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Background. The population effects of influenza vaccination in children have not been extensively studied, especially in tropical, 
developing countries. In rural Senegal, we assessed the total (primary objective) and indirect effectiveness of a trivalent inactivated 
influenza vaccine (IIV3).

Methods. In this double-blind, cluster-randomized trial, villages were randomly allocated (1:1) for the high-coverage vaccina-
tion of children aged 6 months through 10 years with either the 2008–09 northern hemisphere IIV3 or an inactivated polio vaccine 
(IPV). Vaccinees were monitored for serious adverse events. All village residents, vaccinated and unvaccinated, were monitored for 
signs and symptoms of influenza illness using weekly home visits and surveillance in designated clinics. The primary outcome was 
all laboratory-confirmed symptomatic influenza.

Results. Between 23 May and 11 July 2009, 20 villages were randomized, and 66.5% of age-eligible children were enrolled (3918 
in IIV3 villages and 3848 in IPV villages). Follow-up continued until 28 May 2010. There were 4 unrelated serious adverse events 
identified. Among vaccinees, the total effectiveness against illness caused by the seasonal influenza virus (presumed to all be drifted 
A/H3N2, based on antigenic characterization data) circulating at high rates among children was 43.6% (95% confidence interval [CI] 
18.6–60.9%). The indirect effectiveness against seasonal A/H3N2 was 15.4% (95% CI -22.0 to 41.3%). The total effectiveness against 
illness caused by the pandemic influenza virus (A/H1N1pdm09) was -52.1% (95% CI -177.2 to 16.6%).

Conclusions. IIV3 provided statistically significant, moderate protection to children in Senegal against circulating, pre-2010 
seasonal influenza strains, but not against A/H1N1pdm09, which was not included in the vaccine. No indirect effects were measured. 
Further study in low-resource populations is warranted.
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Influenza, an acute, highly communicable viral respiratory di-
sease, affects persons of all ages. In low- and middle-income 
countries, the prevention and control of influenza may be par-
ticularly challenging, because circulation may not conform to 
the traditional northern and southern hemisphere seasons for 
which the vaccine is formulated [1–4] and because funding 
mechanisms are lacking [5, 6].

In low- and middle-income countries, focusing influ-
enza vaccination efforts on children may provide individual 

protection to children and decrease the chances of the chil-
dren spreading influenza to close contacts, thereby reducing the 
overall burden of influenza in the community [7, 8]. To evaluate 
the effectiveness of vaccinating children in a low-resource, trop-
ical setting, we initiated this Phase IV, cluster-randomized trial 
of the trivalent inactivated influenza vaccine (IIV3) in Senegal, 
where there were no national recommendations for routine in-
fluenza vaccination. The primary objective was to estimate the 
total (direct plus indirect) effectiveness of IIV3 in reducing the 
rate of laboratory-confirmed symptomatic influenza among 
vaccinated children in villages with IIV3 campaigns, compared 
to control-vaccinated children in comparator villages [9]. An 
important secondary objective, which determined the study de-
sign, was to evaluate the indirect effects in the community after 
vaccinating children.
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METHODS

Study Design

This was a double-blind, cluster-randomized trial with a control 
vaccine (inactivated polio vaccine [IPV]). The trial was con-
ducted in 20 geographically contiguous villages in the Niakhar 
Demographic Surveillance System (DSS) [10]. Vaccinations of 
children were planned for June, prior to the anticipated influ-
enza season [11]. Participants were then monitored for the 
occurrence of signs and symptoms of influenza, using active 
and enhanced, passive surveillance both from July through May 
of the following year.

Ethics approval was obtained from the National Ethics 
Committee for Health Research (Senegal Ministry of Health 
and Social Welfare) and Western Institutional Review Board. 
The study was conducted in accordance with the principles 
of the Declaration of Helsinki (2008) and in compliance with 
Good Clinical Practice guidelines.

Participants

Healthy children 6 months through 10 years of age were eligi-
ble for study vaccination if a parent’s primary residence was the 
Niakhar DSS, the child’s family was not expecting to migrate 
out of the area during the study period, and a parent was willing 
to provide written informed consent [12]. The exclusion criteria 
included hypersensitivity to any component in either IIV3 or 
IPV, hypersensitivity after previous administration of any influ-
enza or polio vaccine, and fever (≥38°C axillary) [13].

