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\ mortality in girls and increased mortality in boys. /

WHAT’S KNOWN ON THIS SUBJECT: The World Health Organization
recommends using vaccination contacts to deliver high-dose
vitamin A supplementation (VAS) to children aged 6 to 59 months.
The effect of this policy on overall child mortality has not been
assessed.

WHAT THIS STUDY ADDS: In this first randomized controlled trial
of VAS at routine vaccination contacts after 6 months, VAS had no
overall effect on mortality but was associated with reduced

BACKGROUND: The World Health Organization recommends vitamin A
supplementation (VAS) at routine vaccination contacts after 6 months
of age based on the assumption that it reduces mortality by 24%. The
policy has never been evaluated in randomized controlled trials for its
effect on overall mortality. We conducted a randomized double-blind
trial to evaluate the effect of VAS with vaccines.

METHODS: We randomized children aged 6 to 23 months 1:1 to VAS
(100000 U if aged 6—11 months, 200000 IU if aged 12—23 months)
or placebo at vaccination contacts in Guinea-Bissau. Mortality rates
were compared in Cox proportional-hazards models overall, and by
gender and vaccine.

RESULTS: Between August 2007 and November 2010, 7587 children
were enrolled. Within 6 months of follow-up 80 nonaccident deaths
occurred (VAS: 38; placebo: 42). The mortality rate ratio (MRR)
comparing VAS versus placebo recipients was 0.91 (95% confidence
interval 0.59-1.41) and differed significantly between boys (MRR
192 [098-3.75]) and girls (MRR 045 [0.24-0.871) (P = .003 for
interaction between VAS and gender). At enrollment, 42% (3161/7587)
received live measles vaccine, 29% (2154/7587) received inactivated
diphtheria-tetanus-pertussis—containing vaccines, and 21% (1610/7587)
received both live and inactivated vaccines. The effect of VAS did not
differ by vaccine group.

CONCLUSIONS: This is the first randomized controlled trial to assess
the effect of the policy on overall mortality. VAS had no overall effect,
but the effect differed significantly by gender. More trials to ensure an
optimal evidence-based vitamin A policy are warranted. Pediatrics
2014;134:€739—e748
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Vitamin A supplementation (VAS) to
children older than 6 months is esti-
matedto reduce all-cause mortality by
24%" based primarily on randomized
trials conducted in the 1980s and
early 1990s, before the vaccination
program had reached high coverage.
The beneficial effect of VAS is ascribed
to prevention of vitamin A deficiency.2
However, this explanation fits poorly
with available data: the effect does not
depend on the degree of deficiency,’ no
beneficial effect is seen in deficient
children aged 1 to 5 months,®” and
smaller doses may be better than
larger doses.”8 We have hypothesized
that the effect of VAS is modified by
vaccines, VAS amplifying the non-
specific immune-modulating effects of
vaccines, thus being beneficial when
provided with live vaccines but po-
tentially harmful with inactivated
vaccines.® This would explain why VAS
is not beneficial for children aged 1 to
9 months who typically receive inac-
tivated diphtheria-tetanus-pertussis
(DTP) vaccine, but beneficial later
when children receive live measles
vaccine (MV). Supporting this hy-
pothesis, in a randomized trial to
study the effects of VAS with MV on
antibody response, we found that VAS
with MV was associated with a mortal-
ity rate ratio (MRR) of 0.46 (0.14—
1.47).1° In an observational study of
VAS provided with vaccines in a cam-
paign, the effect of VAS with DTP was
significantly worse than the effect of
VAS with MV.11

The World Health Organization (WHO)
recommends VAS at routine vaccina-
tion contacts after 6 months of age.2'3
Roughly 200 million children in the
103 priority countries receive VAS
every year, often with vaccines.'15
The effect of combining VAS with
vaccines on overall mortality has
never been evaluated in randomized
trials. According to the vaccination
program in most low-income coun-
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tries, the first vaccine after 6 months
of age is the live MV recommended at
9 months of age. However, vacci-
nations are often delayed and many
children receive an inactivated DTP
or pentavalent (DTP combined with
Hepatitis B and Haemophilus influen-
zae type B) vaccine after 6 months of
age.'8 Ifthe effect of VAS is modified by
vaccines, the effect of providing VAS
with vaccines as compared with VAS
alone could be very different.

