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Abstract 
Human cytomegalovirus (HCMV) is a ubiquitous virus whose 
sole host is humans. Since HCMV can contagion from person 
to person through numerous ways, vast populations of humans 
are infected. HCMV infections can potentially have a range 
from asymptomatic infection in immuno-competent hosts to 
life-threatening diseases in organ recipients and patients with 
AIDS. The present article reviews the occurrence of HCMV 
infections and diseases in humans with different physiological 
and immunological status, and evaluates the existing labora-
tory methods for diagnosis of the disease. 
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Introduction 

uman cytomegalovirus (HCMV) is the vernacular 
name of human herpesvirus 5, a highly host-specific 
virus of the Herpesviridae family. It is the largest 

known human herpesvirus, with a genome of about 230 kbp.1,2 
The virus has double stranded linear DNA surrounded by a 
proteinaceous matrix (the tegument), which is enveloped by a 
lipid bilayer containing viral glycoproteins.1,2 Human cytomega-
lovirus can be transmitted via saliva, sexual contact, placental 
transfer, breastfeeding, blood transfusion, or solid-organ and 
hematopoietic stem-cell transplantations. HCMV infections are 
common and lead to lifelong infections.3 In immunocompetent 
individuals, primary infections are mostly subclinical or may be 
associated with a self-limited mononucleosis-like syndrome. 
However, among immunosuppressed patients, HCMV pro-
vokes various outcomes. 
 
Neonatal and Congenital Infections 

HCMV infects humans of all ages, although the peak period 
of viral acquisition in general population occurs early in life. 
Serological surveys have demonstrated maternal antibody 
prevalence rates of 30% to nearly 100%, reflecting wide varia-
tion in infection rates between populations.4,5 Infants may ac-
quire HCMV transplacentally as the result of maternal viremia, 
or perinatally via breast milk. Later during the childhood close 
physical contact facilitates the transmission.6 The timing of in-
fection and the serological status of the mother play an impor-
tant role in defining the transmission rate and the sequelae in 
affected children.7,8 Due to latency following primary infection 
and periodic reactivation of HCMV replication causing recur-
rent infections, in utero transmission of HCMV may follow ei-
ther primary or recurrent infections.9 

Primary HCMV infections are transmitted to the fetus more 
frequently and more likely to cause fetal damage, than 
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recurrent infections. It seems that primary infec-
tion occurring at an earlier gestational age leads 
to a worse outcome.6 Congenital HCMV infec-
tion occurs in 0.2 to 2.2% of all live-born in-
fants.10,11 Ten percent of congenitally infected 
infants are symptomatic at birth. Neonatal 
symptoms include hepatosplenomegaly, throm-
bocytopenia, purpura, jaundice, hemolytic ane-
mia, hepatitis, microcephaly, chorioretinitis and 
cerebral calcifications (1–10 per 10,000 
births).10,12 The mortality rate of symptomatic 
infections is high, approximately 25% in the 
days or weeks following birth. More than 90% of 
all surviving symptomatic newborns will develop 
long-term sequelae, mostly hearing loss and 
psychomotor retardation.5 Ninety percent of all 
congenital HCMV children are asymptomatic at 
birth. Five to seventeen percent of these as-
ymptomatic newborns will develop symptoms 
usually in the form of hearing deficits and subtle 
neurodevelopmental problems.5,13 
 
Infection in Immunocompetent Hosts 

Primary cytomegalovirus infection in the 
immunocompetent host rarely causes serious 
illnesses. Uncommonly, it can result in a 
mononucleosis syndrome, which is indistin-
guishable from primary Epstein-Barr virus 
(EBV) infection. It may present with persistent 
fever (generally for 2–3 weeks), myalgia, and 
cervical adenopathy, which is unlike EBV-
associated tonsillopharyngitis or great 
splenomegaly. In developed countries, delayed 
exposure to cytomegalovirus increases the 
incidence of infections among middle-aged 
adults. Less frequent complications of primary 
infections include arthralgia and arthritis, ul-
cerative colitis, pneumonitis, hepatitis, aseptic 
meningitis, and myocarditis.14 
 
Infection in Immunocompromised Patients 

Initial infection with cytomegalovirus in-
duces a primary immune response and subse-
quent establishment of long-term immunity, 
which restrains viral replication after reactiva-
tion from latency. Long-term immunosuppres-
sion can lead to uncontrolled replication and 
serious diseases. 
 
