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Abstract 

Background: Cytomegalovirus (CMV) can vertically transmit from infected mothers to fetuses and causes congenital infection in 
newborns. Unfortunately, there have been limited data available on the prevalence of congenital CMV (cCMV) infection among Iranian 
neonates at higher risk of infection. 
Objectives: The current study aimed to assess the prevalence of cCMV infection among hospitalized neonates in Tehran, Iran, and 
investigate the diagnostic values of CMV polymerase chain reaction (PCR) on Guthrie cards in comparison to those reported for urine 
specimens. 
Methods: This cross-sectional study was carried out on the hospitalized neonates with 3 weeks of age. The urine specimens and Guthrie 
cards were taken from each eligible newborn. Total nucleic acid was extracted from the samples and tested by PCR for the presence of 
CMV deoxyribonucleic acid. The cCMV infection was confirmed in the newborns, and the infected neonates underwent further evaluation. 
Results: Out of 224 newborns, CMV infection was identified in 11 neonates (4.9%). There were no factors in association with cCMV 
infection. The sensitivity and specificity of dried blood spot (DBS) samples for the identification of newborns with cCMV infection were 
90% and 99%, respectively. 
Conclusion: A significant number of hospitalized neonates in the present study were infected with cCMV infection. The results of the 
current study revealed that Guthrie cards had adequate sensitivity for the identification of CMV infection in the hospitalized newborns. 
Since symptomatic newborns with cCMV infection have a higher chance for the development of early- or late-onset sequelae of infection, it 
is recommended to diagnose and treat this group of newborns. 
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1. Background 

Cytomegalovirus (CMV), a betaherpesvirus, can 
vertically transmit from infected mothers to fetuses 
during pregnancy and causes congenital CMV (cCMV) 
infection in newborns with serious complications 
depending on the characteristics of populations, 
including maternal immunity (primary or non-
primary) and/or racial factors (1). In total, the global 
incidence of cCMV infection among newborns is 
reported within the range of 0.2-2.2%, (2). Neonates 
with cCMV infection are mostly asymptomatic at 
birth, thereby remaining undiagnosed. Additionally, 
the clinical manifestations of newborns with 
symptomatic cCMV infection are not sufficiently 
specific to prompt the pediatrician to order a CMV 
test before 21 days of birth (3). Seizures, petechiae, 
and microcephaly are three common symptoms 
associated with cCMV infection at birth. However, 
both symptomatic and asymptomatic neonates can 
develop the late sequelae of cCMV infection, more 
frequently in the symptomatic cases (4). 

In developed countries with moderate maternal 
seroprevalence (40-70%), psychomotor impairment 

and sensorineural hearing loss (SNHL) are reported 
as two common sequelae following cCMV infection 
(5). It is estimated that about 40% of all SNHL cases 
(in children up to 5 years of age) are attributed to 
CMV, and more than half of all cases may fail to be 
identified during neonatal hearing screening test due 
to the late onset of this complication (6). For many 
years, the diagnosis of cCMV infection has been 
performed using direct isolation of the virus from 
saliva and urine specimens with serological methods, 
such as the detection of immunoglobulin G 
(IgG)/immunoglobulin M antibodies and/or antigen 
pp65 in perilymphatic fluid and blood. However, the 
culture method is relatively difficult and expensive 
and takes about 2 or 3 days to get the results, and 
serological tests have less sensitivity in comparison 
to gold standard assays. In the last decades, these 
traditional cumbersome detection assays have been 
replaced with highly sensitive and specific assays, 
such as polymerase chain reaction (PCR) (7). 

Based on the evidence, it was demonstrated that 
the early detection of cCMV infection, if associated 
with useful interventions in newborns, not only could 
prevent unnecessary diagnostic testing in the future 
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but also may help to improve the language outcomes 
in children with early- or late-onset SNHL (8). 
Nevertheless, the definitive detection of cCMV 
infection is only possible by testing urine, saliva, 
and/or blood specimens within 21 days of neonates’ 
life (9). More precisely, multiple studies have 
suggested using dried blood spot (DBS) samples for 
cCMV screening in light of reliable sensitivity and 
specificity. According to the published data, manual-
based extraction methods (e.g., heat shock assay or 
phenol-chloroform extraction method) with nested 
PCR gel-based assays have the highest sensitivity for 
the detection of CMV deoxyribonucleic acid (DNA) in 
DBS samples (10). 