Because secondary objectives (eg, overall and indirect effec-
tiveness) required assessing outcomes among the entire popu-
lation in the 20 villages in the trial, regardless of vaccination 
status and age, informed consent for the collection of clinical 
data and respiratory specimens for any person identified with 
signs and symptoms of influenza was obtained using a separate 
informed consent process.

Randomization and Masking

Villages were randomly allocated (1:1) to receive IIV3 or IPV 
campaigns. A lack of data on influenza attack rates in the popu-
lation meant village randomization could not be based on such 
data. Randomization was stratified, first according to which side 
of a flood-prone zone each village was located, and then accord-
ing to the presence of a weekly market. All possible enumera-
tions of allocation of 10 villages to 1 arm and 10 to the other 
were computer-generated by blinded biostatisticians. The 5600 
possible randomization schemes were then constrained [14] to 
only those 495 where the total population, mean inter-com-
pound distance, and mean inter-village distance for the inter-
vention groups were within 5%. A random number generator 
was then used to choose 1 scheme and to assign 1 arm to the 
IIV3 campaign and 1 arm to the IPV campaign.

Vaccines were provided in identical, prefilled syringes with 
commercial labels, but the labels were masked in Dakar using 

pre-printed, coded stickers before delivery to the Niakhar Field 
Station. Blinded nurses were hired from Dakar to conduct the 
vaccinations and only worked on the study during the vacci-
nation period. Except as noted above, other study personnel 
conducting follow-up activities (ie, clinical data collection, 
specimen collection and testing, monitoring, data management, 
and statistical analyses) remained blinded throughout the study.

Procedures

The study products were IIV3 of the 2008–2009 northern hemi-
sphere formulation (Vaxigrip, Sanofi Pasteur, Lyon, France; lots 
D5813 and D9672), containing A/Brisbane/59/2007 (H1N1)-
like, A/Brisbane/10/2007 (H3N2)-like, and B/Florida/04/2006 
(Yamagata lineage)-like strains, and IPV (IMOVAX Polio, 
Sanofi Pasteur, Lyon, France; lot B0283).

Children 6 months through 8 years of age received 2 doses 
of IIV3 or IPV intramuscularly, with 1 dose at enrollment and 
another dose 1  month later. Children 9 and 10  years of age 
received 1 dose of IIV3 or IPV at enrollment only.

Upon the completion of the vaccinations, surveillance was 
initiated among the entire population and standardized cri-
teria were used to identify participants with signs and symp-
toms of influenza. Trained field workers visited every village 
compound weekly to query all residents for the recent onset 
of symptoms (active surveillance). Study physicians staff-
ing the 3 health posts within the Niakhar DSS monitored 
patients for the recent onset of illness (enhanced, passive 
surveillance). For each ill subject, trained medical techni-
cians collected a pooled nasal and throat swab specimen. 
Serious adverse events (SAEs) occurring among vaccinees 
within 1  month of each dose were documented by field 
workers and study physicians. The sponsor provided funds 
to cover the costs of basic medical care for acute respiratory 
infections in all residents.

Outcomes

The primary outcome was laboratory-confirmed symptomatic 
influenza caused by any influenza type/subtype contained in 
IIV3, regardless of match. Symptomatic influenza was defined 
as follows: (1) among children under 2 years of age, the sud-
den onset of fever (>37.5°C axillary) or subjective (parent-re-
ported) feverishness, plus at least 1 other symptom (cough, sore 
throat, nasal congestion, rhinorrhea, or difficulty breathing), 
and (2) among individuals 2 years and older, the sudden onset 
of fever (>37.5°C axillary) or subjective (parent- or partici-
pant-reported) feverishness, plus either a cough or sore throat. 
Laboratory confirmation was defined as the detection of the 
influenza virus (type and subtype identified) in a swab specimen 
collected during the clinical episode. Specimens were tested 
at Senegal’s National Influenza Center for the presence of the 
influenza virus by real-time reverse transcription polymerase 
chain reaction (rRT-PCR). The antigenic characterization of 
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a subset of influenza positive specimens was conducted at the 
Centers for Disease Control and Prevention.

