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Abstract In this paper, we formulated a mathematical model that studies the dynamics of HIV/
AIDS in Turkey from 1985 to 2016. We find two equilibrium points, disease free equilibrium
and endemic equilibrium. Global stability analysis of the equilibria was conducted using
Lyapunov function which depends on the basic reproduction ratio Ry. If Ry < 1, the disease free
equilibrium point is globally asymptotically stable, and if Ry > 1 the endemic equilibrium
point is globally asymptotically stable. We computed and predicted the basic reproduction
ratios across all the years. It was found out that there were flaws in the exact values of Ry which
is related to the poor registration system of HIV/AIDS in Turkey. Hence, there is need for the
government to improve the system in order to cover the actual cases of the disease. The increase
of the basic reproduction ratio over the years also shows the need for the relevant authorities to
adopt appropriate control measures in combating the disease.
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1 Introduction

Human immunodeficiency virus (HIV) aims at destroying and weakening the human
defense mechanisms viz., immune systems, against fighting infections and any other dis-
ease. The progression of the virus impairs, destruct and worsen the role of the immune cells
in protecting the human body against infection, this leads to the reduction of the CD4 cell
count and advancement of the disease. The CD4 cell count mainly measures how active
and functioning the immune systems is. When it is at most 200 cell/mm?, then the indi-
vidual is immunodeficient and considered to be in the “AIDS phase”. Therefore, the most
advanced stage of HIV infection is acquired immunodeficiency syndrome (AIDS) (Hove-
Musekwaa and Nyabadza 2009; Duffin and Tullis 2002).

HIV/AIDS is the leading disease threatening the human population. It is the biggest
health problem that is hunting every part of the world which is likely to persist for a very
long time. It was discovered in the early 1980’s in two homosexual men in the United
States of America. They were discovered with Candidiasis (a fungal infection) and a tumor
called Kaposi’s sarcoma respectively. The virus responsible for these infections was found
out to be the human immunodeficiency virus (HIV) (Diekmann and Heesterbeek 2000).
The virus is transmitted through unprotected sexual intercourse, homosexual and bisexual
sex, contaminated blood transfusion, intravenous drug use, interaction with contaminated
sharp objects and other unidentified ways. Symptoms of the disease include Influenza-like
sickness, fever, headache, rashes and sore throat. However, some individuals may not be
aware of the illness until their situation start becoming critical (Kockaya et al. 2016).

In 2009, around 33.3 million HIV infected individuals were recorded worldwide (Sayan
et al. 2013). Also, according to a report in 2010, almost 2 million people died of HIV/
AIDS, around 3 million newly infected individuals, and about 34 million individuals were
living with HIV/AIDS across the globe. In 2011, China reported that 2.8 million patients
died of HIV/AIDS and 7.8 million new cases were recorded by December (Li et al. 2012).
The World Health Organization (WHO) stated in 2013 that, 2.1 million people were newly
infected, and about 1.5 million people died of AIDS-related disease. Moreover, in 2014,
the total number of people living with HIV was 35 million (Al-Sheikh et al. 2011).

HIV/AIDS was first discovered in Turkey in 1985. At the beginning, the number of people
infected with the disease in Turkey was very small; therefore, enough attention was not given
to gather the actual number of people living with it. As a result, from 1985 to 1996 it was
considered to be a single time period with a total of 617 patients, in which 57% of such patients
got infected through heterosexual sex, 16.1% via intravenous drug use, 14.8% through
homosexual/bisexual courtship, 10% through blood transfusion, and 1.4% was from mother
to child. The National AIDS Commission was established in 1996 due to the rapid spread of
the disease (Erbaydar and Eybaydar 2012). There were 708 people living with HIV/AIDS
from 1997 to 2001; of which 119 newly infected individuals were recorded in 1999.