At present, screening for cCMV infection in 
newborns is only performed in one country (i.e., 
USA), and in other countries CMV testing is limited to 
those who have suspicious symptoms or signs 
referable to cCMV infection. In a previous study, it has 
been shown that the frequency of cCMV infection 
among asymptomatic neonates born in the six cities 
of Tehran, Iran, is about 0.34% in total (11). 
However, there have been limited data available on 
the prevalence of cCMV infection among Iranian 
neonates. 

 

2. Objectives 

The present study aimed to assess the prevalence 
of cCMV infection among the hospitalized neonates 
with less than 3 weeks of age in Tehran and evaluate 
the diagnostic values of CMV PCR of DBS samples in 
comparison to those reported for the standard urine 
specimens of newborns. 

 

3. Methods 

3.1. Population Study 
This cross-sectional study was carried out on the 

hospitalized newborns referred to university-
affiliated hospitals in the western regions of Tehran 
within April 1st to September 2017. The pediatrics 
units of these public hospitals serve as the main 
referral centers for newborns' diseases in Tehran 
province and admit patients from all socioeconomic 
statuses. Before sampling, all the neonates' parents 
were approached about the participation of their 
neonates in the study. The newborns with > 21 days 
of age and/or with no DBS cards were excluded from 
the present study. 

The main symptoms and characteristics of the 
neonates were documented according to the hospital 
records. The demographic data and related maternal 
factors of the newborns were also documented using 
a questionnaire. Informed consent was obtained from 
the neonates’ parents for participation in the study. 
The present study was approved by the Ethics 
Committee of Iran University of Medical Sciences, 
Tehran, Iran. 

3.2. Sample Collection 
The urine specimen was taken from each neonate 

using sterile bags, decanted into the collection tubes, 
and transported to the laboratory at the Virology 
Department of Tehran University of Medical Sciences, 
Tehran, Iran. Newborns’ Guthrie cards (Whatman 
903) were retrieved after the completion of metabolic 
screening tests in the central reference laboratory. 
Briefly, two of five circles from each Guthrie card were 
cut out by scissors and stored into a sealed plastic bag 
containing desiccants and then transported to the 
research laboratory at the Institute of Immunology 
and Infectious Diseases (in Hazrate-Rasool University 
Hospital, Tehran, Iran) within 24 h and stored at 4°C 
until further processing (9). 

 
3.3. Laboratory Tests 

Total DNA was extracted from urine samples 
using a high pure PCR template purification kit 
(Roche Diagnostics, GmbH. Germany) according to 
the manufacture’s instruction and subsequently 
evaluated for the presence of CMV UL83 gene with a 
CE-IVD quantification PCR kit (R-GENE, Biomerieux, 
France), as described by the manufacturer. The 
detection limit of this kit was 2.6 log10 copies/ml, and 
all the experiments were conducted with the PCR 
platform of ABI 7500 (Applied Biosciences). 

Genomic DNA was extracted from the DBS 
samples in triplicate using a highly sensitive thermal 
shock assay according to the modified protocol (12). 
In brief, a punch of each DBS sample (with a diameter 
of 3 mm) was soaked in 30 μl of Minimum Essential 
Medium (MEM, Sigma Aldrich, USA), incubated 
overnight (4°C), and then heated in a thermocycler 
with a temperature of 55°C for 60 min, 100°C for 7 
min, and 0°C for 2 min (Eppendorf, Germany). Finally, 
after a centrifugation step (3320×g for 15 min), the 
supernatant (20 μl) was frozen at  −80°C overnight 
and tested for the presence of CMV DNA with an in-
house nested PCR assay as previously described (11). 

