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Sentinel versus population-based surveillance of pneumococcal
conjugate vaccine effectiveness
Lee M Hampton,a Elizabeth R Zell,b Stephanie Schragb & Adam L Cohenb
Objective To compare sentinel and population-based surveillance of the effect of seven-valent pneumococcal conjugate vaccine (PCV7),
introduced in 2000, on the hospitalization of children aged under 5 years with invasive pneumococcal disease (IPD) in the United States
of America.
Methods Population surveillance data were used to identify children hospitalized between 1998 and 2006 with IPD caused by Streptococcus
pneumoniae serotypes. The change from 1998 and 1999 (baseline) to 2006 in the number of hospitalized IPD cases recorded by sentinel
surveillance systems involving single hospitals or groups of hospitals was compared with the change in the incidence of hospitalized IPD
cases measured by population-based surveillance.
Findings The change in incidence in the eight surveillance areas varied from −37 to −82% for IPD caused by any serotype and from −96
to −100% for IPD caused by serotypes contained in PCV7. All individual sentinel hospitals with more than three cases annually at baseline
reported a decrease in cases by 2006. In addition, over 95% of sentinel systems with an average of more than 30 cases annually at baseline
recorded a change by 2006 in the number of cases caused by any serotype that fell within the 95% confidence interval for the change in
the incidence of hospitalized cases in the corresponding population surveillance area. The change in cases caused by PCV7 serotypes was
accurately measured by 93% and 100% of sentinel systems with ≤ 20 and > 20 cases annually at baseline, respectively.
Conclusion Sentinel surveillance can accurately measure the effect of PCV7 on the number of children hospitalized with IPD, provided
sufficient cases are detected at baseline. Serotyping increases accuracy.

Introduction
Every year Streptococcus pneumoniae, or pneumococcus,
causes an estimated 826 000 deaths worldwide in children
under 5 years of age.1 In 2000, a seven-valent pneumococcal
conjugate vaccine (PCV7) was introduced in the United States
of America. The result was a dramatic, sustained reduction
in invasive pneumococcal disease (IPD) in young children.2,3
Moreover, a very similar nine-valent pneumococcal conjugate vaccine (PCV9) that contains the seven S. pneumoniae
serotypes in PCV7 (i.e. serotypes 4, 6B, 9V, 14, 18C, 19F and
23F) plus serotypes 1 and 5 has been shown to be efficacious
in developing countries4,5 and the World Health Organization (WHO) has recommended that all countries introduce
pneumococcal conjugate vaccines into their routine childhood
immunization programmes.6 As with other new vaccines,
measuring the effect of pneumococcal conjugate vaccines
helps policy-makers determine whether the benefits of their
introduction and sustained use outweigh their costs.7
Trends in the occurrence of a vaccine-preventable disease after a vaccine is introduced can be assessed by either
population-based or sentinel surveillance. Population-based
surveillance involves identifying all new cases of the disease
under surveillance in a defined population. The data obtained
can be used to calculate the disease incidence rate since the
size of the population under surveillance is known. In contrast,
sentinel surveillance involves monitoring a disease at a single
facility or a small number of facilities. Generally, incidence
rates cannot be derived from sentinel surveillance data since
the population covered is rarely known and the data obtained
may not be representative of the catchment area. However,

sentinel surveillance usually requires fewer resources than
population-based surveillance. 8 The feasibility of sentinel
surveillance has led WHO to recommend that countries adopt
the approach for monitoring the effect of newly introduced
vaccines, including pneumococcal conjugate vaccines.9 Sentinel surveillance systems have, nonetheless, several limitations
and it is not clear whether even well-functioning systems can
provide the data required for evaluating the effect of a new
vaccine. However, studies have shown that sentinel systems
involving hospitals in the United States can provide a reasonably accurate assessment of trends in antibiotic resistance10
and that sentinel surveillance in antenatal clinics in developing countries can be used to assess the prevalence of human
immunodeficiency virus infection.11
In this study, we used data from the Active Bacterial Core
surveillance system in the United States to determine whether
a sentinel surveillance system involving either individual
hospitals or groups of hospitals can provide estimates similar
to those based on data from a population-based surveillance
system when used to quantify the effect of introducing PCV7
on the occurrence of laboratory-confirmed IPD requiring
hospitalization among children aged under 5 years.

Methods
The Active Bacterial Core surveillance system in the United
States performs active, population-based surveillance for
IPD, which is defined as being present when pneumococcus
is isolated from normally sterile body fluid or tissue, such as
blood, cerebrospinal fluid or pleural fluid, in an individual
who is resident in a surveillance area on the date of culture.3,12
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We obtained data from this surveillance
system on all hospitalized IPD cases
identified in children aged under 5 years
between 1 January 1998 and 31 December 2006. We adopted 2006 as the
endpoint of the study because that year
recorded the lowest incidence of IPD to
date in the age group.3 Throughout the
study period, the Active Bacterial Core
surveillance system monitored IPD in
all eight counties in the state of Connecticut and in 49 counties overall in the
states of California, Georgia, Maryland,
Minnesota, New York, Oregon and Tennessee.12 The total population aged under 5 years that was under surveillance
averaged 1 140 372 during 1998 and 1999
and was 1 261 188 in 2006 (Table 1). In
the study, data were analysed for eight
surveillance areas, which corresponded
to areas monitored in the eight states.
Demographic and clinical information
on individual cases of IPD were obtained
from medical records. A patient was
regarded as having meningitis when S.
pneumoniae was isolated from cerebrospinal fluid, irrespective of the clinical
diagnosis, or when a clinical diagnosis
of meningitis was accompanied by the
isolation of S. pneumoniae from blood.
We calculated the observed, or
crude, annual incidence of IPD requiring hospitalization in children aged
under 5 years for each of the eight surveillance areas using the total number
of cases identified in that age group by
the Active Bacterial Core surveillance
system in a given year and the area’s
population of under 5-year-olds as
reported in National Center for Health
Statistics bridged-race population estimates, which are based on United States
census data.13 We calculated the per-

