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Abstract

We estimated the effect of pertussis vaccination on reducing transmission from vaccinated breakthrough cases from a comprehensive
follow-up of a community of 30,000 residents in Niakhar, Senegal. Using a wide spectrum of case definitions, vaccine efficacy was estimated
as 1— the ratio of secondary attack rates (SAR) in all households with cases during the calendar year 1993, a pertussis epidemic year.
Vaccine efficacy for infectiousness (VEi) was 85% (95% confidence interval (Cl), 46—95%) for children vaccinated with three doses of a
whole-cell (WC; 94%) or an acellullar (6%) pertussis vaccine, with pertussis defined as axpiiglays with paroxysms confirmed by
culture, serology, or contact with a culture-confirmed person. It was high for all case definitions. Partial vaccination reduced infectiousness.
Pertussis vaccination is highly effective in reducing transmission from vaccinated breakthrough cases.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction vaccine coverage rog@é—9]. In a large randomized vaccine
trial, incidence of pertussis in parents and younger siblings

Pertussis incidence continues to increase in infants, ado-of vaccinated children was lower than in parents and siblings

lescents, and adults in the United States and in other devel-of unvaccinated childrefl0]. However, no studies have es-

oped countrieg1,2]. In the developing world, millions of  timated the efficacy of vaccination in reducing transmission

cases occur annuallig]. A better understanding of trans- from vaccinated compared with unvaccinated cases. We have

mission of the disease is needed to define and to promoteanalyzed data from a population with active surveillance of

vaccination policy[1-4]. pertussis to estimate the efficacy of pertussis vaccination
Whether vaccination reduces transmissiorBofdetella both in reducing infectiousness of vaccinated breakthrough

pertussisis a critical and long-debated issue. Vaccination cases (VEi) and in protecting vaccinated susceptibles (VEs)

had been thought not to alter circulation of the bacteria in the as measured by the reduction of person-to-person transmis-

population, because the interepidemic period of whooping sion[11,12]

