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ABSTRACT

Cytomegalovirus (CMV) is recognized as the most common congenital viral infection in humans
and an important cause of morbidity and mortality in immune-compromised hosts. Children with congenital
CMV infection has led to the development of non-genetic sensorineural hearing loss(SNHL).Diagnosis of acute
maternal CMV infection by the presence of IgM and low IgG avidity requires confirmation of fetal infection
which is typically performed by cytomegalovirus polymerase chain reaction(PCR) of the amniotic fluid. Viral
culture of the urine and saliva obtained within the first two weeks of life continue to be the gold standard for
diagnosis of congenitally infected infants. PCR assays of dried blood spots from infants have not been shown
to have sufficient sensitivity for the identification of most infants with congenital CMV infection. However,
saliva PCR assays are currently being assessed as a useful screening method for congenital CMV infection. In
the immune-compromised host, newer rapid diagnostic assays such as pp65 antigenemia and real-time CMV
PCR of blood or plasma have allowed for preemptive treatment reducing morbidity and mortality. However,
lack of standardized real-time PCR protocols hinders the comparison of the data across different centers and
the development of uniform guidelines for the management of invasive CMV infections in immune-
compromised individuals. This review discuss about the clinical importance of congenital CMV infection, the
developments in laboratory diagnostics, and the benefits of antiviral therapy. It also identifies the global
efforts still required in the prevention of maternal infection and in the optimization of antiviral therapy to
further reduce the burden of congenital CMV disease.
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INTRODUCTION

Cytomegalovirus (CMV) is a ubiquitous human specific DNA virus which belongs to Herpsvirudae
family. The vast majority of CMV infections are asymptomatic or self limited in healthy children and adult[1-
3]. This spreads by close interpersonal contact through saliva, placental transfer, blood, genital secretion,
breast milk and urine or hematopoietic stem-cell transplantation .This remains the main non-genetic cause
for sensorineural hearing loss (SNHL) and delayed neurodevelopment.[4-5].Maternal transmission to fetus of
a new or reactivated latent infection can occur at any gestation week ,which leads to congenital CMV. [6].
Though Congenital CMV infection is the commonest congenital infection worldwide ,general population
compared to other condition lacks the awareness, which is the main way to prevent fetal infection. Awareness
to the pregnant ladies during the ANC visit, good hygiene practices along with hand washing, avoiding the
potential sources of CMV .CMV infection can be acquired in the newborn via congenital, intrapartum and
antenatal routes of infection. CMV infection of the new born occurs due to secondary exposure to the cervical
secretions of infected mother during vaginal delivery or via ingestion of CMV-infected breast
milk.[7].Premature babies appears to have high risk for CMV-associated diseases. These infants additionally
have the symptoms of worsening respiratory status, pallor, bradycardia, neutropenia and bowel distension at
the onset of the infection, regardless the virus was acquired postnatally, from human milk or transfusions.[8-
9]

Congenital CMV occurs transplacentally which may result in symptomatic or asymptomatic infection
in neonate. Intrauterine CMV transmission may occur in mothers without preexisiting immunity who first
acquire CMV infection in pregnancy (primary infection).In women with preexisting antibodies to CMV either
by reactivation of previous maternal infection or by acquisition of a different viral stain (non-primary
infection)[10]. Mostly fetal transmission and symptomatic disease is much greater during a primary maternal
CMV infection. CMV seronegative mothers will become most infected during pregnancy [11-12].

During this period infected women will transmit virus to the fetus. Non primary maternal CMV infections can
also result in fetal transmission, which may represent activated latent infection or reinfection with a new
strain in seropositive women. Clinical findings include hepatosplenomegaly, jaundice, generalized petechie ,
purpura, hydrops, seizures, sensorineural hearing loss, abdominal distension and hypo calcified enamel.[13-
15].

DIAGNOSIS

There is no universal screening for CMV infection in mother or newborns. There are many clinical
trials that is on process for the accurate diagnosis.