Safety endpoints included SAEs occurring during the first 
month after each vaccination. All SAE reports were reviewed by 
sponsor physicians and an Independent Safety Monitor.

Statistical Analysis

During our initial planning, we estimated that approximately 
24  000 persons would reside in the 20 villages, with approx-
imately 8000 age-eligible children for participation in the vac-
cination campaigns and 16 000 either too young or too old to 
participate in the campaigns. For this cluster-randomized trial, 
a design effect (DE) was required to account for the correlation 
of participant outcomes within the village clusters. However, 
since the intra-cluster correlation coefficient for laboratory-con-
firmed symptomatic influenza in this population was unknown, 
we assumed a DE of 2. Under this DE, and assuming a 10% attack 
rate of our outcome of interest, a total of 1896 children would 
need to be enrolled in the vaccination campaigns to detect a total 
vaccine effectiveness of 50% with a minimal study power of 80% 
(at a 2-sided Type I error rate of no more than 5%). To evaluate 
the indirect effects of high-coverage vaccination, we planned to 
enroll up to 8000 children in the vaccination campaigns (near 
100% participation), leaving approximately 16 000 age-ineligi-
ble, unvaccinated residents. Under a DE of 2 and assuming a 
6% attack rate (a 10% baseline attack rate among unvaccinated 
infants and children, comprising an estimated 20% of the anal-
ysis population, and a 5% baseline attack rate among unvacci-
nated adolescents and adults, comprising an estimated 80% of 
the analysis population), a total of 14 404 unvaccinated residents 
would need to be under surveillance to detect an indirect effec-
tiveness of 25% with a minimal study power of 80%.

Among vaccinees, the total effectiveness (and its 95% con-
fidence interval [CI]) was calculated as 1 minus the odds ratio 
times 100%. This odds ratio was estimated as the exponentiated 
coefficient for the village-level treatment assignment (dummy 
variable for village IIV3 allocation) from a logistic regression 
model fit to the individual-level data via generalized estimat-
ing equations, assuming exchangeable correlation matrices to 
account for within-village correlations (clustering) [15]. There 
were 2 dummy variables included to account for stratified ran-
domization. Analyses were implemented using Stata, version 
11 (StataCorp LP, College Station, TX), and R, version 3.1.1 
[16]. Generalized estimating equations regressions were fitted 
using the geepack R library, with standard error and CI model 
coefficients estimated using the package’s jackknife routine. 
Secondary objectives included the estimation, using an analytic 
approach similar to that described above, of indirect effective-
ness among age-ineligible residents and overall effectiveness 
among the entire population.

To investigate whether indirect effectiveness estimates 
might be confounded by village-level differences in study 

vaccine coverage among those age-eligible children in each 
village, post hoc exploratory analyses were also conducted. 
Given that vaccine coverage, randomization stratum, and 
treatment assignment were all village-level characteristics, for 
these unplanned analyses, a 2-stage method for conducting 
analyses was used, based upon cluster-level summaries [17]. 
Indirect effectiveness estimates among those residents who 
were age-ineligible for study vaccination were produced using 
this method, both not adjusting and adjusting for the variabil-
ity of vaccine coverage at the village level. Confidence intervals 
were estimated using the t-distribution–based method, with 
degrees of freedom altered when adjusting for cluster-level 
covariates [17].

Primary total effectiveness analyses were performed on a 
modified intention-to-treat (mITT) basis. In this village-ran-
domized trial, the strict intention-to-treat analysis would be 
at the village level, but total effectiveness must be analyzed at 
the individual level. Therefore, intention-to-treat was modified 
by shifting it to the individual level, to require that the child 
consented for participation and was enrolled, regardless of their 
subsequent receipt of the study vaccines. The total effectiveness 
was also analyzed on a per protocol basis and included all chil-
dren who met eligibility criteria, received the protocol-speci-
fied number of vaccine doses, and contributed at least 1 day of 
person-time of study follow-up. Indirect effectiveness was also 
analyzed as the mITT. Overall effectiveness was analyzed using 
all residents of the study area.

The study is registered with ClinicalTrials.gov, number 
NCT00893906.

