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Summary

Two live, attenuated varicella zoster virus--contag vaccines are available in the United Stategpfevention

of varicella: 1) a single-antigen varicella V&CCi(MARlVAXC,@ Merck & Co., Inc., Whitehouse Station, New
Jersey), which was licensed in the United Statd98b for use among healthy children agel?>months,

adolescents, and adults; and 2) a combination nesashumps, rubella, and varicella vaccine (ProQ@aw;erck
& Co., Inc., Whitehouse Station, New Jersey), whiahk licensed in the United States in 2005 forameng
healthy children aged 12 months--12 years. Inifidivisory Committee on Immunization Practices (ACIP)
recommendations for prevention of varicella issire#i995 (CDC. Prevention of varicella: recommendas of
the Advisory Committee on Immunization PracticeSIF. MMWR 1996;45[No. RR-11]) included routine
vaccination of children aged 12--18 months, catphvaccination of susceptible children aged 19 menfl?
years, and vaccination of susceptible persons vawe ftlose contact with persons at high risk foiaes
complications (e.g., health-care personnel and faegontacts of immunocompromised persons). One adose
vaccine was recommended for children aged 12 medthgyears and 2 doses, 4--8 weeks apart, for perso
aged >13 years. In 1999, ACIP updated the recommendafiGBC. Prevention of varicella: updated
recommendations of the Advisory Committee on Imzation Practices [ACIP]. MMWR 1999;48[No. RR-6]) to
include establishing child care and school entrguigements, use of the vaccine following exposuacefar
outbreak control, use of the vaccine for certairidrien infected with human immunodeficiency virarsd
vaccination of adolescents and adults at high faskexposure or transmission.

In June 2005 and June 2006, ACIP adopted new re@mdations regarding the use of live, attenuatedcedia
vaccines for prevention of varicella. This repatvises, updates, and replaces the 1996 and 199P ACI
statements for prevention of varicella. The nevonemendations include 1) implementation of a rouBirdose
varicella vaccination program for children, withdHirst dose administered at age 12--15 monthsthadsecond
dose at age 4--6 years; 2) a second dose catclatipella vaccination for children, adolescents, aadults who
previously had received 1 dose; 3) routine vaceoraof all healthy persons agedl3 years without evidence of
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immunity; 4) prenatal assessment and postpartunimation; 5) expanding the use of the varicellaciae for
HIV-infected children with age-specific CD4+T lympglyte percentages of 15%--24% and adolescents anlisad
with CD4+T lymphocyte counts280 cellsfiL; and 6) establishing middle school, high schaold college entry
vaccination requirements. ACIP also approved ciédor evidence of immunity to varicella.

Introduction

Varicella is a highly infectious disease causedheyvaricella-zoster virus (VZV). Secondary attaates for this
virus might reach 90% for susceptible householdais. VZV causes a systemic infection that resytically
in lifetime immunity. In otherwise healthy persounBnical illness after reexposure is rare.

In 1995, a vaccine to prevent varicella (VARIV,@(Merck & Co., Inc., Whitehouse Station, New Jersegp
licensed in the United States for use among heathiigiren aged $2 months, adolescents, and adults;
recommendations of the Advisory Committee on Immation Practices (ACIP) regarding use of the vélace
vaccine have been published previoudl@) This report revises, updates, and replaces e&G#P statements
(Table 1.

Methods

In response to increasing reports of varicella maks among highly vaccinated populatiods®), ACIP's
measles-mumps-rubella and varicella (MMRYV) workgrdust met in February 2004 to review data reldted
varicella vaccine use in the United States sinqgdementation of the vaccination program in 1995 &nd
consider recommendation options for improving colrmf varicella disease. The workgroup held monthly
conference calls and met in person three timesa Jyé&e workgroup reviewed data on the impact efitfdose
varicella vaccination program, including data oocraation coverage, changes in varicella epidergiglo
transmission from vaccinated persons with varice#ecine effectiveness, immune response to vaicina
evidence of immunity, and potential risk factors ¥accine failure. Published and unpublished del@ed to

correlates of protection, safety, immunogenicityd afﬁcacJ of the new quadrivalent MMRYV vaccine and the
immunogenicity and efficacy of a second dose oicedla vaccine also were reviewed. Cost-benefit and
cost-effectiveness analyses were considered, imguévised cost-benefit analysis of both the Id 2rdose
programs for children compared with no vaccinapoogram and the incremental benefit of a second.dos
Presentations were made to the full ACIP meeting3dtober 2004, February 2005, June 2005, and 200&.
Recommendation options were developed and discugstte MMRYV workgroup. When definitive research
evidence was lacking, the recommendations incotpdrexpert opinion of the workgroup members. The
workgroup sought input from partner organizatiors (the American Academy of Pediatrics [AAP], the
American Academy of Family Physicians [AAFP], thenérican College of Obstetricians and Gynecologikts,
Council of State and Territorial Epidemiologistadahe Association of Immunization Managers) amdnfistate
public health professionals and immunization progdiarectors. Proposed recommendations and a daadinsent
were presented to the full ACIP in June 2005 ama B006. After deliberations, final ACIP recommeinutzs
were approved in 2005 and 2006. Modifications ®dhaft statement were made following CDC and exder
review process to update and clarify wording indboeument.

Epidemiology of Varicella
General
VZV is transmitted from person to person by diremttact, inhalation of aerosols from vesiculardlof skin
lesions of acute varicella or zoster, or infectespiratory tract secretions that also might besaeized. The virus

enters the host through the upper-respiratory tratfte conjunctiva.

The average incubation period for varicella is 16-eiay§ after exposure to rash; however, this period @y v
(range: 10--21 days). The period of contagiousnégsected persons is estimated to begin 1--2 deysre the
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onset of rash and to end when all lesions areaudlysgpically 4--7 days after onset of ragh. Persons who have
progressive varicella (i.e., development of nevioles for >7 days) might be contagious longer, pmesoly
because their immune response is depressed, wioers aviral replication to persist. VZV remains daant in
sensory-nerve ganglia and might be reactivatedatatime, causing herpes zoster (HZ) (i.e., gleis), a painful
vesicular rash typically appearing in a dermatodistribution of one or two sensory-nerve roots.

Since implementation of a universal childhood \ef&cvaccination program in 1995, the epidemiolagy
clinical characteristics of varicella in the Unit8thtes have changed, with substantial declinesonbidity and
mortality attributable to varicella. No consistehanges in HZ epidemiology have been documented.

Vaccinated persons might develop modified variceiease with atypical presentation. Varicella alésethat
develops >42 days after vaccination (i.e., breaktph varicella) typically is mild, with <50 skindiens, low or
no fever, and shorter (4--6 days) duration of 8meThe rash is more likely to be predominantly ui@zapular
rather than vesicular. Nevertheless, breakthrowagitella is contagious.

Prevaccine Era

Before the introduction of varicella vaccine in 599aricella was a universal childhood diseaséénited
States, with peak incidence in the spring and &naaye annual incidence of 15--16 cases per 1,000l@imon.
On the basis of data from the National Health knésv Survey (NHIS) for 1980--1990, an average aofiflion
cases were estimated to have occurred annuallyéimcidence rate: 15 cases per 1,000 populafi)n)
Varicella was not a nationally notifiable diseadsew vaccine was introduced in 1995, and survedlatata were
limited. In 1994, only 28 states, the District adl@nbia, and New York City reported cases to CINGitional
Notifiable Disease Surveillance System (NNDSS)prépg was passive, with estimated completenesgimgn
from <0.1% to 20%9).

In multiple studies, age-specific incidence dataengerived from NHIS and from state and local sysve
(8,10,11. During 1980--1990, an estimated 33% of casearoed among preschool-aged children (i.e., children
aged 12 months--4 years), and 44% occurred amdrapkeaged children (i.e., children aged 5--9 yegashual
incidence rates: 82.8 and 91.1 cases per 1,00drehjlrespectively). Approximately 90%--92% of sasecurred
among persons aged <15 years, and cases occuregdaraong persons age&0years. However, studies using
data from state and local surveys conducted dur@@9--1992 and during 1994--1995 indicated thatilgaest
incidence of varicella occurred among preschoodagéher than school-aged children, indicating thatdisease
was being acquired at earlier ag#6,l1. National seroprevalence data for 1988--1994ciueid that 95.5% of
adults aged 20--29 years, 98.9% of adults age®B3Qears, and >99.6% of adults agetD years were immune
to VZV (12). However, for reasons that are not well undeidttioe epidemiology of varicella differs between
countries with temperate and tropical climate3-{18. In the majority of countries with temperate dites,

>90% of persons are infected by adolescence whareasintries with tropical climates, a higher poampon of
infections are acquired at older ages, which resalhigher susceptibility among adulfis).

Estimates of the burden of varicella hospitalizatraried according to the year(s) studied, the@»of data, and
the definitions used for a varicella-related hadation (20--23). Estimates were higher if valtecavas listed as
either a principal or a secondary cause of hospatiabn, in which case some incidental varicellaitalization
might have been included. During 1988--1995, amedéd 10,632 hospitalizations were attributableuatly to
varicella in the United States (range: 8,198--16)580). Another study demonstrated an annual average of
15,073 hospitalizations during 1993--1995, but gesod might have included an epidemic yet) (Overall
rates of hospitalization for varicella during 198895 ranged from 2.3 to 6.0 cases per 100,000/ ato. If
any varicella-related hospital discharge diagnasiite was included, rates varied between 5.0 d@hdases per
100,000 population2Q--23.

During 1988--1995, persons without severe immunmqm@mising conditions or treatments comprised #ngdst
proportion (89%) of annual varicella-related hosjmations 20). Before vaccination, children aged years
accounted for 43%--44% of hospitalizations, andpes aged 20 years accounted for 32%--3320(29. The
rate of complications from varicella was substdliytisigher for persons aged8 years and for infants (i.e.,
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children aged <1 year). Adults age?O>years were 13 times more likely to be hospialiwhen they had
varicella than children aged 5--9 years, and irdaged <1 year were six times more likely to bephakzed than
children aged 5--9 year2@). The most common complications of varicella ttegtulted in hospitalizations were
skin and soft tissue infections (especially invagivoup A streptococcal infections), pneumoniaydedtion, and
encephalitis. In 1980, an association was ideuntifietween Reye syndrome and the use of aspiringluericella
or influenza-like iliness; since then, Reye syndepmhich was once considered a common complicaésualting
from varicella infection, has become raPd{-26.

During 1970--1994, the average annual number ahddar which varicella was recorded as the undegly
cause was 105; the overall average annual varicellsality rate was 0.4 deaths per 1 million popala The age
distribution of varicella deaths has shifted durihig period. During 1970--1974, persons aged <&y
accounted for 80% of varicella deaths, comparet %% during 1990--1994. During 1970--1994, therage
case-fatality rate (CFR) for varicella for all agesnbined ranged from 2.0 to 3.6 per 100,000 casiés higher
rates among infants and adults ag@@ years 27). Although CFRs declined substantially during {hésiod, the
risk for varicella-related death during 1990--19@ds still 25 times higher for adults than for chéid aged 12
months--4 years (CFR: 21.3 and 0.8 per 100,000scasgpectively). During the same period, 89% oiceda
deaths among children and 75% of varicella deating adults occurred in persons without severe nyidg
immunocompromising medical conditions. The most cmn complications among persons who died of vdsicel
were pneumonia, central nervous system complicaifmeiuding encephalitis), secondary infectiord an
hemorrhagic conditions. A recent reanalysis ofogdla deaths also considered varicella when liated
contributing cause of death in addition to the ulyilegy cause studied in the previous rep@®)( During
1990--1994, a varicella diagnosis was listed oaarage of 145 death certificates per year (1Gasderlying
cause and 40 as a contributing cause), with arathamual varicella mortality rate of 0.6 deatles p million
population.

Varicella during pregnancy can have adverse coresesgs for the fetus and infant, including congénaaicella
syndrome (see Prenatal and Perinatal ExposuraalfRetata on the number of cases of congenitatela
syndrome are not available. However, on the bdsagi@e-specific varicella incidence (from NHIS), tenual
number of births, and the risk for congenital veltec syndrome (1.1% overall risk in the first 20ake of
pregnancy), 44 cases of congenital varicella symérare estimated to have occurred each year idnited
States during the prevaccine e28)(

Postvaccine Era

In 1995, a varicella vaccine (VARIVA@, Merck & Co., Inc., Whitehouse Station, New Jersegs licensed in
the United States for use among healthy childresd a2 months, adolescents, and adults. At that tin@dPA
recommended routine varicella vaccination of cleifdaged 12--18 months, catch-up vaccination ofeqidie
children aged 19 months--12 years, and vaccinaiiGusceptible persons who have close contactpethons at
high risk for serious complications (e.qg., healéinecworkers and family contacts of inmunocomprorhise
persons)1; Table 1. In 1999, ACIP updated the recommendations ttuagechild care and school entry
requirements, use of the vaccine after exposurda@mltbreak control, use of the vaccine for aarthildren
infected with human immunodeficiency virus (HIVhdavaccination of adolescents and adults at hgjhfar
exposure or transmissiog; (Table 7).

During 1997--2005, national varicella vaccinatimverage among children aged 19--35 months increfased
27% to 88%, with no statistically significant diféace in coverage by race or ethnicBg) In 2005,
state-specific varicella vaccination coverage rangem 69% to 96%31). National surveillance data continue to
be limited, but passive surveillance data in cersaates have documented a decline in varicelidence.

In four states (lllinois, Michigan, Texas, and W¥gginia) with adequate (5% of expected cases during
1990--1994) reporting to NNDSS, varicella incidemme2004 declined 53%--88% compared with the ayera
incidence for 1990--1994, with vaccination coverageng children aged 19--35 months ranging from 82%
88% (32, CDC, unpublished data, 2006). During 2003--2@A8,number of cases increased in lllinois and Texas
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the biggest increase (56%) occurred in Tekagure ). The number of cases remained stable in Michigan
(Figure ) and declined minimally in West Virginia.

In 1995, along with implementation of the natiomatcination program, CDC instituted active suregitle for
varicella in three communities (Antelope Valley Ji€eania; Travis County, Texas; and West Philadedph
Pennsylvania) in collaboration with state and Idezdlth departments to establish baseline datacamdnitor
trends in varicella disease after introduction afieella vaccine. By 2000, vaccination coverage mgnchildren
19--35 months in these three communities had rehéh&o--84%, and reported total varicella casesdeatined
71%--84% B3). Although incidence declined to the greatestmx{@3%--90%) among children aged 12
months--4 years, incidence declined in all age gsoincluding infants and adults, indicating thedhenmunity
effects of the vaccination program. Since 2001y dnb sites were funded to continue surveillancatéope
Valley and West Philadelphia). By 2005, vaccinatorerage in these two sites had increased to 8@éothe
reduction in incidence had reached 90% and 91%entisely 34). During 1996--2005, as vaccination coverage
continued to increase, the proportion of persorbk waricella who had been vaccinated increased &2#srto
56%. During 1995--2004, peak incidence for varecelises in active surveillance sites shifted frgm2-6 years
to age 9--11 years.

After introduction of vaccine in 1995, the numbadaate of annual varicella-related hospitalizatideclined. In
one study of a nationally representative samplevifas conducted during 1993--2001, varicella hadigdtions
declined 75%22). In another study, the annual varicella-relatedditalization rate declined 88% during
1994--2002 23) (Figure 3. Hospitalization rates declined 100% among irdaahd substantial declines also were
recorded in all other age groups (up to age 50syehospitalization rates declined 91% among céildrged <10
years, 92% among children and adolescents agetl9@ears, and 78% among adults aged 20--49 yehes. T
greater decline in hospitalizations among childeshto an increase in the proportion of varicetiated
hospitalizations among adults (40% of hospital@adiin 2002 occurred among persons ag#l years) 23). In
the combined active surveillance area, varicellateel hospitalizations declined from 2.4--4.2 htazations per
100,000 population during 1995--1998 to 1.5 per,@00 population in 2000@) and to 0.8 per 100,000
population in 200534).

During 1995--2001, the number of deaths for whiahoella was listed as the underlying cause deettiism
115 to 26 28) (Figure 3. Since then, the number of deaths declined furtt@deaths were reported in 2003.
Age-adjusted mortality rates decreased 66%, fromvanage of 0.41 deaths per 1 million populatiorirgu
1990--1994 to 0.14 during 1999--2001. The declims wbserved in all age groups <50 years, with tbatgst
reduction (92%) occurring among children aged 12tm®--4 years (0.09 deaths per 1 million populdtion
followed by an 88% reduction among children age@ $ears (0.10 deaths per 1 million population)atbe
among persons age®6 years did not decline to the same extent; howydve validity of reported varicella
deaths in this age group is o845}, and the majority of these deaths are not consth® be caused by varicella.
During 1999--2001, the average rate of mortalitsilaited to varicella among all racial and ethnipplations
was <0.15 deaths per 1 million persons. Persormwithigh-risk conditions (e.g., malignancies, Hitjuired
immunodeficiency syndrome [AIDS], and other immulsdiciencies) accounted for 92% of deaths attribletto
varicella. The average rates of deaths for whigicehia was listed as a contributing cause of dedgb declined
during 1999--2001, compared with 1990--1994.