  
3.4. Clinical Evaluation of Neonates 

All the parents of newborns with CMV positive 
PCR tests were informed of the screening results  
of their neonates and approached for cardiac 
examination and echocardiography (in case of 
indication). The infected neonates were included in a 
2-year follow-up study for other evaluations, such as 
central nervous system examination; computerized 
tomography scan, and audiometric and ophthalmic 
examinations, by relevant specialists. The CMV 
treatment was initiated based on the severity of the 
symptoms and physician’s decision. 

 
3.5. Quality Control 

For the prevention of cross-contamination 
between patients’ specimens, the scissors were 
cleaned by 0.1 M of hydrochloric acid before making 
cuts, and a blank Whatman card was punched before 
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and after taking each patient’s sample (13). The CMV 
positive and negative control samples in different 
dilutions were prepared from the blood samples of 
three infected and two healthy newborns (using the 
similar procedure of the study samples), respectively, 
and used as standard controls in each run of PCR. The 
DBS samples with positive results for CMV DNA were 
tested again with reverse transcription PCR for the 
quantification of CMV load in each sample. 

 
3.6. Statistical Analysis 

Univariate analyses were performed by Fisher’s 
exact test and Chi-squared test to compare the values 
of risk factors between the two groups of CMV infected 
and non-infected newborns. Statistical analyses were 
carried out using MedCalc Statistical Software (version 
15.8; MedCalc Software bvba, Ostend, Belgium; 
https://www.medcalc.org; 2015). A p-value of less 
than 0.05 was considered statistically significant (14). 

4. Results 

In this study, 238 hospitalized newborns with 21 
days of age were recruited from the university 
medical centers of Tehran with the exclusion of 14 
cases due to unwillingness to continue the study 
and/or absence of Guthrie cards. Out of 224 neonates, 
11 cases were positive for CMV DNA, yielding an 
infection rate of 4.9% (95% CI: 2.4-8.6) in total. There 
were no risk factors statistically associated with 
cCMV infection in newborns. Table 1 tabulates the 
main characteristics of the neonates and their 
mothers in association with cCMV infection. 

The clinical reasons mainly leading to neonates’ 
hospitalization were intrauterine growth restriction, 
jaundice, and low birth weight. There were no 
differences in the prevalence of clinical symptoms in 
newborns with and without cCMV infection. Table 2 
shows clinical symptoms and signs observed in 

 
Table 1. Analysis of demographic and medical characteristics of newborns with congenital Cytomegalovirus infection 

Characteristics 
CMV-Positive 

n (%) 
CMV-Negative 

n (%) 
P-value 

Gender 
   Male 
   Female 

 
7 (6.0) 
4 (4.0) 

 
115 (94.0) 
98 (96.0) 

0.5 

Gestational age 
   ≤37 weeks 
   >37 weeks 

 
4 (5.9) 
7 (4.7) 

 
67 (94.1) 

146 (95.3) 
0.7 

Type of delivery 
   Vaginal 
   Cesarean 

 
8 (6.6) 
3 (3.2) 

 
120 (93.4) 
93 (96.8) 

0.2 

Maternal age 
   ≤27 years 
   >27 years 

 
6 (4.5) 
5 (6.1) 

 
132 (95.5) 
81 (93.9) 

0.6 

Birthweight (g)  
(mean±SD) 

2500.0±250 2750.0±500 0.1 

Body length (cm)  
(mean±SD) 

46.5±0.5 47.0±1.5 0.2 

Head circumference (cm) (mean±SD) 33.5±0.5 34±1.0 0.1 
CMV: Cytomegalovirus; SD: Standard deviation 

 
Table 2. Comparison of main clinical symptoms between neonates with and without congenital Cytomegalovirus infection 

Variable 
Congenital Cytomegalovirus infection 

P-value Positive 
n (%) 

Negative 
n (%) 

Intrauterine growth restriction 
   Yes 
   No 

 
6 (4.4) 
5 (6.4) 

 
135 (95.6) 
78 (93.6) 

0.5 

Jaundice 
   Yes 
   No 

 
8 (6.6) 
3 (3.2) 

