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A randomized, double-masked trial was carried out in rural Nepal to investigate the incidence and
severity of acute side-effects among neonates (<1 month of age) and infants aged 1-6 months who
received a large, oral dose of vitamin A (15 000 retinol equivalents (RE) (50 000 IU) and 30 000 RE
(100 000 IU), respectively) or placebo (75 RE (250 IU) and 150 RE (500 IU), respectively) in oil. Infants
(vitamin A group, n = 1461; controls, n = 1379) were assessed for vomiting, loose stools, fever, and irri-
tability during the 24 hours before and after dosing. Fontanelles were palpated 24 hours after dosing.
Neonates exhibited no excess risk of adverse side-effects after receiving 15 000 RE. Compared with
controls the older infants who ingested 30 000 RE had a 1.6% excess rate of vomiting (95% confidence
interval (Cl): 0.2-3.0%) and a 0.5% excess rate (95% Cl: -0.1 to 1.1%) in the occurrence of bulging
fontanelles. There were no other significant differences in the older infants. The controlled, periodic dis-
tribution of a single 15 000 RE dose of vitamin A therefore confers no apparent acute risk to young
infants; a 30 000 RE dose is associated with a minimum risk of transient, acute side-effects.

Introduction
Provision of large, oral doses of vitamin A to
preschool children on a periodic basis is an effective
strategy for treating and preventing xerophthalmia
and vitamin A deficiency in developing countries
(1-3). Vitamin A supplementation of children over 6
months of age can also markedly reduce mortality in
areas of endemic deficiency (4-7).
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A single dose of 60 000 ,ug retinol equivalents
(RE) (200 000 IU) every 3-6 months is currently
recommended by WHO for the prevention of xeroph-
thalmia in children aged .1 year (1, 8). Only recent-
ly, however, was a controlled clinical trial carried
out to quantify the rate of mild, transient side-effects
associated with this schedule (9). WHO also recom-
mends that 30 000 RE (100 000 IU) be given to
infants aged 6-11 months (8). In 1982 it was suggest-
ed that newborns be dosed with 15 000 RE (50 000
IU) of vitamin A at birth as a preventive measure
(1). In 1988 WHO identified non-breast-fed infants
in the first 6 months of life as a potentially high-risk
target group for this dosage (8). In view of the
established link between adequate vitamin A nutri-
ture and child survival (4-7, 10) and the possibility
of reaching infants through primary health care and
special child survival initiatives, there is a need to
document carefully the risks of administering large
doses of vitamin A during the first 6 months of life.

To address this question, we carried out a
controlled trial on infants aged 6 months or younger
in Nepal.

Methods
A randomized, double-masked, placebo-controlled
community trial was carried out on infants aged <6
months in Sarlahi District, Nepal, as part of an
ongoing intervention trial to assess the efficacy of
vitamin A in reducing early childhood mortality. The
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basic design of the vitamin A trial and the initial find-
ings on mortality have been reported previously (5).

The present trial was conducted during the fifth,
4-monthly census and dosing round (February-May
1991) of the intervention trial. A total of 29 village
development areas (VDA, formerly called
panchayats), each containing 9 wards, with a total
population of ca. 151 000 (261 wards), participated
in the study. The supplements consisted of nippled,
gelatinous capsules of identical appearance, size
(8 x 16 mm), and taste that contained either 60 000
RE ("vitamin A") or 300 RE ("placebo" control) in
approximately 12 drops of peanut oil (Roche, Basle,
Switzerland). Both supplements contained 40 IU
vitamin E, added as an antioxidant.

After randomization, the 261 wards were sys-
tematically allocated, (blocked according to VDA
and population size) for infants to receive the vita-
min A or control supplements. The dose was titrated
by age as follows: neonates (<1 month of age)
received three drops of oil from the capsule (ca.
15 000 RE from the vitamin A and 75 RE from the
control supplements) and infants aged 1-6 months,
six drops of oil (ca. 30 000 RE and 150 RE, respecti-
vely). These doses also contained ca. 10 IU and ca.
20 IU of vitamin E for neonates and older infants,
respectively. Capsule potency was analysed by a
local laboratory at the outset of the dosing round
using a double-masked procedure. Vitamin A (n =4)
and control (n =4) capsules were estimated to
contain 88% and 76% of their respective original
amounts of vitamin A.

