
S U P P L E M E N T A R T I C L E

Safety and Immunogenicity of Early Measles
Vaccination in Children Born to HIV-Infected
Mothers in the United States: Results of Pediatric
AIDS Clinical Trials Group (PACTG) Protocol 225

Sulachni Chandwani,1 Judy Beeler,2 Hong Li,3 Susette Audet,2 Betsy Smith,4 John Moye,5 David Nalin,6 and
Keith Krasinski,1 for The PACTG 225 Study Team
1Department of Pediatrics, New York University School of Medicine, New York City; 2United States Food and Drug Administration, Bethesda, Maryland;
3Harvard School of Public Health, Cambridge, Massachusetts; 4National Institute of Allergy and Infectious Diseases, Bethesda, Maryland; 5National
Institute of Child Health & Human Development, Bethesda, Maryland; and 6Former Director, Vaccine Scientific Affairs, Merck Vaccine Division (retired)
West Point, Pennsylvania

Background. PACTG (Pediatric AIDS Clinical Trials Group) 225, a multicenter, randomized, open-label trial in

the United States evaluated reactogenicity and immunogenicity of 2 vaccination regimens: monovalent measles

vaccine (Attenuvax) at 6 months of age and measles, mumps, and rubella, live attenuated (MMRII) vaccine at 12

months of age (2D), or only MMRII at 12 months of age (1D) in human immunodeficiency virus–infected (HIV-

infected) (POS) and uninfected (NEG) children in the pre–highly active antiretroviral therapy (pre-HAART) period.

Methods. Plaque-reduction neutralization (PRN) of measles-neutralizing antibody titers were evaluated at

study weeks 0, 6, 26, 32, 52, and 130 (�3 years of age).

Results. The 110 subjects included: 65 2DNEG; 30 1DNEG; 7 2DPOS and 8 1DPOS. Vaccinations (n 5 175)

were associated with no adverse experiences.Grade 2 except for Grade 3 fever (n5 2, 1 1DPOS and 1 1DNEG). Six

weeks after Attenuvax, all 2DPOS subjects (7/7) seroresponded (PRN titers R120 mIU/mL) with median titers

significantly exceeding 2DNEG titers (2115 vs 628 mIU/mL, respectively; P5 .023). At�3 years of age, 67% 1DPOS

(4/6) and 83% 2DPOS (4/5) subjects maintained titersR120 mIU/mL. Prevaccination titersR25 mIU/mL among

2DNEG subjects correlated inversely with the likelihood of achieving titersR120 mIU/mL (56% vs 90%; P5 .004).

Conclusions. Among HIV-infected children pre-HAART, Attenuvax at 6 months was well tolerated and

immunogenic. These data support the current World Health Organization (WHO) recommendation to administer

a first dose of measles vaccine at 6 months of age to HIV-infected children.

Measles infection may cause severe giant-cell pneumo-

nia or disseminated disease in immune-compromised

individuals [1]. Although live-attenuated virus vaccines

are generally contraindicated in immune-compromised

persons, measles vaccination of HIV-infected children

has not been associated with serious life-threatening

adverse events [2, 3]. A single report of fatal post-

vaccination measles pneumonia in an HIV-infected

adult has resulted in a recommendation to restrict the

use of live-attenuated measles vaccines to HIV-infected

children with CD41 T-lymphocyte counts .200 cells/

mL [4, 5].

Despite the relative safety of measles vaccination in

human immunodeficiency virus–infected (HIV-infected)

children, seroconversion rates and antibody titers have

been low [6]. During the pre–highly active antiretroviral

therapy (pre-HAART) era, enzyme immunoassay

(EIA) seroprevalence rates ranging between 12.5%–40%
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were observed in children after primary vaccination at approxi-

mately 15 months of age [6–10]. Postmeasles vaccination titers,

measured at a mean age of 6.7 years, were significantly lower in

HIV-infected children than healthy ones [7]. Additionally, HIV-

infected infants (mean age 2.8 years) had measles antibody with

a significantly lower avidity index than age-matched uninfected

controls [8]. Low titers that declined rapidly and were not boosted

by reimmunization suggested impaired primary vaccine responses

or poor immunologic memory due to functional B-cell and/or

memory T-cell defects, or possibly a lack of affinity maturation

[7–8].

Issues in protecting HIV-infected infants against measles in-

clude: optimal immunization age, the safety profile of measles

vaccine among infants below 12 months of age, and a vaccina-

tion schedule providing longest-term protection. Studies of HIV

infected 6–12-month-old vaccinees suggest a trend toward

higher seroresponse rates and higher postvaccination measles

antibody seroprevalence compared to those receiving 1 primary

dose .12 months [9–10]. This is consistent with results seen

after diphtheria and tetanus toxoid vaccination. Since attrition

in both lymphoproliferative and humoral responses may occur

prior to the decline of helper T lymphocytes, early vaccination in

HIV-infected children may be advantageous [11].