 
121 (93.4) 
92 (96.8) 

0.2 

Low birthweight 
   Yes 
   No 

 
5 (4.3) 
6 (6.0) 

 
114 (95.7) 
99 (94.0) 

0.5 

Petechiae 
   Yes 
   No 

 
4 (8.5) 
7 (4.2) 

 
47 (91.5) 

166 (95.8) 
0.2 

Seizures 
   Yes 
   No 

 
1 (4.5) 

10 (5.2) 

 
22 (95.5) 

191 (94.8) 
0.8 

Hearing screening results 
   Abnormal 
   Normal 

 
3 (13.0) 
8 (4.1) 

 
23 (87.0) 

193 (95.9) 
0.07 
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Table 3. Comparison of dried blood spot to urine samples in screening for congenital Cytomegalovirus infection 

Urine 
Dried blood spot 

Total 
Positive Negative 

Positive 10 1 11 
Negative 2 211 213 
Sensitivity (95% CI) 90.9% (58.7-99.7%) 
Specificity (95% CI) 99.0% (96.6-99.8%) 
Positive predictive value (95% CI) 83.3% (51.5-97.9%) 
Negative predictive value (95% CI) 99.5% (97.4-99.9%) 

 
neonates with and without cCMV infection. 

The median viral load in the DBS samples of the 
infected newborns was 4.5 log10 copies/ml (range: 
2.70-6.25 log10 copies/ml). In comparison to the 
results of urine PCR, the sensitivity and specificity of 
DBS were 90.9% (95% CI: 58.7-99.7) and 99.0% 
(95% CI: 96.6-99.8), respectively (Table 3). 

 

5. Discussion 

The CMV infection is the most common viral 
congenital infection around the world (15). The 
prevalence of cCMV infection among hospitalized 
newborns in Tehran, the capital of Iran, during 6 
months of the study period was 4.9%. To the best of 
our knowledge, the current study has provided the 
documented data for the first time in Iran on the 
rate of cCMV infection among neonates admitted to 
hospitals at birth by testing newborns’ DBS cards 
and urine specimens. The overall prevalence rates  
of cCMV infection among asymptomatic and 
symptomatic neonates in Iran were reported within 
the range of 0.3-58% in total (16-18). In addition, 
similar findings were reported by a systematic 
review in which cCMV infection among the 
newborns of populations with high maternal CMV 
seroprevalence was reported to be about 6.1% (19). 
The findings of the current study are in line with the 
aforementioned data from Tehran and other 
developing countries. 

Based on previous studies, most of the Iranian 
pregnant women (within the range of 85-95%) have 
a positive titer for anti-CMV IgG in their serum due to 
CMV infection before pregnancy (20, 21). This finding 
means that over 98% of newborns with cCMV 
infection in Iran are asymptomatic at birth out of 
which 10% will develop the late-onset sequelae of 
infection in the form of SNHL and psychomotor delay 
(22). Although multiple studies indicated that the 
rate of cCMV infection with severe symptoms at birth 
is lower in populations with high maternal 
seroprevalence, the results of the current study 
revealed that 27.2% of CMV-infected cases failed in 
the primary hearing screening test (23). 

Several studies have demonstrated that a DBS 
sample is not associated with adequate sensitivity for 
using as the sample choice in CMV detection assays 
(24, 25). On other hand, some studies have reported 
the beneficial aspects of using DBS samples in the 
diagnosis of infected neonates who are more prone to 

develop the late-onset sequelae of infection (26, 27). 
Based on the results of the present study, the 
sensitivity and specificity of the DBS samples for the 
identification of newborns with cCMV infection were 
90.9% and 99%, respectively. Although in this study 
the most sensitive assays (i.e., heat shock protocol 
and nested-PCR assay) were used which were noted 
in the literature for the diagnosis of CMV DNA, other 
studies have also reported the high sensitivity and 
specificity of DBS samples for the detection of CMV 
DNA in neonates at birth (28).  

