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Patterns of measles transmission at school and at home were studied in 1995 in a rural area of Senegal with
a high level of vaccination coverage. Among 209 case children with a median age of 8 years, there were no
deaths, although the case fatality ratio has previously been 6-7% in this area. Forty percent of the case children
had been vaccinated against measles; the proportion of vaccinated children was higher among secondary cases
(47%) than among index cases (33%) (prevalence ratio = 1.36, 95% confidence interval (Cl) 1.04-1.76).
Vaccinated index cases may have been less infectious than unvaccinated index cases, since they produced
fewer clinical cases among exposed children (relative risk = 0.55, 95% Cl 0.29-1.04). The secondary attack rate
was lower in the schools than in the homes (relative risk = 0.31, 95% Cl 0.20-0.49). The school outbreaks were
protracted, with 4-5 generations of cases being seen in the two larger schools. Vaccine efficacy was found to
be 57% (95% Cl -23 to 85) in the schools and 74% (95% Cl 62-82) in the residential compounds. Measles
infection resulted in a mean of 3.8 days of absenteeism per case, though this did not appear to have an impact
on the children's grades. Among the index cases, 56% of children were probably infected by neighbors in the
community, and 7% were probably infected at health centers, 13% outside the community, and 24% in one of
the three schools which had outbreaks during the epidemic. However, most of the school-related cases occurred
at the beginning and therefore contributed to the general propagation of the epidemic. To prevent school
outbreaks, it may be necessary to require vaccination prior to school entry and to revaccinate children in
individual schools upon detection of cases of measles. Multidose measles vaccination schedules will be
necessary to control measles in developing countries. Am J Epidemiol 1999;149:295-301.
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Editor's note: An invited commentary on this paper
appears on page 302, and the authors' response on
page 304.

Numerous studies, particularly from the United
States, have documented how a sustained vaccination

program leads to major changes in the transmission
pattern of measles (1), including increases in the aver-
age age at infection and in the proportion of vaccinat-
ed cases.

High schools and universities have come to play a
major role in measles transmission, since they contain
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an unusual concentration of susceptible individuals
(2). Enforcing the requirement of vaccination prior to
entry into these institutions has been successful in con-
trolling measles outbreaks (3).

There is a clear need to identify the relevant institu-
tions for measles transmission in developing countries
(4), where schools may play a major role as vaccine-
induced immunity fades among children of school age.
However, there have been few community studies of
measles transmission patterns in developing countries
(5). Since 1983, we have studied the severity of
measles and measles transmission patterns in Niakhar,
a rural area of Senegal (6-8). With the improvement in
vaccine coverage in Niakhar throughout the 1980s,
there has been a gradual increase in the age at infection
and in the proportion of vaccinated children with
measles (6). During an outbreak in 1995, we had the
opportunity to study the role of schools in the propa-
gation of the epidemic and to assess the likely impact
of school-based vaccination campaigns.

MATERIALS AND METHODS

Study population and demographic surveillance

The study was carried out in Niakhar, Senegal, a
rural area with a 1995 population of approximately
29,000 persons who live in 30 villages. The population
and the demographic surveillance system used in the
area have been described in detail elsewhere (9, 10).
Since 1987, the system has been based on weekly vis-
its by field assistants to all 1,800 residential com-
pounds in the study area, where the assistants register
all births, marriages, migrations, deaths, and measles
and pertussis infections. The work of the 12 assistants
is controlled by two supervisors who have contact with
each assistant at least twice per week.

Measles surveillance, clinical examination, and
treatment

The present study included measles cases occurring
in the Niakhar study area between October 1994 and
June 1995. Other cases occurred outside Niakhar
among children from the area, but these cases were not
included in the present analysis. As soon as a case of
measles was reported by an assistant, the project physi-
cian visited the home compound of the measles patient
to verify the clinical diagnosis and to provide treat-
ment. All children with a clinical diagnosis of probable
measles had a typical rash and/or a typical desquama-
tion. All other children in the compound were also
examined, and inquiries were made in neighboring
compounds for discovery of further cases. Thus, once
the first cases had occurred, the project physician usu-

ally detected cases before the routine assistants did. All
children under 3 years of age seen during the pro-
dromes or the acute phase of infection were given pro-
phylactic antibiotic treatment (cotrimoxazole) (8).
Older children were treated with antibiotics when signs
of complicating infections developed. Vitamin A was
part of the routine treatment used in the study area.

