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Tuberculosis control and economic recession: longitudinal study of data
from 21 European countries, 1991-2012

Aaron Reeves,® Sanjay Basu,” Martin McKee,© Andreas Sandgren,® David Stuckler® & Jan C Semenza®

Objective To investigate whether the economic recession affected the control of tuberculosis in the European Union.

Methods Multivariate regression models were used to quantify the association between gross domestic product, public health expenditure
and tuberculosis case detection rates, using data from 21 European Union member states (1991-2012). The estimated changes in case
detection attributable to the recession were combined with mathematical models of tuberculosis transmission, to project the potential
influence of the recession on tuberculosis epidemiology until 2030.

Findings Between 1991 and 2007, detection rates for sputum-smear-positive tuberculosis in the European Union were stable at approximately
85%. During the economic recession (2008-2011) detection rates declined by a mean of 5.22% (95% confidence interval, Cl: 2.54-7.90)
but treatment success rates showed no significant change (P=0.62). A fall in economic output of 100 United States dollars per capita was
associated with a 0.22% (95% Cl: 0.05-0.39) mean reduction in the tuberculosis case detection rate. An equivalent fall in spending on public
health services was associated with a 2.74% (95% Cl: 0.31-5.16) mean reduction in the detection rate. Mathematical models suggest that
the recession and consequent austerity policies will lead to increases in tuberculosis prevalence and tuberculosis-attributable mortality
that are projected to persist for over a decade.

Conclusion Across the European Union, reductions in spending on public health services appear to have reduced tuberculosis case detection
and to have increased the long-term risk of a resurgence in the disease.

Abstracts in G 13, Francais, Pycckuii and Espaiiol at the end of each article.

Introduction

Tuberculosis control requires a strong public health infrastruc-
ture to detect and treat infected people.’~* The World Health
Organization (WHO) has identified improved case detection
and successful treatment as priority actions required to meet
target levels of tuberculosis prevention and control by 2015.°
Such improvements will require expanding surveillance
and diagnosis services — especially among more vulnerable
groups.'"? Over the past two decades, global rates of case
detection and treatment success for tuberculosis have risen
steadily."* However, detection and treatment remain poor in
several countries, mostly in eastern Europe and sub-Saharan
Africa.”

Western Europe has high rates of active case detection
and treatment success.” However, the 2008-2011 economic
recession and resulting cuts in health budgets may have
weakened tuberculosis control and prevention programmes.'®
Economic recessions are often accompanied by increases in
drug use, homelessness, migration of vulnerable groups and
other factors affecting the transmission of tuberculosis.”” In
a scoping study, 27 infectious disease experts predicted that
understaffing, recruitment freezes and reductions in the
workforce during the recession in Europe that began in 2008
would have a negative regional impact on the control and
treatment of various communicable diseases.'® Tuberculosis
was the disease most commonly cited as a cause for concern.

Despite these concerns, several member states of the
European Union have introduced user fees or budget cuts to
infectious disease programmes since the onset of the reces-
sion. Between 2008 and 2010, for example, Latvia shifted ap-
proximately 50% of the costs of diagnostic testing to patients

and reduced spending on disease control and surveillance by
87%." Charges for prescription drugs were also increased in
Ireland in 2009-2010."" A recession may worsen the negative
effect of payments for diagnostic tests or treatment.”>*' How-
ever, not all European countries reduced funding for com-
municable disease programmes. Estonia reduced health-care
spending after the recession began but protected spending on
the detection of communicable diseases. Croatia reduced user
charges for prescription medication by 33% and both Austria
and Germany increased their budgets for infectious disease
prevention and control.'®

Here, we test the hypothesis that the recent economic
recession and associated reductions in public health spend-
ing resulted in declining rates of case detection and treatment
success for tuberculosis in the European Union. We then use
mathematical models that account for the nonlinear dynam-
ics of tuberculosis, to simulate the consequences of economic
changes on the future trends in tuberculosis incidence, preva-
lence and mortality.

Methods
Data sources

Data on tuberculosis case detection and treatment success rates
were taken from the 2014 edition of the WHO’s tuberculosis
database.”” Data on total health spending, expenditure on
public health services and gross domestic product (GDP) were
taken from the EuroStat database.”” All macroeconomic data
were analysed as per capita values and adjusted for inflation
and purchasing power to facilitate comparisons across mem-
ber states of the European Union. At the time of our analysis,
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data on public health spending were
available for 24 of the 28 member states.
Data were not available for Belgium,
Greece, Romania and Slovakia because
these member states either lack a specific
budget line or do not report disaggre-
gated expenditure data to EuroStat. As
we excluded Cyprus, Luxembourg and
Malta because of their small population
sizes, most of our final analyses were
based on the data from 21 member states
(available from corresponding author).

