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Abstract

Tuberculosis is a leading cause of death worldwade the leading cause from a single
infectious agent, ranking above Human immunodeiicyevirus (HIV) and Acquired Immune
Deficiency Syndrome (AIDS). The aim of this studytd ascertain the trend of tuberculosis
prevalence and the effect of HIV prevalence on Taliesis case in some West African
countries from 2000 to 2016 using count panel dagmession models. The data used annual
HIV and Tuberculosis cases spanning from 2000 tb62&xtracted from online publication of
World health Organization (WHO). Panel Poisson esgion model and Negative binomial
regression model for fixed and random effects wesed to analyzed the count data, the result
revealed a positive trend in TB cases while in@dan HIV cases leads to increase in TB cases
in West African countries. Among the competing nmsdesed in this study, Panel Negative
Binomial Regression Model with fixed effect emerdbd best model with log likelihood value
of -1336.554. This study recommended that Govemiraad NGOs need more strategies to
fight against HIV menace in West Africa as thislwilturn reduced TB cases in West Africa.

Keywords: Tuberculosis (TB), Human immunodeficiency virud\{(ly Acquired Immune
Deficiency Syndrome (AIDS), World health Organipati\WHO), Panel Data, Poisson,
Negative Binomial, Regression

1. Introduction

Tuberculosis is sometime referred to as ‘the sildler. This disease is considered th& 9
leading cause of death in 2016, and found to rageen than HIV in term of infection and

transmission (WHO, 2017). Seven countries amoufte@4% of TB infection globally which
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include Nigeria and other Countries such as, Inbhidpnesia, China, Philippines Pakistan and
South Africa. In the order of most infected cousgrby TB, Nigeria ranked"6(Ogbo et al. ,
2018).

Due to the havoc of TB and HIV diseases in Africal ahe world at large, one may ask the

following questions:

i. What is the trend of tuberculosis prevalence ambfiegt African countries?
ii. Is there any significant relationship between gra8 having tuberculosis as a

result of being infected with HIV/AIDS among the B¥éfrican?

The aim of this study is to examine the trend detgulosis prevalence and the dynamic
interrelationship between TB and HIV prevalence aghgeome West African countries using

count panel data regression models.
2. LITERATURE REVIEW

Brosch, et al., (2002), suggested that TB baci@igcobacterium tuberculosis) is curable and
preventable, it now depend on how much we deepenfiyhit against it further spread in any
community while WHO (2017) Global Tuberculosis Repuighlighted that TB can be spread
from person to person through the air. In a mvam the assessment of the trend in TB in
Africa Chatterjee & Pramanikit (2015) discoveredttinprecedented growth of the tuberculosis
epidemic in Africa is attributable to several fastathe most important being the HIV epidemic.
Tuberculosis is commonly associated with death fiéii/AIDS autopsy studies have shown
that 30 to 40% of HIV-infected adults die from T8mong HIV-infected children, TB accounts

for up to one in five of all deaths. 70% of adudtsd 88% of children infected with HIV
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worldwide live in sub-Saharan Africa. In additiomalnutrition is one of the factors that can

promote TB infection. (Cegielski and McMurray, 2004

Umeh et al., (2007) carried out an investigatedragnpatients referred to a chest clinic in
Nasarawa State by examining 344 patients who pregevith respiratory problems at the clinic,
it was discovered that 44.8% had M. tuberculodisciiion, 24.7% HIV infection and 12.8%
HIV/tubercle bacilli co-infection. It was also fodnthat Co-infection rate in HIV infected
persons (HIV+) was 51.8 and 28.6% in those withtiMerculosis infection. The relative risk of
HIV positive persons being co-infected was 1.07Bilevit was 0.401 for TB infected persons.
The estimated Odds Ratio (OR) shows that the fisloanfection was 2.68 times higher among
HIV+ persons than among those with tuberculosise @ttributable risk of 45% was found and
shows the extent to which co-infection could beilaited to HIV infection. A key socio-
economic variable, eating in groups, was signifilyacorrelated with co-infection (r = 0.107; p<
0.05). it was finally concluded that his resultrotworates the finding (Brown et al., 2006) that
tuberculosis is highest among people infected Wit and that HIV infection is likely to be one

of the factors responsible for the recent incréaseberculosis.

Askar (2008) examined Tuberculosis and HIV co-ititetin two district in Somaliland using
839 patient. The study employed logistic regressioodel and the result revealed HIV

seroprevalence among TB patient in Somaliland hactased Over time.

Njepuome and Odume (2009) examined the impact df $yindromes in the treatment of TB
cases in Gombe state Nigeria using 300 patents Mith and TB. The study revealed no
significant difference in the mean age of male famale. The study also revealed that the death
rate among dually infected patient was higher campapatient with only HIV negative status.
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Pimpin and Drumright (2011) carried out a systemgview to determine the burden of TB-
HIV infection in the European Union and Europearrttomic Area on 10 academic literature
databases which were searched between Septemb@camiser 2009:. The review carried out
on information collected in 1996 and later, regesdlof the year of initiation of data collection
and narrative synthesis presented reveals thapribgortion of HIV-co-infected patient varied

from O to 15%. Higher level and increasing trendndéction was recorded in the Western and

Eastern countries compared with the central Eumojaon / European Economic Area.