The median viral load in the DBS samples of 
Iranian infected neonates was 4.5 log10 copies/ml, 
similar to the median DBS viral load reported for 
symptomatic French newborns (4.26 log10 copies/ml) 
using an identical PCR diagnostic assay (29). Finally, 
there were some limitations in the present study 
which should be considered in interpreting the 
obtained findings. Firstly, the prevalence of cCMV 
infection was assessed in the newborns referred to 
the hospitals of Tehran. In addition, the sample size 
was relatively small. Therefore, the results of the 
current study may not be generalizable to the whole 
population of neonates in Iran. 

 

6. Conclusion 

In the present study, the incidence of cCMV 
infections among the hospitalized newborns in 
Tehran was calculated as 4.9% in total. More 
importantly, the sensitivity and specificity of the DBS 
samples in comparison to the standard urine 
specimens for the detection of cCMV infection were 
90.9% and 99.0%, respectively, which was relatively 
high. Since newborns with cCMV infections have a 
chance for developing the early- or late-onset 
sequelae of infection, it is recommended to diagnose 
and treat infected neonates and propose 
precautionary measures to pregnant women as the 
best approaches for controlling the disease. Finally, it 
is suggested to carry out further studies with larger 
sample sizes and focus on neonates with specific 
symptoms in different parts of Iran. 

 

Acknowledgements 

This study was extracted from a PhD thesis 
supported by Iran University of Medical Sciences 
(Grant no.: 25708). The authors would like to express 
their gratitude to the medical staff and personnel of 



 Noorbakhsh S et al. 

 

Iran Red Crescent Med J. 2020; 22(10):e66.                                                                                                                                                                                                      5 
 

the hospitals for their help and efforts. The authors 
would also like to show appreciation to the 
participants for their involvement in this project. 

 

Footnotes 

Authors’ Contribution: Samileh Noorbakhsh and 
Mohammad Farhadi designed and supervised the 
study and examined the newborns. Farhad Rezaei 
prepared the study manuscript. Hesamodin 
Emamjomeh performed the hearing tests. Majid 
Farahmand analyzed the data. Maryam Izadpanahi 
and Faezeh Haghighi performed the laboratory tests. 
Morteza Haghighi Hasanabad optimized the 
diagnostic assays and was involved in all the steps of 
the experiments. All the authors contributed to 
preparing the final version of the manuscript. 
Conflict of Interests: The authors declare that there 
is no conflict of interest. 
Ethical Approval: This project was approved by the 
Ethics Committee of Iran University of Medical 
Sciences. Participation in this study was voluntary, 
and informed consent was obtained from the 
newborns’ parents. 
Funding/Support: This study was financially 
supported by Iran University of Medical Sciences, 
Tehran, Iran. The sponsor had no role in the design 
and conduct of the study, data collection, 
management, analysis of the data, preparation, 
review, and approval of the manuscript, and decision 
to submit the manuscript for publication. 

 

References 

1. Fowler KB, Dahle AJ, Boppana SB, Pass RF. Newborn hearing 
screening: will children with hearing loss caused by congenital 
cytomegalovirus infection be missed? J Pediatr. 1999; 
135(1):60-4. doi: 10.1016/s0022-3476(99)70328-8. [PubMed: 
10393605]. 

2. Atkinson C, Emery V, Griffiths P. Development of a novel single 
tube nested PCR for enhanced detection of cytomegalovirus 
DNA from dried blood spots. J virol methods. 2014;196:40-4. 
doi: 10.1016/j.jviromet.2013.10.029. [PubMed: 24184085]. 

3. Kenneson A, Cannon MJ. Review and meta‐analysis of the 
epidemiology of congenital cytomegalovirus (CMV) infection. 
Rev med virol. 2007;17(4):253-76. doi: 10.1002/rmv.535. 
[PubMed: 17579921]. 

4. Pass RF. Congenital cytomegalovirus infection and hearing 
loss. Herpes: j IHMF. 2005;12(2):50-5. [PubMed: 16209862]. 

5. Ludwig A, Hengel H. Epidemiological impact and disease 
burden of congenital cytomegalovirus infection in Europe. 
Euro Surveill. 2009;14(9):26-32.[PubMed: 19317969]. 