Despite high 1-dose vaccination coverage and tbeess of the vaccination program in reducing vi&ce
morbidity and mortality, reports to CDC from actiserveillance sites and from states with well-innpéated
vaccination programs and surveillance indicate ithaertain states and in one active surveillanites the number
of reported varicella cases has remained constatgained minimally, and outbreaks have contintgedccur.
During 2001--2005, outbreaks were reported in sklshedh high varicella vaccination coverage (range
96%--100%) 8,4). The outbreaks were similar in certain respebtsil occurred in elementary schools, 2)
vaccine effectiveness was similar (range: 72%--83))he highest attack rates occurred among thager
students, 4) each outbreak lasted approximatelgr@ims, and 5) index cases occurred among vaccistidénts
(although their disease was mild). Overall attaatlkes among vaccinated children varied (range: 112%6), with
attack rates in certain classrooms as high as Zb#se data indicate that even in settings in whadtination
coverage was nearly universal and vaccine performezkpected, the 1-dose vaccination program cuatld
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prevent varicella outbreaks completely.

Prenatal and Perinatal Exposure

In the prevaccine era, prenatal infection was umoombecause the majority of women of childbearigg were
immune to VZV (2,36. Varicella in pregnant women is associated witfsk for VZV transmission to the fetus
or newborn. Intrauterine VZV infection might resintcongenital varicella syndrome, neonatal valécer HZ
during infancy or early childhoo®7--46. Infants who are exposed prenatally to VZV, eiersymptomatic,
might have measurable varicella-specific IgM andpduring the newborn period, have persistent
varicella-specific IgG immunity after age 1 yeathaiut a history of postnatal varicella, or demoatstipositive
lymphocyte transformation in response to VZV ami¢&7).

Congenital varicella syndrome was first recognirei947 @0). Congenital varicella syndrome can occur among
infants born to mothers infected during the firalf lof pregnancy and might be manifested by lowhiaeight,
cutaneous scarring, limb hypoplasia, microcephaiytical atrophy, chorioretinitis, cataracts, arloep

anomalies. In one study, incidence of congeniteteda syndrome was calculated using aggregate fdaitn nine
cohort studies carried out during 1986--2002) ( Rates were 0.6% (4 of 725) for 2--12 weeks'ajest, 1.4% (9

of 642) for 13--28 weeks, and 0 (0 of 385) aftema&ks.

In a prospective study of 1,373 mothers with vdiacguring pregnancy conducted in the United Kingdand
West Germany during 1980--1993, the highest ridk)(®r congenital varicella syndrome was observéenyv
maternal infection occurred during 13--20 weekstaon @3). The risk was 0.4% after maternal infection
during 0--12 weeks' gestation. No cases of conglevatricella syndrome occurred among the infant36&
mothers with HZ during pregnancy. Nine isolatedesasvolving birth defects consistent with congalnaricella
syndrome have been reported after maternal vaibelyond 20 weeks' gestation (with the latest otayat 28
weeks) 47,48. In a prospective study, HZ occurred during ifaor early childhood in four (0.8%) of 477
infants who were exposed to VZV during 13--24 weéglstation and in six (1.7%) of 345 infants whaave
exposed during 25--36 weeks' gestatid8) (

The onset of varicella in pregnant women from 5sdagfore to 2 days after delivery results in sevareella
infection in an estimated 17%--30% of their newbimifiants. These infants are exposed to VZV withsufficient
maternal antibody to lessen the severity of diseHse risk for neonatal death has been estimatée @i %
among infants whose mothers had onset of rdstiays before giving birtg). This estimate was made on the
basis of a limited number of infant deaths and migghhigher than the actual risk because the suady
performed before neonatal intensive care was dlailén addition, certain cases were not part obpective
studies but were reported retrospectively, makmggresults subject to selection bias. When thesesoaere
reevaluated subsequently by another investigagotaio infants were demonstrated to have beergaehrisk for
death because of low birthweight; in at least camecanother cause of death was probale Varicella-zoster
immune globulin (VZIG) has been reported to redmcelence of severe neonatal varicella disedSggnd
therefore is indicated in such situations. Nevées® the risk for death among neonates who doecetve
postexposure prophylaxis with VZIG is likely to bebstantially lower than was estimated previously.

Herpes Zoster Surveillance

After primary infection, VZV persists as a latentdction in sensory-nerve ganglia. The virus cattigate,
causing HZ. Mechanisms controlling VZV latency acg well understood. Risk factors for HZ includenag
immunosuppression, and initial infection with vatla in utero or during early childhood (i.e., agfes8 months).
An estimated 15%--30% of the general populatioreeepce HZ during their lifetime$0,57); this proportion is
likely to increase as life expectancy increase Mlost common complication of HZ, particularly ider
persons, is postherpetic neuralgia (PHN), the gienste of sometimes debilitating pain weeks to hmoafter
resolution of HZ. Life-threatening complicationshZ also can occur; these include herpes ophthabniwhich
can lead to blindness. Another severe manifestaidissemination, which might involve generaliziih
eruptions, and central nervous system, pulmonayatic, and pancreatic complications. Dissemination
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pneumonia, and visceral involvement typically astricted to immunocompromised persons. VZV can be
transmitted from the lesions of patients who havetéisusceptible contacts. Although few data agelable to
assess this risk, one household contact studytexptirat the risk for VZV transmission from HZ was
approximately 20% of the risk for transmission froaricella £62).

Varicella vaccination might alter the risk for HEthe level of both the individual and the popuat{i.e., herd
immunity). Just as wild-type VZV can cause wild¢ylZ, attenuated vaccine virus has the potentibettome
latent and later reactivate to cause vaccine &t#sn (also called Oka-strain) HE3). Multiple studies have
evaluated the risk for Oka-strain HZ after vacamrabf immunocompromised or healthy childr&#{-58. In a
study of leukemic children, the rate of HZ aftanaan 4.1 years of follow-up (range: 6 months--1&gewas
2% in vaccine recipients and 15% in controls witnsdory of varicella$4). A subset of 96 of these vaccine
recipients was matched prospectively accordinghtmmmtherapeutic protocol with 96 leukemic childvemo had
experienced natural varicella. Analysis indicateat the incidence of HZ was approximately threeetifower in
vaccine recipients (0.80 per 100 person-years) ith#ime matched leukemic children who had expegdntatural
varicella (2.46 per 100 person-years) (p = 0.0Btabor healthy children are more limited, and ifirgg might be
influenced by multiple factors (e.g., incompleteextainment, limited duration of follow up or ndléwv up of
subjects of older ages, no comprehensive scredéoingild-type varicella infection before or afteaecination, or
lack of testing all cases to distinguish Oka- freitd-type HZ). Nonetheless, these studies sugdpedtthe risk
for Oka-strain HZ after a single dose of varicetacine is lower than that after wild-type variaghfection
(56--58. Over time, the risk for and manifestation of @teain HZ should be examined in older persons aigo
at greater risk for HZ complications. Persons wkjpegience varicella infection before vaccinatiae.(ias a
result of in utero or unapparent infection) or aftaccination (i.e., as a result of breakthroughdtion)
presumably are latently infected with two straih®¥/g@V. The risk for HZ in these persons is unknowu
long-term studies have been conducted that contpanesk for Oka-strain HZ in persons who receiv#o$e of
varicella vaccine with the risk for those who reee2 doses.

Varicella vaccination also might change the riskHi@ at the population level. With the developmehherd
immunity and reduction in the likelihood of exposyuthe varicella vaccination program prevents wyige VZV
infection among vaccine recipients and nonvacagegrents, eliminating the risk for wild-type HZ these
persons. Reduction in the likelihood of wild-typarieella infection also increases the median agadquiring
varicella (although age-specific incidence ratesrtbelves are lower). This reduces the risk forcedld infection
during early childhood (i.e., age <18 months), ¢lgrreducing a risk factor for childhood HZ.

Exposure of persons with latent wild-type VZV intiea to persons with varicella is thought to bogisecific
immunity, which might contribute to controlling i@évation of VZV and the development of HZQ). Concern
has been expressed that by providing fewer oppibigarior varicella exposure among persons withviones
wild-type varicella infection, reduction in the élkhood of exposure might increase the risk for g@ssibly
within as few as 5 years after introduction of galla vaccination§9) and reaching a vaccination coverage of
>90%.

Herpes zoster is not a nationally notifiable disgasthe United States, and HZ surveillance has lbeaducted
using multiple methods, study sites, or data sauri€er certain studies, baseline data were availadiore the
start of the varicella vaccination program. Onealgtilnat included baseline data was a retrospeatiadysis of
electronic medical records from a health mainteeanrganization (HMO) during 1992--20020j. This HMO
study indicated that age-adjusted incidence of éfdained stable during 1992--2002 as incidence rid¢el&a
decreasedd()). Age-adjusted and -specific annual incidencesrateHZ fluctuated slightly over time; the
age-adjusted rate was highest in 1992, at 4.1 qsek 000 person-years, and was 3.7 cases pdr 1,00
person-years in 2002. For other studies initiatethé postvaccine era, baseline data are not alail--63.

An analysis of national incidence data from the Matidatabase (available at
http://www.medstat.com/Products/view/?id¥ demonstrated an overall incidence of HZ in 2000 2001 of 3.2
(95% confidence interval [Cl] = 3.1--3.2) per 1,08€rson-yearss(l), representing no increase in age-adjusted
HZ in the past 20 years in the United States coatpaiith earlier published daté4). Data from two HMOs in
Oregon and Washington for 1997--2003 indicatedtatissically significant increase in HZ inciden@as except
among children aged 10--17 years (relative risk][RR.12, Cl = 1.05--1.18); these increases weréated to
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increased use of oral steroid®). Another study of data gathered from a statewstiphone survey during
1999--2003 in Massachusetts demonstrated an ircnea$Z ©3). Age groups particularly affected included
persons aged 25--44 years and those aged >65 fr@@aby, in the two active varicella surveillansies

(Antelope Valley, California, and West Philadelpt@nnsylvania), active surveillance for HZ in dhéin aged
<20 years has been ongoing since 2000. During 20004, incidence of HZ in children aged <10 yeasslided
significantly (p<0.05) from 0.75 to 0.23 cases p&00 children 5, CDC unpublished data, 2006). In summary,
multiple studies and surveillance data demonstrateonsistent trends in HZ incidence in the Uni¢akes since
implementation of the varicella vaccination progriani995.

Use of Acyclovir to Treat and Prevent Varicella

Acyclovir is a synthetic nucleoside analog thatltis replication of human herpes viruses, inclgdZV. Since
the early 1980s, intravenous acyclovir has beeiladola to treat immunocompromised persons who have
varicella. When administered within 24 hours ofetref rash, acyclovir has been demonstrated tdfbetee in
reducing varicella-associated morbidity and mastafi this population §6--68.

In 1992, the Food and Drug Administration (FDA) emped the use of oral acyclovir for the treatmentaricella
in otherwise healthy children. This approval wasienan the basis of placebo-controlled, double-bditudlies
(69,70 that demonstrated the beneficial clinical effdcts, a decrease in the number of days in whak n
lesions appeared, the duration of fever, and thergg of cutaneous and systemic signs and sympttmas
occurred when acyclovir was administered withirhddirs of rash onset. No serious adverse eventsredcu
during the period of drug administration. Adminggion of acyclovir did not decrease transmissiomasfcella or
reduce the duration of absence from school. Bedawseomplications occurred (1%--2%), these studasdd
not determine whether acyclovir had a statisticsilfynificant effect on disease severity among hgathildren. In
these studies, antibody titers after infectionhiidren receiving acyclovir did not differ substifiy from titers
of children in the control grou®®9,70. Clinical trials among adolescents and adultehadicated that acyclovir
is well-tolerated and effective in reducing theation and severity of clinical illness if the drisgadministered
within 24 hours of rash onséti--73.

In 1993, AAP's Committee on Infectious Diseasediplied a statement regarding the use of acycl@dy. AAP
did not consider administration of acyclovir to hiea children to have clinical benefit sufficiert justify its
routine administration; however, AAP stated thataia circumstances might justify its use. AAP nexoended
that oral acyclovir should be considered for othiseshealthy persons at increased risk for modéoasevere
varicella (e.g., persons aged >12 years, persaisoironic cutaneous or pulmonary disorders, perseceiving
long-term salicylate therapy, and persons receighmyt, intermittent, or aerosolized courses oficosteroids).
Certain experts also recommend use of oral acyclorvisecondary case-patients who live in the sameseholds
as infected children7@).

Acyclovir is classified as a Category B drug in E2A use-in-pregnancy rating. Although studies irirgy
animals have not indicated teratogenic effectsgaate, well-controlled studies in pregnant womevehaot been
conducted. However, a prospective registry of amycluse during pregnancy that collected data doarues of
596 infants whose mothers were exposed to systeyovir during the first trimester of pregnanogicated
that the rate and types of birth defects approach#tose in the general populatiatb), AAP has not
recommended routine use of oral acyclovir for peegrwomen because the risks and benefits to the &td
mother were unknown. However, in instances of serigiral-mediated complications (e.g., pneumo#®P
has recommended that intravenous acyclovir shoeilcbinsidered74).

Two nucleoside analogs, acyclovir and famciclolvaye been approved by FDA for treating HZ. If adstered
within 72 hours of rash onset, acyclovir has aces¢del the rate of cutaneous healing and reducesktrarity of
acute pain in adults who have HZ5|. Oral famciclovir, when administered during tlzer®e period, has similar

efficacy (77).

Acyclovir is not indicated for prophylactic use amgootherwise healthy children, adolescents, ortaduthout
evidence of immunity after exposure to varicellac¥ination is the method of choice in these situsti No
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studies have been conducted regarding prophylastéof acyclovir among immunocompromised persons;
therefore, VZIG is recommended in these situations.

Vaccines for Prevention of Varicella

Two live attenuated varicella virus vaccines acerised in the United States for prevention of edec
single-antigen varicella vaccine (VARIVA@,Merck & Co., Inc., Whitehouse Station, New Jersay)

combination MMRYV vaccine (ProQué%IMerck & Co., Inc., Whitehouse, New Jersey). Baticaines are
derived from the Oka strain of live, attenuated VAWe Oka strain was isolated in Jap@8) (n the early 1970s
from vesicular fluid in a healthy child who had wat varicella and was attenuated through sequentia
propagation in cultures of human embryonic lundsc@imbryonic guinea-pig cells, and human diplatisc
(WI-38). The virus in the Oka/Merck vaccine has emgbne further passage through human diploid-céiices
(MRC-5) for a total of 31 passages.

In 1995, the single-antigen varicella vaccine weansed in the United States for use among hepkihsons aged
>12 months. This vaccine is lyophilized; when rec¢ibuied as directed in the package insert and dtateoom
temperature for a maximum of 30 minutes, it corga@minimum of 1,350 plaque forming units (PFUs) of
Oka/Merck VZV in each 0.5 mL dos&9). Each dose also contains 12.5 mg of hydrolyzéatigetrace amounts
of neomycin and fetal bovine serum, 25 mg of sugraad trace residual components of MRC-5 celldyaing
DNA and protein). The vaccine does not contain gmestives. Since 1995, >55 million doses have been
distributed in the United States. Reporting of@gsiadverse events has been rare (see Vaccineidtesbc
Adverse Events).

In 2005, the combination MMRYV vaccine was licengethe United States for use among healthy childged
12 months--12 years. The attenuated measles, mamg@subella vaccine viruses in ProQ@a@re identical and

of equal titer to those in the measles, mumpsrabella (MMR) vaccine, MMRIP (80). The titer of Oka/Merck
VZV is higher in MMRYV than in single-antigen varllzevaccine, a minimum of 3.99 lag PFUs compared with
1,350 PFUs (approximately 3.13 kg in each 0.5 mL dose. The other constituentsiardes to those in the
single-antigen varicella vaccine.

Immune Response to Vaccination

In clinical trials of the single-antigen varicellaccine conducted before licensure, seroconvergamassessed
using lots of vaccine with different amounts of RRFahd laboratory assays with different levels olgerity and
specificity. Using a specially developed, sensitipeenzyme-linked immunosorbent assay (ELISA) ttest is not
available commercially, seroconversion (definedh®yacquisition of any detectable varicella antibed0.3
gpELISA units) was observed at approximately 4-e®ls after vaccination with 1 dose of varicellaciae in
approximately 97% of 6,889 susceptible childrendatye12 years{9). The seroconversion rate was 98% for
children aged 12--15 months and 95% among those® &gé2 years&1). Adolescents aged 13--17 years had a
lower seroconversion rate (79%) after a single ads@ccine. A study performed postlicensure usaoréscent
antibody to membrane antigen (FAMA) titers 16 weaker vaccination to assess serologic response and
demonstrated that 61 (76%) of 80 healthy child weececipients seroconverted (FAMA titer$:#) after 1 dose
of single-antigen varicella vaccing3).