cough did not appear to vary with level of vaccine uptake

[5]. Analyses of more extensive datasets provided evidence

that the dynamic behavior of pertussis had changed aftero \ethods

widespread vaccination, with synchronization of epidemics

and an increased |nterep|d¢m|c perig]. Th_ese Iat_ter _ Active population surveillance has been conducted since
results support the conclusion that pertussis vaccination 1983 in Niakhar, a sub-Saharan rural community of 30 vil-
decreases C|rc.ulat|on of the bacteria. ) o lages. The community is very homogeneous, composed of
Recent studies suggest that pertussis vaccination reducegereer peasant families, living in compounds, the residential
transm|ssmp. Disease mmdenpe in infants too young to .be unit for extended families. As part of many research com-
protected directly by vaccination decreased as population ponents[13,14], pertussis has been under prospective and
active surveillance, and pertussis vaccine studies were con-
* Corresponding author. Teh:1-404-712-0804; fax}1-404-727-1370. ducted in the 1990s in accordance with the Helsinki Decla-
E-mail addressmprezio@sph.emory.edu (M.-P.&iosi). ration[15,16] As a result, for each child, information was
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available not only on pertussis illnesses and vaccinations butnot defined as index or co-primary cases. In addition, they
also on contacts, permitting an analysis examining the effecthad to have no previous history of pertussis to be included
of pertussis vaccination on transmission. in the main analysis. To allow for uncertainty in duration of
As previously described®,16], pertussis was endemic, both infectiousness and incubation periods, a secondary case
with epidemics every 3-4 years. Trained and supervisedwas defined as a suspected case whose date of onset was
field workers used structured questionnaires to report cases>7 days of that of the index case and less than a variable
on an annual basis. In 1988, they started to report poten-cut-off period, specifically none, 56, 42 or 28 days. Indeed,
tial cases weekly to experienced physicians who assessedf one considers infectiousness to be negligible 35 days after
each illness. In addition, during pertussis vaccine trials the beginning of the symptonfi$1] and a maximum period
1990-1996, physicians collected biological samples from of incubation of 21 day§18], secondary cases could occur
consenting suspected cases in the entire population, definedintil 35+ 21 = 56 days after the date of onset of the index
as having a cough lasting 8 days or more. Nasopharyn-case. In our setting, 90% of the suspected secondary cases
geal aspirates were drawn to isolde pertussis(Bp) or in 1993 occurred within 56 days of the date of onset of the
Bordetella parapertussi§Bpp and to detecBp DNA via first case in their unit.
polymerase chain reaction (PCR). Blood samples (S), acute Compounds were excluded from further analysis if there
(S1) and convalescent (S2) sera, were drawn to measure IgGvere no eligible contacts or suspected co-primary cases were
titers to PT or FHA by enzyme-linked immunosorbent assay present. For each case definition, a compound was selected
(ELISA) [16,17] Erythromycin chemoprophylaxis was not into the main analysis if the index case satisfied that case
used except for young infants (under age 6 months) living definition. Contacts were considered cases only if they also
in the same compound with a suspected pertussis case. met that same case definition. To assess solely the effect of
Before introduction of the Expanded Program on Im- variation in the index case definition (i.e. the exposure) and
munization (EPI) in 1987, pertussis vaccine coverage wasto obtain estimates when data were sparse due to restrictions
below 10%][9]. Thereafter, infants received the following of the case definition, a second analysis was performed,
pertussis vaccines: diphtheria and tetanus toxoid-whole-cellwhere only the case definition of the index case varied and all
(WC) or acellular (AC) pertussis vaccine-inactivated po- the contacts who met the key case definition were considered
liomyelitis vaccine (DTRc-IPV; Tetracoq, or DTR-IPV; cases. A dose of vaccine was taken into account 28 days after
Tetravac, Aventis Pasteur, Lyon, Fran¢&},16] The ben- its administration. Children were classified as unvaccinated
efits of vaccines are highly regarded within the community (0 dose), partially vaccinated (1 or 2 doses), fully vaccinated
and refusals of vaccination did not exceed 5% of all children (3 doses). For the main analysis, only compounds with an
eligible for EPI[15]. As a result, the population vaccine unvaccinated or a fully vaccinated index case were selected,
coverage rose steadily to reach 77 and 19% in 1993, amongand only contacts with O or 3 doses were considered.
children under 5 and 5-14 years of age, respectij@]y
All vaccine doses were documented and extensive checks2.2. Case definition
were performed9,16].
A spectrum of case definitions was used to assess the va-
2.1. Eligibility of transmission units, cases, and contacts lidity of the results, as pertussis vaccine efficacy can vary
with the definition usef16,19—23] Each definition had two
The transmission unit was the compound, within which components as outlined iFfable 1 Combining the five clin-
it was assumed that susceptibles were exposed to infectiorical and eight laboratory criteria yielded 40 case definitions,
by the first case in the unit. The compound is the “home”, including the WHO 1991 case definitid@4]. A key case
the residential unit where individuals make privileged con- definition, indicated infable 1 was similar to the latter, ex-
tacts and where random mixing is a reasonable assumptioncept that it included for the laboratory component, serology
Any compound with onset of suspected pertussis cases indecreases in addition to increa$&g]; for the clinical com-
1993 was included. We focused on the calendar year 1993 ponent, it required cough with paroxysms instead of contin-
a pertussis epidemic year, to better achieve homogeneity inuous paroxysmal cough, as recently recommeridgd
exposure, case detection and ascertainment, and availabil-
ity of diagnostic tools. All children less than 15 years old 2.3. Statistical analysis
were actively surveyed. Older residents were included only
if they became suspected cases. The first case in the unit The traditional or non-parametric secondary attack rate
is the primary or index case. A potentially infectious con- (SAR) was estimated as the number of cases in the contacts
tact was defined as living in the same compound during the divided by the number of contacts exposed to an infectious
period of infectiousness of the index case. Assuming a min- case. The VE measures were estimated asthe ratio of
imum duration of 6 days for the incubation perifiB], a SARs in the relevant comparison groups. Vaccine efficacy
case was a co-primary if its onset of cough was days of for susceptibility (VESs) was defined as the relative reduction
that of the first or index case. Thus, eligible contacts were in SAR in vaccinated contacts compared to unvaccinated
all children under 15 years of age present in the compound contactg11]. Vaccine efficacy for infectiousness (VEi) was
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Table 1
Pertussis case definition: a combination of two components
A clinical case definition (five syndromes of rising severity) A laboratory confirmation criterion (eight criteria of rising spégificity
1. Cough>21 days 1. None
2. Cough > 21 days with paroxysms 2. bacterio+ or sero+ or epilink+ }1— key definition
3. Physician’s clinical diagnosis 3. Bactetiomr sero#- or epilink+
4. Paroxysmal cough21 days 4. Bacterip or seret or (epilink+ and PCR-)
5. Paroxysmal cough-21 days with whoops 5. BacteHoor serot+

