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Abstract
Background: Infectious diseases are predominantly within poor population living in low-income countries,
while are either treatable or preventable with existing medicines in the first occurring. The highlighted
cause is some government choose to spend national budget on several projects do not coincide the basic
needs and demands of the population. The objectives of this study were to 1) compare the performance
between new cases and deaths caused by diseases; 2) show the effect of gross national income (GNI) in
the mortalities reduction, and 3) assess potential evolution in eradicating mortalities in East African
countries. Method: WHO database contains data on several responses (new cases of Malaria, Neonates
protected at birth against neonatal tetanus, mortalities from tuberculosis among HIV-negative people and
new cases of leprosy) recorded from 2004 to 2015. IMB SPSS modeler and Origin 8 were used especially,
One-way ANOVA and Pearson’s correlation to achieve the objectives of the study. Results: The p-values
for either Levene’ and Brown-Forsythe compared with 0.05 significant level for testing the performance
between countries, correlation between GNI with leprosy is -0.5 to -1.0, in five countries, with TB is closer
t0 -1.0 in four countries, with deaths from Malaria, is -0.5 to -1.0 in three countries, and new cases from
Malaria and protected neonates is 0.5 to 1.0. Conclusion: The relationship between GNI and new cases
and deaths indicate the weak effect of GNI in the process of eradicating mortalities, therefore, the
government should prioritize the healthcare and use a national budget to monitoring the all
complications related to infectious diseases. Key wards: infectious diseases, eradicating mortalities,
gross national income

Background
The concerned and neglected infectious diseases are predominantly among poor populations in Lowincome countries [1]. Most of the diseases afflicted in these countries finds its origins in the penalties of
poverty, indicated by poor nutrition, indoor air pollution and lack of access to proper sanitation and health
education, while they are treatable with existing medicines or preventable in the first occurrences, midst
these diseases including Tuberculosis, Malaria, HIV/AIDS, leprosy, and other neglected diseases[2]. Lowincome countries stand not only to benefit in the future from drugs that are currently in the research and
development pipeline but they also currently benefit from drugs that were originally developed for
wealthier markets, unfortunately, the problem of access to essential medicines is remains an intractable
political and economic problem [3]. Among these populations, it is the poorest socio-economic clusters
that strangely suffer from a lack of access to existing medicines [4].
The government of Low-income countries often choose to spend their budget on programs and priorities
that do not overlap with the basic needs and demands of their populations (military, education), and little
care about health [5]. And yet global financing of Malaria, TB, HIV/AIDS, and others diseases control
programs increased from 2005 to 2014, even though the international funding was reduced by 8% but
82% of this funding was directed to the African countries including East and central Africa [6]. However, it
was the cause of setting SDGs and MDGs as the main target relating to infectious diseases for ending up
the epidemics of HIV/AIDS, tuberculosis (TB), malaria and neglected tropical diseases worldwide for
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reducing mortalities [7, 8], and other diseases like diarrhea [9, 10], cholera [11], and leprosy [12] especially
in the countries of Sub-Sahara.