Primary antibody response to the vaccine at 6 wpeksr/accination is correlated with protection agadisease
(83,849. In clinical trials, rates of breakthrough diseagere lower among children with varicella antibaitisrs of
>5 gpELISA units than among those with titers ofusbts @4); children with a 6-week postvaccination antibody
titer of <5 gpELISA units were 3.5 times more likéb have breakthrough varicella than those wititea of >5
gpELISA units. Later studies of immunogenici8b) have reported the proportion of vaccinated chitdiwvho
achieved this antibody level instead of seroconwardAfter 1 dose of the single-antigen varicellceine, 86%

of children had gpELISA levels of5>units/mL 85). Studies performed using FAMA indicated thatert>1:4 at
16 weeks postvaccination is correlated with pradechgainst diseas8%). Of healthy persons with a titer of >1:4
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at 16 weeks post vaccination, <1% have had vaaiedter a household exposure (n = 130). In contifastattack
rate among those with a titer of <1:4 was 55% @O¥

Persistence of antibody in children after 1 dossirgle-antigen varicella vaccine was demonstratdubth short-
and long-term follow-up studies. In a clinical sguthe rate of antibody persistence detected by tfp¥k was
nearly 100% after 9 years of follow-up for 277 dnén @5). Another study demonstrated that although antibod
titers (detected by FAMA) might decline 12--24 mmsafter vaccination, the median titer did not geaafter
1--4 years and even rose after 10 ye86. (In Japan, VZV antibodies were present in 37 (P@%38 children
who received varicella vaccine 7--10 years ea(leth titers comparable to those of 29 children wiaal had
natural varicella infection within the previous y€ars) 87) and in 100% of 25 children when followed for as
long as 20 years (i.e., antibody levels were highan those observed 10 years earlig8).(Interpretation of
long-term studies is complicated by at least twatdis. First, asymptomatic boosting of vaccine-retl
immunity by exposure to wild-type VZV is likely. Bause varicella vaccine is not routinely recommeride
Japan, coverage of children was estimated to b&dpyproximately 20%) during 1991--1993. Second,dam
sizes were limited as a result of the decreaseemtumber of children followed-up with increasingd since
vaccination.

The second dose of varicella vaccine in childresdpced an improved immunologic response that isetaied
with improved protection. A comparative study oaltey children who received 1 or 2 doses of siragiéigen
varicella vaccine administered 3 months apart migid that a second dose provided higher antiboadydas
measured by the proportion of subjects with titdrs5 gpELISA units and by geometric mean titers (GMais)l
higher efficacy 85; Tables 2-4). The proportion of subjects with antibody titefs>5 gpELISA units in the
2-dose recipients was higher 6 weeks after thenskdose than after the first dose (99.6% and 85.7%,
respectively) and remained high at the end of tiyed follow-up period, although the differencevbe¢n the
two regimens narrowed (97% and 95%, respectivell{JT 6 weeks after the second dose was substantially
higher than that after a single dose (142 andédspactively). The difference in GMTs between the tegimens
did not persist over 9 years of follow-up amongjsats who seroconverted after vaccination, althoGdhTs in
both regimens remained high by the end of the spadpd. However, receipt of a second dose decdehserate
of breakthrough varicella significantly (3.3-foldpd increased vaccine efficacy (p<0.001). Anothgaysthat
assessed the immunogenicity of a second dose eecéiv6 years after the first dose demonstratedstantial
increase in antibody levels in the first 7--10 daythe majority of those tested, indicating anranastic
response. On the day of the second dose, GMT was @impared with 143.6 GMT 7--10 days after theoad
dose; 60% of recipients had at least a fourfoldgase in antibody titers, and an additional 17%dtddast a
twofold increase&9). Three months after the second dose, GMT remdiigdter than on the day of second dose
(119.0 and 25.7, respectively). Among children, Vauibody levels and GMTs after 2 doses adminidtdre6
years apart were comparable to those obtained thiec? doses were administered 3 months apart.

The combination MMRYV vaccine was licensed on th&daf noninferiority of immunogenicity of the agginic
components compared with MMR and varicella vaccadwinistered concomitantly at separate inspedii@s
rather than on clinical efficacg(). Clinical studies of healthy children aged 12-mf@8nths indicated that those
who received 1 dose of MMRYV vaccine had levelsraitady to measles, mumps, rubella, and varicéthalar to
levels of children who received 1 dose of MMR andiote of varicella vaccines concomitantly at separa
injection sites. For the varicella component in MVYI®1.2% (Cl = 87.0%--94.4%) of children achievedilaody
titers of >5 gpELISA units/mL 6 weeks after vaccinati@®). A subgroup of children received a second dose of
MMRYV vaccine approximately 3 months after the folsse. The serologic respons® @GpELISA units/mL) after
2 doses was 99.2% (Cl = 97.0%--99.9%lfle 3. Also, GMT for varicella after the second dosévtWIRV
vaccine increased approximately forty-onefd@)( Administration of combination MMRYV vaccine todithy
children aged 4--6 years who had been vaccinaedqusly with MMR and single-antigen varicella vaxs
resulted in similar antibody levels and a twentyefold increase in GMT level9Q).

Among persons agedl3 years, multiple studies have described serogsioverates after receipt of the
single-antigen varicella vaccine (range: 72%--948érd dose and 94%--99% after a second dose asteriad
4--8 weeks later)79,92,93. In clinical studies, detectable antibody levedse persisted for at least 5 years in
97% of adolescents and adults who were adminis2mses of vaccine 4--8 weeks apd#f) ( However, other
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studies demonstrated that 25%--31% of adult vaaanipients who seroconverted lost detectable adids (by
FAMA) at multiple intervals (range: 1--11 years)eafvaccination93,94. For persons who had breakthrough
disease after exposure to varicella, the sevefityness or the attack rates did not increase dwves (95).

Innate (i.e., nonspecific) and adaptive (i.e., heahand cellular) immunity are important in the tohof primary
varicella infection. The capacity to elicit cell-thated immunity is important for viral clearanceoyding
long-term protection against disease and prevesgngptomatic VZV reactivation. Studies among claidand
adults have indicated that breakthrough varicg{ectlly is mild, even among vaccine recipientshwit
seroconversion or vaccine recipients who lost dakde antibody, suggesting that VZV-specific cetarated
immunity affords protection to vaccine recipiemdhe absence of a detectable antibody resp@#s83. Studies
of the cellular immune response to vaccination agrndmldren demonstrated that immunization with $elof
varicella vaccine induced VZV-specific T-cell prfeliation that was maintained in 26 (90%) of 29atsh 1 year
postvaccination and in 52 (87%) of 60 children &rgegpostvaccinatiorfg). In this study, the mean stimulation
index (SI), a marker of cell-mediated immunity, vl&s1 after 1 year and 22.1 after 5 years. Dataioéd at 1
year postvaccination from a subset of children jpredicensure study comparing the immune respomseng
children who received 1 and 2 doses administen@di@hs apart demonstrated that the varicella-Specif
lymphocyte proliferation responses were signifigahigher for recipients of 2 doses than for reeiyis of 1 dose
(mean SI: 34.7 and 23.1, respectively; p = 0.93).(In the study of the 2 doses administered 4-&yapart,
results also indicated that the lymphocyte prddifiem response was significantly higher at 6 weaid 3 months
after the second dose than at the same time patfietsthe first dose (p<0.018%; Table 2.

Among adults, vaccine-induced VZV-specific T-calblferation was maintained in 16 (94%) of 17 swulgel
and 5 years postvaccinatio®s(98. The mean Sl was 9.9 after 1 year and 22.4 &fy@ars.

Correlates of Protection

For children, the varicella antibody response mesasby gpELISA 6 weeks postvaccination correlatgh w
neutralizing antibody level, VZV-specific T-cellgiferative responses, vaccine efficacy, and logmgat
protection against varicella after exposure to B8,84,99,100 A titer of >5 gpELISA units/mL is associated
with protection against disease although it showitdbe considered an absolute guarantee of protecti
Breakthrough cases have occurred among childrdn>8igpELISA units/mL. A FAMA titer %:4 at 16 weeks
post-vaccination also correlates with protectioaiast diseaseB@). However, neither of these antibody tests is
available commercially. The relationship betweendhtibody level measured at other intervals pastaation,
especially immediately prior to exposure and breakigh disease has not been studied. No correlates
protection have been evaluated for adults.

Vaccine Efficacy and Vaccine Effectiveness
One-Dose Regimen

Prelicensure Efficacy

In prelicensure studies carried out among chilé@ed 12 months--14 years, the protective efficdcy o
single-antigen varicella vaccine varied, depenainghe amount of live virus administered per déise exposure
setting (community or household), and the qualigt Eength of the clinical follow-up. The majority the
prelicensure studies reported efficacy of 1 doseaotella vaccine within the range of 70%--90%iaghany
clinical disease and 95% against severe disease-ftd years after vaccinatioB%,101,102 A randomized
placebo-controlled efficacy trial was conducted amohildren aged 12 months--14 years, but the ftatiaun
differed from that of the current vaccine (17,0008 per dosel(03,104, with follow-up of children through 7
years postvaccinatiod (5. Reported efficacy was 100% at 1 year and 98%oy&iars after vaccination, and
100% and 92%, respectively, after exposures to W& occurred in the household. Although a randenhiz
control study was not conducted for adults, theca€fy of single-antigen varicella vaccine was dateed by
evaluation of protection when adult vaccine recipgevere exposed to varicella in the householdth@rbasis of
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the reported historical attack rate of 87% for natuaricella after household exposure among urinated
children, estimated efficacy among adults was apprately 80% 79). The attack rate of unvaccinated adults
exposed in households was not studied.

Postlicensure Efficacy and Effectiveness

Prevention of All Varicella Disease

Postlicensure studies have assessed the effectderféhe single-antigen varicella vaccine underdfiebnditions
in child care, school, household, and communityregs using multiple methods. Effectiveness fredlyamas
been estimated against all varicella and also againderate and severe varicella (defined in diffeways).
Outbreak investigations have assessed effectiverggssst clinically defined varicella. The majordthese
investigations have demonstrated vaccine effectisgfior prevention of varicella in the same ranggcdbed in
prelicensure trials (70%--90%3+6,106--113, with some lower (44%, 56%) 14,119 and some higher (100%
in one of two schools investigated) estimate®7). A retrospective cohort study in 11 childcareteesn
demonstrated vaccine effectiveness of 83% for prigwe of clinically diagnosed varicelld 16). In a case-control
study that measured vaccine effectiveness agaibstatory-confirmed varicella in a pediatric offeetting
during 1997--2003, vaccine effectiveness was 85%(18%--90%) during the first four years and 87CG% £
81%--91%) for the entire study periotil(,118. Finally, in a study of household secondary &ttates,
considered the most robust test of vaccine perfooeéecause of the intensity of exposure, variegitzine was
79% (CI = 70%--85%) effective in preventing clinigadefined varicella in exposed household contagtsd 12
months--14 years without a history of varicellaedise or vaccinatiori{9). Postlicensure data on vaccine
effectiveness against all disease have been sumeddfiable 5.

In a randomized clinical trial conducted postlia@msthat compared the efficacy of 1 dose of vaaoedkccine
with that of 2 doses, the estimated vaccine effidac 1 dose for a 10-year observation period wagd% (Cl =
92.9%--95.7%) &5, Table 3. In the same study, the efficacy of 1 dose otirazin preventing varicella after
household exposure for 10 years was 90.2% (CI #8396.7%) Table 4. This study did not use placebo
controls and used historic data for attack rataswvaccinated children to calculate vaccine efficac

Prevention of Moderate and Severe Varicella

Postlicensure studies assessing vaccine performampeceventing moderate and severe varicella havsistently
demonstrated high effectiveness. Definitions feedse severity have varied among studies. Cettaires have
used a defined scale of illness that included thaber of skin lesions, fever, complications, angestigator
assessment of iliness severity, and others hawkardg the number of skin lesions, reported congpioms, or
hospitalizations. Moderate varicella typically Heesen defined as either 50--500 or 250--500 lesiand,severe
varicella has been defined as >500 lesions or aspitalization or complication. In the randomizexsticensure
clinical trial, severe varicella was defined as 63sions and fever of192°F (38.9°C), oral equivalent.
Regardless of different definitions, multiple seslhave demonstrated that single-antigen varicattaine
was>>95% effective in preventing combined moderate awtie disease3{-6,85,106,107,109--113,115--119
one study demonstrated effectiveness of 86%4)( Effectiveness was 100% against severe diseasa wh
measured separatel§,85,109,111,117,1)9Postlicensure data on vaccine effectivenessiagaioderate and
severe varicella have been summariZeab{e 5.

Two-Dose Regimen

In a randomized clinical trial of single-antigerricalla vaccine that compared the efficacy of ledegth that of 2
doses administered 3 months apart, the estimatzuneaefficacy of 2 doses for a 10-year observagbernod was
98.3% (Cl = 97.3%--99.0%), which was significarttigher than efficacy after 1 dose (p<0.0085;(Table 5.
The 2-dose regimen also was 100% efficacious aps@vere varicella. In the same study, the effic#c¥ doses
of single-antigen varicella vaccine in preventingedse after household exposure over 10 years 6va%9Cl =
92.4%--100%), not significantly different from 1s8(90.2%) (p = 0.112)&ble 4. However, the number of
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cases involving household exposure was limited.

Formal studies to evaluate the clinical efficacyie combination MMRYV vaccine have not been perfim
Efficacy of the individual components was estaldipreviously in clinical studies with the singletigen
vaccines.

Breakthrough Disease

Breakthrough disease is defined as a case of iofewiith wild-type VZV occurring >42 days after \@cation.
In clinical trials, varicella disease was substhtiless severe among vaccinated persons thangamon
unvaccinated persons, who usually have fever avetaehundred vesicular lesionk20). In cases of
breakthrough disease, the median number of skiongss commonly <5099,121--123. In addition, compared
with unvaccinated persons, vaccine recipients hadefewer vesicular lesions (lesions more commargy
atypical, with papules that do not progress toales), shorter duration of illness, and lower ircide of fever.

Multiple postlicensure investigations also have destrated that the majority of breakthrough valicehses are
significantly milder than cases among unvaccinatafiiren (p<0.05) §,5,107--114,116--118,124However,
approximately 25%--30% of breakthrough cases atenild, with clinical features more similar to treom
unvaccinated childrerLl@4). Since 1999, when varicella deaths became ndtyomatifiable, two deaths from
breakthrough varicella disease have been repast€DC; one of a girl aged 9 years with a historasthma who
was receiving steroids when she had the breakthroudgction, and the other of a girl aged 7 yeaith @& history
of malignant ependymoma who also was under sténeichpy at the time of her death (CDC, unpublisthesid,
2006).

One-Dose Regimen

In clinical trials, 1,114 children aged 1--12 yergseived 1 dose of single-antigen varicella vaeciontaining
2,900--9,000 PFUs of attenuated virus per dosensard actively followed for up to 10 years postvaation
(79). Among a subset of 95 vaccine recipients withdetwld exposure to varicella, eight (8%) reporteadild
form of varicella (10--34 lesions).

In a randomized clinical trial that compared thigcaty of 1 dose of vaccine to that of 2 dosesrya 10-year
observation period, the cumulative rate of breakilgh varicella among children who received 1 doas W3%
(85). Breakthrough cases occurred annually in 0.2%%20f recipients of 1 dose of vaccine. Cases oedurr
throughout the observation period, but the majoxiéye reported 2--5 years after vaccinatibig(re 4. Of 57
children with breakthrough cases, 13 (23%) had le5ins.

In cross-sectional studies, the attack rate foakktfeough disease has ranged between 11% and hdagehigh
as 40% in certain classrooms) in outbreak investiga 3) and 15% in household settindgsl ).

Two-Dose Regimen

Data Among Children

In a randomized clinical trial that compared thicaty of 1 dose of vaccine with that of 2 dosks, cumulative
rate of breakthrough varicella during a 10-yeareobation period was 3.3-fold lower among childremow
received 2 doses than that among children whowvedei dose (2.2% and 7.3, respectively; p<0.083%). (
Breakthrough cases occurred occasionally in 0.8%ddse vaccine recipients. The majority of cages o
breakthrough disease occurred 2--5 years afteinatean; no cases were reported 7--10 years a#teciaation
(Figure 4. Of 16 children with breakthrough cases, thré&4)1 had >50 lesions. The proportion of childrenhwit
>50 lesions did not differ between the 1-dose addge regimens (p = 0.5).

