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Abstract A sensitive, specific and timely surveillance is
necessary to monitor progress towards measles elimination.
We evaluated the performance of sentinel and mandatory-
based surveillance systems for measles in Switzerland
during a 5-year period by comparing 145 sentinel and 740
mandatory notified cases. The higher proportion of physi-
cians who reported at least one case per year in the sentinel
system suggests underreporting in the recently introduced
mandatory surveillance for measles. Accordingly, the latter
reported 2-36-fold lower estimates for incidence rates than
the sentinel surveillance. However, these estimates were
only 0.6-12-fold lower when we considered confirmed
cases alone, which indicates a higher specificity of the
mandatory surveillance system. In contrast, the sentinel
network, which covers 3.5% of all outpatient consultations,
detected only weakly and late a major national measles
epidemic in 2003 and completely missed 2 of 10 cantonal
outbreaks. Despite its better timeliness and greater sensi-
tivity in case detection, the sentinel system, in the current
situation of low incidence, is insufficient to perform mea-
sles control and to monitor progress towards elimination.

Keywords Mandatory notification - Measles -
Sensitivity - Sentinel surveillance - Specificity - Timeliness

J.-L. Richard (X)) - B. Vidondo - M. Miusezahl

Division of Communicable Diseases, Federal Office of Public
Health, Schwarztorstrasse 96, 3003 Bern, Switzerland

e-mail: jean-luc.richard@bag.admin.ch

B. Vidondo
Department of Social and Preventive Medicine, University of
Bern, Bern, Switzerland

Abbreviations
CI Confidence interval
FMH  Swiss Medical Association

FOPH Federal Office of Public Health
MNS  Mandatory notification system
OR Odds ratio

SSSN  Swiss Sentinel Surveillance Network
WHO  World Health Organization
Introduction

Measles has been targeted for elimination by year 2010 by
the World Health Organization (WHO) Regional Office for
Europe [1, 2]. A powerful case-based surveillance system
including laboratory data is necessary to assess the progress
towards this goal [3, 4]. In most Western European coun-
tries, measles surveillance is currently based on mandatory
notification of cases by physicians, and often also by lab-
oratories. Some countries, such as France, have relied
exclusively until recently on sentinel systems for measles
surveillance [5]. Other countries use both systems in par-
allel (Italy, Germany and Switzerland) [6—10]. Each system
has its strengths and weaknesses. The mandatory notifica-
tion is theoretically exhaustive while a sentinel surveillance
system is based on a limited sample of physicians, which
raises concerns about its representativeness, and about the
reliability of nationwide incidence estimates extrapolated
from reported cases [11]. In a situation close to measles
elimination, it is essential to investigate all cases and pre-
vent further transmission. Sentinel surveillance could then
fail to detect isolated cases and even outbreaks. However,
the information provided by sentinel systems is usually
considered to be timelier and more complete, due to better
compliance of voluntarily reporting physicians [6]. On the
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other hand, the mandatory notification systems often shows
significant underreporting, with incidence rates several
times lower than in sentinel systems [12—15].

Several countries have recently tried to improve measles
surveillance by replacing one system by another or adding
a new system to the one in place. In France because of
major underreporting, the mandatory notification for mea-
sles was replaced by sentinel surveillance in 1985.
However, with the current low measles incidence, the
sensitivity of this new system has become insufficient and
mandatory notification was recently reintroduced [16]. In
Italy a paediatric sentinel network for measles was intro-
duced in 2000 in addition to mandatory notification, which
is characterized by an important underreporting. In Ger-
many a sentinel system for measles was launched in 1999
followed by statutory surveillance in 2001 [15]. With
declining incidence of measles, the trend is to reinforce
mandatory notification, including laboratory reports. Nev-
ertheless sentinel systems could still be useful in countries
where reporting compliance is insufficient.

Two systems currently exist for measles surveillance in
Switzerland: the Swiss Sentinel Surveillance Network
(SSSN) and the mandatory notification system (MNS). The
SSSN was launched by the Federal Office of Public Health
(FOPH) and the Fakultére Instanz fiir Arztmedizin in 1986.
It is also used to monitor other diseases such as rubella,
mumps, whooping-cough or influenza [17]. The FOPH
recommends to the sentinel physicians to confirm all sus-
pected measles cases by laboratory testing. Although two
national measles epidemics were detected through the
SSSN in 1987 and in 1997, with 10,500 and 6,400 extrap-
olated cases respectively, incidence shows a decreasing
trend since 1986 [18]. With only 73 cases reported in 1998,
and 35 cases in 1999, concerns rose about the sensitivity of
the system to detect cases. In addition to the SSSN, a case-
based mandatory notification of measles for physicians and
laboratories was thus introduced in March 1999.

To our knowledge, a detailed comparison over several
years of the performance of these two types of surveillance
systems for measles has never been published [19, 20]. The
aim of this study was to review the 1999-2003 measles
surveillance data to compare the performance of the sen-
tinel and the mandatory surveillance systems, and in
particular to evaluate if the SSSN still provides reliable
information for public health.