6. Bacteriot+ or seroi or (epilink+ and PCR-)
7. Bacteriot+ or seroit+
8. Bacterio-

aDefinitions of the components of the laboratory criteria: bacteriBp isolated from nasopharyngeal aspirate; sersignificant (100% S2/S1)
increase or decrease in PT or FHA antibodies; sersignificant increase in PT or FHA antibodies; PERPCR positive forBp on aspirate; epilink,
presence of a case bacteriovithin 28 days in the same compound.

defined as the relative reduction in SAR when exposed to 518 of 1800 compounds, in 28 of the 30 villages. Of the 4629
vaccinated compared to unvaccinated c4$2% Total vac- residents under 15 years of age in the 518 compounds, 27%
cine efficacy (VEt) was defined as the relative reduction in had participated in the vaccine trials. Of the 518 compounds,
SAR when both the infectious case and the contact are vac-340 (66%) were selected for analysis as follows. Compounds
cinated compared to if both are unvaccinal&?l]. For VEi, were excluded if there were co-primary cases<155, i.e.
one unstratified (for contacts with 0 or 3 doses combined) 30%) or no eligible contacts: (= 23, i.e. 4%). Thus, a total
and two stratified (separately for contacts with 0 or 3 doses) population of 3021, 99% under age 15 years, was selected,
versions were computed. Similarly, for VEs, one unstrati- composed of 340 suspected index cases and 2681 contacts
fied (for index cases with 0 or 3 doses combined) and two of whom 2006 had no history of pertussis and thus, were
stratified estimates (separately for index cases with 0 or 3eligible for the main analysis. Among the latter, 41% (814)
doses) were computed. Unless otherwise indicated, resultshecame suspected secondary cases.
presented are unstratified estimates. Index cases in 152/340 compounds (45%) met the key

To look at the effect of partial vaccination, we computed case definition. Among those, 110 index cases (72%) had
VEi for 1, 2 or 3 doses versus 0 dose in the index case, and0 or 3 doses, and finally 109 compounds with at least one
for all combined vaccine status in the contacts. To assesscontact with 0 or 3 doses were eligiblEaple 3. The overall
possible bias resulting from misclassification of susceptibles, SAR for the key definition was SAR- (20 + 134)/(194+
analyses were also performed using all exposed children asd44) = 24%, and SAR= (6 + 93)/(194+ 444) = 16%,
eligible contacts, regardless of previous history of pertussis. using no or a 28-day cut-off period for secondary cases,

To take into account possible correlation within com- respectively. Data were too sparse to stratify by vaccine type.
pounds, estimates were also obtained by fitting a logistic Only 7 (6%) index cases and 126 (20%) susceptibles had
model to the data using generalized estimating equationsreceived an acellular vaccine.
and transforming back to the probability (SAR) scgé].
The model was fit using proc GENMOD in SAS software Table 2
with an exchangeable working correlation matj®6]. To Pertussis vaccine gfficacy for infectiousness _using the key case (11efinition:
obtain appropriate estimates for the confidence intervals,CouthZl days with paroxysms and bactefiar serot or epilinkt
Bias-Corrected and accelerated bootstrap[2T§ for both Population selected for analysis Pertussis vaccine
methods were computed using 2000 bootstrap samples with efficacy for

