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recipients of the Schwarz standard measles vaccine ( p  = 0.040). In the 4-year period, 
where high-titer measles vaccines were used ir 
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Schwarzvaccines compared with 0.67 (95% CI 0.42-1.07) for recipients of the Schwarz 
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vaccine (IPV) at a similar age. The obser- 
vation of higher female mortality among re- 
cipients of high-titer vaccines has raised 
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I was based on annual censuses during which were similar numbers of male and female 

information was collected on migration, 
marriages, births, mortality, vaccinations, 
breast feeding, and infections. Since 1987, 
these annual censuses have been supple- 
mented with weekly surveillance visits to all 
compounds in the study area. 

measles cases among unvaccinated (58 
boys, 54 girls) and the Schwarz standard- 
vaccinated children (eight boys, 14 girls). 

Trial period. The study cohort included 
children bom between February 1, 1987, 
and January 31, 1989. At 5 months of age, 

Tale Recipients of Low- n:..-r-.-...+ nn,...+..i:&, *-- nfl-i-  ---I r- 

i iter ana nign- i irer ivleasies vaccines in Rural Senegal 

Study cohorts 

The present study includes all children 
om to a resident mother. Mortality has been 

examined from 9 months of age (>272 
days), the recommended age for immuniza- 
tion with the Schwarz standard measles vac- 
cine. Children were followed to death, mi- 
orntinn. 5 v e m  of age, or the annual census 
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The female/male mortality ratio among unimmunized children and children vaccinated 
with standard or high-titer measles vaccines was examined for all children born in the 
period 1985-1991 in a rural area of Senegal. The femalehnale mortality ratio from 9 
months to 5 years of age for unvaccinated children was 0.94 (95% confidence interval 

different from the ratio of 0.64 (95% CI 0.48-0.85) for 

children were randomized to receive a $a- 
cebo or a high-titer dose of Edmonston- 
Zagreb or Schwarz standard measles vac- 
cine (>lo5 plaque-forming units). Children 
in the placebo group as well as children who 
did not appear at the 5-month vaccination 
were offered a Schwarz standard vaccina- 
tion when they were 10 months old (mean 
age, 10.1 months). In the present analysis, 
we have included all 2,467 children bom in 
the period irrespective of whether they en- 
tered the trial. Of these children, 2,118 lived 
in the study area after the age of 9 months. 
Of the Schwarz standard-vaccinated chil- 
dren, 11 percent received their vaccination 
after 12 months of age (92 of 810). After 9 
months of age, there were 29 boys and 26 
girls who had measles among unvaccinated 
(22 boys, 21 girls), Schwarz standard- 
vaccinated '(one boy, two girls), and 
high-titer-vaccinated (six boys, three girls) 
children. 

Posttrial period. After completion of the 
high-titer vaccine study, we used the 
Edmonston-Zagreb high-titer vaccine rou- 
tinely for the children in the area who 
took part in a subsequent pertussis vac- 
cine study and received a vaccine at 6 
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I - ___ - _ _  j2. There were no children 
for whom information could not be ob- I I the study area, the femalehale mortality -. 
tained. Children who moved back to 
Niakhar reentered the study, but only from 
the date on which they were registered 
again. 

Pretrial period. Of 2,417 children bom 
between February 1,1985, and January 31, 
1987, 2,093 were still under surveillance 
from 9 months of age. In this period, there 
was little routine measles vaccination in the 
study area until late 1986 when the national 
Accelerated Immunization Program was ini- 
tiated. Because vaccines were provided in a 
campaign rather than being part of a routine 
program, the mean age at immunization was 
higher (table l), and more children were 
vaccinated after 12 months of age (60 per- 
cent, 599 of 992) than in later cohorts. There 
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n mortality throughout childhood. Further 
?ded. Am J Epidemioll993;i 38:746-55. 