Breakthrough Infections Among Adolescents and Aduk
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In postlicensure studies of adolescents and adintsreceived 2 doses, 40 (9%) cases of breakthreagtella
occurred among 461 vaccine recipients who werevi@t for 8 weeks--11.8 years (mean: 3.3 years) afte
vaccination 95), and 12 (10%) cases occurred among 120 vaccongents who were followed for 1
month--20.6 years (mean: 4.6 yea®))( One prelicensure study of persons who had rededvdoses of vaccine
reported that 12 (8%) breakthrough cases had amtamong 152 vaccine recipients who were folloveed f
5--66 months (mean: 30 months) postvaccinat@s). (

Contagiousness

Prelicensure clinical trials reported the rate iskdse transmission from vaccinated persons wiibelka cases to
their vaccinated siblings. In 10 trials that weoaducted during 1981--1989, breakthrough infectiocsurred in
114 (5.3%) of 2,163 vaccinated children during1h® year follow-up period of active surveillanesd
secondary transmission occurred to 11 (12.2%)af 80 vaccinated siblingd21). lliness was mild in both
index and secondary case-patients. Household tiasiem from a vaccinated child with breakthrougbedise to
a susceptible adult (one of whom died) have beported (CDC, unpublished data, 2006). One studynaxad
secondary attack rates from vaccinated and unvaiedrpersons with varicella to both vaccinated and
unvaccinated households contacts aged 12 monthgedlrd £19. This study demonstrated that vaccinated
persons with varicella with <50 lesions were ontg dhird as contagious as unvaccinated personsvaitbella.
However, vaccinated persons with varicella who had lesions were as contagious as unvaccinated nevgith
varicella L19). Vaccinated persons with varicella tend to haden disease, and, although they are less
contagious than unvaccinated persons with varicity might not receive a diagnosis and be isdlais a
result, they might have more opportunities to ihfi#bers in community settings, thereby furthertdbating to
VZV transmission. Vaccinated persons with varicalso have been index case-patients in varicellareaks
(34,115.

Risk Factors for Vaccine Failure

Potential risk factors for vaccine failure havemetentified in studies of vaccine effectivenessmy outbreak
investigations and other specially designed stu@ig€8--110,113--115,118,128n outbreak investigations, the
low number of cases limits the ability of researshite conduct multivariate analyses and examinéntthependent
effect of each risk factor for vaccine failure. Awxcreased risk for breakthrough disease has betea math
decreasing age at vaccination, with a threefoldeiase in breakthrough disease risk for childrerivated at age
<14 months 110), an increase of twofold in one study and neaniyfiold in another for children vaccinated at
age <16 monthsl(08,115, and a ninefold increase for children vaccinattdge <19 month4d.{3). Other
outbreak investigations have demonstrated thatsimze vaccination (variably defined a3,>5, or > years)
was associated with an increased risk for breaktiiraisease (relative risk [RR] = 2.6, 6.7, and B8pectively)
(5,114,11%. However, age at vaccination and time since vetimn are highly correlated, and their independent
association with the risk for breakthrough disezs® been assessed in only one outbreak investigatl®). A
retrospective cohort study that adjusted for offegential risk factors demonstrated an increassdfar
breakthrough disease for children vaccinated akdgemonths (adjusted relative risk [aRR] = 1.4=Cl
1.1%--1.9%) 125). A case-control study demonstrated that the g¥iecess of vaccine in the first year after
vaccination was significantly lower (73%) amongldien vaccinated at age <15 months than it was gmon
children vaccinated at agd % months (99%) (p = 0.01118). However, the difference in the overall
effectiveness between children vaccinated at thges was not statistically significant for subseqyears (8
years of follow-up) (81% and 88%, respectively; p.£7). Active surveillance data collected duri®93--2004
from a sentinel population of 350,000 persons vegig@yzed to determine whether the severity anda&nnu
incidence of breakthrough varicella cases increastdtime since vaccinatiori@6). Children vaccinated >5
years previously were 2.6 times more likely to henadlerate and severe breakthrough varicella thaseth
vaccinated <5 years previously (p = 0.016). Theuahrates of breakthrough varicella among chilcagad 12
months--12 years increased significantly with tisirece vaccination after adjusting for the effedtage at
infection, age at vaccination, and year of infetijp<0.01).
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Multiple other studies that examined possible reagor lower vaccine effectiveness did not find age
vaccination 8--5,111,11%or time since vaccinatior3(110,11} to be associated with vaccine failure. An
ongoing study is examining these factors and wsk/éccine failure127). After 8 years of active follow-up of
7,449 children vaccinated at age 12--23 monthsilteedo not indicate an increased risk for breakilgh disease
among children vaccinated at age 12--14 months eo&dpwith those vaccinated at age 15--23 months.
Moreover, a test for trend revealed no changeerrale of reported breakthrough disease for eaditi@ubl
month of age at vaccinatiotZ7).

Two outbreak investigations noted an increasedfdaskreakthrough disease in children with asthméeczema
(109,113. In these investigations, the use of steroidsgat asthma or eczema was not studied. Steroigs ha
been associated previously with severe varicellmwvaccinated person$Z8--130. Only one retrospective
cohort study controlled simultaneously for the effef multiple risk factors, including the use té®ids, and this
study demonstrated no association of risk for ktfeakigh disease with asthma or eczefb(. However, this
study documented an increased risk for breakthraliggase if the child had received a prescriptiooral
steroids (considered a proxy for taking oral ssoivhen exposed to varicella) within 3 months efthrough
disease (adjusted RR [aRR] = 2.4; Cl = 1.3%--4.4%@ when varicella vaccination was administerethiwi28
days of MMR vaccine (aRR = 3.1; Cl = 1.5%--6.4%).

Evidence of Immunity

ACIP has approved criteria for evidence of immumatyaricella Box). Only doses of varicella vaccines for
which written documentation of the date of admnaitbn is presented should be considered validthdea
self-reported dose nor a history of vaccinatiorvjgted by a parent is, by itself, considered adesjeaidence of
immunity. Persons who lack documentation of adegjuatcination or other evidence of immunity shdagd
vaccinated.

Historically, self-reporting of varicella diseasg d&dults or by parents for their children has bemmsidered valid
evidence of immunity. The predictive value of &seported positive disease history was extreméajh Im adults
in the prevaccine era although data on positivdiptige value are lacking in parental reports regay their
children (L31--133. As disease incidence decreases and the propaftizaccinated persons with varicella
having mild cases increases, varicella will be tesglily recognized clinically. A recent study demstrated that
only 75% of unvaccinated children aged 12 monthgea¥s who reported a positive history of varicelxe in
fact immune (confirmed by serological testing), pamed with 89% of children aged 5--9 years and1years
(134). To limit the number of false-positive reportslansure immunity, ACIP recommends that evidence of
immunity should be either a diagnosis of varicblWea health-care provider or a health-care proweeification
of a history of disease rather than parental dfregbrting. The above-cited study demonstratet! 9886 of
persons aged 15--19 years and 100% of those agezbA@ars who reported a history of varicella wietmune
(134). Because serologic evidence of VZV infection hasn documented in 96%--97% of U.S.-born adultsl age
20--29 years and in 97%--99% of adults ag80 years tested during 1998--1992)( U.S. birth before 1980 is
considered evidence of immunity except for headireqersonnel (HCP), pregnant women, and
immunocomprised persons. For these three groupgsjrdy regarding immunity is desirable becauséhef
possibility of nosocomial transmission to high-rigktients; transmission of the virus to the fewdsich might
result in congenital varicella syndrome; and thestlality of severe disease. Postvaccination sgroltesting to
verify an immune response to varicella vaccineoisroutinely recommended because available comaierci
assays lack sensitivity in detecting vaccine-inducemunity and might give false negative results.

Simultaneous Administration of VVaccines

Single-antigen varicella vaccine is well-toleratel effective in healthy children ageti2>months when
administered simultaneously with MMR vaccine eitaeseparate sites and with separate syringegarately
>4 weeks apart. The number and types of adversdsweaurring in children who have received VARIVAXd
MMRII concurrently have not differed from thosedhildren who have been administered the vaccines at
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different visits 79,135. Data concerning the effect of simultaneous adstration of VARIVAX with vaccines
containing various combinations of MMR, diphtheaiiad tetanus toxoids and pertussis (DTP), dadmophilus
influenzaetype b (Hib) have not been publishé®), A randomized study of 694 subjects determinedi time
immune response to MMR, varicella, and Hib vaccadsinistered concurrently with a fourth dose of
pneumococal conjugate vaccine (PCV7) was not iofed that of those vaccines when administeredawith
PCV7; the percentage of subjects who seroconveréesd>90% for all antigens for both grouds$6).

Concomitant administration of the combination MMR&ccine with other vaccines also has been assdssad.
clinical trial involving 1,913 healthy children afj@2--15 months, three groups were compai&d)( One group
received concomitantly administered (at separéés)SMMRYV vaccine, Diphtheria and Tetanus Toxoidd a
Acellular Pertussis Vaccine Absorbed (DTaP), Hibjagate (meningococcal protein conjugate) vacane,
hepatitis B (recombinant) (Hep B) vaccine. The secgroup received MMRYV vaccine at the initial vjisit
followed by DTaP, Hib, and Hep B vaccines admimeteconcomitantly 6 weeks later. The third groupereed
MMR and varicella vaccines concomitantly followeavéeks later by DTaP, Hib, and Hep B vaccines.
Seroconversion rates and antibody titers were coabpafor the measles, mumps, rubella, and vaacell
components for the first two groups. No immunoladgta were reported for the third group. The Hit biep B
seroconversion rates for the two groups that reckililose vaccines also were comparable.

Data are absent or limited for the concomitantaf9dMRV vaccine with inactivated polio, pneumococal
conjugate, influenza, and hepatitis A vaccines.uUiBmeous administration of the majority of widelsed live
and inactivated vaccines has produced seroconveraies and rates of adverse reactions simildraset
observed when the vaccines are administered separ@herefore, single-antigen and combination MMRV
vaccines may be administered simultaneously wilerovaccines recommended for children aged 12--ditins
and those aged 4--6 years. Simultaneous admingstrigtparticularly important when health-care pdevs
anticipate that, because of certain factors (prgviously missed vaccination opportunities), dcchiight not
return for subsequent vaccination.

Economic Analysis of Vaccination

A cost-effectiveness analysis was performed befotiation of the varicella vaccination programtire United
States 138). The results of the study indicated a savingg5ofl0 for each dollar spent on routine vaccinatibn
preschool-aged children when direct and indirestcwere considered. When only direct medical coste
considered, the benefit-cost ratio was 0.9:1.0 eienost ratios were only slightly lower when lowestimates of
the short- and long-term effectiveness of the vaeevere used.

A recent analysis was performed that used curimhates of morbidity and mortalit(,28,33 and current
direct and indirect costs (ACIP, unpublished préstgon, 2006). The model considered that the secmse will
reduce varicella disease residual after the finsedoy 79%. From a societal perspective, both &-dosd 2-dose
vaccination programs are cost saving compared mathrogram. The vaccine program cost was estinet§820
million for 1 dose and $538 million for 2 doses.eT$avings from varicella disease prevented wenmatsd at
approximately $1.3 billion for the 1-dose programad @pproximately $1.4 billion for the 2-dose praogra
Compared with the 1-dose program, the incremewtt for the second dose was estimated to be $9¢&00
quality-adjusted life year (QALY) saved. If bensfftom preventing group A streptococcus infectiand HZ
among vaccinated persons are added, incrementalpesQALY saved are $91,000 and $17,000, resdyti
Because of the uncertainty of the modeled predistaf an increase in HZ among persons with a hyisibr
varicella and the fact that no consistent trendsafestrate an increase in HZ attributable to theceda
vaccination program in the United States, HZ ampagons with a history of varicella was not incldidie the
model.

Storage, Handling, and Transportation of VaricellaVaccines

Single-antigen varicella and combination MMRYV vaas have similar but not identical distributionnéiéng,
and storage requiremen9(80. For potency to be maintained, the lyophilizedaglla vaccines must be stored
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frozen at an average temperature of 5°F (-15°@ptater. Household freezers manufactured since tdel®80s
are designed to maintain temperatures from -4°6°G2to 5°F (-15°C). When tested, VARIVAX has remed
stable in frost-free freezers. Freezers that rliafaintain an average temperature of <5°F (<-1%@) that have
a separate sealed freezer door are acceptabloforgsVARIVAX and ProQuad. Health-care provideraynse
stand-alone freezers or the freezer compartmemrgfo§erator-freezer combinations, provided that fiteezer
compartment has its own separate, sealed, anchtadudxterior door. Units with an internal freedeor are not
acceptable. Temperatures should be documented betlinning and end of each day. Providers shautdrdent
the required temperature in a newly purchasedfana minimum of 1 week before using it to storeaiae and
routinely thereafter. When varicella vaccines d@oeesl in the freezer compartment of a combined
refrigerator-freezer, temperatures in both compantisishould be monitored carefully. Setting thertfuestat low
enough for storage of varicella-containing vaccimeght inadvertently expose refrigerated vaccimesdezing
temperatures. Refrigerators with ice compartmdraseither are not tightly enclosed or are encloghl
unsealed, uninsulated doors (e.g., small, dormistyle refrigerators) are not acceptable for tioeagje of
varicella vaccines.

Diluent should be stored separately either at reemperature or in the refrigerator. Vaccines shield
reconstituted according to the directions in thekpge insert and only with the diluent suppliedhwite vaccine,
which does not contain preservative or other amtidubstances that could inactivate the vaccineyviOnce
reconstituted, vaccine should be used immediatetgibimize loss of potency. Vaccine should be dided if not
used within 30 minutes after reconstitution.

Handling and Transportation of Varicella Vaccines Within Off-Site Clinics

When an immunization session is being held ateadsditant from the freezer in which the vaccinstised, the
number of vaccine vials needed for the immunizasiession should be packed in either a vaccine stgpp
container (as received from the manufacturer) @nirnsulated cooler, with an adequate quantigrgfice (i.e., a
minimum of 6 lbs per box) to preserve potency. Wplkated in a suitable container, dry ice will mainta
temperature of 5°F (<15°C). Dry ice should remain in the container uporval at the clinic site. If no dry ice
remains when the container is opened at the rexesite, the manufacturer (Merck and Company, Isteould

be contacted for guidance (telepho == - ). If dry ice is available at the receiving sitemay be
used to store vaccine. Thermometers or temperatdigators cannot be used in a container with dey Diluent
should not be transported on dry ice.

If dry ice is not available, only single-antigerricalla vaccine may be transported, with frozenkgao keep the
temperatures between 36°F--46°F (2°C--8°C). Trarigpmperatures should be monitored, and a temyperat
indicator or thermometer should be placed in theaioer and checked on arrival. The container shbalkept
closed as much as possible during the immunizagssion; temperatures should be checked and rechodely.
If the temperature remains between 36°F--46°F (BC), the single-antigen varicella vaccine maybed for
up to 72 hours after its removal from the freeZéxe date and time should be marked on the vaccahe v
Single-antigen varicella vaccine stored at refiged temperatures for any period of time may naef®zen for
future use.

Transportation and storage of combination MMRYV viae@t temperatures between 36°F--46°F (2°C--8SQ@pt
permissible for any length of time. In contrassiiogle-antigen varicella vaccine, combination MMR&Ecine
must be maintained at temperatures BT<(<-15°C) until the time of reconstitution and admirasion. This
difference in vaccine storage temperatures musbheidered when planning off-site clinics. For ti@ason,
transportation of MMRYV vaccine to off-site clinicsnot advised. If any concerns arise regardingtbmge of
single-antigen varicella or combination MMRYV vaces the manufacturer should be contacted for guslan

Minimizing Wastage of Vaccine
Vaccine wastage can be minimized by accuratelyragténg the number of doses needed for a giverepati

population. To ensure maximal vaccine potency, Emahipments of vaccine should be ordered moguatly
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(preferably at least once every 3 months). Singlégan varicella vaccine should not be distributeg@roviders
who do not have the capacity to store it propearlg freezer until it is used. Transportation oficsglla vaccine
should be kept to a minimum to prevent loss of poye Off-site clinic sites should receive only surhounts of
vaccine as they can use within a short time (72$dstoring single-antigen varicella vaccine efrigerated
temperatures).

Adverse Events After Vaccination

Because adverse events after vaccination mighireento be caused by wild-type VZV even as varicdlsease
declines, health-care providers should obtain eapptopriate clinical specimens (e.g., cerebrospinia for
encephalitis, bronchial lavage or lung biopsy foepmonia) for laboratory evaluation, including stra
identification. Information regarding strain iddigation is available from Merck's VZV Identificath Program
(telephone =- - ) or from CDC's National Varicella Reference Latiorg (telephone:
404--639--0066; e-mail: vzvlab@cdc.gov) ohép://www.cdc.gov/nip/diseases/varicella/surv/ddiatm.
Commercial laboratories do not have the capalfditystrain identification.