. . infectiousness

compounds as the sampling ufi#8]. The bootstrap is a (VEi %) (95% CIY
databased simulation method for statistical inference, in

. . . Compounds 109
which each bootstrap sample is analyzed to obtain a New|,qex cases 3 or 0 doses 30 79
point estimate. The histogram of the 2000 bootstrap samplecontacts exposed to 3 or 0 doses 194 144
estimates approximates the distribution of the estimator. ... exposed to 3 or 0 doses

Here, we report the model-based VE estimates. With no cut-off period 20 134 67 (20-85)
With a 28-day cut-off period 6 93 85 (46-95)
abacteriot, Bp isolated from nasopharyngeal aspirate; sersig-
3. Results nificant (100% S2/S1) increase or decrease in PT or FHA antibodies;
epilink+, presence of a case bacteriavithin 28 days in the same com-
3.1. Population selection pound. , _ ,
bCl, confidence interval (bootstrap method: Bias-Corrected and ac-
celerated).

During 1993, physicians identified suspected cases (cough ¢ cut-off: criterion for determining secondary cases, interval between
>8 days) widespread throughout the study area, including onset of the index case and the secondary cases in the compound.
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Fig. 1. Histograms of 2000 bootstrap estimates of vaccine efficacies for pertussis: for susceptibility (VES), infectiousness (VEi), and tovalc¢itet)
efficacy parameters are computed as 30q1 — model-based SAR ratio). The following SARs are used in the VE estimates: fofa¥fzsa3 = all

(0 and 3 doses) index cases to 3 doses contacts ardallbto-0 doses; for VEiy0a, 3a= 3 doses to all and Oa 0 doses-to-all; and for V00,

33 = 3-to-3 doses and 0& 0-to-0 doses. The point estimate from the data is at the dotted line. All cases meet the key case definition with no cut-off.

3.2. Vaccine effects on person-to-person transmission 3.4. Sensitivity analysis

VEi was significantly very high for the key definition: For each of the 40 case definitions, the number of eligible
85% (95% CI: 46—95%) with a 28-day cut-off and 67% compounds differedTable 4. Numbers decrease moving
(95% CI: 20-85%) for no cut-off period for secondary right (rising biological specificity) or down (rising clinical
cases, respectivelyfgble 9. Histograms of the 2000 boot-  severity) inTable 4 The maximum number of compounds
strap estimates of VEs, VEi, and VEt were plotted for the included was 246, the minimum 22.
key case definition with no cut-off period for secondary = The VEi estimate corresponding to each selected popu-
cases Fig. ). The unstratified VEs point estimates were lation in Table 4appears with its 95% confidence limits in
33 and 34%, with no or a 28-day (not shown) cut-off pe- Table 5
riod for secondary cases, respectively. The unstratified VEi  VEi point estimates were high for each case definition.
point estimate was high (67%), and all bootstrap estimatesHowever, due to small numbers in the more restrictive cat-
were well above 0. The VEt point estimates were 77 and egories, the precision of some estimates could not be com-
89%, with no or a 28-day (not shown) cut-off period for puted accurately. Indeed, point estimates were 100 in some
secondary cases, respectively. of them since there were no secondary cases with 3 doses

In the 152 compounds with index cases meeting the key meeting these definitions (lower right corner Tdbles 4
case definition, 79 (52%), 25 (16%), 17 (11%) and 31 (20%) and 5. High point estimates were still obtained in the
index cases had received 0, 1, 2, and 3 doses, respectivelysecond analysis (using the key definition for all secondary
The estimated VEi was-47% (95% Cl:—128-23%), 48% cases), though confidence limits could still not be properly
(95% CI: 3-76%) and 83% (95% CI. 50-93%) for 1, 2, computed. VEirose as the cut-off period for secondary cases
and 3 doses, respectively, with a 28-day cut-off period for became shorter from none to 28 daylfle 5. Results
secondary cases.

