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At the Swedish Institute for Communicable Disease 
Control, statistical models based on queries submitted 
to a Swedish medical website are used as a comple-
ment to the regular influenza surveillance. The models 
have previously been shown to perform well for sea-
sonal influenza. The purpose of the present study was 
to evaluate the performance of the statistical models 
in the context of the influenza A(H1N1)2009 pandemic, 
a period when many factors, for example the media, 
could have influenced people’s search behaviour on 
the Internet and consequently the performance of 
the models. Our evaluation indicates consistent good 
reliability for the statistical models also during the 
pandemic. When compared to Google Flu Trends for 
Sweden, they were at least equivalent in terms of esti-
mating the influenza activity, and even seemed to be 
more precise in estimating the peak incidence of the 
influenza pandemic. 

Introduction 
For this paper, we evaluated the performance of statis-
tical estimates of influenza impact based on queries 
made on a national medical website. The statistical 
models were trained on data collected during almost 
four influenza seasons and were applied to web query 
data collected during the influenza A(H1N1) pandemic 
period, since April 2009. Our evaluation concerned 
both the estimates produced by the web query-based 
system and their usefulness. 

Monitoring of an influenza pandemic relies on a 
number of surveillance sources. Traditionally, the two 
main variables collected are the number of laboratory-
confirmed cases and the percentage of patients with 
influenza-like illness among total visits to appointed 
sentinel general practitioners. These are two stand-
ardised influenza surveillance measures recommended 
by the World Health Organization and the European 
Centre for Disease Prevention and Control [1,2]. In 
addition, other sources are used, both formal and 
informal. In recent years, surveillance based on search 
behaviour on the Internet has appeared as a potential 

complement to the traditional sources [3-10]. As the 
conclusions drawn about the spread and the impact 
of a pandemic influenza will (or at least should) affect 
policy makers, it is crucial to evaluate the performance 
of such additional surveillance methods.

We have previously described a syndromic surveil-
lance system [7] for seasonal influenza which is built 
on anonymous queries submitted to the search engine 
of a Swedish medical website: http://www.vardguiden.
se. The Vårdguiden website had about 1.2 million visits 
in January 2010, of which approximately 800,000 were 
unique. The site is operated by Stockholm county coun-
cil and around half of the visitors in 2010 originated 
from the Stockholm region [11] which covers about 
one fifth of the 9.3 million inhabitants in Sweden. The 
number of Internet users in Sweden is high: 88% of 
the population aged 16 to 74 years used the Internet 
on at least a weekly basis in 2010 [12]. During the first 
quarter of 2009, 36% of the users in Sweden looked for 
health-related information on the Internet [13].

Our statistical models estimate the influenza burden 
in Sweden [14] and are trained to approximate the 
number of laboratory-confirmed cases of influenza 
and the proportion of patients with influenza-like ill-
ness reported by sentinel general practitioners. These 
estimates are based solely on the number of queries 
about influenza and influenza symptoms (in total 
20 types of queries [7]) submitted to the Vårdguiden 
search engine. The statistical method behind the mod-
els has been described in Hulth et al. [7]. The system, 
which generates a final output in the form of graphs, is 
fully automatic, including daily transfer of query logs 
from the medical website to the Swedish Institute for 
Communicable Disease Control (SMI), statistical calcu-
lations, and weekly emails presenting the output of the 
models that are sent to those in charge of the influenza 
surveillance at the institute. The email contains two 
graphs showing the estimated number of laboratory-
confirmed cases and the percentage of patients with 
influenza-like illness from week 16 in 2009 up to the 
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week before the email is sent. An example of what data 
are contained in the output for the sentinel model is 
shown in Figure 1. Panel A shows the estimates for the 
percentage of patients with influenza-like illness calcu-
lated from the web queries. Panel B shows the number 
of media articles in Sweden on influenza, aggregated 
by week. Because of a reporting delay in the sentinel 
data, the automatic email can as soon as a week has 
ended give an estimate of what the traditional system 
will show only several days later. 
 
In addition to the automatic emails, the graphs are 
published every week (starting week 36 in 2009) on a 
publicly available web page [15]. The graphs were also 
discussed, together with information from a number 
of other sources, at weekly influenza meetings held at 
SMI during the most intense phase of pandemic sur-
veillance in 2009/10. By comparing and contrasting 
the results from the different systems, the epidemiolo-
gists got a more complete picture of the spread and the 
extent of influenza activity in the population.

