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Abstract

This research work examined the trend of HIV/AIDSiberculosis, and Hepatitis diseases in
Plateau state. Annual data from 2003 to 2018 wHsated from the department of biostatistics
at Plateau State Specialist Hospital (PSSH), Jbs.miethods of analysis used are the Poisson
Autoregressive Model (PAR(1)) and the Poisson Erptially Weighted Moving Average
Model (PEWMA). The results revealed a significaminaal decrease of 23.9% and 4% in
Tuberculosis and HIV/AIDS respectively. Furthermaitee results showed a significant annual
increase of 46% in Hepatitis. The PEWMA model useekaled that TB increased by 0.02%
when there is an increase in HIV but not significavhile Hepatitis significantly aggravates TB
by at least 0.24%. Also, there is a significaneris HIV by 0.85% when TB increases but
Hepatitis has no such effect on HIV. Lastly, PEWNhdel indicated a rise of 0.5% in Hepatitis
cases when there is an increase in TB, but a $niige/ has no such effect on Hepatitis cases in
Jos. The study recommended that fight against T&ulghbe intensified since TB cases
significantly affect both HIV and Hepatitis in Jddigeria.

Keywords: Tubercolusis (TB), Poisson Autoregressive (PAR), Poisson Exponentially
Weighted Moving Average Model (PEWMA), Hepatitisutdan Immunodeficiency Virus
(HIV), Acquired Immune Deficiency Syndrome (AIDs).

1. Introduction
Hepatitis and Tuberculosis are the two most comrmo#infections in people infected with

HIV/AIDS. Infection with hepatitis B (HBV) and hepass C viruses (HCV) are especially more
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common and significant in HIV patients. (Padmapissesiniet al., 2006). Tuberculosis is the
commonest coinfections amongst HIV/AIDS positiveple in Nigeria. Globally, an estimated
number of 1.4 million people are living with HIV/BS and also have TB, with 2-4 million
living with both HIV/AIDS and HBV, likewise 4-5 miibn having HIV/AIDS and HCV
coinfection (WHO, 2011). Disease such as tubercsild$lV/AIDs and Hepatitis falls into the
class of epidemiology and number of affected patienfollow a counting process. Standard
epidemiological and mathematical models have beepgsed to studying disease dynamics;
some of which can be implemented using determitistochastic approaches. Most natural
phenomenon such as disease dynamics are stodhasdittire and in view of that, studying them
deterministically may not always be appropriate.e Tdynamics of such deterministic and
stochastic models are described by system of diffeal equations which requires initial
conditions of the disease states before modelimgi(fiasi, 2018). Aalert al (1997) anticipated
the use of Markov modeling for HIV incidence takimfo accounts the effect of HIV diagnosis
and treatment in England and Wales. A major linatatof some Markov chain models is the
problem of lack of memory or “memorylessness” (Tvasm 2018). Vermaet al (1983)
estimated some epidemiological parameters of naatesinsmission using stochastic process or
first-order Markov chain from a longitudinal data.

The Poisson distribution is used to describe discgeiantitative data such as counts in
which the population size n is large, the probgbiif an individual event is small, but the
expected number of events, n, is moderate (sayfiveore).

This study, therefore, aims at using the Poissotorkgressive Model (PAR) and the
Poisson Exponentially Weighted Moving Average (PEAJMto determine the dynamic

interrelationship and effect among HIV/AIDS, Tubdosis and Hepatitis diseases. The methods
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were used to determine the trend of the disealesftect and relationship among the diseases
under study.
2. Model Specification

A. Poisson Autoregressive M odel PAR(p)

This is a model for count dath.is an autoregressive AR(p) model for event coanid it

is constructed based on an approach similar t*EWMA. Instead of employing the

multiplicative transition equation used in the PEWMhodel, one then replace the
transition with a linear autoregressive process(@Rof which this can be extended by
Kalman filter for the PAR(p) and its likelihood fation which are discussed in

Grunwaldet al (1997a) and Grunwalet al (1997b)

Consider Hy;|Y+1] and that E[Y ] =t <co.

Letthe corditiond expectationE[y:|Y+1] =m,at time thaveafinite mean

Thenyis ap-thorder linearautoregressve process if

E[ytIYt-l] = Ef:ipiyt—i + 4 (1)

Where, pandA are any real numbers. This specification of aalin®R(p) process places

no redriction on the dersity Pi{y:|Y:w1]. Thechoice of thisdensty for y; places constrairts on
the admissible values afand p.