We hypothesized that HIV-infected children vaccinated at

6 months in the United States would develop a higher and more

durable response to measles vaccine than HIV-infected children

vaccinated after 12 months due to relative intactness of the im-

mune system of the HIV-infected child in early life. We proposed

to administer measles vaccine to HIV-infected infants at 6 months

of age with revaccination at 12 months of age to protect those who

did not respond to their first dose, per current recommendations

[12–14].We also proposed to compare the seroresponse rates after

the 2-dose regimen with the seroresponse rates after 1 dose of

measles, mumps, and rubella vaccine, live attenuated (MMRII,

Merck & Co., Inc.) at 12 months. Responses in HIV-infected

children and in HIV-exposed but uninfected children receiving

the same regimen were also compared.

METHODS

Study Design
Pediatric AIDSClinical Trials Group (PACTG) 225 was an open-

label, randomized, pre-HAART era study. Children born to

HIV-infected mothers and attending clinics based in the PACTG

study centers throughout the United States were recruited. Eli-

gible participants were randomized to 1 of 2 immunization

schedules: monovalent measles vaccine (Attenuvax, Merck &

Co., Inc.) at 6 months followed by MMRII, at 12 months of age,

or MMRII at 12 months of age only. Subjects were stratified by

HIV status and then randomized centrally using a computer-

generated scheme into 1 of 4 treatment groups: 2DNEG (HIV-

uninfected infants immunized at 6 months and 12 months of

age), 2DPOS (HIV-infected infants immunized at 6 and 12

months of age), 1DNEG (HIV-uninfected infants immunized

once at 12 months of age), and 1DPOS (HIV-infected infants

immunized once at 12 months of age). All subjects were enrolled

between 6–7 months of age. The 2DNEG and 2DPOS groups

received 0.5 mL of Attenuvax at 6 months of age (study week 0),

and all groups received 0.5 mL of MMRII at 12 months of age

(study week 26). All subjects were followed for 24 months after

their last vaccination for antibody persistence (study week 130).

Local and systemic adverse reactions were evaluated in the clinic

at 1 hour and at 7 days with phone follow-up on the 14th day

after immunization. Laboratory parameters monitored before

and 6 weeks after each immunization included: CD31CD41

lymphocyte counts and proportions, complete blood count

(CBC) with differential white blood cell and platelet count, se-

rum blood urea nitrogen (BUN), serum creatinine, aspartate

aminotransferase (AST), and alanine aminotransferase (ALT).

Adverse events were graded using the AIDS Clinical Trials Group

(ACTG) toxicity scale for pediatric patients [15].

HIV-infected subjects were identified by the presence of 1 or

more positive (noncord) blood test(s) for direct detection of HIV

at any age (ie, HIV culture, HIV-DNA polymerase chain reaction

[PCR], free P24 antigen performed in an ACTG-certified labo-

ratory). HIV-uninfected subjects were defined by 1 or more

negative (noncord) blood test(s) for direct detection of HIV at age

1 month or older. Serologic testing for HIV antibody (enzyme-

linked immunosorbent assay [ELISA] andWestern blot) at age 18

months confirmed the final assignment before analysis.

The study was reviewed and approved by the ethical and in-

stitutional review boards (IRB) at each participating site. Written

informed consent was obtained from parents or legal guardians

before any study-related procedures were performed. No measles

cases were identified locally during the study period (1996–1998).

Inclusion and Exclusion Criteria
Children 6 months of age (but not over 7 months) born to HIV-

infected mothers were eligible for enrollment if there was

laboratory evidence of either maternal HIV-infection or a positive

HIV antibody test in the infant. Children excluded were those

with CD41 T lymphocyte counts ,750 cells/mm3 or ,15% at

6 months of age; children with intercurrent illness, opportunistic

infections, and/or unexplained fevers of .7 days’ duration; and

those with known exposure to measles within 14 days of ran-

domization. Children receiving immunoglobulin products cur-

rently or in the previous 6 months, or steroid preparations (except

dermatologic preparations) were also excluded, as were children

with CD41 T-cell lymphopenia and those with severe thrombo-

cytopenia (platelet count ,50,000) prior to any vaccine dose.

Objective
Two primary objectives of the study were to (1) compare measles

seroresponse rates at 13 months of age (study week 32) in HIV-

infected children immunized with the 2-dose regimen (2DPOS)
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with responses in children given a single dose of MMRII (1DPOS)

and (2) to compare the measles seroresponse rates at 13 months

of age among HIV-infected children to the response rates in HIV-

uninfected children given the identical vaccine regimen.