Pregnant mothers can be diagnosed by using different serological tests by the presence or absence of
CMV IgG antibodies. Among these are the complement fixation, Enzyme-linked immunosorbent Assay
(ELISA), anticomplement immunofluorescence, radioimmuno assay and indirect hemagglutination [16]. Also
it can diagnosed by detection of IgM antibodies, but shows poor co-relation of results obtained with different

commercial kits for IgM testing and also lacks specificity for primary infection because of false-positive
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results, because IgM can persist for months after primary infection, and because IgM can be positive in
reactivated CMV infection.[17-20]

Fetal infection is diagnosed by positive viral culture or Polymerase Chain Reaction (PCR) from
amniotic fluid. Diagnosis in the Neonate is made by viral detection in body fluids via. PCR, culture or antigen

testing (pp65 antigen) within the first 3 weeks of life. [18]

Although real time PCR technology has led to important advances in the diagnostic possibilities, with
it being amenable to automation, low cost and unaffected by sample storage and transport conditions but
however according to the recent large scale studies [19-20]. Dried Blood Spots (DBS) real time PCR shows
low sensitivity and specificity. But however DBS real time PCR still remains the main utility in the
retrospective diagnosis of cCMV infection in children who present with delayed onset sequelae [21-25].
Unlike the real time PCR DBS specimen,5 real time PCR on saliva swabs study conducted by National Institute
on Deafness and Other Communication Disorders (NIDCD) CMV and Hearing Multicenter Screening (CHIMES)
study produced excellent results both for air dried swabs and for swabs sent to the laboratory in the viral
transport medium. PCR assays were preferred without a DNA extraction step, making this method even more
practical for universal screening purposes. The excellent analytical sensitivity and the ease of salvia collection
in neonates makes this specimen more beneficial for neonatal CMV screening.[26]

Other specimen in detection of CMV infection is urine but it’s collection can be complicated by
number of factors like inadequate diuresis , loss of samples, contamination. Its application has not been
evaluated in large , population based screening programs and has not been compared with a gold standard

diagnostic method.[27,28]
PREVENTION

Preventive measures to reduce the congenital CMV infection is implemented at different levels, which
includes prevention of maternal infection, prevention of MTCT, early detection and intervention by neonatal
screening and neonatal antiviral therapy.

Pre-natal screening by the use of maternal serology is not routinely recommended because of the
unavailability of proven specific interventions for pregnant women who experience a primary CMV infection
& also the fact that most congenitally infected babies are born to woman experiencing a non-primary
maternal infection. Diagnosing a non-primary CMV infection in pregnancy is a challenge, since virology or
immunological markers for non-primary CMV infections have not been identified.

Many non-randomized controlled trials between 2005-2013 showed that administration of CMV-
specific hyperimmune globulin (HIG) to pregnant women with primary CMV infection could lead to a
significant decrease of MTCT & decrease in risk of congenital disease. However, in 2014, first phase II
randomized placebo-controlled trial, on the use of virus-specific HIG for prevention of congenital CMV
infection were published and revealed that difference in rate of congenital infection between the group of

pregnant women who had received HIG & the placebo group was not statistically significant. The study also
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showed that the clinical outcomes of congenital infection at birth were similar in two groups, and that the
number of obstetrical adverse effects were higher in the HIG group as compared to the placebo group.[29-33]
There is a recent study on antiviral therapy in women with CMV infection in pregnancy. It shows the efficacy
of high dose oral Valacyclovir (8gm daily) in pregnant women carrying moderately CMV infected fetus. A
moderately CMV infected fetus is defined by the presence of one or more measureable extracerebral
ultrasound features compatible for CMV infection & or one isolated cerebral abnormality &/or laboratory
findings of CMV infection in fetal blood. Result show increase in number of asymptomatic neonates after the
use of high dose oral valacyclovir, implying the benefit of this therapeutic approach. The limitation of this
study is the small sample size and the study design. [34]

