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FINAL REPORT
 

A. INTRODUCTION
 

At the request of the CCCD-Congo project, a CCCD/PRITECH missionwas carried out in Brazzaville from August 22 to September 9,
1986. The mission had two objectives: to conduct a serologicstudy of the dynamics of maternal 
measles antibodies 
in infants
less than 10 months of age, and to 
review Oral Rehydration (ORT)
activities in the 
hospital environment in Brazzaville.
 

The preliminary report*of the consultant (Dr. F. Dabis), datedSeptember 19, 1986, presented 
the ORT results and
recommendations. 
 The present final report gives the principalresults of the serologic investigation. These results were
presented during Third
the International 
Seminar on Vaccinations
in Africa, which was held in INiamey, Niger from January 29 to 31,
1987 (see Proceeding of the Seminar, in press).
 

B. MATERIALS AND METHODS
 

The detailed protocol for this 
study is presented in Appendix 1
o. this document. The subjects of the study were infants fromtwo to nine months of age who were brought to the consultingservices for healthy children at the city's eight major 
clinics
for Maternal and Child Protection during the period extendingfrom August 25 to September 4, 
1986. The objective was toinclude the first 30 infants from each one-month age group that

presented at the clinic. 

The following information was collected for each infant 
by using
the questionnaire presented in Appendix 2: date of birth, sex,weight and height, (measured on site with calibrated instrumentsby investigators who had been received prior training), previous
4 1story of measles and measles vaccination, nursing moalities,birth weight, age of the mother, and child's rank in the family. 

A capillary blood sample was taken on each child. The blood wascentrifuged within 12 hours and serumthe maintained at +40 Co.The measles antibody titration was carried out at the LondonSchool of Tropical illedicine (G. Mlann and associates). Thetitration technique used was that of plaque inhibition, derivedfrom a trial technique on the Schwartz vaccinal strain. Results
,'ere converted into 
International 
milliUnits of Reference, with
seronegativity defined 
as 40 International 
milliUnits (mlU) or
less per milliliter (ml) of 
serum.
 

C. RESULTS
 

1. Description of 
the Sample
 

There were 264 infants enrolled in the study; of these, 12 weresubsequently excluded from the analysis for the following
reasons:
 

* see Appendix III. 



o 	 11 of the 12 presented with a highly elevated antibody titer
 
(i.e., 2,000 International milliUnits or more per m! of
 
serum) suggesting a recent infection, a fact that was
 
later confirmed from the medical record 4 cases.
in 	 Of
 
these 11 infants, 10 were seven to nine months of age and
 
one was three months old.
 

0 Of the 264 infants, only one was not being, and neverhad 

been, breast-fed. This infant was likewise excluded from 
the analysis 
even 	though his antibody titer was considered
 
protective (i.e., 119 International milliUnits per ml of
 
serum at 15 weeks of age.
 

Comparison of the total initial sample 264
of infants with the
 
252 on whom the analysis of the serologic data was based showed 
no 
difference in terms of age (see Tables 1 and 2), nutritional
 
status (see Tables 3 and 4), birth weight (see Tables 5 and 6),

or maternal characteristics (see 	 Tables 7 and 8). However, it
should 
be noted that 4 (21%) of the 19 children in the initial
 
sample who were suffering from chronic malnutrition (see Tables 3
 
and 4) had had measles.
 

2. 	 Serologic Results
 

The laboratory conducted a blind analysis of the sera. Two
 
specimens were taken from 24 
infants, 3 in each one-month age

group (see 
Table 1), and these specimens were subjected to
 
separate analyses. In 15 cases the serology 
for both specimens
 
was negative. In 9 cases the serology was positive, but only
showed, on average, a 17 percent difference between the 
specimens. -:oreover, the sera of five young adults, who had an a

priori acquired immunity against 
the measles virus, !ere added
.. at
 
random. 
 All were strongly positive. The same test conducted on 
the serum of five laboratory rabbits was consistently negative. 

If the proportion of seropositive infants is studied by age (see
Figure 1), it can be noted that 96 percent of the children have 
protective antibodies 
at two months of age; however, this 
proportion drops sharply below percent 	 with50 	 beginning
months of age and reaches less than 10 percent at 	

four 
seven months of 

age. 

The antibody titer was positive in 90 (36-) of the 252 
observations. As can be seen from Table 9 and Figure 2, it is
clear that the average antibody titer, represented for each agegroup by its geometric mean, likewise drops with ,e. The 
apparent rise in the antibody titer in the nine-month age group
is probably due to the small sample size 
in this age group (n=2).
 

Table 10 and Figure 3 are designed to show the existence of a 
linear relationship between the rate of measles antibodies and 
age expressed in monchs. W1hen variables other than age are taken 
into account in the model, especially sex of the child, birth 
weight, and maternal age, these variables do not change the 



40 

relationship (see Table 11). However, it is difficult toilterpret this model because 
the titration method used gives a
value of to
zero each titration less or tothan equal.
International 
milliUnits. 
 In order to clarify the existence of
this correlation, the obse:-vations were regrouped into four-weekage groups, and the median age for each group was correlated withthe percentage of seronegative subjects (see Table 12). Thelinear relationship between 
the proportion of seronegativesubjects and age then appears very clear (see Figure 4): thecorrelation 
coefficient 
is 0.92, and the proportion of
seronegative subjects 
increases 
to 3.3 percent per week beginning
ulXth the second month of life. According; to this model, only one
o t of two children would 
have protective antibodies at four and
a half months of age, and 
none would have them at 
eight months.
 

D. DISCUSSION
 

Our serologic study shows that in a sample of healthy infants in3 razzaville, passive immunity to 
measles does not last as long asone would be led to believe from the African studies areon whichbased the recommendations on measles vacci-ation of the ExpandedProgram on Immunization (EPI). (See Bull NH1O 
 1977; 55:21-31.)
 