East and central African countries are belonging to the Sub-Sahara where socio-economics problems
risen and caused by several issues, for example, every days’ war, financial, poverty, etc. these problems
provoke the cycles of diseases transmission among population through the massive migration or
refuges from neighbors countries ( for example Rwanda, Burundi, Uganda, South Sudan, and DRC) [13,
14]. On the same hand, the significance of the economic impact on the livestock production sector is
currently distributing tuberculosis, whereas TB prevalence increased with increasing people size and with
farms having poor management of income [15-18]. And then this factor lead to the number of new cases
of TB in 2017 was significantly higher than in 2013–2016 in Uganda [19], in Rwanda [20], in Kenya [21,
22], especially, most of them are classified in high global TB burden countries[23] and others countries
[24]. These infectious diseases not only occurred in Sub-Sahara but general are global, for example in
2013, there were 1.3 million AIDS mortalities in the top 30 countries representing 87% of global AIDS
mortalities [25]. In 2014, TB globally killed 1.5 million, and 9.6 million of new cases. The malaria
incidence rate in 2015 was 91 per 1000 people at risk with an estimate of 214 million of new cases and
438000 mortalities [7]. The co-infection of HIV and Malaria are a burden, especially East and central
African countries [26-29], in Ethiopia, mortalities from Malaria is current too high in either among citizens
or migrants [8, 30], and similar for tuberculosis [31, 32].
Leprosy is a chronic infectious disease has long incubation period for transmission, as several studies
showed that the prevalence of leprosy at the end of 2017 was 192,713 cases worldwide and the number
of new cases reported was 210,671[12], it is easier to attack TB patients [33]. Recent policies to stopover
leprosy transmission rely on prophylactic protocols using rifampicin [34]. The World Health Organization
(WHO) developed a policy to reach zero transmission, zero cases among children with grade II
incapacities by 2020 [35]. However, there is a presence of leprosy in low-income countries even if it is
hard to find recent studies showing its prevalence.

Some countries gathered to share a common interest in either politically or economically, and it was the
cause for establishing East African Community (EAC) contains six countries (Rwanda, Burundi, Kenya,
Tanzania, Uganda, and South Sudan). With regards to the factor that all these countries are contributors
of MDGS and SDGS, their gross national income (GNI) has to be used to eradicate all mortalities and new
cases caused by infectious diseases and other factors that cause mortalities including protecting
neonates against tetanus, etc.[36, 37]. Researchers also intensively contributed in either to control the
infectious diseases incorporate with other substances or provided potential information that leads to the
various integrated care models to reach and treat clusters of patients [38-40] and comparative studies
[41, 42]. However, informative policies and further studies to evaluate the evolution of eradicating
mortalities are intensively needed in developing and underdeveloped countries.
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With the assumption that gross national income (GNI) generalizes the income growth and socialeconomic problems of the population of country, the present comparative studies is aimed to investigate
the performance of East and central African countries represented by five countries in the evolution of
eradicating the mortalities caused by infectious diseases relied on the impact of GNI increment, and was
initiated on the following objectives: 1) compare the performance between countries in reduction of new
cases and deaths caused by diseases; 2) show the effect of GNI in the mortalities reduction; and 3)
assess potential evolution in eradicating mortalities in participant countries.

Methods
Study design
The comparative study was designed to evaluate and compare the performance of East and central
African countries’ policies to reduce the massive mortalities of population caused by endemic and
epidemic infectious diseases especially TB among HIV-negative, Malaria, Leprosy, and Neonates
protected against tetanus. The cases study was in five countries (Rwanda, Uganda, Burundi, Kenya,
Tanzania, and DRC). The selection of important responses has been performed based on recent deaths
reported caused by infectious diseases in the list of several infectious diseases occurring in WHO
database and some participant countries are classified in the global highest burden in mortalities and
new cases [23].
Data processing
The database contains several responses that their recorded data are sampled and others are not
sampled. Since we first mined the privileged information in a big database, the sampling methods
applied on some responses as established by primary users have maintained, for example, deaths due to
tuberculosis among HIV-negative people, the sample size is 100 000 population, the reported number of
new occurred cases and deaths were not sampled. The missing data processed with applying special
techniques to be replaced by moving average with respecting the progress of the country target [43]. The
selection of the different responses based on to prioritize some infectious diseases that cause a huge
number of mortalities in participant countries. The recorded of privileged data began in 2004, for
instance, the Republic of South Sudan got independence in 2010, hence, it removed in the comparison
analysis.
Data analysis
The analysis was done by using IMB SPSS and Origin to compute the relationship between gross
national income (GNI) and new cases and death caused by infectious diseases. The one-way analysis of
variances used to compare means of deaths relied on each is diseases in each country, and then
compare means correspond of all participant countries. This comparison of new cases and deaths
caused by diseases between participant countries tested by the significant between means difference,
and the homogeneity of variances tested by using Levene’s test for absolute deviation and squared
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deviation [44], and then Brown-Forsythe test on all covariates[45], and Pearson correlation was used to
detect the relationship between GNI and responses. The comparison between means-tested through the
following hypothesis: Ho: The means difference is not significantly at the 0.05 level, and H1: The means
different is significant at the 0.05 level, while for the homogeneity of variances are tested also as follow:
Ho: The population variances are not significantly different at the 0.05 level, and the alternative
hypothesis is the population variances are significantly different, the difference in means between
covariates are indicated by Fisher test. Time-varying used to show the systematic evolution of GNI that
taken as an indicator of exchangeability of new cases and deaths due to infectious diseases.