We estimated case detection rates
as the proportion of annual tuberculosis
incidence that was reported in case no-
tification data.” The gap between those
cases that are notified and those that are
not — because they are not diagnosed or
are diagnosed but not reported - repre-
sents the underreporting of incidence.
The estimated rate of case detection
may exceed 100% if the true incidence
is underestimated and/or if cases are
double-counted.” Despite such issues,
the case detection rate remains one of
the most widely used indicators of prog-
ress in establishing effective tuberculosis
control."”’

For our analysis, a person with tu-
berculosis who completed a full course
of treatment was considered to be a
treatment success — whether there was
evidence of a cure or not. We measured
rates of treatment success as percentages
of (i) new sputum-smear-positive cases,
(ii) other new cases of tuberculosis - i.e.
new extrapulmonary cases and new
pulmonary cases who had been found
sputum-smear-negative or did not have
a sputum-smear result, and (iii) re-
treatment cases.

Statistical models

In the first step of our analysis, we quan-
tified the extent to which rates of tuber-
culosis case detection and treatment
success changed across the European
Union, using equation (1):

TBC, =, +BY +B,R+e, 1)

where TBC represents either the case
detection rate or treatment success
rate, which were estimated as separate
models, 3 is a regression coeflicient, ¢ is
the year, Yis the linear time trend in the
case detection rate across the European
Union, R is a binary indicator marking
the European Union’s recession (2008-
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2011) and ¢ is an error term. Case detec-
tion rates for the previous 12 months
were based on the estimated proportion
of new smear-positive cases that had
been detected across all 21 of our study
countries. Treatment success rates were
estimated separately for smear-negative,
smear-positive and re-treatment cases of
tuberculosis.

In a subsequent step, we tested
whether the economic downturn and/or
reductions in public health expenditure
could account for the observed changes
in rates of tuberculosis case detection
over time, using equation (2):

TBC, =B, +B,PH, + B,GDP, + B,Y+u, +¢,
(2)

where i is a country, PH is government
expenditure on public health services
per capita, GDP is a measure of the
GDP per capita and g is the country
fixed effect. In a third step, the severity
of recession was based on the cumulative
decline in GDP for each country during
the recession. For all of our econometric
models, we adjusted for time trends and
country-specific fixed effects. Models
were investigated using Stata version 13
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(StataCorp. LP, College Station, United
States of America).

Mathematical models and
simulations

To forecast tuberculosis incidence,
prevalence and mortality in each of our
study countries, we applied the findings
from the preceding econometric models
to dynamic mathematical models of
tuberculosis transmission and mortal-
ity. The mathematical models simulated
longitudinal tuberculosis rates in each
country — given the data on case detec-
tion observed before, during and after
the financial crisis — as well as a counter-
factual scenario in which case detection
was unaffected by either the recession or
the related austerity.

The modelling approach we fol-
lowed was derived from standardized
models that are commonly used in
tuberculosis modelling and have been
described elsewhere.””=** Briefly, we
included conditions of susceptibility
to tuberculosis, recent latent infection,
remote latent infection, active smear-
positive tuberculosis, active smear-
negative or extrapulmonary tuberculosis
and recent recovery from tuberculosis.
We used a Markov chain, Monte Carlo
algorithm to simulate transmission of
tuberculosis within each of our study

Fig. 1. Trends in rates of tuberculosis case detection, European Union, 1991-2012
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Note: The relevant data for Luxembourg were not available. Data source: World Health Organization.”
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Table 1. Trends in tuberculosis case detection and treatment success rates, European Union, 1991-2012

Time period Change in case Change in treatment success rate
i 0,
detection rate, % (SE) Smear-negative and extrapul- Smear-positive new Re-treatment cases, % (SE)
monary new cases, % (SE) cases, % (SE)
Annual trend —0.22(0.12) —0.56 (0.58) —0.21(0.40) —0.10 (0.50)
2008-2011 —5.22 (1.24)** 0.94 (2.66) 2.15 (2.96) 1.57 (3.68)

SE: standard error. ** P<0.01.

Notes: Data represent the combined values for 21 countries - i.e. all of the member states of the European Union in 2014 excluding Belgium, Cyprus, Greece,
Luxembourg, Malta, Romania and Slovakia. Data on case detection rates and treatment success rates were available among smear-negative patients for the years
1995-2012, extrapulmonary new cases for the years 2004-2012, smear-positive new cases for the years 2000-2012 and re-treatment cases for the years 2000-2012.