6. Fowler KB, Boppana SB. Congenital cytomegalovirus (CMV) 
infection and hearing deficit. J Clin Virol. 2006;35(2):226-31. 
doi: 10.1016/j.jcv.2005.09.016. [PubMed: 16386462]. 

7. Inoue N, Koyano S. Evaluation of screening tests for congenital 
cytomegalovirus infection. Pediatr Infect Dis J. 2008;27(2):182-
4. doi: 10.1097/INF.0b013e318161a2d5. [PubMed: 18174856]. 

8. Cannon MJ, Schmid DS, Hyde TB. Review of cytomegalovirus 
seroprevalence and demographic characteristics associated 
with infection. Rev Med Virol. 2010;20(4):202-13. doi: 
10.1002/rmv.655. [PubMed: 20564615]. 

9. Scanga L, Chaing S, Powell C, Aylsworth AS, Harrell LJ, 
Henshaw NG, et al. Diagnosis of human congenital 
cytomegalovirus infection by amplification of viral DNA from 
dried blood spots on perinatal cards. J Mol Diagn. 

2006;8(2):240-5. doi: 10.2353/jmoldx.2006.050075. [PubMed: 
16645211]. 

10. Binda S, Caroppo S, Didò P, Primache V, Veronesi L, Calvario A 
et al. Modification of CMV DNA detection from dried blood 
spots for diagnosing congenital CMV infection. J Clin Virol. 
2004;30:276–9. doi: 10.1016/j.jcv.2003.11.012. [pubMed: 
15135749]. 

11. Noorbakhsh S, Farhadi M, Haghighi F, Minaeian S, Haghighi 
H.M. Neonatal screening for congenital cytomegalovirus 
infection in Tehran, Iran, using Guthrie cards. IRAN J 
MICROBIOL. 2020;12(3):198-203. [PubMed: 32685115]. 

12. De Vries JJ, Barbi M, Binda S, Claas EC. Extraction of DNA from 
dried blood in the diagnosis of congenital CMV infection. 
Methods Mol Biol. 2012;903:169-75. doi: 10.1007/978-1-
61779-937-2_10. [PubMed: 22782817]. 

13. Namazi MJ, Balooti DA, Haghighi F, Mohammadzadeh M, 
Zarean M, Haghighi HM. Molecular detection of Leishmania 
species in northeast of Iran. Comp Clin Pathol;27(3):729-33. 
Pathology (2018) doi:10.1007/s00580-018-2658-9 

14. Esteghamati A, Mazouri A, Sayyahfar S, Khanaliha KH, Haghighi 
F, Faramarzi M, et al. Transmission Rates of Chlamydia 
trachomatis and Neisseria gonorrhoeae Infections from 
PregnantWomen to Newborns, Tehran, Iran. Jundishapur J 
Microbiol. 2020;13(3):e92549. doi: 10.5812/jjm.92549.  

15. Waters A, Jennings K, Fitzpatrick E, Coughlan S, Molloy EJ, De 
Gascun CF, et al. Incidence of congenital cytomegalovirus 
infection in Ireland: implications for screening and diagnosis. J 
Clin Virol. 2014;59(3):156-60. doi:10.1016/j.jcv.2013.12.007. 
[PubMed: 24461765]. 

16. Fahimzad A, Afgeh SA, Eghbali E, Abdinia B, Shiva F, Rahbar M. 
Screening of congenital CMV infection in saliva of neonates by 
PCR: report of a pilot screening study in Iran. Clin Lab. 
2013;59(9-10):1171-4. doi: 10.7754/clin.lab.2013.120910. 
[PubMed: 24273943]. 

17. Ebrahimi RM, Seyed ST, Shirvani F, Shahrokhi K, Shahrokhi N. 
Prevalence of congenital cytomegalovirus infection in 
symptomatic newborns under 3 weeks in Tehran, Iran. BMC 
Infect Dis. 2017;17(1):688. doi: 10.1186/s12879-017-2799-5. 
[PubMed: 29047343]. 