Several 
studies have recently been published in this area.
Halsey and associates (N%Engl 'edJ 1995; 313:544-9) showed thatin Haiti, the optimum 
age for measles vaccination seemed to
eight months 
of age. Black and associates (Am J Epidemiol 1986; 
he 

124:442-52) recently 
reported results of 
several studies
confirming that there are important geographic differences interms of both passive measles 
immunity of maternal origin and of
vaccinal seroconversion. 
 Unfortunately, 
only one of these
studies was conducted in Africa, at Lagos in Figeria. Inaddition, 
all these serologic studies used 
the measles antibody
titration technique called 
hemagglutination 
inhibition. 
 All the
authors agree that although this method is a good early detectionmethod, it is inadequate for producing quantitative results.
. n and associates were toable compare this method with that ofplaque inhibition. This latter method, which was used instudy , proved to be four times 
our 

more sensitive
hena gglutination inhibition. 
than 

Finally, in the course of their
work, Burgess and associates were able to discover a linear dropin 
the rate of maternal antibodies very similar 
to that observed
in the Congo: 100 percent of the children tested wereseronegative at 7.6 
months of (See 1. Tomkinage. Burgess , A.,
Garelicl: If, and Mann G. Mieasles immunization trials in 'beya,Tanzania. .lanuscript in preparation.)
 

Several of cir results still need beto validated. It isorobable that the antibody 
titer observed in an infant depends 
on
that of the mother. Ne have simply been able to note thatneither maternal age nor parity is an intervening factordecreasing the antibody in
 
rate in the infant. Therefore, it wouldbe important complete workto our by conducting a comparative 

mother-child study.
 



There are 
two possible approaches 
we could take: one approach

consists of repeating our work on another group of two 
to eight
month old infants, while systematically taking 
blood samples from

the mothers and measuring their anthropometric parameters (i.e.,
weight, height, age);
and the other approach, which complements

the first, involves taking a maternal 
blood and cord sample at
the time of birth 
in order to study the transplacental transfer
of antibodies. In both 
cases, the plaque inhibition technique is
the only viable serologic method to use 
because it gives

quantitative results with sufficient precision.
 

It is more logical to consider repeating this study in a rural
 
population and 
also in a group where the prevalence of
malnutrition is higher than 
it was in our present study (6.0 % in
 
our sample).
 

Taking 
into account the preliminary results observed in the
Congo, it seems justifiable to propose 
that some vaccinal

seroconversion trials, 
beginning at three months 
of age, be
conducted in that geographic 
area. This would be a difficult
undertaking and 
would require a rigorous scientific protocol 
so
as to avoid the dangers of not being able to conclude the trial or of creating serious ethical problems. As far as possible,
such trials should be conducted by using the most recentlydeveloped vaccines, 
indeed 
even those in the course of being 
developed. 

It is important to conduct all 
or part of these complementary

studies before the end of 1987. 
 If possibie, should
they also
take place in the 
Congo where the preliminary studies have
already been undertaken. 
 In the interim, the Congolese EPI
objective must 
be retained, i.e., vaccination against measles at
nine months of age for 90 percent or more of 
the children. In
this way, a substantial reduction in mortality and in mortality

caused 
by measles can be assured.
 



TABLE 1
 

AGE DISTRIBUTION OF CHILDREN
 
INCLUDED IN THE BRAZZAVILLE STUDY
 

AUGUST - SEPTEMBER, 1986
 

N=264
 

Age Group Children (%) 
 Samples
 

2 months 24 (9.1%) 27 

3 months 33 (12.5%) 36 

4 months 33 (12.5%) 36 

5 months 33 (12.5%) 36 

6 months 33 (12.5%) 36 

7 months 38 (i4.4%) 41 

8 months 37 (14.0%) 40 

9 months 33 (12.5%) 36 

TOTAL 264 (100%) 
 238
 



TABLE 2
 

AGE DISTRIBUTION OF CHILDREN
 
RETAINED FOR ANALYSIS IN THE BRAZZAVILLE STUDY
 

AUGUST - SEPTEMBER, 1986
 

N=252
 

Age Group Children (%) Samples
 

2 months 24 ( 9.5%) 27 

3 months 31 (12.3%) 34 

4 months 33 (13.1%) 36 

5 months 33 (13.1%) 36 

6 months 33 (13.1%) 36 

7 months 35 (13.9%) 38 

S months 34 (13.5%) 37 

9 months 29 (11.5,%) 32 

TOTAL 252 (1001%) 276
 



TABLE 3
 

NUTRITIONAL STATUS OF 263 CHILDREN'
 
INCLUDED IN THE BRAZZAVILLE STUDY
 

AUGUST - SEPTEMBER, 1986
 

Weight/age relationship < 80% 
of the median
 

Age Group n %
 

2-3 months 
 2 3.5% 

4-5 months 2 3.0%
 

6-7 months 
 5 7.0%
 

8-9 months 
 10 14.3%
 

TOTAL 
 19 
 7.2%
 

Weight not available for one child
 



TABLE 4
 

NUTRITIONAL STATUS OF 251 CHILDREN1
 
RETAINED FOR ANALYSIS IN THE BRAZZAVILLE STUDY
 

AUGUST - SEPTEMBER, 1986
 

Weight/age relationship 
< 80% of the median
 

Age Group n 7
 

2-3 months 
 2 3.6,2
 

2 3.02
 

6-7 months 


3-9 months 7 11.1­

4-5 months 


4 5.9, 

TOTAL 15 
 6.0% 

1 Weight not available for one child 



TABLE 5
 

BIRTH WEIGHT OF 263 CHILDREN1
 
INCLUDED IN THE BRAZZAVILLE STUDY
 

AUGUST - SEPTEMBER, 1986
 

Birth Weight n 

1.5-1.99 kg 

2.0-2.49 kgs 

2.5-2.99 kgs 

3.0-3.49 kgs 

3.5-3.99 kgs 

4.0-4.49 kgs 

6 

20 

99 

94 

38 

6 

2 .3 

7.6 

37.6% 

35.7% 

14.5% 

2.3% 

TOTAL 263 100 % 

1 Birth weight not available for one child 



TABLE 6
 

BIRTH WEIGHT OF 251 CHILDREN1
 
RETAINED FOR ANALYSIS IN THE BRAZZAVILLE STUDY
 

AUGUST - SEPTEMBER, 1986
 

Birth Weight n 

1.5-1.99 kg 6 2.4% 

2.0-2.49 kg 20 8.0% 
2.5-2.99 kg 96 38.2% 

3.0-3.49 kg 87 34.7% 

3.5-3.99 kg 36 14.3% 

4.0-4.49 kg 6 2.4%
 

TOTAL 251 
 100 %
 

1 Birth weight not available for one child 

http:4.0-4.49
http:3.5-3.99
http:3.0-3.49


TABLE 7
 

CHARACTERISTICS OF 262 MOTHERS1 OF CHILDREN
 
INCLUDED IN THE BRAZZAVILLE STUDY
 

AUGUST - SEPTEMBER, 1986
 

Total Number of 
Pregnancies 

A~e (in years) 