Data source: World Health Organization*”and EuroStat.”*

countries. For calibration, we used the
corresponding longitudinal trajectory
seen in tuberculosis incidence, preva-
lence and mortality between 1990 and
2012 (available from corresponding au-
thor). While inputting the case detection
and treatment success rates observed for
each country, we fitted the correspond-
ing transmission rate and time between
symptom onset and case detection to the
longitudinal trajectory of tuberculosis
incidence, prevalence and mortality
from 1990 to 2012 - ensuring an error
of less than 5% between the model and
observed data. We then compared the
observed scenario in which case de-
tection rates dropped during austerity
- including the modelled tuberculosis
outcomes for 2013-2030 - with the
counterfactual scenario in which case
detection rates followed the same linear
trends as those that occurred before the
onset of the recession.

We used sensitivity and uncertainty
analyses to examine the robustness of
the modelled results.

Results
Cross-national trends

Before the recession — between 1991
and 2007 - case detection rates were
approaching 85% across the European
Union. Subsequently the rate of case
detection fell (Fig. 1). We estimated
that case detection rates declined by a
mean of 5.22% (95% confidence inter-
val, CI: 2.54-7.90) during the reces-
sion (Table 1). In contrast, treatment
success rates appear to have remained
stable in the European Union (Fig. 2).
As the recession had no observable ef-
fect on treatment success rates among
smear-negative, smear-positive or
re-treatment cases, the remainder of
this paper focuses on variations in case
detection rates.

Effects of recession

To assess the effect of the recession
on case detection, we evaluated two
standard indicators of an economic
downturn: the annual changes in GDP
per capita (model 1, Table 2), and a
measure of the severity of the recession
- which was based on the cumulative
declines in GDP per capita for each
country (model 2, Table 2).'**! Annual
economic growth appeared to have no
effect on detection rates (P =0.60), but
cumulative declines in GDP during the
recession were associated with falling
case detection rates. A cumulative fall
in GDP per capita of 100 United States
dollars (US$) was associated with a re-
duction of 0.22% (95% CI: 0.05-0.39)
in the detection rate (Table 2).

Case detection rates did not decline
in every country that experienced a
recession. Although both Ireland and

Portugal experienced deep recessions, the
tuberculosis case detection rate fell in Ire-
land but not in Portugal (Fig. 3). Ireland
implemented substantial reductions in
public health spending whereas Portugal
reduced its total government expenditure
but initially protected its spending on
public health services (Fig. 4).

To test the role of budgetary deci-
sions further, we included government
expenditure on public health services in
the statistical models (model 3, Table 3).
Each US$ 100 decline in spending on
public health services was associated
with a decline of 3.11% (95% CI: 0.68-
5.53) in the case detection rate. The mag-
nitude of this effect was not significantly
changed after adjusting for fluctuations
in GDP per capita (f=3.18%; 95% CI:
0.88-5.48) or for cumulative declines
in GDP per capita ($=2.74%; 95% CI:
0.31-5.16).

Fig. 2. Trends in rates of tuberculosis treatment success, European Union, 1995-2012
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Data source: World Health Organization tuberculosis database.””
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Role of underreporting

Since case detection reflects the gap be-
tween case notifications and estimated
incidence, a rise in underreporting
- which may have resulted from cuts
in surveillance systems — may have re-
duced estimates of case detection rates.
To test this possibility, we excluded
Bulgaria, Hungary, Latvia, Lithuania
and Romania from the analysis because
they reported changes in underreport-
ing across the study period. Compared
with the full analysis, this analysis in-
dicated a stronger association between
public health spending and the tuber-
culosis case detection rates (= 3.53%;
95% CI: 1.12-5.94; Table 4 and Fig. 5).

Tuberculosis forecasting

To understand the complex longer-
term effects of the changes in case
detection associated with the recession
on overall tuberculosis trajectories, we
used the results of our econometric
analysis as inputs in a dynamic math-
ematical model of tuberculosis trans-
mission and mortality. Fig. 6 shows
the effect of recession and austerity
compared with a counterfactual of
continued economic growth. Further
sensitivity analyses around the pa-
rameter values did not change these
findings substantially.