I* I 4;: measles; measles vaccine; mortality; sex 

Studies from Guinea-Bissau and Senegal 
e found significantly higher mortality 

among girls who received a high-titer 
measles vaccine than among female controls 
who received the Schwarz standard measles 
vaccine at 9-10 months of age (1-3). In 
these studies, high-titer vaccines were given 
from the age of 6 . 5  months, whereas con- 
trols received placebo or inactivated polio 

Il? %i  :i: problems for immunization strategies in de- 
veloping countries. The recommendation 
for use of high-titer measles vaccines at 6 
months of age in areas with a high incidence 
of measles (4) has been rescinded (5). To 
investigate the reasons for these findings, 
we examined the sex differences in mortal- 
ity among measles vaccinees and unvacci- 
nated children during a 6-year period from 

in a rural area of Senegal, 
children bom in this area TABLE 1. Vaccine coveraae bv sex, vaccine type, and period: Niakhar, Senegal, 1985-1991' 

- I  _ _  ___ - 

Females Males 

Coverage Vaccinated Mean age Coverage Vaccinated Mean age 
(%i all (davdt 1%) ail Idavs) 

Schwarz standard vaccine 
1985-1 986 19 186/992 489 20 207/1,038 472 
1987-1 988 60 3531585 348 61 352674 356 

65 3411530 315 63 3591565 31 O 1989-1990 

ng the 2 vears before and the 2 vears after 
heria-pertussis-tetanus vaccine; IPV, inactivated th; high-&er vaccine study. ' 

polio vaccine. 

High-titer vaccines 
1987-1 988 73 500/689 157 70 4501641 157 
1989-1990 70 489/694 196 71 502/710 196 
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Statistical Research Unit. Universitv of Conenha- - - 

* Vaccination coveraae is measured at 12 months of aae in the Schwarz standard arouD and at the time of convenina the children 
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or 7 months of age. Children who had not 
been vaccinated with the Edmonston- 
Zagreb high-titer vaccine were subse- 
quently offered the Schwarz standard vac- 
cine at 9-10 months of age. We have 
included the 2,404 children bom between 
February 1, 1989, and January 31, 1991, 
of whom 2,104 lived in the area after the 
age of 9 months. The Edmonston-Zagreb 
high-titer vaccine had been offered to the 
children bom until April 1990 and was 
suspended in November 1990. Of the 
Schwarz standard-vaccinated children, 6 
percent received their vaccination after 12 
months of age (46 of 759). After 9 months 
of age, there were only four unvaccinated 
children (one boy, three girls) who had 
measles in this cohort. 

Measles immunizations, surveillance, 
and vaccine efficacy 

Since 1987, when the high-titer vaccine 
study started, most measles vaccinations 
were provided directly by the project. Prior 
to 1987, information on vaccinations was 
collected from vaccination cards during 
home visits in connection with the annual 
census. It is likely that some children may 
have been immunized in campaigns or out- 
side the study area without this being reg- 
istered by the field assistants. 

Measles surveillance in the study area has 
been described elsewhere (7, 8). Prior to 
1987, the study was based on parental di- 
agnoses of measles that have been found to 
be very reliable (7). After the beginning of 
the vaccine trial, we conducted weekly sur- 
veillance and active follow-up of all iden- 
tified cases; most cases with a typical rash 
or typical desquamation were seen by a phy- 
sician (8). 

Vaccine efficacy was calculated as 1 - 
relative risk (incidence of vaccinated 
children/incidence of unvaccinated chil- 
dren). The analysis of vaccine efficacy 
was adjusted for the same age groups and 
study periods as the analysis of mortality. 

Cause of death 

Information on the cause of death was ob- 
tained through parental postmorrem inter- 
views (9) reviewed by two physicians who 
were blind to the vaccine group of the dead 
children. Though the specificity of such di- 
agnoses is debatable (lo), postmortem in- 
terviews should be able to detect major dif- 
ferences in causes of death between 
different groups. 

Statistics 

Children were randomized to different 
groups only during the trial, and even then 
no children were assigned to receive placebo 
only. Differences in mortality between the 
vaccinated and unvaccinated children are 
therefore likely to be affected by selection 
bias. However, it seems unlikely that any 
selection bias for vaccination operates dif- 
ferently for the sexes in different groups. 