Cajetan et al., (2017) examined the Prevalenceug-tesistant tuberculosis in Nigeria using a
systematic review and meta-analysis identified 84aanti-TB drug resistance surveys with 8002
adult TB patients consisting of 2982 new and 50@¥ipusly-treated cases. The prevalence rate
of any drug resistance among new TB cases was 306% CI 24.0-40.0%; 734/2892) and
among previously treated cases, the rate was 53%8% Cl 35.0-71.0%; 1467/5020).
Furthermore, multidrug resistance among new andiquesly-treated cases was 6.0% (95% CI
4.0-8.0%;161/ 2502) and 32.0% (95%CI 20.0-44.0/B&¥), respectively. Heterogeneity was
significant in the studies. It was concluded theg burden of drug resistance TB in Nigeria is
high and as such immediate survey needs to beedaout and measure taken to curb the

increasing trend.

Akinleye et al. (2015) carried out a prospectivedgt on Tuberculosis and HIV co-infection
among patients attending directly observed treatrsbort course (DOTS) in Lagos, Nigeria
case study of Ojo local government area. This stuay carried out to determine the prevalence
of HIV/TB co-infection among tuberculosis patiemsDOTS Centre in Lagos. This study was

carried out between January 2013 and August, 20130 Local Government (DOTS) Centre,
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in Lagos, Nigeria. Five hundred and nine (509) DGie@ndees (270 females and 239 males,
age-range 10-70years of age, at the Ojo and Okektithservices Centre. Samples of sputum
and blood were collected and processed using sthmalaoratory procedures. All the patients’
sera were screened for antibodies for HIV1& 2 ushrge rapid ELISA kits. The study showed
that there is no significant relationship with gatmf one hundred and twenty eight (25.1%) of
HIV infection among diagnosed TB patients. HIV/T&-infection positive patients for male and
female were 25.6% and 24.8% respectively. FinaNyas concluded that The results of the work
show a high burden of HIV/TB co-infection in Lagetate, southwestern Nigeria the overall
prevalence of HIV infection among diagnosed TB grag was 128(25.1%) is higher than

previously reported among this category of patiemtbe state.

Andrzej et al., (2012) Having examined Tuberculosil HIV Co-Infection found that the
incidence and mortality rates for new AIDS-definiogportunistic infections have been shown
to be higher if individuals with HIV are co-infectavith TB, they also noted that TB/HIV co-
infection represents a novel pathogenic scenarithatglobal level. It constitutes a serious
diagnostic and therapeutic challenge and, partigula poor countries, weighs heavily on
already strained health care budgets. It has rigckeeén realized that the epidemiology, clinical
manifestations, and management of both HIV Bhtuberculosis infections are different and far
more complex in co-infected compared to mono-idécpatients. However, our knowledge
about the mechanisms of interaction of the two @gehs still has many gaps that need to be

filled in order to develop preventive measures agjahe two diseases.

Pontali et al., (2011) under gone a study on Tubests and HIV co-infection bearing in mind

guestion like do we have a surveillance systemuroge? Is there any reason why a clinician

d0i:10.20944/preprints201910.0362.v1
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should be interested in knowing about the statéhefart in tuberculosis (TB) and HIV co-
infection surveillance in Europe? Came up with arswike is probably easier to answer, at
least at a global level: TB—HIV co-infection is pessible for almost 400,000 deaths every year
and TB is by far the major killer of HIV-infectegrsons, being responsible for over a quarter of
the global burden of HIV-associated deaths; peoleng with HIV/AIDS infected
with Mycobacterium tuberculosis are at 20-30 times greater risk of developing DBngared

with HIV-uninfected persons.

Aweke et al. (2016) Examining Prevalence and aasatifactors of TB/HIV co-infection among
HIV Infected patients in Amhara region, Ethiopidnefe were 571 respondents in the study. Of
these, 413 (72.3%) were not found to have TB/HIMrdfection while 158(27.7%) had TB/HIV
co-infection. The proportion of female respondemite® had TB/HIV-co infection accounted for
a larger proportion in the sample 107(69%) compdcedchale respondents 48(31%). Patients
with primary education accounted for the largerportion 64(40%) of having TB/HIV co-
infection compared to those with no education 3824, secondary education 33(21%), and
certificate and above 21(13.4%). In addition, migoof TB/HIV patients 130(82.8%) were
urban residents while 27(17.2%) were residing imalriareas. Among TB/HIV co-infected
patients, 149(96.8%) were non-smokers 123(79.9%d)BIHIV co-infected patients were non-
alcoholics. The majority of participants who had/HB/ co-infection, 104(67.5%) were in
WHO clinical stage of Il followed by WHO clinicadtage IV 23(14.9%) and WHO clinical
stage 1l 19(12.3%). Only 8(5.2%) study participantso have TB/HIV-co infection were found
to be in WHO clinical stage |. Chi-square test shomat the TB/HIV co infection is significantly
associated with marital status, alcohol intakeglias CD4 count, baseline WHO clinical stage,

baseline functional status, TB Smear type (p-val@05).
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3. RESEARCH METHODOL OGY

This section looks at the methodology used to aehile objectives of the study. Also discussed
in this section are the research design, data tgpelssources, and the model specification
important to the objectives of the study. The eation techniques used to ascertain the likely
causal relationship was addressed also.

