVHD and betaherpesvirus infections

Of the 43 subjects, the incidence of grades I-IV acute GVHD 
(aGVHD) was 51% (22/43). Fifteen out of twenty-two these patients 
had active CMV infection (68%); one had active HHV-6 infection 
(4.5%) and three patients with aGVHD had active HHV-7 infection 
(13.6%). No statistical significance was found by Fisher’s exact test in 
relation to active betaherpesvirus infections and occurrence of GVHD 
(Table 3).

Opportunistic infections and betaherpesvirus infections and 
co-infections

Sixteen out of thirty one (51.6%) patients with active CMV infection 
had opportunist infections. Infections by bacteria and fungi were 
statistically significant in relation to active CMV infection (p=0.001) 
(Table 4).

Risk factors for the development of CMV disease

Statistically significant risk factors for CMV disease found in 
these patients were the occurrence of active CMV infection which 
was detected by N-PCR (p=0.02) and the prevalence of opportunistic 
infection, which was due to bacteria or fungi (p=0.001). 

Recipient-donor serostatus relationship and active CMV 
infection and disease

When the data for active CMV infection and disease were analyzed 
in terms of CMV antibody serostatus for patients prior to HSCT, 29 out 
of 43 active CMV seropositive patients developed active CMV infection 
(67.4%). All patients with CMV disease were CMV-IgG seropositive 
patients. Two out of four seronegative patients had CMV infection, but 

no disease occurred. One of these patients had active HHV-7 infection. 
Table 5 shows the prevalence of active CMV, HHV-6 and HHV-7 
infections and CMV disease based on CMV donor/recipient serostatus. 

Prevalence of CMV disease

Eight out of 43 patients (18.6%) developed CMV disease, which 
occurred in a median of 47 days (range 24-64) after the transplant. 
These patients presented CMV gastrointestinal (GI) disease, which was 
proven with gastrointestinal tract biopsy specimens. All patients were 
treated with ganciclovir, but one of them died due to disseminated 
CMV disease. All eight patients who developed CMV disease were 
CMV seropositive allogeneic HSCT recipients and seven patients had 
acute GVHD. 

CMV-DNA detected by N-PCR became positive at the same time 
as the development of CMV disease with a median time of 47 days 
(range 0-64 days). Nested-PCR for HHV-6 occurred in one patient 
with CMV disease at a median of 154 days. No patient with CMV 
disease presented active HHV-7 infection (Table 6).

Characteristics of patients with CMV disease

Patient 5 (D+/R+), CML. Showed N-PCR positive for DNA-CMV 
in 47 days after the transplant. N-PCR for HHV-6 and HHV-7 was 
negative. Symptoms of fever and nausea in day 47. A skin biopsy was 
done (oral cavity), diagnosing GVHD. Patient developed CMV disease 
with biopsy-proven TGI from day +144.  Received treatment with 
ganciclovir. Died of GVHD on day +189.

Patient 6 (D+/R+), NHL. Presented fever and vomiting on day 
+63 and continued to demonstrate symptoms until day +142. N-PCR 
for CMV became positive on the day of the onset of symptoms 
(+63).  Received treatment with ganciclovir. N-PCR for HHV-6 and 
HHV-7 was negative. Mouth and skin biopsies diagnosing acute 
GVHD were performed. Colonoscopy showed mild inflammatory 
process consistent with GVHD.  A necrosis of the stomach showed 
CMV in biopsy on day +119. Died on day +157 of disseminated CMV 
disease and GVHD.

N=43 GVHD

Patients, n (%) 43 (100%) 22/43 (51%)

Positive N-PCR* - CMV in leukocytes (%) 
Median time – days (range)

31/43 (72%)
65 (0-160) 15/22 (68%)

Positive N-PCR – HHV-6 in serum (%)
Median time – days (range)

2/43 (4.6%)
43 (0-154) 1/22 (4.5%)

Positive N-PCR – HHV-7 in serum (%)
Median time – days (range)

6/43 (13.9%)
47 (0-140) 3/22 (13.6%)

Co-infection CMV+HHV-6 2/43 (4.6%) -

Co-infection CMV+HHV-7 4/43 (9.3%) -

Table 2: Prevalence of active CMV, HHV-6 and HHV-7 infections and co-infections 
and occurrence of GVHD.

*N-PCR – nested-PCR

Acute GVHD p*

Active Infection Presence Absence

CMV 15/22 13/21 0.45

HHV-6 1/22 1/21 0.74

HHV-7 3/22 3/21 0.64

*Fisher’s exact test
Table 3: Incidence of grades I-IV aGVHD and active CMV, HHV-6 and HHV-7 
infections.

Opportunistic Infection p*

Active Infection Presence Absence

CMV 16/16 15/27 0.001

HHV-6 0/16 0/27 1.0

HHV-7 1/16 0/27 0.37

CMV+HHV6 0/16 0/27 1.0

CMV+HHV-7 1/16 0/27 0.37

*Fisher’s exact test

Table 4: Cases of active CMV, HHV-6 and HHV-7 infections and co-
betaherpesvirus infections and opportunistic infection.