Since 9 months of age has been the official 
age for receiving the Schwarz standard vac- 
cine, we compared mortality from 9 months 
to 5 years of age. Only Schwarz standard 
vaccinations given from 6 months of age 
were considered valid, since seroconversion 
before 6 months of age was assumed to be 
too low. However, including the 30 children 
(14 boys, 16 girls) vaccinated with standard 
vaccine before 6 months of age (of whom 
two died, one boy and one girl) would not 
change the mortality ratios. Children 
changed from “unvaccinated” to “vacci- 
nated‘‘ on the day of immunization. Children 
vaccinated after having had measles infec- 
tion were considered unvaccinated; how- 
ever, the risk ratios would be the same if 
censoring was done at the time of measles 
vaccination. A few children who received 
high-titer vaccines after a Schwarz standard 
vaccination were censored at the day of re- 
vaccination. 

Crude death rates based on person-years 
at risk were used for comparing the sex ra- 
tios. Pooled estimates have been calculated 
using the method of maximum likelihood 
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(11). The variation in sex mortality ratios 
has been tested by a likelihood ratio test. 
The comparison of unvaccinated and 
Schwarz standard-vaccinated children cov- 
ers the whole cohort of children bom be- 
tween February 1985 and January 1991. In 
the comparisons involving high-titer vac- 
cines, analyses have been limited to the 
children bom from February 1987 to April 
1990, the cohort which was offered high- 
titer vaccines. 

In the comparisons between the sexes in 
the different vaccine groups, a Cox regres- 
sion model (12) was used to adjust for back- 
ground factors such as age, season (rainy, 
July to October, vs. dry, November to June), 
year of birth, and measles infection. Migra- 
tion pattems before 5 years of age were dif- 
ferent for boys and girls. Because this could 
be associated with different patterns of sepa- 
ration when the mother died, the death of the 
mother was included as a time-dependent 
background factor. 

RESULTS 

Vaccine coverage, vaccine efficacy, and 
patterns of migration by sex 

Though vaccine coverage and the ages at 
vaccination differed in the study cohorts, 
they were similar for male and female re- 
cipients of standard and high-titer vaccines 
within all periods (table 1). A similar num- 
ber of boys and girls had measles among 
unvaccinated (81 boys, 78 girls) and vacci- 
nated (15 boys, 19 girls) children. Hence, 
the vaccine efficacy for Schwarz-standard 
vaccine was similar for male (0.85, 95 per- 
cent confidence interval (CI) 0.724.92) and 
female (0.75,95 percent CI 0.60-0.85) chil- 
dren. Because of the small number of cases, 
we have not computed the sex-specific vac- 
cine efficacy for recipients of high-titer vac- 
cines. 

Between 9 months and 5 years of age, 
girls tended to migrate more than boys (rela- 
tive risk = 1.15, 95 percent CI 0.98-1.34). 

TABLE 2. Deaths, person-years at risk, and mortality ratio by sex, vaccine type, and period: Niakhar, 
Senegal, 1985-1991 

Unvaccinated Schwarz standard vaccinated 
Females Males Females Males Age 

(months) Deaths Person- Deaths ‘;gF Deaths Deaths ‘;::- by period years 
(no.) at risk Ino.) at risk at risk (*O.) at risk 

1985-1986 
9-23 62 847.5 62 866.3 18 355.2 35 381.9 
24-60 37 1,211.3 38 1,274.1 24 1,204.2 35 1,226.0 

Female/male mortality ratio 1.02 (0.77-1.35)* 0.63 (0.43-0.92) 

1987-1 988 
9-23 
24-60 

18 309.6 16 296.4 12 406.2 19 409.4 
7 245.8 5 241.6 12 698.6 19 695.9 

Femaldmale mortality ratio 1.15 (0.64-2.05) 0.63 (0.38-1.05) 

1 984-1 990 
4-23 
24-60 

10 209.6 25 213.0 7 238.7 13 255.7 
3 50.3 2 44.5 4 48.1 4 60.4 

0.73 (0.34-1.54) Female/male mortality ratio 0.48 (0.25-0.93) 

Total ratio 0.94 (0.75-1 .I 9) 0.64 (0.48-0.85) 

* Numbers in parentheses, 95% confidence interval. 
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Femalehale mortality ratios for 
Schwarz standard-vaccinated and 
unvaccinated children 

