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SUMMARY
We compared neighbouring regions of the Czech Republic (CZ) and Poland (PL) situated within 100 km of the country border, in order to compare 

surveillance systems performance in measuring the burden of tick-borne diseases in both countries. We used routine surveillance notifications from 
1999−2008 on tick-borne encephalitis (TBE) and Lyme borreliosis (LB). We assessed the crude risk ratio (RR) across the country border, and its 
estimates adjusted for both population density and the expected epidemiological gradient across the region, using negative binomial regression. 
The crude RR between CZ and PL was 7.43 (95% CI 6.20–8.90) for TBE, and 1.80 (1.76–1.83) for LB. The adjusted RR for TBE increased from 
4.47 in 1999–2001 to 10.01 in 2005–2008, but for LB decreased from 9.30 to 2.51 during the respective periods. Those results reflect possible dif-
ferences in surveillance systems performance between the two countries, as the administrative boundaries cannot constitute a barrier for zoonotic 
diseases and no biological processes alone can explain such large differences in disease occurrence.
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INTRODUCTION

Public health surveillance is the ongoing, systematic col-
lection, analysis, interpretation, and dissemination of data 
regarding a health-related event for use in public health action 
to reduce morbidity and mortality and to improve health (1). 
Data generated by public health surveillance systems are often 
used for long term programme planning and evaluation as well 
as for travel advice. Therefore, information on disease burden 
should be recorded in a compatible way across administrative 
entities.

There is increasing interest in studying the influence of ad-
ministrative borders, most often associated with real cultural 
and linguistic boundaries, socio-demographic compartmentali-
sation, differences in land use as well as topographical features 
on disease spread, healthcare utilization or ability to respond 
to public health emergencies (2–4). In the European Union, 
where unrestricted movement of people and goods is assured 
between Member States, political borders no longer constitute 
an important barrier for the spread of infectious diseases. Dur-
ing the past decade, the European Community and the European 
Centre for Disease Prevention and Control (ECDC) have made 
considerable efforts to collect surveillance information from all 
European Union Member States, and standardize the informa-
tion at European level through implementation of common case 

definitions (5, 6). However, there is an increasing understanding 
that when comparing data from different countries, other fac-
tors such as the degree of underreporting, diagnostic capacity 
and utilization of healthcare resources may impact the assess-
ment of the burden of illness in the population. These factors 
are not usually considered in international reports, which rely 
on estimates of underreporting obtained by different methods 
provided by countries (7, 8).

In this investigation we explore the potential usefulness of 
aligning data from cross border neighbouring areas for rapid 
evaluation of surveillance systems outcomes. We used the ex-
ample of two tick-borne diseases: tick-borne encephalitis (TBE) 
and Lyme borreliosis (LB) surveillance in the Czech Republic 
and Poland. Both diseases are endemic in these Central European 
countries, as documented by communicable disease surveillance 
and field studies (9–13). As both countries have similar public 
health systems, originating from the Soviet Union dictated model 
of uniform, centralized structures, it is often assumed that both 
systems should measure the disease occurrence with compat-
ible performance. A similar cross-border gradient approach was 
used a few times in studying socio-economical determinants of 
diseases, assessing whether living in neighbouring urban areas 
(14) or being member of the same ethnic minority in neighbour-
ing towns in two countries (15) is associated with differences 
in health indicators.
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MATERIALS AND METHODS

Study Area
We selected neighbouring administrative districts in the Czech 

Republic (CZ) and Poland (PL), located within approximately 
100 km of the country border. We decided to include this area 
based on the assumption that determinants of tick-borne disease 
risk should not differ in a small region, where no natural bar-
riers exist limiting the free movement of animals and people. 
The selected area consists of 24 districts in CZ and 51 districts 
in PL (Fig. 1). The two studied regions were different in terms 
of average district area and population density (Table 1). The 
area selected in CZ comprised larger, but less densely populated 
districts, whereas the area selected in PL had more industrialized, 
densely populated districts.