The population target for the study is West Africauntries which comprises of 16 countries,
but for the purpose of this research only 10 WdsicaAn countries will be covered. i.e Benin,
Burkina Faso, Gambia, Ghana, Guinea Bissau, Lipstéi, Niger, Nigeria and Serra Loane, for

a period of 17 years (2000 to 2016). The dataseasced from the WHO (2018) Publications.

4. M odel Specification

Panel data are also called longitudinal data csszs2ctional time-series data. These longitudinal
data have observations on the same units in sedigi@lent time periods (Kennedy, 2008). A
panel data set has multiple entities, each of whiab repeated measurements at different time
periods. Panel data may have individual (groupgcatfftime effect, or both, which are analyzed
by fixed effect and/or random effect models. londihal data have more variability and allow to

explore more issues than do cross-sectional or$ienes data alone (Kennedy, 2008).

Baltagi (2001) revealed that Panel data give moferinative data, more variability, less
collinearity among the variables, more degreesreédom and more efficiency. Green (1997)
further explained that if individual effects aregficant then this is a sign that a significant
component of the model is accounted for by theviddal effect parameter and so fixed effect

might be preferred over the random effect. Howdwvay likelihood test statistic was used to

d0i:10.20944/preprints201910.0362.v1
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determine which is best between the fixed and raneffect model. The layout of panel data is

given below:

YiYeountry, Year Xjcountry, Yean X;country, Year X, country, Yeanr
Ycountrjy__’ Yearz Xl COHTHT}J' Pearz Xz CO‘LLHIT‘J.'L Yea?‘l XL COMU‘_}J‘ Yearz
Yeountry, Year; choun,try Yea‘r‘T chomrr}'lj YearT }i’,R country YearT
Ycoun"t.r.j.;z.:.}’earl Yl coun:ry r" ean X, coum:-"y-J Yearl Y,‘ cotmtry }"earl
Ycountry, Year chountryJ Vear, chountryz’ Year, Xy r:otmtry Year,
Ycountry, Yearr chountry }’earT chountr:;z’ }"earT X; cowltry YearT
Yeountry; Yean XltrouHIry ‘r’earl chountr:;3 }"earl XR cowi,try Yeaf"l
Veountry, Veor, X (_'mm.try’ Venr, Xycountry; Vear, X, rfmmtrya Vear,
Yecountry,, Yeary X cmmtrys }’em'T X c'mmt'r'_}& Yea'r'T X, Catmtrya _Vea'rT
Yeountry, Year Xlr::ount"'y Vearl choun,trjv Yea‘rl XJR cowltryJ Yearl
Ycountry, Year choun,t*'y“ Year, X countryy, Year X, country, Year

\YCGMWJ’N, Yeary \Xl countryy Year; X,countryy Yeary X, countryy, Yeary

The generalized linear model for panel data isifipdas:

Vit S0 F BXit F it veene et e (2)
Where
i: stands for the cross sectional variable i=1,.....N
t: stands for the time series t=1,....T

yi: stands for the dependent variable (it will be ated as number of cases resulting from

Tuberculosis)
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X i: stands for the independent variable (it will denexplanatory variable which will include

time period and cases of HIV)

a: stands for the intercept

B: stands for the coefficient of the independentalsde

€i: stands for the error term

The Basic Linear Panel Models are

Pooled model (or population average)

Vit SO0 FBX G F Ut coeeee e ne e e eer e (2)
Two-way effects model allows intercept to vary ovand t

Vie S0+ Y FBX it F &t v 3)
Individual-specific effects model

Vit = 0iF BX it FEit v 4)
Whereai may be fixed or random effect.

Mixed model or random coefficients model allowspgs to vary over

The fixed effect (FE) model takes to be a group of specific constant term in theesgion

equation.

» Individual-specific effects model:
Vie= 0+ BrXait+ BoXaitF ..ot PiXiit F Eit vvvrrreerenennn, (5)
v ajis a random variable possibly correlated with x
v' So regressor xmay be endogenous (wrt@but not€;)

v' Pooled OLS, pooled GLS and RE are inconsistercg fo

d0i:10.20944/preprints201910.0362.v1
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v Within (FE) and first difference estimators are sistent.

or in the matrix notation

Vit = ot Bx,it T 6 )(
where X'it = [X1it, Xaity «+v-e , Kt |
and B =[B1,B2Bs-... B 1

The “i” indexes cross-section realizations so thafl,2,3,.....N (countries) and “t” indexes time-
series realizations so that t = 1,2,3.....T (Tim@&Jhile the individual effect; is regarded as the
constant over time (t) and specific to the indigtaoross-sectional unit (i) denoted here as West
African countries. Thea; is expected to capture the unobservable, and n@suna&ble

characteristics that differentiate individual units
Fundamental assumption of the fixed effect model
E[€]=0

Cov(&i, &) =0,

Var (€x) = E[€%] = o%

E[Eit, Xlit] = E[Eit, X2it] = E[Sit, X3it] = E[Sit, X4it] = e = EIEit, int] = 0 and the )gt iS not
invariant. It should be noted that under this ag#ions, the OLS can be used to obtain the

unbiased, consistent and efficient BLUE parametgémate

10
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Random effect (RE) or population-average (PA): iBisalso known as the error component
model, includes a non-measurable stochastic variabhich differentiates individuals. It is

written thus:

Vie= o+ BaXgit + P2Xoit o F BXkit + U+ Eit oo (7)
v ojis a random variable possibly correlated with x
v' So regressor xmay be exogenous (wrt t¢ but not€;)
v" Pooled OLS, pooled GLS and RE are inconsistercg fo

v" Ui is a stochastic variable

or in the matrix notation

Vit = 0t BX'it F U F it oot (8)
where X'it = [X1it, Xaity «+v-. , Kt ]
and B =[B1,B2Bs-... B 1

The “i” indexes cross-section realizations so thatfl,2,3,.....N (countries) and “t” indexes time-
series realizations so thatt = 1,2,3.....T (Tim&he term uis stochastic variable that embodies
the unobservable or non-measurable distance that kaccount for individual distance.

Essentially, the effect is thought to be a randidividual effect rather than a fixed parameter.
Fundamental assumption of the random effect model
E[Ui, Xlit] = E[Ui, X2it] = E[Ui, Xgit] = E[Ui, X4it] = e = E[Ll, int] =0 ., (9)

L] = ELUT S0 v vttt (10)

11
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COV(U, €1t) = E[U, €it 1 S 0%, U’ oeeee e et eee e e e et e (11)
Var () = ELU] 2 020 e e oo e e e (12)

Assuming normality u~ N(O, 6%, ), €& ~ N(0, 0% ), where both “fi and “€;" are stochastic

variables but form a composite error term callecgan(y + €i))= i

Ul T E11

Where wy, =

Since the research data are count in nature thel paant data model will be specifically used to
model the data thus:

(a). Poisson Regression Model: the Poisson regmesabdel is used for modeling count data
and is usually the limiting form of binomial diditition. It is the probability of a random event X

occurring in an interval of time. It is denoted By(X = x) = oy = 0,1,2,3....... N. with

g4 i
[ L

x

mean and variance asand the skewness and kurtosis of the distribultieen%1 and SJrEl

respectively.

(b). Negative Binomial Regression Model. Thishe probability distribution of the number of
failure X, before the R success in event that follows a binomial distribntiwhere the

probability of success is denoted by P and faitpre (1-P). This distribution is given as.

Pr(X =x) = (kl_ill)p"“qx 0= X< B0 it (13)

12
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Where

Mean is kpfp and Variance ié'pfpz

-1
Skewness i€l + q)(kq) = and Kurtosis is 3~§+ 2—;

5. Data Presentation and Analysis

This section focused on the interpretation of refwm the analyses carried out on the data

collected from World Health Organization (WHO, 2018

Table 1: Descriptive Statistics.

. sum tbcases hivcases

Vari abl e | Qbs Mean Std. Dev. Mn Max
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm i —— - - -
t bcases | 170 45781. 76 97461. 78 2300 407000
hi vcases | 170 37634. 33 87490.38  945.1238  331400.1

Table 1 above show Over dispersion i.e (Varianddean) in both cases of TB and HIV. TB

having a mean of 44781.76 with a variance of 948889, while HIV has a mean of 37634.33
with variance of 7640399712. This clearly showeal tihere is evidence of over dispersion of
the data set. It should be noted that this is haipgebecause it is common with count data to
have a problem of over dispersion which implieg the observed variance is higher than the
variance of a theoretical model. This problem \aifiect the Poisson regression negatively and

will be corrected by the negative binomial regressnodel.

13
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Incident of TB and HIV cases in Benin from 2000-2016
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2005 2010 2011 2012 2013 2014 2015 2016
M thcases 5900 5900 5900 5800 5800 5800 5900 5800 600C 6200 6300 6400 6400 6400 6300 6400 6400

counts

=]

W hivcases 5321 5423 5566 5735 5932 6175 5810 5190 5208 41955 6157 6183 6599 6794 7073 7441 7931

Fig 1: Showsthe prevalencerate of TB and HIV in Benin from 2000-2016.

Fig 1 above chat shows the prevalence rate of TBHIN in Benin from 2000 to 2016, with the
highest rate of incidence cases in 2016 with d tt&400 and 7931 cases recorded for TB and
HIV respectively. However between this 16yearsqueB and HIV were on the increase by
8.50% and 49.10% respectively. It should also beddere that TB has been on oscillatory
trend as it have been oscillating between 590040 6vithin this period in the meantime HIV

been on a steady increment leading to 49.1% inareme

Incident of TB and HIV cases in Burkina Faso from 2000-
2016

18000
16000
14000
12000
100

00
8000
6000 M thcases
4000 W hivcases
2000

2000 2001 2002 2003 2004 2005 2006 2007 2008 2005 2010 2011 2012 2013 2014 2015 2016
Mtbcases 8200 8200 8300 3400 3500 8600 8700 8800 8900 S000 9100 9100 9200 5200 5400 5400 5400
M hivcases 16040147481369012774 1198211890 11063 1046310098 9981 10322 9910 9686 9607 9659 95838 10230

counts

=]

Fig 2: Showsthe prevalencerate of TB in Burkina Faso from 2000-2016.
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Fig 2 above chat shows the prevalence rate of TBHIN in Burkina Faso from 2000 to 2016

with the highest rate of incidence cases of TBAh&totaling 9400 cases while HIV recorded its
highest count in 2000 with a total of 16040 and238 decrease with the 16years period
however TB has being on the increase with 14.60&ease from 2000 to 2016. Leading to a

downward trend in HIV while there is an upward tten TB over this period of time.