The overall femaldmale mortality ratios 
after 9 months of age for the three time pe- 
riods combined (table 2) were 0.94 (95 per- 
cent CI 0.75-1.19) for unvaccinated chil- 
dren and 0.64 (95 percent CI 0.48-0.85) for 
recipients of the Schwarz standard vaccine, 
a significant difference ( p  = 0.040). When 
survival was compared (figure l), there was 
no difference for the Schwarz standard- 
vaccinated and unimmunized boys (mortal- 
ity ratio = 0.96, 95 percent CI 0.75-1.23; 
p = 0.351), whereas the difference was 
marked for girls (mortality ratio = 0.65,95 
percent CI 0.49-0.87; p = 0.0005). 

Essentially similar results were obtained 
in a multivariate analysis where a Cox 
model was used to adjust for the effects of 
age, year of birth, season, death of mother, 
and measles infection, all significant back- 
ground factors. Mortality was at least two 
times higher in the rainy than in the dry sea- 

son in the different groups. In the Cox 
model, unvaccinated children had a female/ 
male mortality ratio of 0.93 (95 percent CI 
0.74-1.18) over the 6-year period versus 
0.64 (95 percent CI 0.48-0.84) for Schwarz 
standard-vaccinated children. 

Though there were fewer female deaths 
among the Schwarz standard-vaccinated 
children, there was no difference in the dis- 
tribution of causes between vaccinated and 
unvaccinated children nor between boys and 
girls. The main causes of death according to 
the parental postmortem interview were di- 
arrhea (28 percent, 137 of 487), malaria (16 
percent, 80 of 487), malnutrition (16 per- 
cent, 77 of 487), and undefined (21 percent, 
103 of 487) (data available on request). 
None of the vaccinated children died of 
measles, whereas seven unvaccinated chil- 
dren (four boys, three girls) died in the acute 
phase of infection, giving a case fatality ra- 
tio of 4.3 percent. Only 2.5 percent (seven 
of 284) of all deaths among unvaccinated 
children occurred in the acute phase of 
measles. 

. . . . . . . . 

-.-*- Schwarz standard Boys 

--- Schwarz standard Girls 

Unvaccinated Girls 

I I I l l I I I l 
12 18 24 30 36 42 48 54 60 

Age in Months 

FIGURE 1. SUrViVal Cumes from 9 months of age by sex for unvaccinated and Schwarz standard measles- 
vaccinated children bom between February 1985 and January 1991 in Niakhar, Senegal. 
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Female/maIe mortality ratios for 
recipients of high-titer and Schwarz 
standard measles vaccines 

In the cohort bom between February 1987 
and April 1990 (table 3), the femaleimale 
mortality ratios were 0.67 (95 percent CI 
0.42-1.07) for recipients of the Schwarz 
standard vaccine and 1.33 (95 percent CI 
1.00-1.78) for recipients of the high-titer 
vaccine, a significant difference ( p  = 0.013) 
(figure 2). Ratios were similar for the 
Schwarz high-titer vaccine (1.38,95 percent 
CI 0.72-2.66) and Edmonston-Zagreb high- 
titer vaccine (1.50,95 percent CI 0.84-2.66) 
during the pari of the trial when both vac- 
cines were used. When the mortality rates of 
high-titer-vaccinated and unvaccinated chil- 
dren were compared (table 3), there wereno 
significant differences (boys: mortality ratio 
(high titer/unvaccinated) = 0.78,95 percent 
CI 0.52-1.16; p = 0.260; girls: mortality 
ratio = 1.15, 95 percent CI 0.78-1.67; p = 
0.544). There was no difference in the dis- 
tribution of causes of deaths for unvacci- 
nated children and children vaccinated with 

standard vaccine and high-titer measles vac- 
cine (authors' unpublished observations). 

Estimates of the female/male mortality ra- 
tios remained unchanged when controlling 
for background factors in a Cox model 
(Schwarz standard vaccine: 0.65,95 percent 
CI 0.41-1.04; high-titer vaccine: 1.32, 95 
percent CI 0.99-1.77). 