RESULTS

All 20 villages pre-selected for inclusion in the trial were ran-
domized (Figure 1). There were 11  670 children who were 
age-eligible for study vaccination (Figure 2). Vaccination 
occurred between 23 May and 11 July 2009. Table 1 shows the 
baseline characteristics of randomized villages and the children 
living in those villages. While there were modestly more chil-
dren in IIV3 villages, the characteristics were generally similar 
between the study arms. Approximately two-thirds of age-eli-
gible children received Dose 1. Coverage ranged from 34.0% to 
84.6% (Figure 1).

There were 4 unrelated SAEs identified among vaccinees 
during the first month after study vaccination (only 1 SAE, frac-
ture of the right humerus, occurred in an IIV3 recipient).

Influenza A/H3N2 virus was circulating in the population 
when surveillance was initiated the week following Dose 2 vac-
cinations (Figure 3). During 2009, 5475 swab specimens were 
collected from Niakhar residents with signs and symptoms of 
influenza, with 1559 being rRT-PCR positive for A/H3N2. Only 
the A/H3N2 virus was detected through December 2009. Of 
588 A/H3N2–positive specimens collected in July and August, 
40 were sent to the Centers for Disease Control and Prevention 
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for antigenic characterization. Of these, 30 were successfully 
characterized as A/Perth/16/2009 (H3N2)-like virus, a strain 
not included in the study IIV3. In late January 2010, pandemic 
influenza A/H1N1 (2009) virus (A/H1N1pdm09) appeared in 
Senegal and widely circulated in the Niakhar population until 
early May. While no A/H1N1pdm09 viruses were antigenically 
characterized, all rRT-PCR detections were made using proto-
cols and primer-probe sets designed for the detection of this 
new pandemic virus [18]. During 2010, A/H3N2 and B influ-
enza viruses were only sporadically detected.

In the analysis of total vaccine effectiveness against labora-
tory-confirmed, symptomatic, seasonal influenza caused by A/
H3N2, 300 outcomes occurred among children in IIV3 villages 
(cumulative incidence of 7.7 cases per 100 children) and 481 
occurred among children in IPV villages (cumulative incidence 
of 12.5 per 100 children), for a total effectiveness of 43.6% (95% 
CI 18.6–60.9%; Table 2). The per protocol analysis of total effec-
tiveness against A/H3N2 seasonal influenza was similar. The 
total effectiveness against A/H3N2 influenza was moderate 
among older children (3 through 10 years of age; ~60%), but 
lower and not statistically significant among infants and young 
children (6 through 35 months of age).

Among the entire population, both vaccinated and unvacci-
nated, the overall effectiveness of the IIV3 vaccination campaign 

in preventing laboratory-confirmed, symptomatic, seasonal in-
fluenza caused by A/H3N2 was estimated at 31.7% (95% CI 6.0–
50.3%). Among the population that was age-ineligible for the 
vaccination campaigns (those <6 months or ≥11 years of age), 
the indirect effectiveness of the IIV3 vaccination campaign in 
preventing laboratory-confirmed, symptomatic, seasonal in-
fluenza caused by A/H3N2 was estimated at 15.4% (95% CI 
-22.0 to 41.3%). Age group–specific, indirect effectiveness esti-
mates among age-ineligible infants, adolescents, and adults and 
among age-eligible children not consenting for study vaccina-
tion are shown in Table 3. No age group–specific estimate of 
indirect effectiveness was statistically significant. Exploratory 
analyses of indirect effectiveness against A/H3N2 among those 
who were age-ineligible for study vaccination, using alternative 
methods, gave estimates that were similar and also not statis-
tically significant, adjusting for randomization stratum effects 
(21.8%, 95% CI -27.6 to 52.1%) or adjusting for randomization 
stratum effects and for village-level coverage among age-eligible 
children (21.4%, 95% CI -30.0 to 52.5%).