During the trial, five trained field teams (each
with 5 interviewers) visited all households in each
ward, recruited newborn infants (0-3 months of age),
checked the vital status of 4-6-month-olds who had
been enrolled during the previous visit, measured
mid-upper arm circumferences to assess the acute
protein-energy status, and dosed the infants accord-
ing to ward allocation and age. For this purpose, the
nipple of the capsule was cut ca. 1 mm from the tip
using scissors and the contents expressed into the
infant's mouth. Only infants who were personally
dosed by field staff were eligible to participate in the
trial. Refusals and absentees were excluded from the
study. The characteristics of non-participants were
similar, by allocation group. The participation of the
infants, obtained through parental consent, was
voluntary at all times.

At the initial household visit mothers were asked
about any symptoms of illness (number of episodes
of forceful vomiting, loose watery stools, and hours
of fever) and irritability (normality of breast-feeding,
crying, and sleeping) that their infant had exhibited
during the 24 hours prior to dosing. The following
day, using the same questionnaire, an independent

five-member follow-up team visited the study house-
holds to record any symptoms of illness and irri-
tability in infants during the 24 hours after dosing.
Also noted were volunteered comments from
parents (either negative or positive) about effects
attributed to the supplement.

Two registered senior health assistants (each
with >10 years of clinical experience) and the
follow-up team were trained by a paediatrician (RA.)
to palpate the anterior fontanelle for a bulge-
defined as a distinct, rounded elevation at the appro-
priate anatomical site. Training was first conducted
under controlled conditions at the national children's
hospital, followed by further training and standard-
ization in the field. A flat or depressed fontanelle was
classified as non-bulging. Approximately 24 hours
after the infants had been dosed, one of the two
senior health assistants visited the study households
and examined the fontanelle of under-4-month-olds.
Positive cases were followed up each day until the
fontanelle was reclassified as non-bulging. Older
infants (aged 4-6 months) were not examined by the
clinicians because of logistical constraints in the
field. The fontanelle of these infants was palpated
and its status recorded by the team of trained inter-
viewers.

The prevalence, incidence, and severity of the
symptoms of illness and irritability, and the inci-
dence and duration of the bulging fontanelles were
compared between supplement groups using either a
x2 test or Fisher's exact test, as appropriate (11). Con-
fidence intervals for proportions were estimated
assuming a binomial distribution. Estimates of vari-
ance for relative risk were derived using the method
reported by Katz et al. (12).

The field trial was approved by the Nepal Health
Research Council, Kathmandu, and the Joint
Committee for Clinical Investigation, Johns Hopkins
University School of Medicine, Baltimore.

Results
A total of 3330 infants aged .6 months were
enumerated; of these, 2840 (85.3%) were directly
dosed with a coded supplement by field staff and
enrolled into the trial. There were no significant
differences in the age, gender, or arm circumference
of the enrolled and non-enrolled infants in either sup-
plement group. There were 1379 (48.6%) infants
in the control group and 1461 (51.4%) in the vitamin
A group (Table 1). The age distributions were
similar in both groups, reflecting the seasonality of
births in the study population (J. Katz et al., un-
published data, 1992); 49% of controls and 51% of
vitamin A recipients were male.
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Table 1: Age distribution of the study infants, by alloca-
tion group

Age No. in No. in
(months) control group vitamin A group
<1 111 (8.0)- 112 (7.7)
1-3 612 (44.4) 616 (42.2)
4-6 656 (47.6) 733 (50.2)
0-6 1379 (100.0) 1461 (100.0)
a Figures in parentheses are percentages.

The mid-upper arm circumferences (mean ± SD)
in the control and vitamin A infants, respectively,
were essentially identical: 9.5±1.0 cm and 9.3±1.0
cm at <1 month; 11.0±1.4 cm and 11.3±1.4 cm at
1-3 months; and 12.5±1.2 cm and 12.4±1.3 cm at
4-6 months of age.

Follow-up visits were made 23.8±1.6 hours and
23.9±1.3 hours after dosing for the control and
vitamin A groups, respectively. The mean time that
elapsed before the fontanelles of infants under 4
months of age were examined by a senior health
assistant was 24.8±1.8 hours for controls and 25.5+
1.9 hours for vitamin A recipients.