centage change in the annual incidence
of hospitalized IPD cases in children
aged under 5 years using the formula:
(RR − 1) × 100%, where RR was defined
as the incidence in the most recent time
period divided by the incidence at baseline. We determined 95% confidence
intervals (CIs) for the percentage change
using standard interval calculations
in SAS version 9.2 (SAS Institute Inc.,
Cary, USA).
With sentinel surveillance, the effect of the vaccine was quantified by
estimating the percentage change between baseline and 2006 in the number
of hospitalized IPD cases treated at an
individual hospital or group of hospitals
participating in the Active Bacterial
Core surveillance system. With population-based surveillance, the effect was
quantified by estimating the percentage
change between the two time periods in
the incidence of hospitalized IPD cases
in the surveillance area covered by the
Active Bacterial Core surveillance system. Subsequently, the effect of the vaccine as assessed by sentinel surveillance
was compared with its effect as assessed
by population-based surveillance in the
area in which sentinel surveillance was
carried out. For example, the change
in the IPD case count at an individual
hospital in Connecticut was compared
with the change in the incidence of
hospitalized IPD cases for the entire
state of Connecticut, as all eight counties
in the state were covered by the Active
Bacterial Core surveillance system.
Since changes in referral patterns within
individual surveillance areas could have
had a confounding effect on the assessment of the change in hospitalized IPD
cases in individual hospitals, all cases

that were transferred from one hospital
to another were excluded from calculations of the effect of the vaccine made
using data from sentinel surveillance.
The effect of PCV7 on the number
of children aged under 5 years who were
hospitalized with IPD was estimated for
three groups, according to the S. pneumoniae serotype causing the disease:
(i) IPD due to any serotype, even when
it was unknown or not recorded; (ii) IPD
caused only by serotypes included in
PCV7 (i.e. serotypes 4, 6B, 9V, 14, 18C,
19F and 23F); and (iii) IPD caused only
by serotypes not included in PCV7.
The period 1998 to 1999 was chosen
as the baseline for comparisons and
the years 2002, 2004 and 2006 were the
end points.
Applying a method similar to that
used by Montana et al.,11 we judged that
sentinel surveillance was in agreement
with population-based surveillance in
assessing the effect of the vaccine on
hospitalized IPD cases in children aged
under 5 years when the magnitude of
the change in the number of hospitalized IPD cases determined by sentinel
surveillance fell within the 95% CI of
the magnitude of the change in the incidence of hospitalized IPD cases in the
corresponding surveillance area.
We also examined whether particular characteristics of the individual
hospital or group of hospitals involved
in sentinel surveillance were associated
with a greater likelihood that the sentinel
surveillance system’s assessment of the
magnitude of the effect of PCV7 would
agree with the population-based determination for the corresponding surveillance area. Every possible combination
of hospitals in a given surveillance area

Table 1. Active Bacterial Core surveillance system areas, United States of America, 1998–1999 and 2006
Surveillance area

Average population in 1998–1999
Total no.

California
Connecticut
Georgia
Maryland
Minnesota
New York
Oregon
Tennessee
All

746 276
3 278 050
3 801 578
2 447 423
2 535 790
1 104 857
1 373 146
1 318 865
16 605 985

No. of children
< 5 years
34 370
214 726
288 607
163 176
180 369
78 018
93 559
87 547
1 140 372

% change in
population aged
< 5 years from
1998–1999 to 2006
19
−6
34
2
9
−19
13
14
11

No. of hospitals reporting
≥ 1 IPD cases in 1998 or
1999
6
17
18
18
18
5
4
12
98

≥ 5 IPD cases in 1998 and
1999 combined
0
8
6
9
8
2
2
5
40

IPD, invasive pneumococcal disease.
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in which each hospital had at least five
hospitalized IPD cases in children aged
under 5 years in 1998 and 1999 combined was examined in the analysis of
groups of sentinel hospitals. Specifically,
we determined whether the number of
prevaccine cases in 1998 and 1999 or the
proportion of cases in the surveillance
area in 1998 and 1999 that was dealt
with by a given sentinel system predicted
which sentinel systems would produce
an assessment of the effect of PCV7 that
was in agreement with that obtained in
the corresponding surveillance area. We
used the Cochran–Armitage trend test
to determine whether either of these two
characteristics of the sentinel system or
the increase in the amount of time since
the introduction of PCV7 from 2 to 4
to 6 years was associated with a greater
likelihood that a sentinel system would
produce an assessment in agreement
with that of its surveillance area.
Active Bacterial Core surveillance
case reporting and isolate collection were
considered to be public health surveillance activities that were exempt from
institutional review by the Centers for
Disease Control and Prevention in the
United States. In addition, the surveillance protocol was evaluated at each
participating surveillance site and either
it was decided that the protocol was
exempt from review or approval was obtained from the appropriate local institutional review board. Neither the Centers
for Disease Control and Prevention nor
institutional review boards at individual
sites required informed consent.