Femalehale mortality ratio after the 
administration of other vaccines 

Measles vaccine is usually adminis- 
tered at 9-10 months of age together with 
other vaccines (diphtheria-pertussis-tetanus 
(DPT)-inactivated polio vaccine (IPV) and 
yellow fever). Because other vaccines could 
have had an effect on the sex ratio, we ex- 
amined whether the administration of DPT- 
IPV and yellow fever had an effect on the 
female/male mortality ratio during the high- 
titer vaccine trial. The female/male mortal- 
ity ratio was 1.56 (95 percent CI 0.98-2.43) 
among children who received DPT-IPV and 
yellow fever at 10 months after high-titer 
vaccine at 5 months, whereas it was only 

Schwarz standard Boys 

Schwarz standard Girls 

- 
. . . . . . . . 

-L 
LS-- 1 

-.-.- High Titre Boys 

High Titre Girls 
O 

2- --- 
I I I I l 1 12 18 24 30 36 42 48 54 60 1 

Age in Months 
FIGURE 2. SuiviVal cuwes from 9 months of age by sex for recipients of the Schwan standard and high-titer 
measles vaccines. Children were bom between Februaly 1987 and Aprii 1990 in Niakhar, Senegal. 

0.55 (95 percent CI 0.29-1.04) among chil- 
dren who received DPT-IPV and yellow fe- 
ver at 10 months together with the Schwarz 
standard vaccine ( p  = 0.008). The impact of 
DPT-IPV alone without simultaneous ad- 
ministration of yellow fever could be ex- 
amined only between 5 and 10 months of 
age. In the placebo group, the female/male 
mortality ratio was 1.39 (95 percent CI 
0.53-3.64), whereas it was 1.27 (95 percent 
CI 0.56-2.85) among recipients of high-titer 
vaccines. 

DISCUSSION 

Prior to the general introduction of 
measles vaccination, the mortality between 
9 months and 5 years of age was the same 
for females and males, the mortality ratio 
being 1.01 (95 percent CI 0.82-1.26) for the 
cohort bom during 1983-1985 (unpublished 
observations). This tendency continued for 
the unvaccinated children in the following 
two periods. However, in the posttrial pe- 
riod, the mortality increased, particularly for 
boys, and the female/male mortality ratio 
was low among the unvaccinated children. 
For recipients of the Schwarz standard vac- 
cine, the female/male mortality ratio was 
consistently low and, for recipients of high- 
titer vaccine, it was high, the difference be- 
ing significant. Apparently, other vaccines 
(DPT-IPV and yellow fever) were associ- 
ated with neither low nor high female/male 
mortality ratios. Adjustment for age, season, 
migration, measles infection, and the death 
of a mother did not alter the female/male 
mortality ratios. 

Since the study was not planned, behav- 
ioral factors of importance for immunization 
and mortality may not have been controlled. 
However, as the two measles vaccines were 
associated with markedly divergent female/ 
male mortality ratios, a simple cultural pref- 
erence for one sex, if it exists, is unlikely to 
explain the observed pattern of childhood 
mortality. There is no obvious indication of 
sex differences in the care or access to health 
services in the study area. The duration of 

breast feeding is the same for boys and girls. 
The vaccine coverage for boys and girls was 
exactly the same (table 1). In records from 
health centers from 1987, there were the 
same numbers of consultations, 481 boys 
and 470 girls under 5 years of age. 

Because the children were not random- 
ized to the different groups, it is not possible 
to determine definitely the relative impact of 
these vaccines on mortality. Because the 
measles incidence and case mortality ratio 
were low in the study cohorts, only a limited 
impact should be expected from vaccina- 
tion. However, we found that $Is receiving 
the Schwarz standard vaccine benefited 
from measles vaccination compared with 
vaccinated boys and unvaccinated boys and 
girls (figure 1). The mortality of female re- 
cipients of high-titer vaccines was not sig- 
nificantly different from the mortality of un- 
vaccinated girls (table 3). 