<20 20-29 30-39 40-49 Unknown Total 

1 56 36 0 0 0 92 
(35.1%) 

2-3 10 80 3 0 4 97 
(37.0) 

4-5 0 33 16 0 1 50 
(19.17) 

16 0 1 16 3 3 23 
( 3.0) 

TOTAL 66 150 35 3 8 262 
(25.2%) (57.2%) ( 13.32) (1.1%) (3.0) (100%) 

1 Two mothers had twins. 



TABLE 8
 

CHARACTERISTICS OF 250 MOTHERS1 OF CHILDREN
 
RETAINED FOR ANALYSIS IN THE BRAZZAVILLE STUDY
 

AUGUST - SEPTEMBER, 1986
 

Total Number of 
 Age (in years)
 
Pregnancies
 

<20 20-29 30-39 40-49 
 Unknown Total
 

1 54 36 
 0 0 
 0 90
 
(36.0%)
 

2-3 10 76 3 0 4 
 93
 

(37.22)
 

4-5 
 0 30 15 
 0 1 
 46
 
(18.4%)
 

6 0 
 1 15 3 221
 
(3.42)
 

TOTAL 64 
 143 33 3 
 7 250

(25.62) (57.2%) (13.2%) (1.2%) (2.32) 
 (1002)
 

1 Two mothers had twins.
 



FIGURE I 

MATERNAL MEASLES ANTIBODIES BY AGE 
252 INFANTS 

BRAZZAVILLE STUDY 
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TABLE 9
 

RATE OF MEASLES ANTIBODIES BY AGE
 
BRAZZAVILLE STUDY
 

AUGUST - SEPTEMBER, 1986
 

N=252
 

2 'onths
 
AB2
 

Mean: 
 Std. Dev.: Std.Error: 
 Variance: Coef.Var.: Count:
 
7 ~~~-------- ------------ ------------
:334.783: 320.73 

----
: 66.877 
-

: 102867.451 
-

----­
:95.802 
- - - -

-----­ ----. 
: 23 
-

Ninimum: Maximum: Range: Sum: Sum Squared: * 

:56 : 1152 
-

: 1096 
-

: 7700 : 4840910 : 1: 
- - ­ - -

Aedian: Node: Geo. Mean: 

237 : 
 : 219.284
 
-
 -
 -
 -
 -
 -
 -
 -


3 L'lonths
 
AB2


Miean: Std. Dev.: Std.Error: 
 Variance: Coef.Var.: Count:
 

:211.963: 222.268 : 42.776 
 : 49403.191 : 104.862
. . . . . f f : 27
I I f I 

lininum: 11aximum: Range: Sum: 
 Sum Squared: * 

:41 :988 
S-

:947 :5723 :2497547 :4:
 
t -- I I I 

Nedian: Mode: Geo. Iean: 

-~----------

123 : 
 : 145.944
 

S- I -- I I I 

4 Months 
AB2
 

Mean: Std. Dev.: Std.Error: Variance: 
 Coef.Var.: Count:
 

:196.438: 241.314 
 : 60.328 : 58232.262 : 122.845 : 16
 
. . . . . . . . 

t>Ninimum: N*aximijm: 
-- -

Rlange: Sum: 
-


Sum Squared: * 

43 933 
 : 890 3143 : 1490887 : 17 

Mledian: Moce: Geo. Mean: 

92.5 : : 123.309 

* = Number missing 
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TABLE 9 (CONTINUED)
 

RATE OF MEASLES ANTIBODIES BY AGE
 
BRAZZAVILLE STUDY
 

AUGUST - SEPTEMBER, 1986
 

N=252
 

5 Mon ths
 
AB2
 

"iean: 
 Std. Dev.: Std.Error: 
 Variance: 
 Coef.Var.: 
 Count:
 

:137.375: 130.606 
 : 49.005 
 : 19211.696 : 100. 96 : 8
 

rinimum: liaximum: Range: Sun: 
 Sum Squared: * 

44 : 423 
 : 384 :1099 :205457 : 25
 
-
 -
 -
-


.ieCdian: Jode: 

- - -
- - - - -


Ceo. :ean:
 

70.5 :
--....... : 96.291
 
_
 -


6 Uionths
 
AB2
;lean: Std. Dev.: 
 Std.Error: 
 Variance: 
 Coef.Var.: 
 Count:
 

:105.429: U3.664 
 : 31.622 
 : 6999.619 : 79.356 : 7
 

.:lnl::un: i.,axliinuim: Kanse: 
 Su : 
 Sum Squared: * 

41 : 24
I :I 243! :I 733 :I 119'04 :I 26 

icdian: ,!ode: Geo. ,ean:
 

:: 
 : 35.999
 
-
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -


7 '>lonths
 
AB2
.iean: Std. 
Dev.: Std.Error: Variance: 
 Coef.Var.: 
 Count:
 

:79.5 : 28.991 20.5 

- - -

: 
--
340.5 

---
: 36.467 : 2
 -
 -


jinimu: ..a :imur'.: LZange: 
-


Sum: 
 Sum Souared:
 

59 100 : 41 
 : 159 
 : 13431 
 33
 

'Ciian: :1ode: 
 Geo. i.ean:
 

79.5 : e
---------- : 76.811
 

,,umber mis-ino
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TABLE 9 (CONTINUED)
 

RATE OF MEASLES ANTIBODIES BY AGE
 
BRAZZAVILLE STUDY
 

AUGUST - SEPTEMBER, 1986
 

N=252
 

3 Months 
AB2 

.ean: Std. Dev.: Std.Error: Variance: Coef.Var.: Count:
 

i 
70.8 : 

I 
52.742 : 

I 
23.587 : 

I 
2781.7 : 

I 
74.494 : 

I 
5 

I 

l'inimum: Naximum: Range: Sum: Sum Squared: * 
------------------------------ ------------ ------------ ------------ -----­

43 : 165 : 122 : 354 : 36190 : 3o: 
------------ ---------------------- -----------­

'edian: ,,ode: Geo. '!ean: 

50 : 50 60.52: 

9 M1onths 
AB2
 

Nean: Std. Dev.: Std.Error: Variance: Coef.Var.: Count:
 

210 : 209.304 : 148 : 43008 : 99.6303 2 

:,ninimum: 'aximum: Ri ;ange: Sum: Sum Squared: * 

62 358 : 296 : 420 : 132003 : 26 

:edian: MZode: Goo. Mqean: 