Development of a CMV vaccine is the most promising strategy for addressing the problem of
congenital CMV.But the challenge for the development of an effective CMV Vaccine is the complex nature of
CMV protective immunity, with the possibility of both reactivation of previous infection and the risk of
reinfection with genetically distinct viral strains. An ideal vaccine should have ability to both protect the
seronegative women from primary infection and augment the immune response in seropositive women to
prevent reactivation or reinfection. Several CMV vaccines are currently being evaluated in a number of
clinical trials. A live, attenuated strain of CMV, the Towne strain, has been evaluated as a potential vaccine is a
number of studies with risk of CMV infection like in immunocompromised solid organ transplant patients.
This vaccine can elicit both the humoral and cellular immune response. The limitation of this study is that it
show no reduction in the infection rate in a group of young women with children attending group day care.
To improve the immunogenicity of a live virus CMV vaccine, a new approach has been undertaken to
engineered recombinant ‘chimeras’ off the attenuated Towne strain and the less attenuated, low-passage
Toledo strain. In addition to the live attenuated vaccines, Purified protein and DNA subunit vaccines are also
in clinical trials.[35-37]

To date, the mainstay of preventive measures of maternal infection, and in turn of congenital
infection, remains the education of pregnant women regarding sources of exposure and behavioral
interventions to limit exposure to CMV. A major source of CMV exposure is represented by young children
who may shed CMV in saliva and urine. Therefore, specific behavioral guidance aimed at decreasing the
transmission of CMV includes hand hygiene when caring for children, particularly after changing diapers or
wiping a child’s nose, avoiding kissing children on their mouth and avoiding sharing food, drinks and other
utensils that can be exposed to children’s bodily fluids[38,39].

TREATMENT

Treatment of congenital CMV infection should be administered to symptomatic infants with central
nervous system involvement evidence, including SNHL, and should be considered in infants with serious end-
organ disease (hepatitis, pneumonia, and thrombocytopenia).The best option for the treatment of congenital
cytomegalovirus is the antiviral therapy which has been sustained for symptomatic infants in last few

years.Ganciclovir is specifically used for the treatment of congenital CMV. Recent studies has shown
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ganciclovir is safe and well-tolerated when used in newborns.[40,41]It has also been useful in the
management of severe ,focal, end -age diseases in infants.Ganciclovir also provides long-term
neurodevelopmental benefits in some infants with congenital CMV infection.[42]

Treatment should be started within the first month of life[43].

Based on the research provided by the Collaborative Antiviral Study Group[CASG] from 2003-2013 in
different randomized control trial ganciclovir [GCV] 6mg/kg/ twice per day shows improvement in hearing
outcome in symptomatic infants with CNS involvement[44]. Studies show that the main drawback of the
therapeutic strategies was the development of a clinically significant neutropenia .Whereas in renal
impairment infant doses adjustment should be made. A subsequent study by the CASG determined that 16
mg/kg/dose of valganciclovir, the oral prodrug of ganciclovir given twice daily can avoid the need of the
intravenous ganciclovir. Notably oral valganciclovir was associated with lower risk of neutropenia as
compared with intravenous ganciclovir. The limitation of this study is that there is no evidence of benefit of
antiviral therapy in asymptomatic infants. Since they were not mentioned in any of the above studies . The
decision to stat antiviral therapy in infants with cCMV infection should involve adequate counseling in
regards to potential benefits and the risks of antiviral therapy.[45]

Besides neutropenia there is evidence of carcinogenicity and gonadotoxicity of ganciclovir in some
animal models showed on other studies. Since asymptomatic infants represents the vast majorities of infants
with cCMV infection. We need the screening programs leading to an urgent understanding of the base
management of the infants .Another important challenge in the application of the treatment data is weather
antiviral treatment should be offered to the infants with isolated SNHL .The last critical point is the
management of the children with isolated late onset SNHL and specifically weather antiviral therapy may be

offered beyond the neonatal period to children who develop or present SNHL.