Infection in Solid-Organ and Hematopoietic 
Stem-Cell Transplantation 

Recent studies indicate that 50% to 75% of 
solid-organ transplant recipients develop 
HCMV infection and approximately one third of 
the infected patients develop HCMV dis-
eases.15,16 In the era before introduction of 
ganciclovir, cytomegalovirus infection and 
pneumonia were developed in 38% and 17% 
of recipients of allogeneic stem cell trans-
plants, respectively, while mortality due to 

HCMV pneumonia was 85%.17 HCMV infection 
and disease occur in close temporal associa-
tion with maximal host immunosuppression 
and, thus, are frequent during the first months 
after transplantation with a peak incidence be-
tween 2 and 4 months, although the disease 
can occur years after transplantation.18,19 

Three types of HCMV infections can occur 
in transplant recipients: primary, reactivation, 
and super infection. Primary infection invaria-
bly occurs after blood transfusion or organ 
transmission of HCMV from a seropositive do-
nor (D+) to a seronegative recipient (R-). This 
type of infection causes HCMV disease with 
greater frequency than reactivation (secon-
dary) infection. Primary infection is more fre-
quently associated with severe clinical disease 
manifestations, and recurs more commonly 
even after initial successful treatment. 

Secondary infection is caused by reactiva-
tion of the latent virus subsequent to the sup-
pression of host defenses. Super infection oc-
curs when a new strain of HCMV infects a pre-
viously seropositive patient. Secondary infec-
tion and super infection can lead to clinical 
manifestations of HCMV disease in approxi-
mately 10% to 20% of solid-organ trans-
plants,20 and in 30% of stem cell transplants 
recipients. Such patients generally show milder 
symptoms than those caused by primary infec-
tion.21-23 It is noteworthy that nearly twice as 
many D+/R+ patients develop HCMV disease, 
compared with D-/R+ patients. This may indi-
cate that concurrent reactivation infection and 
super infection are not uncommon events after 
transplantation.24,25 The incidence of symptoms 
associated with HCMV infection varies among 
different types of allograft recipients. In general, 
liver, pancreas, lung, intestinal, and heart trans-
plant recipients show greater incidence of 
HCMV disease, than do kidney transplant re-
cipients. Symptomatic infections occur in ap-
proximately 39% to 41% of heart-lung, 9% to 
35% of heart, 22% to 29% of liver and pan-
creas, and 8% to 32% of renal transplant recipi-
ents not receiving antiviral prophylaxis.20,24,26,27 
 
HIV Infection 

HCMV infection is one of the latent human 
infections that, although controlled by the cellu-
lar immune response, it is activated after HIV 
attaches to CD4 lymphocytes. The incidence of 
HCMV infection among patients with advanced 
HIV disease is high. Epidemiological studies 
have shown that nearly half of HIV-infected 
patients eventually develop HCMV as an end-
organ disease, with its most prominent mani-
festations being chorioretinitis, esophagitis, coli-
tis, pneumonitis, and central nervous system 
(CNS) diseases. Despite the high prevalence of 



Human cytomegalovirus: infections and diagnosis 
 

Iran J Med Sci September 2008; Vol 33 No 3 129 

HCMV antibody in HIV infection, the clinical 
manifestations of HCMV disease are not gen-
erally present until the CD4 count drops below 
100 cells/mm3. 28,29 
 
Diagnosis 
 
Serology 

Humoral response to HCMV infection is 
manifested by the production of HCMV-specific 
antibodies. Immunoglobulin M (IgM) antibody 
against HCMV occurs early (e.g., within 2 to 4 
weeks following primary infection), and IgG 
antibody production occurs soon thereafter; 
both can be detected by a variety of methods. 
Detection of IgM in a single serum sample from 
a newborn is diagnostic of congenital HCMV 
infection because IgM does not cross the pla-
centa.30,31 In the field of transplantation, HCMV 
serology does not indicate diagnosed HCMV 
disease, because HCMV infection is widely 
prevalent and most adults are, thus, seroposi-
tive (IgG) for HCMV. Furthermore, the time lag 
between primary infection and IgM production, 
the persistence of IgM antibody in some 
healthy individuals, and the incapability of 
some transplant recipients (e.g., hematopoietic 
stem cell recipients) to produce IgM antibody 
significantly decrease the clinical utility of se-
rology in diagnosing HCMV disease.32,33 
 