Intensity and classification of exposure

The first child who developed measles in a com-
pound was called the index case. A child who devel-
oped measles more than 6 days after another case in
the same compound was classified as a secondary case
(7, 11). Secondary cases were classified as to whether
they lived in the same hut as the index case, in the
same household but not in the same hut, or in the same
compound but not in the same household (7). These
categories reflect different levels of daily contacts
between the children.

Twelve children were exposed both at home and at
school. For these children, we reviewed the cases to
determine whether they were more likely to have con-
tracted measles at school or at home. In all of these
cases, the timing between an index case and the onset
of infection in the exposed child suggested that the
infection had been contracted at home. These children
were not counted as having secondary cases resulting
from exposure at school.

Measles vaccination

Most vaccinations against measles in the study area
have been registered by our project. There were yearly
measles vaccination campaigns, usually in the dry sea-
son, during the period 1979-1983 in Niakhar, and
again during the acceleration phase of the World
Health Organization Expanded Programme on
Immunization between November 1986 and February
1987 (6). Information on these vaccinations was
obtained from the children's vaccination cards during
an initial demographic survey in 1983 and after the
immunization campaigns were carried out in
1986-1987. Starting in mid-1987, vaccinations were
offered and systematically recorded by the project at
vaccination sessions organized once per month at each
of the area's three health centers as part of trials of
measles and pertussis vaccines (12). Children who had
onset of disease within 2 weeks of measles vaccination
have been classified as unvaccinated.

School surveys

Three schools in the study area had small outbreaks
of measles. These schools had six classes, three class-
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es, and one class, respectively, with a total of 512
pupils aged 5-33 years. The mean age of the students
was 11 years, and 15 percent (79/512) were aged >15
years. Thirty-nine of the measles patients were attend-
ing one of the three outbreak schools. The names of all
students and their home compounds were obtained
from the school registers. Among the 512 pupils, 502
were identified in the project population register; the
rest were mainly children attending school in the study
area but living outside the area. In conjunction with the
schoolteachers, drawings were made of the places the
512 students had been sitting in the classroom at the
time of the epidemic. Schoolmasters also provided
grades for the children from the point before the epi-
demic in January 1995 and the point after the epidem-
ic in June 1995. In the fall of 1995, after the epidemic,
home interviews were conducted with the mothers or
guardians of all children who had been identified as
living in the study area. Information was obtained on
any measles-like illness a child had had during the epi-
demic, as well as on history of measles infection or
measles vaccination.

Statistical analysis

The Epi Info program (US Centers for Disease
Control and Prevention/World Health Organization)
was used to calculate standard statistics, including the
Mantel-Haenszel estimator, which was used to pro-
duce common estimates in analyses stratifying for dif-
ferent background factors. Vaccine efficacy was calcu-
lated as 1 minus the ratio of the attack rates in
vaccinated children and unvaccinated children.

RESULTS

Epidemic

During the 1994-1995 epidemic, which started in
October 1994 and ended in June 1995, 207 individuals

were seen by the project physician and were registered
as having measles. Mothers reported two additional
cases not diagnosed as measles by the physician. The
epidemic touched 22 of the 30 villages scattered
throughout the study area, although two large villages
alone contained 52 percent of the cases. There were
equally as many males (n = 108) as females in = 101)
affected; the median age of patients was 7.8 years
(range, 5 months to 30 years). No one died of measles,
but one young pregnant woman infected in the eighth
month of pregnancy delivered a stillborn child 10 days
after the onset of measles.