Although the primary mITT analysis of total vaccine effec-
tiveness was designed to include any influenza type/subtype 
contained in IIV3, regardless of match, a lower primary esti-
mate of 25.2% (95% CI -5.7 to 47.0%) reflects the fact that sea-
sonal IIV3 did not protect against the novel A/H1N1pdm09 

Figure 1. Geographic distribution of villages randomized to IIV3 and IPV campaigns and achieved village-level vaccination coverage among age-eligible children for the 
campaigns during the trial, from the Niakhar Demographic Surveillance System. The IIV3 campaigns were conducted in the 10 villages that are shaded gray and the IPV 
campaigns were conducted in the 10 villages that are shaded white. Coverage is shown as the percent of age-eligible children—6 months through 10 years of age—receiving 
at least 1 dose. Enhanced, passive surveillance was conducted in the 3 health posts marked with triangles. Abbreviations: IIV3, trivalent inactivated influenza vaccine; IPV, 
inactivated polio vaccine.
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(Table 2). In fact, in the analysis of total effectiveness against 
laboratory-confirmed, symptomatic influenza caused by A/
H1N1pdm09 in this population, the effectiveness was negative 
(-52.1%, 95% CI -177.2 to 16.6%), although not statistically sig-
nificant (Table 2).

DISCUSSION

With this cluster-randomized influenza vaccine trial in Senegal, 
our goal was to generate data (disease burden, total effects of 
vaccine among children, and indirect effects experienced by a 
community when children are vaccinated) to inform decisions 
on the use of influenza vaccines in low-resource settings. We 
confirmed that the circulation of seasonal type A  influenza 
occurs predominantly during the rainy season and that in-
fluenza is a frequent cause of clinical illness. Among children 
receiving IPV in control clusters, the attack rates of laborato-
ry-confirmed clinical influenza for the predominating seasonal 
strain (A/H3N2) were high, ranging from 6% among 9 and 
10 years olds to 19% among children younger than 3 years of 
age. In comparison, IIV3 had a moderate effectiveness in re-
ducing the attack rates of seasonal influenza illness among all 
children 6 months through 10 years of age. Notably, the low ef-
fectiveness of 21% against this seasonal strain among children 

younger than 3 years was not statistically significant, while ef-
fectiveness for children older than 3  years was approximately 
60%. The A/Perth/16/2009 (H3N2)-like virus was a new an-
tigenic variant, and the phylogenetic analysis and antigenic 
characterization of the hemagglutinin gene suggested that the 
efficacy of IIV3 based on the A/Brisbane/10/2007 (H3N2)-like 
virus would have been low [19, 20]. Even in years of a high anti-
genic match between the vaccine strains and a circulating virus, 
efficacy estimates of unadjuvanted, inactivated influenza vac-
cines in children vary by season, population, and study design 
[21]. Recent, adequately powered, randomized, controlled trials 
reported efficacy estimates against any severity of influenza in 
the 43–60% range, with higher estimates reported for older chil-
dren and against more severe instances of the disease [22–24].

On average, approximately two-thirds of all children 6 months 
through 10  years of age, who represented approximately 22% 
of the total population, received a vaccine as part of this trial. 
Despite the significant effectiveness among vaccinated children, 
we demonstrated no significant, indirect effects among the more 
than 24 000 children and adults who did not receive IIV3 in the 
same communities. In a cluster-randomized trial in 2008–09 
in Canada among just over 3000 persons in Hutterite commu-
nities, the indirect effectiveness was measured at 60% (95% CI 
8–83%) among non-recipients in clusters where the IIV3 vaccine 

Figure 2. Study profile. The profile is designed for the primary objective of total effectiveness. Abbreviations: DSS, Demographic Surveillance System; IIV3, trivalent inac-
tivated influenza vaccine; IPV, inactivated polio vaccine.
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coverage among children 36 months through 15 years reached 
83%, which translated to 40% of the entire population [25]. The 
lack of indirect effects in our study may be attributable to the 
higher contact rates, where large, extended families live in close 
quarters in densely grouped compounds [26]. Additionally, the 
lack of indirect effects may be due to lower vaccination coverage, 
with an IIV3 that had a suboptimal match with the circulating 
strain (and hence possibly suboptimal direct vaccine effective-
ness) or differing social patterns that affect influenza transmis-
sion (eg, intense contact between unvaccinated persons, even in 
villages where influenza vaccination was conducted among chil-
dren, or the movement of people between villages or study area 
gathering places, such as markets).