Methods
The Swiss Sentinel Surveillance Network (SSSN)

The SSSN consisted of a yearly average of 230 primary
care physicians between 1999 and 2003. They were
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recruited in order to represent as good as possible the
distribution of physicians by area (six sentinel regions) and
specialty (GPs, specialists in internal medicine and paedi-
atricians) observed among the physicians of the Swiss
Medical Association (FMH). Physicians were recruited
annually by advertisements in the Bulletin of the FOPH,
and direct contacts or mailings made by a representative of
the SSSN in each region. Compared to the FMH members,
the representativeness of the SSSN members was good
with respect to region, speciality (with around 14% of the
total paediatricians were voluntarily overrepresented), sex
and age. The physicians’ attitude towards MMR vaccina-
tion and their making use of alternative medicine are not
taken into account for recruitment. SSSN physicians cov-
ered approximately 3.5% of the total consultations taking
place in Swiss private practices (about 5% for the paedia-
tricians), and covered 25 of the 26 cantons. They
voluntarily report clinical measles cases to the FOPH by
mail on a weekly basis. As soon as the latter receives this
first brief report, it requests physicians to deliver additional
data on exposure, clinical symptoms, laboratory results,
vaccination status, complications and hospitalization. In
addition, the SSSN physicians report the total number of
consultations carried out during the week, which is used as
a denominator.

The mandatory notification system (MNS)

Clinically compatible measles cases must be notified
within a week to the cantonal health officer by means of a
short form report. The notifying physician is then asked for
more details using another form similar to the SSSN
complementary form. The cantonal health officer transmits
a copy of all physicians’ reports to the FOPH. Moreover,
all positive measles tests performed by laboratories must be
notified simultaneously to the FOPH and the cantonal
health officer.

Case definitions and classification

The SSSN measles case definition—a generalized macu-
lopapular rash of at least 3 days duration, and a
temperature >38°C, and cough or coryza or conjunctivi-
tis—is more specific than the MNS, which does not specify
limits for duration or fever. For the purpose of this study
the MNS case classification was used to compare both
surveillance systems. A confirmed case is either a case with
a positive laboratory result (whichever material and test
used) and with at least one of the five measles MNS case
definition criteria or a case fulfilling this case definition
with an epidemiological link with another (confirmed or
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not) measles case. Outbreaks during the 2003 epidemic
were defined as clusters of at least eight cases living in the
same canton and beginning between January and July.

Statistical analysis

All measles cases reported by physicians and laboratories
with onset between March 1999 and December 2003 were
included in the analyses. Although sentinel physicians were
expected to notify cases only in the SSSN, 48 SSSN cases
(33.1%) were also reported in the MNS. This was mainly
due to the notification by the laboratories of positive
measles patients cared for by sentinel physicians. These
cases were regarded as SSSN cases only. Since the per-
formance of surveillance systems and characteristics of the
cases can vary according to the incidence of the disease, we
stratified most of the analyses in two periods: an inter-
epidemic period (1999-2002) and an epidemic year (2003).

We calculated the relative sensitivity of SSSN and MNS
by comparing estimates of incidence rates per 100,000
population according to both systems. We extrapolated
SSSN measles cases to the whole country by comparing the
number of SSSN consultations—stratified by the patients’
sex and age, the physicians’ region and type of practice—
with similarly stratified total consultations carried out in
Switzerland, according to health insurance data. We also
evaluated the relative sensitivity of both systems by com-
paring the number of cases (i) per reporting physician (any
physician reporting at least one case), and (ii) per poten-
tially reporting physician (any physician belonging to
SSSN or seeing measles cases outside SSSN, respectively).

While sensitivity is essential to surveillance, accuracy
and timeliness of reporting are crucial for a rapid inter-
vention to prevent the spread of the disease, particularly at
the beginning of an outbreak [21, 22]. Timeliness was
estimated in both surveillance systems using four indica-
tors: the time in days between the onset of measles
symptoms and the registration by the FOPH of (i) the first
of any report (initial, complementary or laboratory notifi-
cation), (ii) the initial report, (iii) the complementary
notification, and (iv) the laboratory report (for MNS only).
These data were only available in 2003 for the SSSN cases.
Accuracy was estimated in both systems using two indi-
cators: the proportion of (i) confirmed cases, and (ii)
laboratory confirmed cases.

To compare the characteristics of cases in both sur-
veillance systems we calculated unadjusted odds ratios
(OR) and 95% confidence intervals (CI) of cases being
reported in the mandatory versus sentinel (reference) sys-
tem, for the following variables: age, sex, region, being a
confirmed case, laboratory test performed, vaccination
status, complications or hospitalization, time elapsed since

the onset of disease and its first registration. Using the same
variables, logistic regression models were built to adjust for
possible confounding factors and to identify factors asso-
ciated with measles cases reported in the MNS using the
SSSN as a reference. Because of the interacting role of the
epidemic variable, two separate models were proposed for
the inter-epidemic period and the epidemic year
respectively.

