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To the Editors:

Multidrug-resistant tuberculosis (MDR-TB) is among the most
preoccupying aspects of the pandemic of antimicrobial resis-
tance. In 2008, an estimated 440,000 cases of MDR-TB emerged
globally and caused 150,000 deaths [1]. MDR-TB is globally
distributed, but significant variations in prevalence have been
observed in different geographical regions.

The emergence of antimicrobial resistance is a complex problem
driven by numerous interconnected factors, many of which are
linked to the use of antimicrobials [2]. According to CAMINERO

[3], at a community level four main groups of potential factors
associated with the selection of resistance and the generation of
MDR-TB under epidemic conditions exist: 1) non-implementa-
tion of DOTS (Directly Observed Treatment Short course) and
DOTS expansion strategies; 2) inadequate supply or poor
quality of drugs; 3) patients’ inadequate drug intake; and 4)
other factors such as the magnitude of HIV infection.

Corruption is a complex problem which threatens the impact of
public investments, healthcare access and services, equity and
outcomes [4]. There is mounting evidence on the negative effects
of corruption on the health and welfare of citizens and on the
consequences of corruption in multiple health areas or pro-
cesses, especially in the regulation of product quality and the
distribution and use of drugs. More globally, corruption was
shown to affect all domains of life from education to economic
performance [5] and it could also impact on health outcomes.

Due to a strong overlap between corruption consequences and
potential MDR-TB drivers, it was argued in the literature that
corruption may have a deep impact on drug resistance,
particularly on MDR-TB prevalence in some parts of the world
[6]. However, quantitative data at a country level on this
subject are very poor. Accordingly, data on MDR-TB pre-
valence, the potential current risk factors of MDR-TB pre-
valence and current corruption levels were gathered.

National MDR-TB data in 2008 were compiled from estimations
calculated by the 2010 global report of the World Health Orga-
nization (WHO) [7]. The studied indicator was the percentage of
MDR-TB among new TB cases. The national corruption level
was assessed using the 2008 Corruption Perception Index
(CPI) compiled by Transparency International, which orders the
countries of the world according to "the degree to which corrup-
tion is perceived to exist among public officials and politicians"
[8]. This index ranges from 0 to 10 with a higher score meaning
less (perceived) corruption.

To reflect the economic level and development level of studied
countries, the Gross Domestic Product (GDP) per capita, the
dependency ratio, the literacy rate and the percentage of rural
population in 2008 were used [9]. The National health and
medical level circa 2008 was assessed using the public health

expenditure per capita, HIV prevalence, the national TB case
detection rate, the DOTS population coverage and the TB
treatment success rate, which were obtained from the World
Bank and WHO [9].

Logarithm transformations of the percentage of MDR among
new TB cases in 2008 were used in this study as the outcome
variables. Data on 190 countries were provided. For each studied
factor, unweighted univariate linear regressions were then
performed. In order to identify the dominant factors in those
that were statistically significant in univariate regression (p,0.2),
significant variables were included in a multivariate linear
regression model. To determine the final multivariate model, a
backward stepwise linear regression was then used to simulta-
neously adjust for various variables of interest. Statistical sig-
nificance was set at p,0.1. As a step towards stabilising the
residual variation in regression analysis, logarithmic transfor-
mations of the data on health expenditure per capita and GDP
per capita were used. Homoscedasticity was verified graphi-
cally and the model including corruption was compared to the
model without corruption using the adjusted R2. All statistical
analyses were conducted using R 2.12.0 (R-project).

In 2008, the percentage of MDR-TB among new TB cases varied
from 0 to 22.3% with a world median at 1.9%. For percentage
of MDR among new TB cases, the final multivariable model
(adjusted R250.068) included only the following significant
variables: TB treatment success rate (p50.034) and CPI score
(p50.001), which were both negatively correlated with the
percentage of MDR among new TB cases. Others variables were
not as significantly associated with the studied outcome, both in
univariate and multivariate regressions. Incorporation of the CPI
in the model increased the adjusted R2 from 0.013 to 0.068 (+5.5%).
The coefficient for the CPI (b5 -0.0635) in the final multivariate
model would mean that a decrease in one point of the CPI (i.e. a
more important perceived corruption) would increase the log of
percentage of MDR among new TB cases by 0.0635.

After verification, the homoscedasticity and normal assump-
tions were shown to be respected in the final linear model. A
simultaneous bubble plot for the CPI, the TB treatment success
rate and the percentage of MDR among new TB cases are
shown in figure 1.

Ecological studies have their limitations (i.e. bias and confound-
ing) [10]. Furthermore, this study was limited to a 1-yr period
(2008), used only one kind of corruption measure to assess the
overall country corruption level and, due to the lack of objective
data, was based on rough estimations made by the WHO. In
addition, further studies have to be performed to: 1) identify the
exact temporal pattern of studied variables and their possible
lag effect on MDR-TB level; 2) confirm this trend using other
MDR-TB level indicators; and 3) calculate more precisely the
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overall impact of corruption on MDR-TB. However, the data
used in this analysis is the only data available to study the
problem at this scale and the study has the merit of approaching a
controversial problem from an innovative angle.

The linear regression analysis presented here, after taking into
account known significant predictors of MDR-TB level (TB
treatment success rate), seems to point towards a significant
pejorative link between perceived corruption and the percen-
tage of MDR-TB among new TB cases at a national level. In this
model, a decrease in CPI of one point (i.e. a more important
perceived corruption) was associated with an increase in the
logarithm transformation of the percentage of MDR-TB of
0.0635. The adjustment of the final model was poor (pseudo
R250.068) meaning that only 6.8% of the data variability was
captured by the model. Incorporation of CPI in the final model
led to a 5% increase of the pseudo R2. According to this result,
it could be hypothesised that ,5% of MDR-TB rate variability
could be explained by corruption.

This study is a first step in the quantification of the current
global impact of corruption on MDR-TB in human populations
and shows that possibly ,5% of the inter-country variability of
the percentage of MDR among new TB cases could be related to
corruption, a total that largely exceeds the effect of health-
related factors significantly associated with the outcome in the
analysis (TB management strategies). But still, because the
equation corruption equals death is seldom explicit, corruption

only seems like a nuisance. In practice, governments still treat
health and corruption as separate components rather than
integral components of the same strategy. To address these
obstacles, policies and interventions supported by governments
must integrate initiatives that recognise how they are inter-
related to fight and efficiently contain the burden of MDR-TB.
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Bernard Carme*,# and Mathieu Nacher*,#

*Centre d’Investigation Clinique Epidémiologie Clinique Antilles
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FIGURE 1. Bubble plot of the percentage of multidrug-resistant tuberculosis

(MDR-TB) among new TB cases according to the Corruption Perception Index (CPI)

score and the TB treatment success rate in 2008. For a given country, the greater

the bubble size the greater its percentage of MDR among new TB cases.
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