18. Noorbakhsh S, Siadati A, Farhadi M, Memari F, Tabatabaei A, 
Emam JH. Role of cytomegalovirus in sensorineural hearing 
loss of children: a case-control study Tehran, Iran. Int J Pediatr 
Otorhinolaryngol. 2008;72(2):203-8. doi: 10.1016/j.ijporl. 
2007.10.009. [PubMed: 18054797]. 

19. Lanzieri TM, Dollard SC, Bialek SR, Grosse SD. Systematic 
review of the birth prevalence of congenital cytomegalovirus 
infection in developing countries. Int J Infect Dis. 2014;22:44–
8. doi: 10.1016/j.ijid.2013.12.010. [PubMed: 24631522]. 

20. Siadati A, Noorbakhsh S, Ghazi F, Rimaz SH, Monavari MR. 
Cytomegalovirus Infection In Primipiparous Pregnant Women 
And Their Neonates. Acta Medica Iran. 2002;40(3):136–9. 

21. Noorbakhsh S, Farhadi M, Haghighi M, Movahedi Z, Jomeh H.E, 
Ashouri S. Searching the CMV infection (CMV ag65 in blood; 
and CMV-DNA (PCR in perilymphatic fluid) in children with 
cochlear implant surgery: A cross sectional study in tehran, 
Iran. Current Pediatric Res. 2017;21(3):395-9. 

22. Kimberlin DW, Acosta EP, Sánchez PJ, Sood S, Agrawal V, 
Homans J, et al. Pharmacokinetic and pharmacodynamic 
assessment of oral valganciclovir in the treatment of 
symptomatic congenital cytomegalovirus disease. J Infect  
Dis. 2008;197(6):836-45. doi: 10.1086/528376. [PubMed: 
18279073]. 

23. Barbi M, Binda S, Caroppo S, Calvario A, Germinario C, Bozzi A, 
et al. Multicity Italian study of congenital cytomegalovirus 
infection. Pediatr Infect Dis J. 2006;25(2):156-9. doi: 
10.1097/01.inf.0000199261.98769.29. [PubMed: 16462294]. 

24. Boppana SB, Ross SA, Novak Z, Shimamura M, Tolan RW, 
Palmer AL, et al. Dried blood spot real-time polymerase chain 
reaction assays to screen newborns for congenital 
cytomegalovirus infection. Jama. 2010;303(14):1375-82. doi: 
10.1001/jama.2010.423. [PubMed: 20388893]. 

25. Boppana SB, Ross SA, Shimamura M, Palmer AL, Ahmed A, 
Michaels MG, et al. Saliva polymerase-chain-reaction assay for 
cytomegalovirus screening in newborns. N Engl J Med. 