210 : : I48.983 : 
 :
 

• = Number missing
 



FIGURE 2 

MATERNAL MEASLES ANTIBODIES BY AGE 
90 SEROPOSITIVE INFANTS 

BRAZZAVILLE STUDY 
SEPTEMBER, 1986 
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TABLE 10
 

RELATIONSHIP BETWEEN THE RATE OF MEASLES ANTIBODIES AND AGE
 
BRAZZAVILLE STUDY
 

AUGUST - SEPTEMBER, 1986
 

252 Infants
 

Corr. Coeff. X : AGE 
 Y : AB3
 

Count: 
 Covariance: 
 Correlation: R-squared:
 

252 :-183.829 
 : -.469 
- - -- .22
-
 -
 -
 -
 -
 -
 -
 -
 -
 -


Simple - Y : AB3 
 X : AGE
 

DF: R-squared: Std. Err: 
 Coef. Var.:
 
-
 -
 -


251 
 .22 
 : 157.319 
 : 205.02Y
 

Beta Coefficient 
Table
 

Parameter: 
 Value: 
 Std. Err.: Variance: 
 T-Value:
 

:I.S2CEPT 
 29.746 23.346 
 : 803.493 
 : 10.575
 
:SLOPE 
 : -37.826 : 
4.504 : 20.239 
 : -8.39S
 

-
 -
 -
 -
 -


Analysis of Variance Table
 

Source 
 DF: Sum Squares: Mean Square: F-test:
 
.....
 

:REGRESSION: 
 1 :1745307.436 
 :1745307.436 
 : 70.519 

:RESIDUAL : 250 ------------- -----------------------:6187322.215 --
:21749.299 ­p S.0001 
-T- - ­ -
 -
 -
 -
 -
:Total : 251 :7932629,651 

- - - - - - - - - - -


I .. 


Iesidual Information Table
 

SS re(i)-e(i-1):] 
e y 0: e < 0: 
 DY test:
 
: 1-


:994113 
 :11--------------------




FIGURE 3
 

RELATIONSHIP BETWEEN THE RATE OF MEASLES ANTIBODIES AND AGE
 
BRAZZAVILLE STUDY
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TABLE 11 

RELATIONSHIP BETWEEN THE MEASLES ANTIBODY RATE
 
AND FIVE DEPENDENT VARIABLES (MULTIPLE REGRESSION)
 

BRAZZAVILLE STUDY
 
AUGUST - SEPTEMBER, 1986
 

252 Infants
 

Multiple - Y :AB3 Five X variables 

DF: R-squared: Std. Err.: Coef. Var.: 
- -------------------
:240 :.23 
 :160.705 204.213
 

Analysis of Variance Table
 

Source IF: Sum Squares: N'iean Square : F-test:
 
.......... 
--......... -------------------------------
: EGR SSIO:X: 5 :1817948.566 :3635S9.713 : 14.073 

.1-.. . . . . A. - ­ - - A 
!---------
 !----------------:RI;SIDUA. : 235 :6069128.712 :25S26.08 : p <.0001 

:TOTAL : !------------------------------------­240 :78.7077.278 

','or.e: 11 cases deleted with missing values 

Parameter: Value: 

:IhTE[CEPT :193.387 

:AGE :-37.874 
-

:SE. :-23.570 


:1T" WT. :7.595 

:.,/A - : 622 
A.-----------------------------------

:AGE>i :1.577 

-
 -


Beta Coefficient Table 
Std.Err.: T-Value: 

: 104.225 1.855 

: 4.908 : -7.717 
A. -------.--------

: 20.951 -1.125 


23.086 .329 
-A ------

: .941 .661 


: 1.926 .819 


Partial F: 

:59.557
 
----- A 

:1.267 

A.-------A. 

:.108 
t-----­

:.437 
A. 

:.671
 
I ­

http:25S26.08


----------------- ------------- -------------- ----------

---- 

-----------------------------------------------------------------------

------------ --------------------------

- -

------------------ ------------ ------------- -----------

TABLE 12
 

DROP IN MEASLES ANTIBODIES AS A FUNCTION
 
OF AGE
 

BRAZZAVILLE STUDY
 
AUGUST - SEPTEMBER, 1986
 

N=252
 

Simple - Y % SERONEGATIVES X : MEDIAN AGE (IN WEEKS) 

DF: R-squared: Std. Err.: Coef. Var.:
 

:7 :.847 :15.236 :24.319
 

Beta Coefficient Table
 

Parameter: Value: Std.Err.: Varince: T-Value: 

:INTPCEPT : -13.447 : 14.241 : 202.809 : -. 944 

:SLOPE 
-

---------------: -------.-----------3.277 : ---- --------------.568 : .322 -----------­ : 5.772 
- - - - -

Analysis of Variance Tablc
Source D:: 
 Sum Squares: ,ean Square: F-test:
 
-
 . ..------------------------
i,...ESSIOU 
 :1 :7735.311 :7735.311 
 :33.321
 

PLS IDUAL :6 
 :1392.853 :232.142 :.OOOlpS.0O5
*-------+-----------------------------
.TOTAL :7 
 :9128.164
 

-
 - - i ­ i -


Residual Information Table 
SS IC(i)-e(i-l): e ? 0: e < 0: M." test: 

:1372.011 : 4 : 4 : 9 5 
I - - - ­ -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -


Corr. Coeff. X : MEDIAN AGE (IN WEEKS) 
 Y : % SERONEGATIVES
 

Count: Covariance: Correlation: R-squared:
 

:337.256 :.921 

-
 I 

: 
-
,47 



TABLE 12 (CONTINUED)
 

DROP IN MEASLES ANTIBODIES AS A FUNCTION
 
OF AGE
 

BRAZZAVILLE STUDY
 
AUGUST - SEPTEMBER, 1986
 

N=252
 

Ane Group iHedian Age Cases 

P-ii Vo'eks U.4 n=24 

12-15 ..'c!c:s 12.6 n=31 

16-19 '.eh!s 17.2 n=33 
20-23 ,ee!:s 21.2 n=3 

2-27 !Jek 25.9 n=42 

23-31 ',:eehs 29.8 n=29 

32-35 l.ec!:s 34.0 n=32 

36-39 "cehs 36.7 n=23 



FIGURE 4
 

DROP IN MEASLES ANTIBODIES AS A FUNCTION OF AGE
 
BRAZZAVILLE STUDY
 

AUGUST TO SEPTEMBER, 1986
 

N = 252
 

3
y = .2 7 7x + -13.477 R-squared: .847 
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ANNEXE -1 

PROPOSAL FOR MEASLES ANTIBODY STUDIES

COMBATTING CHILDHOOD COMMUNICABLE DISEASES PROGRAM
 

07/24/86
 

OBJECTIVE:
 

To identify the optimum age for providing measles vaccine to
 

children in selected African countries, by assessing the level of
 

maternal antibodies against measles 
during the first year of life
 

and documenting 
 its relationship to child and maternal factors. 