The National Vaccine Injury Act of 1986 requires/picians and other health-care providers who adani
vaccines to maintain permanent immunization recarabkto report occurrences of adverse events fectse
vaccines, including varicella vaccines. Seriouseask events (i.e., all events requiring medicalnaithn)
suspected to have been caused by varicella vacsimesd be reported to the Vaccine Adverse EvepbRing
System (VAERS). Forms and instructions are avalalbhttps://secure.vaers.org/vaersDataEntryintro, inthe
FDA Drug Bulletin athttp://www.fda.gov/medwatgclor from the 24-hour VAERS information recordirtg a

B - S

Prelicensure

Single-Antigen Varicella Vaccine

Single-antigen varicella vaccine was well-toleratdten administered to >11,000 healthy children |estents,
and adults during prelicensure clinical trialsaldouble-blind, placebo-controlled study among Sdskceptible
healthy children aged 12 months--14 years, the staltstically significant (p<0.05) adverse evaeigorted that
were more common among vaccine recipients than grptacebo recipients were pain and redness at the
injection site £03). This study also described the presence of uifgpesish among 2% of placebo and 4% of
vaccine recipients occurring within 43 days of waation. Of the 28 reported rashes, 10 (36%) wgeerened by
a physician; among those that were examined, fbtireoseven noninjection site rashes in vaccingi@us were
judged to be varicella-like, compared with non¢haf rashes in the placebo recipients.

In a study comparing the safety of 1 dose of shaglggen varicella vaccine with that of 2 doses mistered 3
months apart, no serious adverse events relategttination were reported among approximately 2 [o€dlthy
subjects aged 12 months--12 years who were folldwed?2 days after each injection. The 2-dose veeci
regimen was generally well-tolerated, and its ygbetfile was comparable to that of the 1-dosememi.
Incidence of injection site complaints observéddays after vaccination was slightly higher aftese 2 (25.4%)
than after dose 1 (21.7%). Incidence of systeniigozall complaints was lower after dose 2; feveideace from
days 7--21 was 7% after dose 1 and 4% after dgpe=2.009), and varicelliform rash incidence aftese 1 was
3%, compared with 1% after dose 2 (p = 0.008), wéhk occurrence 8--21 days after vaccinatik89)

In uncontrolled trials of persons ageti3>years , approximately 1,600 vaccine recipierite veceived 1 dose of
single-antigen varicella vaccine and 955 who rez@i® doses of vaccine were monitored for 42 dayadgerse
events 79). After the first and second doses, 24.4% and%®a5vaccine recipients, respectively, had compain
regarding the injection site. Varicella-like ragttree injection site occurred in 3% of vaccine pgants after the
first injection and in 1% after the second. A namllized rash occurred in 5.5% of vaccine recipiefter the first
injection and in 0.9% of vaccine recipients aftex second, at a peak of 7--21 and 0--23 days pashadion,
respectively.
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Combination MMRYV Vaccine

In clinical trials, combination MMRYV vaccine wasrathistered to 4,497 children aged 12--23 month&ovit
concomitant administration with other vaccin86)( The safety profile of the first dose was compaséth the
safety of MMRII vaccine and VARIVAX administered moomitantly at separate injection sites. The folamv
period was 42 days postvaccination. Systemic vaefated adverse events were reported at a gtallist
significantly greater rate in persons who receiv@dRV vaccine than in persons who received the taocines
administered concomitantly at separate injectitessfever (202°F [>38.9°C] oral equivalent), (21.5% and
14.9%, respectively), and measles-like rash (3.08/62a1%, respectively). Both fever and measles+hilsh
usually occurred within 5--12 days after the vaation, were of short duration, and resolved witHarg-term
sequelae. Pain, tenderness, and soreness atdbgonjsite were reported at a statistically sigaiitly lower rate
in persons who received the combination MMRYV vaedi22.0%) than in those who received MMRII and
VARIVAX vaccines (26.7%). Rash at the injectioresitas more frequent among recipients of 1-dose MMRV
vaccine (2.3%) than among recipients of the twaweas administered separately as first doses (1.8%udy
that also compared use of MMRV with MMRII and VARMX administered as a first dose demonstrated simila
results 90). During days 5--12, children in the group thateiged MMRYV had higher rates of elevated
temperatures than those in the group that recéiM&|l and VARIVAX (27.7% and 18.7%, respectively
0.034).

To demonstrate that MMRYV vaccine could be admingsteas a second dose, a study was conducted ingolvi
799 children aged 4--6 years who had received pyirdases of MMRII and VARIVAX vaccines, either
concomitantly or not, at agel2 months and >month before study enrolimer®tl). These children were
vaccinated randomly (with MMRV and placebo, MMR gidcebo, or MMRII and VARIVAX) and then
monitored for safety. No serious vaccine-relateceage experiences were reported. Overall, the ptiops of
subjects with one or more adverse event were cabfmlamong groups receiving MMRV, MMRII, and MMRII
and VARIVAX. The group receiving MMRYV vaccine haditistically significantly greater proportion of
subjects with erythema (p = 0.01) and swelling (@808) at the injection site 1--5 days after vaation.
Another study examined the safety of 2 doses of MMiEministered 3 months apart to 480 children agee23
months 00). The rate of adverse events typically was lovrdhe second dose of MMRYV than after the first
dose. The incidence of varicella-like rashes wageloafter a second dose of MMRYV than after concamtit
administration of MMRII and VARIVAX vaccines (0.0%nd 1.9%, respectively; p = 0.01).

Postlicensure

During March 1, 1995--December 31, 2005, a total@7 million doses of varicella vaccine were disited in
the United States, and 25,306 adverse events¢hatred after varicella vaccine administration wexgorted to
VAERS, 1,276 (5%) of which were classified as sgsiol' he overall adverse event reporting rate was &ises
per 100,000 doses distributed. The rate of reppuirserious adverse events was 2.6 per 100,068sdos
distributed. Half of all adverse events reporteduned among children aged 12--23 months (VAERS,
unpublished data, 2006).

Not all adverse events that occur after vaccinadi@reported, and many reports describe everttsiigat have
been caused by confounding or unrelated factogs, (®edications and other diseases). Because Nariigease
continues to occur, wild-type virus might account ¢ertain reported events. For serious adversetge¥wer which
background incidence data are known, VAERS reppriates are lower than expected after natural efeior
than background rates of disease in the communitgrent limitations of passive safety surveillaimopede
comparing adverse event rates after vaccinatioorteg to VAERS with those from complications aftetural
disease. Nevertheless, the magnitude of thesedaliifes suggests that serious adverse events da&ur a
substantially lower rate after vaccination thamiaftatural disease. This assumption is corrobotagdtie
substantial decline in the number of severe coraptios, hospitalizations, and deaths related twete that
have been reported since implementation of theebai vaccination progran2®,23,28.

Similar to the prelicensure experience, postlicemsafety surveillance data after administratiosingjle-antigen
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varicella vaccine indicated that rash, fever, anédtion-site reactions were the most frequentbhoreed adverse
events 140,14). Using these reports from passive surveillancadvierse events during the first 4 years of the
vaccination program, when wild-type VZV was stillaulating widely, polymerase chain reaction (P@Ralysis
confirmed that the majority of rash events occugmvithin 42 days of vaccination were caused priimdry
wild-type varicella-zoster virus. Rashes from thilwype virus occurred a median of 8 days afterciaation
(range: 1--24 days), whereas rashes from the vastiain occurred a median of 21 days after vatoimg@ange:
5--42 days) 140.

As part of postmarketing evaluation of the shontrteafety of VARIVAX, 89,753 vaccinated adults astdldren
were identified from automated clinical databaddsospitals, emergency room visits, and clinicteisiuring

April 1995--December 19966). Out of all potential adverse events identified,consistent time association or
clustering of any events was noted during the exy®llow-up period. No cases of ataxia or encéphavere
identified after receipt of varicella vaccine instigroup of vaccine recipients. In the prevaccirse among
children aged <15 years, acute cerebellar ataxsaesmated to occur at a rate of one in 4,00 &Hai cases,
and varicella encephalitis without ataxia was estad to occur at one in 33,000 varicella cadd)(

Severe complications that are laboratory-confirieeldle caused by vaccine virus strain are rare racidde
pneumonia140), hepatitis {43), severe disseminated varicella infectidd@, 141,144,145 and secondary
transmission from five vaccine recipientstQ,146--148 Except for the secondary transmission casesetbases
all occurred in immunocompromised patients or irspes who had other serious medical conditionswieaé
undiagnosed at the time of vaccination.

Although other serious adverse events have beeamteg}) vaccine strain involvement was not
laboratory-confirmed. Thrombocytopenib4Q,141,149and acute cerebellar ataxied(,141,15phave been
described as potentially associated with singléggantvaricella vaccine. Two children had acute Ipemrasis
diagnosed after varicella vaccination (one at Ssdayd the other at 3 week4p(). In both cases, unilateral
infarction of the basal ganglia and internal capsuhs noted; this distribution is consistent witghieella
angiopathy. Urticaria after varicella vaccine hasibassociated with gelatin allergyb®). Recurrent papular
urticaria has been reported to be potentially dateat with varicella vaccinatiorLb3). However, available data
regarding the potential adverse events after vilaigaccination are insufficient to determine asaassociation.
The quality of reported information varies widedyyd simultaneous administration with other vacciespecially
MMR) might confound attribution.

Herpes Zoster. Similar to wild-type VZV, vaccineus can establish latent infection and subsequeadigtivate,
causing HZ disease in vaccine recipients. Befooema licensure, studies in children with leukeimsal
demonstrated a much lower rate of HZ in vaccinateltiren compared with those (age and protocol heaiy

with previous varicellag4). Cases of HZ in healthy vaccine recipients haaenbconfirmed to be caused by both
vaccine virus and wild-type virus, suggesting ttextain HZ cases in vaccine recipients might refsaih
antecedent natural varicella infection that migbit imve been detected by the patient or from irdecifter
vaccination 140). A single case has been reported of a child velceived a diagnosis of neuroblastoma and had
severe chronic zoster attributed to vaccine vittersthat with time became drug resistaln). A large
postlicensure safety study performed through sweeyducted every 6 months and validated by medicait
review in the first 9 years of a 15-year follow-sfpdy of >7,000 enrolled children vaccinated witigke-antigen
varicella vaccine at age 12--24 months estimatedlid@ase incidence to be 22 per 100,000 persos-{€ar
13--37) as reported by parents (Steven Black, Martiern California Kaiser Permanente Medical CamgrRam,
unpublished presentation, 2005). The incidencebfuds 30 per 100,000 person-years among healtligrehi
aged 5--9 yearslf4) and 46 per 100,000 person-years for those agidd/ears §4). However, these rates are
drawn from different populations and based on diffé methodologies. In addition, a proportion ofdrien in
these age groups would not have experienced varitisease; those rates are likely to underestinadés in a
cohort of children all infected with wild-type VZ\Waking direct comparison difficult with a vacciedtcohort.

Transmission of Vaccine Virus
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Results from prelicensure vaccine trials of theglgirantigen varicella vaccine suggest that transiomsof

varicella vaccine virus from healthy persons tacepsible contacts is rare. This risk was assesssibiings of
healthy vaccinated children who themselves receplacebo {03). Six (1%) of 439 placebo recipients
seroconverted without rash; the vaccinated siblofghese six children also did not develop raghrolbgic data
suggested that three of these six seroconvertees/szl vaccine mistakenly in lieu of their siblingys a smaller
study, immunocompromised siblings of healthy cl@fdreceiving varicella vaccine were evaluated cdity and

by testing for humoral or cell-mediated immune eges 155). No evidence was demonstrated of vaccine virus
transmission to any of 30 immunocompromised silslifigm 37 healthy children receiving varicella viaec

Accumulated data from postlicensure surveilland&igies suggest that the risk for transmissiorvaficella
vaccine virus from healthy persons to susceptibtgacts is low. With >55 million doses of VARIVAX
distributed since licensure, transmission from imoeompetent persons after vaccination has beemuated
by PCR analysis from only five persons, resultimgik secondary infections, all of them milt¥Q,146--148
Three episodes involved transmission from healthilgieen aged 1 year to healthy household contautkjding a
sibling aged 4 months, a father, and a pregnantenoln the latter episode, the mother chose titete the
pregnancy, but fetal tissue tested subsequentBGfy was negative for varicella vaccine virtd7). The
children in these episodes had 2, 12, and 30 Issrespectively. A fourth episode involved transios from an
immunocompetent adolescent who was a resident insgitution for chronically disabled children. The
adolescent had >500 lesions after vaccinationvaedine virus was transmitted to another immunocstert
resident of the institution and to a health-carekeg both of whom had histories of varicellsd@). The fifth
episode represented a tertiary spread from a lyesiltling contact of a vaccinee with leukemia 8. Rashes for
both healthy siblings were mild (i.e., 40 and 1dides, respectively), and vaccine virus was isdl&tem all three
case-patients. The third sibling had rash 18 déigs he onset of the secondary case-patient ardhg8 after
rash onset in the vaccinated leukemic child. Intamidto these five episodes, one child has beported to have
transmitted vaccine virus from HZ that occurred @nths after varicella vaccination; 2 weeks latanila
varicella-like rash from which vaccine varicellausg was isolated occurred in the child's vaccinatether (56).

Although varicella vaccine is not recommended faldren with cellular immune deficiencies, the espace
from prelicensure vaccine trials involving childrerth leukemia is instructive. Data from a studyvaficella
vaccination in children with leukemia indicatedttharicella virus vaccine transmission occurreds(17%) of
88 healthy, susceptible siblings of leukemic vaeaiecipients; the rash was mild in 11 (73%) of1banfected
siblings (L48). The risk for transmission was correlated with thumber of skin lesions in the
immunocompromised vaccine recipients.

These data suggest that healthy, vaccinated pehswesa minimal risk for transmitting vaccine vitogheir
contacts, particularly in the absence of vaccisé ia the vaccine recipient. Vaccine recipients \Wwhwoe a
vaccine-related rash, particularly HCP and houskbohtacts of immunocompromised persons, shoul@lavo
contact with persons without evidence of immunityosare at high risk for severe complications (sealth-Care
Personnel)

Summary of Rationale for Varicella Vaccination

Varicella vaccine is an effective prevention tami lecreasing the burden attributable to variatiBaase and its
complications in the United States. In the prevaed@ra, varicella was a childhood disease with >80%e 4
million cases, two thirds of approximately 11,0@&pitalizations, and approximately half of 100--Esthual
deaths occurring among persons aged <20 yearde&inggen varicella vaccine is licensed for us@am
healthy persons aged 2 months, and the combination MMRYV vaccine isiged for use in healthy children
aged 12 months--12 years. Prelicensure and pasilice studies have demonstrated that 1 dose désangjgen
varicella vaccine is approximately 85% effectivgoneventing varicella. Breakthrough varicella dsethat
occurs after vaccination frequently is mild and ified. Varicella vaccine is >95% effective in prenimg severe
varicella disease. Since implementation of thecedla vaccination program in 1995, varicella incide,
hospitalizations, and deaths have declined subalignMMRYV was licensed on the basis of immunolzaji
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noninferiority to its vaccine antigenic componenistial varicella vaccine policy recommendationsre for 1
dose of varicella vaccine for children aged 12 rhentl2 years and 2 doses, 4--8 weeks apart, feppsraged
>13 years. In June 2006, ACIP approved a routinesedecommendation for children. The first dosaukhbe
administered at age 12--15 months and the secoswl atcage 4--6 years.

The rationale for the second dose of varicella wector children is to further decrease variceilsedse and its
complications in the United States. Despite theas®es of the 1-dose vaccination program in childraccine
effectiveness of 85% has not been sufficient tegmévaricella outbreaks, which, although less tinaihe
prevaccine era, have continued to occur in highlycinated school populations. Breakthrough vaadasll
contagious. Studies of the immune response aféd12 doses of varicella vaccine demonstrate a
greater-than-tenfold boost in GMTs when measuregéks after the second varicella vaccine dose ghdi
proportion (>99%) of children achieve an antibodgponse of 5 gpELISA units after the second dose compared
with 76%--85% of children after a single dose aofieglla vaccine. The second dose of varicella vaecs
expected to provide improved protection to the 1:2%%6 of children who do not respond adequatelféofirst
dose. Data from a randomized clinical trial conddgbostlicensure indicated that vaccine efficatgréf doses of
single-antigen varicella vaccine in children (98;3% = 97.3%--99.0%) was significantly higher thhat after a
single dose (94.4%; Cl =92.9%--95.7%). The riskifogakthrough disease was 3.3-fold lower amonglidnil
who received 2 doses than it was among childrennebeived 1 dose. How this increase in vaccinead
(typically higher than observed under field coratig) will translate into vaccine effectiveness urmnditions of
community use will be an important area of study.