Surveillance Systems Organization
In both CZ and PL notification of these diseases was manda-

tory (in CZ LB since 1986, TBE since 1965; in PL LB since 
1998, TBE since 1970). Following the diagnosis of a case, the 
physician notifies the district public health authority. District 
public health officers complete standardized case reports based 
on medical documentation and direct interview with the patient. 
In CZ, district public health officers enter the case reports into 
an electronic database, and transfer weekly to the regional public 
health offices. Regional officers forward the data to the National 
Institute of Public Health in Prague (NIPH). In PL, district public 
health officers send biweekly reports on the number of incident 
cases to provincial offices. Regional officers send reports ag-
gregated at regional level to the National Institute of Public 
Health-National Institute of Hygiene in Warsaw (NIPH–NIH). 

Every 3 months, district public health officers send individual 
case reports including demographic, clinical and epidemiologi-
cal information to NIPH–NIH, where they are processed. In both 
countries feedback on the number of incident cases is provided 
on the Institutes websites (18, 19, 20). 

Case Definitions
CZ and PL implemented the surveillance case definitions for 

both tick-borne diseases in 2005 and 2008, respectively. Since 
they were not used in the surveillance systems in the two countries 
during most of the analyzed years (1999–2008), and therefore 
some key information may not have been recorded for each case, 
we decided to include in the present analysis all cases notified by 
physicians. We referred cases to the district of residence. To ad-
dress concerns regarding the possibility of different diagnosis of 
reported cases, we verified that more than 95% of reported TBE 
cases were confirmed serologically in both countries, and more 
than 85% of LB cases reported in CZ and 70% cases reported 
in PL met criteria for confirmed case (either Erythema Migrans 
diagnosed by a physician or late phase confirmed by appropriate 
laboratory investigation).

Statistical Analysis
We calculated incidence as the number of reported cases per 

100,000 population in given year and district. We divided the 
region into near border zones (districts with country border) and 
the zones distant from the border, thus creating 4 zones aligned 
from north-east to south-west (Fig. 1b). We computed the risk 
ratios (RRs) between countries, and between adjacent zones 
(zone 4 vs. 3, 3 vs. 2 and 2 vs. 1, south-west vs. north-east) to 
see if the difference between CZ and PL to a certain degree might 
be explained by natural epidemiological gradient of the disease 
when moving from south-west to north-east. Should the gradient 
explain the differences between countries we expected similar 
RRs for all three comparisons. We used Mantel-Haenszel test for 
homogeneity of risk ratios in stratified analysis. Negative binomial 
regression was used with annual incidence as an outcome variable 

Czech* Poland**
District characteristics
Number 24 51
Mean area (km2) 965 520
Mean district population (1999–2008) 140,904 117,926
Total study area (km2) 23,160 26,496
Total population 3,096,060 6,014,220
Population density (inhabitants/km2) 133.6 227.0
Surveillance characteristics
Number of Health Departments 24 36
Number of mandatory notifiable diseases 200 72
Number of physicians per 10,000 inhabitants 35.6 26.9

Table 1. Demographic and surveillance characteristics of se-
lected cross-border region, the Czech Republic and Poland, 
1999–2008

*Data from the Czech Statistical Office (16)
**Data from the Central Statistical Office of Poland (17)

Fig. 1 a) Location of the Czech Republic and Poland on the 
map of Europe, b) Cross-border CZ−PL study area situated 
100 km along the country border divided into 4 zones aligned 
from north-east to south-west.
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Tick-borne encephalitis Lyme borreliosis

RR 95% CI p value* RR 95% CI p value*
Country (CZ vs. PL) 7.43 6.20–8.90 NA 1.82 1.78–1.85 NA
Districts with country border (CZ vs. PL) 7.03 5.17–9.55 NA 2.17 2.08–2.26 NA
Gradient from south-west to north-east in PL 1.55 1.04–2.30 0.2555 1.05 0.99–1.11 0.0029
Gradient from south-west to north-east in CZ 1.22 1.09–1.37 0.95 0.92–0.98