In Guinea-Bissau, VAS is provided in
campaigns, not at routine vaccination
contacts. We conducted an individually
randomized and double-blinded trial to
test the effect on overall mortality ofthe
WHO policy of providing VAS with vac-
cines. Based on previous studies,0!
we hypothesized that VAS with MV
would be associated with reduced
mortality, but VAS with DTP vaccine
would be associated with increased
mortality. Previous studies have in-
dicated that effects of VAS differ by
gender8'7-21 we had therefore pre-
specified stratified analyses by gender.
Season and previous VAS have been
important determinates of the effect of
VAS, 182223 gnd stratified analyses by
these parameters were also pre-
specified.

METHODS
Setting and Population

The trial was conducted in urban and
rural areas surveyed through the
Health and Demographic Surveillance
System of the Bandim Health Project
(www.bandim.org) in Guinea-Bissau
(Supplemental Information). Guinea-
Bissau has 2 distinct seasons: a dry
season (December—May) and a rainy
season (June—November).’® WHO esti-
mates that 55% (10%— 93%) of pre-
school children in Guinea-Bissau are
vitamin A deficient.24 During the year
before initiation of the trial, mortality
in the rural areas surveyed by the

Bandim Health Project was 23.8/1000
person-years of observation (PYRS)
among children aged 6 to 59 months
(AB Fisker et al, unpublished data).

When we initiated the trial in August
2007, the recommended vaccination
schedule was Bacille Calmette-Guérin
(BCG) vaccine and oral polio vaccine
(OPV) at birth; DTP with OPV at 6, 10,
and 14 weeks; and MV at 9 months
of age. In August 2008 the schedule
was altered: pentavalent vaccines
replaced DTP and yellow fever (YF)
vaccine was administered with MV at
9 months of age.

Identification of Eligible Children,
Informed Consent, and Baseline
Examination

Enroliment into the trial took place
betweenAugust 13,2007, and December
28,2009, inthe urban area and between
September 11, 2007, and November 28,
2010, in the rural area. Children due to
be vaccinated were invited to partici-
pate in the trial at health centers and
during outreach inthe urban study area
and at vaccination posts set up in the
villages during 6-monthly visits in the
rural area. Exclusion criteria were VAS
within the preceding month and taking
part in another trial. Enrollment was
initially limited to children 6-17 months
but was extended to 23 months in the
rural area from February 2008 because
there were many older children miss-
ing vaccinations.

After the consent procedure (Supple-
mental Information), children were
weighed, and length and mid-upper-
arm-circumference were measured.
Finger prick blood samples were
obtained and analyzed from 15% of the
participants to assess vitamin A sta-
tus? (Supplemental Information).

Randomization and Masking

Childrenwere randomized 1:1to VAS or
placebo in blocks of 20 stratified by
gender. Children aged 6 to 11 months
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received 0.5 mL vitamin A (100 000 IU)
or 0.5 mL placebo oil, and children
aged 12 to 23 months received 1 mL
vitamin A (200 000 IU) or 1 mL placebo
oil. Children received vitamin A or
placebo oils only at the time of ran-
domization.

Samples from all 5 batches of VAS and
placebo were tested for vitamin A
content at “AS Vitas,” Oslo, Norway. The
first batch contained only 69% of the
200000 IU/mL when tested 8 months
after production in April 2008. This
batch was immediately replaced. The
lowest concentration for the other 4
batches was 94% when tested 4, 14, 22,
and 28 months after production.

Vaccines were UNICEF certified and
delivered through the national vac-
cination program (Supplemental In-
formation).

Outcomes

The main outcome was mortality. Sec-
ondary outcomes were morbidity,
growth, vitamin A status, and immu-
nologic effects. As specified in the
protocol, secondary outcomes are
reported elsewhere.2627 The follow-up
for mortality ended at whichever came
first: subsequent VAS, 12 months of
follow-up, first visit after February 24,
2011 (when another trial was initi-
ated), or at latest July 21, 2011 when
the code was broken. When a death
was registered, an interview was con-
ducted onthe circumstances leading to
the death. Follow-up of children who
died due to accidents was censored on
the date of death (Supplemental Ta-
ble 6).

