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n INTRODUCTION

Bacterial meningitis is a disease that affects 
the central nervous system (CNS) and can 

be caused by various pathogens, including Strep-
tococcus pneumoniae, Neisseria  meningitidis,  Hae-

mophilus influenzae and Mycobacterium tuberculosis. 
Risk of acquiring meningitis is high among those 
belonging to the extreme ages of life, immuno-
suppressed individuals, alcohol and drug addict-
ed and pregnant women [1].
Diagnosis of meningitis may be troublesome in 
specific and at risk populations and adequate 
treatment strategies are auspicable to ameliorate 
the outcome [2-4]. Worldwide it has been reported 
the decrease in the incidence of disease after the 
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Bacterial meningitis is an important cause of infectious 
neurological morbidity and mortality. Its incidence 
has decreased with the introduction of vaccination 
programmes against preventable agents. However, 
low-income and middle-income countries with poor 
access to health care still have a significant burden of 
the disease. 
Thus, the relationship between the Gini coefficient 
and H. influenzae and M. tuberculosis meningitis inci-
dence in Colombia, during 2008-2011, was assessed. 
In this ecological study, the Gini coefficient was ob-
tained from the Colombian Department of Statistics, 
incidence rates were calculated (cases/1,000,000 pop) 
and linear regressions were performed using the Gini 
coefficient, to assess the relationship between the lat-

SUMMARY

ter and the incidence of meningitis. It was observed 
that when inequality increases in the Colombian de-
partments, the incidence of meningitis also increases, 
with a significant association in the models (p<0.01) for 
both M. tuberculosis (r2=0.2382; p<0.001) and H. influ-
enzae (r2=0.2509; p<0.001). This research suggests that 
high Gini coefficient values influence the incidence of 
Mycobacterium tuberculosis and Haemophilus influenzae 
meningitis, showing that social inequality is critical to 
disease occurrence. Early detection, supervised treat-
ment, vaccination coverage, access to health care are 
efficient control strategies.
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massive inclusion of vaccines, as the BCG vaccine, 
which does not prevent infection with M. tubercu-
losis, but this reduces its hematogenic dissemina-
tion to CNS [1, 5].
Low and middle-income countries are responsible 
for 98% of the estimated disability-adjusted life 
years (DALY) because of meningitis, particularly 
those with limited access to health care services. 
However, in high-income countries, bacterial 
meningitis persists as one of the leading causes of 
death in children under 14 years [1, 6].
According to socio-economic, environmental and 
health factors in the epidemiology, would impact 
in significant variations of the meningitis inci-
dence. For this reason, these factors are a source 
of academic and public attention, allowing carry-
ing out the search of new indicators that identify 
the relationship between infectious diseases, so-
cial capital, poverty and income inequality. Cur-
rently, it is known that the groups with the worst 
socio-economic conditions not only have less ac-
cess to the health services, lower quality of them 
and greater burden of disease, in addition, these 
have other conditions such as chronic diseases at 
younger ages [7].
Measurement of inequalities in the field of public 
health is important for improvement of health sit-
uation in the developing regions, including coun-
tries such as Colombia. Gini coefficient is among 
the tools that can be used for this purpose, in the 
assessment field [8]. This measures the degree of 
socioeconomic inequality and takes values be-
tween zero (perfect equality) and one (total in-
equality) identifying the distribution of resources 
in an established area, which partly determines 
access to health services since the ability to pay 
can be limited by income of users [9, 10]. So, 
health can be conditioned by economic inequal-
ities and influence the health status of the region, 
favoring specific epidemiological patterns. For 
this reasons, the objective of this study was to as-
sess the relationship between Gini coefficient and 
incidence of meningitis by H. influenzae and M. 
tuberculosis in departments of Colombia between 
2008 and 2011.

n MATERIALS AND METHODS

Colombia is a South American country consti-
tuted by 32 departments (main administrative 

level), with a total estimated total population of 
48,747,632 for year 2016, and an average Gini co-
efficient of 0.51.

Study design
For this record-based, ecological study, the epide-
miological data was constituted by all the men-
ingitis confirmed cases caused by Haemophilus 
influenzae and Mycobacterium tuberculosis during 
the period between 2008-2011, reported to the 
national surveillance system (Sistema Nacional de 
Vigilancia en Salud Pública, SIVIGILA) of the Min-
istry of Health (Ministerio de Salud y Protección 
Social) in Colombia. Accurate data was not avail-
able before 2008. Since the investigation was ret-
rospective and based entirely on the results of the 
routine investigation, informed consent was not 
obtained for this study. Inclusion or exclusion cri-
teria were not used to process these data.