This can be generalized by

E [Ely:|Yua] I=E[ Z}_, p:Ye—s + 2] (2)

(3)
EIY] =27, PE[Yei 1+ 4
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Noting that (3) is a geometric series fgrtpen

1 —; =
lim; - E[Yt] TS AS 4)

Since BY{] = n (by definition), equation (1) can be writtas

Elyt|Yul = Zfz,;pi i+ (- Eipzl pi) M (5)

This is a stationary linear AR(p) process.

This Poisson autoregressive or PAR(p) model catefieed as follows:

mg’ L~y

P(yd/my) = (6)

Yt

Supms that the obsered event courts, y; for t=1,2,...,T aredrawn from a Poissondistribution

condtional on m with a prior, so
Pme|Ye] =I'(0;-y me—q, 004 )me—3>0,0.-; >0, (7)
With my1= E[y:|Yw1] ands,_; =Var[y,|Yi].
The prior is corstructed sing the observed data. The prior distribution follows a gaam

distribution wth mean my.; and variarcte. These computations demands filtering the data

in the PEWMA model using equations (5),(6),and(7).

Since the prior is a gamma distribution, using atereded Kalman filter, the conditional

distribution attime t gven t—1 is also gamma:
Myr.1 ~T' ((My-101t-1) , Oyt-1) -

This provides an estimate of the posterior for time t:

d0i:10.20944/preprints201910.0342.v1
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Pr(v|¥-;) = J Pr(y.|0.)Pr(0.|V;_,) db
a8

70 e-a0 3:fz|z—1'mz|z—1u Ot|t-1MMt[t—1

Vi _QI
B J 6 e e "
z Ve! r(”ﬂt 1My 1)

Wherel'(.) denotes the gamma function. This is a negaiivemial

_ Flogie—amae—y)+e
I+ 1Jr(5t|t—1mt|t—1.

}{:Jﬂt—ljlﬂlr 1Melr 1 {:1 + Ut|t—1)(”rlr 1My 1 +VE) (8)

distribution. Based on this distribution, we canstouct the log-likelihood for the PAR(p) as

follows:

L (M1, ealYe.nn Y Y1) = |nn§=1 Pr(ye|ye-1)

i InT (goymey +y)—InT (v +1) —In [ (op-ymp—y) 9)

+0p_ymy_yIn (0py) — (0p_ymy_y + ;) In(1+ 0y)

Substituting the linear AR (1) process faryields a PAR(1) model with a negative
binomial predictive distribution.

The one—step ahead conditional forecast functioth®oPAR(p) model is given as
E [yeal Y] = Muah= ZF_, mype—y + (1= X7, pop (10)

The forecast variance is:
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1+
Var[yp41|¥:] = Mmtﬂn (11)

Tt+1|t

For the PAR(p), this derivative is

amq _ 3(Zf=1pi Yo, +(1— Ele p;) exp(X:6))
ax; X,

= (1Z]_, ) exp(X,5).6 (12)

wherethe i nstantareots (andlong-run) estimaed eff ectwould be exp(X:&).6 .

Then the long run multiplier is

gy p
axy  (1-Ei_ poexp(x5)8

(1-I o (1-Z_, 1)

= exp(X,8).8 (13)

B. The Poisson Exponentially Weighted M oving Average Model (PEWMA)
To address the problem of modeling persistent timessexient counts, one can use a structural

time series model. In general, a structural time serielkehspecifies two equations;
1) The measurement density or system equation and

2) The state density or transition equation to describe tbkiteon of a time series. The
specification and estimation of the model is done using Halfiiter (Harvey 1989; Hamilton

1994).
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For event count data, specifying a structural tsages is more problematic. To deal with such
problems, the approach of Harvey and Fernande9J1@h be adopted. They employ natural
conjugate densities to simplify the developmenttied model and numerical calculation to
specify a functional form as the likelihood functi@Judge et.al (1988), DeGroot (1970)). Also

see Gelman et al. (1995).

The Poisson-gamma exponentially weighted movingamemodel for count data (PEWMA) is
built around the following three assumptions thiaaracterize the mean and dynamics of the

process.

1. measurement Equation: We assume the observed caiutitse t are drawn from Poisson

marginal distribution,

Yt ot
P(ydly) = he e, (14)
Yt
2. Transition Equation (Smith and Miller 1986; Sheph4994).
He=€peme, t=1,2, ...,T (16)

Wheren~ Beta (@ a t-1, (1-0) a.1).