VAS Campaigns

When the trial was planned, Guinea-
Bissau had annual VAS campaigns.
However, the national policy changed,
and biannual campaigns providing VAS
to all children aged 6 to 59 months took
place during the full duration of the
trial.
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Sample Size

No previous trial has examined the
effect of VAS with vaccines after 6
months of age on mortality. Sample
size calculations were based on the
hypotheses that VAS with MV would
reduce mortality by 40%, whereas VAS
with DTP vaccine would be associated
with 30% increased mortality until
reception of subsequent VAS or a dif-
ferent vaccine. We had anticipated an
annual mortality of 8% to 9% in the
younger DTP recipients and 5% in the
slightly older MV recipients, and 50%
censoring of follow-up due to other
vaccines, migration, and VAS cam-
paigns among DTP recipients and 10%
among MV recipients. During the
conduct of the trial, blinded interim
analyses prepared for the Data Safety
and  Monitoring Board (DSMB)
revealed that mortality was consid-
erably lower than anticipated (2% and
1%) and that we therefore would be
unable to achieve conclusive results
with the planned sample size of 6000.
The sample size was consequently in-
creased to 9500, which was logistically
feasible with continued rural enroll-
ments for2years. Astoppingrule of P=
.025 in either gender was defined by
the DSMB. After a planned interim
analysis in November 2010, which
demonstrated conclusive evidence of
benefit or harm in girls, enroliments
were stopped when 7587 children
were enrolled. Results are reported
for the entire cohort; the effect of VAS
was similar when the analysis was
restricted to the first 6000 children
and when 1927 children receiving the
first lower-potency batch were ex-
cluded (Supplemental Table 7).

Statistical Analyses

Survival was assessed in Cox proportional-
hazards models with age asunderlying
time. Analyses were performed using
Stata 11.2 (Stata Corp, College Station,
TX).

ARTICLE

The unforeseen increased frequency of
VAS campaigns posed analytical chal-
lenges. Information on campaign VAS
was obtained during home visits and
thus available only for surviving chil-
dren. Using the information obtained
during visits could introduce bias, and
censoring all children at the date of
a campaign severely reduced the
follow-up time and compromised the
power. Conducting follow-up to 12
months of age would mean that most
children had received VAS twice during
follow-up and this would lead to dilution
of any effect of the intervention. Hence,
we conducted 2 types of analyses. Inthe
main analysis, we followed children for
6 months after enroliment, irrespective
of subsequent VAS; this main analysis
includes some follow-up time after
campaign VAS which may have diluted
the effect of the experimental treat-
ment. In a restricted analysis, we cen-
sored follow-up time at the date of the
next VAS campaign in the community.
This analysis censorstoo much time, as
not all children receive VAS in the
campaigns. We also conducted an
analysis with follow-up to 12 months.

In the analyses stratified by type of
vaccine, we defined MV as MV given with
or without YF, and DTP vaccine as either
DTP vaccine or pentavalent vaccine.
Combined live and inactivated vacci-
nations were defined as MV (£ YF) and
DTP/pentavalent vaccines adminis-
tered simultaneously.

As prespecified, all analyses considered
interaction between VAS and genders.17-21
and, in addition, previous VAS222% and
season.'® Interactions between VAS and
the suspected modifier were tested by
using Wald test statistics.

Ethical Considerations

The protocol was approved by the
Ministry of Health in Guinea-Bissau and
the Danish Central Ethical Committee
gave its consultative approval (2006-
7041-99).
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RESULTS

We enrolled 7587 children (VAS: 3787,
placebo: 3800). The background factors
were comparable between the 2 ran-
domization groups (Table 1). Two-thirds
of the 1102 blood samples indicated
vitamin A deficiency. Vitamin A status
did not differ by gender (Table 1).26
Eight deaths due to accidents (VAS: 2,
placebo: 6) (Supplemental Table 6)
were censored on the date of death
(Fig 1), leaving 80 nonaccident deaths
(VAS: 38, placebo: 42) within 6 months
and 137 nonaccident deaths (VAS: 66;
placebo: 71) within 12 months of follow-

up.

Mortality for VAS Versus Placebo

In the main analysis with 6 months of
follow-up, there was no overall effect of
VAS (MRR = 091 [0.59-1.41]) but the
effect differed significantly for boys
(MRR = 1.92 [0.98-3.75]) and girls
(MRR = 0.45 [0.24—0.87]) (P = .003 for
interaction between VAS and gender)
(Table 2, Fig 2). Including the deaths
due to accidents, the MRR was 0.87
(0.57-1.34), 1.56 (0.83—2.93) for boys
and 049 (0.26-0.92) for girls (P = .01
for interaction between VAS and gen-
der). No single main symptom pre-
ceding death explained the differential
effect of VAS in the 2 genders (Supple-
mental Information).