The recommended ages for routine first (at agel52months) and second (at age 4--6 years) dosexiotlla
vaccine are harmonized with the recommendation®dR vaccine use and intended to limit the perideew
children have no varicella antibody. The recommeraige for the second dose is supported by therdurre
epidemiology of varicella, with low incidence aref outbreaks among preschool-aged children ancehigh
incidence and more outbreaks among elementary-6eaged children. However, the second dose may be
administered at an earlier age, provided thatritexval between the first and second doses is 3hmofhe
recommendation for the minimum interval betweenedas made on the basis of the design of the studie
evaluating 2 doses among children aged 12 monthgears. MMRYV vaccine may be used to vaccinateloéni
against measles, mumps, rubella, and varicellal&meously. Because the risk for transmission @bhigh
among students in schools, colleges, and othes@astdary educational institutions, students witlewidence
of immunity should receive 2 doses of varicellacnae. All children and adolescents who receivea4edof
varicella vaccine previously should receive a sdatose.

Varicella disease is more severe and its comptinatmore frequent among adolescents and adults. The
recommendation for vaccination of all adolescent$ adults without evidence of immunity will provide
protection in these age groups. Because varicatjatrbe more severe in immunocompromised persors wh
might not be eligible for vaccination, and becaofthe risk of VZV transmission in health-care sefs, HCP
must be vaccinated. Varicella disease during tisé tivo trimesters of pregnancy might infect thiei$eand result
in congenital varicella syndrome. Therefore, roeit@mtenatal screening for evidence of immunity ostpartum
vaccination for those without evidence of immumitw is recommended.

Recommendations for the Use of Varicella Vaccines

Two 0.5-mL doses of varicella vaccine administesedcutaneously are recommended for children aged >
months, adolescents, and adults without evidenaaminity. For children aged 12 months--12 yedrs, t
recommended minimum interval between the two dss8snonths. However, if the second dose was
administered 28 days after the first dose, the second dosenisidered valid and need not be repeated. For
persons aged13 years, the recommended minimum interval is 4k&e8ingle-antigen varicella vaccine is
approved for use among healthy persons ag&dmonths. Combination MMRYV vaccine is approveduse
among healthy children aged 12 months--12 yearsRMMaccine is indicated for simultaneous vaccinatio
against measles, mumps, rubella, and varicella.n&ex any components of the combination vaccine are
indicated and the other components are not couiated, use of licensed combination vaccines, assddMRV
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vaccine, is preferred over separate injection ofvedent component vaccine$y7).
Routine Vaccination

Persons Aged 12 Months--12 Years

Preschool-Aged Children

All healthy children should receive their first @osf varicella-containing vaccine routinely at dge-15 months.
School-Aged Children

A second dose of varicella vaccine is recommendatinely for all children aged 4--6 years (i.e.fdye entering
prekindergarten, kindergarten, or first grade). ldeer, it may be administered at an earlier ageigeavthat the
interval between the first and second dose is >8ths

Because of the risk for transmission of VZV in salsoall children entering school should have nee@i2 doses
of varicella-containing vaccine or have other ewmitkeof immunity to varicella (see Evidence of Imnbyn

Persons Aged %3 Years

Persons agedl3 years without evidence of varicella immunity glidoreceive two 0.5-mL doses of single-antigen
varicella vaccine administered subcutaneously, We8ks apart. If >8 weeks elapse after the firsedthe

second dose may be administered without restatimgchedule. Only single-antigen varicella vacaoay be

used for vaccination of persons in this age gratidRYV is not licensed for use among persons agesl years.

School-Aged Children, College Students, and Stiedien©ther Postsecondary Educational Institutions

All students should be assessed for varicella imtpuand those without evidence of immunity shorddtinely
receive 2 doses of single-antigen varicella vacdi® weeks apart. The risk for transmission ofoedla among
school-aged children, college students, and staderdther postsecondary educational institutiarsize high
because of high contact rates.

Other Adults

All healthy adults should be assessed for varigellaunity, and those who do not have evidence ofiumity
should receive 2 doses of single-antigen varicgtzine 4--8 weeks apart. Adults who might be ataased risk
for exposure or transmission and who do not hawdeece of immunity should receive special consiti@nafor
vaccination, including 1) HCP, 2) household corgadftimmunocompromised persons, 3) persons whalive
work in environments in which transmission of VZ/likely (e.g., teachers, day-care employees, eassdand
staff in institutional settings), 4) persons wheelor work in environments in which transmissios baen
reported (e.g., college students, inmates and isiafiibers of correctional institutions, and militasrsonnel), 5)
nonpregnant women of childbearing age, 6) adolésa@ad adults living in households with childrend &)
international travelers.

Second Dose Catch-Up Vaccination

To improve individual protection against varicediad to have a more rapid impact on school outbrescond
dose catch-up varicella vaccination is recommeridedhildren, adolescents, and adults who previotesteived
1 dose. The recommended minimum interval betweeirtst dose and the catch-up second dose is 3hadoi
children aged ¥2 years and 4 weeks for persons agt8l years. However, the catch-up second dose may be
administered at any interval longer than the mimmmecommended interval. Catch-up vaccination may be
implemented during routine health-care provideitviand through school- and college-entry requirese
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As part of comprehensive health services for adlegtents, ACIP, AAP, and AAFP recommend a health
maintenance visit at age 11--12 years. This visd ahould serve as an immunization visit to ev&lwaccination
status and administer necessary vaccinati®s8) ( Physicians should use this and other routinésvis ensure
that all children without evidence of varicella immty have received 2 doses of varicella vaccine.

Requirements for Entry to Child Care, School, Collge, and Other Postsecondary Educational Institutios

Child care and school entry requirements for vdaaenmunity have been recommended previoug)y Ih 2005,
ACIP recommended expanding the requirements torcdueents in all grade levels. Official health ragjes
should take necessary steps, including developidgeaforcing school immunization requirements,isuge that
students at all grade levels (including college] ehildren in child care centers are protectedreggadaricella and
other vaccine-preventable diseasEs/.

Prenatal Assessment and Postpartum Vaccination

Prenatal assessment of women for evidence of Marioemunity is recommended. Birth before 1980ad¢ n
considered evidence of immunity for pregnant wornecause of potential severe consequences of \Varicel
infection during pregnancy, including infectiontbe fetus. Upon completion or termination of thEegnancies,
women who do not have evidence of varicella immusiitould receive the first dose of vaccine befaselthrge
from the health-care facility. The second dose khba administered 4--8 weeks later, which coingidéth the
postpartum visit (6--8 weeks after delivery). Faymen who gave birth, the second dose should bengstered
at the postpartum visit. Women should be counseledoid conception for 1 month after each doseaoicella
vaccine. Health-care settings in which completioteomination of pregnancy occurs should use stapdrders
to ensure the administration of varicella vaccm&bmen without evidence of immunity.

Special Considerations for Vaccination
Vaccination of HIV-Infected Persons

HIV-infected children with CD4+ T-lymphocyte per¢age >15% should be considered for vaccination thi¢h
single-antigen varicella vaccine. Varicella vacoives recommended previously for HIV-infected chelalin
CDC clinical and immunologic categories N1 and Afhvage-specific CD4+ T-lymphocyte percentagb%
(2). Limited data from a clinical trial in which 2 des of single-antigen varicella vaccine were adstened 3
months apart to 37 HIV-infected children (CDC diimi categories N, A, or B and immunologic categb{ D4+
T-lymphocyte percentagel®%--24%]) aged 1--8 years indicated that the vecwias well-tolerated and that
>80% of subjects had detectable VZV specific immresponse (either antibody or cell immune respomnse
both) at 1 year after immunizatioh59). These children were no less likely to have dibady response to the
varicella vaccine than were subjects who wereaéfested immunologically by HIV infection. Becaudgldren
infected with HIV are at increased risk for morlydrom varicella and HZ (i.e., shingles) compavéth healthy
children, ACIP recommends that, after weighing ptéd risks and benefits, single-antigen varicg&cine
should be considered for HIV-infected children wigtBb4+ T-lymphocyte percentage&5%. Eligible children
should receive 2 doses of single-antigen varicgltztine 3 months apart. Because persons with ieghagllular
immunity are potentially at greater risk for congplions after vaccination with a live vaccine, theaccine
recipients should be encouraged to return for exmln if they experience a postvaccination varé&éhke rash.
Data are not available regarding safety, immunaggmnior efficacy of MMRYV vaccine in HIV-infectechddren,
MMRYV vaccine should not be administered as a stustfor the single-antigen varicella vaccine when
vaccinating these children. The titer of Oka/Mew is higher in combination MMRYV vaccine than in
single-antigen varicella vaccine. Recommendationyéccination of HIV-infected children with measle
mumps, or rubella vaccines have been publishedqusly (160).

Data on use of varicella vaccine in HIV-infectedidcents and adults are lacking. However, on dseslof
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expert opinion, the safety of varicella vaccingliv-infected persons aged >8 years with comparkgsels of
immune function (CD4+T-lymphocyte coun260 cellsjiL) is likely to be similar to that of children age&
years. Immunogenicity might be lower in older HiMacted children, adolescents, and adults comgared
children aged 1--8 years. However, weighing thle fis severe disease from wild VZV and potentiahdfé of
vaccination, vaccination may be considered (2 daadwinistered 3 months apart) for HIV-infectedsoers with
CD4+T-lymphocytes count200 cellsfiL in these age groups. If vaccination of HIV-inkegtpersons results in
clinical disease, the use of acyclovir might modifg severity of disease.

Situations in Which Some Degree of Immunodeficienciight be Present

Persons with impaired humoral immunity may be vaatdd. No data have been published concerning wheth
persons without evidence of immunity receiving onlyaled, nasal, or topical doses of steroids @awdecinated
safely. However, clinical experience suggestshatination is well-tolerated among these persBassons
without evidence of immunity who are receiving sysic steroids for certain conditions (e.g., asthara) who
are not otherwise immunocompromised may be vaaihidthey are receiving <2 mg/kg of body weightor
total of <20 mg/day of prednisone or its equival&srtain experts suggest withholding steroid<2feB weeks
after vaccination if it can be done safely.(Data from a Japanese study using the Oka/Bikeicella vaccine
(which is not available in the United States bubsgimmunogenicity and efficacy are similar to tho§the
varicella vaccine used in the United States) indtdhat children taking steroids for nephrosisemgccinated
safely when the steroids were suspended for 1-eksvbefore vaccination, although no serious reastio
occurred among children vaccinated when steroichfiyewas not suspendetib(l). Persons who are receiving
high doses of systemic steroids (i.62,mg/kg prednisone) for2weeks may be vaccinated once steroid therapy
has been discontinued fol ¥nonth, in accordance with the general recommetafor the use of live-virus
vaccines 157).

Vaccination of leukemic children who are in remassand who do not have evidence of immunity tooedia
should be undertaken only with expert guidancewaitidl the availability of antiviral therapy shouldmplications
ensue. Patients with leukemia, lymphoma, or othaligmancies whose disease is in remission and whose
chemotherapy has been terminated for at least 3he@an receive live-virus vaccings{). When immunizing
persons in whom some degree of immunodeficiencyhiig present, only single-antigen varicella vaeahould
be used.

Vaccination of Household Contacts of Immunocompronged Persons

Immunocompromised persons are at high risk fooserivaricella infections. Severe disease occurs in
approximately 30% of such persons with primarydtifn. Because varicella vaccine now is recommeridedll
healthy children and adults without evidence of umity, household contacts of immunocompromisedqress
should be vaccinated routinely. Although the riskéxposure to wild VZV for immunocompromised pe&rso
now is lower than it was previously, vaccine shdugddoffered to child and adult household contadtisout
evidence of immunity of immunocompromised persMeaccination of household contacts provides provector
immunocompromised persons by decreasing the lidetiithat wild-type VZV will be introduced into the
household. Vaccination of household contacts of imotompromised persons theoretically might pose a
minimal risk for transmission of vaccine virus tomunocompromised persons, although in one study, no
evidence of transmission of vaccine virus was destrated after vaccination of 37 healthy sibling80fchildren
with malignancy {55). No cases have been documented of transmissieacoine virus to immunocompromised
persons in the postlicensure period in the UnitiedeS, with >55 million doses of vaccine distriltlt®ther data
indicate that disease caused by vaccine virus munocompromised persons is milder than wild-tysease and
can be treated with acyclovit48,159. The benefits of vaccinating susceptible houstkohtacts of
immunocompromised persons outweigh the extreme&lypotential risk for transmission of vaccine vitos
immunocompromised contacts. Vaccine recipientshomw vaccine-related rash occurs, particularly HG® a
household contacts of immunocompromised personsidavoid contact with susceptible persons whaoaare
high risk for severe complications. If a susceptilinmunocompromised person is inadvertently exphésa
person who has a vaccine-related rash, postexppsopé@ylaxis with VZIG is not needed because diseas
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associated with this type of virus is expecteddarhid.
Nursing Mothers

Postpartum vaccination of women without evidencemwhunity need not be delayed because of breastiged
Women who have received varicella vaccination parstion may continue to breastfeed. The majorityvef |
vaccines are not associated with virus secretidoreast milk {57). A study involving 12 women who received
single-antigen varicella vaccine while breastfegdimdicated no evidence of VZV DNA either in 21 2ast milk
samples collected or in infants tested after baittine doseslE2). No infants seroconverted. Another study did
not detect varicella gene sequences in the poshatmmn breast milk sampled§3). Therefore, single-antigen
varicella vaccine should be administered to nursiaghers without evidence of immunity. CombinatdMRYV
vaccine is not licensed for use among persons afj@dears.

Health-Care Personnel

Nosocomial transmission of VZV is well-recognizdd{,164--173 and guidelines for the prevention of
nosocomial VZV infection and for infection contialHCP have been publishetiZ4,175. Sources of
nosocomial exposure have included patients, hdspé#, and visitors (e.g., the children of hoapgmployees)
who are infected with varicella or HZ. In hospitagborne transmission of VZV has been demonstrateen
varicella has occurred in susceptible persons vétbrio direct contact with the index case-pati@éi@t¢-180.

To prevent disease and nosocomial spread of VZ&ltiheare institutions should ensure that all H@Reh
evidence of immunity to varicella. Birth before 1918 not considered evidence of immunity for HCledwese of
the possibility of nosocomial transmission to higgk patients. In health-care institutions, serai@greening
before vaccination of personnel who have a negaitiwencertain history of varicella and who are womaated is
likely to be cost effective. Institutions may elézttest all HCP regardless of disease history imza small
proportion of persons with a positive history afelse might be susceptible.

Routine testing for varicella immunity after 2 des# vaccine is not recommended for the managenfent
vaccinated HCP. Available commercial assays ares@wsitive enough to detect antibody after vacmnanh all
instances. Sensitive tests have indicated that ®8dults develop antibodies after the second ddeeiever,
seroconversion does not always result in full prid@ against disease, and no data regarding etesedf
protection are available for adults.

HCP who have received 2 doses of vaccine and wdexgosed to VZV should be monitored daily duriagd
10--21 after exposure through the employee heatigram or by an infection control nurse to detemrgfinical
status (i.e., daily screen for fever, skin lesi@rg] systemic symptoms). Persons with varicellahtriig infectious
up to 2 days before rash onset. In addition, HGRishbe instructed to report fever, headache, loerot
constitutional symptoms and any atypical skin lesionmediately. HCP should be placed on sick leave
immediately if symptoms occur. Health-care institn$ should establish protocols and recommendatams
screening and vaccinating HCP and for managemeadCéf after exposures in the work place.

HCP who have received 1 dose of vaccine and whexgesed to VZV should receive the second dose with
single-antigen varicella vaccine within 3--5 daftemexposure to rash (provided 4 weeks have ethafter the
first dose). After vaccination, management is samib that of 2-dose vaccine recipients.

Unvaccinated HCP who have no other evidence of initpwho are exposed to VZV are potentially infeeti
from days 10--21 after exposure and should be dighed during this period. They should receive pgxisure
vaccination as soon as possible. Vaccination wiBhib days of exposure to rash might modify thease if
infection occurred. Vaccination >5 days postexpetitl is indicated because it induces protectgainst
subsequent exposures (if the current exposureatidause infection).

The risk for transmission of vaccine virus from @iae recipients in whom varicella-like rash occaifter
vaccination is low and has been documented affgo®xes in households and long-term care facilities

12/1/2007 3:12 P|



Prevention of Varicella: Recommendations of the iddry Committee o... http://www.cdc.gov/mmwr/previewnwrhtml/rr5604al.ht

(140,146--148 No cases have been documented after vaccinaftiBlP. The benefits of vaccinating HCP
without evidence of immunity outweigh this extregnklw potential risk. As a safeguard, institutiatould
consider precautions for personnel in whom rashurscafter vaccination. HCP in whom a vaccine-relatesh
occurs should avoid contact with persons withoidesvwce of immunity who are at risk for severe déseand
complications until all lesions resolve (i.e., arasted over or fade away) or no new lesions appéhin a
24-hour period.