Viral Cultures 

Recovery of replicating HCMV by conven-
tional tube or shell vial assay has traditionally 
been the standard method for the diagnosis of 
HCMV infection. HCMV can be isolated from a 
wide variety of specimens; however, urine, 
throat washings, saliva, and anticoagulated 
whole blood and buffy coat are the specimens 
most often received for diagnostic purposes in 
the clinical virology laboratories.34 The recent 
improvement in cell culture techniques for 
HCMV is the shell vial assay. The assay uses 
1-dram shell vials with a monolayer of cells on 
a round coverslip and is a centrifugation-
amplified culture that uses commercially avail-
able monoclonal antibodies directed against 
HCMV immediate early antigen. The shell vial 
assay is more rapid than conventional tube cell 
cultures, requiring an average of 16 hours to 
positivity.35 Culture methods alone may not be 
useful for diagnosis of active HCMV disease in 
most cases because shedding of HCMV (es-
pecially in urine or respiratory tract secretions) 
may occur in immunosuppressed patients 
without development of disease. However, iso-
lation of HCMV from urine or saliva of neo-
nates is still useful for the identification of con-
genital HCMV infection.30 The quantitative de-
tection of HCMV in cell cultures has a high cor-

relation with HCMV disease; nevertheless, the 
low sensitivity of this technology limits its value 
in guiding pre-emptive prevention protocols, 
which require the detection of lower levels of 
HCMV replication. 
 
Antigenemia Assay 

The antigenemia assay is a rapid quantita-
tive method that detects HCMV antigens by 
directly immunostaining polymorphonuclear 
leukocytes (PMN) from blood specimens with 
monoclonal antibodies directed against the 
HCMV lower-matrix protein pp65 (UL83). 
Quantitative results are expressed as the 
number of HCMV-infected PMN per number of 
cells evaluated.36,37 The clinically relevant 
threshold of the number of infected PMN dif-
fers among the different patients populations. 
Thresholds of more than 10 positive cells per  
2 × 105 cells and of 1 to 2 positive cells per  
2 × 105 cells have been suggested to guide 
pre-emptive treatment in solid-organ and he-
matopoietic stem cell transplant recipients, re-
spectively.38,39 Currently, many virology labora-
tories use the pp65 antigenemia assay as the 
gold standard method to evaluate or validate 
in-house molecular methodologies. The anti-
genemia assay detects viremia 7 to 14 days 
before the onset of disease.38,40,41 Quantifica-
tion of antigenemia can be used to predict 
HCMV disease. Although the significant 
threshold for predicting disease differs among 
patient settings, a higher level of antigenemia 
has a higher predictive value for disease in all 
patients groups.19,36 
 
Polymerase Chain Reaction (PCR) 

PCR has revolutionized diagnostic virology 
by providing a powerful tool to detect and 
quantify viral DNA and RNA in various clinical 
specimens. Nucleic acid amplification by PCR 
is considered as one of the major tools used to 
detect HCMV infections. PCR techniques are 
capable of detecting viral DNA or RNA in vari-
ous clinical specimens including peripheral 
blood leukocytes, whole blood, serum and 
plasma.42 Carrying out qualitative PCR on in-
fected leukocytes can provide rapid diagnosis 
of HCMV infections.43 Since PCR techniques 
are very sensitive and specific and are able to 
detect trace of DNA elements, in some cases 
positive PCR results cannot differentiate be-
tween active viral replication and latent viruses. 
However, in seronegative patients the positive 
PCR results are definitely indicative of primary 
HCMV infection. On the other hand, a negative 
PCR result indicates the absence of HCMV 
infection.33 Considering that HCMV replicates 
in infected cells and released into the plasma, 
the detection of viral nucleic acid in plasma or 
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serum reveals active infection. This point is par-
ticularly true in solid organ transplant recipients. 
The diagnostic value of PCR is well established 
when examined specimens include bronchoal-
veolar lavage fluid, cerebrospinal fluid and tissue 
biopsy samples.44 Comparative studies carried 
out about PCR techniques on different leukocyte 
subpopulations and plasma have shown the sig-
nificance of PCR in detecting HCMV DNA in 
PMN cells. However, since the qualitative PCR 
tests are not well standardized, the results are 
not sufficiently compatible with patients' clinical 
symptoms.21,45 When compared with quantitative 
PCR, the qualitative counterpart is of lower diag-
nostic value.22 The measurement of viral load by 
quantitative PCR appears to be a promising de-
velopment that might be important for the diag-
nosis and prediction of HCMV disease, differen-
tiation of latent from active infection, and monitor-
ing the treatment.22,46,47 