In the restricted analysis censoring
follow-up at the date of the first VAS
campaign after enroliment, there were
36 nonaccident deaths (18 VAS, 18
placebo); the median follow-up time
was 2.9 months (interquartile range:
1.9-4.4). VAS had no effect on survival,
the MRR being 1.00 (0.52—1.93) (Ta-
ble 2); but the effect differed by gender,
being 2.31 (0.89—-6.01) for boys and 0.34
(0.11-1.05) for girls (P = .01 for in-
teraction between VAS and gender).

With 12 months of follow-up, the esti-
mates were 0.93 (0.67—1.30) overall,
122 (0.77-1.95) for boys and 0.69
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(0.43-1.13) for girls (P = .10 for in-
teraction between VAS and gender)
(Table 2).

Mortality by Vaccine at Enroliment

Amongboth VAS and placebo recipients,
the mortality rate was lowest among
children who received MV alone (Sup-
plemental Information). A total of 6925
(92%) children were randomized to VAS
or placebo with MV (+/—YF) only
(42%), DTP/pentavalent vaccine only
(29%) or a combination of these vac-
cines (21%) (Table 1). The 614 children
receiving other combinations of vac-
cines were not included in this analysis
(Table 3). At least one-third of the chil-
dren in the DTP/pentavalent only group
received MV during follow-up, whereas
few children in the MV group received
additional vaccines during follow-up
(Supplemental Table 8). VAS was not
significantly associated with survival in
any of the vaccine groups (Table 3). In
all vaccine groups the effect tended to
be negative for boys and beneficial for
girls. The gender-differential effect of
VAS was strongest in the group re-
ceiving both MV and DTP, being statis-
tically significant in both the main
(Table 3) and restricted analyses as
well as with the full 12 months of
follow-up (data not shown).

Stratified Analyses by Season and
Previous VAS

In the main analysis, the effect of VAS
was not significantly different inthe dry
(MRR=0.79 (0.43-1.45)) and the rainy
season (MRR=1.06 (0.56-2.02)). Nei-
ther gender benefited from VAS in the
rainy season but a strong gender-
differential effect was observed in
the rainy season (P = .005) (Table 4).
No single main symptom preceding
death explained the strong gender-
differential effect of VAS in the dry
season (Supplemental Information).

Morethan half ofthe children had received
VAS previously (Table 1). The effect of VAS

differed by previous VAS: VAS was strongly
beneficial in girls who had previously
received VAS, the MRR being 0.18
(0.05-0.62) but less so in girls who had
not (MRR = 0.82 [0.35-1.89]) (P = 05 for
interaction between VAS and previous
VAS). The effect in previously supple-
mented boys was negative (MRR =
5.98 [1.34-26.71), whereas there was no
strong effect in boys who had not received
VAS on a previous occasion (MRR = 1.19
[0.53-2.65]), P= .06 for a differential effect
in boys). The opposite effects in boys and
girls were reflected in a 3-way interaction
among VAS, gender, and previous VAS
(P=.007) (Table 5).

DISCUSSION

This is the first randomized placebo-
controlled trial to test the effect on
mortality of the current WHO policy of
providing VAS at routine vaccination
contacts after 6 months of age, an
intervention that is assumed to re-
duce mortality by 24%." In spite of the
high prevalence of vitamin A de-
ficiency, VAS with vaccines did not
lower overall mortality but had
strong gender-differential effects,
VAS being associated with a re-
duction in female mortality but an
increase in male mortality. We found
little support for our hypothesis that
the effect of VAS would differ by
whether it was coadministered with
MV or DTP, but the trial confirmed
a recent finding, that previous VAS
primes a positive response to sub-
sequent doses in girls.22

Strengths and Weaknesses

The use of the Health and Demographic
Surveillance System platform mini-
mized loss to follow-up. However, the
power of the trial was limited because
of a lower than anticipated mortality
andthe increased frequency of national
VAS campaigns shortening the follow-
up period. We increased power by
extending the trial. We obtained similar
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TABLE 1 The Distribution of Baseline Characteristics Between the Vitamin A and the Placebo Groups