The Ministry of Health (Ankara, Turkey) in 2004 reported 210 new cases, and 1802
HIV infected individuals; where 800 were AIDS patients (Ayranci 2005). Some
researchers reported that 946 new cases were detected in the period 2007-2011 with
heterosexual relationships contributing more to the increase of the disease. More so, in
2011, the number of new cases (which is the highest) and the total number of people living
with HIV/AIDS was 699 and 5224 respectively.
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In 2013, the Ministry also published that, at least 6000 individuals were infected with
HIV/AIDS. Additionally, 1767 were newly infected in 2014, and about 9379 people were
living with HIV/AIDS by the end of the year. This registered about 38% increase in the
number of patients in Turkey (Sayan et al. 2016).

Conclusively over the last decade, infection with STDs has risen due to the rise of
‘mobile prostitution’ with illegal workers from abroad, especially from Eastern Europe. In
addition, an increasing number of workers from African countries, which is also one of the
most infected continents in the globally (Altan 2007), enter Turkey illegally.

New infections start with someone who is already infected. This new infection occurs
because the infected persons do not take necessary precaution measures or because of poor
protective services. This can be possible if patients are not being well educated on their
responsibility to prevent the spread of the disease and/or are not being included in pro-
tective service studies (Morin et al. 2004). In general, HIV diagnosis is a traumatic
experience that changes HIV+ person’s life. This is why patients don’t reveal their
diagnosis at all or only reveal it to a limited number of people. It is among the strategic
goal of HIV prevention to understand how and why patients hide their diagnosis and to
determine possible solution to it (Miller and Rubin 2007; Anderson et al. 2009; Wolf et al.
2004). Previous studies indicated that the most common reason patients hide their diag-
nosis is fear of stigma and exclusion (Anderson and Walker 2010). It has also been
indicated that having a family member diagnosed with HIV can affect family members in
different ways (Vithayachockitikhun 2006).

Another study performed in Turkey shows that in addition to problems faced by HIV+
people with regard to employment, health and education, the biggest problem is stigma. Many
more studies carried out in different countries and in different cultures and religions have
reported the same threat faced by the patients and their families as those in Turkey (Ram-
chandani et al. 2007). Due to these problems HIV/AIDS positive people normally do not
register themselves in the various registration centers. However, there is need for government
and other relevant authorities to know the exact cases of HIV in the country in order to know the
exact threat posed by the disease and consequently adopt possible measures in combating it.

Mathematical models can be used in studying the dynamics of HIV/AIDS (Korenromp
et al. 2002; White et al. 2004). Primary purpose of any mathematical model of HIV
transmission lies in using individual level inputs to project population level outcomes.
Some of the important outcomes that can be examined with a model are; the incidence of
infection, the prevalence of infection, or the doubling time of the epidemic. More
important than these however, is simply the likelihood of an epidemic to occur that is
whether there is sufficient transmission potential for a chain of infection to be sustained.
This outcome is termed by a simple summary statistic: the reproduction number of the
infectious process, Ry. In a susceptible population, R, represents the expected number of
secondary infections generated by the first infected individual. If R is equal or greater than
1 an epidemic is expected. If Ry is less than 1, the infection is expected to die out.

The magnitude of R is used to measure the risk of an epidemic or pandemic in any
emerging infectious disease. It was used for understanding the outbreak and danger of SARS
(Choi and Pak 2003). Ry was also used to characterize bovine spongiform encephalitis (BSE),
foot and mouth disease (FMD), strains of influenza, and West Nile Virus (Woolhouse and
Anderson 1997; Ferguson et al. 2001; Mills et al. 2004; Wonham et al. 2004). The incidence
and spread of dengue, Ebola, and scrapie have also been assessed by R, (Luz et al. 2003;
Hagmann et al. 2003; Chowell et al. 2004). Tropical issues such as the risks of indoor airborne
infection, bioterrorism, and computer viruses also depend on this important parameter
(Gravenor et al. 2004; Rudnick and Milton 2003; Kaplan et al. 2002).
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The aim of this study is to determine the actual threats posed by HIV/AIDS using
mathematical modeling, and to indicate the possible flaws in the existing registration
exercise in Turkey. We intend to achieve this by comparing the magnitude of this important
threshold quantity (basic reproduction ratio) for the official data obtained from Federal
Ministry of Health Turkey and the results obtained from the simulation of our model.