Robustness of models

Adjustment for nonlinear time trends
using dummy variables for year at-
tenuated the impact of GDP - but not
that of public health expenditure — on
case detection (Table 5). Using treat-
ment success rates as the dependent
variable, we repeated the statistical
models. We found no significant as-
sociation between treatment success
and GDP or public health spend-
ing (Table 6). After adjusting for all
other forms of health expenditure, we
found that the effect of public health
expenditure on the tuberculosis case
detection rate was attenuated slightly
but remained statistically significant
(Table 7). As tuberculosis in Europe
is partly fuelled by migration, changes
in reported tuberculosis cases may be
attributable to population movement
rather than to changes in case detec-
tion. Unfortunately, the data available
on tuberculosis trends in migrants to
the European Union are problematic as
they often lack accurate denominators
for the migrants’ countries of origin.*
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Table 2. GDP per capita and tuberculosis case detection rates, European Union,

1991-2012

Covariate

Change in case detection rate
Model 1,% (SE)  Model 2, % (SE)

Decline in annual GDP per capita of US$ 100

Cumulative decline in GDP per capita of USS 100

(2008-2011)

—0.79 (3.22) NA
NA —0.22 (0.08)*

GDP: gross domestic product; NA: not included in model; SE: standard error; US$: United States dollars.

*P<0.05.

Notes: Data for 21 countries — i.e. all of the member states of the European Union in 2014 except Belgium,
Cyprus, Greece, Luxembourg, Malta, Romania and Slovakia — and 316 country-years. Standard errors were
adjusted for repeated observations within countries. Adjusted for country differences that were constant

over time and for linear time trends.

Data source: World Health Organization’”and EuroStat.”

Fig. 3. Rates of tuberculosis case detection, Ireland and Portugal, 2000-2012
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Adjustment of our main models for
changes in overall levels of immigration
during our study period did not affect
our main findings (Table 8).

Discussion

Rates of tuberculosis case detection fell
by about 5% across the European Union
during 2008-2011. This reduction was
significantly linked to the economic
recession and to reductions in public
health spending. Using mathematical
models, we estimated that the combined
shocks of a recession and reductions in
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the budgets available for case detection
would increase tuberculosis prevalence
and tuberculosis-attributable mortality
by as much as 3% for more than a decade
after the recession.

Recession and economic auster-
ity would be expected to lower case
detection rates and therefore lead to
an increase in tuberculosis-attributable
mortality - since fewer tuberculosis
patients would be detected and effec-
tively treated. In consequence, fewer
patients would live long enough to be
able to relapse from recovery to active
tuberculosis or to produce secondary in-
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Fig. 4. Expenditure on public health services, European Union, 2009-2011
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Data source: EuroStat.”

Table 3. Expenditure on public health and tuberculosis case detection rates, European

Union, 1991-2012

Covariate

Change in case detection rate

Model 1,% (SE)  Model 2, % (SE)

Model 3, % (SE)

Increase in public health spending of
US$ 100 per capita

Fall in annual GDP per capita of

Us$ 100

Cumulative fall in GDP per capita of
USS 100 during recessionary years of
2008-2011

311 (1.16)* 3.18 (1.10)** 274 (1.16)*
NA —1.21(3.06) NA
NA NA —0.21(0.08)*

GDP: gross domestic product; NA: not included in model; SE: standard error; USS$: United States dollars.

*P<0.05**P<001.

Notes: Data for 21 countries — i.e. all of the member states of the European Union in 2014 except Belgium,
Cyprus, Greece, Luxembourg, Malta, Romania and Slovakia — and 316 country-years. Standard errors were
adjusted for repeated observations within countries. Adjusted for country differences that were constant

over time and for linear time trends.

Data source: World Health Organization’”and EuroStat.”*

cident cases and tuberculosis incidence
would be relatively low. However, any
short-term decline in incidence would
soon be replaced by a rise in reported
incidence as more — undetected - latent
cases infect others. In the long term, the
rise in prevalent cases would lead to
higher incidence.

Our study has several important
limitations. First, missing data meant
that we had to exclude Greece - and
some other European countries that
reduced health-care spending during
the recession - from our analysis.”
However, exclusion of these countries
probably led to the associations we