Al Boys Girls
Vitamin A Placebo Vitamin A Placebo Vitamin A Placebo
No. 3760 3779 1899 1915 1861 1864
Age, mo, median (interquartile range) 9.8 (8.7-12.5) 9.8 (8.8-12.6) 9.7 (8.56-12.3) 9.9 (8.9-12.5) 9.9 (8.9-12.6) 9.8 (8.8-12.6)
0ld EPI vaccines® 1615 (43) 1612 (43) 809 (43) 799 (42) 806 (43) 813 (44)
0PV 225 (14) 177 (11) 123 (15) 86 (11) 102 (13) 91 (11)
MV 660 (41) 678 (42) 337 (41) 341 (43) 323 (40) 337 (41)
DTP 388 (24) 400 (25) 192 (24) 196 (25) 196 (24) 204 (25)
DTP+MV 342 (21) 357 (22) 157 (19) 176 (22) 185 (23) 181 (22)
New EPI vaccines® 2088 (56) 2120 (56) 1058 (56) 1096 (57) 1030 (55) 1024 (55)
YF 93 (4) 78 (4) 41 (4) 43 (4) 52 (5) 35 (3)
MV+YF 887 (42) 936 (44) 459 (43) 490 (45) 428 (42) 446 (44)
Pentavalent 694 (33) 672 (32) 362 (34) 348 (32) 332 (32) 324 (32)
Pentavalent+MV 83 (4) 78 (4) 32 (3) 42 (4) 51 (5) 36 (4)
Pentavalent+YF 13 (1) 10 (0) 7(1) 3 (0) 6 (1) 7(1)
Pentavalent+MV+YF 318 (15) 346 (16) 157 (15) 170 (15) 161 (16) 176 (17)
Combination of old and new EPI vaccines® 57 (2) 47 (1) 32 (2) 20 (1) 25 (1) 27 (1)
DTP+YF 9 (16) 9 (19 4 (13) 3 (15) 5 (20) 6 (22)
DTP+MV+YF 48 (84) 38 (81) 28 (88) 7(89) 20 (80) 21 (78)
Received VAS before enroliment” 2026 (54) 2060 (55) 1014 (53) 1017 (53) 1020 (55) 1049 (56)
Enrolled in rural area® 2288 (61) 2299 (61) 1134 (60) 1145 (60) 1154 (62) 1154 (62)
Enrolled in the dry season® 1707 (45) 1712 (49) 851 (45) 860 (45) 856 (46) 852 (46)
Anthropometrics at enroliment
Mean weight-for-age (SD)° —0.89 (1.23) —0.85 (1.23) —0.93 (1.28) —0.92 (1.27) —0.85 (1.17) —0.78 (1.19)
Mean length-for-age (SD)° —0.94 (1.37) —0.94 (1.48) —0.99 (1.44) —1.07 (1.50) —0.89 (1.29) —0.80 (1.44)
Mean weight-for-length (SD)° —0.50 (1.26) —0.45 (1.24) —0.52 (1.34) —0.46 (1.30) —0.48 (1.17) —0.44 (1.18)
Mean arm-circumference-for-age (SD)° —0.18 (1.12) —017 (1.13) —0.19 (1.16) —0.19 (1.16) —0.17 (1.07) —0.14 (1.09)
Mean maternal arm-circumference, mm (SD) 271 (33) 272 (33) 271 (33) 271 (33) 270 (33) 272 (33)
Breastfed at enrollment™® 3689 (98) 3686 (98) 1869 (99) 1871 (98) 1820 (98) 1815 (98)
Morbidity on day of enrollment™®
Diarrhea 325 (9) 370 (10) 162 (9) 185 (10) 163 (9) 185 (10)
Cough 855 (23) 817 (22) 449 (24) 421 (22) 406 (22) 396 (21)
Fever 567 (15) 561 (15) 297 (16) 288 (15) 270 (15) 273 (15)
Vomiting 168 (4) 186 (5) 100 (5) 85 (4) 68 (4) 101 (5)
Socioeconomic status
Formal education of mother™® 1635 (46) 1620 (45) 834 (46) 815 (45) 801 (45) 805 (46)
Mother signed enroliment form 1265 (34) 1253 (33) 658 (35) 642 (34) 607 (33) 611 (33)
Ethnicity™®
Balanta 782 (21) 769 (21) 377 (20) 370 (19) 405 (22) 399 (21)
Fula 675 (18) 698 (19) 352 (19) 356 (19) 323 (17) 342 (18)
Mandinga 505 (14) 469 (13) 253 (13) 240 (13) 252 (14) 229 (12)
Pepel 792 (21) 810 (22) 402 (21) 420 (22) 390 (21) 390 (21)
Manjaco/Mancanha 432 (12) 423 (11) 232 (12) 208 (11) 200 (11) 215 (12)
Other 553 (15) 582 (16) 273 (14) 307 (16) 280 (15) 275 (19)
Age of mother, y, median (interquartile range) 26 (22-31) 26 (22-31) 26 (22-31) 26 (22-31) 26 (22-31) 26 (21-31)
Vitamin A deficient® 374 (67) 350 (64) 192 (68) 180 (66) 182 (67) 170 (62)

Values are numbers (percentages) unless stated otherwise. EPI, Expanded Program on Immunizations.

aVaccine groups: OPV may have been given together with the vaccines.

b Variables in 2 levels are presented by 1 level.