In 1995, overall vaccine coverage among children
aged 1-14 years in the study area was 64 percent
(7,820/12,244) (table 1); 83 of the measles patients (40
percent) had a record of previous vaccination. Thirty-
two percent (33/103) of the index cases had been vac-
cinated, whereas 47 percent (50/106) of the secondary
cases had been vaccinated; this suggests that vaccinat-
ed children may need more intensive exposure in order
to develop measles (prevalence ratio = 1.36,95 percent
confidence interval (CI) 1.04-1.76).

Among children under 15 years of age who were
exposed in their residential compound, the attack rate
was 36 percent (54/150) for unvaccinated children and
10 percent (50/484) for vaccinated children (table 2).
Among children exposed in the same hut, the attack
rate increased to 55 percent (26/47) for unvaccinated
children and 12 percent (22/184) for vaccinated chil-
dren. Among unvaccinated children, there was a sig-
nificant increase in the attack rate with increasing
intensity of exposure (test for trend, p < 0.001).
Controlled for age and intensity of exposure, vaccine
efficacy was 74 percent (95 percent CI 62-82) among
children exposed in their home compound (table 2).
Vaccine efficacy was highest for the youngest (<5
years of age) children (81 percent (95 percent CI
66-90)) and the oldest (>10 years of age) children (76
percent (95 percent CI 36-91)). Most of the children
aged 5-9 years belonged to the group who had taken

TABLE 1. Immunization coverage and history of measles Infection for children aged 1-14 years,
Niakhar, Senegal, 1995

Age
group
(years)

No. of
children

vaccinated

Total
no. of

children

Vaccination
coverage

Median age
(days) at

vaccination

25%-75%
percentiles

No. of children
with htetofy of
measles (%)

1-4
5-9

10-14

3,230
3,112
1,278

4,041
4,600
3,603

79.9
67.7
35.5

294*
293t

1,017*

285-303
168-387
762-1,373

113(2.8)
454 (9.9)

1,404(39.0)

• The median age for children who had received standard-titer Schwarz measles vaccine was 295 days
(25%-75% percentiles, 287-303). The median age for those who had received Edmonston-Zagreb high-tfter
vaccine was 204 days (25%-75% percentiles, 194-303).

t Median ages were 320 days (25%-75% percentiles, 302-506) for recipients of standard-titer Schwarz
measles vaccine, 170 days (25%-75% percentiles, 154-212) for recipients of Edmonston-Zagreb high-tfter
vaccine, and 157 days (25%-75% percentiles, 148-165) for recipients of Schwarz high-titer vaccine.

t Only Schwarz standard-titer vaccine was used in this age group.
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TABLE 2. Secondary attack rates In a measles epidemic, by intensity of exposure, vaccination status,
and age, Nlakhar, Senegal, 1994-1995*

Age group
(yeare)

0-4

5-9

10-14

All

Vaccination
status

Vaccinated
EZf
STDt

Unvaccinated

Vaccinated
EZ
STD

swt
Unvaccinated

Vaccinated
STD

Unvaccinated

Vaccinated
Unvaccinated

In compound

1/4 (25)
6/89(7)
5/21 (24)

3/40(8)
7/49 (14)
3/12 (25)
7/27 (26)

1/16(6)
7/32 (22)

21/210(10)
19/80(24)

Secondary attack rate (%)

In household

0/3(0)
2/42 (5)
6/14(43)

3/21 (14)
2/18(11)
0/0
1/5 (20)

0/6(0)
2/4(50)

7/90 (8)
9/23 (39)

In hut

0/4(0)
7/79 (9)
9/18 (50)

5/33(15)
6/44 (14)
1/3(33)
8/12 (67)

3/21 (14)
9/17 (53)

22/184(12)
26/47 (55)

Total

1/11 (9)
15/210(7)
20/53(38)

11/94(12)
15/111 (14)
4/15(27)

16/44(36)

4/43(9)
18/53(34)

50/484 (10)
54/150(36)

* Includes children aged 5 months to 14 years who had no history of measles.
t EZ, high-trter Edmonston-Zagreb vaccine; STD, standard-tfter Schwarz vaccine; SW, high-titer Schwarz

vaccine.

part in a measles vaccination trial with high-titer vac-
cine. In this age group, the children who had received
Schwarz high-titer measles vaccine had a vaccine effi-
cacy of 23 percent (95 percent CI -97 to 70); those
who had received Edmonston-Zagreb high-titer vac-
cine had a vaccine efficacy of 71 percent (95 percent
CI 42-86); and those who had received Schwarz
standard-titer vaccine had a vaccine efficacy of 64 per-
cent (95 percent CI 34-80).