SPSS 11.5, STATA 8.0 and Epilnfo 6.04d statistical
packages were used for analyses. The y~ test or the Fisher’s
exact test were used to analyse differences between pro-
portions, and the ;{2 for linear trend to test trends in
proportions. P values less than 0.05 were considered sta-
tistically significant.

Results
Availability of reports

A complementary form was available for most of SSSN
(96.6%) and MNS (94.6%) cases (Table 1). Only a
minority of MNS cases were notified via an initial (17.3%)
or a laboratory (29.1%) report. During the inter-epidemic
period the proportion of MNS cases with an initial, and
respectively a laboratory report was higher as compared to
the epidemic year (P = 0.002 and P < 0.001). The oppo-
site was observed for the complementary reports
(P < 0.001).

For the 5-year period, 62.8% of MNS cases were
exclusively reported through one notification: usually a
complementary form, rarely a laboratory form, and hardly
ever an initial form. Significantly more cases were
announced only through one notification during the epi-
demic period (68.4%) as compared to the inter-epidemic
period (41.9%) (P < 0.001). Among MNS cases, 15.9%
were notified by at least an initial and a complementary
report, 24.9% by at least a complementary and a laboratory
report, and only 3.8% by the three notification types
together.

Number of reported cases and incidence rates

One hundred forty-five SSSN and 740 MNS measles cases
were reported between 1999 and 2003 (Table 2). In the first
2 years after MNS was launched, sentinel physicians
reported a similar or even higher (non extrapolated) num-
ber of cases than the MNS. Moreover, the estimated
incidence rates after extrapolation were 5.2 (2.3-36.0)-fold
higher in SSSN compared to MNS, depending on the year.
However, the estimated incidence rates were only 2.5
(0.6-11.6)-fold higher in SSSN when the analysis was
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Table 1 Cases of measles reported by mandatory notification and sentinel surveillance systems, by type of notification reports and inter-
epidemic (1999-2002) and epidemic period (2003)

Time period

Type of notification

Mandatory notification Sentinel surveillance

Total Reported only by Total Reported only by
n (%)* n (%)° n (%) n (%)°
1999-2002 Reported cases 155 94
Initial report 40 25.8 3 1.9 94 100.0 5 5.3
Complementary report 129 83.2 39 25.2 89 94.7 0 0.0
Laboratory report 79 51.0 23 14.8 na na na na
2003 Reported cases 585 51
Initial report 88 15.0 6 1.0 51 100.0 0 0.0
Complementary report 571 97.6 387 66.2 51 100.0 0 0.0
Laboratory report 136 232 7 1.2 na na na na
Total Reported cases 740 145
Initial report 128 17.3 9 1.2 145 100.0 5 34
Complementary report 700 94.6 426 57.6 140 96.6 0 0.0
Laboratory report 215 29.1 30 4.1 na na na na

na, non applicable

* Proportion of reported cases notified by type of notification

® Proportion of reported cases notified exclusively by one type of notification

Table 2 Comparison of measles cases reported by mandatory and sentinel notification surveillance systems, by case classification and year;

Switzerland, 1999-2003

Case classification Year Mandatory notification Sentinel surveillance
n (reported) 1IR* (1) n (reported) n (extrapolated) 1R* (2) /(1)

All reported cases 1999 33 0.5 29 767 10.7 23.2
2000 16 0.2 24 576 8.0 36.0
2001 57 0.8 22 696 9.6 12.2
2002 49 0.7 19 495 6.8 10.1
2003 585 8.0 51 1,336 18.2 2.3
Total 740 2.0 145 3,870 10.7 5.2

Confirmed cases 1999 25 0.3 11 291 4.1 11.6
2000 12 0.2 2 48 0.7 4.0
2001 46 0.6 6 190 2.6 4.1
2002 43 0.6 1 26 0.4 0.6
2003 376 5.1 26 681 9.3 1.8
Total 502 1.4 46 1,236 34 2.5

? IR: incidence rate (per 100,000 population)

restricted to confirmed cases. These differences in inci-
dence rates decreased over time.