BACKGROUND:
 

Measles is a 
major killer of children ir Africa and 
is particularly
 

severe before their first 
birthday (i). Currently available vaccines
 

produce seroconversion rates of 90% 
or greater only 
in children older
 

than eight months of age (2). 
 In younger children, most 
vaccine
 

failures are 
due to 
the fact that passively acquired maternal
 

antibodies neutralize the attenuated vaccine virus. 
 In several regions
 

of Africa where immuni-atior, programmes have promoted vaccination at
 
nine morths and where vaccination coverage 
 levels of 501 or, higher have 

beer, reached, at least 20*. of all reoorted measles cases are in cnilcrer
 

less thar nine months of age (2.4).
 

In an, unPublished study from Tanzania. researchers from the Lonoor. 

Scnool of' Hygiene and Tropical Medicine'f:und a linear relationshic 

betweer the loss of' maternal antibodies ard the witnage o-f the child. 

aoecrease ,:.- ao,:,u 57. per week beginning a- the 13th weev :f ilfe 

(5j. The ecnirquE usec ir, that study wac - piacue 
assa, -, :.rle exmert- recorimiert for- the rileas.u'eriert ,- r, a'erra­

ar, zio:cies neca,.ise o -, z-7 hio-. sensiz:v*t-\ arc itS aotio'z ,: or.:'cuce
 

uanzita-ive r7esults.
 



'3. Mnarn orooosea that oy ,etermiinng The rate :,f oecline -"azern 

antibodies in a given o:oulati,:-n ana ov selecting a deszi.-=a
 

ser ,-,ncoversin 
 rate. -zre -ouid easily *ecermine the oot iriial age ,o.f 

vacci,at ,n thisi;- O:,oulation fr given racci-e without .ecessari 

h6tvina to reoeat vaccine serc':,nversl:,n rials ne elsewhere '.).
 

add it ion. the dem,:,nst-.. i:,n .:,f a 
 shnara .nd rzaoirj raecti-ne maternal 

antibodies before nine months of couldage lead to the use of the 

currently available vaccine in 
children less 
;han nine montns o age.
 

Clinical t-ials of rneales vaccine carried out 
in infants less thar
 

nine months of age in several 
African countries have suggested that
 

levels 
:,f maternal antibodies at 
a 
given age might be different in
 

children fron different places (5).
 

STUDY POPULATION:
 

Children three to ten months of age will be enrolled in the study.
 

Ideally, the study will 
 be repeated in a rural and an urban zone in a 

least three countries. 

SAMPLE SIZE:
 

The study will include a minimum of 30 to 50 children in each month 

age g-oup, or a total of 240 to 400 children three to ten months of a 

at each study site. 

STUDY SITE:
 

The study will be carried out 
in the busiest Maternal and Child
 

Health Clinics of the study area. 
 The well-baby clinics will 
be the
 

primary 
location for enrollment. The study will start 
on days when
 

immunization sessions for 
BCG, 
DTP-Polio, and measles vaccinations ar
 

V 



-sc"he ul a. Ici. -..,i-hen mt:.U-zhers jsi-.ta , , :/ r. ,° , I ' '.1'j = -,, "."e ,_ ,i ' 

In add it i,---n. ch i ldr.n zr,-:ught ,',- ,-r u lta %,.n. :.n . 5ar, e .a 

curative section ,-,f 'he =linic c:uIc also )e er,:,i lea. 7 r *I n d r­
are needed, the stud ,,vco.Ll be exte roed i;ci ,e h2l.rer, 1r,- ne 

ho1-uses closesc 
to the clinic.
 

PROTECTION OF HUMAN SUBJECTS:
 

Written perrnissic:n for carrying :,ut 
 th!! study will Ze :,3taired fr-,,m 

the nati:nal arid l:cal authorities bef,:,re 
tre study is startea.
 

The consent of each rothe- will be obtained --:,rally, as is the usual 

practice in Africa, by reading the following statement in he tocal 

language(s): "Measles is a major health problem in African chiloren. 

especially in 
this country. According to the current immunization
 

policy in your country, the best 
time to vaccinate your child against 

measles is at nine months of age. 
 To understand 
if there is a better
 

age for vaccinating children against measles, we would 
like to get a
 

small 
sample of your child's blood, similar to what 
is collectad 
for a
 

malaria smear, to 
perform sz:me laboratory tests. 
 This procedure will 

not 
harm your child. Should you not 
want to participate, you- will 
sti"
 

be eligible to receive all 
the services available at 
this clinic."
 

Granting of oral 
permission will 
be documented 
on a line listing
 

All previously unvaccinated children 9-ii 
months of age will 
be
 

vaccinated with 
measles vaccine at 
the tim&o of the study. Caretakers
 

children less than nine months of age will 
be informed of the
 

appropriate time to return for measles vaccination. All children 
in
 

need of other vaccines recommended 
by the national Expanded Program on
 

Immunization will 
be offered these vaccinations at 
the time of the
 

study.
 



PARAMETERS 'STUD Ei):
 

.- or _=acre cn i i err,.l' leCd in the s1.',0v, a - :,,, sarnl .e 

than (-',:' icr,./,i1. rs ,.qj - ,:,'iacPCtd-ed :; .T e it,: 

,meth:d. A second samaoie will :ol lec-c'_ :efri :re :n - r._=,,erv, 

chi ldr -n :-rcar t.:. : at i-,ernal ,::-s i- trcv :.f tne l.aD,:,'at..,-v
 

.echniaue. 
 A ;,ew sterii_, disoosabl lancet wl we U.sedi -,r :acn 

child, after the finger has been cleaned with alcohol. 3oeclmens wi 
be centrifuged within 24 hours, the sera separated and kept in, a 

refrigerator. Soecimens will be ancoded by the investigator. 

Data will be recorded by study number.
 