CONCLUSION

Congenital CMV infection is common and is responsible for high burden of disease worldwide. Many
clinical trials for diagnostic purposes are on progress based on serology, culture, PCR, antigen testing but the
real time PCR on saliva swabs has excellent analytical sensitivity till date and has potential to become the
universal neonatal CMV screening technique. But we should also be familiar with the clinical prospect of
disease both in mother and newborn. Although CMV vaccination remains the most promising preventive
strategy but because of reactivation and reinfection, there still remains a greater challenge in its
development. Thus mainstay of preventive measure till date still remains the increased public awareness of
the disease particularly among women of childbearing age. Children with cCMV infection are at higher risk for
adverse neurodevelopmental outcomes, particularly SNHL.The best therapeutic option is the antiviral
therapy which is only used for the symptomatic patient.The drug use is the intravenous ganciclovir and oral
valganiciclovir.Oral valganciclovir is associated with lower risk of neutropenia and renal impairment as comp

aired with intravenous ganciclovir.Till date main drawback oftherapeutic option remains its limitation the
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use in asymptomatic infants. Congenital CMV infection is a common disease but still being under-recognized.

Thus it should be considered as a major health problem and there should be major focus on its diagnostic,

preventive and therapeutic measures which can finally improves the quality of life.

10.

11.

12.

13.

14.

15.

REFERENCES
Kenneson A, Cannon M]. Review and meta-analysis of the epidemiology of congenital cytomegalovirus
(CMV) infection. Rev Med Virol. 2007; 17:253-76.
Dollard SC, Grosse SD, Ross DS. New estimates of the prevalence of neurological and sensory sequelae
and mortality associated with congenital cytomegalovirus infection. Rev Med Virol. 2007; 17:355-63.
Grosse SD, Ross DS, Dollard SC. Congenital cytomegalovirus (CMV) infection as a cause of permanent
bilateral hearing loss: a quantitative assessment. ] Clin Virol. 2008; 41:57-62.
Staras SA, Dollard SC, Radford KW, et al. Seroprevalence of cytomegalovirus infection in the United States,
1988-1994. Clinical infectious diseases : an official publication of the Infectious Diseases Society of
America. 2006; 43(9):1143-1151.
Kondo K, Xu ], Mocarski ES. Human cytomegalovirus latent gene expression in granulocytemacrophage
progenitors in culture and in seropositive individuals. Proc Natl Acad Sci U S A. 1996;93(20):11137-
11142..
Nyholm JL, Schleiss MR. Prevention of maternal cytomegalovirus infection: current status and future
prospects. Int ] Womens Health. 2010; 2:23-35.
Schleiss MR. Acquisition of human cytomegalovirus infection in infants via breast milk: natural
immunization or cause for concern? Rev Med Virol. 2006; 16(2):73-82.
Buxmann H, Miljak A, Fischer D, et al. Incidence and clinical outcome of cytomegalovirus transmission via
breast milk in preterm infants </=31 weeks. Acta Paediatr. 2009; 98(2):270-276.
Kurath S, Halwachs-Baumann G, Muller W, et al. Transmission of cytomegalovirus via breast milk to the
prematurely born infant: a systematic review. Clin Microbiol Infect. 2010; 16(8):1172-1178.
Boppana SB, Rivera LB, Fowler KB, Mach M, Britt WJ. Intrauterine transmission of cytomegalovirus to
infants of women with preconceptional immunity. N Engl ] Med. 2001;344:1366-71.
Boppana SB, Rivera LB, Fowler KB, et al. Intrauterine transmission of cytomegalovirus to infants of
women with preconceptional immunity. N Engl ] Med. 2001; 344(18):1366-1371.
Stagno S, Pass RF, Cloud G, et al. Primary cytomegalovirus infection in pregnancy. Incidence, transmission
to fetus, and clinical outcome. Jama. 1986; 256(14):1904-1908.
Kenneson A, Cannon M]. Review and meta-analysis of the epidemiology of congenital cytomegalovirus
(CMV) infection. Rev Med Virol. 2007; 17(4):253-276.
Boppana SB, Pass RF, Britt W], et al. Symptomatic congenital cytomegalovirus infection: neonatal
morbidity and mortality. Pediatr Infect Dis ]. 1992; 11(2):93-99.
Rubin RH, Tolkoff-Rubin NE, Oliver D, Rota TR, Hamilton ], Betts RF, Pass RF, Hillis W,

798
IJSIT (www.ijsit.com), Volume 6, Issue 6, November-December 2017



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Shuvechhcha Shrestha et al., IJSIT, 2017, 6(6), 793-801

Szmuness W, Farrell ML, et al. Multicenter seroepidemiologic study of the impact of cytomegalovirus
infection on renal transplantation. Transplantation. 1985; 40(3):243-249.