Results
The number of hospitals in each surveillance area that reported at least one hospitalized IPD case in a child aged under
5 years in either 1998 or 1999 varied
from 4 to 18 (Table 1) and the average
number of cases in 1998 and 1999 combined for each of these hospitals ranged
from 1 to 28 (median: 2). The proportion
of all hospitalized IPD cases in a given
surveillance area in 1998 and 1999 that
was treated at a single hospital ranged
from 0.01% to 58%. The average baseline population of children aged under
5 years in the surveillance areas during
1998 and 1999 ranged from 34 370 to
288 607 and the change in population
from 1998 and 1999 to 2006 ranged from
−19% to 34%.
We identified 1667 hospitalized IPD
cases among children aged under 5 years
570

between 1998 and 2006: 685 (41%)
were cases of bacteraemia of unknown
source, 558 (33%) involved invasive
pneumonia, 218 (13%) involved meningitis and 206 (12%) involved infections
at other locations. The annual number
of hospitalized IPD cases caused by
any S. pneumoniae serotype in all eight
surveillance areas combined declined
from an average of 360 in 1998 and
1999 to 148 in 2006, which corresponds
to a decrease in incidence of 63% (95%
CI: 55–69), from 31.4 to 11.7 cases per
100 000 children aged under 5 years
(Table 2). The decrease in hospitalized
IPD cases caused by any serotype in
individual surveillance areas varied
from 37 to 82%. Moreover, the decline in
the incidence of hospitalized IPD cases
caused by a serotype included in PCV7
in all surveillance areas combined was
99% (95% CI: 97–100), with the decline
in individual surveillance areas varying
from 96 to 100%. In contrast, the incidence of hospitalized IPD cases caused
by a serotype not included in PCV7
increased by 93% (95% CI: 53–144) in
all surveillance areas combined, with
individual surveillance areas showing
an increase ranging from 17 to 342%.

All invasive pneumococcal
disease
Of the 98 individual hospitals that reported at least one hospitalized IPD case
among children aged under 5 years in
either 1998 or 1999, 93 (95%) recorded a
decrease in the number of cases by 2006
(data not shown). In particular, all 26
hospitals with an annual average of more
than three cases in 1998 and 1999 saw
a decrease. However, the magnitude of
the decrease observed at individual hospitals agreed with the magnitude of the
decrease observed in the corresponding
surveillance area for only 21% of hospitals (Table 3). Twelve of the 16 (75%)
hospitals with more than five IPD cases
a year during 1998 and 1999 and twelve
of the 19 (63%) hospitals that treated
more than 10% of their surveillance area’s
cases in that period recorded a decrease
that agreed in magnitude with that in
the corresponding surveillance area. In
contrast, only 11% of the hospitals with
five or fewer IPD cases a year at baseline
and 11% that treated 10% or less of their
surveillance area’s cases recorded a decrease in agreement with that in the corresponding surveillance area (Table 3).
Fig. 1 illustrates the relationship
between the number of children aged

under 5 years hospitalized with IPD
due to all serotypes in either 1998 or
1999 that was covered by a sentinel
surveillance system in Tennessee and
the likelihood that the magnitude of the
decrease in cases recorded by the sentinel system by 2006 would agree with
the magnitude of the decrease in the
corresponding surveillance area, which
here included five counties in Tennessee.
Each sentinel system comprised either a
single hospital with at least one hospitalized IPD case in either 1998 or 1999 or
a group of hospitals, each of which had
at least five cases during 1998 and 1999
combined. Overall, in all surveillance
areas, more than 95% of sentinel systems
that treated either more than 30 cases
per year during 1998 and 1999 or more
than 50% of cases in the corresponding
surveillance area during that period
recorded a decrease in all hospitalized
IPD cases by 2006 that agreed with the
decrease recorded in the corresponding
surveillance area (Table 4).
Consequently, it appears that the
likelihood that the magnitude of the
decrease in all hospitalized IPD cases
recorded by a given sentinel surveillance system agreed with that recorded
in the corresponding surveillance area
increased as the number of cases at
baseline increased, whether determined
by the total number of cases treated during 1998 and 1999 or by the percentage
of cases in the surveillance area treated
during that period.
It was also found that the likelihood
of agreement between a sentinel surveillance system and its surveillance area in
determining the decrease in IPD cases
increased as the length of time from the
introduction of PCV7 increased from 2
to 4 to 6 years (P < 0.001 for all comparisons, Cochran–Armitage test for trend;
data not shown).

Invasive pneumococcal disease
by serotype
When the effect of PCV7 on only hospitalized IPD cases in children aged
under 5 years that were caused by
S. pneumoniae serotypes included in
PCV7 was considered, it was found that
97% of all sentinel surveillance systems
produced an estimate of the decrease in
cases from 1998 and 1999 to 2006 that
agreed with the decrease determined
for the corresponding surveillance area:
the proportion in agreement rose from
93% of sentinel systems with an annual
average of 20 or fewer cases caused by
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Table 2. Children aged under 5 years hospitalized with invasive pneumococcal disease (IPD), United States of America, 1998–1999 and
2006a
S. pneumoniae serotype and
surveillance areab
All serotypes
California
Connecticut
Georgia
Maryland
Minnesota
New York
Oregon
Tennessee
All
Serotypes in PCV7d
California
Connecticut
Georgia
Maryland
Minnesota
New York
Oregon
Tennessee
All
Serotypes not in PCV7d
California
Connecticut
Georgia
Maryland
Minnesota
New York
Oregon
Tennessee
All

Annual average 1998–1999
No. of cases

Incidencec

2006a
No. of
cases

Change in incidence

Incidencec

%

95% confidence
intervalc

7
55
90
56
81
16
16
39
360

20.4
25.4
31.0
34.3
44.9
20.5
16.6
44.0
31.4

3
23
37
36
27
8
6
8
148

7.3
11.3
9.6
21.5
13.7
12.7
5.7
8.0
11.7

−64
−55
−69
−37
−69
−38
−66
−82
−63

−90 to 25
−72 to −30
−78 to −56
−57 to −9
−80 to −54
−71 to 34
−86 to −18
−91 to −62
−69 to −55