The secondary objectives of the study were to assess the safety

and immunogenicity of Attenuvax in 2DPOS subjects 7 months

of age, tomonitor adverse clinical effects and changes in CD41 T

lymphocyte proportions and counts following Attenuvax or

MMRII vaccination, and to assess measles antibody decay.

Measles Serology
Measles seroresponses were evaluated using a plaque reduction

neutralization (PRN) test as previously described [16]. The PRN

titer was defined as the serum dilution that reduced the number

of plaques by 50% calculated using the Spearman-Kärber

method [16]. In this assay, a titer of 8 was equivalent to 8 mIU/

mL of measles antibody. Serum samples without neutralizing

antibody were assigned a titer of 2 to calculate mean titers.

Seroresponse was defined as a PRN titer R120 mIU/mL [17].

CD31CD41 T-cell Counts and Laboratory Studies
Lymphopenia is known to occur after measles infection and

sometimes transiently after measles immunization with measles

vaccination [18, 19]. Therefore, CD31CD41 T-cell counts and

percentages were evaluated pre- and postimmunization at study

weeks 0, 6, 26, and 32, at either study sites or the ACTG central

Table 1. Baseline Demographics

Treatment group

Category 2DNEG 2DPOS 1DNEG 1DPOS P value

Number 65 7 30 8

Median age (weeks) 28 26 28 28

(Min, Max) (22, 32) (26, 30) (26, 30) (26, 32) NA

Sex

Male 35 3 13 2 .4211

Female 30 4 17 6

Race/ethnicity

Caucasian 8 2 4 0 .4213a

African American 37 4 18 5

Hispanic 19 1 8 3

Other 1 0 0 0

Weight (kg)

Number 62 7 28 8 .343

Mean 7.64 7.14 7.78 7.03

SD 1.02 0.71 2.16 1.15

Height

Number 62 7 28 7 .575

Mean 67.81 66.14 65.73 64.67

SD 11.98 3.02 3.24 4.23

CD31CD41 (%)

Mean percentage 45 37 44 37 .0105b

SD 8 9 10 9

CD31CD41 count

Mean count/mm3 3125 2074 3156 2826 .1960

SD 1323 890 1251 808

Maternal historyc

Measles infection 6 1 2 1

Measles immunization 27 1 6 3

History unknown 32 4 23 5

Subjects with maternal antibody titer data (week 0) n 5 63 n 5 7 n 5 26 n 5 8

Titer R25 mIU/mL (%) 18 (29) 2 (29) 7 (27) 1(13) .6595

Number (%) completing study 39 (56%) 5 (71%) 17 (65%) 6 (75%)

NOTE. a The subject with ‘‘other race/ethnicity’’ was deleted when calculating the P value.
b Breakdown for comparisons of CD31CD41 percentages were calculated by Wilcoxon signed rank test because the overall P value was ,.05. They

are: 2DNEG vs 1DNEG, P 5 .1477 2DPOS vs 1DPOS, P 5 .2809 2DPOS 1 1DPOS vs 2DNEG 1 1DNEG, P 5 .0008.
c Numbers may not equal the total for each group because some reported histories of both infection and immunization while others did not report. Overall

P value for categorical data used exact method. Overall P value for continuous data: Monte Carlo–estimated P values were calculated by Kruskall-Wallis test.
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laboratory. Proportional change in CD41 T lymphocyte counts

or percentages were calculated by comparing pre- and post-

immunization parameters (week 6 vs week 0, and week 32 vs

week 26). The proportional change affecting CD41 T lympho-

cytes was graded into 3 categories: grade 1 toxicity was defined as

a CD41% proportional change ,10% and CD41 count pro-

portional change ,20%; grade 2 was defined as CD41% pro-

portional change R10% but ,40% and CD41 count

proportional changeR20% but,50%; and grade 3 toxicity was

defined as CD41% proportional change R40% and CD41

count proportional change R50%.

Changes in HIV-1 Viral Load After Measles Vaccination
Pre- and postvaccination HIV–type 1 (HIV-1) viral load data

were collected post hoc. Plasma HIV-1 RNAmeasurements were

performed by reverse transcriptase assay (Amplicor, Roche Di-

agnostics) at the ACTG certified laboratories as a part of disease

monitoring and were not a part of study procedures. Data were

available on 8 of the 15 HIV-infected subjects, including 5

2DPOS and 3 1DPOS subjects and were evaluated post hoc. Of

the 5 2DPOS subjects, 2 had paired samples following the first

and second vaccinations.

Maternal Measles Status and Baseline Measles Antibody Titers
Because low levels of passively acquired measles neutralizing

antibody (R1:25 titers or R25 mIU/mL) may interfere with

vaccine take and inhibit seroconversion, the proportion of

subjects withmeasles PRN antibody titersR25mIU/mL at week

0 was examined [20–22].