In both surveillance systems the number of reported
cases strongly increased during the 2003 epidemic year:
compared to 2002, the incidence rate was multiplied by 2.7
in the SSSN and by 11.9 in the MNS. Moreover a case was
more likely to be reported in the MNS versus the SSSN
(OR 6.96, 95% CI 4.66-10.41, P < 0.001) in 2003 com-
pared to inter-epidemic years.
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Number of cases per physician

The proportion of physicians who reported at least one case
was 4.1-65.5-fold higher in SSSN compared to MNS
between 1999 and 2003 (Table 3). However, the number of
cases notified per reporting physician was similar in both
systems. Nevertheless, the number of cases per physician
included in each system was 2.9-59.5-fold higher in the
SSSN depending on the year. During the epidemic period
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Table 3 Total number of physicians, number of physicians who reported cases, and number of cases per physician in the mandatory notification
surveillance as compared to the sentinel system; Switzerland, 1999-2003

Surveillance Year Total No. of Percentage No. of cases No. of cases No. of cases
system no. of physicians of reporting reported by per reporting per physician in the
physicians® reporting cases physicians physicians physician surveillance system
Mandatory notification 1999 7,200 25 0.3 31 1.24 <0.01
2000 7,200 10 0.1 12 1.20 <0.01
2001 7,200 32 0.4 50 1.56 0.01
2002 7,200 28 0.4 39 1.39 0.01
2003 7,200 219 3.0 578 2.64 0.08
Sentinel 1999 233 19 8.2 29 1.53 0.12
2000 242 22 9.1 24 1.09 0.10
2001 226 13 5.8 22 1.69 0.10
2002 223 17 7.6 19 1.12 0.09
2003 224 28 12.5 51 1.82 0.23

% The number of potential reporters in the MNS for the whole Switzerland was estimated using the total of hospital-based and general
practitioners, internists and paediatricians in private practice, based on 2001 data

the proportion of reporting physicians, the number of cases
per reporting physician and per physician in the two sur-
veillance systems increased considerably more in the MNS
compared to the SSSN.

Timeliness

During the 4 initial years of the mandatory notification of
measles, the first report of a case arrived to the FOPH on
average more than 1 month after symptom onset (Table 4).
This delay decreased to 3 weeks during the 2003 epidemic.
In the SSSN, the time remained stable at 2 weeks. In 2003,
cases reported within 14 days after symptom onset were
less likely to be reported by the MNS (OR 0.31, 95% CI
0.16-0.61, P < 0.001) (Table 5).

In the MNS in 2003, the average delay between
measles symptoms onset and registration by the FOPH
was 16.8 days for laboratory reports (median 14.0),
22.0 days for physician’s initial reports (median 13.0) and

27.3 days for complementary notifications (median 20.0).
Except for laboratory reports (mean 159, median
15.0 days), these delays were much longer during the
years 1999-2002, with a mean of 38.8 days for initial
reports (median 30.0) and of 53.9 days for the comple-
mentary notifications (median 39.0). Unexpectedly,
among cases with both initial and complementary reports
30.5% of the latter were received at the same time as
initial reports and 6.8% before them.

Among MNS cases with a laboratory and a comple-
mentary report, 77.7% were first notified through a
laboratory report, with a median delay of 14.0 days
between both reports. The opposite was observed among
9.8% of the cases (median 14.0 days) and both reports
arrived together in 12.5% of the situations. Complementary
reports for cases with a laboratory notification were
received later after the symptom onset (median 27.0 days)
than those without a laboratory notification (22.0 days).

For eight cantonal outbreaks detected by both surveil-
lance systems in 2003, the first report was always received

Table 4 Timeliness of reporting to the Federal Office of Public Health in the mandatory notification surveillance (1999-2002 and 2003) and the

sentinel (2003) systems

Number of days between symptom onset and first
registration of the case®

Number of days between symptom onset and registration
of complementary information

Mandatory notification Sentinel Mandatory notification Sentinel
1999-2002 2003 2003 1999-2002 2003 2003
N 116 491 47 115 491 46
Mean 32.7 21.0 143 53.9 273 312
Percentile 25 15.0 11.0 10.0 30.0 13.0 19.0
Percentile 50 25.0 16.0 12.0 39.0 20.0 28.5
Percentile 75 37.0 26.0 15.0 67.0 31.0 38.0

? For any type of notification (initial, mandatory or laboratory report)
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Table 5 Distribution of measles cases among mandatory notification (MNS) and sentinel surveillance (SSSN) systems by demographic,
epidemiological, and system characteristics; stratified by epidemiological period

Inter-epidemic years (1999-2002)

Epidemic year (2003)