Incidence of TB and HIV In Gambia from 2000- 2016

4000
3500
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2500
2000
M thcases
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M hivcases
100
500 I I
0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Wtbcases 2300 2400 2500 2600 2700 2800 2800 2500 2500 3000 3000 3100 3100 3200 3300 3400 3500
M hivcases 545 1038 1145 1267 1405 1577 1614 1659 1716 1788 1901 1885 1885 19502 1939 1999 2084

counts
=]

(=]

Fig 3:
Showsthe prevalencerate of TB and HIV in Gambia from 2000-2016.
Fig 3 above shows the chat of prevalence rate ocdA@HIV in Gambia with the highest rate of
incidence cases of both TB and HIV recorded in 2@d&e 3500 and 2084 respectively.
However from 2000 to 2016 there have being a steamgase of 4.3% and 120.53% for TB and

HIV respectively.
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Incidence of TBand HIV In Ghana from 2000- 2016

50000
45000

40000
35000
30000
25000
20000
15000
10000 M thcases
500

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Ethcases 41000 42000 42000 43000 43000 44000 44000 44000 35000 45000 45000 45000 44000 44000 45000 44000 44000

Counts

(=i ]

Mhivcases 33286 33382 33573 33855 34236 35091 33928 33017 32380 32094 32656 31606 30917 30479 30348 30583 31381

Fig 4: Showsthe prevalencerate of TB and HIV in Ghana from 2000-2016.

Fig 4 above shows the chat of prevalence rate cAfi@HIV in Ghana with the highest cases of
HIV recorded between 2000 and 2005 with an increpsate of 5.42% after which there was a
decline in case of 12.85% in HIV between 2005-2b6M6 between 2015 and 2016 it rose with
about 2.6% cases. However incidence cases of TBéms on a steady increase of 9.76% from

2000 to and 2010 and later showed a 2.22% dechease2010-2016.

Incidence of TB and HIV In Guinea-Bissau from 2000-
2016

8000
7000
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1000 I I I

2000 2001|2002 2003 2004 2005 200 | 2007 2008 2009 2010 2011 2012 2_013 2011 2015 516
W@tbcases 3800 4000 4300 4500 4800 5000 5200 5300 5500 5600 5800 6000 6300 6500 6400 6600 6800
M hivcases 1696 1877 2088 2329 2605 2957 3042 3144 3274 3451 3814 3745 3723 3743 3810 3933 4150

count
o o =]

=]

Fig 5: Showsthe prevalencerate of TB and HIV in Guinea-Bissau from 2000-2016.
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Fig 5 above chat shows the prevalence rate of TBHIV in Guinea-Bussau with the highest
rate of incidence cases recorded in 2016 to be 6886s. There was a steady increase rate of
78.95% in TB incident cases between 2000 and 20§ ¢éals and upward trend of the infection.
Similarly HIV followed the same trend of upward neowent with the highest rate of incidence
cases recorded in 2016 to be 4150 cases. Thera wteady increase rate of 144.69% in HIV

incident cases between 2000 and 2016.

Incidence of TB and HIV In Liberia from 2000- 2016
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Fig 6: Showsthe prevalencerateof TB and HIV in Liberia from 2000-2016.

Fig 6 above chat shows the prevalence rate of TBHIN in Liberia with the highest rate of
incidence cases recorded in 2014-2016 to be 14@86scin each year. There was a steady
increase rate of 108.90% in TB incident cases @atw&00 and 2016 it reveals and upward
trend of the infection. In the cases of HIV therasvan upward trend between 2000-2005, with a
7.10% increase rate but later between 2005-2016 th@wvnward rate of 5.27% in HIV incident

cases.
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Incidence of TB and HIV In Mali from 2000- 2016
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Fig 7
Showsthe prevalencerate of TB and HIV in Mali from 2000-2016.
Fig 7 above chat shows the prevalence rate of TdB IV in Mali with the highest rate of
incidence cases recorded in 2016 to be 10000 cékeese was a steady increase rate of 17.65%
in TB incident cases between 2000 and 2016 it tevaad upward trend of the infection.
Similarly HIV followed the same trend of upward neowent with the highest rate of incidence
cases recorded in 2016 to be 12120 cases. Thera wi@ady increase rate of 40.73% in HIV

incident cases between 2000 and 2016.

Incidence of TB and HIV In Niger from 2000- 2016
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Fig 8: Showsthe prevalencerate of TB and HIV in Niger from 2000-2016.

Fig 8 above shows the prevalence rate of TB in Nvgéh the highest rate of incidence cases
recorded in 2000 to be 22000 cases after whichaihtained a steady 19000 from 2004-2016
with a 13.63% decrease in TB incident cases bet®666 and 2016. Similarly HIV has been on

the decrease of 22.35% between 2000 and 2016.

Incidence of TB and HIV In Nigeria from 2000- 2016
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Fig 9: Showsthe prevalencerate of TB and HIV in Nigeria from 2000-2016.