Data management and statistical analysis
Data were tabulated on a report form prior to be 
analyzed. The rates of incidence (cases/1,000,000 
pop) were calculated using official reference pop-
ulation provided by the Colombian Department of 
Statistics. Simple non-linear regressions between 
the Gini coefficient and the incidence of bacterial 
meningitis caused by H. influenzae and M. tubercu-
losis at the departmental level in Colombia were 
assessed to determine the association. Statistical 
analyses were performed on Stata® v.11.1. Statisti-
cal significance was defined as p<0.01. 
Available reports for H. Influenzae do not discrim-
inate the individual presence of its different sero-
types.

n RESULTS

During the period 2008-2011, 270 cases of menin-
gitis were caused by H. influenzae and 664 by M. 
tuberculosis, totaling 934 cases of bacterial menin-
gitis for these etiological agents in Colombia.
For tuberculous meningitis, cases were diagnosed 
mainly in Bogota D.C. (23.8%), Valle del Cauca 
(19.7%) and Huila (15.5%). The highest incidence 
rates by department were reported in Huila (42.82 
cases/1,000,000 pop) during 2011 and Quindío 
(29.1 cases/1,000,000 pop) in 2010.
For meningitis by H. influenzae, cases were di-
agnosed mainly in Antioquia (17.8%), Bogotá 
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D.C. (12.9%) and Córdoba (11.9%). The highest 
incidence rates by department were reported in 
Córdoba (23.64 cases/1,000,000 pop) during 2011, 
Guaviare (9.83 cases/1,000,000 pop) in 2009 and 
Cauca (8.34 cases/1,000,000 pop) in 2010.
Twenty-five, out of thirty-two departments pre-
sented at least one case during the period of the 
study.
We found that with a higher inequality in the de-
partments (as measured by the Gini coefficient), 
a higher incidence of meningitis was found, be-
ing significant its association in the regressions (p 
<0.01) for both, M. tuberculosis (r2=0.2382; p<0.001) 

(Figure 1) and H. influenzae (r2=0.2509; p<0.001) 
(Figure 2).

n DISCUSSION 

Incidence of meningitis has been associated with 
the access to health services, country’s income 
and the index of Unsatisfied Basic Needs (UBN) 
[1, 6, 8]. Although the Gini coefficient and its as-
sociation with the incidence of meningitis due 
to H. influenzae and M. tuberculosis was not pre-
viously available in scientific publications, some 

Figure 1 - Linear regression between the incidence of meningitis by Mycobacterium tuberculosis and Gini coeffi-
cient for departments in Colombia, 2008-2011.

Figure 2 - Linear regression between the incidence of meningitis by Haemophilus influenzae and Gini coefficient 
by departments in Colombia, 2008-2011.
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investigations have determined the relationship 
between that social indicator and sexually trans-
mitted infections, especially with the Human Im-
munodeficiency Virus (HIV) infection [11]. How-
ever, a study that approached social determinants 
of tuberculosis case rates in the United States 
demonstrated a relationship between a Gini coef-
ficient close to 1 and an increase in the risk of the 
disease [7].
A study conducted in the United Kingdom about 
the incidence of tuberculosis revealed that the 
variables associated with poverty and income 
inequality were important predictors for the in-
creased incidence of this pathology. Although the 
Gini coefficient was a high predictor, it was not a 
statistically strongest predictor since in this case 
the social capital measured by Putnam was the 
most relevant [12].
It has been described that in some communities 
up to 58% of the population affected with tuber-
culosis has low income and little or no ability to 
pay for health services. Recent assessments of so-
cio-economic interventions in Peru, with strate-
gies such as economic alleviation of poverty with 
generation and increased revenue, managed to 
increase the detection of cases and success in the 
treatment of tuberculosis, as well as to improve 
the control and surveillance of the disease re-
duced the extra-pulmonary forms such as tuber-
culous meningitis cases; thus, the intervention on 
socio-economic factors has a direct impact on the 
incidence and spread of disease [13].
About the Gini coefficient and the incidence of 
Haemophilus influenzae we did not found previous 
published reports. However, a study published 
in the 1970s found that socioeconomic factors in 
children of white race did not influence the inci-
dence of meningitis due to H. influenzae [14]. In 
the 1990s the rate of fatality meningitis caused by 
Haemophilus influenzae was not different in indus-
trialized or undeveloped countries, as opposed to 
what was happening with access to health [15].
In a study conducted in Colombia, it was found a 
decrease of 40% in cases of meningitis in children 
less than 12 months after the introduction of the 
Hib vaccine in 1998. These changes are similar to 
those reported in other countries like United States 
of America (USA), El Salvador and other areas of 
Latin America; an example of this occurred in a 
city in the northeast of Brazil where the program 
of vaccination against Hib caused a decrease of 

69% after one year of application [16, 17]. Like-
wise, a study in Spain showed that the incidence 
of tuberculous meningitis decreased during the 
past 15 years since the implementation of BCG 
vaccination [18]. In addition, a meta-analysis of 
10 randomized controlled trials showed that the 
average protection against TB meningitis and dis-
seminated TB was 86% and 75% in case-control 
studies [19]. Therefore, after the inclusion of mass 
vaccination coverage the epidemiological profile 
of the disease has changed drastically; neverthe-
less, strategies against TB have been insufficient 
for by its associated risk factors [12, 19]. 

The study showed that with a higher value of the 
Gini coefficient, a higher incidence of meningitis 
due to H. influenzae and M. tuberculosis is found. 
Although the occurrence of diseases is multifacto-
rial, it was shown that socioeconomic inequality 
is associated by 25% and 23% for H. influenzae and 
M. tuberculosis, respectively. It is not possible to 
determine specifically the relationship of the dif-
ferent subtypes of H. influenzae, since the source 
of information does not discriminate these data.
It is expected that countries like Colombia and 
others with similar epidemiological and so-
cio-economic profiles, mainly in Latin America, 
would use indicators that allow to further studies 
these associations. This should be encouraged in 
the field of public health to help us to determine 
the state of a situation or a health condition and to 
drive decisions in public health. 
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