MNS SSSN MNS SSSN
n (%) n (%) OR (95% CI) P value n (%) n (%) OR (95% CI) P value
Total® 155 94 585 51
Sex
Male 83 (542) 53 (56.4) 0.92(0.53-1.59) 0.793 302 (52.0) 32 (62.7) 0.64 (0.34-1.20) 0.147
Female 70 (45.8) 41 (43.6) 279 (48.0) 19 (37.3)
Age
216 years 58 (37.7) 12 (12.8) 4.10(1.99-8.73) <0.001 122 (21.0) 10 (19.6) 1.09 (0.51-2.39) 1.000
<16 years 96 (62.3) 82 (87.2) 459 (79.0) 41 (80.4)
Region”
West 16 (103) 9 (9.6 1.09 (0.43-2.80) 1.000 246 (42.1) 11 (21.6) 2.64 (1.28-5.58) 0.004
Central West 8 (52) 16 (17.00  0.27 (0.10-0.69) 0.003 104 (17.8) 10 (19.6) 0.89 (0.41-1.95) 0.706
North 15 0.7 15 (16.0) 0.56 (0.25-1.30) 0.162 13 22 3 (5.9) 0.36 (0.09-1.67) 0.129
Center 38 (245) 15 (16.0) 1.71 (0.84-3.50) 0.150 128 (21.9) (15.7)  1.51 (0.66-3.56) 0.374
East 68 (439) 36 (383) 1.26 (0.72-2.20) 0.428 76 (13.0) 13 (25.5) 0.44(0.21-0.91) 0.020
Southeast 10 (6.5 3 (3.2)  2.09 (0.51-9.86) 0.381 18 (3.1) 6 (11.8) 0.24 (0.08-0.77) 0.009
Case classification
Confirmed 126  (81.3) 20 (21.3) 16.08 (8.13-32.15) <0.001 376 (643) 26 (51.0) 1.73 (0.94-3.19) 0.069
Non confirmed 29 (18.7) 74 (78.7) 209 (35.7) 25 (49.0)
Laboratory test performed
Yes 107 (69.0) 52 (55.3) 1.80 (1.02-3.17) 0.031 167 (28.5) 37 (725) 0.15(0.08-0.30) <0.001
No 48 (31.0) 42 (44.7) 418 (71.5) 14 (27.5)
Vaccination status
Vaccinated 18 (11.6) 37 (394) 0.26 (0.13-0.54)  <0.001 62 (10.6) 15 (29.4) 0.27 (0.13-0.56) <0.001
Unknown 52 (335) 11 (117)  2.56 (1.15-5.77) 0.012 61 (104) 6 (11.8) 0.66 (0.26-2.02) 0.422
Unvaccinated 85 (54.8) 46 (48.9) 462  (79.0) 30 (58.8)
Hospitalization or complication
Yes 38 (295) 4 4)5) 8.87 (2.98-35.39) <0.001 91 (159 4 (7.8) 2.23(0.78-8.71) 0.155
No 91 (70.5) 85 (95.5) 480 (84.1) 47 (92.2)
Time between symptoms onset and registration of the first report
<14 days 26 (224) - - - 186 (3790 31 (66.0) 0.31(0.16-0.61) <0.001
=14 days 90 (77.6) - - 305 (62.1) 16 (34.0)

The SSSN was used as reference for the odds ratio
OR, odds ratio; CI, confidence interval (95%)
? Due to missing values the total for categories can be smaller

® 0dds ratios were calculated with six dummy variables opposing successively each region to all other regions

by the FOPH later in the SSSN as compared to the MNS
(median delay 31 days, range 3-73).

Sex, age and residence of patients

There was no difference in reporting by both surveillance
systems according to the sex of the patients (Table 5). Adults
were significantly more likely to be reported by MNS, but only
during inter-epidemic years. At the regional level, the geo-
graphical patterns of cases were different in the SSSN and the
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MNS during both the inter-epidemic period and the epidemic
year. The SSSN reported cases from 17 cantons during the
inter-epidemic period and from 13 cantons in 2003. The cor-
responding figures for the MNS were 20 and 20, respectively.

Outbreak detection

The SSSN totally failed to detect 2 of 10 cantonal out-
breaks during the 2003 epidemic, with 61 and 56 MNS
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cases, respectively. Four other cantonal outbreaks were
weakly detected by the sentinel surveillance (only one
SSSN case or a very low ratio of SSSN cases compared to
MNS cases). For the canton of Schwyz, 2 SSSN and 118
MNS cases were reported. This ratio was 1/48, 1/22 and 1/
8 for the cantons of Geneva, Vaud and Lucerne, respec-
tively. Only four outbreaks were clearly detected by both
systems (Valais, Sankt Gallen, Bern, and Ticino). Never-
theless, the SSSN also reported a few (rarely confirmed)
cases in small cantons without any MNS cases: ten cases in
three cantons in 1999-2002, and four in two cantons in
2003.

Case classification

Clinical information was available for all SSSN cases with
a complementary report, but only 29.3% of which fulfilled
the SSSN clinical case definition and 76.4% the MNS one.
Clinical data were available for 94.7% of MNS cases with
a complementary report, of which 82.1% fulfilled the MNS
case definition. For both systems the proportion of cases
corresponding to the clinical definition was significantly
higher during the epidemic year (data not shown). The
proportion of SSSN confirmed cases was also higher during
the epidemic year compared to the inter-epidemic period
(P < 0.001), while the proportion of confirmed cases was
lower in the MNS during the epidemic year (P < 0.001)
(Table 5). Inter-epidemic cases reported in the MNS
compared to SSSN were more likely to be confirmed (OR
16.08, 95% CI 8.13-32.15, P < 0.001). This difference
was not observed during the epidemic year.