The organization of the paper is as follows: In Sect. 2, the model is presented and the
basic reproduction number is obtained. In Sect. 3, stability of the equilibria is investigated.
In Sect. 4, results are obtained and compared using the official data and by numerically
simulating our model. Finally Sect. 5 is the discussion and conclusion of the research.

2 Construction of the model

The model is a system of differential equations as follows; where the meaning of
parameters/variables is given by Table 1.

ds

Do a2 s

dr N K

dH  SH

or_ 0 H

a0y v (1)
A _ H— (¢ + 1A

L =VH = (0+p

S(t) >0, H(t)>0, and A(t) >0

2.1 Assumptions

(i)  S(0) is considered to be the whole population in a specific year
(ii) We considered homogeneous mixing in the population

It follows from (1) that,

SH SH
[S+H+A]|:Afocﬁf,u5'+ocﬁf(v+,u)H+va((p+y)A§/lny

Then

Table 1 Meaning of parameters and variables of the model (1)

Parameters/variables Meaning

S(t) Population of susceptibles

H(t) Infectives with HIV that have not yet developed AIDS symptoms
A(t) Infectives with AIDS symptoms

A Recruitment rate (birth rate of Turkish people)

Duration spent in the HIV stage before developing AIDS symptoms
Life expectancy of Turkish people

Average duration spent in the AIDS stage

Sl— ®l= <i—

Incidence rate

K
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lim sup(S+ H+A) <
1—00

=~

Thus the feasible region for (1) is

n= {(S+H+A):S+H+A§%,S(t) > 0,H(f) >0, A()>0}.

2.2 Existence of equilibrium points

Equating the equations in (1) to zero and solving simultaneously we find two equilibrium
points. Disease free and endemic equilibrium points.

A
Ey = <S0:—,Ho :0,A0:0)
I

Ey always exists
and

v+ u Ao — v — 12 v(Aow — v — p?)
=(8 = JHy = LA = >
o a(v+ p) (v + wv + pp + 1?)
E, exists (is biologically meaningful) when S1,Hy,A; are both positive
S, >0,H, A >0if Aw — pv — 1> > 0, whlchlmphes ( ) > 0.

In Sect. 2.3, we will come to realize the meaning of

u+v

u(u+V)
2.3 Basic reproduction ratio

This is the number of secondary infections caused by a single infective individual in a

completely susceptible population. It is denoted by R,. Using the next generation of matrix
(NGM) method we have,

. {aSH] b, |:(V+M)H:|

vH (o + WA
aS 0 aSo O
M:6F:[ } M(EO):{ 0 }
v 0 v 0
1
0
K:av_[v+“ 0 } Kl [V
0 o+ u 1
@+ u
OCS() 0
MK = | VTH
" 9
@+ u

The spectral radius, which is the dominant eigenvalue, is “‘fi’l

Hence the basic reproduction ration is;
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o OCS()
7v+ﬂ

0

3 Global stability analysis of the equilibria

In this section stability analysis of the two equilibrium points is obtained by the use of
Lyapunov function. The conditions for the global stability of the equilibria in each case
depends on the magnitude of the basic reproduction ratio Ry. Hence we have the following
theorems and their proofs.

Theorem 1 The disease free equilibrium is globally asymptotically stable when Ry < 1.
Proof We construct the following Lyapunov function

V=(8-SynS)+H+C
where C = SolnSy — So — Hp

: So\ -
V=(1——]|S+H
( S> *

S
= (l—EO)[A—ocSH—uS]JruSH—(VJr,u)H

S
:A—ocSH—,uS—A§0+ocSoH+uSo+o<SH—(v—i—,u)H

< 0 by the relation between geometric and arithmetic means and if oSy < (v 4 ).
This implies V <0if Ry < 1.