We have previously shown that the statistical models 
are able to estimate seasonal influenza [7,16]. The pur-
pose of the presented study was to evaluate the per-
formance of the statistical models in the context of the 

influenza A(H1N1)2009 pandemic. This was a period 
during which many factors – for example the media – 
could have influenced people’s Internet search behav-
iour and consequently the models’ performance.

Methods
In order to evaluate the performance of the web query-
based influenza surveillance system, we performed one 
qualitative evaluation and two quantitative analyses. 
The qualitative evaluation consisted of a structured 
interview with key persons who received the output of 
the statistical models for use as one source of infor-
mation on the spread of the influenza pandemic in the 
country. In the quantitative evaluation, we focused on 
the performance of the sentinel model, as the tradi-
tional laboratory reporting indicated exceptionally high 
influenza levels, far higher than any of the other sur-
veillance systems and did probably not correctly reflect 
the influenza impact in Sweden [17]. Here we compared 
the output from the web query model to the reference 
data produced by the traditional surveillance, focusing 
on the potential advantage of the model output with 
respect to reporting delays in the sentinel data. In a 
second analysis, we compared our estimates to those 
made by Google Flu Trends for Sweden [18]. 

Evaluating the usefulness of the output
An email was sent to five persons at SMI who were 
deeply involved in the surveillance and the analysis of 
the spread and the impact of the influenza A(H1N1)2009 
virus on the national level. The email contained five 
questions on the usefulness of the web query-based 
influenza surveillance, concerning the information con-
veyed in the graphs as well as the means through which 
it was distributed. We also asked the users to suggest 
improvements that could be made to the system. We 
obtained replies to this email from four persons. 

Reporting delays
The sentinel reporting system suffers from reporting 
delays, since it relies heavily on manual reporting. The 
reporting delay for the sentinel data for seasonal influ-
enza is up to three weeks during the influenza season, 
and can be up to five weeks in the beginning of a sea-
son [19].

Our statistical model was trained on historical data 
(week 27 in 2005 to week 15 in 2009) that were back-
populated and thus included late reports. As the data 
in the traditional influenza surveillance are aggregated 
by week, we chose the same aggregation level for the 
model based on web queries. The evaluation period 
covered 44 weeks, from week 16 (13 April) in 2009 to 
week 6 (14 February) in 2010. 

Two quantities were calculated for the statistical model 
versus sentinel data as reported for a given week (here 
called ‘incomplete sentinel’) as well as versus the final 
sentinel values, including late reports, five weeks later 
(here called ‘complete sentinel’). These quantities 
were:

Figure 1 
Week-by-week web query-based estimates of the 
percentage of patients with influenza-like illness among 
all patients seen, Sweden, week 16, 2009–week 19, 2010

ILI: influenza-like illness.
As three web query logs were missing from week 53 in 2009, the 
entire week was removed.
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1. the root mean squared error of prediction (RMSEP). 
This is one of the standard measures in model evalua-
tion [20], calculated by

2. the mean absolute deviation (MAD). This value is cal-
culated by

The advantage of the latter measure is that it is slightly 
more intuitive than RMSEP, since it tells us how far off 
the predictions were on average.

We also calculated the R-squared measure, as well as 
the correlation coefficient.

Comparison with Google Flu Trends
Google Flu Trends was launched for Sweden in October 
2009 [18]. In this analysis, we compared the estimates 
done by Google Flu Trends, which were based on que-
ries submitted from Sweden to the general-purpose 
search engine Google, to those made by our system 
based on queries submitted to the national Vårdguiden 
web site. More specifically, since Google Flu Trends 
was developed on sentinel data, we used the web 
query-based sentinel data for the comparison. Both 
sources aggregate data by week, although Google Flu 
Trends starts the week with a Sunday, whereas our sta-
tistical model starts the week with a Monday.

Results

Usefulness
According to the users of the output produced by the 
web query-based system, the largest contribution of 
the graphs was as an additional source and a comple-
ment to the traditional surveillance. It was stated that 
one surveillance system is not enough for getting a 
true picture, and the more sources point in the same 
direction, the more reliable is the interpretation of the 

influenza surveillance data. The automatic dispatch 
was much appreciated and the emails, sent three and 
a half days before the time when the traditional sur-
veillance was compiled, was valuable as an early sig-
nal of what to expect from the traditional surveillance, 
although it was the trend rather than the height of the 
curve that was deemed more important. 

As part of the graphs produced by the web query-based 
system, the crude numbers of articles on influenza 
in online media (obtained from http://www.eniro.se/
nyhetssok/) were plotted. The users appreciated that 
some indication of the media activity was shown in 
the graphs. It was, however, evident from the answers 
that we obtained that some of the users believed that 
this information was corrected for in the statistical 
estimates. 