*p-value for difference between strata; RR – risk ratio; CI – confidence interval; NA – not available

Table 2. Crude risk ratios from Mantel-Hanszel analysis, cross-border region in the Czech Republic and Poland, 1999–2008

Tick-borne encephalitis Lyme borreliosis

aRR 95% CI p value* aRR 95% CI p value*
Country by period (CZ vs. PL):
Country in 1999–2001 4.47 2.35−8.53 <0.001 9.30 6.66−12.97 <0.001
Country in 2002–2004 8.18 4.12−16.23 <0.001 4.54 3.25−6.36 <0.001
Country in 2005–2008 10.01 5.48−18.28 <0.001 2.51 1.85−3.43 <0.001
Gradient from south-west to north-east# 1.44 1.15−1.81 0.001 0.99 0.88−1.12 0.927
Population density of districts (reference: ≥ 500 inhabitants/km2)
< 100 inhabitants/km2 4.36 2.97−6.41 <0.001 1.21 1.02−1.44 0.031
100–499 inhabitants/km2 1.89 1.33−2.71 <0.001 1.14 0.98−1.31 0.082

*Wald test; CI – confidence interval; aRR – adjusted risk ratio; parameter alpha for TBE model 0.76, for LB model 0.52.
#zone number entered as numerical (score) variable

Table 3. Risk ratios adjusted for surveillance period and population density of the studied districts, cross-border region in the 
Czech Republic and Poland, 1999–2008

to adjust the risk ratio across border for expected epidemiologi-
cal gradient (measured by zone number as numerical variable), 
calendar period and population density in the area accounting for 
overdispersion in the data. All analyses were performed using 
SAS software v. 9.1.

RESULTS

Data on Tick-borne Diseases
During 1999–2008, 1,151 TBE cases and 12,335 LB cases 

were notified in the cross-border region of the Czech Republic. 
In contrast, 108 TBE cases and 6,783 LB cases were notified 
in the neighbouring area in Poland. Between 1999 and 2008, 
CZ experienced a nearly 2-fold increase in tick-borne disease 
incidence; LB incidence increased from 23.6 to 46.5 cases per 
100,000 inhabitants, and TBE incidence increased from 2.5 to 
4.2 cases per 100,000 inhabitants (Fig. 2). In PL, LB incidence 
increased from 1.0 to 25.2 cases per 100,000 inhabitants, and 
TBE incidence varied from 0.1 to 0.4 cases per 100,000 inhabit-
ants (Fig. 2).

Differences in Tick-borne Disease Geographical  
Distribution in the Studied Area

During the studied period, high TBE incidence was reported 
in several CZ districts each year (Fig. 3). In PL cases were noted 
in districts adjacent to the border suggesting continuation of the 
same foci, but with much smaller intensity (Fig. 3). Especially 

Fig. 2. Graph of reported incidence of TBE and LB per 100,000 
population in the Czech Republic and Polish part of the cross-
border CZ–PL study area during period 1999–2008.

in 2006, when CZ notified the historical peak of TBE incidence 
(11), there was no corresponding incidence increase in PL (Fig. 2) 
and in some areas the disease was stopping sharply at the country 
border (Fig. 3). The observed crude risk ratio between CZ and 
PL was 7.43 (95% CI 6.20–8.90) (Table 2). When comparing 
the expected incidence gradient in both countries, we obtained 
a gradient of increasing TBE incidence towards the south-west, 
comparable in CZ and PL (p-value for difference between CZ and 
PL: 0.26) (Table 2). In the multivariable analysis RR between CZ 
and PL adjusted for the epidemiological gradient and population 
density was 4.47 (95% CI 2.35–8.53) in 1999–2001 and increased 
to 10.01 (95% CI 5.48–18.28) in 2005–2008 (Table 3).
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In contrast, LB was characterized by a relatively uniform 
spatial distribution of the disease across the 10-year period (Fig. 
3). However, a clear incidence step across the border could be 
observed, documented by the crude RR between CZ and PL of 
1.82 (95% CI 1.78–1.85) (Table 2). The difference was even 
more pronounced (RR = 2.17) when restricting the analysis to the 
near border zone. There was no clear epidemiological north-east 
to south-west LB incidence gradient (Table 2). RR adjusted for 
epidemiological gradient and district population density decreased 
from 9.30 (95% CI 6.66–12.97) in 1999–2001 to 2.51 (95% CI 
1.85–3.43) in 2005–2008 (Table 3).