CMV
serostatus

Active CMV 
infection
n (%)

Active HHV-6 
infection
n (%)

Active HHV-7 
infection
n (%)

CMV disease
n (%)

R+/D+ 29 (67.4) 2 (4.6) 5 (11) 8 (18.6)

R-/D+ 2 (4.6) - 1 (2.3) -

Total 31 2 6 8

Table 5: Recipient (R) and donor (D) CMV serostatus and outcome (active CMV, 
HHV-6 and HHV-7 infection and CMV disease) following allogeneic hematopoietic 
stem cell transplantation.
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Days after transplant

n Status D/R Underlying disease Disease Symptoms CMV
N-PCR+

HHV-6
N-PCR+

HHV-7
N-PCR+

GIT Biopsy 
positive for 
CMV

5 R+/D+ CML* GIT 47 47 - - 144

6 R+/D+ NHL* GIT† 63 63 - - 119

8 R+/D+ AML* GIT 54 54 - - 40

18 R+/D+ CML* GIT 0 26 - - 69

21 R+/D+ AML* GIT 29 40 - - 36

22 R+/D+ CML GIT 36 47 - - 114

25 R+/D+ MM* GIT 64 64 154 - 160

33 R+/D+ CML* GIT 59 24 - - 145

Median days (range) 47 (0-64) 47 (24-64) 154 - 114

D/R – donor/recipient; GIT – gastrointestinal tract (gastritis); N-PCR+ - positive nested polymerase chain reaction; * - patients with acute GVHD; † - died by disseminated 
CMV disease.

Table 6: Clinical and laboratory features of CMV disease.

Patient 8 (D+/R+), AML. Diagnosed with CMV disease in biopsy-
proven TGI on day +40. N-PCR positive for CMV on day +54, without 
symptoms. Received treatment with ganciclovir.  Biopsy fragment of 
oral mucosa was consistent with GVHD.

Patient 18 (D+/R+), CML. Presented fever of unknown origin on 
the day ooof transplantation which lasted until day +69. N-PCR positive 
for CMV on day +26. Received treatment with ganciclovir. Biopsies of 
the esophagus and stomach were performed on day +26 without changes 
in GVHD. Patient developed CMV disease in the gastrointestinal tract 
(GIT), which was confirmed by biopsy on day +69. Died on day +85 by 
acute respiratory insufficiency of unknown etiology.

Patient 21 (D+/R+), AML. Presented diarrhea and high fever 
on day +29. N-PCR positive for CMV from day +40 until day +143. 
Biopsies:  salivary gland on +134 (compatible with acute GVHD), liver 
on day +143 (acute hepatitis with hepatocellular necrosis), esophagus 
and stomach on +42 (compatible with GVHD).  Patient developed 
CMV disease in the gastrointestinal tract (GIT), which was confirmed 
by biopsy on day +36. Received treatment with ganciclovir.

Patient 22 (D+/R+), CML. Presented symptoms of diarrhea and 
vomiting on day +36 and N-PCR positive for HCMV from day +47 
until day +82. Patient developed CMV disease in the gastrointestinal 
tract (GIT), which was confirmed by biopsy on day +114.  Received 
treatment with ganciclovir.

Patient 25 (D+/R+), MM. Presented fever and diarrhea on day 
+64, while maintaining the clinical picture until day +170.   N-PCR 
for CMV became positive on the day of the onset of symptoms (+64).
Presented active HHV-6 infection on day +154.  Received treatment 
with ganciclovir. Biopsies: Skin, mouth and gut on day +93 (diagnosing 
GVHD), and repeat biopsies on day +141 (also diagnosing the presence 
of GVHD). Patient developed CMV disease in biopsy-proven TGI on 
day +160.

Patient 33 (D+/R+), CML. Presented fever, weight loss, vomiting 
and diarrhea on day +59.  N-PCR for HCMV became positive on 
day +24, which continued until day +145.  Received treatment with 
ganciclovir.  Gastric biopsies were performed (diagnosing GVHD) 
and liver (inconclusive).   CMV disease progressed with TGI biopsy-
proven. Death on day +157 by hypovolemic shock and cardiac arrest 
unspecified.

Discussion
This study was performed on a group of patients who underwent 

bone marrow or stem cell transplantation and was the first to be 
performed in Brazil to analyze post transplant betaherpesvirus infections 
in hematopoietic stem cell transplantation patients using Nested-PCR. 
Surveillance started on the day of the transplant and continued for the 
following 150 days, with samples blood collected weekly to detect active 
betaherpesvirus infections. The monitoring active CMV infection 
using Nested-PCR and antigenemia was performed in our laboratotory 
in transplant patients to trigger preemptive therapy. This protocol has 
been used with success in immunocompromised patients from Clinics 
Hospital, University of Campinas [19]. 