3.3. Distributions of gender and age Table3d o
Age and time since vaccination among cases and contacts

No effect of gender on vaccine efficacy was found. As Cases and contacts No. Age (years) Time since
previously reportedd], the SAR was slightly higher among : vaccination (years)
females: 27.4% versus 20.4%, relative risk of 1.34 (95% ClI: Median Q1-Q3  Median  Q1-Q3
1.01-1.78) for the key definition. Males were more frequent Total case®
among index cases (59%), but the SARs were identical in 0 dose 189 8.9 6.1-10.6

3 doses 126 4.0 23-49 33 1.8-3.9

those exposed to either gender (24%).

S . Index cases

The age distribution of cases and contacts appears in 0 dose 79 97 78-11.7
Table 3 with the time since vaccination. Among index cases, 3 doses 31 4.2 37.56 3.4 3247
the median age was 10 and 4 years for 0 and 3 doses, respec- Secondary cases
tively (Table 3, 7 and 6 years for 1 and 2 doses, respectively. 0 dose 110 74 4.1-10.0
No model-based estimates and confidence limits adjusting 3 doses 95 3.8 21-47 3.0 1.6-3.8
for age could be computed due to collinearity of age and vac- | ...
cine status, and sparse data. However, non-parametric VEi g gose 226 7.0 23107
point estimates were still high when stratifying on age of the 3 doses 379 2.9 1.7-45 23 1.0-35
index case: VEi= 100x (1—{(2/82)/(5/31)}) = 85% for Q1-Q3, first and third quartiles,
<4 yearsversus VEE 100x (1-{(18/112)/(129/413)}) = aMeeting the key case definition.

49% for >4 years of age. b Contacts not meeting the key case definition.



Table 4
Population selected for analysis: number of compounds, cases, and contacts for each case definition

Compounds, cases and contacts Cut-offf  Laboratory confirmation criterion

per clinical case definition (days) None Bacterio or sero  Bacterio or seroi Bacterio or sero or Bacterio Bacterio or seroi or Bacterio Bacterio
or epilink or epilink epilink and PCR or sero epilink and PCR or seroi
>21 days of cough
Compounds 246 142 109 130 120 93 82 51
Index cases 3 or O doses 84 162 41 101 28 81 38 92 36 84 24 69 21 61 16 35
Contacts exposed to 3 or 0 doses 463 792 234 533 174 432 212 459 177 400 150 343 114 284 98 147
Cases exposed to 3 or 0 doses None 121 381 73 256 64 217 39 170 35 136 17 106 10 66 5 19
28 77 230 41 170 37 145 24 118 20 91 9 79 2 45 0 13Z
>21 days of cough with paroxysms E
Compounds 152 109 89 101 93 78 69 44 58
Index cases 3 or 0 doses 42 110 30 79 21 68 29 72 28 65 20 58 18 51 13 31 E-
Contacts exposed to 3 or 0 doses 256 563 194 444 148 381 177 381 145 324 131 303 98 246 82 135 2
<
Cases exposed to 3 or 0 doses None 22 163 20 134 19 121 10 95 10 75 7 65 7 40 4 11 m
28 8 111 6 93 5 83 2 68 2 50 1 49 1 27 0 7 T
=X
Physician’s clinical diagnosis 93
Compounds 137 109 89 100 92 76 67 42 g
Index cases 3 or 0 doses 32 105 28 81 20 69 27 73 26 66 18 58 16 51 11 3ZF
Contacts exposed to 3 or 0 doses 204 524 186 445 145 378 169 379 137 322 126 297 93 240 77 @29
Cases exposed to 3 or 0 doses None 15 142 15 120 14 109 9 84 9 66 6 59 6 36 4 B
28 4 100 4 87 3 79 2 63 2 48 0 46 o0 27 0 7R
>21 days of paroxysmal cough §
Compounds 105 86 73 81 75 66 59 36 X
Index cases 3 or 0 doses 23 82 19 67 15 58 18 63 17 58 14 52 12 47 7 2%
Contacts exposed to 3 or 0 doses 158 409 141 354 111 299 124 310 92 268 94 243 61 201 45 @p7
I
Cases exposed to 3 or 0 doses None 5 74 5 65 5 57 0 50 0 42 0 35 0 23 0 2
28 3 57 3 53 3 47 0 42 0 34 0 30 0 18 0 6 2
>21 days of paroxysmal cough with whoops
Compounds 58 33 44 48 44 38 34 22
Index cases 3 or 0 doses 12 46 11 12 8 36 10 38 9 35 7 31 6 28 5 17
Contacts exposed to 3 or 0 doses 111 251 106 235 84 200 89 191 57 173 67 148 35 130 33 67
Cases exposed to 3 or 0 doses None 4 28 4 25 4 21 0 18 0 16 0 13 0 10 0 2
28 2 20 2 20 2 17 0 15 0 13 0 11 0 8 0 2