Estimates of the prevalence of side-effects in
neonates (<1 month of age) and older infants (1-6
months) are shown separately since they received
different doses of vitamin A. Before dosing, the

Table 2: Baseline 24-hour prevalence and subsequent
receiving a vitamin A supplementa

prevalence of forceful vomiting, loose stools, and
fever was similar in both age groups, although a larger
but not statistically significant proportion of neo-
natal recipients of vitamin A vomited prior to dos-
ing (X2=1.325, P=0.25) (Table 2). Among the neo-
nates there were no differences in the incidence of
morbidity 24 hours after receiving the vitamin A
supplement. For older infants 1.6% more recipients
of vitamin A (95% confidence interval (CI):
0.2-3.0%) vomited compared with controls. This
increase occurred against a 10% prevalence of vomit-
ing on the day preceding dosing (a 16% increase
over the baseline value). The relative risk of vomiting
for this age group after ingesting vitamin A was 1.67
(95% CI: 1.05-2.65). Administration of vitamin
A had no effect on the incidence of loose stools or
of fever during the 24-hour post-dosing period.

There was no evidence that the vitamin A sup-
plements intensified the symptoms of infants who
had vomited, passed loose stools, or were febrile
prior to dosing. The tendency for previously ill
infants who received vitamin A to vomit less and to
have a lower incidence of fever 24 hours later was
not statistically significant (P=0.18 and P= 0.36, by
Fisher's exact test, respectively) (Fig. 1). Acute
nutritional status did not modify the lack of associa-
tion between receipt of vitamin A and the incidence
or intensity or morbid symptoms at any age.

Incidence of potential side-effects within 24 hours of

Age Baseline prevalence: Post-dose incidence: % rate
(months) No. in control group No. in vitamin A group No. in control group No. in vitamin A group difference

Forceful
vomiting
<1 110 (6.3)b 111 (11.6) 103 (4.8) 98 (1.0) -3.8;-8.5, 0.9c
1-3 611 (11.3) 615 (12.3) 534 (2.6) 535 (3.9) 1.3; -0.8, 3.4
4-6 656 (8.2) 732 (8.3) 583 (2.2) 660 (4.1) 1.9;-0.1, 3.9
1-6 1267 (9.7) 1347 (10.2) 1117 (2.4) 1195 (4.0) 1.6; 0.2, 3.0

Loose stools
<1 110 (9.0) 111 (8.9) 100 (7.0) 101 (5.0) -2.0; -8.6, 4.6
1-3 610 (13.6) 615 (13.2) 522 (6.9) 530 (7.4) 0.5; -2.6, 3.6
4-6 655 (16.9) 732 (14.8) 527 (7.4) 613 (8.5) 1.1; -2.1, 4.3
1-6 1265 (15.3) 1347 (14.1) 1049 (7.1) 1143 (8.0) 0.9; -1.3, 3.1

Fever
<1 110 (2.7) 111 (2.7) 107 (4.7) 108 (2.8) -1.9; -7.0, 3.2
1-3 611 (6.1) 615 (6.2) 567 (6.3) 573 (8.0) 1.7;-1.3, 4.7
4-6 656 (11.4) 732 (9.6) 567 (9.9) 649 (11.1) 1.2; -2.3, 4.7
1-6 1267 (8.8) 1347 (8.1) 1134 (8.1) 1222 (9.7) 1.6; 0.7, 3.9

a Neonates (<1 month) received 1/4 of a capsule (75 and 15 000 retinol equivalents (RE) for the control and vitamin A groups, respec-
tively; infants aged 1-6 months received 1/2 of a capsule (150 and 30 000 RE for control and vitamin A groups, respectively).
b Figures in parentheses are percentages.
c Figures in italics are the 95% confidence intervals.
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Fig. 1. Proportion of infants with morbidity 1 day before
receiving a vitamin A supplement and whose symp-
toms reportedly intensified during the subsequent 24
hours, Sarlahi, Nepal, February-May 1991 (upper 95%
confidence interval is indicated by a bar).
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Infant irritability was assessed by asking
mothers about their infants' pattems of breast-

feeding, sleeping, and crying during the 24 hours
before and after supplementation, in relation to the
usual behaviour (Table 3). For each age group there
appeared to be a slight (ca. 1%) shift towards less
breast-feeding, less sleep, and more crying in the
vitamin A group after dosing. The differences were
not statistically significant (all P >0.15, X2 test).
When irritability was defined as the combination of
less breast-feeding and sleeping and more crying
than normal, there were also no difference between
groups (Table 4). A between-group difference of
1.5% in the incidence of irritability could have been
detected with 80% power.