Bull World Health Organ 201 5;93:369—379' doi: http://dx.doi.org/10.2471/BLT.14.142356
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observed appearing weaker than they
might otherwise have done. Second, as
case detection rates are estimated as the
ratio between case notifications and the
estimated incidence, our main depen-
dent variable may have been affected
by measurement error. However, errors
in the estimation of underreporting
should not bias our attempts to observe
potential associations between short-
term economic changes and fluctua-
tions in the rates of the detection and
successful treatment of tuberculosis.
When we excluded those countries
where estimated levels of underreport-
ing were known to have fluctuated
over time, our main findings remained
unaltered. Third, the indicator we used
for public health expenditure was not
restricted to tuberculosis-related ex-
penditure but also included spending
on the prevention of other diseases and
the operation of other health services.
Again, this limitation may have reduced
the apparent strength of the observed
associations. Fourth, the WHO?’s esti-
mates of tuberculosis prevalence are
revised annually and may be subject
to retrospective adjustment- but any
changes are unlikely to alter the main
implications of our findings. Fifth, while
changes in diagnostic practices in some
countries — e.g. moving towards meth-
ods of laboratory confirmation other
than smear positivity - may influence
tuberculosis case detection rates, such
changes are generally slow and unlikely
to create short-term fluctuations in case
detection. Sixth, reductions in public
health expenditure did not explain all
of the variation in case detection rates.
One other possible explanation is that
case detection fell as a result of delays
in seeking treatment — delays that were
not captured in our statistical models.**
Future research is needed to understand
the policy decisions behind the cuts we
observed in public health expenditure
and to link them to changes in case de-
tection and other health outcomes.'*"
Reductions in public health expenditure
have often been coupled with erosion
of social safety nets.”**> More work is
needed to understand how these aspects
of austerity may affect tuberculosis
incidence and treatment success.'>**"**
Mathematical models revealed the
potential short- and long-term effects
of recessions and austerity on tuber-
culosis case detection. We found that
inadequate detection and treatment can
lead, in the short-term, to declines in
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Table 4. Expenditure on public health and tuberculosis case detection rates, European Union, 1991-2012, in countries where
underreporting of cases appeared stable

Covariate Change in case detection rate

Model 1, % (SE) Model 2, % (SE) Model 3, % (SE)
Increase in public health spending of US$ 100 per capita 3.53 (1.14)** 3.54 (1.12)** 3.05 (1.13)*
Decline in annual GDP per capita of USS$ 100 NA 0.44 (3.60) NA
Cumulative decline in GDP per capita of US$ 100 during NA NA —0.26 (0.09)*

recessionary years of 2008-2011

GDP: gross domestic product; NA: not included in model; SE: standard error; USS: United States dollars. * P < 0.05; ** P<0.01.

Notes: Data for 17 countries: all of the member states of the European Union in 2014 except the countries with varying levels of underreporting — i.e. Bulgaria, Hungary,
Latvia, Lithuania and Romania — and Belgium, Cyprus, Greece, Luxembourg, Malta and Slovakia. They also represent 267 country-years. Standard errors were adjusted
for repeated observations within countries. Adjusted for country differences that were constant over time and for linear time trends.

Data source: World Health Organization tuberculosis database” and EuroStat.”?

the number of people alive to relapse or
transmit the disease - artificially deflat-  Fig. 5. Rates of tuberculosis case detection in countries with apparently stable levels of
ing the incidence. However, if low rates underreporting, European Union, 1991-2012

of case detection persist, new prevalent
cases can become more abundant and
increase tuberculosis incidence. High
incidence can then lead to elevated 90
case-loads and mortality levels that can

100
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were concerned that Europez.ln govern- Note: Bulgaria, Hungary, Latvia, Lithuania, Luxembourg and Romania were excluded because they
ments \.N0111.d focus any rece{ssmn—related reported varying levels of underreporting over the study period.
reductions in health spending on tuber- Data source: World Health Organization.”

culosis control initiatives.'® Indeed, this

Table 5. Expenditure on public health and tuberculosis case detection rates, European Union, (1991-2012): effect of adding dummy

variables for year
Covariate Change in case detection rate
Model 1, % (SE) Model 2, % (SE) Model 3, % (SE)
Increase in public health spending of USS 100 per capita 321 (1.12)** 347 (0.87)%* 321 (1.17)%
Decline in annual GDP per capita of USS$ 100 NA 4.64 (4.42) NA
Cumulative decline in GDP per capita of US$ 100 during NA NA 0.01(0.20)

recessionary years of 2008-2011

GDP: gross domestic product; NA: not included in model; SE: standard error; US$: United States dollars. * P<0.05; ** P<0.01.

Notes: Data for 21 countries — i.e. all of the member states of the European Union in 2014 except Belgium, Cyprus, Greece, Luxembourg, Malta, Romania and Slovakia —
and 316 country-years. Standard errors were adjusted for repeated observations within countries. Adjusted for country differences that were constant over time and for
linear time trends.