The following child variables will be recorded 

" date when the specimen was taken 

" specimen number
 

" date of birth (one will specify whether or not there was writter
proof of the date of birt,; if there is no cocument. the age wilbe defined 
as the total number of complete months lived accordir
 
to the mother)
 

" sex
 

" weight and height, using a salter-spring balance scale and 
a
 
measuring board 

" breast-feeding status (not breast-fed, partially or 
fully
 
breast-fed)
 

• birth weight, if documented
 

• vaccination status (non-vaccinated, written proof of measles 
vaccination, mother's history of measlis vaccination)
 

" histo-y of measles illness
 

The following maternal 
variables will 
be recorded:
 

" age
 

• parity
 



ANAL/'3 13 : 

l,-,:,od sapIiles w.ill be 1'---a;ied -:,nher: jet ic - v the 
',ves t iga .. :.e the r, : ld the .3r c v :' ­nnade .a 

".:c .... d..ri whiere nilac'.e ;e.: :i:ras-,ays . oc erf:~ 
Dec.a'r' rjient ..­,T:,HV,-,,C.,/:Ly _-,i,'r '] =,, '' 
 arjd iaH q nC a'',, 

Medicire). The iaboratory -jill ,:ni,. '_-e or,:,vicec Coce 'ur,ocers at the 

time .,f the analysis. The .a11di~v ,:r th e -es.ts -j ill e ssesse, .N 

rancomly including confirmed ,osft ve ana regat ive sera in the lot .1,_ 

specimens or,ovided to the laboratory. Al11 children .ith antibody: lev 

,of 55 rimilli-internati:,nal reference units/rs'l or less will be defined F 

seronegative. Geometric rcean titers will be calculated only :or
 

children with detectable antibody levels and for each 
age group, i.e.,
 

by month. Correlations between the antibody levels and the various
 

child and mother variables will 
be explored using Student's t-test, Ch
 

square tests, and multivariate analyses when appropriate.
 

LOGISTICS AND BUDGET:
 

At each site, two to four weeks of field work will 
be necessary
 

depending on the use 
of health services by the study population.
 

The Technical Officer 
or the Field Epidemiologist from the CCCD
 

Program -or a consultant will 
supervise field activities involving 
one
 

physician with knowledge and training in 
immunization and
 

epidemiologic surveys.
 

Support staff such as a driver.and a secretary will be provided
 

by the national CCCD Program and will be paid according to the lozal
 

scale. Transportation costs will 
be supported by the CCCD Program.
 

Equipment: 500 non-heparinized collection tubes, 400 disposable
 

lancets. measuring boards, and salter spring-balance scales (2).
 



IrL:CGRAPHY
 

*f diseases in the *:evelo,0ir,g ,:rl. IV -Measles. Rev tnfect Dis 1S8-i 

5 (i) :33'-4C0. 

(2) C:llaborative t'.idv Gr',:uo,:f the ar,aercan Heaitn­

Qrganizati-.n. 3 er:,c:,nr-si:,n 
 rates and tr,easles nti.,:dv itars i, 

by reasles vaccine in Latin American chlildren ;-I. r,:,r,-hs of age. 84 

Pan Am Health Organ 182; 16(3): -:7-ij.
 

2) Taylor W, et al. IMportance of measles :.roer nine 
m,.nths in 

children in urban Africa (in prepart in). 

(4) Dabis F, et al. The epidemiology of measles in a partially 
vaccinated African city: implications for immunization programmes 

(submitted for publication).
 

(5) Markowit= L (Rapporteur). Workshop on the 
use of measles vacci
 

in infants under nine months -if age. 
 Centers for Disease Control. 

Atlanta, GA (USA). November 21-2-, 1985. 



Laborat.:.ry analyses .i1. be oerf0-0rrjec n :he Department .-.f 

laorat.:nry 

Mic i,:,i,. g ,:f the 3chol O:,-dr,,:f Hygiene a rr,:7oicaj eici'.e i,-, 

will zost 546 British pcunds ($835) f,:,r a batch :f 15t'C tubes. Tho t:. t 

laoorat. cs f:r o ne s tAdy sit z will e ab.o.iturthe . S) ' 

children' s bl oocj. 

A final reoort will be prepared within two rilonths after 

results have been ?eceivea. 

http:Laborat.:.ry


APPENDIX II
 

MEASLES ANTIBODY STUDY
 
BRAZZAVILLE - AUGUST,1986
 

'41'
 



1. Date 
 DATE
 
Day iTonth Year
2. Code ,u'iber 


IDSiN . 
3. 1,;eight kgs)
(in 	 VEI­

4. Height (in c,:s) 
 G{-IG
 

5. Specimen ;,[mher (1) 
 SCS 1 

6. Specimen "umber (2) 
 SCS 2
 

7. Child's Date of Birth DATN .
 .
 
Day .lon th Year 

7a) 	 If the date of birth is 
 £Ni :
 
unknown, number of 
months
 
that have gone by.
 

e:: the
o. of child: 1=male; 2=female 
 SZXC
 

9. 
 s this child had measles? 
 MHOM

If yes, when? 
 :onth 

-

Year 
9 9 .
 9 9=Previous history of measles without precise information
80'.SU=,o previous history of measles
 

10. :%easles vaccination: 

;VAC
 

l=Vaccination noted 
in the carnet; 2=X'ot vaccinated:
 
3=Vaccination reported by mother
the 


Ia) 	 Date of the measles DOAV-----­
as noted in tihe carnet
 

11. 
 is this infant breast-fed? 
 B?:FL
 

1=,Aaternal breast-feeding only; 2 =Composite feeding
modalities; 3 =11,eaned: 
4 =Infant never breast-fed
 

12. Birth weight (in kgs,': 
 BIWE . 

• oo=.at vailable
 

13. :;other's age: 1=Less than 
20 years; 
 AGE:i
 
2=20-29 years; 3=30-39 years;

4=40 years and older; 9=Age unknown
 

14. Ask the mother the following question: 
 PREG------


Including with this child, how many times
 
have you been pregnant?
 

99=Do not '-now; S8=Person asked is not the 
mother
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PRELIMINARY REPORT
 

MEASLES ANTIBODY STUDY - CONGO
 

A Report Prepared By PRITECH Consultant:
 
FRANCOIS DABIS, M.D.
 