¢ Z-scores for weight-for-age, length-for-age, weight-for-length, and arm-circumference-for-age were based on the 2006-WHO child growth standard.
d Values do not add up because some have missing information.

¢ Vitamin A status assessed among 1102 participants, VAS: 557, Placebo: 545.

effect estimates when the analysis was
limited to the first 6000 enrolled chil-
dren, when follow-up was censored at
the next VAS campaign (restricted
analysis), as well as when the children
were followed for 6 or 12 months, in-
dicating robust results and similar
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conclusions also in a setting with bi-
annual VAS campaigns.

The change in the vaccination pro-
gram leading to many different vac-
cine groups limited our power to
describe effects of VAS by vaccination
status. Other vaccines received after

enrollment but before the next home
visit during which the vaccines were
registered are likely to have modified
the observed effect. Furthermore,
having received VAS previously
appeared to have a major impact on
the response to subsequent doses;
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Assessed for eligibility between Aug. K The Effect of VAS on Overall
13, 2007 and Nov. 28, 2010 1639: Excluded Mortality
(n = 9226) :ﬁeicllr:ed tolpatrtl(cj:l)p(ate(nS; 9)
not vaccinate: n= . .
Vitamin A provided during As recognized by WHO, no randomized
ﬁlf‘gﬁzfdgﬁ“;:‘e(s';:jgﬁ 7 study has assessed the impact of co-
Randomized (n = 7587) Enrolled in other trials (1 = 799°) administration of VAS and vaccines af-
A Not identified as eligible (n = 312) ter 6 months on child mortality.'s VAS
provided independently of vaccines to
Vitamin A (n = 3787) Placebo (n = 3800) children aged 6 to 59 months was
27: Lost to follow-up 21: Lost to follow-up studied extensively in the 1980s and
Moved prior to enroliment (n = 15)  [# | Moved prior to enroliment (n = 14) .
Never localized in the area (n = 6) Never localized in the area (n = 4) early 1990s. A recent meta—anaIyS|s
Double enroliment (n = 6) Double enrollment (n = 3) based on these trials estimated that
A 4 A 4 . 0/ 1
Followed up and analyzed (n = 3760) | | Followed up and analyzed (n = 3779) VAS reduces overall morta“_ty py 246'
7 7 However, there are several indications
Follow-up to VAS campaign Follow-up to VAS campaign also from the original trials that VAS is
Died (n = 19°) Died (n = 19) i i i
Moved (1 = 50) Moved (n = £4) hot alwayg associated W|th.rt.aduct|on.s
Censored VAS campaign Censored VAS campaign in mortality. Among the original 8 tri-
n=3691 = 3706 . .
( ) v (n ) als,28 2 did not find beneficial effects.29.30
Follow-up for 6 months Follow-up for 6 months In a reanalysis of one of the trials
Alive and in the area (n = 3530) Alive and in the area (n = 3541) . -
Died (n = 39°) Died (n = 45°) that reported a beneficial effect' we
Moved (n = 109) Moved (n =112) .
Censored end of trial (n = 82) Censored end of trial (n = 81) fognd no effect among vacgmated
3 y children.32 In more recent studies, we
Fqllow-up for 12 months Fqllow-up for 12 months observed negative effects of VAS when
Alive and in the area (n = 3131) Alive and in the area (n = 3142) . .
Died (n = 68"°) Died (n = 77°) provided to neonate girls who sub-
Moved (n = 232) Moved (n = 223) ; 33,34
Censored end of trial (n = 329) Censored end of trial (n = 337) Sequently received DTP and when
provided to children who had received
FIGURE 1

Trial diagram. Enrolled in other trials (all urban area): randomized controlled trial of VAS with BCG in BCG revaccination.’ The original trials
normal birth weight infants (n = 494), randomized controlled trials of BCG in low birth weight infants (n documenting beneficial effects before
= 246), and randomized controlled trial of not giving DTP with or after MV (n = 59). Deaths due to the full implementation of the vacci-
accidents described in Supplemental Table 6. )

nation program!' may therefore not
reflect the effect of VAS today in the
context of much higher vaccination
coverage and repeated doses of VAS.
Our trial indicates that VAS may no
longer be associated with strong ben-

TABLE 2 The Effect of VAS at Vaccination Contacts on All-Cause Mortality, Overall and by Gender efits. Consistent with this possibility,

. a cluster randomized open trial of 6-
Rate per 1000 PYRS# (Deaths/ MRR (95% Confidence Test of Interaction
PYRS) Interval)® Between VAS and monthly VAS found no effect among 1

Gender” million Indian children.® If the effect of
VAS on mortality has changed over
time, this is obviously extremely im-

this observation?2 had not yet been with caution; larger studies are
made when the study was planned. needed to resolve when and with
Hence, the results for specific types which vaccines VAS has a beneficial
of vaccines should be interpreted effect.