An impact of the Schwarz standard 
measles vaccine on survival beyond the ex- 
pected benefits from control of measles in- 
fection has been noted before (13, 14), but 
sex-specific effects have not been empha- 
sized. However, one study from Bangladesh 
of a large number of Schwarz standard- 
vaccinated children reported that the reduc- 
tion in mortality for girls (37 of 1,000) was 
larger than that for boys (17 of 1,000) (15). 
Sex-specific effects of the vaccine could be 
due to protection conferred against measles 
if there were different case mortality ratios 
for girls and boys, as found in some areas of 
West Africa (16-18). Though previous stud- 
ies from Nidchar have found higher female 
case mortality (16, 17), there was little 
measles in the present study cohorts, and 
there was no difference in vaccine efficacy 
or the case mortality ratio. Hence, as sug- 
gested by the regression analysis controlling 
for measles infection, the low mortality 
among female recipients of the Schwarz 
standard vaccine cannot be explained by 
control of measles infection. Since the pat- 
tem observed in Niakhar could be a chance 
observation, further studies are needed to 
verify the finding of a lower femalebale 
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mortality ratio for recipients of the Schwarz 
standard vaccine in West Africa and else- 
where. 

Differences in female mortality between 
recipients of high-titer vaccines and stan- 
dard titer vaccines have been found in sev- 
eral studies in Guinea-Bissau (1,2), Senegal 
(3), and Haiti (5). An increased female/male 
mortality ratio was also observed in the post- 
trial period (table 3), when the Edmonston- 
Zagreb high-titer vaccine was given rou- 
tinely. 

Given the consistency of findings on in- 
creased mortality among female recipients 
of high-titer vaccine, an international expert 
panel has recommended that routine use of 
high-titer measles vaccination be discontin- 
ued (5), although it has not been docu- 
mented that high-titer vaccines are harmful 
compared with unvaccinated controls. The 
present study suggests that a large part of the 
observed differences in mortality is due to 
the improved survival of girls after the 
Schwarz standard vaccine compared with 
that of all other groups. 

There is no known biologic explanation 
for these findings, because the possibility 
that vaccines have effects beyond the pro- 
tection against specific diseases has rarely 
been studied. The dose of vaccine virus may 
be important in producing divergent sex ra- 
tios, since differences in female mortality 
were not found in the previous trials in 
Guinea-Bissau and The Gambia using 
medium-titer Edmonston-Zagreb vaccine 
(<50,000 plaque-forming units) (19,20). It 
is possible that the interaction between dose 
and maternal antibody levels at the time of 
vaccination is important for the unexpected 
ratios, because girls were found to have 
lower antibody levels at 10 months of age 
than boys (authors’ unpublished observa- 
tions). During the trial period during 
which systematic anthropometric data were 
collected, height, weight, and arm- 
circumference measurements indicated that 
girls were generally better nourished when 
vaccinated at 10 months of age than were 
boys, and this may have conferred a survival 

advantage for them. In addition, it is also 
possible that the Schwarz standard vaccine 
had a selectively beneficial impact on girls. 

Further studies are needed to define the 
biologic basis of these observations. Sex dif- 
ferences will have to be taken into consid- 
eration in future studies of measles vacci- 
nation (5). 
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APPENDIX 

APPENDIX TABLE 1. Causes of death between 9 months and 5 years of age among unvaccinated 
and Schwarz standard-vaccinated children (Schwarz) according to sex, for children born between 
1985 and 1991: Niakhar, Senesal, Februarv 1992 follow-ur, 

Cause of death 

Diarrhea 
Whooping cough 
Meningitis, sequelae 
Measles 
Ma I ar i a 
Malnutrition 
Pneumonia 
Congenita I 
Other specific 
Accidents 
Undefined, no information 

Total 

Females 

Schwan Unvaccinated 

No. % No. % 

34 25 21 27 
4 3 1 1  
2 1 3 4  
3 2 
24 18 13 17 
19 14 18 23 
17 12 4 5  

3 2 2 3  
1 ‘ 1  1 1  
30 22 14 18 

137 77 

Males 

Unvaccinated Schwarz 

No. % No. % 

41 28 41 33 

3 2 6 5  
4 3 
22 15 21 17 
22 15 18 14 

9 7  15 10 
3 2 1 1  

I 1 
2 1 4 3  1 1  

34 23 25 20 
147 126 