Results
The results of this study are obtained by using IBM SPSS Modeler and Origin 8 to analysis the evolution
in eradicating new cases and deaths from infectious diseases coinciding with the gross national income
in the East and central African countries. The comparison was made by using means different,
correlation and variabilities in ranges of full variation on counted death from Malaria, New cases of
Malaria, Neonates protected at birth against neonatal tetanus (%), mortalities from tuberculosis among
HIV/AIDS-negative people (per 100 000 population), New cases of leprosy, and gross national income per
capita (GNI) recorded from 2004 t up to 2015. The comparison based on the GNI of each country, and has
made through the following hypothesis: Ho: The all means different is not significant at the 0.05 level
and the alternative is that at least two means different are significant at the 0.05 level. The box-chart for
displaying the full ranges of variation (from min and max), median, likely the range variation (interquartiles), and Fisher test used to test the above hypothesis, correlation used to show the effect of GNI
and all responses.
Comparison between new cases and deaths in countries within ranges of variation
Comparison between means different in new cases and deaths
Correlation between GNI and responses

Fig.2 represents the correlation between GNI and new cases and deaths in each country. The good
interpretation of the correlation between GNI and new cases and deaths due to infectious diseases is that
they are moving in the opposite direction, however, the negative correlation indicates the positive
contribution of GNI in mortalities eradication. The comparison between countries’ deaths reduction
indicated on different peaks of bar diagram, thus, the mortalities reduction due to Malaria in Tanzania,
Rwanda, and Kenya are negatively correlated with GNI, on TB are also negatively correlated, and also on
leprosy, except Burundi, others countries are negatively correlated with GNI. For new cases of malaria,
and Neonates protected at birth against neonatal tetanus (%) is strongly correlated with GNI, for deaths
due to TB, Uganda, and DRC, the reduction of death is also strongly correlated, and for leprosy, the
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reduction of the new cases is strongly correlated with GNI in Burundi. The computed correlation values
and their significant p-values are detailed in addition document.
Evolution of eradicating Mortalities within countries

Fig.3 represents the effect of GNI on evolution in eradicating mortalities caused by infectious diseases in
participant countries. Fig.3 (a) indicates the increment of gross national income (GNI) with respect to
time in all countries even though the rate of increment is different. Fig.3 (b) indicates that the evolution
for eradicating mortalities caused by Malaria was well performing in Kenya, Tanzania, and Rwanda, while
in DRC, Uganda and Burundi were not yet well performed, especially in DRC was increasing at the highest
rate. The new cases of Malaria were increasing in all countries with respect to time, especially in DRC was
at the highest rate [Fig.3 (c)]. The mortalities caused by TB among HIV/AIDS-negative was slightly
decreased in all countries with respect to time [Fig.3 (d)]. Neonates protected against tetanus were
increased from 2004-2009 and decreased up to 2012, and then increased up to 2016 in almost all the
countries except Uganda and Burundi had almost constant numbers in the last four years [Fig.3 (e)]. The
new cases of leprosy numbers had been decreased in all countries, even though DRC and Tanzania had
the highest numbers [Fig.3 (f)]. Generally, the growth of gross national income is not significantly
contributed to the evolution of eradicating the mortalities caused by infectious diseases.