The key case definition is shown with italic values. BacteBordetella pertussigBp) isolated from naso-pharyngeal aspirate; sero, significant increase or decrease in PT or FHA antibodies (100% S2/S1);
seroi, significant increase in PT or FHA; epilink, presence of a case battefithin 28 days in the same compound; PCR, positive on aspirat&gor
aCut-off: criterion for determining secondary cases, interval between onset of the index case and the secondary cases in the compound.

LS81
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Table 5
Pertussis vaccine efficacy for infectiousness (VEi) per case definition, ordered by rising severity and specificity

Clinical case definition Cut-dff (days) Laboratory confirmation criterion <
ol

None Bacterio or sero Bacterio or seroi Bacterio or sero or Bacterio or sero  Bacterio or seroi orBacterio or seroi Bacterio '.U

or epilink or epilink epilink and PCR epilink and PCR {1‘5

>21 days of cough None 44 (21-59) 337 to 57) 22 (20 to 55) 43 (6-68) 3612 to 64) 59 (8-84) 6513 to 89) 66 {4 to 95) 8
28 39 (11-60) 406 to 65) 30 47 40 69 87 100/81 =

>21 days of cough with None 71 (39-88) 67 (20-85) 58 (7-84) 75 (26-91) 71 (20-88) 76-1 to 90) 56 44 to 85) 39 109 to 80) m
paroxysms 28 83 (43-95) 85 (46-95) 84 (33-95) 92 90* 91° 87 100/92:¢ gf
<}

Physician’s clinical None 72 (40-88) 68 (28-85) 63 (17-85) 72 (34-89) 68 (23-87) 74 (13-93) -61188) 3t §
diagnosis 28 89 (72-97) 88 (69-97) 89 90 88 100788 100/84 100/92 =
Q

>21 days of None 90 87 84° 100/7&¢ 100/7P-¢ 100/68¢ 100/60-¢ 100/53-¢ 8.
)

paroxysmal cough 28 9r elog 87 100/9%-2 100/9p2 100/9p2 100/862 100/1082 ®
N

>21 days of paroxysmal None 72 67° 54° 100/8&-¢ 100/83-c 100/83-¢ 100/74-¢ 100/87P-¢ ,S
cough with whoops g 78 78 72 100/9% 100/87 100/88 100/78 100/10¢ =
w

The key case definition is shown with italic values. Estimates are VEi % (95% ClI). VEi, vaccine efficacy for infectiousness; Cl, confidence intmtvap(bmzihod: Bias-Corrected and accelerated)~
bacterio,Bordetella pertussi¢Bp) isolated from naso-pharyngeal aspirate; sero, significant increase or decrease in PT or FHA antibodies (100% S2/S1); seroi, significantAficoedSdAn epilink, %
presence of a case bacteriovithin 28 days in the same compound; PCR, positive on aspirat8or IR
a Cut-off: criterion for determining secondary cases, interval between onset of the index case and the secondary cases in the compound. K