Fig 9 above chat shows the prevalence rate of TBHIN in Nigeria from 2000 to 2016, with
the highest rate of incidence cases in 2016 withta of 407000 and 331400 cases recorded for
TB and HIV respectively. However between this 18geperiod TB and HIV were on the

increase by 51.87% and 26.57% respectively.
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Incidence of TB and HIV In Sierra leone from 2000- 2016
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Fig 10: Showsthe prevalencerateof TB and HIV in Sierra Leone.

Fig 10 above chat shows the prevalence rate ofnT8Bierria leone from 2000 to 2016, with the
highest rate of incidence cases in 2013-2016 withni&orm total of 2200 cases recorded.
However between this 16years period TB and HIV veereéhe increase by 57.14% and 149.69%
respectively.

Table 2: Pandl Poisson regression model with random effect

Random ef f ect s Poi sson regressi on Nunmber of obs = 170
Group variable: county Nurmber of groups = 10
Random effects u_i ~ Gamma Qbs per group

mn = 17
avg = 17.0

mx = 17

Wal d chi 2(2) = 96236. 35

Log likelihood = -9890.2551 Prob > chi2 = 0. 0000
t bcases | Coef . Std. Err. z P>| z| [95% Conf. Interval]
_____________ e e e e e e e me-eemeeememmemememmeemememmeemememmeemmmem e ——————-
time | . 017531 . 0001089 161.03 0.000 . 0173176 . 0177444

hi vcases | 2.17e-06  3.57e-08 60.79 0.000 2. 10e- 06 2. 24e-06
_cons | -24.91394  .4206246 -59.23 0.000 -25.73835 -24.08953
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m— e ——— - =
/I nal pha | . 271341 . 3841658 -.4816101 1. 024292
_____________ e e e e e e e me-eemeeememmemememmeemememmeemememmeemmmem e ——————-
al pha | 1.311722 . 5039188 . 6177879 2.785123

LR test of al pha=0: chibar2(01) = 1.0e+06 Prob >= chibar2 = 0.000
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Table 2 above random effect shows that there issitipe trend in TB cases in West African

countries (Time = 0.01753, P-value = 0.000) thiplies that overtime as there is an increase in

the cases of TB and HIV. In addition HIV cases iediVAfrica react positively to TB cases in

West Africa (HIV cases = 2.17e-06 , P-value = 0)0®Bich also implies that as the number of

HIV cases increases so also the number of peopleglivith TB increases. Having a negative

constant value (const = -24.91394, P-value = 0.800ply shows that while there is no effect of

HIV case to TB case the expected number of caseds tiowards negative meaning as the

number of HIV cases reduces the number of TB calss will reduce or might likely tends

toward zero

Table 3: Pand Poisson regression model with conditional fixed effects

Condi tional fixed-effects Poi sson regression
Group variable: county

Log likelihood = -9748.4505
t bcases | Coef . Std. Err. z
_____________ o e e e e e e e e e e e e e e e e e e — .- -
time | .0175342  .0001089 161.06
hi vcases | 2.17e-06 3.57e-08 60. 75

Nunmber of obs = 170
Nunmber of groups = 10
Gbs per group:

mn = 17

avg = 17.0

mx = 17
Wal d chi 2(2) = 96232.19
Prob > chi2 = 0. 0000
P>| z| [95% Conf. Interval]
0. 000 . 0173208 . 0177475
0. 000 2. 10e- 06 2. 24e-06

Table 3, above showing Poisson regression modél @ahditional fixed effects also show that

there is a positive trend in TB cases in West Aficcountries (Time = 0.01753, P-value =

0.000) this implies that overtime as there is amaase in the cases of TB and HIV. In addition

HIV cases in West Africa react positively to TB easn West Africa (HIV cases = 2.17e-06 , P-
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value = 0.000) which also implies that as the nunabéH1V cases increases so also the number

of people living with TB increases.

Table 4: Negative binomial panel regression with random effects.

Random ef fects negative binom al regression

Prob >= chibar2 = 0.000

Group variable: county
Random effects u_i ~ Beta
Log likelihood = -1474.5447
t bcases | Coef Std. Err z
time | . 0168458 . 0012643 13.32
hi vcases | 3. 46e- 06 5. 52e-07 6.28
_cons | -28.82091 2.532931 -11.38
Iln_r | . 3407228 . 4070671
/ln_s | 4.401822 . 499459
ro 1. 405963 . 5723215
s | 81.59938  40. 75554
LR test vs. pool ed: chibar2(01) = 625.22

Nunber of obs
Nunmber of groups

Gbs per group

mn =
avg =
max =
val d chi2(2) =
Prob > chi2 =
P>| z| [ 95% Conf .
0. 000 . 0143678
0. 000 2. 38e-06
0. 000 -33. 78536
-.4571142
3.4229
.6331081
30. 6582

170

17
17.0
17

324. 47
0. 0000

I nterval ]

. 0193238
4. 54e-06
- 23. 85646

1.13856
5.380743

3.122268
217.1837

The above table 4: Negative binomial panel regoessiith random effects showed that there is

a positive trend in TB cases in West African cowsti(Time = .0168458, P-value = 0.000) this

implies that overtime as there is an increaseerctses of TB and HIV. In addition HIV cases in

West Africa react positively to TB cases in Westied (HIV cases = 3.46-06 , P-value = 0.000)

which also implies that as the number of HIV caseseases so also the number of people living

with TB increases. Having a negative constant vghenst = -28.82091, P-value = 0.000)

simply shows that while there is no effect of Higse to TB case the expected number of cases

tends towards negative meaning as the number of ddBés reduces the number of TB cases

also will reduce or might likely tends toward zero.
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Table5: Negative binomial pane regression with Fixed effects.