Laboratory results

During the inter-epidemic period MNS cases were more
likely to receive a laboratory investigation than SSSN cases
(OR 1.80,95% CI 1.02-3.17, P = 0.031) (Table 5). But the
proportion of MNS cases with a laboratory investigation
decreased from 81.6% in 1999 to 31.5% in 2003
(P < 0.001, data not shown), whereas this proportion
increased from 48.3% to 72.5% among SSSN cases
(P = 0.009). In 2003 MNS cases were thus less likely to be
confirmed by a laboratory test than SSSN cases (OR 0.15,
95% CI 0.08-0.30, P < 0.001).

Positive results among SSSN cases with laboratory
declined between 1999 (57.1%) and 2002 (7.7%), and
strongly increased during the 2003 epidemic (56.8%). A
total of 53 negative cases were reported by SSSN physi-
cians (36.6% of all cases). On the opposite, the proportion
of positive results among cases with laboratory was con-
stantly very high in MNS, because negative cases were

hardly ever notified by MNS physicians (six cases corre-
sponding to 0.8% of overall cases). For the whole period,
the proportion of positive tests among MNS cases was thus
higher than among SSSN (OR 66.38, 95% CI 25.53-
198.71, P < 0.001, data not shown). Overall, during the
inter-epidemic period, MNS cases were more likely to be
laboratory confirmed than SSSN (OR 11.00, 95% CI 5.46—
2248, P < 0.001, data not shown). The opposite was
observed for the epidemic year (OR 0.54, 95% CI 0.29—
1.02, P =0.039). Four genotypes were identified among
MNS cases (D4, D5, D7 and D8) and only two (D5 and D7)
among SSSN cases in 2003.

Vaccination status

During both epidemic and inter-epidemic years, vaccinated
cases were about 4-fold more likely than unvaccinated
cases to be reported in the SSSN compared to MNS
(P < 0.001) (Table 5). If tested, SSSN unvaccinated cases
were significantly more likely to be laboratory positive
than vaccinated one (60.4% vs. 12.1%, P < 0.001). No
difference was observed among MNS cases.

Complications or hospitalization

Compared to SSSN measles cases, MNS cases were more
likely to have had complications or to have been hospi-
talized during the inter-epidemic years (OR 8.87, 95% CI
2.98-35.39, P < 0.001). This association was no more
significant during the epidemic year.

Logistic regression analysis

Logistic regression using multiple factors to compare the
characteristics of the MNS versus the SSSN cases con-
firmed for inter-epidemic years the significant differences
observed in univariate analyses for age, case classification,
vaccination status and severity (Table 6). Cases reported in
the MNS were more likely to be adults (OR 3.04, 95% CI
1.10-8.44, P =0.032), confirmed (OR 11.57, 95% CI
5.06-26.45, P < 0.001), and with complications or hospi-
talization (OR 6.93, 95% CI 1.74-27.66, P = 0.006), but
less likely to be vaccinated (OR 0.40, 95% CI 0.16-0.97,
P =<0.001).

For the epidemic year, the multiple analysis also con-
firmed that the availability of a laboratory test was lower in
the MNS (OR 0.05, 95% CI 0.02-0.14, P < 0.001). MNS
cases were more likely to be confirmed (OR 5.78, 95% CI
2.38-14.02, P < 0.001) than in the univariate analysis
(P < 0.069). A similar pattern was found in an additional
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Table 6 Variables associated with reporting measles cases in the mandatory notification compared to the sentinel surveillance system (refer-
ence) by logistic regression analysis, for inter-epidemic and epidemic years respectively

Inter-epidemic years (1999-2002)

Epidemic year (2003)

OR 95% CI P value OR 95% CI P value

Sex

Female 1.00 1.00

Male 1.36 0.62-3.00 0.445 0.62 0.31-1.22 0.163
Age

<16 years 1.00 1.00

216 years 3.04 1.10-8.44 0.032 1.84 0.74-4.54 0.187
Region®

West na na na 8.10 2.25-29.12 0.001

Central West 0.20 0.03-1.27 0.088 4.80 1.22-18.96 0.025

North 0.29 0.06-1.36 0.117 1.69 0.28-10.04 0.566

Center 1.78 0.45-6.97 0.410 4.15 1.05-16.40 0.042

East 0.95 0.28-3.25 0.934 2.50 0.69-9.06 0.162

Southeast 4.49 0.66-30.67 0.126 na na na
Case classification

Non confirmed 1.00 1.00

Confirmed 11.57 5.06-26.45 <0.001 5.78 2.38-14.02 <0.001
Laboratory test performed

No 1.00 1.00

Yes 0.57 0.24-1.36 0.205 0.05 0.02-0.14 <0.001
Vaccination status

Unvaccinated 1.00 1.00

Vaccinated 0.40 0.16-0.97 <0.001 0.58 0.25-1.33 0.199

Unknown 1.31 0.37-4.66 0.679 0.73 0.24-2.17 0.567
Hospitalization or complications

No 1.00 1.00

Yes 6.93 1.74-27.66 0.006 3.07 0.93-10.08 0.065

na, non applicable

* Odds ratios were calculated with six dummy variables opposing successively each region to all other regions

model including the timeliness variable (data not shown),
in which MNS cases were less likely to be reported within
the first 2 weeks after disease onset (OR 0.36, 95% CI
0.17-0.75, P = 0.007).