In order to increase the monitoring of these patients in relation 
to other active herpesvirus infections like as HHV-6 and HHV-7, it 
was decided to verify the presence of these viruses, the clinical impact 
they cause, and the correlation with active CMV infection in a group of 
HSCT patients (n=43)  using N-PCR assay.

In this group of patients, the high prevalence of active CMV infection 
(72%) detected by N-PCR was comparable to our previous reports on 
HSCT [19,20].  Although the proportion of CMV seronegative donors/
recipients was small, almost all of the positive N-PCR tests were from 
CMV seropositive patients. 

CMV is one of the most feared infectious complications following 
hematopoietic stem cell transplantation. Many risk factors for CMV 
disease have been defined in prospective studies; active CMV infection 
is associated with an increased risk of developing of CMV disease post 
HSCT. These studies used conventional cell culture and rapid culture 
methods, such as shell vial culture and the detection of early antigen 
fluorescent foci (DEAFF) test [4]. Subsequently, the detection of the 
virus using more sensitive methods, such as antigenemia and the 
polymerase chain reaction (PCR), has confirmed that the presence of 
active CMV infection in blood is a risk factor for CMV disease [21-23]. 

Cytomegalovirus (CMV) disease has historically been a main 
cause of death after allogeneic hematopoietic stem cell transplantation 
(HSCT). Since the introduction of prophylactic and/or preemptive 
therapy against CMV, the incidence of CMV disease has successfully 
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been reduced. However, breakthrough CMV disease, particularly 
CMV gastrointestinal disease, remains one of the major infectious 
complications. Administration of the antiviral agent, ganciclovir, is 
often associated with myelotoxicity in HSCT recipients and delays 
immune reconstitution against CMV [24]. 

In our work, the organ most commonly affected with CMV disease 
was the gastrointestinal tract, as reported in other studies [3,24] and 
nowadays is a main problem in allogeneic hematopoietic stem cell 
transplantation. 

Laboratorial surveillance indicated that all patients with CMV 
disease were detected early on but, despite preventive therapy, the 
overall prevalence of CMV disease was 18.6% in this study. This is 
comparable to recently reported prevalences of 0 to 16% [25]. 

All patients with CMV disease in our work had at least one of the 
known risk factors for CMV disease, such as active CMV infection, 
which was statistically significant (p=0.02).

CMV is considered an immune modulatory virus and has been 
shown to facilitate super infections with opportunistic infections. 
CMV-induced impairment of T-helper cells, macrophage and are the 
proposed basis for this immunosuppressive effect [26]. We found in 
this work that the occurrence of opportunistic infections and active 
CMV infection was statistically significant (p=0.001).

While the positive predictive value of detecting HHV-6 DNA with 
PCR for clinically significant disease may be uncertain, a negative result 
may be good evidence for excluding HHV-6 aetiology. This hypothesis 
has been shown to be valid for CMV but requires confirmation for HHV-
6. In HSCT recipients, detection of viral DNA in the plasma correlated 
with disease attributable to the virus. However, the sensitivity of HHV-
6 DNA detection in plasma for diagnosis of clinically significant HHV-
6 disease in HSCT patients is unknown [27].

Acute GVHD is a serious problem during a disease caused by 
CMV, despite antiviral therapy. HHV-6 reactivation has been linked to 
the increased severity of graft-versus-host-disease, as well as a delay or 
suppression of myeloengraftment in HSCT [28].

In the present molecular surveillance study, low prevalence of 
active HHV-6 and HHV-7 infections was observed in 4.6% and 
13.9%, respectively in contrast to reported study [29]. Although the 
differences in prevalence among studies could be accounted for by 
patient characteristics and the lack of a standardized assay, it is also 
reasonable to hypothesize that the low prevalence of HHV-6 and 
HHV-7 DNA emia in the present study may be related to the use of 
antiviral prophylaxis with Acyclovir to prevent herpes virus simplex 
infection before the engraftment.

Many questions remain with regards to these viruses (HHV-6 and 
HHV-7); a full understanding of the clinical impact of these viruses is 
required which must include direct effects, interactions with CMV, and 
other immunomodulatory effects. In patients with symptoms directly 
attributable to one of these viruses, treatment may be initiated with 
ganciclovir along with a reduction in immunossupression [28]. 

Further investigation of the clinical significance of HHV-6 and 
HHV-7 DNAemia is necessary.

Conclusion
The contribution of HHV-6 and HHV-7 to illness in HSCT 

recipients has not been fully elucidated, but the evidence is mounting 
that these viruses may cause substantial illness. The clinical syndrome 
needs sharper definition, and the relationship between these viruses 
and “CMV disease” needs additional studies. Our results demonstrate 
that the surveillance with Nested-PCR for detection of active CMV, 
HHV-6 and HHV-7 infections can be very usefull in patients with a 
propensity for developing CMV disease. These infections can be readily 
identified and preemptive therapy instituted. 
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