Data source: World Health Organization’”and EuroStat.””
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Table 6. Publichealth services, GDP per capita and treatment success rates for tuberculosis, European Union, 1991-2012

Covariate Change in treatment success rate

Model 1, % (SE) Model 2, % (SE) Model 3, % (SE)
Smear-negative and extrapulmonary new cases®
Increase in public health spending of US$ 100 per capita 424 (3.72) 434 (3.50) 434 (3.48)
Decline in annual GDP per capita of USS$ 100 NA 0.02 (0.05) NA
Cumulative decline in GDP per capita of US$ 100 during recessionary NA NA 0.08 (0.13)

years of 2008-2011
Smear-positive new cases®

Increase in public health spending of US$ 100 per capita 0.27 (0.57) 0.37(0.59) 0.67 (0.75)
Decline in annual GDP per capita of USS$ 100 NA 0.04 (0.05) NA
Cumulative decline in GDP per capita of US$ 100 during recessionary NA NA 0.18 (0.13)

years of 2008-2011
Re-treatment cases®

Increase in public health spending of US$ 100 per capita 3.22(3.53) 3.14 (3.50) 332 (3.61)
Decline in annual GDP per capita of USS$ 100 NA —0.02 (0.07) NA
Cumulative decline in GDP per capita of US$ 100 during recessionary NA NA 0.04 (0.13)

years of 2008-2011

GDP: gross domestic product; NA: not included in model; SE: standard error; US$: United States dollars.

¢ Based on data from 18 countries and 126 country-years.

® Based on data from 19 countries and 216 country-years.

¢ Based on data from 19 countries and 201 country-years.

Notes: Standard errors were adjusted for repeated observations within countries. Adjusted for country differences that were constant over time and for linear time
trends.

Data source: World Health Organization tuberculosis database” and EuroStat.””

Fig. 6. Simulating tuberculosis transmission and mortality, European Union, 2007-2030
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Notes: One model was used to simulate a crisis scenario in which, as generally observed, the budgetary austerity led to reduced rates of tuberculosis case
detection. The other model simulated a non-crisis or counterfactual scenario in which case detection in each country was unaffected by the financial crisis and
continued to follow the secular trend observed before the recession began. The plotted lines indicate the differences between the two models that can be
attributed to budgetary austerity.
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Table 7. Expenditure on public health, other government health spending, and tuberculosis detection rates, European Union, 1991-

2012
Covariate Change in case detection rate
Model 1, % (SE) Model 2, % (SE)
Increase in public health spending of USS$ 100 per capita 311 (116)* 262 (1.03)*
Increase in government health spending, excluding public health, of US$ 100 per NA —054(042)

capita

NA: not included in model; SE: standard error; USS: United States dollars. * P<0.05.

Notes: Data for 21 countries — i.e. all of the member states of the European Union in 2014 except Belgium, Cyprus, Greece, Luxembourg, Malta, Romania and Slovakia —
and 316 country-years. Standard errors were adjusted for repeated observations within countries. Adjusted for country differences that were constant over time and for
linear time trends.

Data source: World Health Organization tuberculosis database” and EuroStat.”

Table 8. Effect of adjusting forimmigration in estimating the effects of changes in public health spending on tuberculosis case
detection rates, European Union, 1991-2012

Covariate Change in case detection rate

Model 1, % (SE) Model 2, % (SE) Model 3, % (SE)
Increase in public health spending of US$ 100 per capita 3.11(1.16)* 2.94 (1.10)* 2.73(1.26)*
Decline in annual GDP per capita of US$ 100 NA —0.04 (3.98) NA
Cumulative decline in GDP per capita of USS$ 100 during NA NA —0.22 (0.08)*
recessionary years of 2008-2011
1% increase in immigration NA 1.58 (1.20) 1.21(1.15)

GDP: gross domestic product; NA: not included in model; SE: standard error; US$: United States dollars. * P< 0.05.
Notes: Data for 21 countries — i.e. all of the member states of the European Union in 2014 except Belgium, Cyprus, Greece, Luxembourg, Malta, Romania and Slovakia —
and either 316 country-years (model 1) or 245 country-years (models 2 and 3). Standard errors were adjusted for repeated observations within countries. Adjusted for

country differences that were constant over time and for linear time trends.
Data source: World Health Organization tuberculosis database”” and EuroStat.”*

concern has been borne out as some
governments have substantially reduced
their spending on public health services
and communicable disease control in
recent years.