Genser B, Truschnig-Wilders M, Stunzner D, Landini MP, Halwachs-Baumann G. Evaluation of five
commercial enzyme immunoassays for the detection of human cytomegalovirus-specific I[gM antibodies
in the absence of a commercially available gold standard. Clin. Chem. Lab. Med. 2001; 39(1):62-70.

Bhatia ], Shah BV, Mehta AP, Deshmukh M, Sirsat RA, Rodrigues C. Comparing serology, antigenemia assay
and polymerase chain reaction for the diagnosis of cytomegalovirus infection in renal transplant patients.
J. Assoc. Physicians India. 2004; 52:297-300.

Boppana SB, Ross SA, Novak Z, Shimamura M, Tolan Jr RW, Palmer AL,National Institute on Deafness and
Other Communication Disorders CMVand Hearing Multicenter Screening (CHIMES) Study, et al. Dried
blood spot real-time polymerase chain reaction assays to screen newborns for congenital
cytomegalovirus infection. JAMA. 2010;303:1375-82.

Boppana SB, Ross SA, Shimamura M, Palmer AL, Ahmed A, Michaels MG,National Institute on Deafness
and Other Communication Disorders CHIMES Study, et al. Saliva polymerase-chain-reaction assay for
cytomegalovirus screening in newborns. N Engl ] Med. 2011;364:2111-8.

Barbi M, Binda S, Primache V, Luraschi C, Corbetta C. Diagnosis of congenital cytomegalovirus infection
by detection of viral DNA in driedblood spots. Clin Diagn Virol. 1996;6:27-32.

Johansson PJ, Jonsson M, Ahlfors K, Ivarsson SA, Svanberg L, Guthenberg C. Retrospective diagnostics of
congenital cytomegalovirus infectionperformed by polymerase chain reaction in blood stored on filter
paper.Scand ] Infect Dis. 1997;29:465-8.

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. ] Virol Methods. 2001;97:159-64.

de Vries J], Claas EC, Kroes AC, Vossen AC. Evaluation of DNA extraction methods for dried blood spots in
the diagnosis of congenital cytomegalovirus infection. ] Clin Virol. 2009;46 Suppl 4:37-42.

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;52:575-81.

Boppana SB, Ross SA, Shimamura M, Palmer AL, Ahmed A, Michaels MG,National Institute on Deafness
and Other Communication Disorders CHIMES Study, et al. Saliva polymerase-chain-reaction assay for
cytomegalovirus screening in newborns. N Engl ] Med. 2011;364:2111-8.

Ross SA, Ahmed A, Palmer AL, Michaels MG, Sanchez PJ, Stewart A, et al. National institute on deafness
and other communication disorders CHIMESstudy. Urine collection method for the diagnosis of
congenital cytomegalovirus infection. Pediatr Infect Dis ]. 2015;34:903-5.

Koyano S, Inoue N, Oka A, Moriuchi H, Asano K, Ito Y, et al.;Japanese Congenital Cytomegalovirus Study

Group. Screening for congenital cytomegalovirus infection using newborn urine samples collected on

799
IJSIT (www.ijsit.com), Volume 6, Issue 6, November-December 2017



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Shuvechhcha Shrestha et al., IJSIT, 2017, 6(6), 793-801

filter paper: feasibility and outcomes from a multicentre study. BM] Open. 2011;doi: 10.1136/bmjopen-
2011-000118.

Nigro G, Adler SP, La Torre R, Best AM, Congenital Cytomegalovirus Collaborating Group. Passive
immunization during pregnancy for congenital cytomegalovirus infection. N Engl ] Med. 2005;353:1350-
62.

Buxmann H, Stackelberg OM, Schléfler RL, Enders G, Gonser M, Meyer-Wittkopf M], et al. Use of
cytomegalovirus hyperimmunoglobulin for prevention of congenital cytomegalovirus disease: a
retrospective analysis. Perinat Med. 2012;40:439-46.