Data Management and Statistical Methods
Data were collected on case report forms at each study site and

collated into an SAS database by the ACTG Data Management

Center, SAS Institute Inc. Logarithmic titers were not normally

distributed, therefore a nonparametric test was used to compare

pre- and postimmunization measles PRN titers. The Wilcoxon

signed rank test was used to make pair-wise comparisons

for continuous variables, and the Kruskall-Wallis test was used

to make overall comparisons among all 4 groups for continuous

variables, with Monte Carlo–estimated P values reported. The

Fisher exact test was used to perform group comparisons for

discrete variables. For comparisons across all 4 groups, post

hoc pair-wise comparisons were performed only if the overall

P value was significant among the 4 groups.

RESULTS

Subject Accrual, Demographics, and Clinical Characteristics at
Baseline
The study opened to accrual on 11 September 1996. Since an-

tiviral treatment during pregnancy significantly reduced trans-

mission rates, fewer children were HIV-infected at birth,

limiting the enrollment. In August 1997, the PACTG Research

Priority subcommittee determined that it was not feasible to

enroll 168 HIV-infected subjects; therefore, the study was closed

in May 1998. A total of 110 subjects at 22 PACTG study sites,

including 65 in 2DNEG, 7 in 2DPOS, 30 in 1DNEG, and 8 in the

1DPOS group were enrolled.

Selected baseline characteristics, including demographics, vi-

tal statistics measurements, and lymphocyte subsets are pre-

sented in Table 1. Median ages at enrollment for the 4 groups

were similar, and there were no significant differences among

the 4 groups with respect to weight (P 5 .34) or height

(P 5 .58), gender (P 5 .42), or ethnicity (P 5 .42) (Table 1).

At baseline, overall proportions of CD41 T lymphocytes differed

significantly among the 4 groups (P 5 .011), but this difference

is explained by HIV status (Table 1). In contrast, baseline CD41

counts were similar among the groups at baseline (P 5 .196).

Figure 1. HIV-infected (POS ) and uninfected (NEG ) children in PACTG Study 225 were randomized to 1 of 2 measles vaccine regimens: 2D children
were given monovalent measles vaccine at 6 months of age (study week 0) followed by MMRII vaccine at 12 months of age; 1D children were only given
MMRII at 12 months of age. Subjects were followed through 3 years of age (study week 130). The proportion with follow-up by study week for each group
is shown: the inserted table shows the numbers of censored (follow-up,130 weeks) and uncensored (follow-upRweek 130) subjects in each group and
the median time for follow-up. PACTG indicates Pediatric AIDS Clinical Trials Group; MMRII, measles, mumps, and rubella, live attenuated.
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Adverse Reactions
During the study, no deaths were observed and there were no

significant differences in premature discontinuation across the 4

study groups (Figure 1). No grade-4 adverse reactions were re-

ported among 72 subjects who received Attenuvax at 6 months

of age or 103 subjects receiving MMRII at 12 months of age.

Grade-3 adverse reactions were limited to 2 reports of fever

following MMRII at 12 months (Table 2). Transient changes in

laboratory values, all %grade 2, were detected in a few children

in each group (data not shown).

Change in Absolute CD41 Counts or Percentages
After measles vaccination at 6 months of age, no significant

differences in the proportional change in absolute CD41

lymphocyte counts or percentages were observed at week 6

relative to the prevaccination counts (P 5 .97 and P 5 .078,

respectively) (Table 3). Likewise, there were no significant

differences in the proportional change at week 32 relative to

week 26 CD41 counts or percentages following MMRII vac-

cination at 12 months of age (P 5 .17 and P5 .47, re-

spectively) (Table 3). No toxicities Rgrade 3 in this category

were noted after any vaccination.

Changes in HIV-1 Viral Load After Measles Vaccination
Themean interval between pre- and postvaccination HIV-1 viral

load samples for 6-month vaccinees was 59 days, and for 12-

month vaccinees was 112 days. No significant differences in

postvaccination median HIV-1 RNA values were found fol-

lowing vaccination at 6 or 12 months of age (.0107 and –.0007,

respectively; P 5 .458) (Figure 2).

Maternal Measles Status and Baseline Measles Antibody Titers
History of measles disease or vaccination were available for 47 of

110 (43%) of mothers. Ten mothers reported measles disease in

childhood while 37 had documented measles vaccination (Table

1), and no differences in the proportion with R25 mIU/mL

(P5 .4) or prevaccinemedianmeasles antibody titers among the

4 groups at week 0 was found. For 2DNEG subjects, the presence

of a measles PRN titer R25 mIU/mL at week 0 determined the

probability of developing a PRN titerR120 mIU/mL at week 6.