Declines in the case detection rate
cause delays in tuberculosis detection
and treatment. The European Centre
for Disease Prevention and Control
estimates that people with active and
untreated tuberculosis may infect 10-15
people per year on average."’ By reduc-
ing case detection rates, short-term
budgetary reductions can increase
long-term treatment costs. In the
United States of America, tuberculosis
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budgets were reduced in the aftermath
of the 1970s fiscal crisis. There was an
initial saving of US$ 100 million but a
subsequent outbreak of drug-resistant
tuberculosis ultimately cost more than
US$ 1 billion to contain.”

In conclusion, our analyses provide
evidence that recession can lead to
short-term reductions in the financial
support of programmes for tuberculosis
control. The associated decrease in the
detection of tuberculosis is projected to
result in sustained, long-term rises in
tuberculosis incidence, prevalence and
mortality. H
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Résumé

Lutte antituberculeuse et récession économique : étude longitudinale des données de 21 pays européens pour la période de

1991a2012

Objectif Enquéter pour déterminer si la récession économique a affecté
la lutte antituberculeuse dans I'Union européenne.

Méthodes Des modeles de régression multivariée ont été utilisés pour
quantifier Iassociation entre le produit intérieur brut, les dépenses de
santé publique et les taux de détection des cas de tuberculose, a partir
de données provenant de 21 Etats membres de I'Union européenne
(période de 1991 a 2012). Les changements estimés dans la détection
des cas de tuberculose imputables a la récession ont été combinés a
des modeles mathématiques de transmission de la tuberculose afin de
faire des projections concernant l'influence potentielle de la récession
sur [épidémiologie de la tuberculose jusqu’a 2030.

Résultats Entre 1991 et 2007, les taux de détection des cas de
tuberculose a frottis d'expectoration positif dans I'Union européenne
sont restés stables, a environ 85 %. Pendant la récession économique
(de 2008 a 2011), les taux de détection ont baissé en moyenne de
5,22 % (intervalle de confiance de 95 %, IC : 2,54-7,90), mais les taux

de réussite des traitements n'ont connu aucun changement significatif
(P=0,62). Une baisse de la production économique de 100 dollars
US par habitant a été associée a une réduction moyenne du taux de
détection des cas de tuberculose de 0,22 % (intervalle de confiance
de 95 %, IC:0,05-0,39). Une réduction équivalente dans les dépenses
consacrées aux services de santé publique a été associée a une réduction
moyenne du taux de détection de 2,74 % (intervalle de confiance de
95 %, IC: 0,31-5,16). Les modeles mathématiques suggerent que la
récession et les politiques d'austérité qui en ont résulté entraineront
des augmentations de la prévalence de la tuberculose et de la mortalité
imputable a la tuberculose qui, d'apres les projections réalisées, devraient
durer pendant plus de dix ans.

Conclusion Dans 'Union européenne, les réductions des dépenses
consacrées aux services de santé publique ont fait décliner la détection
des cas de tuberculose et ont majoré le risque a long terme de
résurgence de cette maladie.
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Pesiome

Bopbba c Ty6epKyne3om Ha poHe SKOHOMUYECKOTO Cnaja: A0JIFOCPOUHOE UCCNe0BaHNE JaHHbIX U3

21 eBponeiickom cTpaHbl, 1991-2012 rr.

Llenb Onpenenuts, NOBAMAN NN SKOHOMUYECKI CNaj Ha 6opbby C
TybepKyne3om B EBponeickom cotose.

Mertopapb! /Icnonb3oBanvicb MHOrOMepHble PerpecCMOHHbIE MO
[N1A KONMYECTBEHHOW OLEHKYM CBA3W Mexay 0ObemMoM BanoBOro
BHYTPEHHero NpoayKTa, pacxoAamy Ha 3ApaBOOXPaHeHne U
nokasaTenAamu BbiABNeHNA TybepKynes3a Ha OCHOBE [aHHbIX 13
21 cTpaHbl-yneHa EBponeiickoro cotosa (1991-2012 rr.). OueHeHHble
M3MEHEHUA B KONMMYECTBE BbIABNAEMbIX CNlyyaeB 3aboneBaHus,
CBA3aHHbBIE C SKOHOMUYECKUM CMasfom, Obi CKOMOVHUPOBAHBI C
MaTeMaTUUYECK MM MOLENAMY PacnpoCTpaHeHnsa TybepKynesa ¢
Lenbio onpeAeneHra NOTeEHUMANbHOMO BAMAHWA SKOHOMNYECKOTO
Kpu3nca Ha anvaemmonormio Tybepkynesa fo 2030 roga.
Pe3ynbtatbl B 1991-2007 1. nokasatenb 0OHapyKeHWA TybepKynesa
Nerknx y MOKpOTOMO3UTUBHBIX OOMbHbLIX B EBpOMNercKom cotose
6blN CTabWbHBIM W COCTaBNAN NpuMepHO 85%. Bo Bpema
3KOHOMMYeCKoro crafa (2008-2011 rr) ypoBeHb 06HapyKeHA
CHV3MNCA B CpeaiHeM Ha 5,22% (95% nosepuTtenbHbii nHTepsan, [M:

2,54-7,90), HO NPK 3TOM NPOLEHT yCrnexa B leYeHnI CyLeCcTBEHHO
He n3meHunca (P =0,62). MageHne o6beMoB NPON3BOACTBA B
pa3vepe 100 gonnapos CLIA Ha aywy HaceneHusa 6bi1o CBA3aHO
CO CPeLHVM CHVKEHMEM MOKa3aTeNA YaCToTbl BbIABNEHWA CllyYaes
TyGepkynesa, coctasmsLmnm 0,22% (95% [11:0,05-0,39). AHanornuHoe
nageHvie pPacxooB Ha 3[]paBOOXpaHeHMne ObiNO CBA3AHO CO
CpedHVM CHIKEHeM NoKasaTena BblABMIEeHWA, COCTaBMBLLNM 2,74%
(95% [: 0,31-5,16). Matematnyeckmne Mofenn nokasbiBatoT, YTo
SKOHOMMYECKMI CMaf 1 NOCTeaYIoLLIasA MOMUTIIKA KECTKOM SKOHOMMIM
npvBeayT K YBENMUYEHWUIO PAaCMPOCTPAaHEHHOCTY TybepKyne3a 1
CMepTHOCTM OT 3TOro 3abonesaHua. CornacHoO NPorHo3am, 3To
yBeNMUeHvie NpoAINTCA B TeueHve bonee AecsaTv neT.

BbiBop CokpalleHne pacxofAoB Ha 3[paBOOXpaHeHue B
EBponeiickom cotose, No-BMOMMOMY, MOBANANO HA YMEHbLUEHNe
nokasaTena BbiABNEHMA CydyaeB Tybepkynesa 1 ysenuueHne
JIONTOCPOYHOTO PUCKA, CBA3GHHOMO C BO30OHOB/EHEM BbICOKOTO
YPOBH#A 3aboneBaemocT.

Resumen

Control de la tuberculosis y recesion econémica: estudio longitudinal de datos de 21 paises europeos, de 1991 a 2012

Objetivo Investigar si la recesion econémica ha afectado al control de
la tuberculosis en la Unién Europea.

Métodos Se utilizaron modelos de regresion multivariados para
cuantificar la asociacién entre el producto interior bruto, el gasto en salud
publicay las tasas de deteccion de casos de tuberculosis a partir de los
datos de 21 estados miembro de la Unién Europea (1991 — 2012). Los
cambios estimados en la deteccién de casos atribuibles a la recesion se
combinaron con modelos matematicos de transmision de la tuberculosis
para proyectar lainfluencia potencial de la recesion en la epidemiologia
de la tuberculosis hasta el 2030.

Resultados Entre 1991y 2007, las tasas de deteccion de la tuberculosis
con resultado positivo en el andlisis de esputo en la Unién Europea se
mantuvieron estables en torno al 85%. Durante la recesién econdmica
(2008-2011), las tasas de deteccion se redujeron en un promedio del
5,22% (intervalo de confianza, IC, del 95%: 2,54-7,90), pero las tasas

de éxito en el tratamiento no mostraron ningun cambio significativo
(P =0,62). Una caida en los resultados econdmicos de 100 dolares
estadounidenses per capita fue asociada a una reduccién media del
0,22% (IC del 95%: 0,05-0,39) en la tasa de deteccién de casos de
tuberculosis. Una caida equivalente en el gasto en los servicios de
salud publica se asocié a una reduccion media del 2,74% (IC del 95%:
0,31-5,16) en la tasa de deteccion. Los modelos matematicos sugieren
que la recesion y las politicas de austeridad consiguientes conduciran
a un aumento de la prevalencia de la tuberculosis y de la mortalidad
atribuible a esta enfermedad que se espera que persista durante mds
de una década.

Conclusion En la Union Europea, los recortes en el gasto en servicios
de salud publica parecen haber reducido la deteccién de casos de
tuberculosis y haber incrementado el riesgo a largo plazo de un
resurgimiento de la enfermedad.
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