The risk of bulging fontanelle among neonates
who received 15 000 RE (50 000 IU) of vitamin A
(Table 5) was no greater than that among the
controls. Among infants aged 1-3 months a total of
0.7% more of the 30 000 RE (100 000 IU) recipients
had bulging fontanelles than had the controls (-0.2%
to 1.6%); a 0.4% difference (95% CI: -0.2 to 1.0%)
was observed for infants aged 4-6 months. The
excess rate of occurrence of bulging fontanelles in
post-neonatal infants who received 30 000 RE
(100000 IU) was 0.5% (95% CI: -0.1% to 1.1%).
Clinician-diagnosed instances of bulging fontanelles
subsided within 96 hours of dosing (Table 6).

Adverse comments from parents about the sup-
plements were noted for 2.8% of controls and 3.6%
of vitamin A recipients (X2= 1.20, P=0.27). Parents

Table 3: Patterns of breast-feeding, crying, and sleeping 24 hours before and 24 hours after receiving a vitamin A
supplement

Age 24 hours before dosing: 24 hours after dosing:
(months) No. in control group No. in vitamin A group No. in control group No. in vitamin A group

Breast-feeding

<1 110 (4.6)a; 0.9 b 111 (4.5); 1.8 111 (2.7); 0 111 (4.5); 0
1-3 611 (3.8); 3.4 615 (2.4); 1.6 603 (2.5); 0.3 612 (4.1); 0.3
4-6 655 (2.8); 1.7 732 (4.5); 0.6 636 (4.2); 0 718 (4.7); 0.3
1-6 1266 (3.2); 2.5 1347 (3.6); 1.0 1239 (3.4); 0.2 1330 (4.4); 0.3

Crying
<1 110 (7.3); 5.4 111 (0.9); 8.1 111 (0.9); 7.2 111 (0); 13.5
1-3 610 (2.8); 10.8 615 (1.3); 10.6 603 (1.3); 8.8 612 (1.1); 11.1
4-6 656 (4.1); 10.2 732 (2.5); 9.8 636 (1.6); 8.2 718 (0.8); 9.6
1-6 1266 (3.5); 10.5 1347 (1.9); 10.2 1239 (1.5); 8.5 1330 (1.0); 10.3

Sleeping
<1 110 (1.8); 4.6 111 (5.4); 6.3 111 (5.4); 1.8 111 (9.0); 1.8
1-3 611 (6.9); 1.8 615 (6.8); 2.0 603 (7.0); 2.3 612 (8.2); 3.3
4-6 656 (8.7); 2.7 732 (6.7); 2.2 636 (6.4); 2.2 718 (7.4); 2.5
1-6 1267 (7.8); 2.3 1347 (6.8); 2.1 1239 (6.7); 2.3 1330 (7.7); 2.9

a Figures in parentheses are the % of infants whose behaviour pattern was below normal.
b Figures in italics are the % of infants whose behaviour pattern was above normal.
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Table 4: Baseline 24-hour prevalence and subsequent incidence of irritability within 24 hours of receiving a vita-
min A supplementa

Age Prevalence Incidence

(months) No. in control group No. in vitamin A group No. in control group No. in vitamin A group % rate difference

0 1 10 (O)b 1 1 1 (0.9) 110 (0) 110 (0) 0 ;-

1-3 610 (1.0) 615 (1.0) 596 (1.0) 605 (0.8) -0.2; -1.3, 0.9c
4-6 655 (0.8) 732 (0.8) 631 (1.3) 713 (1.7) 0.4; -0.9, 1.7
1-6 1265 (0.9) 1347 (0.9) 1227 (1.1) 1318 (1.3) 0.2; -0.6, 1.0

a Irritability was defined as breast-feeding and sleeping less than normal and crying more than normal.
b Figures in parentheses are percentages
c Figures in italics are the 95% confidence intervals.