Among children exposed at home, the sex or age of
the index case had no impact on the secondary attack
rate. As was reported previously (11), female secondary
cases were significantly more likely to have been
infected by a child of the opposite sex (62 percent
(29/47)) than were male secondary cases (35 percent
(18/51)) (relative risk = 1.75, 95 percent CI 1.13-2.70).
The attack rate among exposed children apparently
depended on the vaccination status of the index cases
(table 3). After adjustment for age, sex, intensity of

exposure, and the vaccination status of the exposed
children, index cases in the compounds who had been
vaccinated may have been less likely to infect exposed
children than unvaccinated index cases (relative risk =
0.55, 95 percent CI 0.29-1.04).

Of the 103 index cases, 56 percent were most likely
to have been infected by neighbors in the community,
7 percent at a health center, 13 percent outside the
local community, and 24 percent in one of the three
schools which had outbreaks during the epidemic
(table 4). The secondary attack rate among children
exposed at home did not depend on where the index
case had been infected, and similar proportions of sec-
ondary cases could trace their infection to a contact
made in school, at a health center, outside the commu-
nity, or among neighbors (table 4). School-related
cases predominated during the first half of the epidem-
ic, constituting 36 percent of the index cases and 48
percent of the secondary cases occurring between
October 1994 and March 1995.

TABLE 3. Secondary attack rates In a measles epidemic, by
the vaccination status of the Index child and the vaccination
status of exposed children, Nlakhar, Senegal, 1994-1995*

Secondary attack rate (%)

Index case Vaccinated
exposed
children

Unvaccinated
exposed
children

AO exposed
children

Vaccinated
Unvaccinated

Total

6/83(7)
41/374(11)

3/17(18)
47/124(38)

9/100(9)
88/498(18)

47/457(10) 50/141(35) 97/598(16)

• Includes children aged 5 months to 14 years who had no
history of measles. A few exposed children were excluded because
the vaccination status of the exposing child was unknown.

School outbreaks

When individuals aged >15 years were excluded
from the analysis, 56 percent (163/291), 70 percent
(69/99), and 63 percent (20/32) of the children in the
three epidemic schools had a history of measles infec-
tion or a vaccination registered in the demographic
surveillance system; 43 percent, 66 percent, and 25
percent were recorded as being vaccinated.

The attack rate among schoolchildren under 15
years of age was 7 percent (12/165) in unvaccinated
children and 7 percent (11/158) in vaccinated children.
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TABLE 4. Distribution of measles cases according to the likely source of infection, Nlakhar, Senegal,
1994-1995*

Probable source

Neighbor
Health center
School
Outside community

or guests

Total

October 1994-
March 1995

26
6

23

9

64

Index cases

April-June
1995

32
1
2

4

39

Total
no.

58
7

25

13

103

No.

56
7

24

13

100

of cases

OctobeM994-
March 1995

21
4

26

1

52

Secondary cases

April-June
1995

37
4

12

1

54

Total
no.

58
8

38

2

106

55
8

36

2

100
1 The division of cases into two periods was based on the time distribution of secondary cases.

The attack rate did not depend on the degree of contact
in the classroom; among children sitting at the desks
surrounding a measles case, the attack rate was only 4
percent (6/164). The attack rates in the schools were
significantly lower than those seen in the compounds
for children aged 7-14 years, which were 34 percent
(29/85) for unvaccinated subjects and 14 percent
(22/152) for vaccinated subjects (relative risk = 0.31,
95 percent CI 0.20-0.49). After adjustment for age,
family status, and school class (table 5), vaccine effi-
cacy for measles vaccine was 57 percent (95 percent
CI -23 to 85) in the schools. The attack rate was par-
ticularly low among children who were living not with
their parents but with relatives, presumably because
the information on vaccination and previous infection
was less valid for these children.