Vitamin A Placebo

Follow-up for 6 mo

All 20.6 (38/1845) 22.7 (42/1849) 0.91 (0.59-1.41)
Boys 26.8 (25/932)  13.9 (13/936) 1.92 (0.98-3.75) 0.003 portant.
Girls 14.2 (13/913)  31.8 (29/913) 0.45 (0.24-0.87)
Follow-up to next VAS campaign -
All 19.0 (18/945)  19.0 (18/948) 1.00 (0.52-1.93) Interpretation
Boys 29.2 (14/479)  12.5 (6/478) 2.31 (0.89-6.01) 0.01 The effect of VAS is ascribed to the
Girls 8.6 (4/466) 25.6 (12/469) 0.34 (0.11-1.05)

prevention and treatment of vitamin A
Follow-up for 12 mo

Al 18.8 (66/3516) 20.1 (71/3526)  0.93 (0.67-1.30) deficiency.2* However, there is accu-
Boys 21.9 (39/1777) 17.9 (32/1787)  1.22 (0.77-1.95) 0.10 mulating evidence that vitamin A de-
Girls 155 (27/1739) 224 (39/1739)  0.69 (0.43-1.13)

ficiency alone does not define whether
#, person-years of observation.

. P )
a Analyzed by using Cox proportional-hazards models with age as underlying time scale. VAS_ WI”_ be beneficial. _Several obser
b Tested using Wald test. vations in the present trial support that
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FIGURE 2

Cumulative mortality according to gender and randomization to VAS/placebo. Note: Follow-up censored

after 6 months of follow-up.

the effect of VAS cannot be predicted
based on vitamin A status. First, vita-
min A deficiency was common, but VAS
had no overall effect on mortality.
Second, vitamin A status was similar in
boys and girls but the effect of VAS
differed significantly between the gen-

ders. Third, the effect of VAS was if
anything better in the dry season when
vitamin A status is better.2657 Fourth, if
deficiency was essential, VAS should be
most beneficial among children who
have not received VAS previously. That
was not the case. In contrast, we con-

TABLE 3 The Effect of VAS by Vaccine at Enroliment on All-Cause Mortality, Overall and by Gender

Rate per 1000 PYRS#

MRR (95% Confidence Test of Interaction

(Deaths/PYRS) Interval)® Between VAS and
Gender®
Vitamin A Placebo
Live
MV/MV+YF n = 1547 n=1614
All 13.2 (10/760) 10.1 (8/791) 1.29 (0.51-3.28)
Boys 17.9 (7/391) 74 (3/405) 240 (0.62-9.29) 0.18
Girls 8.1 (3/368)  13.0 (5/386) 0.62 (0.15-2.61)
Inactivated
DTP or pentavalent n=1082 n=1072
All 28.3 (15/530) 26.6 (14/527) 1.06 (0.51-2.20)
Boys 33.0 (9/273)  15.0 (4/267) 2.16 (0.67-7.03) 0.11
Girls 23.3 (6/257)  38.5 (10/260) 0.61 (0.22-1.69)
Live and inactivated
MV/MV+YF + DTP/Pentavalent n="791 n=2819
All 20.6 (8/389)  40.1 (16/399) 0.52 (0.22-1.21)
Boys 32.9 (6/182)  20.2 (4/198) 1.66 (0.47-5.89) 0.02
Girls 9.7 (2/208)  59.9 (12/200) 0.16 (0.04-0.73)

Excluding 402 children who received OPV only (4 deaths; 3 VAS: 2 boys + 1 girl, 1 Placebo: boy), 171 children receiving YF only
(3 deaths; All placebo: 1 boy + 2 girls), 18 children receiving DTP + YF (2 deaths, both VAS: boys + girls), 23 children receiving
pentavalent + YF (0 deaths); follow-up for 6 months. #, person-years of observation.

a Analyzed by using Cox proportional-hazards models with age as underlying time scale.

b Tested by using Wald test.
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firmed a previous finding that girls
benefited more from VAS if they had
received previous VAS. Therefore, al-
though VAS alleviates vitamin A de-
ficiency, the effect of VAS on the
immune system must be taken into
account in planning the VAS program.
Otherwise, negative effects may coun-
terbalance the benefits obtained from
treating vitamin A deficiency.