Visentin S, Manara R, Milanese L, Da Roit A, Forner G, Salviato E, et al. Early primary cytomegalovirus
infection in pregnancy: maternal hyperimmunoglobulin therapy improves outcomes among infants at 1
year of age. Clin Infect Dis. 2012;55:497-503.

Japanese Congenital Cytomegalovirus Infection Immunoglobulin Fetal Therapy Study Group. A trial of
immunoglobulin fetal therapy for symptomatic congenital cytomegalovirus infection. ] Reprod Immunol.
2012;95:73-9.

Revello MG, Lazzarotto T, Guerra B, Spinillo A, Ferrazzi E, Kustermann A, CHIP Study Group, et al. A
randomized trial of hyperimmune globulin to prevent congenital cytomegalovirus. N Engl ] Med.
2014;370:1316-26.

Leruez-Ville M, Ghout I, Bussieres L, Stirnemann ], Magny JF, Couderc S,et al. In utero treatment of
congenital cytomegalovirus infection with valacyclovir in a multicenter, open-label, phase II study. Am ]
Obstet Gynecol. 2016; doi: 10.1016/j.ajog.2016.04.003.

Adler SP, Starr SE, Plotkin SA, et al. Immunity induced by primary human cytomegalovirus infection
protects against secondary infection among women of childbearing age. The Journal of infectious
diseases. 1995; 171(1):26-32.

Heineman TC, Schleiss M, Bernstein DI, et al. A phase 1 study of 4 live, recombinant human
cytomegalovirus Towne/Toledo chimeric vaccines. The Journal of infectious diseases. 2006;
193(10):1350-1360.

Sung H, Schleiss MR. Update on the current status of cytomegalovirus vaccines. Expert Rev Vaccines.
2010; 9(11):1303-1314.

Adler SP, Finney JW, Manganello AM, Best AM. Prevention of child-to mother transmission of
cytomegalovirus by changing behaviors: a randomized controlled trial. Pediatr Infect Dis J. 1996;15:240-
6.

Vauloup-Fellous C, Picone O, Cordier AG, Parent-du-Chatelet I, Senat MV,Frydman R, et al. Does hygiene
counseling have an impact on the rate of CMV primary infection during pregnancy? Results of a 3-year
prospective study in a French hospital. ] Clin Virol. 2009;46 Suppl 4:49-53.

Vallejo JG, Englund JA, Garcia-Prats JA, et al. Ganciclovir treatment of steroid-associated cytomegalovirus

disease in a congenitally infected neonate. The Pediatric infectious disease journal. 1994; 13(3):239-241.

800
IJSIT (www.ijsit.com), Volume 6, Issue 6, November-December 2017



41.

42.

43.

44,

45,

Shuvechhcha Shrestha et al., IJSIT, 2017, 6(6), 793-801

Nigro G, Scholz H, Bartmann U. Ganciclovir therapy for symptomatic congenital cytomegalovirus infection
in infants: a two-regimen experience. The Journal of pediatrics. 1994; 124(2):318-322.

Kimberlin DW, Lin CY, Sanchez PJ, et al. Effect of ganciclovir therapy on hearing in symptomatic
congenital cytomegalovirus disease involving the central nervous system: a randomized,controlled trial.
The Journal of pediatrics. 2003; 143(1):16-25.

Nassetta L, Kimberlin D, Whitley R. Treatment of congenital cytomegalovirus infection: implications for
future therapeutic strategies. ] Antimicrob Chemother. 2009; 63(5):862-867.

Kimberlin DW, Lin CY, Sanchez PJ, Demmler GJ, Dankner W, Shelton M,National Institute of Allergy and
Infectious Diseases Collaborative Antiviral Study Group, et al. Effect of ganciclovir therapy on hearing in
symptomatic congenital cytomegalovirus disease involving the central nervous system: a randomized,
controlled trial. ] Pediatr. 2003;143:16-25.

Marshall BC, Koch WC. Antivirals for cytomegalovirus infection in neonates and infants: focus on

pharmacokinetics, formulations, dosing, and adverse events. Paediatr Drugs. 2009; 11(5):309-321.

801
IJSIT (www.ijsit.com), Volume 6, Issue 6, November-December 2017