Two improvements were suggested to the models: that 
they should be corrected for the impact of media reports 
on search behaviour; and that they should be divided 
into the various regions of the country. This latter wish 
is, however, impossible to fulfil with this particular 
data source, as no geographical information is stored 
in the anonymous query logs. One user requested a 
better explanation of the model’s statistics.

Summary evaluation statistics
In Table 1 we summarise the comparison of our model 
and Google Flu Trends with the actual sentinel reports. 
The Swedish sentinel model based on web queries 
predicted the sentinel numbers better when delayed 
reporting was taken into account, no matter what 
performance indicator was used. This makes sense 
because we trained the models on complete sentinel 
data. In other words we have, by training the models on 
data including late reports, obtained a system which 
better mimics the values we will get after a while, once 
the data have been back-populated. 

The MAD value of 0.15 can be compared with the change 
from 1.11 percentage points to 1.36 percentage points 
between week 45 and 46 in 2009 [21,22], during the 
height of the pandemic. Thus, the average deviation 
paralleled the weekly change during the most intense 
pandemic period.

Table 1 
Evaluation statistics for models predicting influenza burden based on Internet queries, Sweden, 2009/10

Data Root mean square error of 
prediction (percentage points)

Mean average deviation 
(percentage points)

Coefficient of determination 
R-squared Correlation

Vårdguiden model vs incomplete sentinel 0.21 0.15 0.68 0.88
Vårdguiden model vs complete sentinel 0.17 0.12 0.75 0.90
Google Flu Trends vs incomplete sentinel 
(both normalised) NA NA NA 0.85

Google Flu Trends vs complete sentinel 
(both normalised) NA NA NA 0.87

NA: not available.
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Although the difference is small, the correlation coef-
ficient indicates that our model performed better than 
Google Flu Trends for Sweden, with a correlation coeffi-
cient of 0.90 versus 0.87. Since Google Flu Trends only 
provides relative intensity indicators and not absolute 
estimates of reported influenza, R-squared, RMSEP 
and MAD could not be calculated for their data.

In-depth comparison with Google 
Flu Trends for Sweden 
Figure 2 shows reported sentinel data (incomplete and 
complete), our web query-based estimations for senti-
nel data, and Google Flu Trends for Sweden from week 
16 in 2009 to week 6 in 2010. When comparing the out-
put of the sentinel model to the traditional surveillance 
that the model is supposed to mimic (Figures 1 and 2), 
we can see that the shape of the curves is very similar. 
The Google data, which are based on more data than 
the Vårdguiden data, form a smoother curve compared 
with the output from our statistical model. It underes-
timates, however, the height of the peak in November 
2009. 

Comparison with other published results 
The performance of the web query-based sentinel 
model during the pandemic season in terms of corre-
lation estimates was in line with the performances of 
various other reported attempts of web-based influ-
enza surveillance (Table 2). The correlation values that 
have been published are in the region of 0.72-0.94, 
with one bottom outlier at 0.55 using blog posts [10], 
and Google’s exceptional outlier at 0.96 [6]. The latter 
is especially surprising given that this value was for 
correlation with validation data. We found two publi-
cations that reported R-square estimates: Eysenbach 
reported an R-squared value of 0.83 [4], and Polgreen 
et al. reported an R-squared value of 0.38 [5], but it 
has to be noted that these were the values obtained 
when comparing the model to the data used for the 
fitting process. The R-squared value in our sentinel 
model denotes the performance relative to previously 
unknown data, during an exceptional influenza sea-
son. In light of this, the estimate of 0.75 is high.

Discussion
Overall, the performance of the statistical models 
based on queries submitted to the Swedish Vårdguiden 
web site exceeded our expectations during the pan-
demic, especially because the models were trained 
on seasonal influenza. The curve produced by the web 
query-based sentinel model was very similar to the one 
obtained from the traditional surveillance the model is 
supposed to mimic.

We have shown that an independently developed and 
controlled system such as ours can be comparable in 
reliability to Google Flu Trends, a model that is trained 
on much larger data volumes. One downside is that 
our model has a higher variance, which becomes mani-
fest in numerous small fluctuations of the model esti-
mates in Figure 2, trend shifts that are not reflected 
in the reported sentinel data. Such false signals can 
be a cause for concern if the model is to be used to 
guide public health action, and means in practice that 
observed trend shifts cannot be trusted unless sus-
tained for two weeks or more. 