The parameter 0 & < 1, captures discounting of the observations inpaing the mean ang
and rt parameterize the growth rate in period ¢ bieta distributed variabhg captures the
proportional stochastic shift in the mean form teltime t. From the properties of the beta
distribution, Efy] = ® V t. The parameter rt describes the growth in thiesand insures that p

> 0.

d0i:10.20944/preprints201910.0342.v1
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3.Conjugate Prior: The gamma f density is given by;

—bpua—l pa

F(w; a, b) =— — (17)

Where a = @, and p= p#;. These values are computed from the previoushisemwations, Y.

Application of PEWMA model can be seen in modelpajtical dynamics (Brandth et al. 2000)
and modeling of human environmental interacti@ar{eton et al. 2018) and in modeling

infectious diseases of which this study falls into.
3. Method, Source and presentation of Data

For this research, dataset on HIV/AIDS, TB and Hiépawas sourced from Plateau State
Specialist Hospital (PSSH) Jos, Plateau State 2068 to 2018. The data used in this research

work is a secondary data presented below in Figly@sand 3.table 1 below.
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Fig. 1: Bar Chart on Annual Cases of HIV in Josrfrd003 to 2018
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The Fig. 1 shows the distribution of HIV casesas rom 2003 to 2018. The highest case of

HIV is recorded in 2006 while the lowest case ok recorded in 2003.
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Fig. 2: Bar Chart on Annual Cases of TB in Jos f2003 to 2018

The Fig. 2 shows the distribution of TB cases is flom 2003 to 2018. The highest case of TB

is recorded in 2008 while the lowest case of TBRedrded in 2018.
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Fig. 3: Bar Chart on Annual Cases of Hepatitisds ffom 2003 to 2018

The Fig. 3 shows the distribution of Hepatitis caseJos from 2003 to 2018. The highest case

of Hepatitis was recorded in 2017 while the lowesste of Hepatitis was recorded in 2003.

4. Data Analysisand Results

This section present results and interpretatiotrerid analysis using Poisson Autoregressive
(PAR) model and the dynamic interrelationship amémg infectious diseases using Poisson

Exponential Weighted Moving Average (PEWMA) model.

Table 1: Trend analysis of Tuberculosis using PAR(1

Parameters Std. Errors Z-score

rho 0.264789 0.055490 47718
(Intercept) 6.377093 0.082440 77.3543
time -0.239356 0.012484 -19.1732
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Fig 4: Graphical representation of TB Cases infdoa 2003 to 2018.

From Table 1 above present the result from PAR{1TB® cases which shows a significant
annual decrease of 23.9% in tuberculosis casedated?® State Specialist Hospital, Jos from
2003 to 2018, (|Z-score|= 19.17>1.96). This resulfurther amplified by Fig 4 above. In

addition, the intercept and the autoregressivefioieit are significant in the PAR model.

Table 2: Trend analysis of HIV using PAR(1)

Parameters Std. Errors Z-score
rho
0.0937946 0.0242319 3.8707
(Intercept) 6.6971332 0.0326401 205.1813
time -0.0429798 |  0.0035282 -12.1817
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Fig 5: Graphical representation of HIV Cases infios 2003 to 2018.
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From Table 2 above presented the result from PAB{HIV cases which shows a significant
annual decrease of 4% in HIV cases in Plateau Stageialist Hospital, Jos from 2003 to 2018
(|Z-score|= 12.18>1.96). This is result is furtlenplified in Fig 5 above. In addition, the

intercept and the autoregressive coefficient ageifscant in the PAR(1) model.

Table 3: Trend analysis of Hepatitis using PAR(1)

Parameters Std. Errors Z-score
Rho 0.8772796 0.0165413 53.036
time 0.4639210 0.0092304 50.260
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Fig 6: Graphical representation of Hepatitis Caselos from 2003 to 2018.
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The Table 3 above presented the result from PAR@Jel of Hepatitis which shows an annual

increase of 46% in Hepatitis cases in Plateau Spexialist Hospital, Jos from 2003 to 2018

which is very significant (|Z-score| = 50.26 > 1).9khis result is amplified by fig 6 above.

Table 4.: Effect of HIV and Hepatitis on Tubercusogsing PEWMA

Parameters Std. Errors Z-Score
Omega 0.05710687 0.01889756 3.0219
Time 001451032 0.10132390 -0.1432
HIVIAIDS 0.00021422 0.00014316 1.4964
HPT 0.00244513 0.00058743 4.1624

The Table 4 above presented the dynamics of tleetsfbf time, HIV and Hepatitis on TB cases

using the PEWMA. The results shows negative trentl.4% in tuberculosis cases in Plateau

State Specialist Hospital, Jos from 2003 to 20tBpagh not significant (|Z-score|= 0.14<1.96).