.Cbnditional FE negative binom al regression Nunber of obs = 170

Group variable: county Nurmber of groups = 10
Obs per group:

mn = 17

avg = 17.0

mx = 17

Wal d chi 2(2) = 314. 37

Log likelihood = -1336.554 Prob > chi2 = 0. 0000

t bcases | Coef . Std. Err. z P>| z| [95% Conf. Interval]

_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e ——— - =

time | . 0169554 . 0012629 13.43 0.000 . 0144802 . 0194307

hi vcases | 3.33e-06 5.67e-07 5.88 0.000 2.22e-06 4. 44e- 06

_cons | -29.03552 2.531087 -11.47 0.000 -33.99636 -24.07468

Table 5, above showing Negative binomial paneleggion model with fixed effects also show
that there is a positive trend in TB cases in WWdgtan countries (Time = .0169554, P-value =
0.000) this implies that overtime as there is inseein the cases of TB and HIV. In addition HIV
cases in West Africa react positively to TB case®Viest Africa (HIV cases = 3.33e-06 , P-value
= 0.000) which also implies that as the number Bf ases increases so also the number of
people living with TB increases. Having a negatieastant value (const = -29.03552, P-value =
0.000) simply shows that while there is no effddtt/ case to TB case the expected number of
cases tends towards negative meaning as the nuwhlb#iV cases reduces the number of TB

cases also will reduce or might likely tends towaedo

Table6: Loglikelihood statistic for the Panel M odels.

Panel Mbdel | Log Likelihood
Poi sson( Random Ef f ect) | -9890. 2551
Poi sson( Fi xed Effect) | -9748. 4505
Negati ve Bi nom al (Random Ef f ect) | -1474. 5447
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Negati ve Binom al (Fi xed Effect) -1336. 554

Table 6 above which is the log likelihood for Padata with a Negative Binomial (fixed Effect)
of -1336.554 which is higher than the Negative Bard (Random Effect) of -1474.5447.
Following that the Negative Binomial (fixed Effeas) higher we therefore conclude that Panel
Poisson regression model with fixed effect gavetteb estimate.

6. Discussion of Findings

Over dispersion i.e (Variance > Mean) was foundbath cases of TB and HIV. TB having a
mean of 44781.76 with a variance of 9498798561 JenvHiIV has a mean of 37634.33 with
variance of 7640399712. This clearly showed thatetlis evidence of over dispersion of the data
set. It should be noted that this is happening lmexat is common with count data to have a
problem of over dispersion which implies that theserved variance is higher than the variance
of a theoretical model. This is common with couatad(Famoye et al., 2004). This problem will
affect the Poisson regression negatively and wdl dorrected by the negative binomial
regression model. The prevalence rate of TB and iI\Benin from 2000 to 2016, with the
highest rate of incidence cases in 2016 with d tt&400 and 7931 cases recorded for TB and
HIV respectively. However between this 17yearsqueB and HIV were on the increase by
8.50% and 49.10% respectively. It should also beddere that TB has been on oscillatory
trend as it have been oscillating between 59004t 6vithin this period in the meantime HIV
been on a steady increment leading to 49.1% inareri@&e prevalence rate of TB and HIV in
Burkina Faso from 2000 to 2016 with the highest i@tincidence cases of TB in 2016 totaling
9400 cases while HIV recorded its highest coun2®@0 with a total of 16040 and 36.22%
decrease with the 16years period however TB haggban the increase with 14.60% increase
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from 2000 to 2016. Leading to a downward trend IN Mhile there is an upward trend in TB
over this period of time. The prevalence rate ofdrigl HIV in Gambia with the highest rate of
incidence cases of both TB and HIV recorded in 2@d&e 3500 and 2084 respectively.
However from 2000 to 2016 there have being a steangase of 4.3% and 120.53% for TB and
HIV respectively. The prevalence rate of TB and HiftMGhana with the highest cases of HIV
recorded between 2000 and 2005 with an increasitey of 5.42% after which there was a
decline in case of 12.85% in HIV between 2005-2butbetween 2015 and 2016 it rose with
about 2.6% cases. However incidence cases of TBéas on a steady increase of 9.76% from
2000 to and 2010 and later showed a 2.22% dechease2010-2016. The prevalence rate of TB
and HIV in Guinea-Bussau with the highest ratencfdence cases recorded in 2016 to be 6800
cases. There was a steady increase rate of 78%® incident cases between 2000 and 2016 it
reveals and upward trend of the infection. SimylddlV followed the same trend of upward
movement with the highest rate of incidence casesrded in 2016 to be 4150 cases. There was
a steady increase rate of 144.69% in HIV incidesies between 2000 and 2016. The prevalence
rate of TB and HIV in Liberia with the highest raikincidence cases recorded in 2014-2016 to
be 14000 cases in each year. There was a steadasecrate of 108.90% in TB incident cases
between 2000 and 2016 it reveals and upward trénideoinfection. In the cases of HIV there
was an upward trend between 2000-2005, with a 7.it@¥ease rate but later between 2005-
2016 there downward rate of 5.27% in HIV incideases.The prevalence rate of TB and HIV in
Mali with the highest rate of incidence cases rdedrin 2016 to be 10000 cases. There was a
steady increase rate of 17.65% in TB incident cdm#ween 2000 and 2016 it reveals and
upward trend of the infection. Similarly HIV folled the same trend of upward movement with