Theorem 2 The endemic equilibrium E| is globally asymptotically stable when Ry > 1.

Proof We construct the following Lyapunov function
V=(S—SnS)+ (H—-HinH)+C

where

C= —[Sl —SllnSl +H1 —HllnHl}

. Si\ - H\

V=(1——=]S 1-— |H

(=55 (%)
H,
= 1_§ [A — aSH — uS] + l_ﬁ [0SH — (v + p)H)|

S
:A—ocSH—uS—A§1+ocS|H+uSl + aSH — (v + p)H — aSH; + (v + p)H,

s 5] oo (Lo P

< 0 by the relation between arithmetic and geometric mean and if o4 — v — u*> >0
This implies V <0if Ry > 1.

@ Springer



Dynamics of HIV/AIDS in Turkey from 1985 to 2016 S717

4 Results

In this section, results are calculated by simulating the model using the formal data
obtained in Turkey. Table 2 and Fig. 1 show the comparison of the official data obtained
from Federal Ministry of Health Turkey with the predicted value from the model. It shows
the years, number of HIV cases, number of AIDS cases and the total number of HIV and
AIDS from 1985 to 2016.

Table 2 HIV/AIDS cases in Turkey from 1985 to 2016 as obtained from Ministry of Health Turkey
compared with predicted values from the model

Year HIV exact (predicted) AIDS exact (predicted) Total exact (predicted)
1985 0 (0) 303) 303)

1986 1(2.31014) 1(1) 2 (3.3101)
1987 32 (2.31014) 8 (1) 40 (3.3101)
1988 21 (4.066481) 11 (1.000001) 32 (5.0665)
1989 22 (7.66129) 11 (1.000004) 33 (8.6613)
1990 23 (13.80698) 13 (1.000002) 36 (14.8070)
1991 27 (23.19329) 24 (1.000088) 51 (24.1834)
1992 37 (36.96717) 28 (1.00035) 65 (37.9675)
1993 49 (57.09593) 34 (1.00128) 83 (38.0972)
1994 49 (87.09992) 36 (1.004533) 85 (88.1045)
1995 60 (132.403) 29 (1.015914) 89 (133.4189)
1996 93 (201.0708) 35 (1.055754) 128 (202.1266)
1997 96 (305.2835) 38 (1.195321) 134 (306.4789)
1998 83 (443.7849) 42 (1.600894) 125 (445.3858)
1999 89 (623.8392) 29 (2.67366) 118 (626.5128)
2000 115 (859.6329) 47 (5.400612) 162 (865.0335)
2001 139 (1170.991) 44 (12.22252) 183 (1183.2138)
2002 139 (1581.795) 41 (29.11121) 180 (1610.9060)
2003 136 (2116.389) 50 (70.31996) 186 (2186.7093)
2004 177 (2790.633) 59 (168.3727) 236 (2959.0055)
2005 253 (3592.832) 46 (391.6827) 299 (3984.5147)
2006 257 (4455.529) 43 (864.6296) 300 (5320.1588)
2007 352 (5180.24) 23 (1661.795) 375 (6842.0349)
2008 393 (5613.643) 55 (2586.58) 448 (8200.2232)
2009 441 (5852.257) 66 (3529.285) 507 (9381.5420)
2010 519 (5976.791) 71 (4461.45) 590 (10438.2413)
2011 642 (6031.311) 84 (5366.967) 726 (11398.2777)
2012 982 (6041.799) 95 (6236.744) 1077 (12278.5434)
2013 1311 (6024.255) 101 (7065.889) 1412 (13090.1448)
2014 1892 (5988.786) 131 (7852.095) 2023 (13840.8810)
2015 2072 (5966.372) 112 (8230.182) 2184 (14196.5535)
2016 3302 (6012.41) 80 (8520.12) 3382 (14532.5300)
Total 5227 (77196.55) 1483 (57072.39) 13646 (134268.9442)
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Fig. 1 Exact and predicted cumulative HIV+ cases from 1985 to 2016