The school outbreak started in January 1995 and
lasted until April 1995. All of the classrooms were well
ventilated, as there was no glass in the windows and all
rooms had direct access to the schoolyard. The first
case appeared in a boy of 8 years who had been infect-
ed at home by a younger sister; he infected five class-

TABLE 5. Secondary attack rates among schoolchildren In a
measles epidemic, by parental status, vaccination status, and
age, Nlakhar, Senegal, 1994-1995*

Age group (years)
and

vaccination status

Secondary attack rate (%)

Living with
parents

Living with
foster parents Total

7-10
Vaccinated
Unvaccinated

11-14
Vaccinated
Unvaccinated

11/99(11)
4/29(14)

0/53 (0)
5/54(9)

0/3(0)
2/27(7)

0/3(0)
1/55 (2)

11/102(11)
6/56(11)

0/56(0)
6/109 (6)

•Children over 15 years of age, children with a previous
diagnosis of measles, and children living outside of the study area
were excluded. Children also exposed at home were, in all
situations, more likely to have been infected at home and were
therefore not considered secondary cases in the above analysis.

mates, who developed measles 11-15 days later. These
children in turn infected friends in two other classes.
The outbreak was prolonged. In the larger school with
six classes, of which only four were affected, there
were five generations of cases; in the school with three
classes, there were four generations; and in the one-
class school, there was only one generation. The end of
the outbreak was probably partly due to a holiday peri-
od that fell between March 24 and April 6; six pupils
developed measles during the holiday break and were
told to stay home until their illness was over. No fur-
ther cases occurred in the three schools.

Among schoolchildren without prolonged absences
(>30 days) prior to the outbreak, those who developed
measles were 76.5 times (95 percent CI 28.1-208.4)
more likely to be absent during and after the outbreak
(average = 3.8 days) than those who did not develop
measles. We examined whether measles had a negative
effect on the children's school performance by com-
paring school grades (scaled 1-10) received after the
epidemic (June) with grades received before the epi-
demic (January) for children who had had measles and
children who had not. The mean change in grades
between January and June was 0.19 for 19 children
with measles and -0.41 for 245 children who did not
develop measles (Mann-Whitney test, p = 0.051).

Possibility of control through public Institutions

We assessed the likely impact of immunizing chil-
dren against measles as soon as the first case is detect-
ed in a school or at a health center. Vaccination at the
time of consultation at a health center should prevent
children exposed to natural measles from developing
measles; hence, in this outbreak, 15 cases (see table 4),
or 7 percent of all cases, could have been prevented,
either directly because the child exposed to measles
would not have developed measles or indirectly
because there would have been no further secondary
transmission at home.
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Vaccination at school at the first sign of measles
would probably have prevented the cases that devel-
oped >14 days after the index case appeared in the
school. On this assumption, 15 of the 25 index cases
produced in schools and 32 of the 38 secondary cases
in which a child was infected by a schoolmate would
have been prevented (see table 4). Therefore, vaccina-
tion in the schools could directly or indirectly have
prevented as many as 22 percent of all cases.

DISCUSSION

The international public health community is seek-
ing a global resolution to eradicate measles by the year
2010 (13, 14). For such a decision to be realistic,
research on measles control has to be strengthened.
Too little is known about the duration of immunity
after measles vaccination. From our experience in
West Africa, it seems likely that a multidose vaccina-
tion schedule will be necessary, for antibody levels
may well decline faster in malarious areas (H. Whittle,
unpublished data) and not enough children acquire
protective levels of measles antibody when the first
dose is given before 12 months of age. As we attempt-
ed to do in the present study, it will also be necessary
to carry out more research in order to identify the insti-
tutions or social settings that are important in measles
transmission—e.g., marketplaces, hospitals (4), health
centers, kindergartens, schools, and homes—and to
examine whether these settings may offer possibilities
for additional control.