the highest rate of incidence cases recorded i6 201be 12120 cases. There was a steady
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increase rate of 40.73% in HIV incident cases betw2000 and 2016. TB in Niger has the
highest rate of incidence cases recorded in 2008:t32000 cases after which it maintained a
steady 19000 from 2004-2016 with a 13.63% decrgadd incident cases between 2000 and
2016. Similarly HIV has been on the decrease of3%2%. between 2000 and 2016. The
prevalence rate of TB and HIV in Nigeria from 2002016, with the highest rate of incidence
cases in 2016 with a total of 407000 and 33140@<cascorded for TB and HIV respectively.

However between this 16years period TB and HIV warehe increase by 51.87% and 26.57%
respectively. The prevalence rate of TB in Siele@ne from 2000 to 2016, with the highest rate
of incidence cases in 2013-2016 with a uniformltof&2200 cases recorded. However between

this 16years period TB and HIV were on the incrdasg7.14% and 149.69% respectively.

Table 2 above random effect shows that there issitipe trend in TB cases in West African
countries (Time = 0.01753, P-value = 0.000) thiplies that overtime as there is an increase in
the cases of TB and HIV. In addition HIV cases iediVAfrica react positively to TB cases in
West Africa (HIV cases = 2.17e-06 , P-value = 0)0®Bich also implies that as the number of
HIV cases increases so also the number of peopleglivith TB increases. Having a negative
constant value (const = -24.91394, P-value = 0.800ply shows that while there is no effect of
HIV case to TB case the expected number of casels towards negative. This result is similar

to the findings of Askar (2008).

The analysis carried out using Poisson regressihehwith conditional fixed effects also show
that there is a positive trend in TB cases in \Wdgtan countries (Time = 0.01753, P-value =
0.000) this implies that overtime as there is amaase in the cases of TB and HIV. In addition

HIV cases in West Africa react positively to TB easn West Africa (HIV cases = 2.17e-06 , P-
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value = 0.000) which also implies that as the nunabéH1V cases increases so also the number

of people living with TB increases (Njepuome andu@®e, 2009).

The Negative binomial panel regression with randdfacts showed that there is a positive trend
in TB cases in West African countries (Time = .0458, P-value = 0.000) this implies that
overtime as there is an increase in the cases oaABHIV. In addition HIV cases in West
Africa react positively to TB cases in West Afri@dlV cases = 3.46-06 , P-value = 0.000)
which also implies that as the number of HIV caseseases so also the number of people living
with TB increases. Having a negative constant vghenst = -28.82091, P-value = 0.000)
simply shows that while there is no effect of Hl&se to TB case the expected number of cases

tends towards negative (Cajetan, et al., 2017).

Also Negative binomial panel regression model Viiled effects from the analysis also show
that there is a positive trend in TB cases in WWdgtan countries (Time = .0169554, P-value =
0.000) this implies that overtime as there is inseein the cases of TB and HIV. In addition HIV
cases in West Africa react positively to TB case®Jest Africa (HIV cases = 3.33e-06 , P-value
= 0.000) which also implies that as the number bf ases increases so also the number of
people living with TB increases. Having a negatieastant value (const = -29.03552, P-value =
0.000) simply shows that while there is no effddtt/ case to TB case the expected number of

cases tends towards negative (Cajetan et al., 2017)

In the overall, the Panel Negative Binomial regsdModel (fixed) emerged as the superior
model for modeling TB and HIV cases in West Africunties using the log likelihood statistic

as a means for model selection.
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7. Conclusion and Recommendations

This study concludes that trend of tuberculosi® ¢éasNest Africa is increasing over time while
the increase in HIV cases leads to increase in rEulmsis cases in West Africa. Lastly Panel
Negative Binomial Regression Model (Fixed effec@svsuperior in modeling TB and HIV cases
in West African countries. Based on the findings thiis dissertation the following

recommendations are made

i. More efforts should be channeled toward Awarenasspaign and education of patient
on the mode of transmission of TB and HIV acrossstWfrica countries and
community particularly the rural areas.

i. The medical sectors in West African countries #&hocome up with a systematic
program aimed at maintaining and combating agdirespresent situation of TB and
HIV in each of their respective countries.

iii. There should be a referral mechanism for patiamspexted of having TB disease to be
investigated in the TB diagnostic centre and stiaotetreatment, if indicated

iv. International organization and NGO’s should engag®e in programmes geared to
TB/HIV collaboration

v. Environmental control programs should be put incelan most West African
communities by the government which will includee tisupply of Ultraviolet
germicidal irradiation.

vi. Individual should keep a more ventilated homes.
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