Varicella IgG Antibody Testing

The tests most widely used to detect varicella dgp@body after natural varicella infection amongmP@re latex
agglutination (LA) and ELISA. A commercially avai@ LA test using latex particles coated with VZV
glycoprotein antigens can be completed in 15 mmated does not require special equipma8t). The

sensitivity and specificity of the LA test are caangble to those of FAMA in detecting antibody respmafter
natural varicella infection. The LA test generaflymore sensitive than commercial ELISAs. The L#t teas
detected antibody for up to 11 years after vamcediccination 182). However, for the purpose of screening HCP
for varicella susceptibility, a less sensitive anore specific commercial ELISA should be considefedecent
report indicated that the LA test can produce faissitive results, particularly when only a singencentration

of serum is evaluated 83); this led to documented cases of false-positgeilts in HCP who consequently
remained unvaccinated and subsequently contraeteckiia.

Vaccination for Outbreak Control

Varicella vaccination is recommended for outbreaiktiol. Persons who do not have adequate evidence o
immunity should receive their first or second daseppropriate. Additionally, in outbreaks among
preschool-aged children, 2-dose vaccination ismeaended for optimal protection, and children vaatad with
1 dose should receive their second dose providadrghs have elapsed since the first dose. Statéoaadhealth
departments may advise exposed persons who dawmetdvidence of immunity to contact their healtheca
providers for vaccination, or they may offer vaatian through the health department or school {oero
institutions) vaccination clinics. Although outbkeegontrol efforts optimally should be implementedsaon as an
outbreak is identified, vaccination should be adteeven if the outbreak is identified late. Val@ee&utbreaks in
certain settings (e.g., child care facilities, smlBpor institutions) can last as long as 4--5 mentThus, offering
vaccine during an outbreak might provide protectmpersons not yet exposed and shorten the doratithe
outbreak {84). Persons receiving either their first or secoodedas part of the outbreak control program may be
readmitted to school immediately. Those vaccinatid the first dose as part of outbreak control sugas
should be scheduled for the second dose as agepae. Persons who are unvaccinated and withibet o
evidence of immunity who do not receive vaccineuthide excluded from institutions in which the aetik is
occurring until 21 days after the onset of rasthalast case of varicella. In addition, for schagéd persons
covered by the 2-dose school vaccination requirésnenclusion during an outbreak is recommendedhiose
vaccine recipients who had received the first defere the outbreak but not the second as paheobtibtreak
control program. Persons at increased risk forreevaricella who have contraindications to vaccorashould
receive VZIG within 96 hours of exposure.

Contraindications
General
Adequate treatment provisions for anaphylactictieas, including epinephrine injection (1:1000)pshd be
available for immediate use should an anaphylaetiction occur. Before administering a vaccine|thezare
providers should obtain the vaccine recipient'sivation history and determine whether the indiaichad any

previous reactions to any vaccine including VariMasoQuad or any measles, mumps, or rubella cantgin
vaccines.
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Allergy to Vaccine Components

The administration of live varicella-containing eates rarely results in hypersensitivity. The imhation in the
package insert should be reviewed carefully befaceine is administered. Vaccination is contraiatéd for
persons who have a history of anaphylactic readticaany component of the vaccine, including gelatin
Single-antigen varicella vaccine does not conta@s@rvatives or egg protein; these substancesdaased
hypersensitive reactions to other vaccines. Foctimbination MMRYV vaccine, live measles and livemnms
vaccines are produced in chick embryo culture. H@rmeamong persons who are allergic to eggs, Hkefor
serious allergic reactions after administratiomafasles- or mumps-containing vaccines is low. Bezakin
testing with vaccine is not predictive of allerggaction to vaccination, skin testing is not regdibefore
administering combination MMRYV vaccine to persorsvare allergic to eggd60). The majority of
anaphylactic reactions to measles- and mumps-congavaccines are associated not with hyperseitgitivegg
antigens but with other vaccine components. Nesghegle-antigen varicella nor combination MMRV vamEs
should be administered to persons who have a fiisfanaphylactic reaction to neomycin. Howevegmgcin
allergy usually is manifested as a contact dermmatithich is a delayed-type immune response rdtizar
anaphylaxis. For persons who experience such amespthe adverse reaction, if any, would appeanas
erythematous, pruritic nodule or papule presentdhours after vaccination. A history of contaetrdatitis to
neomycin is not a contraindication to receivingie@ta vaccines.

Altered Immunity

Single-antigen varicella and combination MMRV va&s are not licensed for use in persons who hayve an
malignant condition, including blood dyscrasiasikiemia, lymphomas of any type, or other malignaupiasms
affecting the bone marrow or lymphatic systems. Gimation MMRYV vaccine should not be administered to
persons with primary or acquired immunodeficienngluding immunosuppression associated with AIDS or
other clinical manifestations of HIV infections lleéar immunodeficiencies, hypogammaglobulinemiad a
dysgammaglobulinemia. Combination MMRYV vaccine dtlawt be administered as a substitute for the
component vaccines when vaccinating HIV-infecteitticén.

Varicella vaccines should not be administered tsqes who have a family history of congenital orelaiéary
immunodeficiency in first-degree relatives (e.@rgnts and siblings) unless the immune competeiite o
potential vaccine recipient has been clinicallystabtiated or verified by a laboratory.

Varicella vaccines should not be administered tsqes receiving high-dose systemic immunosuppressiv
therapy, including persons on oral steroi@smg/kg of body weight or a total o8 mg/day of prednisone or
equivalent for persons who weigh >10 kg, when adtened for 22 weeks. Such persons are more susceptible to
infections than healthy persons. Administratiovaficella vaccines can result in a more extensive
vaccine-associated rash or disseminated disegssons receiving immunosuppressive doses of ostéooids
(185). This contraindication does not apply to persehs are receiving inhaled, nasal, or topical costeroids

or low-dose corticosteroids as are used commomhggthma prophylaxis or for corticosteroid-replaeain

therapy (see Situations in Which Some Degree ofumudeficiency Might Be Present).

Pregnancy

Because the effects of the varicella virus vacomé¢he fetus are unknown, pregnant women shoult@&ot
vaccinated. Nonpregnant women who are vaccinatedldlavoid becoming pregnant for 1 month after each
injection. For persons without evidence of immupiitgving a pregnant household member is not a
contraindication to vaccination.

If a pregnant woman is vaccinated or becomes preagmighin 1 month of vaccination, she should bersried
about potential effects on the fetus. Wild-typeieglta poses a low risk to the fetus (see Prerzatd|Perinatal
Exposure). Because the virulence of the attenuatad used in the vaccine is less than that ofatid-type
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virus, the risk to the fetus, if any, should berel@wver. In 1995, Merck and Co., Inc., in collak@ra with CDC,
established the VARIVAX Pregnancy Registry to monthe maternal-fetal outcomes of pregnant womea wh
were inadvertently administered varicella vaccimadhths before or at any time during pregnancydpmrt, call:
= . ~ ) (186). During the first 10 years of the pregnancy regiso cases of congenital varicella
syndrome or birth defects compatible with congénigaicella syndrome have been documentsi7(189.
Among 131 live-born infants of prospectively regariseronegative women (82 of whom were born to arsth
vaccinated during the highest risk period [i.ee finst or second trimester of pregnancy]), notbitéfects
consistent with congenital varicella syndrome hla@en documented (prevalence rate = 0; Cl = 0--6.3a%g
three major birth defects were reported (prevaleatee= 2.3%; Cl = 0.5%--6.7%). The rate of occaceeof
major birth defects from prospective reports inrbgistry was similar to the rate reported in teaeral U.S.
population (3.2%), and the defects indicated neifipgattern or target organ. Although the studgults do not
exclude the possibility of risk for women who re@a inadvertent varicella vaccination before orimgr
pregnancy, the potential risk, if any, is low.

Precautions
lliIness

Vaccination of persons who have acute severe #lnasluding untreated, active tuberculosis, shdad
postponed until recovery. The decision to delayciation depends on the severity of symptoms anithen
etiology of the disease. No data are availablertigg whether either single-antigen varicella ombtination
MMRYV vaccines exacerbate tuberculosis. Live attéedianeasles, mumps, and rubella virus vaccines
administered individually might result in a tempgrdepression of tuberculin skin sensitivity. THere, if a
tuberculin test is to be performed, it should benimistered either any time before, simultaneousth vor at least
4--6 weeks after combination MMRYV vaccine. Howevaherculin skin testing is not a prerequisite for
vaccination with single-antigen varicella or cormdiion MMRYV vaccines.

Varicella vaccines may be administered to childsghout evidence of immunity who have mild illnesseiith or
without low-grade fever (e.g., diarrhea or uppespreatory infection) 189). Physicians should be alert to the
vaccine-associated temperature elevations thattroggur predominantly in the second week after veton,
especially with combination MMRYV vaccine. Studiesygest that failure to vaccinate children with ntino
illnesses can impede vaccination effoft9().

Thrombocytopenia

Thrombocytopenia is not a contraindication for tengntigen varicella vaccine. No clinical data available
regarding the development or worsening of thrombaqmsnia in persons vaccinated with combination MMRV
vaccine. Cases of thrombocytopenia have been expafter MMR vaccine and after varicella vaccinatio
Postmarketing experience with live MMR vaccine gadés that persons with thrombocytopenia might logve
more severe thrombocytopenia after vaccination vRocination of thrombocytopenic children with candiion
MMRYV vaccine, health-care providers should refethi® ACIP recommendations on MMR vaccinati@6(@).

Recent Administration of Blood, Plasma, or Immune @Gbulin

Although passively acquired antibody is known tieifere with response to measles and rubella vasdi®1),
the effect of the administration of immune globu(li&) on the response to varicella virus vaccinerniknown.
The duration of interference with the response éastes vaccination is dose-related and ranges3rat
months. Because of the potential inhibition of tegponse to varicella vaccination by passivelysiemed
antibodies, varicella vaccines should not be adstened for the same intervals as measles vaccirfEL(&ionths,
depending on the dosage) after administration @ddbexcept washed red blood cells), plasma, oSi@ggested
intervals between administration of antibody-camtay products for different indications and variaelaccine
have been published previoushb({). In addition, persons who received a varicelleci@e should not be
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administered an antibody-containing product foreels after vaccination unless the benefits exdeesbtof
vaccination. In such cases, the vaccine recipieotlsl either be revaccinated or tested for immuaitihe
appropriate intervals, depending on the dose rede@nd then revaccinated if seronegative.

Use of Salicylates

No adverse events associated with the use of thsyafter varicella vaccination have been repphewever,
the vaccine manufacturer recommends that vaccoigieats avoid using salicylates for 6 weeks aféeeiving
varicella vaccines because of the association legtwepirin use and Reye syndrome after variceb@cwation
with subsequent close monitoring should be consiiésr children who have rheumatoid arthritis drest
conditions requiring therapeutic aspirin. The fieckserious complications associated with aspsilikiely to be
greater in children in whom natural varicella deys than it is in children who receive the vaca@oataining
attenuated VZV. No association has been documdrgsdeen Reye syndrome and analgesics or antipy bt
do not contain salicylic acid.

Postexposure Prophylaxis
Healthy Persons

Prelicensure data from the United States and Japasaricella exposures in children from househbtikpital,
and community settings indicate that single-antigamcella vaccine is effective in preventing iléseor
modifying varicella severity if administered to woeinated children within 3 days, and possiblyap tays, of
exposure to rastv¥8,101,192 Vaccination within 3 days of exposure to rasts wWa0% effective in preventing
varicella whereas vaccination within 5 days of esyre to rash was approximately 70% effective irv@néng
varicella and 100% effective in modifying seversedise X01,193. Limited postlicensure studies also have
demonstrated that varicella vaccine is highly éffecin either preventing or modifying diseasedfanistered
within 3 days of exposurd 93,194. Varicella vaccine is recommended for postexp@swiministration for
unvaccinated persons without other evidence of imityulf exposure to VZV does not cause infection,
postexposure vaccination should induce protectgainst subsequent exposures. If the exposure sasult
infection, no evidence indicates that administratd single-antigen varicella vaccine during thegymptomatic
or prodromal stage of illness increases the riskv&ocine-associated adverse events. No data arlalale
regarding the potential benefit of administeringeaond dose to 1-dose vaccine recipients aftersexpo
However, administration of a second dose shouldonsidered for persons who have previously recelvddse
to bring them up-to-date. Studies on postexposseeoti varicella vaccine have been conducted exalysin
children. A higher proportion of adults do not resg to the first dose of varicella vaccine. Neveldhs,
postexposure vaccination should be offered to adulhout evidence of immunity. Although postexpesuse of
varicella vaccine has potential applications ingiias settings, vaccination is recommended rouyifet all HCP
without evidence of immunity and is the preferreetinod for preventing varicella in health-care sgti(L95).
Preferably, HCP should be vaccinated when theyrbegiployment. No data are available on the use of
combination MMRYV raccine for postexposure prophigax

Persons Without Evidence of Immunity Who Have Containdications for Vaccination and Who Are at Risk
for Severe Disease and Complications

Studies conducted in 1969 indicated that cliniealoella was prevented in nonimmune, healthy chiidoy the
administration of zoster immune globulin (ZIG) (paeed from patients recovering from HZ) within 7@ubhs of
exposure 196). ZIG also lowered attack rates among immunocomed persons if administered no later than
96 hours after exposuré&q6). VZIG (prepared from plasma obtained from healtrglunteer blood donors
identified by routine screening to have high antifptiters to VZV) became available in 1978. Bothosegic and
clinical evaluations have demonstrated that thelyecbis equivalent to ZIG in preventing or modifyialinical
illness in non-immune, immunocompromised persong ane exposed to varicelld97,198. In a study of
immunocompromised children who were administeredG/&ithin 96 hours of exposure, approximately ame i
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five exposures resulted in clinical varicella, ame in 20 resulted in subclinical disea$68§). The severity of
clinical varicella (evaluated by percentage of gras with >100 lesions or complications) was lotan
expected on the basis of historic controls.

The VZIG product currently used in the United SﬂatéariZlGTM(Cangene Corporation, Winnipeg, Canada), is
available under an Investigational New Drug Appiima Expanded Access protocol (available at
http://www.fda.gov/cber/infosheets/mphvzig02080htA request for licensure in the United Stateshnloe
submitted to FDA in the future. VariZIG is a lyophed presentation which, when properly reconstitiis
approximately a 5% solution of IgG that can be adstered intramuscularly199). VariZIG can be obtained 24
hours a day from the sole authorized U.S. distab(FEFF Enterprises, Temecula, California) at

B - ~ or online atttp://www.fffenterprises.com

Administration of VZIG

VZIG provides maximum benefit when administered@sn as possible after exposure, but it might fectde

if administered as late as 96 hours after expodure effectiveness of VZIG when administered >96rhafter
initial exposure has not been evaluated. The duradf protection provided after administration ol is
unknown, but protection should last at least oriklii@ of the I1G (i.e., approximately 3 weeks). Septible
persons at high risk for whom varicella vaccinat®oontraindicated and who are again exposeweeks after
receiving a dose of VZIG should receive anothdrdake of VZIG. Patients receiving monthly high-dasimune
globulin intravenous (IGIV) (#00 mg/kg) are likely to be protected and probalaynot require VZIG if the last
dose of IGIV was administered <3 weeks before expo@00). VZIG has not been proven to be useful in
treating clinical varicella or HZ or in preventidgsseminated zoster and is not recommended for ssehVZIG
might extend the incubation period of the virumird0--21 days to 28 days. This should be taken into account
after exposures when VZIG is administered.

Dosage

VariZIG is supplied in 125-U vials. The recommendiede is 125 units/10 kg of body weight, up to ximam
of 625 units (five vials). The minimum dose is 125The human IgG content is 60--200 mg per 125suhitse of
VariZIG.

Indications for the Use of VZIG for Postexposure Pophylaxis

The decision to administer VZIG depends on threeofa: 1) whether the patient lacks evidence of umity, 2)
whether the exposure is likely to result in infentiand 3) whether the patient is at greater nskcémplications
than the general population.

Both healthy and immunocompromised children andtadvho have verified positive histories of varleel
(except for bone-marrow transplant recipients) imayonsidered immune (see Evidence of Immunityg Th
association between positive histories of variciellaone-marrow donors and susceptibility to vdlacm
recipients after transplants has not been studiedquately. Thus, persons who receive bone-marm@angpiants
should be considered nonimmune, regardless of que\history of varicella disease or varicella vaation in
themselves or in their donors. Bone-marrow recigi@mwhom varicella or HZ develops after transgdéion
should subsequently be considered immune.