The trend towards milder cases of measles in the
Niakhar study area (6) has continued; there were no
deaths among the acute cases in the 1995 outbreak. We
have previously documented a significant decline in
case fatality, controlling for age between the pre- and
postvaccination eras (6). An increasing proportion of
measles cases appear in persons who have been vacci-
nated; whereas 8 percent of the 630 measles patients in
the 1987-1990 period (6) had been vaccinated, this fig-
ure has now increased to 40 percent, as would be
expected in areas with increasing vaccine coverage
(15). However, it should be noted that vaccine efficacy
has declined markedly in Niakhar. In the initial studies
conducted during the first years after measles vaccina-
tion (9, 16), efficacy was >90 percent; however, more
recent studies following the same cohort have docu-
mented both clinical and subclinical measles infection
in vaccinated children (17,18), and vaccine efficacy has
been less than 80 percent (19). Consistent with these
observations, we found in serologic surveys that the
proportion of children with unprotective antibody levels
had increased to 20-30 percent by 1994 (20). Following
the present outbreak, revaccination was offered to chil-
dren who had received high-titer measles vaccine.

Previous observations on modifications in measles
transmission patterns due to vaccination (6, 21, 22)
were further supported here, since vaccinated children
needed more intensive exposure in order to develop
measles and vaccinated children with measles tended
to be less infectious to other children. Though most
cases were still due to transmission at home or in the
community, transmission at school acquired more
importance as the median age of infection increased
from 4 years in 1983-1986 (6) to 7 years in 1987-1990
(6) and 8 years in the present outbreak. It is interesting
to note that although measles infection had a strong
impact on school attendance patterns, it had no long-
term adverse impact on school performance as
assessed in this study.

Transmission of measles in the schools was not very
effective. This may be related to the physical layout of
the school facilities, as the classrooms had free air cir-
culation. In a different environment with less ventilat-
ed classrooms, schools could well be more important
for transmission. Even though transmission risk was
low in the schools, the schools were still central to the
present outbreak because they were the sites of the
spread of the first cases, which generated further cases
at home and among neighbors.

A temporary school closure due to the Easter holi-
day contributed to the end of the epidemic. It is possi-
ble that early school closure, as used in Europe at the
turn of the century (23), could have curtailed the epi-
demic. However, it would undoubtedly have been
more effective to organize a vaccination session for all
children enrolled in the affected schools immediately
after the first cases occurred. Given the low vaccine
efficacy in Niakhar, it would seem to be necessary to
vaccinate both unvaccinated and previously vaccinat-
ed children. Had similar vaccinations also been carried
out at health centers, 29 percent of all cases could have
been prevented, either directly or through the preven-
tion of secondary spread at home. These cases
occurred at the beginning of the outbreak and were
probably instrumental in propagating the epidemic. An
isolated suspected measles case may not provide
enough justification to launch a vaccination campaign
in an area where laboratory verification of measles is
not feasible, but interviewing people to determine the
chain of transmission may significantly substantiate
the likelihood of the disease being measles.

Outbreak control through public institutions such as
schools and health centers may be very important once
we approach elimination of measles in specific areas.
In the present outbreak, measles was not very severe,
and the relative importance of controlling transmis-
sion could therefore be questioned, even though
school-based campaigns would probably have been
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effective in limiting the outbreak. However, the situa-
tion in Niakhar is extraordinary in the sense that there
is a research physician treating nearly all cases (8). In
areas where measles continues to be severe, with a
high case fatality ratio among young children, school-
based campaigns could well be important. However,
to limit the possibility of outbreaks, it will be more
effective to institute a requirement for a second
measles vaccination prior to school enrollment. It
seems clear that there are a number of susceptible vac-
cinated individuals accumulating in the Niakhar area
who received measles vaccine during campaigns con-
ducted in the 1960s, the late 1970s, and 1986-1987, or
during regular vaccination sessions held from 1987
onwards. It appears that, over the long term, one dose
of measles vaccine given in infancy is not going to
ensure sufficient control of measles in developing
countries (20).
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