Table 5: Prevalence of bulging fontanelles 24 hours after receiving a vitamin A supplementa
Control group: Vitamin A group

Age No. with bulging No. with bulging % rate
(months) n fontanelle n fontanelle difference

<1 111 1 (O.9)b 112 0 (0.0) -0.9; -2.7, 0.9c
1-3 609 2 (0.3) 616 6 (1.0) 0.7; -0.2, 1.6
4-6 656 1 (0.2) 733 4 (0.6) 0.4; -0.2, 1.0
1-6 1265 3 (0.2) 1349 10 (0.7) 0.5; -0.1, 1.1
a Senior health assistants examined the fontanelles of infants aged <3 months and trained interviewers palpated the fontanelles of
infants aged 4-6 months.
b Figures in parentheses are percentages.
c Figures in italics are the 95% confidence intervals.

were equally (and more) likely in both groups to
volunteer negative remarks if their child had been ill
during the 24 hours following dosing. No complaints
were received from the parents of infants with
bulging fontanelles.

Discussion
Evaluated in the study was the symptomatic occur-
rence in young infants of acute side-effects associat-
ed with a prophylactic large, oral dose of vitamin A.

An oral dose of 15 000 RE (50 000 IU) of vita-
min A appeared to be well tolerated by the neonates,

Table 6: Persistence of bulging fontanelles among
under-4-month-olds, according to the time elapsed after
receiving a vitamin A supplement

No. of hours
No. still bulging/No. bulging after 24 hours:

after dosing Control group Vitamin A group

24 3/3 6/6
48 0/3 2/5a
72 - 1/4a
96 - 0/4

a Two infants (one at 48 hours and one at 72 hours after
dosing) were unsuccessfully followed up. The status of their fon-
tanelles remained unknown.

as reflected by an absence of excess vomiting, irri-
tability, fever, loose stools, or bulging fontanelles.
A slight tendency for these neonatal recipients to
breast-feed and sleep less than normal and cry more
than normal after dosing was partly offset by the
same pattem of behaviour reported prior to receiving
the supplement. These findings provide evidence
against an excess of clinically significant side-effects
in neonates or older infants after a 15 000 RE
(50 000 IU) oral dose of vitamin A in oil and support
the safety of this dosing schedule.

In older infants acute side-effects following
receipt of 30 000 RE (100 000 IU) of vitamin A were
uncommon; 24 hours after receiving the dose the
overall excess risk of a bulging fontanelle was 0.5%
(i.e., 5 per 1000), as assessed by senior health assis-
tants (for those <4 months of age) and trained inter-
viewers (for those aged 4-6 months of age). The
consistency and marginal statistical significance of
these findings suggest a real, albeit infrequent and
transient, effect with this larger dose of vitamin A.
The disappearance of bulging fontanelles within 96
hours is consistent with the transient increased intra-
cranial pressure observed in previous clinical reports
of infants who received much larger doses of vitamin
A (13, 14). The absence of negative comments from
the parents of those infants with a bulging fontanelle
suggests that the protrusion was slight and impercep-
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tible by family members and did not significantly
affect the infant's behaviour.

Among 1-6-month-olds who received 30000
RE of vitamin A forceful vomiting occurred more
frequently than in controls. Although statistically
significant, the absolute difference associated with
this large dose was quite small (+1.6%), representing
a 16% increase over the background prevalence of
10% vomiting. The tendency for recipients of the
30 000 RE dose to breast-feed and sleep less and cry
more (each by ca. 1%) after being dosed suggests
that these infants may have been more irritable than
controls. However, when this behaviour pattern was

combined to form a more stringent definition of irri-
tability there was no difference between the groups,
with ca. 1% of all infants being irritable before and
after receiving the dose.