Discussion

Although the nature of the collected information was very
similar in both Swiss sentinel and mandatory surveillance
systems, each system presented relative strengths and
weaknesses, which are summarized in Table 7.
Performance of a surveillance system depends largely
on its design and actual operation. The source and com-
pleteness of the information as well as the pathways and
the reporting times distinguish in part both Swiss measles
surveillance systems. The SSSN is an active surveillance
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system including a zero reporting of cases and reminders,
constituted of motivated voluntary enrolled physicians.
These specificities result in a high regularity of reporting
(94.5% of weekly reports were received as compared to
86% in the German Measles Sentinel [8]), and as compared
to MNS, in a higher sensitivity in case detection.
Reporting sentinel and mandatory physicians have
notified a similar number of cases per physician. However,
proportionally far more sentinel physicians reported at least
one measles case per year, suggesting that a large amount
of mandatory physicians do not notify this disease. Esti-
mated incidence rates were thus 2—36-fold higher in SSSN
depending on the year. However this ratio decreased over
time, due in part to the increasing awareness of laboratories
and physicians of the inclusion of measles into the man-
datory surveillance, and in part to the 2003 epidemic,
which the SSSN only weakly detected [23]. German and
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Table 7 Strengths and weaknesses of the Swiss Sentinel Surveillance Network compared to the mandatory notification system for measles

Mandatory notification system

Sentinel surveillance system

Strengths Better sensitivity for outbreaks detection

Faster (but not fast enough) reporting of the beginning

of outbreaks
Higher proportion of laboratory confirmed cases
Higher proportion of confirmed cases
Identification of more measles genotypes

Weaknesses ~ Underreporting of cases, with a reporting bias

in favour of laboratory confirmed and severe cases

Almost no notification of cases with a negative laboratory

result

Lower proportion of cases with a laboratory investigation

Less timely for case reporting

Semi-active surveillance system (zero reporting, reminders)
High weekly reporting rate

Better sensitivity for cases detection

Timelier for case reporting

Higher proportion of cases with a laboratory investigation
Reporting of cases with a negative laboratory result

Usually failed to detect even important outbreaks
(and if not, lately)

Lower specificity (lower proportion of confirmed and laboratory
confirmed cases, higher proportion of cases not corresponding
to the case definition, and of vaccinated cases)

Under-representation of physicians reluctant to vaccine
against measles

Exclusion of hospitals and clinics
Questionable reliability of estimates of incidence rates

Identification of less genotypes

Italian measles sentinel systems are also more sensitive
than mandatory systems, with incidence rates ratios of 2
and 4, respectively [6, 15]. It is commonly recognized that
passively reported measles cases represent the tip of the
iceberg of measles incidence [24, 25].

While SSSN physicians clearly know that they have to
report measles because they personally receive specific
instructions and weekly reporting forms mentioning mea-
sles, anecdotic information shows that other physicians
often ignore that measles notification is mandatory. In the
MNS, underreporting seems higher among laboratories
than physicians, in spite of the former frequently using
electronic routines for reporting and of having a longer
reporting tradition (for laboratories, notification of aggre-
gated positive measles cases was introduced in 1988) [23].
Among laboratory confirmed cases reported by physicians
40 (22.4%) were not reported by laboratories whereas
physicians had not notified 30 (14.0%) cases reported by
laboratories. The apparently lower reporting compliance of
the latter results primarily from the design of the reporting
system: no reminder is sent to laboratories which miss to
report confirmed cases already notified by physicians,
whereas a complementary report is requested from physi-
cians by the cantonal health officer, who has received a
laboratory notification. In fact, many physicians are not
used to spontaneously report clinical measles cases, neither
through an initial nor a complementary reporting form, but
wait to be asked for it. This was confirmed by the longer
median delay in receiving complementary reports if cases
were also notified by a laboratory. Consequently, (i) a
majority of cases were not notified by an initial reporting
form, (ii) most laboratory reports were received by health

authorities before the complementary reports, (iii) only a
few laboratory negative cases were reported by physicians,
(iv) physicians wouldn’t have notified up to three quarters
of 166 confirmed cases if the laboratories had not reported
them initially, and finally and more importantly for disease
control (v) a large proportion of clinical cases without
laboratory remains probably unreported.