Discussion
The infectious diseases are predominantly among poor populations living in low-income countries, most
of them are treatable with existing medicines or preventable in the first place, among these diseases are
including Tuberculosis within HIV/AIDS-negative, Malaria, leprosy, and other neglected diseases [1, 2].
The main problem of the low-income countries is to access to the necessary medicines which remain an
intractable political and economic problem, where their population is the poorest socio-economic clusters
that strangely suffer from a lack of access to existing medicines [3, 4]. These socio-economics problems
persist in East African countries since all countries’ budget are spent on projects and priorities that do not
relate with the basic needs and demands of their populations (military, education)[5]. This factor is not
explained by these government, therefore, it would be better to show the contribution of socio-economics
of East African countries by assuming this economic factor as gross national income (GNI) to protect
their citizens.
In this study, we investigate the evolution between East African countries in the eradicating process of
infectious diseases’ mortalities relied on the effect of gross national income (GNI) increment, meanwhile
the majority of the countries participating share common problems as socio-economics, and also all are
developing countries, their income growth could contribute to that evolution of eradicating mortalities in
several sectors. Moreover, it was the factor that gross national income compared first among participant
countries, as enclosed in the target of SDGs and MDGs on each country for mortalities reduction, since
infectious diseases highlighted to be an issue to concern, mostly TB, Malaria, and HIV/AIDS [36, 37]. The
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socio-economic problem underlined to be the main roots of mortalities among the risked patients in
underdeveloped and developing countries, especially for the poor farms living with poor management of
their livestock production, engaging in hard forces that lead to high TB prevalence in 2017 among
participant countries [13, 15-18, 46].
TB among HIV-negative, Malaria, leprosy and neonates protected against tetanus data were mined in
WHO database since they are the most prevalent in recent years and compared with GNI for showing the
difference in evolution process of mortalities reduction instigated by infectious diseases in East African
countries (Burundi, Uganda, Rwanda, Kenya, Tanzania, and DRC). The privileged data were recorded from
2004 until 2015. The persistence and occurrence of new cases from long-standing and new infectious
diseases, besides some transported among all participant countries like TB among HIV-negative and
Malaria [13, 14] become frequently issues to investigate. Moreover, leprosy is national diseases although
there are no recent studies showed its prevalence among participant countries except Global Leprosy
Strategy 2016–2020 named Accelerating towards a leprosy-free world was based on strengthening
government ownership to stop leprosy and its complication [47]. Our study is the first to describe the
significant effect of GNI to the evolution of mortalities caused by infectious diseases through the
following hypothesis: Ho: The all means different is not significant and the alternative is that means
different is significant at the 0.05 level, and Levene’s and Brown-Forsythe test for homogeneity for
variances. With regards to the comparative analysis of new cases and deaths between participant
countries, the box-charts showed that there is a different in full ranges of variation in either minimum,
maximum, quartiles or medians.
The mean differences between countries in new cases and deaths
The Levene’s and Brown-Forsythe test showed that the new cases recorded on leprosy up to 2015 are
almost the same in four countries (Uganda, Rwanda, Kenya, and Burundi) and quite different in DRC and
Tanzania. This results would be compared with the update report of leprosy since it showed the
increment of the recorded number for some countries (Uganda, Tanzania, and DRC) and decrement in
Rwanda, unfortunately, some countries did not show their reports (Burundi and Kenya) [47]. The
mortalities caused by Malaria are differently in five countries compared between them except
comparisons with DRC, new cases of Malaria are different in four countries in comparisons (Tanzania,
Tanzania, Rwanda, and Uganda) while all others are almost equal. These results were similar with WHO
Malaria report 2015, as it showed that Burundi, DRC, and Uganda new cases and deaths were inclined
while Rwanda, Kenya, and Tanzania were declined up to zero [6]. The different in mortalities caused by
TB among HIV/AIDS-negative is almost equal in the comparison within four countries (Tanzania, Kenya,
and Rwanda) and different in other countries. The different in neonates protected at birth against
neonatal tetanus was almost equal in some countries and different in others.
The relationship and effect of GNI and all responses
The increasing GNI had contributed positively in all countries in the reduction of new cases of leprosy
since the relationship is in a negative direction with GNI, the effect was positive on Mortalities caused by
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Malaria because the relationship was negative in Rwanda, Tanzania and Kenya, weak in Uganda while
there was no effect in Burundi and DRC since the relationship is positive, unfortunately, there was no
contribution of GNI on new cases of Malaria is since the relationship was both strong and positive in five
countries excluding Tanzania which had a weak relationship. This result is slightly similar with WHO
report 2015 but different for some output [6]. The effect of GNI was almost useless in all countries
because the relationship with mortalities caused by TB was both strong and positive in DRC and Uganda.
This result was closer with the WHO report 2018 that classify some countries in high TB burden[23].
There was no clear effect of GNI in neonates protected at birth against neonatal tetanus since the
relationship of Neonates protected at birth against neonatal tetanus with GNI is weak in Uganda and
Kenya and strongly positive in others countries. Generally, there was no effect of GNI in the evolution of
eradicating mortalities caused by infectious diseases with respect to time. The results of this study are
similar to the highlighted causes of the study showed how some Low-income countries spent budget on
unrelated projects rather than the healthcare of their citizens [5].
Our study has obvious limitation including excluded countries in the comparative due to there are no
recorded data in several years, and missing value detection is not possible to manage, other infectious
diseases even either new or current that do not have the recorded data, the relationship between GNI and
others responses are generalized due to the sampling are not from the population. However, further study
can be addressed on the persistence of the treatable and preventable infectious diseases in the most
risked countries by considering the household surveys for obtaining update information.