Only 10 of 18 children with week 0 baseline titersR25 mIU/mL

seroresponded, while 38 of 42 with baseline titers ,25 mIU/mL

responded (56% vs 90%, P 5 .004) (Figure 3b). In contrast, all

seven 2DPOS infants seroresponded after primary vaccination at

6 months of age and no differences in seroresponse based on

baseline titers R25 mIU/mL were found in this group.

Table 2. Adverse Event Reporting Following Immunization With Monovalent Measles Vaccine at 6 Months of Age and/or MMRII Vaccine
at 12 Months of Age by Treatment Group

Treatment group (number reporting AEa R grade 3/number with any AE)

Adverse event reporting following immunization with: 2DNEG 2DPOS 1DNEG 1DPOS

Monovalent measles vaccine at 6 months of age

Number immunized n 5 65 n 5 7 n 5 0 n 5 0

Subjects with follow-up 65 7 NAb NA

Number of subjects reporting R1 adverse event 19 4 NA NA

RGrade 3/any adverse event

Local 0/13 0/2 NA NA

Systemic 0/4 0/1 NA NA

Feverc 0/4 0/0 NA NA

Rash 0/1 0/1 NA NA

Number of subjects with laboratory follow-up n 5 64 n 5 7 NA NA

Thrombocytopeniad 0/0 0/0 NA NA

MMRII at 12 months of age

Number immunized n 5 61 n 5 7 n 5 27 n 5 8

Subjects with follow-up 61 7 27 8

Number of subjects reporting R1 adverse events 17 2 9 4

RGrade 3/any adverse event

Local 0/8 0/2 0/5 0/0

Systemic 0/5 0/0 0/5 0/4

Fever 0/7 0/0 1/5 1/2

Rash 0/1 0/0 0/0 0/0

Number of subjects with laboratory follow-up n 5 60 n 5 7 n 5 25 n 5 8

Thrombocytopenia 0/0 0/0 0/0 0/0

NOTE.a AE indicates adverse event.
b NA indicates not applicable.
c Grade 3 fever 5 temperature of R104�F lasting between 2–5 days.
d Thrombocytopenia 5 decline in platelet count to ,150,000/mm3.
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Table 3. Impact on CD41 T-cell Percentages and/or CD41 T-cell Counts Postimmunization With Monovalent Measles Vaccine or MMRII in HIV-Infected vs HIV-Uninfected Children

Study week

Changes in CD41

percentage and/or count Total

Treatment group

2DNEG 2DPOS 1DNEG 1DPOS

P valuea

n 5 65 n 5 7 n 5 30 n 5 8

Number % Number % Number % Number %

Week 6
vs week 0

Number vaccinated n 5 65 n 5 7 n 5 0 n 5 0

Total number of subjects with data n 5 64 n 5 7 n 5 28 n 5 8

CD41 toxicity category

No toxicity 19 29.7 2 28.6 11 39.3 1 12.5 .3020

Grade[1]b 42 65.6 4 57.1 16 57.1 6 75.0

Grade[2]b 3 4.7 1 14.3 0 0 1 12.5

Grade[3]b 0 0 0 0 1 3.6 0 0

CD41 count ,750/mm3

Week 0 0 0 0 0 0 0 0 0

Week 6 0 0 1 14.3 0 0 0 0

Mean proportional

nCD41 count (6SD)c 0.01 (0.40) 64 0.01 (.43) 7 0.08 (0.39) 28 –0.01 (0.38) 8 0.03 (0.16) .9726

nCD41 % (6SD)c 0.00 (0.14) –0.03 (0.12) 0.08 (0.14) 0.05 (0.17) –0.02 (0.16) .0785

Week 32
vs week 26

Number vaccinated n 5 61 n 5 7 n 5 27 n 5 8

Total number of subjects with data n 5 55 n 5 7 n 5 24 n 5 8

CD41 toxicity category

No Toxicity 18 32.7 2 28.6 7 29.2 4 50 .8574

Grade[1]b 36 65.5 5 71.4 17 70.8 4 50

Grade[2]b 1 1.8 0 0 0 0 0 0

Grade[3]b 0 0 0 0 0 0 0 0

CD41 count ,750/mm3

Week 26 0 0 0 0

Week 32 0 0 0 0

Mean proportional

nCD41 count (6SD)c –0.04 (0.29) 55 –0.02 (0.27) 7 –0.10 (0.22) 24 –0.13 (0.27) 8 0.09 (0.47) .1710

nCD41 % (6STD)c 0.00 (0.18) –0.02 (0.14) –0.03 (0.13) 0.03 (0.23) 0.13 (0.27) .4725

NOTE. a Monte Carlo–estimated P values were calculated using the Kruskall-Wallis test.
b CD41 toxicity category: grade[1] CD41% proportional change ,10% and CD41 count proportional change ,20%; grade[2] CD41% proportional change R10% but ,40% and CD41 count proportional change R20%

but ,50%; grade[3] CD41 % proportional change R40% and CD41 count proportional change R50%.
c {[CD41 post-CD41pre]/[CD41pre]} 3 100 5 proportional change, where ‘‘CD41’’ refers to either the absolute count or the percentage of total lymphocytes.