Methods developed for DNA quantification 
by PCR may be classified into three catego-
ries: semiquantitative, competitive, and non-
competitive quantitative. Quantification of 
HCMV DNA in blood leukocytes may have 
practical implications for the diagnosis of vis-
ceral organ disease during viremia. The me-
dian quantity of DNA in the leukocytes of pa-
tients with visceral organ disease is signifi-
cantly greater than that in patients with viremia 
alone. Compared with serum samples, periph-
eral blood leukocyte specimens from patients 
with HCMV disease have generally higher 
HCMV DNA titers. Quantitative PCR is being 
touted as one of the best diagnostic methods 
for diagnosis of HCMV.47 
 
Conclusion 
 
It seems that the most practical and reliable 
method for diagnosis of HCMV active infec-
tions and follow-up the treatment in immuno-
compromised patients are using Real-Time 
quantitative PCR and antigenemia assay on 
PMN cells of patients. Analysis of the results 
obtained from the above-mentioned methods 
can help the physicians make proper decisions 
at the onset of pre-emptive therapy and moni-
toring the treatment. 
 
Conflict of Interest: None declared 
 
References 
 
1 Spaete RR, Gehrz RC, Landini MP. Hu-

man cytomegalovirus structural proteins. J 
Gen Virol 1994; 75: 3287-308. 

2 Kalejta RF. Tegument proteins of human 
cytomegalovirus. Microbiol Mol Biol Rev 
2008; 72: 249-65. 

3 Mosca F, Pugni L. Cytomegalovirus infec-
tion: the state of the art. J Chemother 
2007; 19: 46-8. 

4 Colugnati FA, Staras SA, Dollard SC, Can-
non MJ. Incidence of cytomegalovirus in-
fection among the general population and 
pregnant women in the United States. 
BMC Infect Dis 2007; 7: 71. 

5 Casteels A, Naessens A, Gordts F, et al. 
Neonatal screening for congenital cy-
tomegalovirus infections. J Perinat Med 
1999; 27: 116-21. 

6 Bodéus M, Hubinont C, Bernard P, et al. 
Prenatal diagnosis of human cytomega-
lovirus by culture and polymerase chain 
reaction: 98 pregnancies leading to con-
genital infection. Prenat Diagn 1999; 19: 
314-7. 

7 Boppana SB, Fowler KB, Britt WJ, et al. 
Symptomatic congenital cytomegalovirus 
infection in infants born to mothers with 
preexisting immunity to cytomegalovirus. 
Pediatrics 1999; 104: 55-60. 

8 Boppana SB, Rivera LB, Fowler KB, et al. 
Intrauterine transmission of cytomegalovi-
rus to infants of women with preconcep-
tional immunity. N Engl J Med 2001; 344: 
1366-71. 

9 Ziyaeyan M, Alborzi A, Abbasian A, et al. 
Detection of HCMV DNA in placenta, am-
niotic fluid and fetuses of seropositive 
women by nested PCR. Eur J Pediatr 
2007; 166: 723-6. 

10 Kenneson A, Cannon MJ. Review and 
meta-analysis of the epidemiology of con-
genital cytomegalovirus (CMV) infection. 
Rev Med Virol 2007; 17: 253-76. 

11 Lazzarotto T, Guerra B, Lanari M, et al. 
New advances in the diagnosis of congeni-
tal cytomegalovirus infection. J Clin Virol 
2008; 41: 192-7. 

12 Munro SC, Hall B, Whybin LR, et al. Diag-
nosis of and screening for cytomegalovirus 
infection in pregnant women. J Clin Micro-
biol 2005; 43: 4713-8. 

13 Stehel EK, Shoup AG, Owen KE, et al. 
Newborn hearing screening and detection 
of congenital cytomegalovirus infection. 
Pediatrics 2008; 121: 970-5. 

14 Rafailidis PI, Mourtzoukou EG, Varbobitis 
IC, Falagas ME.  Severe cytomegalovirus 
infection in apparently immunocompetent 
patients: a systematic review. Virol  J 
2008; 5: 47. 

15 Valentine VG, Bonvillain RW, Gupta MR, 
et al. Infections in lung allograft recipients: 
ganciclovir era. J Heart Lung Transplant  
2008; 27: 528-35. 