A similar, slight increase in symptoms of
intolerance (i.e., nausea, vomiting and headache,
each ca. +1.5%) compared with controls has also been
reported for 1-4-year-old Filipino children who
received a 30 000 RE (100 000 IU) dose of vitamin
A (9). Higher incidences of these side-effects were
also observed among children who consumed
the standard 60 000 RE dose (ca. +6% excess).
However, for both dosage levels, side-effects disap-
peared in practically all children within 24 hours
(9). Transient side-effects were also reported
among 3-4% of children who participated in 3 of 17
studies following an oral dose of >60 000 RE of vita-
min A palmitate in oil (15). Side-effects associated
with smaller doses were not observed.

These findings support the prophylactic oral
administration of 15 000 RE of vitamin A to infants
under 6 months of age. The results further indicate
that administration of a 30 000 RE dose to 2-6-
month-old infants incurs a minimal increased risk of
acute side-effects. Whether the larger dose produces
more lasting protection against vitamin A deficiency
is, however, not known.

It is unlikely that the level of adverse reactions
observed in the present study would deter com-
pliance with community-wide, periodic vitamin A
delivery programmes, since complaints from parents
about adverse effects associated with the supplement
were infrequent and comparable in the treatment and
control groups. Also, no change in the acceptance of
supplements was detected over the course of four
periods of vitamin A distribution that preceded the
study.
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Resum6

Tolerance des nourrissons A une forte
dose de vitamine A: resultats d'un essal
communautaire au Nepal
L'administration periodique de fortes doses de
vitamine A par voie orale aux enfants d'age pre-
scolaire est un moyen efficace de traiter et de
prevenir la xerophtalmie et la carence en vitamine
A et de r6duire la mortalite infantile dans les pays
en developpement. Actuellement, I'OMS recom-
mande une dose unique de 200000 Ul, soit
l'equivalent de 60 000 9g de retinol (ER) tous les
3 a 6 mois pour prevenir la carence en vitamine A
chez les enfants ag6s d'un an et plus. Depuis
1982, il est recommande que les nouveau-n6s
regoivent une dose de 15 000 ER (50 000 Ul) a la
naissance a titre preventif, les enfants de moins
de 6 mois qui ne sont pas nourris au sein etant
consideres comme particulierement exposes. La
pr6sente etude visait a 6valuer le risque d'effets
secondaires aigus d'une forte dose de vitamine A
par voie orale chez les nourrissons de moins de 6
mois.

Une experience en double aveugle contre pla-
cebo portant sur 2840 enfants a donc ete entrepri-
se dans une communaute rurale du Nepal. Les
nouveau-nes (ages de moins d'un mois) ont requ
15 000 ER ou 75 RE et les nourrissons ages de 1
a 6 mois, 30 000 ER ou 150 ER respectivement,
selon qu'ils appartenaient au groupe trait6 ou au
groupe temoin. Chez les nourrissons, I'evaluation
a porte sur les manifestations morbides sympto-
matiques (vomissements violents, fievre, selles
diarrheiques) et le comportement (allaitement au
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sein perturb6, somnolence et pleurs, traduisant
une irritabilit6) durant les 24 heures pr6c6dant et
suivant l'administration de vitamine A. Lors d'une
visite ult6rieure, on a egalement verifie s'ils pre-
sentaient un bombement de la fontanelle.

Aucune augmentation du risque d'effets inde-
sirables n'a 6te observee chez les nouveau-nes a
la suite de I'administration de 15 000 ER de vita-
mine A. Chez les enfants plus ages qui avaient
requ 30 000 ER, on a note une augmentation de
1,6% du taux de vomissements (intervalles de
confiance a 95% (Cl): 0,2-3,0%) et une augmen-
tation de 0,5% des cas de bombement de la fon-
tanelle (Cl 95%: -0,1 a 1,1%) par rapport au
groupe temoin. Dans tous les cas, ce bombement
avait disparu 96 heures apres I'administration de
vitamine A et il n'y a pas eu d'autres diff6rences
significatives chez les enfants plus ag6s. La distri-
bution periodique et contr6l6e d'une dose unique
de 15 000 ER ne pr6sente apparemment aucun
risque d'effets secondaires aigus chez les jeunes
enfants; une dose de 30 000 ER a ete associee a
une augmentation minime du risque d'effets
secondaires transitoires. Ces r6sultats plaident en
faveur de I'administration d'une dose prophylac-
tique unique de 15 000 ER (50 000 Ul) de vitami-
ne A aux nourrissons dans les regions a haut
risque.
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