As the trial was beginning, the first cases of influenza caused 
by A/H1N1pdm09 were being reported in the United States, 
and by 11 June 2009, when we had administered the first doses 
to all children, the World Health Organization had already 

declared a global pandemic (on 25 April 2009) [27]. Thus, this 
trial is unique in that we collected data on not only seasonal 
influenza, but also on pandemic influenza occurring in closely 
monitored, randomized cohorts of vaccinated children and 
their communities. Our active surveillance detected the A/
H1N1pdm09 virus in the Niakhar population in late January 
2010, later than many parts of the world [28]. Overall, the A/
H1N1pdm09 attack rates among vaccinated children were 
lower than those seen with the seasonal A/H3N2 virus. In 
contrast to A/H3N2, rates of A/H1N1pdm09 virus infection 
were higher among children in villages receiving IIV3 as com-
pared to IPV, although the difference did not reach statistical 
significance. A number of studies, particularly observational 
ones, in 2009 identified that the receipt of the seasonal IIV3 
was associated with higher rates of A/H1N1pdm09 influenza 
infection, as compared to unvaccinated persons. A small trial 
in Hong Kong children found higher rates of A/H1N1pdm09 
influenza infection, but not clinical disease, among recipients 
of seasonal IIV3, as compared to placebo recipients [29]. In 
Canada, 4 observational studies linked the previous receipt 
of northern hemisphere seasonal IIV3 with an increased 
risk of A/H1N1pdm09 influenza illness, although there was 
no observed increase in the severity of illness [30]. As the 
Canadian studies were observational, biases and confound-
ing may have affected estimates. In this large-scale, random-
ized, controlled, and blinded trial, with less inherent bias, our 
results paralleled those of the Canadian studies. Whether prior 
vaccination with a homologous subtype of influenza could 
increase the risk of A/H1N1pdm09 infection is unknown, and 
the mechanism is disputed.

In this trial, during a single season in tropical, developing 
Senegal, symptomatic influenza was common among chil-
dren. Influenza vaccination campaigns were feasible and the 
vaccine was well tolerated. While the total vaccine effects 
against seasonal influenza were moderate among children 
3 years and older, low effectiveness among younger children, 
in particular, emphasizes the continued need for better influ-
enza vaccines for young children. Interestingly, we also found 
that vaccinating two-thirds of children 6  months through 
10  years of age did not induce measurable indirect effects. 
A systematic review found a low level of evidence in the lit-
erature for influenza vaccination providing indirect effects, 
indicating that the topic is complicated and more studies are 
needed [31]. Finally, among IIV3 recipients, our finding of 
negative effectiveness against H1N1pdm09, though not sta-
tistically significant, reminds us of the complexity of vac-
cine-induced immunity and supports further study of the 
interaction between immune responses to influenza antigens 
in vaccines and subsequent exposure to homologous but 
shifted (and drifted) wild-type influenza virus. Such data will 
be particularly relevant to informing future universal vaccine 
development and deployment.

Table 1. Baseline Demographic Characteristics and Vaccination Data for 
Each Study Group

 
IIV3 Arm 

(n = 10 villages)
IPV Arm 

(n = 10 villages)

Cluster-level characteristics

 Mean village population size (SD) 1827 (1189) 1758 (1328)

 Residents per compound (SD) 13.6 (15.7) 14.1 (17.2)

Individual-level characteristics   

 Total population (all ages) 18 271 17 581

 Sex   

  Male (%) 8926 (48.9) 8606 (49.0)

  Female (%) 9305 (50.9) 8927 (50.8)

  Unknown (%) 40 (0.2) 48 (0.3)

 Mean age of population years (SD) 22.3 (19.2) 22.5 (19.5)

 Number (%) of age-eligible children 5863 5807

  6 through 35 months 1734 (29.6) 1688 (29.1)

  3 through 5 years 1719 (29.3) 1689 (29.1)

  6 through 8 years 1538 (26.2) 1564 (26.9)

  9 through 10 years 872 (14.9) 866 (14.9)

Information on enrollment and vaccination 

 Number of age-eligible children enrolled 
(% of all age-eligible children)

3918 (66.8) 3848 (66.3)

  6 through 35 months 1017 (58.7) 1000 (59.2)

  3 through 5 years 1314 (76.4) 1262 (74.7)

  6 through 8 years 1208 (78.5) 1238 (79.2)

  9 through 10 years 379 (43.5) 348 (40.2)

 Number receiving Dose 1 (% of those 
enrolled)

3906 (99.7) 3843 (99.9)