16 Toupance O, Bouedjoro-Camus MC, Car-
quin J, et al. Cytomegalovirus-related  



Human cytomegalovirus: infections and diagnosis 
 

Iran J Med Sci September 2008; Vol 33 No 3 131 

disease and risk of acute rejection in renal 
transplant recipients: a cohort study with 
case-control analyses. Transpl Int 2000; 
13: 413-9. 

17 Mori T, Okamoto S, Matsuoka S, et al. 
Risk-adapted pre-emptive therapy for cy-
tomegalovirus disease in patients undergo-
ing allogeneic bone marrow transplanta-
tion. Bone Marrow Transplant 2000; 25: 
765-9. 

18 Amini-Bavil-Olyaee S, Sabahi F, Firouzan A, 
et al. Pre-Symptomatic Human Cytomega-
lovirus Disease Diagnosis in Renal Trans-
plant Recipients by the Virus DNA PCR. Ira-
nian J Public Health 2005; 34: 44-51. 

19 Yaghobi R, Behzad-Behbahani A., Sabahi 
F, et al. Comparative analysis of a double 
primer PCR assay with plasma, leukocytes 
and antigenemia for diagnosis of active 
human cytomegalovirus infection in bone 
marrow transplant patients. Bone Marrow 
Transplant 2005; 35: 595-9. 

20 Kamar N, Mengelle C, Esposito L, et al. 
Predictive factors for cytomegalovirus re-
activation in cytomegalovirus-seropositive 
kidney-transplant patients. J Med Virol 
2008; 80: 1012-7. 

21 Yakushiji K, Gondo H, Kamezaki K, et al. 
Monitoring of cytomegalovirus reactivation 
after allogeneic stem cell transplantation: 
Comparison of an antigenemia assay and 
quantitative real-time polymerase chain 
reaction. Bone Marrow Transplant 2002; 
29: 599-606. 

22 Schulenburg A, Watkins-Riedel T, Greinix 
HT, et al. CMV monitoring after peripheral 
blood stem cell and bone marrow trans-
plantation by pp65 antigen and quantitative 
PCR. Bone Marrow Transplantat 2001; 28: 
765-8. 

23 Bordon V, Bravo S, Van Renterghem L, et 
al. Surveillance of cytomegalovirus (CMV) 
DNAemia in pediatric allogeneic stem cell 
transplantation: incidence and outcome of 
CMV infection and disease. Transpl Infect 
Dis 2008; 10: 19-23. 

24 Gupta S, Mitchell JD, Markham DW, et al. 
High incidence of cytomegalovirus disease 
in D+/R- heart transplant recipients shortly 
after completion of 3 months of valganci-
clovir prophylaxis. J Heart Lung Transplant 
2008; 27: 536-9. 

25 Humar A, Paya C, Pescovitz MD, et al. 
Clinical utility of cytomegalovirus viral load 
testing for predicting CMV disease in 
D+/R- solid organ transplant recipients. Am 
J Transplant 2004; 4: 644-9. 

26 Pillet A, Mengelle C, Basse G, et al. Moni-
toring HCMV infection with quantitative 
real-time PCR in HCMV-positive orthotopic 

liver transplant recipients, and predictive 
factors for treatment of the first episode of 
HCMV viremia. Transplant Proc 2006; 38: 
2335-8. 

27 van der Bij W, Speich R. Management of 
cytomegalovirus infection and disease af-
ter solid-organ transplantation. Clin Infect 
Dis 2001; 33: S32-7. 

28 Lalonde RG, Boivin G, Deschênes J, et al. 
Canadian consensus guidelines for the 
management of cytomegalovirus disease 
in HIV/AIDS. Can J Infect Dis Med Micro-
biol 2004; 15: 327-35. 

29 Sullivan PS, Denniston M, McNaghten A, 
et al. Use of a population-based survey to 
determine incidence of AIDS-defining op-
portunistic illnesses among HIV-positive 
persons receiving medical care in the 
United States. AIDS Res Ther 2007; 4: 17 

30 Lazzarotto T, Guerra B, Spezzacatena P, 
et al. Prenatal diagnosis of congenital cy-
tomegalovirus infection. J Clin Microbiol 
1998; 36: 3540-4. 

31 Revello MG, Zavattoni M, Baldanti F, et al. 
Diagnostic and prognostic value of human 
cytomegalovirus load and IgM antibody in 
blood of congenitally infected newborns. J 
Clin Virol 1999; 14: 57-66. 

32 Weber B, Berger A, Rabenau H. Human 
cytomegalovirus infection: diagnostic po-
tential of recombinant antigens for cy-
tomegalovirus antibody detection. J Virol 
Methods 2001; 96: 157-70. 