6
45
72
49
62
13
13
33
293

16.0
21.0
24.8
29.7
34.1
16.7
13.9
37.1
25.5

0
1
1
2
0
0
0
0
4

0.0
0.5
0.3
1.2
0.0
0.0
0.0
0.0
0.3

−100
−98
−99
−96
−100
−100
−100
−100
−99

NA
−100 to −83
−100 to −93
−99 to −84
NA
NA
NA
NA
−100 to −97

2
10
18
8
20
3
3
6
70

4.4
4.4
6.2
4.6
10.8
3.8
2.7
6.9
5.9

3
22
36
34
27
8
6
8
144

7.3
10.8
9.3
20.3
13.7
12.7
5.7
8.0
11.4

68
145
50
342
27
230
113
17
93

−66 to 733
33 to 353
−6 to 138
141 to 712
−22 to 108
15 to 851
−35 to 597
−52 to 187
53 to 144

NA, not applicable; PCV7, seven-valent pneumococcal conjugate vaccine.
a
PCV7 was introduced in the United States in 2000.
b
Areas covered by the Active Bacterial Core surveillance system.
c
Cases per 100 000 population.
d
PCV7 includes Streptococcus pneumoniae serotypes 4, 6B, 9V, 14, 18C, 19F and 23F.

all serotypes at baseline to 100% of sentinel systems with an annual average of
more than 20 baseline cases (Table 4).
Similarly, the proportion in agreement
rose from 91% of sentinel systems that
treated 30% or less of their surveillance
area’s baseline cases caused by all serotypes to 100% of those that treated more
than 30% of baseline cases.
In contrast, when the effect of PCV7
on only hospitalized IPD cases caused
by serotypes that were not included
in PCV7 was considered, only 70% of
sentinel systems produced an estimate
of the change in cases from 1998 and
1999 to 2006 that agreed with the change
determined for the corresponding sur-

veillance area. Moreover, only sentinel
systems that treated an annual average
of more than 40 IPD cases caused by
all serotypes at baseline or more than
60% of their surveillance area’s baseline
cases caused by all serotypes produced
estimates that consistently agreed with
those for the surveillance area (Table 4).
The likelihood of agreement between a sentinel surveillance system and
its corresponding surveillance area in
determining the change in hospitalized
IPD cases, whether or not caused by
serotypes included in PCV7, increased
significantly as the length of time from
the introduction of PCV7 increased
from 2 to 4 to 6 years (P < 0.001 for all
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comparisons, Cochran–Armitage test
for trend; data not shown).

Discussion
Our study of sentinel hospital surveillance of the effect of PCV7 in the United
States indicates that sentinel surveillance
can play a useful role in monitoring
the effect of pneumococcal conjugate
vaccines on IPD. We recommend
that sentinel surveillance systems for
monitoring the effect of these vaccines
should: (i) establish the baseline burden
of IPD before the introduction of the
vaccine; (ii) ensure that the number of
cases recorded at baseline is sufficient
571

Research
Lee M Hampton et al.

Assessing pneumococcal conjugate vaccine effectiveness

Table 3. Proportion of hospitals recording a change in the number of children aged under 5 years with IPD from 1998–1999 to 2006a
that agreedb with the change recorded in their surveillance areas,c United States of America
IPD cases at each hospital

IPD caused by any serotype
Hospitals in
agreement/all
hospitalse
(No./no.)

Annual average of cases in 1998
and 1999f
0 to 5
6 to 10
11 to 15
16 to 20
21 to 25
26 to 30
All
Proportion (%) of the surveillance
area’s cases during 1998 and 1999f
0–10
11–20
21–30
31–40
41–50
51–60
All

Hospitals in
agreement
(%)

IPD caused by serotypes
in PCV7d
Hospitals in
agreement/
all hospitalse
(No./no.)

Hospitals in
agreement
(%)

IPD caused by serotypes
not in PCV7d
Hospitals in
agreement/
all hospitalse
(No./no.)

Hospitals in
agreement
(%)

9/82
5/7
5/5
0/0
2/3
0/1
21/98

11
71
100
NA
67
0
21

72/72
6/7
5/5
0/0
3/3
1/1
87/88

100
86
100
NA
100
100
99

6/32
3/5
2/5
0/0
3/3
1/1
15/46

19
60
40
NA
100
100
31

9/79
3/4
7/11
0/2
1/1
1/1
21/98

11
75
64
0
100
100
21

68/69
4/4
11/11
2/2
1/1
1/1
87/88

99
100
100
100
100
100
99

5/30
1/3
6/10
1/1
1/1
1/1
15/46

17
33
60
100
100
100
33

IPD, invasive pneumococcal disease; NA, not applicable; PCV7, seven-valent pneumococcal conjugate vaccine.
a
PCV7 was introduced in the United States in 2000.
b
The change in the number of hospitalized cases of IPD in children aged under 5 years from the average in 1998 and 1999 to 2006 was judged to be in agreement
with the change observed in the corresponding surveillance area when the magnitude of the change in the number recorded at the hospital fell within the 95%
confidence interval of the magnitude of the change in the incidence of hospitalized IPD cases for the corresponding surveillance area.
c
Areas covered by the Active Bacterial Core surveillance system.
d
PCV7 includes Streptococcus pneumoniae serotypes 4, 6B, 9V, 14, 18C, 19F and 23F.
e
The denominators vary across the columns because some sentinel hospitals either did not have any IPD cases caused by serotypes in PCV7 or did not have any cases
caused by serotypes not in PCV7 in 1998 or 1999.
f
P < 0.01 for trend (Cochran-Armitage test) for IPD caused by any serotype and for IPD caused by serotypes not in PCV7.