P values for subgroups were calculated only if the overall P value was ,.05 using the Wilcoxon signed rank test.
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Seroresponse Rates Following 1-Dose vs 2-Dose Regimens
Overall, 98% of subjects vaccinated developed measles PRN

titers R120 mIU/mL by study week 32 (89/91). All seven

(100%) 1DPOS subjects given MMRII vaccine at 12 months of

age and 5 of 6 2DPOS (83%) subjects immunized at 6 and 12

months of age had measles PRN titers R120 mIU/mL when

tested at study week 32 (Figure 3) albeit the median antibody

titers among 2DPOS (2830 mIU/mL) and 1DPOS (2702 mIU/

mL) groups were similar (Table 4). Interestingly, 7 of 7 (100%)

2DPOS subjects responded to primary measles immunization at

6 months of age, all with PRN titers R120 mIU/mL (median

titer of 2115 mIU/mL) by study week 6. However, 1 2DPOS

child failed to maintain the measles antibody levels and did

not boost when revaccinated at 12 months of age despite

a titer ,8 mIU/mL before revaccination.

When first comparing the seroresponses of HIV-infected

subjects with HIV-uninfected subjects in those given a single

dose MMRII at 12 months of age, the seroresponse rates were

identical in 1DPOS and 1DNEG subjects, as all achieved measles

PRN titersR120 mIU/mL irrespective of HIV status (Figure 3).

Median antibody titers at week 32 were also similar in 1DPOS

and 1DNEG subjects (2702 vs 3240 mIU/mL, respectively, P 5

.4144; Table 4). Only 49 of 61 (80%) of 2DNEG subjects re-

sponded to Attenuvax as compared with 100% (7/7) of 2DPOS

subjects 6 weeks after the first dose. Also, median titers after

Attenuvax were significantly lower in 2DNEG subjects as com-

pared to 2DPOS subjects (628 vs 2115 mIU/mL, respectively,

P 5 .023). Following MMRII, 98% of 2DNEG subjects de-

veloped titersR120 mIU/mL as compared with 83% of 2DPOS

subjects. Median titers were higher in 2DNEG subjects than

2DPOS subjects (3445 and 2830 mIU/mL, respectively) but not

significantly different (P 5 .2).

Measles Antibody Titer Decline
By�3 years of age (study week 130), median PRN antibody titers

among 2DPOS and 1DPOS subjects were low (867 vs 573 mIU/

mL, respectively, P5 .163; Table 4) and the proportion of subjects

with antibody titersR120 mIU/mL had similarly declined with 4

of 5 (83%) 2DPOS subjects and 4 of 6 (67%) 1DPOSmaintaining

titers R120 mIU/mL.

Figure 2. Plasma HIV RNA viral load measurements (HIV-RNA log10 copies/mL) pre- and postvaccination were available for 10 subjects enrolled in
PACTG Study 225. Panel A shows the results for 5 2DPOS vaccinees given monovalent measles vaccine at 6 months of age (subjects 1, 2, 3, 4, and 5).
Panel B shows the results following MMRII immunization at 12 months of age for 2 2DPOS vaccinees (subjects 3 and 4) and 3 1DPOS vaccinees (subjects
6, 7, and 8). Solid lines represent the pre- and postvaccination HIV RNA load for each subject. Dashed lines in each figure represent the median HIV RNA
load for each group. The mean interval between pre- and postvaccination viral load measurements was 59 days after vaccination at 6 months of age, and
112 days after vaccination at 12 months of age. Plasma HIV RNA viral loads were measured using Amplicor assay (Roche Diagnostics) as previously
described with a minimum detection level of 400 RNA copies per mL. The y-axis scale for Panel A differs from that of Panel B. HIV indicates human
immunodeficiency virus; PACTG, Pediatric AIDS Clinical Trials Group.
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In contrast, among HIV-uninfected subjects, the median titers

in the 1DNEG subjects were significantly higher than those ob-

served in 2DNEG subjects at �3 years of age (3465 vs 967 mIU/

mL, respectively, P 5 .001) and 100% of 1DNEG and 95% of

2DNEG subjects maintained levels of measles PRN antibody

R120 mIU/mL (Table 4). Due to the skewness of the data (P

value for normality test,.01), median values formeasles antibody

titers are used for the above comparisons and presented in Table 4,

while geometric mean titers are provided in a supplemental table.