Potential Interactions With Gender
and Vaccines

Inthe original VAS trials, 3 ofthe S trials
reporting gender-specific effects found
a better effect of VAS in boys than in
girls.38 We had hypothesized that VAS
with MV would be beneficial and par-
ticularly beneficial for girls. We found
the trend for girls but surprisingly we
found the opposite trend for boys. In
previous studies, we found that neona-
tal VAS benefited boys but not girls.18:34
In these studies, children had not
received VAS previously and the bene-
ficial effect seen for girls in the present
trial may partly be explained by a ben-
eficial effect in girls after repeated
doses of VAS.2225 We recently observed
that neonatal VAS followed by 3 doses
of DTP and an early MV was particularly
harmful for boys.3® Thus, the combi-
nation of VAS and several vaccines may
not benefit boys. Inthe present trial, we
were not able to confirm the observa-
tion that VAS provided with DTP was
particularly bad for girls, but it should
be noted that at least one-third of the
DTP-vaccinated children received MV
during follow-up.

Although our study concurs with pre-
vious studies showing a beneficial ef-
fect in girls of repeated doses of vitamin
A 222340 we have not previously ob-
served that a negative effect should be
boosted in boys receiving repeated
doses. In light of the very low mortality
in placebo boys who have previously
received VAS, we cannot rule out that it
could be a chance finding.
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TABLE 4 The Effect of VAS at Vaccination Contacts on All-Cause Mortality During 6 Months of
Follow-up by Season of Supplementation

Rate per 1000 PYRS#

Mortality Rate Ratio (95%

Test of Interaction Between

(Deaths/PYRS) Confidence Interval)® VAS and Gender®
Vitamin A Placebo
Dry season
n=1707 n=1712
All 22.6 (19/841) 28.6 (24/839) 0.79 (0.43—1.45)°
Boys 33.4 (14/419) 9.5 (4/422) 3.51 (1.16-10.7)° 0.0005
Girls 11.8 (5/423) 48.0 (20/417) 0.25 (0.09-0.67)°
Rainy season
n = 2053 n = 2067
All 18.9 (19/1004)  17.8 (18/1011) 1.06 (0.56-2.02)°
Boys 214 (11/514) 17.5 (9/514) 1.21 (0.50-2.93)° 0.67
Girls 16.3 (8/490) 18.1 (9/497) 0.90 (0.35-2.34)°

#, person-years of observation.

a Analyzed by using Cox proportional-hazards models with age as underlying time scale.

b Tested using Wald test.
¢ P =52 for interaction between VAS and season.
d p =02 for interaction among VAS, gender, and season.

TABLE 5 The effect of VAS at Vaccination Contacts on All-Cause Mortality During 6 Months of
Follow-up by Previous Reception of Vitamin A

Rate per 1000 PYRS# (Deaths/

MRR (95% Confidence  Test of Interaction Between

PYRS) Interval)® VAS and Gender”
Vitamin A Placebo
No previous VAS
n=1726 n=1713
All 27.2 (23/845) 27.5 (23/837) 0.99 (0.57-1.77)
Boys 299 (13/435) 25.0 (11/440) 1.19 (0.53-2.65)° 0.53
Girls 24.4 (10/410) 30.2 (12/398) 0.82 (0.35-1.89)%°
Previous VAS
n=2034 n = 2066
All 15.0 (15/1000)  18.8 (19/1012) 0.80 (0.41-1.58)
Boys 24.1 (12/497) 4.0 (2/496) 5.98 (1.34-26.7)° 0.0004
Girls 6.0 (3/503) 33.0 (17/516) 0.18 (0.05-0.62)°

#, person-years of observation.

a Analyzed by using Cox proportional-hazards models with age as underlying time scale.

b Tested using Wald test.

¢ P=.007 for interaction among VAS, gender, and previous VAS.
d P =05 for interaction between VAS and previous VAS in girls.

A previous study showed that neonatal
VAS was beneficial in the dry but not in
the rainy season.'8 In the current study,
we observed the same tendency for
girls, but not for boys. We have no good
explanation for the seasonal differ-
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