for monitoring future trends; (iii) determine which S. pneumoniae serotypes
are responsible for individual cases; and
(iv) measure the effect of the vaccine for
at least 2 years after its introduction.
The number of IPD cases that
should be recorded by a sentinel surveillance system at baseline depends
on the goals of surveillance. In our
study, almost all individual hospitals in
the Active Bacterial Core surveillance
areas correctly showed a decline in the
number of children aged under 5 years
who were hospitalized with IPD due to
any serotype. However, only sentinel
systems that included an annual average
of more than 30 hospitalized IPD cases
caused by any serotype during the 1998
to 1999 baseline period and those that
included more than 50% of their surveillance area’s cases caused by any serotype
during that period reliably measured
the magnitude of the decline between
572

baseline and 2006. That a sentinel system needed to have so many baseline
cases to ensure that the magnitude of
the effect of PCV7 was reliably assessed
suggests that many potential sentinel
systems may not be able to provide a
dependable measure of a vaccine’s effect.
For example, in its efforts to measure the
burden of IPD around the world, the
PneumoADIP programme14 found that,
while many sentinel systems with large
populations in their catchment areas
identified more than 30 hospitalized,
laboratory-confirmed cases a year in
children aged under 5 years,7,15,16 others identified substantially fewer.7,17–20
However, the alternative approach of
establishing sentinel surveillance at
hospitals that treat a large proportion of
their areas’ IPD cases has the disadvantage that, without a population-based
surveillance system, it is difficult to
estimate the percentage of cases in the

population seen at an individual hospital. Pooling several individual hospitals
to create a sentinel system with a large
enough total number of baseline cases
may be more practical.
We found that sentinel systems
performed best when measuring the
effect of PCV7 on IPD caused by
S. pneumoniae serotypes included in the
vaccine: overall, 97% of sentinel systems
produced results in agreement with
those of their surveillance areas. This
was largely because almost no patients
were hospitalized with IPD caused by
vaccine serotypes in any of the surveillance areas by 2006. The observation that
it is important to know which S. pneumoniae serotypes are responsible for
the IPD cases is consistent with studies
that demonstrated the elimination of
invasive Haemophilus influenzae type b
in the Gambia21 and substantial reductions in the infection in South Africa,22
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Fig. 1. Change in number of children aged under 5 years hospitalized with invasive
pneumococcal disease (IPD) from 1998–1999 to 2006a recorded by sentinel
surveillance systems,b by number of cases in 1998 and 1999, Tennessee, United
States of America
Change in IPD casesc (%) recorded by the sentinel
surveillance system from 1998 and 1999 to 2006
–100

–75

–50

–25

0

5
10
15
20
25
30

Population
surveillance
area PCV7
impact

35

Annual average number of IPD cases seen by a sentinel
surveillance system during 1998 and 1999

0

40

Change in case numbers recorded by the sentinel system agreedd with that in the whole surveillance areae
Change in case numbers recorded by the sentinel system did not agreed with that in the whole surveillance areae
PCV7, seven-valent pneumococcal conjugate vaccine.
a
PCV7 was introduced in the United States in 2000.
b
Each sentinel system comprised either a single hospital with at least one hospitalized IPD case in either
1998 or 1999 or a group of hospitals, in which each hospital had at least five cases during 1998 and
1999 combined.
c
A case was a child aged under 5 years who was hospitalized with IPD caused by any Streptococcus
pneumoniae serotype.
d
The change in the number of IPD cases recorded by the sentinel surveillance system was judged to be
in agreement with the change observed in the corresponding surveillance area when the magnitude
of the change in number recorded by the surveillance system fell within the 95% confidence interval
of the magnitude of the change in the incidence of hospitalized IPD cases for the corresponding
surveillance area.
e
The whole surveillance area was the area covered by the Active Bacterial Core surveillance system in
the United States in which all the sentinel surveillance systems were located; here the area included
five counties in Tennessee.
Note: The vertical line indicates the change in the incidence of hospitalized IPD cases recorded in the
whole surveillance area.

despite, respectively, the continued
occurrence of and reported increases
in invasive non-type-b H. influenzae.
In practice, serotyping pneumococcal isolates is even more important
than serotyping H. influenzae isolates
for assessing the effect of a vaccine
since, historically, H. influenzae type
b has accounted for almost all invasive
H. influenzae disease.23 In contrast, the
serotypes in PCV7, PCV10 and PCV13
account for substantially smaller proportions of IPD.24 Moreover, serotyping
pneumococcal isolates makes it possible
to monitor any increase in IPD caused

by serotypes not included in the vaccine, which is a potentially important
problem.3,25 In our study, however, the
sentinel systems included in the Active Bacterial Core surveillance system
were generally less reliable in assessing
the magnitude of the change in disease
due to non-PCV7 serotypes than the
magnitude of the change due to PCV7
serotypes. Although serotyping pneumococcal isolates is difficult in many
settings with limited laboratory facilities, the use of techniques based on the
polymerase chain reaction may provide
a practical solution.26–28
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Population-based sur veillance
systems have shown a decline in IPD
within 1 to 2 years of vaccine introduction2,29 and sentinel systems may do the
same. However, in our study, a sentinel
system’s reliability in measuring the
vaccine’s effect on IPD, whether or not
caused by serotypes included in PCV7,
increased with the passage of time.
Although careful selection of sentinel sites is important, it cannot compensate for fundamental problems in the
operation of the surveillance system. A
high-quality laboratory is essential for
consistently identifying possible cases
of the disease of interest, for carrying
out accurate confirmatory tests and
for recording and communicating case
information. Potential problems with
staff, supplies, support or funding 30
mean that surveillance systems monitoring the effect of a vaccine, especially
laboratory-based systems performing
new tests, should be operating reliably
before the target vaccine is introduced.
In addition, staff must be alert to the
possibility that any change in the occurrence of an invasive bacterial disease
may result from a change in the size of
the population under surveillance or a
change in the operating or referral pattern of the local health-care area rather
than a change in the amount of disease
in the population.
Even when a sentinel system provides high-quality data on a vaccine’s
effect, the findings should not be overgeneralized. For example, the effect of
a vaccine measured by a single hospital
that treats more than 30 IPD cases per
year should not automatically be used
to deduce the vaccine’s effect across a
country with tens of millions of people.
This study has several limitations
that may limit the generalizability of
its findings. Other countries may differ
from the United States in care-seeking
behaviour among the population,
clinical practice, laboratory capacity
and pneumococcal epidemiology, all of
which would affect the ability of sentinel surveillance to reflect accurately
population-based surveillance. In addition, staff at the Active Bacterial Core
surveillance system actively seeks out
cases, so our findings may not apply to
systems that collect case reports passively. Also, since the Active Bacterial
Core surveillance system’s data are based
on laboratory testing, they may not be
useful for the surveillance of clinical
syndromes, such as meningitis. Finally,
573