Conclusions
Our study shows the potential insight of significant comparison between the evolutions of eradicating the
mortalities in East African countries caused by infectious diseases relied on the GNI increment. TB within
HIV/AIDS-negative, Malaria, leprosy, and neonates protected tetanus selected from the WHO database
since they caused a huge mortalities from 2004 to 2015. In a range of variation from all responses, we
found that there are differences within the countries, means different are most significant but the
homogeneity of variances are almost not significant since p-values are greater than 0.05, and then in
most countries, there is a negative and weak relationship between GNI and all responses. This indicates
the almost zero effect of GNI in the evolution of eradicating mortalities caused by infectious diseases,
therefore, the government should prioritize the healthcare and use the national budget in eradicating
mortalities related to infectious diseases.
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Tables
Table 1: The hypothesized tests of means different and homogeneity of variances at 0.05 level
Covariates
GNI
Death-malaria
New case malaria
Neonates protected
Death TB
New cases leprosy

Mean different test (P-value > F)
Population Mean Population variances
0.00
6.0982E-5
0.0415
0.0224
0.0337
3.439E-7
1.937E-7
1.1034E-8
0.00
0.1956
0.00
1.674E-12

Homogeneity of variances test (P-value > F)
Levene’ s test
Brown-Forsythe
6.745E-4
7.471E-4
0.07015
0.2915
9.378E-6
8.495E-4
3.396E-6
1.823E-8
0.58415
0.5952
5.617E-5

2.474E-7

Tab.1 contains p-values for testing the population means and variances different and also a homogeneity of the
variances by using Levene’s and Brown-Forsythe tests that compared with significant value (0.05 level).
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Figure 1
The comparison between countries within ranges of variation
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Figure 2
Correlation between new cases and deaths and GNI within countries
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Figure 3
Evolution of eradicating Mortalities within countries
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