33 Ziyaeyan M, Sabahi F, Alborzi A, et al. Di-
agnosis and monitoring of Human cy-
tomegalovirus infection in bone marrow 
transplant recipients by quantitative com-
petitive PCR. Exp Clin Transplant 2006; 4: 
470-4. 

34 Scott GM, Ratnamohan VM, Rawlinson 
WD. Improving permissive infection of hu-
man cytomegalovirus in cell culture.  Arch 
Virol 2000; 145: 2431-8. 

35 Reina J, Saurina J, Fernandez-Baca V, et 
al. An increase in the number of polymor-
phonuclear leukocytes inoculated on shell-
vial culture increases the sensitivity of this 
assay in the detection of cytomegalovirus 
in the blood of immunocompromised pa-
tients. Diagn Microbiol Infect Dis 1998; 31: 
425-8. 

36 Pajand O, Ziyaeyan M, Mousavi A, et al. 
Comparison of HCMV DNA load and anti-
genemia results in hematopoietic trans-
plant recipients based on GVHD grade. 
Tehran University Medical Journal 2007; 
64: 18-24. (Article in Persian) 

37 Behzad-Behbahani A, Yaghobi R, Sabahi 
F, et al. Improvement in isolation of human 
peripheral blood leukocyte subpopulations: 



M. Ziyaeyan, F. Sabahi 
 

Iran J Med Sci September 2008; Vol 33 No 3 132 

application in diagnosing human cy-
tomegalovirus infection in bone marrow 
transplant patients. Exp Clin Transplant 
2005; 3: 316-9. 

38 Boeckh M, Bowden RA, Gooley T, et al. 
Successful modification of a pp65 anti-
genemia-based early treatment strategy 
for prevention of cytomegalovirus disease 
in allogeneic marrow transplant recipients. 
Blood 1999; 93: 1781-2.  

39 Lo CY, Ho KN, Yuen KY, et al. Diagnosing 
cytomegalovirus disease in CMV seroposi-
tive renal allograft recipients: a comparison 
between the detection of CMV DNAemia 
by polymerase chain reaction and anti-
genemia by CMV pp65 assay. Clin Trans-
plant 1997; 11: 286-93. 

40 Pajand O, Ziyaeyan M, Mousavi A, et al. 
Correlation Between Human Cytomega-
lovirus DNA Load in Blood and Antigene-
mia Results in Allogeneic Hematopoietic 
Cell Transplant Recipients. Exp Clin 
Transplant 2008; 2: 149-54. 

41 Boeckh M, Gooley TA, Myerson D, et al. 
Cytomegalovirus pp65 antigenemia-guided 
early treatment with ganciclovir versus 
ganciclovir at engraftment after allogeneic 
marrow transplantation: A randomized dou-
ble-blind study. Blood 1996; 88: 4063-71. 

42 Gerna G, Zipeto D, Percivalle E, et al. 
Human cytomegalovirus infection of the 

major leukocyte subpopulations and evi-
dence for initial viral replication in poly-
morphonuclear leukocytes from viremic 
patients. J Infect Dis 1992; 166: 1236-44. 

43 Ziyaeyan M, Sabahi F, Alborzi A, et al. De-
velopment of a Sensitive Quantitative 
Competitive PCR Assay for Detection of 
Human Cytomegalovirus DNA. Iranian 
Biomedical Journal 2005; 9: 187-91. 

44 Szczepura A, Westmoreland D, Vinogra-
dova Y, et al. Evaluation of molecular 
techniques in prediction and diagnosis of 
cytomegalovirus disease in immunocom-
promised patients. Health Technol Assess 
2006; 10: 1-176. 

45 Von Müller L, Hampl W, Hinz J, et al. High 
variability between results of different in-
house tests for cytomegalovirus (CMV) 
monitoring and a standardized quantitative 
plasma CMV PCR assay. J Clin Microbiol 
2002; 40: 2285-7. 

46 Machida U, Kami M, Fukui T, et al. Real-
time automated PCR for early diagnosis 
and monitoring of cytomegalovirus infec-
tion after bone marrow transplantation. J 
Clin Microbiol 2000; 38: 2536-42. 

47 Boeckh, M., Boivin, G. Quantitation of cy-
tomegalovirus: Methodologic aspects and 
clinical applications. Clin Microbiol Rev 
1998; 11: 533-54. 

 
 