574

31
70
85
98
98
100
100
100
76

17
52
64
81
92
97
99
100
100
NA
76

17/103
65/124
114/178
188/231
216/236
148/153
101/102
42/42
10/10
NA
901/1179

Sentinel systems
in agreement
(%)

57/181
230/330
280/328
218/223
42/43
46/46
25/25
3/3
901/1179

Sentinel systems in agreement/all sentinel systemsf
(No./no.)

IPD caused by any serotype

92/93
109/124
158/178
231/231
236/236
153/153
102/102
42/42
10/10
NA
1133/1169

164/171
301/330
328/328
223/223
43/43
46/46
25/25
3/3
1133/1169

Sentinel systems in agreement/all sentinel systemsf
(No./no.)

99
88
89
100
100
100
100
100
100
NA
97

96
91
100
100
100
100
100
100
97

Sentinel systems in
agreement
(%)

IPD caused by serotypes in PCV7e

12/50
56/111
108/172
156/229
165/236
125/153
101/102
42/42
10/10
NA
775/1105

41/114
210/323
204/328
205/223
41/43
46/46
25/25
3/3
775/1105

Sentinel systems in agreement/all sentinel systemsf
(No./no.)

24
50
63
68
70
82
99
100
100
NA
70

36
65
62
92
95
100
100
100
70

Sentinel systems in
agreement
(%)

IPD caused by serotypes not in PCV7e
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NA, not applicable; PCV7, seven-valent pneumococcal conjugate vaccine.
a
Each sentinel system comprised either a single hospital with at least one hospitalized IPD case in either 1998 or 1999 or a group of hospitals in which each hospital had at least five cases during 1998 and 1999 combined.
b
PCV7 was introduced in the United States in 2000.
c
The change in the number of hospitalized cases of IPD in children aged under 5 years from the average in 1998 and 1999 to 2006 seen by a sentinel surveillance system was judged to be in agreement with the change observed in the
corresponding surveillance area when the magnitude of the change in number recorded by the surveillance system fell within the 95% confidence interval of the magnitude of the change in the incidence of hospitalized IPD cases for the
corresponding surveillance area.
d
Areas covered by the Active Bacterial Core surveillance system.
e
PCV7 includes Streptococcus pneumoniae serotypes 4, 6B, 9V, 14, 18C, 19F and 23F.
f
The denominators vary across the columns because some sentinel hospitals either did not have any IPD cases caused by serotypes in PCV7 or did not have any cases caused by serotypes not in PCV7 in 1998 or 1999.
g
P < 0.0001 for trend (exact Cochran-Armitage test) for IPD due to all serotypes, serotypes in PCV7 and serotypes not in PCV7.

Annual average of cases in 1998–1999g
0 to 10
11 to 20
21 to 30
31 to 40
41 to 50
51 to 60
61 to 70
71 or more
All
Proportion (%) of surveillance area’s cases
in 1998–1999g
0–10
11–20
21–30
31–40
41–50
51–60
61–70
71–80
81–90
91–100
All

IPD cases seen by each sentinel systema

Table 4. Proportion of sentinel surveillance systemsa recording a change in the number of children aged under 5 years with invasive pneumococcal disease (IPD) from 1998–1999 to 2006b that agreedc
with the change recorded in their surveillance area,d United States of America
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although we expect our findings will
apply to other pneumococcal conjugate
vaccines, our study addressed only the
effect of PCV7 and not that of highervalence pneumococcal conjugate vaccines such as PCV10 or PCV13.
In addition to monitoring the effect
of a vaccine on IPD, sentinel surveillance
can also help identify the serotypes causing disease and can record the clinical
and demographic characteristics of
individual cases. However, the recent
global push towards using pneumococcal conjugate vaccines suggests that
measuring the effect of a vaccine is a
key reason for carrying out surveillance.
Although laboratory-based sentinel
systems can be useful for monitoring
the direction of the effect of a vaccine
on the incidence of invasive bacterial
disease, if they are to measure reliably
the magnitude of the effect, they will
have to either include a large number
of cases at baseline before the vaccine’s

introduction or have the ability to identify the serotype and not just the species
of the invasive bacteria. While it is more
expensive to create sentinel systems that
involve several hospitals or that have a
laboratory capable of identifying specific
serotypes, it is worthwhile finding the
additional resources. ■
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ملخص

الرتصد اخلفري مقابل الرتصد السكاين لفاعلية اللقاح املتقارن املضاد اللتهاب املكورات الرئوية