VZIG is not indicated for persons who received 2aof varicella vaccine and became immunocompexhas
a result of disease or treatment later in life.SEhpersons should be monitored closely; if diseasars,
treatment with acyclovir should be instituted a #arliest signs or symptoms. For patients witleeidence of
immunity and on steroid therapy dosésmg/kg of body weight or a total of 20 mg/day oégnisone or
equivalent, VariZIG is indicated.
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Types of Exposure

Certain types of exposure can place persons wittnaidence of immunity at risk for varicella. Diremintact
exposure is defined as face-to-face contact witimiattious person while indoors. The durationaxfd-to-face
contact that warrants administration of VZIG is nettain. However, the contact should not be teartsiCertain
experts suggest a contact of >5 minutes as cotisgjtsignificant exposure for this purpose, wherethers
define close contact as >1 ho@0(). Substantial exposure for hospital contacts aissf sharing the same
hospital room with an infectious patient or dirdat;e-to-face contact with an infectious persog.(¢4CP). Brief
contacts with an infectious person (e.g., contattt wrray technicians or housekeeping personnel)ess likely
than more prolonged contacts to result in VZV traission.

Persons with continuous exposure to household memid® have varicella or disseminated HZ are adtgst
risk for infection. Varicella occurs in approximgt&5% (range: 65%--100%) of susceptible houselsolitacts
exposed to VZV. Localized HZ is much less infecsidlian varicella or disseminated H&2). Transmission from
localized HZ is more likely after close contactclsas in household settings. Physicians may conside
recommending postexposure prophylaxis with VZIGuich circumstances. After household exposure to
varicella, attack rates among immunocompromiseldlidn who were administered VZIG were up to 6028 7).
No comparative data are available for immunocomjsechchildren without evidence of immunity who wei
administered VZIG. However, the incidence of sewdisease (defined as >100 skin lesions) was |lessttiat
predicted from the natural history of disease immad children (27% and 87%, respectively), andititedence of
pneumonia was less than that described in childignneoplasm (6% and 25%, respectiveB)1). The risk for
varicella after close contact (e.g., contact witymates) or hospital exposure is estimated tgoipecximately
20% of the risk occurring from household exposure.

The attack rate in healthy neonates who were expiosetero within 7 days of delivery and who reeslwzZIG
after birth was 62%, which does not differ substdiytfrom rates reported for neonates who werdlany
exposed but not treated with VZI@9). However, the occurrence of complications andlfatitcomes was
substantially lower for neonates who were treatéld WZIG than for those who were not.

In a study of pregnant women without immunity toWi&ho were exposed to varicella and administeredG/Z
the infection rate was 30%. This is substantiallyér than the expected rate of >70% in unimmunizechen
exposed to varicellal09,203.

Recommendations for the Use of VZIG

The following patient groups are at risk for seveisease and complications from varicella and shoedeive
VZIG:

Immunocompromised patients. VZIG is used prim&olypassive immunization of immunocompromised pesso
without evidence of immunity after direct expostoevaricella or disseminated HZ patients, includiegsons
who 1) have primary and acquired immune-deficiesieprders, 2) have neoplastic diseases, and 3¢ee#/ing
immunosuppressive treatment. Patients receivingmhphigh-dose IGIV (00 mg/kg) are likely to be protected
and probably do not require VZIG if the last do$éG1V was administered 3Xweeks before exposur200).

Neonates whose mothers have signs and symptonasioéNa around the time of delivery. VZIG is indted for
neonates whose mothers have signs and symptonasioéNe from 5 days before to 2 days after deliv®tZIG
is not necessary for neonates whose mothers hgwve and symptoms of varicella more than 5 daysrbefo
delivery, because those infants should be protdobea severe varicella by transplacentally acquiredernal
antibody. No evidence suggests that infants bomdthers in whom varicella occurs >48 hours aftdivdry are
at increased risk for serious complications (gageumonia or death).

Premature neonates exposed postnatally. Transmigbiaricella in the hospital nursery is rare hessathe

12/1/2007 3:12 P|



Prevention of Varicella: Recommendations of the iddry Committee o... http://www.cdc.gov/mmwr/previewnwrhtml/rr5604al.ht

33 of 51

majority of neonates are protected by maternabadil. Premature infants who have substantial ptadtna
exposure should be evaluated on an individual b@kis risk for complications of postnatally acqdirearicella
in premature infants is unknown. However, becalisarhmune system of premature infants is not fully
developed, administration of VZIG to premature im$aborn at 28 weeks of gestation who are exposed during
the neonatal period and whose mothers do not haslerece of immunity is indicated. Premature infamisn at
<28 weeks of gestation or who weigh,800 g at birth and were exposed during the nabpatiod should
receive VZIG regardless of maternal immunity beeasisch infants might not have acquired maternabaahy.
The majority of premature infants born @8>weeks of gestation to immune mothers have enaagbired
maternal antibody to protect them from severe dis@ad complications. Although infants are at higlsk than
older children for serious and fatal complicatioih® risk for healthy, full-term infants who havaricella after
postnatal exposure is substantially less thanftmahfants whose mothers were infected 5 daysriecio 2 days
after delivery. VZIG is not recommended for healtfufi-term infants who are exposed postnatall\ereif their
mothers have no history of varicella infection.

Pregnant women. Because pregnant women mightHiglegr risk for severe varicella and complications
(37,42,203, VZIG should be strongly considered for pregnaatnen without evidence of immunity who have
been exposed. Administration of VZIG to these wornags not been found to prevent viremia, fetal itbec
congenital varicella syndrome, or neonatal varé&celhus, the primary indication for VZIG in pregh&aomen is
to prevent complications of varicella in the motrether than to protect the fetus. Neonates bomadthers who
have signs and symptoms of varicella from 5 daysrbdo 2 days after delivery should receive VZi€gardless
of whether the mother received VZIG.

Interval Between Administration of VZIG and Varicella Vaccine

Any patient who receives VZIG to prevent varicalould receive varicella vaccine subsequently, igem/the
vaccine is not contraindicated. Varicella vaccioatshould be delayed until 5 months after VZIG adstiation.
Varicella vaccine is not needed if the patient Verscella after administration of VZIG.

Antiviral Therapy

Because VZIG might prolong the incubation periodtiyweek, any patient who receives VZIG should be
observed closely for signs or symptoms of varickdta28 days after exposure. Antiviral therapy ddde
instituted immediately if signs or symptoms of ¢elia disease occur. The route and duration oViaatitherapy
should be determined by specific host factors,rxéinfection, and initial response to therapyormation
regarding how to obtain VariZIG is availablehip://www.cdc.gov/mmwr/preview/mmwrhtml/mm5508atsnh

(204).
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TIn this report, efficacy refers to the extent toieh a specific intervention produces a benefiegallt under ideal conditions.
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8 The en dash in numeric ranges is used to reprassusive years, hours, days, ages, dosagesseqwence of numbered items.

Tin this report, effectiveness refers to the extenthich a specific intervention, when deployedha field, does what it is
intended to do for a defined population.

Appendix
Summary of Recommendations for Varicella Vaccinatia

Routine Childhood Schedule

¢ Routine childhood vaccination should be 2 doses.

e Preschool-aged children should receive the firseduf varicella vaccine at age 12--15 months.

e School-aged children should receive the second aosge 4--6 years (may be administered earlier
provided 38 months have elapsed after the first dose)

Persons Aged 23 Years

e Persons agedl3 years should receive 2 doses of vaccine, dds&s\eeks apart).

¢ All adolescents and adults without evidence of imityushould be vaccinated.

e Because of their increased risk for transmissiopeisons at high risk for severe disease or thereased
risk of exposure, vaccination is especially impottar persons without evidence of immunity in the
following groups:

--- persons who have close contact with persohgyatrisk for serious complications (e.g., healénec
personnel and household contacts of immunocompeshpsrsons);

--- persons who live or work in environments in efhiransmission of varicella zoster virus is likédyg.,
teachers, child-care workers, and residents affidistastitutional settings);

--- persons who live and work in environments inchiitransmission has been reported (e.g., college
students, inmates and staff members of correctiosttutions, military personnel);

--- nonpregnant women of childbearing age;

--- adolescents and adults living in householdé witildren; and

--- international travelers.

Prenatal Assessment and Postpartum Vaccination

Prenatal assessment of women for evidence of Waricemunity is recommended. Upon completion or
termination of pregnancy, women who do not havd@ewe of varicella immunity should be vaccinated.

Vaccination of HIV-Infected Persons

Vaccination should be considered for HIV-infectéildren with age-specific CD4+ T-lymphocyte percagd
>15% and may be considered for adolescents andsaduitith CD4+ T-lymphocyte count280 cellsjiL.

Outbreak Control
e 2-dose vaccination policy

Postexposure Prophylaxis
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e Recommended within 3--5 days
Requirements for Entry to Child Care, School, Collge, and Other Postsecondary Educational Institutios

All states should require that students at all griagrels (including college) and those in childecegnters receive
varicella vaccine unless they have other evidefa@mmunity of varicella.

Evidence of Immunity to Varicella

Evidence of immunity to varicella includes any lo¢ following:

e documentation of age-appropriate vaccination witatcella vaccine:
--- preschool-aged children (i.e., aget?>months): 1 dose
--- school-aged children, adolescents, and ad2iligises*

¢ |laboratory evidence of immunf'ipr laboratory confirmation of disease;
e birth in the United States before 1§80

¢ diagnosis or verification of a history of varicetlssease by a health-care proviﬂjcm
e diagnosis or verification of a history of herpesten by a health-care provider.

* For children who received their first dose at ad® years and for whom the interval between tdeses was 28 days, the
second dose is considered valid.

T Commercial assays can be used to assess disdasednimmunity, but they lack sensitivity to alwalgtect vaccine-induced
immunity (i.e., they might yield false-negative u#s).

8 For health-care personnel, pregnant women, andiimooompromised persons, birth before 1980 shoultb@considered
evidence of immunity.

Tverification of history or diagnosis of typicalsdiase can be provided by any health-care provédgr, 6chool or occupational
clinic nurse, nurse practitioner, physician assistar physician). For persons reporting a histdtyor reporting with, atypical or
mild cases, assessment by a physician or theigmesiis recommended, and one of the following shbelsought: 1) an
epidemiologic link to a typical varicella case orat laboratory-confirmed case or 2) evidence ofdatory confirmation if it was
performed at the time of acute disease. When sactrentation is lacking, persons should not beidensd as having a valid
history of disease because other diseases mighitmiitd atypical varicella.

Advisory Committee on Immunization Practices Varicéla Working Group
Chair: Judith R. Campbell, MD, Houston, Texas

Members: Ann M. Arvin, MD, Stanford, California; David W. Kiberlin, MD, Birmingham, Alabama; James L. HadMD),
Hartford, Connecticut; Barbara Watson, MB ChB, &thdiphia, Pennsylvania; Penina Haber, MPH, AtlaB&nrgia; William
Atkinson, MD, Atlanta, Georgia; Anne A. Gershon, Miew York, New York; Tracy Lieu, MD, Boston, Massaisetts; Teresa
Thornton, Des Moines, lowa; Myron J. Levin, Denveolorado; John F. Modlin, MD, Lebanon, New HampshDale L.

Morse, MD, Albany, New York; Reginald Finger, MDolBrado Springs, Colorado; Dalya Guris, MD, Atlar&eorgia; Mona
Marin, MD, Atlanta, Georgia; Sandra S. Chaves, Milanta, Georgia; Paul Gargiullo, PhD, Atlanta, @ga; John W. Glasser,
PhD, Atlanta, Georgia; Rafael Harpaz, MD, Atlar@&orgia; Gregory Wallace, MD, Atlanta, Georgia;eJ&n Seward, MBBS,
Atlanta, Georgia; Scott Schmid, PhD, Atlanta, Gerghilip LaRussa, MD, New York, New York; AngeTalugar, MD,
Atlanta, Georgia; H. Cody Meissner, MD, Boston, Bishusetts; Philip R. Krause, MD, Bethesda, Madjl&eith Powell, MD,
Akron, Ohio; Gustavo H. Dayan, MD, Atlanta, Georgia

Advisory Committee on Immunization Practices

Membership List, June 2006

Chairman: Jon Abramson, MD, Wake Forest University SchodViedicine, Winston-Salem, North Carolina.
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Executive Secretary:Larry Pickering, MD, CDC, Atlanta, Georgia.

Members: Ban Mishu Allos, MD, Vanderbilt University School Medicine, Nashville, Tennessee; Judith Campi,

Baylor College of Medicine, Houston, Texas; Roliatk, JD, Consumer Representative, Palmyra, VigiReginald Finger,
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Department of Defense, Falls Church, Virginia; Gexnf S. Evans, MD, Health Resources and Servicenididtration,

Rockville, Maryland; Bruce Gellin, MD, National Veioe Program Office, Washington, DC; Linda MurpBgnters for
Medicare and Medicaid Services, Baltimore, Maryta@dorge T. Curlin, MD, National Institutes of HémIBethesda, Maryland;
Kristin Lee Nichol, MD, Department of Veterans Aflg Minneapolis, Minnesota.
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Campos-Outcalt, MD, Phoenix, Arizona; American Aeay of Pediatrics, Keith Powell, MD, Akron, OhigdaCarol Baker,
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Allos, MD, Vanderbilt University School of Medicin&lashville, Tennessee; Guthrie S. Birkhead, MDywNerk State
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TABLE 1. Summary of recommendations of the Advisory Committes on Immunization Practices {(ACIP) for prevention of varicella —
United States, 1996, 1990, and 2007

Category 1996 recommendations 1999 recommendations 2007 recommendations
Raoutine 1 doss recommendsd of ags 1218 Mo changs 2 doses recommeanded
childhood maonths = istdose atage 12-15months
sehadules + 2nd doss at age 46 years

Adults and 2 dogos, 4-8 woeks apart 2 dogog, 4-8 wesks apart 2 doges, 40 wooks apart

adolescents
aged =13 years Racommendad for suscapible persons No changa Recommandad for al
who have close comact with parsons at adolescents and aduls
high risk for serious complications: 1) without evidence of immunity
headth-care workars and 2} family
contacts of mmunccompromised
persons
Should be considered for susceplible Recommanded for suscaptible persons
persons al high risk for exposurs: al high risk for exposurs or transmission:
1) peeons who live or work i envinon. 1) pamons who live or work inenvinon-
rmants in which transmigsion of VIV is mants in which transmission of VIV is
likaly (@.9., teachars of young childnen, likaly (@.g., taachars of young childnen,
child cane amployess, and residents and dany care employesd, and residents and
staff mambears in institutional settings), staff members in insituional settings),
2) persons who lve and work in 2) persons whea ive and work in
amvironments in which transmission can snvironments in which transmissioncan
occur (9.9, college studants, inmatas oocur (@.9., college studants, inmates
and stafl members of comactional and stalf members of corraclional
iretitutions, and millitary I inatitutions, and military persanned),
3} nenpragnant women of childbsaring 3) nonpregnant women of chidbeanng age,
age, and 4) intemational trevelers, and
4} International travelers, &) adolesconts and adulls [ving in
houssholds with children.
Is desirabla for other suscaptible Mo changs
adolescans
Catch-up 1 dose recommended for all susceptible Mo change 2nd dose recommended for all
waccination children aged 19 months—12 years (i.e., persons who recetved 1 dose
thase with no history of varncella or pravicusly
vaccination)

HIV*-intectad Contraindicated 2 doses, 3 months apart 2 doses, 3 months apart
Should ba considersd for asymptomatic Shiould be considarad for HIV.
or mildly symptomatic HIV-infected infected children with age-
childran in COC immunclogic and dinical spacific COd+ T-lymphocyte
categories N1 or Al with age-spacilic ymphooyie percentages z15%
GO+ T-hymphocyte parcantages =25%

Maty be considersd for
adolascents and adults with
CD4 counts 22000
Antanatad Mona Nong Racommanded pranatal
strasning assessmant and postpanum
waccination

Outbraak control Mons Should be considensd Recommendad 2-dose

wacciration vaccination policy

Postasposure Hona Recommanded within 3-5 days Mo changs

waccination
Vaccination Hone Recommandad for children without Recommandad lor chikdren
requirements evidence of immunity attending child attending chid care centers,
care centers and antaring slementary studants in all grade levels,
school and persons attending college
of other postsecondary
Should be considersd for middle schoal educational instufitions

and juniar high school studants without
other avidencs of immunity

* Human immunodeficiency vinus,
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Health and Human Services.

References to non-CDC sites on the Internet ardgerd as a service tdMWRreaders and do not constitute or imply
endorsement of these organizations or their progtaCDC or the U.S. Department of Health and HuBervices. CDC is
not responsible for the content of pages fountiege sites. URL addresses listeMi\WRwere current as of the date of

publication.

Disclaimer Al MMWRHTML versions of articles are electronic convensidrom ASCII text into HTML. This conversion
may have resulted in character translation or foemars in the HTML version. Users should not retythis HTML document,
but are referred to the electronic PDF version anitie originaMMWR paper copy for the official text, figures, andlésh An
original paper copy of this issue can be obtaimethfthe Superintendent of Documents, U.S. Goverhignting Office (GPO),
Washington, DC 20402-9371; telepho ==~ . Contact GPO for current prices.
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