  6 through 35 months 1017 (100.0) 1000 (100.0)

  3 through 5 years 1313 (99.9) 1260 (99.8)

  6 through 8 years 1206 (99.8) 1238 (100.0)

  9 through 10 years 370 (97.6) 345 (99.1)

 Number receiving Dose 2 (% of those 
receiving Dose 1)

3357 (95.4) 3365 (96.2)

  6 through 35 months 956 (94.0) 955 (95.5)

  3 through 5 years 1261 (96.0) 1224 (97.1)

  6 through 8 years 1140 (94.5) 1186 (95.8)

Abbreviations: IIV3, trivalent inactivated influenza vaccine; IPV, inactivated poliovirus vac-
cine; SD, standard deviation.



1786 • cid 2019:69 (15 November) • Diallo et al

Figure 3. Influenza detection, by type and subtype, from Week 28 of 2009 to Week 21 of 2010, Niakhar Demographic Surveillance System. The graph is a stacked column 
chart where numbers of real-time reverse transcription polymerase chain reaction–positive detections for each strain, each week, are stacked and can be visually summed. Of 
the 1559 A/H3N2 detections, 61 were from residents of the 10 Niakhar villages not randomized to study vaccines who presented to health posts. Additionally, 99 detections 
from residents of the 20 Niakhar villages randomized to study vaccines were excluded from the effectiveness analyses (82 were from residents whose signs and symptoms 
did not meet the clinical case definition and 17 were from residents with a previous A/H3N2 detection that season). Determination of B lineage was not routine practice for 
the National Influenza Centers in 2009–2010.

Table 2. Total Effectiveness of Trivalent Inactivated Influenza Vaccine in Preventing Laboratory-confirmed Symptomatic Influenza Among Vaccinees, by 
Type/Subtype and Age Group

Analysis

IIV3 Villages IPV Villages  

Cases (n) N Cumulative Incidencea Cases (n) N Cumulative Incidencea Adjusted VET
b % (95% CI)

VET (mITT)

 Any type A or Bc 489d 3918 12.48 585d 3848 15.20 25.2 (−5.7 to 47.0)

 Seasonal strains        

  A/H3N2 300 3918 7.66 481 3848 12.50 43.6 (18.6 to 60.9)

  B 2 3918 0.05 3 3848 0.08 23.0 (−361.3 to 87.1)

 Pandemic strain        

  A/H1N1pdm09 204 3918 5.21 115 3848 2.99 −52.1 (−177.2 to 16.6)

VET (PP)        

 A/H3N2 283 3727 7.59 463 3710 12.48 43.7 (19.0 to 60.9)

  6 through 35 months 155 956 16.21 183 955 19.16 20.6 (−16.3 to 45.8)

  3 through 5 years 79 1261 6.26 157 1224 12.83 57.7 (34.7 to 72.7)

  6 through 8 years 37 1140 3.25 102 1186 8.60 63.6 (37.5 to 78.8)

  9 through 10 years 12 370 3.24 21 345 6.09 53.1 (−5.8 to 79.2)

 A/H1N1pdm09 198 3727 5.31 109 3710 2.94 −53.9 (−180.4 to 15.5)

  6 through 35 months 44 956 4.60 34 955 3.56 −30.8 (−128.3 to 25.0)

  3 through 5 years 60 1261 4.76 32 1224 2.61 −56.2 (−238.2 to 27.8)

  6 through 8 years 71 1140 6.23 32 1186 2.70 −101.5 (−328.2 to 5.2)

  9 through 10 years 23 370 6.22 11 345 3.19 −88.7 (−383.5 to 26.4)

Abbreviations: CI, confidence interval; IIV3, trivalent inactivated influenza vaccine; IPV, inactivated poliovirus vaccine; mITT, modified intention-to-treat; n, number of cases; N, number of 
children followed; PP, per protocol; VET, total vaccine effectiveness.
aPer 100 persons through the entire surveillance period: 15 July 2009 through 28 May 2010.
bEstimated using a logistic regression model fit, using generalized estimating equations, assuming an exchangeable correlation matrix to account for within-village correlation of participant 
observations.
cAny influenza type/subtype contained in IIV3, regardless of match.
dOnly the first episode is counted for those infected by more than 1 strain.
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