التي حيتوهيا اللقاح املتقارن املضاد اللتهاب املكورات الرئوية
 وأبلغت مجيع املستشفيات اخلفرية التي تضم أكثر من.السباعي
ثالث حاالت سنو ًيا عند خط األساس عن انخفاض يف احلاالت
% 95  سجل ما يزيد عن، باإلضافة إىل ذلك.2006 بحلول عام
30 من النظم اخلفرية التي يزيد معدل احلاالت التي تضمها عن
 يف عدد2006 حالة سنو ًيا عند خط األساس تغري ًا بحلول عام
95 احلاالت النامجة عن أي نمط مصيل يقع داخل فاصل الثقة
 بالنسبة للتغري يف معدالت اإلصابة للحاالت التي أدخلت إىل%
 وتم بدقة قياس.املستشفيات يف منطقة الرتصد السكاين املقابلة
التغري يف احلاالت النامجة عن األنامط املصلية للقاح املتقارن املضاد
% 100 و% 93اللتهاب املكورات الرئوية السباعي وكانت نسبة
 حالة20  حالة وأكرب من20 من النظم اخلفرية أقل من أو تساوي
. عىل التوايل،سنو ًيا عند خط األساس
االستنتاج يمكن للرتصد اخلفري قياس أثر اللقاح املتقارن املضاد
اللتهاب املكورات الرئوية السباعي عىل عدد األطفال الذين يتم
إدخاهلم إىل املستشفيات مصابني بمرض املكورات الرئوية الباضع
 ويؤدي التنميط.رشيطة اكتشاف حاالت كافية عند خط األساس
.املصيل إىل زيادة الدقة

الغرض مقارنة الرتصد اخلفري والسكاين لتأثري اللقاح املتقارن
) الذي تمPCV7( املضاد اللتهاب املكورات الرئوية السباعي
 سنوات إىل5  إثر إدخال األطفال دون سن2000 تقديمه يف عام
) يفIPD( املستشفيات مصابني بمرض املكورات الرئوية الباضع
.الواليات املتحدة األمريكية
الطريقة استخدمت بيانات الرتصد السكاين بغية حتديد األطفال
 مصابني2006 و1998 الذين ُأدخلوا إىل املستشفيات بني عامي
بمرض املكورات الرئوية الباضع الناتج عن األنامط املصلية
1998  وتم إجراء مقارنة للتغري احلادث بني عامي.للعقدية الرئوية
 يف عدد حاالت اإلصابة2006  (خط األساس) إىل عام1999و
بمرض املكورات الرئوية الباضع الذين أدخلوا إىل املستشفيات
وتم تسجيلهم بواسطة نظم الرتصد اخلفري التي انطوت عىل
مستشفيات فردية أو جمموعات مستشفيات بالتغري يف معدالت
اإلصابة بمرض املكورات الرئوية الباضع الذين أدخلوا إىل
.املستشفيات وفق قياس الرتصد السكاين
النتائج تباين التغري يف معدالت اإلصابة يف مناطق الرتصد الثامنية
 بخصوص مرض املكورات الرئوية% 82 -  إىل% 37 - من
% 100 -  إىل% 96 - الباضع الناجم عن أي نمط مصيل ومن
بالنسبة ملرض املكورات الرئوية الباضع الناجم عن األنامط املصلية

摘要
肺炎球菌疫苗有效性的疾病哨点和人群监测对比

目的 针对美国因侵袭性肺炎球菌疾病（IPD）住院的5 岁
以下儿童，比较在2000 年推出的七价肺炎球菌结合疫苗
（PCV7）影响的疾病哨点和人群监测。
方法 使用人群监测数据确定在1998 年至2006 年期间因
肺炎链球菌血清型引起的IPD住院的儿童数量。将由疾病
Bull World Health Organ 2012;90:568–577 | doi:10.2471/BLT.11.098178

哨点监测系统（包括单个医院和多组医院）记录的IPD住
院病例的数量从1998 和1999 年（基线期间）到2006
年的变化，与由人群监测所测量的IPD住院病例发病率的
变化进行比较。
结果 在八个监测区域中，由任何血清型引起的IPD的发病
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率变化为-37%至-82%不等，对于由PCV7 包含的血清型引
起的IPD则为-96%至-100%。截至2006 年，所有在基线期
间发生超过三例病例的单独哨点医院，其报告的病例都有
所减少。此外，截止2006 年，对于对应人群监测区域住
院病例发病率变化落在95%置信区间的任何血清型，在
基线期间每年平均有30 多个病例的哨点系统中都有超过

Lee M Hampton et al.

95%的系统记录到了因其引起的病例数量变化。基线期间
每年不超过20 例和超过20 例时，因PCV7 血清型引起的
病例变化分别别被93%和100%的哨点系统准确测量到。
结论 只要在基线期间检测到足够的病例，哨点监测就可
以准确测量PCV7 对于IPD住院儿童数量的影响。血清分
型提高了准确度。

Résumé
Suivi comparé d’un échantillon sentinelle et de la population quant à l’efficacité du vaccin conjugué contre le pneumocoque
Objectif Comparer le suivi d’un échantillon sentinelle et de la population
quant à l’effet d’un vaccin conjugué pneumococcique heptavalent
(PCV7), lancé en l’an 2000, sur l’hospitalisation d’enfants âgés de moins
de 5 ans, atteints d’infection invasive à pneumocoques (IIP) aux ÉtatsUnis d’Amérique.
Méthodes Les données de suivi de la population ont été utilisées pour
identifier les enfants hospitalisés entre 1998 et 2006, souffrant d’IIP
causées par les sérotypes de Streptococcus pneumoniae. L’évolution
entre 1998-1999 (niveau de départ) et 2006, du nombre de cas d’IIP
hospitalisés enregistrés par les systèmes de surveillance sentinelle,
impliquant des hôpitaux individuels ou des groupes d’hôpitaux, a été
comparée à la variation d’incidence des cas d’IIP hospitalisés mesurés
par l’épidémiosurveillance de la population.
Résultats La variation de l’incidence dans les 8 zones de surveillance
oscillait de −37% à −82% pour les IIP causées par n’importe quel sérotype
et de −96% à −100% pour les IIP engendrées par les sérotypes contenus