The sensitivity of measles cases detection is clearly
lower in the MNS compared to the SSSN although it
should be more complete due to the double notification of
physicians and laboratories, and the inclusion of cases
diagnosed in hospitals only (14.5% of MNS cases), which
are not covered by the SSSN [23]. The higher proportion of
MNS patients with complications or requiring a hospital-
ization is concordant with its lower sensitivity. The
propensity of mandatory surveillance to preferentially
report the most severe cases was also observed in Ger-
many, where 11% of notified cases were hospitalized as
compared to 2% among sentinel cases [15].

Whereas the SSSN was more sensitive to detect measles
cases and hence in estimating real incidence, the MNS was
far more sensitive to detect outbreaks. During the 2003
epidemic the number of reported cases increased more and
faster in the MNS than in the SSSN, which almost failed to
detect the epidemic. Most of the 2003 cantonal outbreaks
were either not identified by the SSSN, or only weakly and
late. Sporadic and sometimes unconfirmed SSSN cases
often failed to draw attention, even if the extrapolated
incidences were similar to those calculated with the MNS
data. The low ability of sentinel systems to detect even
large measles outbreaks was also observed in Germany and
France [15, 26]. Like in Switzerland, this was due to the
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low proportion of physicians included in such systems,
leaving large sectors and populations uncovered. Probably
more importantly for Switzerland, the SSSN fails to rep-
resent the minority of alternative physicians who are
reluctant to immunize against measles, and thus insuffi-
ciently covers the main population at risk. Most patients
were indeed unvaccinated, particularly in the MNS. In one
canton about three quarters of the 173 MNS cases were
reported by homeopaths during the 2003 epidemic [27].
The lack of SSSN sensitivity to detect outbreaks explains
why the geographical patterns of cases were so different in
both systems, particularly during the 2003 epidemic. The
current inability of the SSSN to accurately detect and
monitor most outbreaks constitutes a serious limitation for
outbreak control.

The better sensitivity of the SSSN to detect cases is
partly counterbalanced by a low specificity. Less than one
third of the cases fulfilled the SSSN measles case defini-
tion, which ought to be the prerequisite for reporting. In
fact, a majority of the other cases should be regarded as
unclassifiable cases rather than non-clinical cases, because
physicians often did not state the patient’s body tempera-
ture and could not document the duration of the rash at the
time of reporting (usually the first patient visit). Using the
MNS case definition, the proportion of cases fulfilling the
criteria was identical in both systems. Due to a far higher
proportion of MNS cases epidemiologically linked with
another case, and to a strong reporting bias favouring
laboratory confirmed cases in the MNS, SSSN cases were
far less likely to be classified as confirmed, above all
during inter-epidemic years. Moreover, the higher propor-
tion of vaccinated measles cases in SSSN suggests also its
weaker specificity. The low case detection sensitivity of the
MNS in comparison to the SSSN may thus partly be a
consequence of an overestimation of cases by the latter.
Besides, the difference between the incidence estimates in
both systems is reduced by half if only the confirmed cases
are considered.

The reliability of SSSN extrapolations may be ques-
tionable. First, Swiss physicians do not serve a well defined
population. Therefore, extrapolations of sentinel cases to
the whole population may not be accurate in spite of
weighting by main characteristics of patients and physi-
cians [28]. Second, as vaccination coverage of children in
sentinel practices is probably higher than the national
vaccination coverage, SSSN extrapolated estimates could
underestimates disease incidence [6]. Third, the lower
specificity of the SSSN tends on the opposite to overesti-
mate the incidence by including numerous non cases. As
disease incidence declines these estimates become less and
less valid.

Like in Italy, the Swiss sentinel system was timelier at
the case level than the MNS, due to motivated participants
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and direct reporting to the FOPH [6]. Nevertheless, because
of its limited coverage SSSN detected the beginning of
outbreaks later in comparison to MNS (or not at all).
Moreover, and although the reporting delay was shortened
in the MNS during the 2003 epidemic as a result of the
FOPH communication efforts [9, 29], it was usually too
long to plan effective interventions.

The strong increase in the number of cases during the
epidemic year was accompanied in both surveillance sys-
tems by a modification in reporting routines. For example,
reporting was timelier during the epidemic year and more
MNS physicians reported directly with the complementary
form. Moreover, proportionally less MNS cases were tes-
ted, mandatory physicians being accustomed to test only
the first cases of each outbreak. Also, far more SSSN cases
tested positive, and proportionally more MNS cases were
reported by hospitals rather than private practices.

In conclusion, currently operational sentinel and man-
datory surveillance systems for measles in Switzerland
have significant limitations. They both lack timeliness,
whereas sentinel surveillance also lacks specificity and
sensitivity to detect outbreaks. The mandatory system
suffers from significant underreporting despite its theoret-
ical exhaustiveness and its better ability to detect
outbreaks. Due to its low coverage, SSSN is inappropriate
to decisively help measles elimination at this state and to
assess progress towards this goal. The MNS must improve
reporting to allow the accurate monitoring of eradication,
and ameliorate its timeliness to permit meaningful public
health interventions.
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