During The Period:
 
AUGUST 22 - SEPTEMBER 6, 1986
 

TECHNOLOGIES FOR PRIMARY HEALTH CARE (PRITECH) PROJECT
 
Supported By The:
 

U.S. Agency for International Development
 
AID/DPE-5927-C-O0-3083-O0
 

AUTHORIZATION:
 
AID/S&T/HEA:
 
ASSGN. NO: SS 156
 



Date. September 19, 1986 

Fr Frangois Dabis, M.D., 
Pritech & Combatting Childhood Communicable Diseases (CCCD) 

5vbjegt., Trip report - Congo 

To: Director, Pritech 

Director, Evaluation and Research Division, IHPO, CDC 

I. Dates and places visited: 

August 22 - September 6, 1986 
September 6 ­ 9 

BrazzavIle 
London 

2. Pur[)Qe: 

Brazzavil1le: 
I) To conduct a serological investigation into the prevalence of 
maternai antibodies against measles In children aged 2-9 months. 
2) To review the status or oral rehydration therapy (ORT) activities 
at Makelekele Hospital. 

To deliver the specimens collected in Brazzaville to the Virology
Laboratory of the London School of Hygiene and Tropical Medicine 
and to discuss the scheme for data analysis. 

3. Persons contacted: 

Dr. Madzou, CCCD Coordinator and Director of Preventive Medicine,
 
Ministry of Health (MOH)
 
Mr. Obe Andzouoko, Director of the Diarrheal Diseases Control
 
(CDD) Program, Direction of Preventive Medicine (DMP), MOH
 
Mr. Ognangue, Laboratory Technician, Service de 'Epidemiologie et
 
des Grandes Endemies, DMP
 
Mrs. Nkoue, Expanded Program on Immunization, DMP
 
Dr. Moka, Director of Maternal and Child Health Services for
 
Brazzaville, MOH
 
Dr. Ondzoto, Director of MCH clinic, Makelekele Hospital

Dr. Mavoungou, Pediatrics Department, Makelekele Hospital

Mr. Fitzgibbon, CCCD Technical Officer, DMP
 
Mr. Wilson, Deputy Chief of Mission, American Embassy
 

London-

Dr. Mann, Department of Medical Microbiology, London School of 
Hygiene and Tropical Medicine 



4. Summary of accomplishments: 

4.1 Measles antibody tsdy 

a) Background: 
Measles remains a major public health problem in Brazzaville,despite the Increasing levels of vaccination coverage achieved in the pastfive years through the Expanded Program on Immunization (Figure I).Transmission is still endemic, peaking during the rainy season. Duringthe first semester of 1986, 2,107 children were hospitalized for measlesIn Brazzaville, of which 84 (4.0%) died. The overall number of reportedcases through the sentinel surveillance system was 2,207 for the samesix-month period, slightly less than during the same period of 1985 when2,516 cases had been reported. Although a trend is noticeable in terms ofreduction of the morbidity (Figure 2), the disease burden is still high,and 20% of the cases are unpreventable with the current vaccination 

policy at nir, months of age (Figure 3). 

b) Study design:
The study protocol presented in Annex I was used. All provisionswere made to guarantee the protection of human subjects as proposed in 

the protocol. 

c) Field york:
The consultant, with the assistance of a laboratory technician (Mr.Ognangue) and a nurse (Mrs. Nkoue) from the Expanded Program onImmunization spent ten days selecting the sample and gathering the
 necessary information. 
 All children were selected from the well-baby


clinics of eight Maternal and Child Health Units (SMI). 
 For each child, aquestionnaire was filled out and a blood specimen taken, as described inthe protocol. In each month age group, two specimens were collected
from three children, to look at the internal consistency of the results. 
 Inaddition, six specimens were obtained from young adults, to be used ascontrols known to have measles antibodies. Six specimens were alsoobtained from rabbits, to be used as antibody-free controls. Processingthe specimens and entering the data on a micro-computer were done daily. 

d) Descriptive statistics: 
A sample of 264 children aged 2-9 months was enrolled. The male

to female ratio was 1.28, and each month age group was evenlyrepresented (Table I). Chronic malnutrition, defined as less than 80% ofthe median weight for age, was present,-in 7.2%,of the sample, withmarked differences according to the age group (Table 2). The percentage
of children who were breast-fed was 982 (94%vere fully breast-fed),Four children (1.5%) had a clinical history of measles, confirmed by themedical record in two instances. No child had been vaccinated against 



measles before enrolment into the study. Birth weight was recorded for263 children (Table 3). Summary figures for maternal variables are 
presented in Table 4. 

e) Laboratory work and data analysis:
All 300 specimens were coded after centrifugation and extractionof the serum. They were kept refrigerated until their delivery in London.It was agreed with Dr. Mann that the coding system would be broken afterthe laboratory results had been produced. Discussions with Dr. Mannincluded a review of I.ihn technique of the plaque inhibition test and of thefindings of the Tanzania study. It was decided that the results,especially the rate of decay of maternal antibodies, would be looked atfirst by monthly intervals, using an arithmetic scale. 

f) Prospects for future studies:
 
During the discussions with the 
 Congolese authorities, it wasdecided that any decision regarding changes in measles vaccination policywould have to be postponed until the data from this investigation hadbeen fully analyzed. Dr. Madzou suggested that a similar study be carriedout in a rural area of the Congo, the Plateaux area, to get a complete database for the country before policy changes were discussed. All theequipment (laboratory equipment, measuring boards, and scales) was leftto the CCCD Technical Officer to set up this study before the end of theyear. During the discussion with Dr. Mann, the importance of gatheringblood samples from the mothers themselves was stressed. It was agreedthat this procedure could be added to the protocol in future studies, inorder to correlate the rate of decay of maternal antibodies in children


with the level of antibodies in the mothers' blood..
 

4.2 Evaluation of ORT activities: 

Makelekele Hospital was the first medical facility in Brazzaville tobe offered standard ORT services by the national CDD Program and CCCDCongo eighteen months ago. Currently, three units are in operation in thishospital, one in the Infectious Diseases ward, one in the Pediatrics wardand the last one in the MCH clinic. All units send monthly reports to theCDD Program, which is in charge of feed-back, supervisionand supplies. 

The present evaluation focused on the activities performed in the MCHclinic and in the Pediatrics ward. It combined field visiLs with a review
of all statistics available for these ORT units. 