While others have indicated that the under-estimation 
of the influenza peak in Sweden of Google Flu Trends 
could be due to a limitation in the Swedish sentinel 
system [23], the fact that our model (in addition to 
other surveillance methods) shows the same pattern 
as the sentinel reports [17], rather indicates that it is 
Google Flu Trends that is lacking in the quantitative 
estimation.

The quantitative evaluation statistics also indicate 
good reliability. It is debatable, however, whether 
they are suitable for evaluating surveillance systems 
for communicable diseases. Such measurements tend 
to investigate the performance in estimating absolute 
levels of activity, and give equal weight to the entire 
period of investigation, including periods of low activ-
ity. In future work, it might be more important to look 

Figure 2 
Incomplete and complete sentinel data, output from the 
statistical model based on Vårdguiden data, and Google 
Flu Trends for Sweden, week 16, 2009–week 6, 2010

ILI: influenza-like illness.
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at how a surveillance system captures the dynamics of 
the disease, such as rapid increases in activity levels 
or the timing of peaks.

We have also described the results of a qualitative 
evaluation in which we interviewed four colleagues 
who were receiving the output from the statistical mod-
els. In summary, it was valuable for those working with 
the surveillance to have an additional source of infor-
mation, as this increased their confidence in their esti-
mates and predictions of the spread and the impact of 
the influenza A(H1N1)2009 virus. 

One unknown factor here is the media impact on search 
behaviour. The interviewees explicitly asked for media 
activity to be incorporated in the statistical model. 
Such a model should intuitively perform better than 
a model without this information. We have performed 
some early experiments on including media activity in 
our web query-based statistical models. However, we 
have not yet found a satisfactory model to correct for 
the assumed impact of media reporting on peoples’ 
search behaviour. 

Conclusions
In this paper, we have described an evaluation of a 
syndromic surveillance system based on queries sub-
mitted to the search engine on a Swedish medical web-
site and regularly used during the pandemic influenza 
period. From our experience, we can say that there 
are a number of advantages of using web queries as a 
source for surveillance during a pandemic:

•	The	system	is	fully	automatic;	
•	The	 estimates	 are	 produced	 earlier	 than	 the	 tradi-

tional sources that it is supposed to mimic; 

•	They	do	not	require	people	to	see	a	doctor;	
•	There	is	no	reporting	delay	in	the	system;	
•	The	system	is	cheap	to	maintain;	
•	A	system	based	on	web	queries	can	easily	be	adapted	

to different symptoms or diagnoses. 

In addition, the presented analyses demonstrated that 
the system is reliable, stable and performs well when 
compared with conventional surveillance systems. 
When comparing the output from our sentinel model 
to Google Flu Trends for Sweden, we can conclude that 
although our models had been trained on a substan-
tially smaller set of data, they were at least equivalent 
to Google Flu Trends in terms of performance, and in 
terms of peak estimation even seemed to be more 
precise.

No current method can, however, give us the true 
spread and impact of an infectious disease in soci-
ety. Until such a method is invented, the best we can 
do is to use multiple sources for surveillance, be it 
an influenza pandemic or another infectious disease. 
Syndromic surveillance based on web search behav-
iour clearly has a role to play as such a source.
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Table 2 
Reported performances of different web-based influenza surveillance systems

Input data Reported value Measure Influenza measure Reference Comment
Health information web 
access logs 0.78, 0.76 Correlation (two 

different periods)
Sentinel reports, 
United States [3] Values were obtained from  

calibration data
Regression model using 
clicks on a sponsored 
Google Adsense keyword 

0.83
0.90

R-squared
correlation

Laboratory reported 
cases, Canada 

[4], Figure 2, 
Table 1

Values were obtained from 
calibration data

Clicks on a sponsored 
Google Adsense keyword 0.81 Correlation Sentinel reports, 

Canada [4], Table 1 Value was obtained from 
calibration data

Regression model using 
web queries 0.38 R-squared Sentinel reports, 

United States [5]
Value was obtained from 
calibration data (average R-squared 
for nine different regions)

Regression model using 
web queries 0.85 Correlation Sentinel reports, 

United States [6], Figure 2 Value was obtained from 
calibration data

Regression model  using 
web queries 0.96 Correlation Sentinel reports, 

United States [6], Figure 2 Value was obtained from validation 
data

Blog posts 0.55 Correlation Sentinel reports, 
United States [10] Value was obtained from 

calibration data

Google FluTrends 0.94 (Germany)
0.72 (Poland) Correlation

Acute respiratory 
infection (Germany),
Influenza-like illness 
(Poland)

[23]
Values were obtained from 
validation data (highest and lowest 
values of all evaluated countries)
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