DISCUSSION

There are numerous barriers which can limit the spread of 
vector-borne diseases, but political borders do not belong to 
them. Under this assumption, we propose a simple method for 
comparison of surveillance outcomes in neighbouring countries or 
regions. This method could be easily applied to gain insight into 
the validity of burden of illness comparisons based on surveillance 
data originating from two or more autonomous systems. It may 
be useful especially in regions where resources are lacking for 
application of sophisticated tools for burden of illness estimation, 
such as modelling, serologic survey data or large-scale studies 
of animal reservoir. 

We applied our comparison using the example of two tick-
borne diseases: TBE, which usually occurs in limited foci and LB, 
typically evenly distributed across large areas in Europe (10, 13). 
The incidence of both diseases was higher on the Czech side of the 
border. For LB, we did not observe distinct foci, but the incidence 
decreased sharply on crossing to the Polish side. In case of TBE 

Fig. 3. Choropleth maps with distribution of TBE and LB inci-
dence, respectively, per 100,000 population in the cross-border 
CZ–PL study area in five periods 1999–2000, 2001–2002, 
2003–2004, 2005–2006, 2007–2008.

we observed the continuation of the most intensive foci present 
on the Czech side to the Polish territory, with important decrease 
in incidence on the border. Risk ratios between north-eastern and 
south-western zones in both CZ and PL show a similar gradient – 
decreasing TBE incidence to the north-east. However, within each 
country it was much smaller than the incidence gradient across 
the border and the difference between the countries persisted even 
after adjusting for the north-east gradient (Table 2). This strongly 
suggests that substantial part of the difference between CZ and PL 
could be attributed to the uneven performance of the surveillance 
systems. Additionally, surveillance on the Czech side followed 
the observed increasing trend of TBE incidence in Europe (11, 
21, 22), which could not be observed on the Polish side.

The real disease occurence is influenced by many factors, 
however, the causal agents and vectors are the same. A real 
difference between CZ and PL could still be attributed to dif-
ferences in environmental and population characteristics. We 
assumed that host animals, vegetation, altitude, and climatic 
conditions on both sides of the border are comparable. Taking 
into consideration the recently discussed role of socio-economic 
factors as behavioural determinants increasing the risk of tick-
borne diseases, possible diversity in socio-economic conditions 
amongst cross-border populations could explain the differences 
in reported incidence of the diseases (23). Nevertheless, this ex-
planation seems unlikely for such large differences in tick-borne 
disease occurrence, since both populations are similar in terms 
of language, culture, and socio-economic standing. Moreover, 
in the Czech Republic an analysis of socio-economic conditions 
in high-risk areas for TBE has not revealed any impact of these 
conditions on TBE morbidity (22). During the analyzed period, 
40–60 million people were crossing the Czech-Polish border each 
year (17), which was mostly related to the local traffic for trans-
border shopping and tourism. Considerable part of strict border 
zones in both countries is covered by forests and low mountains, 
and there are very popular tourist destinations on both sides. Only 
one natural barrier, the Krkonoše mountains, extending on 50 
km of the Czech-Polish border (max. altitude 1,602 metres) can 
constitute a barrier for tick activity (24). To address differences in 
urbanization of the two cross-border areas, we adjusted the results 
to the population density in the examined regions. The observed 
cross-border surveillance gradient cannot be related to different 
TBE immunization policies either. Interestingly, a much higher 
reported immunization coverage for TBE vaccine in CZ (11%, 
vs. 0.8% in Poland) (25, 26) should rather produce an opposite 
effect with decreased TBE incidence in CZ.