DISCUSSION

This prospectively designed study assessed seroresponse rates

following early versus conventional measles vaccination and

monitored adverse clinical reactions and CD41 subset changes

in of HIV-infected infants not receiving antiviral therapy. Be-

cause HAART treatment during pregnancy inhibits HIV trans-

mission to newborns, the trial did not enroll sufficient numbers

of subjects to prove or disprove the primary study hypothesis

regarding improved immunogenicity following early 2-dose

measles vaccination in HIV-infected children in the United

States. Nevertheless, this study yielded useful data with regard to

the secondary objectives, and these findings are summarized

herein. Measles vaccination at 6 months of age was well toler-

ated, as no clinical reactions .grade 3 were observed among

HIV-infected groups and there were no significant adverse

changes in CD41 counts or percentages detected 6 weeks after

early or conventional measles vaccination. Retrospective

examination of viral load before and after measles vaccine in 8

HIV-infected subjects showed no apparent increase in HIV-

RNA following immunization at 6 or 12 months of age. From

these observations and within this limited cohort, it appears that

early administered measles vaccine and the 2-dose vaccine reg-

imen were well tolerated. A report from Malawi also suggests

that Edmonston-Zagreb vaccine administered to 6-month-old

HIV-infected infants is well tolerated, though immunosup-

pression after this vaccine strain has been reported elsewhere in

HIV-uninfected infants [24, 25].

The study also showed that early vaccination was immuno-

genic in HIV-infected subjects with a 100% seroresponse rate

and a high median measles PRN titer after a first dose at 6

months of age (2115 mIU/mL), confirming our previous ob-

servation that suggested a higher rate of seropositivity when

subjects are vaccinated at ,1 year of age [9–10]. Unfortunately,

due to premature termination, PACTG 225 lacked statistical

power to confirm the primary study hypothesis. Reports from

sub–Saharan Africa indicate that immunity induced by vacci-

nating untreated HIV-infected children with Edmonston-

Zagreb measles strain at 9 months or with 2 doses at 6 and 9

months achieved only 64% seropositivity rates [23, 24].

In this study, measles antibody persisted in the majority of

HIV-infected, 2-dose recipients at or above titers associated with

protection (median 867 mIU/mL) for at least 2 years after re-

vaccination, suggesting a lower rate of secondary vaccine failure.

Observational studies from United States, Thailand and sub–

Saharan Africa document a median loss of detectable measles

EIA antibody by �30 months after primary immunization [8,

14, 25–27]. The World Health Organization (WHO) therefore

recommends a routine second dose of measles vaccine for all

HIV-infected children [14].

Revaccinating HIV-infected children after provision of

HAART (10.7–31.8 months) results in improved seroprotection

Figure 3. HIV-infected (POS ) and uninfected (NEG ) children enrolled in
PACTG 225 were randomized to 1 of 2 measles vaccine regimens: 2D
children were given monovalent measles vaccine at 6 months of age
(study week 0) followed by MMRII vaccine at 12 months of age (study
week 26); 1D children were only given MMRII at 12 months of age only.
Subjects were followed until �3 years of age (study week 130). Measles
PRN titers were measured in parallel with the Measles International
Reference Serum (WHO 66/202) and are expressed in mIU/mL with a titer
of 1:8 equivalent to 8 mIU/mL in this assay. Panel A shows pre- and
postvaccination measles PRN titers. Bars marked with an asterisk (*)
designate the proportion of study subjects with measles PRN titers R25
mIU/mL. Bars not marked with an asterisk represent PRN titers R120
mIU/mL at study weeks 6, 16, 26, 32, 42, 52, 104, and 130 by treatment
group. Panel B is a further analysis of the study week 6 postdose 1 data
for 2DNEG subjects only and shows the percent of seroresponders (PRN
titer R120 mIU/mL) stratified by prevaccination titer R25 mIU/mL or
,25 mIU/mL. PACTG indicates Pediatric AIDS Clinical Trials Group;
MMRII, measles, mumps, and rubella, live attenuated; WHO, World
Health Organization; PRN, plaque reduction neutralization.
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rates (64%–90%) [28–31]. In one study, despite immune

recovery and improved CD41 counts, the seroprotection rate

declined to 80% within 6 months of vaccination. The persistence

of functional T lymphocyte and B lymphocyte defects despite

HAART may be responsible for continued decline in antibody

responses [32]. In our study, 2DPOS infants had high CD41 T

lymphocytes (2074 cells/mm3) at primary vaccination and 80% of

vaccinees retained seroprotective measles titers for at least 2 years

after their last vaccination, suggesting a better sustainability than

previously reported. Additional benefits may be gained by early

initiation of HAART in combination with early vaccination.