Furthermore, there was increase in TB cases by%®.@hen there is an increase in HIV,

although not significant (|Z-score|= 1.496<1.9&gWise there was a significant increase in TB

cases by 0.24% when there is increase in Hepeaditiss (Z-score= 4.16>1.96).

Table 5: Effect of TB and Hepatitis cases on HVhgPEWMA

Parameters Std. Errors Z-Score
Omega 4.1443e-03 7.1370e-04 5.8067
(Intercept) 5.7610e+00 1.6777e+04 0.0003
Time 4.7178e-01 2.0876€-01 2.2599
TB 8.4798e-03 3.3035e-03 2.5669

13
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HPT -1.5550e-03 1.1706e-03 -1.3284

The Table 5 shows positive significant trend of24%4.in HIV cases in Plateau State Specialist
Hospital, Jos from 2003 to 2018 (|Z-score|= 2.286)1.There was a significant increase in HIV
cases by 0.85% when there is an increase in TBodre|= 2.57>1.96), likewise a negative
relationship exists with HIV by 0.16% when thereinsrease in Hepatitis cases although not

significant (|Z-score|= 1.3284<1.96).

Table 6: Effect of HIV and TB cases on Hepatitimg®PEWMA

Parameters Std. errors Z-Score
Omega 1.1270e-02 4.1208e-03 2.7350
(Intercept) 5.0673e+00 2.7962e+03 0.0018
Time 1.8315e-02 1.2922e-01 0.1417
TB 5.0132e-03 2.1841e-03 2.2953
HIV -4.2021e-05 2.2010e-04 -0.1909

The Table 6 shows positive trend of 1.83% in Hidpacases in Plateau State Specialist
Hospital, Jos from 2003 to 2018, although not gigaint (|Z-score|= 0.14<1.96). There was a
significant increase in Hepatitis cases by 0.5% rwhtieere is an increase in TB (|Z-score|=
2.29>1.96), likewise a negative relationship existth Hepatitis by 0.16% when there is

increase in HIV cases although not significantg¢d+e|= 0.19<1.96).

14
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5. Discussion of Results

The trend analysis from PAR(1) model shows a siggmit annual decrease of 23.9% in
tuberculosis cases (|Z-score|= 19.17>1.96) in &laBtate Specialist Hospital, Jos from 2003 to
2018. This agrees with WHO Global TB report, 201fick indicated that TB globally is
dropping at about 2% per year. Similarly, the restdm PAR(1) shows a significant annual
decrease of 4% in HIV cases in Plateau State Sgtdiospital, Jos from 2003 to 2018 (|Z-
score|= 12.18>1.96). This is also in line with UNA 2014 Global Report on AIDS with 3.2%
decline and Nigeria National HIV/AIDS Indicator andhpact Survey (NAIIS) 2018 which
showed a decrease of 1.4% in prevalence rate. thlsagesult from PAR(1) shows an annual
increase of 46% in Hepatitis cases in Plateau Spexialist Hospital, Jos from 2003 to 2018
which is very significant (Z-score = 50.26 > 1.96is is contrary to research work by Meta

al (2015) which suggested a sustained decline iptéealence of hepatitis.

The PEWMA model used revealed that TB increase@.08% when there is an increase in HIV
but not significant, while Hepatitis significanthggravates TB by at least 0.24%. Also, there is a
significant rise in HIV by 0.85% when TB increadmsg Hepatitis has no such effect on HIV.
Lastly, PEWMA model indicated a rise of 0.5% in ldéfis cases when there is an increase in
TB, but a surge in HIV has no such effect on Hejsatases in Jos. These results are similar to

the study of Sama et al. (2017).

6. Conclusion and Recommendations
Based on the findings of this research work, thelystconcluded that a significant decrease in

TB and HIV cases in Jos of about 23.9% and 4% cesedy while a significant increase of 47%

15
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in Hepatitis cases in Jos. Lastly Hepatitis cadgsifecantly affect TB patient, TB cases

significantly affects HIV patients and TB cases#figantly affect Hepatitis patient.
Based on the findings, the following is recommended

1. Since Hepatitis rate isn’'t declining as reflectedthe data set, the government and
stakeholders in the health sector should creatghegahment campaigns on vaccination

and possible preventive measures.

2. Fight against TB should be intensified since TBesasignificantly affect both HIV and

Hepatitis in Jos.

3. Fight against HIV should be maintain to ensure @eremt reduction in the cases of HIV

in Jos, Nigeria.
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