The possible reasons for the detected considerable differences 
in surveillance performance between the two countries can be 
potentially linked to underreporting of diagnosed cases and/or 
to missed diagnoses, due to lack of laboratory testing. First, de-
spite a similar historical structure, the public health surveillance 
systems in CZ and in PL were managed differently during the 
recent decades. Historically, in CZ only persons with medical 
degree were allowed to work with medical documentation in the 
local Public Health Departments. They could communicate more 
efficiently with reporting physicians, educating them on chang-
ing surveillance guidelines and diagnostic procedures. Also, the 
National Institute of Public Health in Prague was instrumental 
in strengthening surveillance as well as using surveillance for 
ongoing revision of diagnostic and preventive guidelines (27). 
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The situation has changed in recent years, and non-MD spe-
cialists are recruited increasingly as public health officers. In 
Poland most of the employees working in communicable disease 
surveillance at the local level were lacking university education 
and experienced problems in addressing public health messages 
to reporting physicians. Second, both tick-borne diseases were 
included as mandatory notifiable entities for a longer time in CZ 
allowing physicians to familiarize with the reporting requirements. 
The recent introduction of LB as notifiable disease in PL (1999) 
could explain the decreasing incidence gradient between the two 
countries as the surveillance of LB in Poland was systematically 
improving (Fig. 2, Table 3). Third, Polish physicians could refer 
less commonly suspect tick-borne disease cases for diagnosis. 
Healthcare reforms, started in 1999, consisted of healthcare sys-
tem decentralization and reorganization of the reimbursement of 
medical procedures. Following the implementation of the reforms, 
a substantial decrease in availability of diagnostic procedures was 
observed, including the microbiological tests used for confirma-
tion of communicable diseases, especially if clinical management 
is not changed as a result of microbiological diagnosis (28, 29). 
Fourth, Polish physicians, less numerous than in CZ (Table 1), 
were found to be reluctant to report infectious disease cases due 
to significant work load (30).  

The presented method of surveillance systems comparison 
has several limitations. Because TBE foci can be limited to very 
small areas, the incidence gradient should be evaluated using the 
highest possible resolution. In the present study we used the low-
est administrative level (Eurostat NUTS4) for which data were 
available in both countries. Should more detailed data be easily 
available, GIS techniques could be employed using point-mapped 
exposure sites of reported cases. Also specificity and predictive 
positive values of both surveillance systems can differ, which 
would necessitate more in-depth analyses. Despite these limita-
tions, the presented approach provides insight into how well the 
surveillance systems are able to measure the disease incidence 
and consequently burden of illness in neighbouring areas, and 
allows discussion on the potential reasons of observed differences.

Our results indicate large differences in the crude incidence 
of TBE and LB between two neighbouring regions in the Czech 
Republic and Poland. The high incidence gradient on the CZ/
PL border persisted when adjusting for natural disease gradient 
within both countries, and for population density. Those results 
reflect possible differences in surveillance systems performance 
between the two countries, as the administrative boundaries can-
not constitute a barrier for zoonotic diseases and no biological 
processes alone can explain such large differences in disease 
occurrence. Such important differences in surveillance perform-
ance may impact the ability of the surveillance systems to moni-
tor disease trends, and to plan public health interventions. For 
example, good quality data on TBE risk areas available at the 
international level are key prerequisite for development of travel 
vaccine recommendations (26). Better insight into surveillance 
systems performance is especially important in the time of glo-
balization, when available surveillance figures are increasingly 
compared between countries. Therefore, we recommend cautious 
comparison of communicable diseases burden between countries. 
These comparisons should be accompanied by underreporting 
estimates as well as in-depth understanding of the organization of 
surveillance systems, methods of data collection, and data flow. 

However, we show that even similarly structured surveillance 
systems can provide incomparable output drawing attention to 
health care system differences.
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