This study also compared 2 vaccine regimens in HIV-

uninfected children. Similar to previous reports, median measles

antibody titers remained significantly lower despite revaccina-

tion in 2DNEG subjects than in 1DNEG subjects receiving

a single dose of MMRII at 12 months of age [33]. The signifi-

cance of lower measles antibody titers in children immunized

early in life, if any, is unknown [22].

Worldwide, measles case fatality rates are highest in chil-

dren under 12 months of age [24]. Recent data from the de-

veloping world suggest that unlike infants born during the

prevaccine era who derived protection from passively ac-

quired measles antibody throughout the first year of life [34–

35], the present cohort of infants are more likely to be born to

measles-vaccinated mothers who have lower levels of measles

antibody and thus are susceptible to measles infection earlier

in life [36]. For this reason, in the developing world, con-

sideration is now being given to vaccinating HIV-infected

children against measles at 6 months of age to narrow the

window of susceptibility [14, 37].

Sporadic importation of measles into the United

States continues. Since measles was declared contained in

2000, 130 measles cases were reported in 2008 and 13% of

these cases occurred in children under 12 months of age

[38, 39]. In the present study, 73% of US-born infants had

either lost or had low levels of passively acquired measles

antibodies (,25 mIU/mL) by 6 months of age, making

them vulnerable to severe measles infection but also likelier to

respond to vaccine.

Although the number of HIV-infected children studied

under PACTG 225 was small and the study lacks substantial

power to distinguish significant differences between groups,

these findings show that Attenuvax given to 6-month-old

infants can be well tolerated, highly immunogenic, and can

provide early protection to these children. These data provide

support for the current WHO recommendation to vaccinate

HIV-infected children as early as 6 months of age in measles-

endemic regions. In the United States where vaccination

coverage is currently high, herd immunity provides some

protection for this vulnerable infant population. However,

a decline in the vaccination coverage in the general population

can result in increased mortality in this highly susceptible

infant group [40]. In developing countries, a combination of

early HAART to preserve immune system function and early

vaccination with a 2-dose regimen may prove to be beneficial

in providing sustained protection for these infants, but this

requires further study. Similar trials of 1-dose and 2-dose

regimens among HIV-infected infants receiving HAART are

warranted in developing countries with high incidence of

measles and HIV.

Table 4. Median Measles PRNa Titers Pre- and Postimmunization With 1 or 2 Doses of Measles-Containing Vaccine in HIV-Infected and
Uninfected Children Born to HIV-Infected Mothers

Treatment group

2DNEG 2DPOS 1DNEG 1DPOS

Study week Number

Median PRN titer

mIU/mL (Q1, Q3) Number

Median PRN titer

mIU/mL (Q1, Q3) Number

Median PRN titer

mIU/mL (Q1, Q3) Number

Median PRN titer

mIU/mL (Q1, Q3)

Week 0b 63 8 (8, 39) 7 8 (8, 43) 26 8 (8, 32) 8 8(8,12)

Week 6 61 628 (192, 1448) 7 2115 (695, 2722) NA NA NA NA

Week 16 61 910 (311, 1907) 6 966 (282, 2435) NA NA NA NA

Week 26c 62 1090 (472, 2212) 5 1569 (306, 2490) 22 2 (2, 2) 7 2 (2,2)

Week 32 56 3445 (1972, 5027) 6 2830 (529, 4956) 22 3240 (1525, 4371) 7 2702 (1351, 5839)

Week 42 49 2353 (1297, 3566) 5 321 (301, 3369) 21 3273 (1360, 4467) 7 2149 (969, 4562)

Week 52 54 1468 (779, 2947) 5 353 (229, 2478) 23 3125 (1693, 4565) 6 2428 (237, 4290)

Week 104 42 1049 (715, 2353) 6 1612 (293, 2628) 16 5602 (1806, 8200) 6 696 (171, 1687)

Week 130 41 9671 (628, 2364) 5 867 (358, 1893) 17 3465d (2395, 8200) 6 573 (111, 2048)

NOTE. a PRN indicates plaque reduction neutralization.
b Time point at which 2DNEG and 2DPOS children were immunized with measles vaccine at 6 months of age (study week 0).
c Time point at which all children (2DPOS, 2DNEG, 1DPOS and 1DNEG) were given MMRII at 12 months of age.
d Median measles PRN titer in the 1DNEG group was significantly higher than the median PRN titer in the 2DNEG group with Monte Carlo–estimated P value

,.001 calculated using the Wilcoxon signed rank test.
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Supplementary Data

Supplementary data are available at (http://www.jid.

oxfordjournals.org/) online.
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