2

b Second analysis: estimate computed with the key case definition as the definition for all secondary cases.
€95% CI was not included because >5% of bootstrap samples failed to converge.
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Fig. 2. Vaccine efficacies for pertussis per case definition in rising order of clinical severity. The model-based point estimates are plotted with the
95% confidence interval (bootstrap method: Bias-Corrected and accelerated). The bootstrap confidence intervals are not ¥ defdtiile sampled
estimates did not converge. VEs, VEi, and VEt denote vaccine efficacy for susceptibility, infectiousness, and total, respectively. VE measures are
subscripted with the SAR subscripts that went into their estimation. For instancesddE: 1 — SAR33/SARy3. Ordered subscript pairs in the SAR

indicate the vaccine status of the index case, and that of the contacts: 0 dose, or 3 doses, or all (0 and 3 doses), respectively. For eggample, SAR
indicates the SAR from an unvaccinated case to a vaccinated contact with three doses of vaccine. An “a” for “all” in a subscript indicates that either
the index cases or the contacts were not stratified by vaccine status. All cases meet the key laboratory confirmation criterion (i-e obaetesioor

epilink+) and the indicated clinical case definition with no cut-off period for secondary cases (i.e. successively>2dudays, cough=21 days with
paroxysms, physician’s clinical diagnosis, paroxysmal cou@i days, and paroxysmal cougi?l days with whoops).

with intermediate cut-off values (56 and 42 days) were con- previous[5,29] and confirm more recent findings—10]. In
sistently between those extremes (not shown). VEi point es-a context where further randomized studies are difficult to
timates showed a rising trend with clinical severity with an considef16,19-23]this is additional evidence that pertussis
initial step going from the first relatively non-specific def- vaccination can provide substantial indirect beneficial effects

inition to more specific syndromedgble 5and Fig. 2). in a population[30,31] It could be a convincing argument
Analyses using all exposed as eligible contacts, regardlesso motivate individuals to get vaccinatgt]. There are plau-
of pertussis history, yielded similar results. sible biological mechanisms whereby vaccination could re-

Stratified VEi and VEs estimates were nearly the same duce transmissiomBp has extremely complex, well-adapted
(Fig. 2. VEs estimates increased with clinical severity mechanisms to modulate virulence expression and invasive
(Fig. 2). For example, with the key confirmation criterion properties and to disrupt host functid82—34] Vaccination
and no cut-off period for secondary cases, estimates rosecould decrease inherent transmissibility by affecting viru-

from —4% (95% CIl:—24-12%) for =21 days of cough” lence regulation and host-pathogen interactions.
to 33% (95% CI:. 10-53%) when “with paroxysms” was Estimates of VEs obtained here were consistent, although
required. slightly lower, with those obtained earlier in the same set-

ting with a similar case definitiofil6]. Indeed, the latter
were estimated only from the population of young children
4. Discussion included in the clinical efficacy trial whereas here we con-
sidered the entire population under age 15, and a waning
These results provide direct evidence of the high efficacy effect could possibly be at work.
of pertussis vaccination in reducing infectiousness in chil-  Unvaccinated index cases were older than those with three
dren fully vaccinated with three doses. The effect is invariant doses, as expected in any population with a vaccination pro-
over a wide spectrum of case definitions and positive even gram targeted at young children. However, VEi estimates
in children vaccinated with two doses. The results explain remained positive when stratified by age of the index case.
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The field study was not specifically designed for our re- Institut de Recherche pour le Développement and Aventis
search question and is open to the usual biases in observaPasteur. Data collection between 1983 and 1989 was par-
tional studies. Essential among those, ascertainment bias igially funded by EEC grant TDR 36 and Task Force for
likely not a critical issue here since surveillance was active, Child Survival grant 428. We are grateful to the participat-
with a low threshold for case detection and participation of ing children, mothers and their families. We are indebted to
experienced physicians. Misclassification biases related tothe whole team of the Niakhar project at the time of the per-
previous or current illness, vaccine status, or exposure couldtussis clinical trials, in particular to: Dr. Francois Simondon,
have occurred. To deal with some of these issues and as dead, Dr. Ablaye Yam, in charge of pertussis surveillance,
sensitivity analysis to test the robustness of the results, weLaurence Chabirand, in charge of vaccinations, Drs. Anouch
systematically estimated VE using different assumptions: a Chahnazarian and Valérie Delaunay, in charge of the de-
broad spectrum of case definitions, two definitions of eli- mographic registration system; to Drs. Michel Garenne and
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