https://linkinghub.elsevier.com/retrieve/pii/S0022347699703288
https://pubmed.ncbi.nlm.nih.gov/10393605/
https://www.sciencedirect.com/science/article/abs/pii/S0166093413004333?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/24184085/
https://onlinelibrary.wiley.com/doi/abs/10.1002/rmv.535
https://pubmed.ncbi.nlm.nih.gov/17579921/
https://europepmc.org/article/med/16209862
https://pubmed.ncbi.nlm.nih.gov/19317969/
https://www.sciencedirect.com/science/article/abs/pii/S1386653205003069?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/16386462/
https://journals.lww.com/pidj/toc/9000/00000
https://pubmed.ncbi.nlm.nih.gov/18174856/
https://onlinelibrary.wiley.com/doi/abs/10.1002/rmv.655
https://pubmed.ncbi.nlm.nih.gov/20564615/
https://linkinghub.elsevier.com/retrieve/pii/S1525157810607246
https://pubmed.ncbi.nlm.nih.gov/16645211/
https://www.sciencedirect.com/science/article/abs/pii/S138665320300324X?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/15135749/
https://pubmed.ncbi.nlm.nih.gov/32685115/
https://link.springer.com/protocol/10.1007%2F978-1-61779-937-2_10
https://link.springer.com/protocol/10.1007%2F978-1-61779-937-2_10
https://pubmed.ncbi.nlm.nih.gov/22782817/
https://www.researchgate.net/profile/Azar_Balouti_Dehkordi/publication/323234845_Molecular_detection_of_Leishmania_species_in_northeast_of_Iran/links/5d46702a299bf1995b63dd39/Molecular-detection-of-Leishmania-species-in-northeast-of-Iran.pdf
https://sites.kowsarpub.com/jjm/articles/92549.html
https://www.sciencedirect.com/science/article/abs/pii/S1386653213005386?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/24461765/
https://www.clin-lab-publications.com/article/1238
https://pubmed.ncbi.nlm.nih.gov/24273943/
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-017-2799-5
https://pubmed.ncbi.nlm.nih.gov/29047343/
https://www.sciencedirect.com/science/article/abs/pii/S0165587607004612?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0165587607004612?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/18054797/
https://linkinghub.elsevier.com/retrieve/pii/S1201971214000241
https://pubmed.ncbi.nlm.nih.gov/24631522/
https://academic.oup.com/jid/article/197/6/836/919779
https://pubmed.ncbi.nlm.nih.gov/18279073/
https://journals.lww.com/pidj/Abstract/2006/02000/Multicity_Italian_Study_of_Congenital.13.aspx
https://pubmed.ncbi.nlm.nih.gov/16462294/
https://jamanetwork.com/journals/jama/fullarticle/185671
https://pubmed.ncbi.nlm.nih.gov/20388893/


 Noorbakhsh S et al. 

 

6                                                                                                                                                                                                      Iran Red Crescent Med J. 2020; 22(10):e66. 
 

2011;364(22):2111-8. doi: 10.1056/NEJMoa1006561. [PubMed: 
21631323]. 

26. Barbi M, Binda S, Primache V, Caroppo S, Didò P, Guidotti P, et 
al. Cytomegalovirus DNA detection in Guthrie cards: a 
powerful tool for diagnosing congenital infection. J Clin Virol. 
2000;17(3):159-65. doi: 10.1016/s1386-6532(00)00089-5. 
[PubMed: 10996112]. 

27. Kharrazi M, Hyde T, Young S, Amin MM, Cannon MJ, Dollard SC. 
Use of screening dried blood spots for estimation of 
prevalence, risk factors, and birth outcomes of congenital 
cytomegalovirus infection. J Pediatr. 2010;157(2):191-7. doi: 
10.1016/j.jpeds.2010.03.002. [PubMed: 20400091]. 

28. Yamamoto AY, Mussi-Pinhata MM, Pinto PC, Figueiredo LT, Jorge 
SM. Usefulness of blood and urine samples collected on filter 
paper in detecting cytomegalovirus by the polymerase chain 
reaction technique. J Virol Methods. 2001;97(1-2):159-64. doi: 
10.1016/s0166-0934(01)00347-0. [PubMed: 11483226]. 

29. Leruez-Ville M, Vauloup-Fellous C, Couderc S, Parat S, Castel  
C, Avettand-Fenoel V, et al. Prospective identification of 
congenital cytomegalovirus infection in newborns using real-
time polymerase chain reaction assays in dried blood spots. 
Clin Infect Dis. 2011;52(5):575-81. doi: 10.1093/cid/ciq241. 
[PubMed: 21292661]. 

 

https://www.nejm.org/doi/full/10.1056/NEJMoa1006561
https://pubmed.ncbi.nlm.nih.gov/21631323/
https://www.sciencedirect.com/science/article/abs/pii/S1386653200000895?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/10996112/
https://linkinghub.elsevier.com/retrieve/pii/S0022347610002167
https://pubmed.ncbi.nlm.nih.gov/20400091/
https://www.sciencedirect.com/science/article/abs/pii/S0166093401003470?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/11483226/
https://academic.oup.com/cid/article/52/5/575/387529
https://pubmed.ncbi.nlm.nih.gov/21292661/