dans le PCV7. Tous les hôpitaux sentinelles individuels rapportant
plus de 3 cas par an au départ ont fait état d’une diminution des cas
en 2006. En outre, plus de 95% des systèmes sentinelles présentant
une moyenne de plus de 30 cas par an au départ ont enregistré un
changement en 2006 du nombre de cas causés par tout sérotype,
respectant l’intervalle de confiance de 95% en regard de la variation
de l’incidence des patients hospitalisés dans la zone de surveillance
de la population correspondante. L’évolution du nombre de cas causés
par les sérotypes PCV7 a été mesurée avec une précision de 93% et de
100% par les systèmes sentinelles présentant respectivement ≤20 et
>20 cas par an au départ.
Conclusion La surveillance sentinelle peut mesurer avec précision
l’effet du PCV7 sur le nombre d’enfants hospitalisés pour IIP, à condition
qu’un nombre suffisant de cas soient détectés au départ. Le sérotypage
augmente cette exactitude.

Резюме
Подходы к эпиднадзору за эффективностью пневмококковой конъюгированной вакцины: дозорный
против популяционного
Цель Сравнить дозорный и популяционный подходы к эпиднадзору
за влиянием применения семивалентной пневмококковой
конъюгированной вакцины (PCV7), представленной в 2000 г., на
количество случаев госпитализации детей в возрасте до 5 лет
с инвазивной пневмококковой болезнью (ИПБ) в Соединенных
Штатах Америки.
Методы Данные популяционных исследований были
использованы для выявления детей, госпитализированных в
период между 1998 и 2006 гг. с ИПБ, вызванной серотипами
Streptococcus pneumoniae. Изменение, произошедшее с
1998 и 1999 гг. (базовый уровень) до 2006 г. в числе случаев
госпитализации с ИПБ, зафиксированных средствами дозорного
эпиднадзора с участием отдельных больниц или групп больниц,
сравнивалось с изменениями в частоте случаев госпитализации
с ИПБ, измеренных с помощью популяционных исследований.
Результаты Изменение частоты в восьми областях наблюдения
варьировалось от −37 до −82% для случаев ИПБ, вызванных
любым серотипом, и от −96 до −100% для случаев ИПБ, вызванных

серотипами, содержащимися в PCV7. Все отдельные дозорные
больницы, где в начале исследования фиксировалось более
трех случаев в год, сообщили о сокращении количества случаев
в 2006 г. Кроме того, более 95% дозорных систем, где в начале
исследования фиксировалось более 30 случаев в год, сообщили
об изменениях к 2006 г. в числе случаев, вызванных любым
серотипом, которые попали в 95% доверительный интервал для
изменения частоты случаев госпитализации в соответствующей
области, где проводились популяционные исследования.
Изменение в количестве случаев, вызванных серотипами PCV7,
было точно измерено в 93% и 100% дозорных систем с ≤20 и >20
случаев в год в начале исследования, соответственно.
Вывод Дозорный эпиднадзор позволяет точно измерить
эффективность влияния PCV7 на число детей, госпитализированных
с ИПБ, при условии, что в начале исследования фиксировалось
достаточное количество случаев. Точность увеличивается при
серотипировании.

Resumen
Efectividad de la vacuna antineumocócica conjugada: comparativa entre un sistema de vigilancia centinela y un sistema de
vigilancia poblacional
Objetivo Comparar los resultados de un sistema de vigilancia centinela
y un sistema de vigilancia poblacional acerca del efecto de la vacuna
antineumocócica conjugada 7-valente (PCV7), presentada en el año
2000, en la hospitalización de niños de edad inferior a 5 años con
enfermedad neumocócica invasiva (ENI) en los Estados Unidos de
América.
576

Métodos Los datos del sistema de vigilancia poblacional se emplearon
para identificar a los niños hospitalizados con ENI provocada por los
serotipos de Streptococcus pneumoniae entre los años 1998 y 2006.
El cambio desde 1998 y 1999 (línea de referencia) hasta 2006 en el
número de casos de ENI hospitalizados y registrados a través de sistemas
centinela en hospitales individuales o grupos de hospitales se comparó
Bull World Health Organ 2012;90:568–577 | doi:10.2471/BLT.11.098178
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con el cambio en la incidencia de casos de ENI hospitalizados medidos
a través del sistema de vigilancia poblacional.
Resultados El cambio en la incidencia en las ocho áreas de control varió
de un −37 a un −82% para los casos de ENI provocados por cualquier
serotipo, y de un −96 a un −100% para las ENI provocadas por los
serotipos incluidos en PCV7. Todos los hospitales centinela individuales
con más de tres casos anuales en el año de referencia registraron un
descenso de casos para el año 2006. Además, más del 95% de los
sistemas centinela con una media superior a 30 casos anuales en el
año de referencia registraron un cambio para el año 2006 en cuanto al

Assessing pneumococcal conjugate vaccine effectiveness

número de casos provocados por cualquier serotipo, que descendió al
95% del intervalo de confianza para el cambio en la incidencia de casos
hospitalizados en el área de control de la población correspondiente.
El cambio en los casos provocados por los serotipos PCV7 se midió de
manera precisa en el 93% y el 100% de los sistemas centinela con ≤ 20
y > 20 casos anuales en el año de referencia, respectivamente.
Conclusión El sistema de vigilancia centinela puede medir de manera
precisa el efecto de la PCV7 en el número de niños hospitalizados con
ENI, siempre y cuando se hayan detectado casos suficientes en el año
de referencia. El serotipado aumenta la precisión.
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