Oral rehydration therapy (ORT) is now a major activity in the MCHclinic: during the past year, the demand has rapidly reached a plateau,with about 300 cases treated every month (Figure 4), and 1,500 ORSpackets used quarterly. Between July 1985 and June 1986, 4,124diarrhea cases have been treated with ORT in this clinic. Fifty four, (54)percent of them were under one year of age, and 87% under two. Thestatistics show that dehydrated children are almost never seen in theclinic: a few cases of Plan Bat the most every month and virtually noPlan C. From the discussions with the personnel, the following
observations were made: 
 1)although an ORT corner functions adequatelyfrom 7am to 2 pm, ORT is not usually provided on-site during the rest ofthe day. 2) The unit is well equiped and at least six health workers havebeen trained in ORT. 3) The knowledge of the personnel of the signs ofdehydration is good; the monthly statistics are unlikely to be biased bythe misdiagnosis of dehydrated children. 4) The policy of giving an ORSpacket for maintenance therapy at home after on-site treatment has beenchanged to the promotion of a salt and sugar solution for home treatment,using the recipe developed by CCCD Congo. 5) The prescription ofantidiarrheal drugs, almost systematic before the inception of theprogram, is now the exception, and 6) The interest of the health workersand the mothers for ORT is very high. Although the overal impress.ion onthis ORT unit is very positive, this ORT unit does not entirely play therole of triage that an outpatient department should have in a largehospital. Its use as a demonstration unit by the national CDD program isquestionnable, unless trainees have other opportunities to manage
dehydrati.n cases. 

The Pediatrics ward has reported having treated 260 cases ofdiarrhea during the first semester of 1986, of '.,ich34% were admittedin Plan B and 26% in Plan C. From the field visit, the following
observations can be made: I) The ORT corner has not been delimited inthe ward. 2) Supervision of ORT activities is not assigned to a specifichealth worker in the shifts. 3) Physicians are not directly involved inORT activities, performed "independently" by the nurses. 4) Theassessment of the level of dehydration is not standardized and therecording system very poor. 5) There is no established system to closelymonitor inputs and outputs for the dehydrated patients. Those patientsare in general evaluated clinically twice a day and weighed once a day,and 6) Although no data was available, the personnel claimed that the useof IV fluids had been markedly reduced since ORS packets were available.With the recent arrival of a head nurse and a pediatrician who bothexpressed a strong interest for ORT during our visit, the conditions are

favorable to strenghthen this ORT unit. 



Recorrmendat ions:
 

1)The national CDD Program and CCCD Congo should provide

assistance to the Pediatrics Department of Makelekele Hospital to
properly organize an ORT unit. This should essentially be on-the-job

training in case management for one to two weeks. A physician, Dr. Coddy(DMP) or a consultant, should conduct this training. If this experience Issuccessful, Makelekele Hospital will be a good model of a combination ofoutpatient and inpatient ORT services for Brazzaville and for the rest of 
the Congo. 

2) The national CDD Program should collaborate more closely withNuted. This health education program financed by Care Congo has
developed material of good quality, including flyers, posters,and songs
promoting various aspects of ORT (SSS, breast-feeding, early feeding).

All these messages are in agreement with the current CDD policy in the
Congo. More coordination is needed to ensure that health education

efforts and ORT services reach the population at the same time,

especially outside of Brazzaville.
 

3) The national CDD Program should address the problem of recurrentcost as soon as possible. The Introduction of ORS packets Inalmost allthe MCH clinics of Brazzaville has been very well received by the healthpersonnel and the population. The sale of the packets is now likely to beaccepted by the mothers, already accustomed to purchasing the drugs.This last step will be the key to the long-term sustainaoility of the 
Congolese CDD Program. 

4) CCCD Congo should assist the national CDD Program In Improving
their supervisionactivities and information system. For the latter, aglobal review of the existent health information systems in the
Direction of Preventive Medicine is urgently needed. 

All of the above recommendations were discussed in Brazzaville with
the CCCD authorities before the departure of the consultant. 



TABLE 1: Age distribution of the children enrolled In the s 
BrazzaviIle - August-September 1986 - N=264 

Age category n (%) Specimens 

2 months 24 (9.1 %) 27
 

3 months 33 (12.5%) 36
 

4 months 33 ( 2.5%) 
 36
 

5 months 33 (12.5%) 36
 

6 months 33 (12.5%) 36
 

7 months 38 (14.4%) 41
 

8 months 37 (14.0%) 40
 

9 months 33 (12.5%) 36
 

Total 264 (100%) 288
 



Table 2: Nutritional status of 263' children
Measles antibody study - Brazzaville - August-September 1986 

Weight/Age'< 80% i Median 

Age group n % 

2-3 months 2 3.5% 

4-5 months 2 3.0% 

6-7 months 5 7.0% 

8-9 months 10 14.3% 

Total 19 7.2% 

Weight unavailable for one child. 

z/ 



Table 3: Birth weight of 263t children
 

Measles antibody study - Brazzaville - August-September 1986
 

Birth weight n 

1.5-1.99 kg 6 
 2.3% 

2.0-2.49 kgs 20 7.6%
 

2.5-2.99 kgs 99 
 37.6% 

3.0-3.49 kgs 94 35.7%
 

3.5-3.99 kgs 38 
 14.5%
 

4.0-4.49 kgs 6 
 2.3% 

Total 263 100% 

Birth weight unavailable for one child. 

http:4.0-4.49
http:3.5-3.99
http:3.0-3.49
http:2.5-2.99
http:2.0-2.49
http:1.5-1.99


Table 4: Maternal characteristics of 262' mothers
 
Measles antibody study_- Brazzaville - August-Septkmber 1986
 

Tota number Ae(inyears
oLregncries (20 20-29 30-39 40-49 Unknown Total 

1 56 36 0 0 0 92 
(35. 1X) 

2-3 10 80 3 0 4 97 
(37.O) 

4-5 0 33 16 0 1 50 
(19.1 %) 

6 0 1 17 3 3 23 
(8.8%) 

Total 66 150 35 3 8 262 
(25.2X) (57.2%) (13.4%) (I.1%) (3.1%) (100%) 

Two mothers had twins. 



FIGLRE 1:VACCINATION COVERAGE SUVEYS: BAZZAVILLE, 1980­
1986 
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FIGURE 2: MEASLES SURVEILLANCE BY YEAR 
BRAZZAVILLE - 5 SENTINEL POSTS 
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FIGURE 3: AGE DISTRIBUTION OF 2,207 MEASLES CASESBRAZZAVILLE, 5SENTINEL POSTS - JANUARY-JUNE 1986 
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FIGURE 4: MONTILY tU2ER OF DIARRHEA CASES RECEIVING ORT
I MAKEILEXELE- APRIL I985-AUGUST 1988 
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