We computed the basic reproduction ration (Ry) in each year to show number of
secondary infections caused by a single infectious individual in the population for that
year. In epidemiology if this threshold quantity is equal or greater than one there is going to
be epidemics, as such it’s magnitude is used to measure the threat posed by certain disease
in a given population. Table 3 and Fig. 2 give the comparison between these basic
reproduction ratios as calculated using the official data and the corresponding predicted
values as calculated using the model.

To show the significance of the data obtained by the model in predicting HIV epidemics
in Turkey over the official data obtained from the Ministry of Health Turkey, we obtained
HIV drug data from intercontinental marketing service (IMS). The IMS data composed of
IMS Health Turkey Pharmaceutical Index Data view and Turkey Hospital Index Data
view. Table 4 and Fig. 3 shows the relationships of these three sets of data (exact, pre-
dicted, and IMS) from 2000 to 2016. This is because the only available IMS data for
Turkey started from the year 2000.

5 Discussions and conclusions

In this paper, we constructed a mathematical model that describes the dynamics of HIV/
AIDS in Turkey from 1985 to 2015. We found two equilibrium points, disease free and
endemic equilibrium point. Global stability analysis of the equilibria was carried out by the
use of Lyapunov function. Conditions of stability of both the equilibrium points were
shown to depend on a threshold quantity, the basic reproduction ratio (Rp). It was shown
that if the basic reproduction ratio is less than one, the disease free equilibrium is globally
asymptotically stable and the disease dies out. Also, if the basic reproduction ratio is
greater than one, the endemic equilibrium point is globally asymptotically stable, and
epidemics occur.

We used official data collected from the Ministry of Health in Turkey from 1985 to
2016 to study and predict the dynamics of HIV/AIDS in Turkey. Basic reproduction ratios
were found over the years, and their magnitudes were compared. We also predicted the
basic reproduction ratios over the years using our model. From Table 2 and Fig. 1, it can
be observed that the predicted cases of both HIV and AIDS are below or almost equal to
the exact values from 1985 to 1993. Starting from 1994 the predicted cases continue to
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Table 3 Exact and predicted R,

values from 1985 to 2015 Year Exact values Predicted values
1985 0.045401 0.045401
1986 0.029659 0.049087
1987 0.58178 0.049087
1988 0.456853 0.075133
1989 0.462785 0.128441
1990 0.353095 0.160276
1991 0.563757 0.295019
1992 0.679453 0.463176
1993 0.867609 0.708746
1994 0.882049 1.07482
1995 0.796116 1.40781
1996 1.124347 2.102394
1997 1.154649 3.14182
1998 1.05553 4.48248
1999 0.938591 6.18886
2000 1.338066 8.90877
2001 1.443639 11.95852
2002 1.36609 15.91767
2003 1.37469 21.4029
2004 1.706281 28.86696
2005 1.859081 34.17056
2006 1.842382 46.31508
2007 2.262939 61.45404
2008 2.643101 74.6881
2009 3.138635 93.12544
2010 4.677689 138.0197
2011 5.650843 153.5268
2012 8.712188 178.081
2013 11.62473 200.521
2014 16.26865 214.8543
2015 16.73746 215.3541

increase rapidly and are far greater than the exact cases. This can be attributed to poor
registration exercise in the country.

From Table 3, it can be seen that from 1985 to 1995 the exact values for the basic
reproduction ratios are less than one, hence no epidemics. It is also less than one in 1999.
Starting from 1996, with the exception of 1999, all the basic reproduction ratios are greater
than one, implying epidemics.

From the predicted values R, values are less than one from 1985 to 1993, which almost
agrees with the exact values. After 1993 the epidemics start to occur with the value of R,
greater than one in each year. In the exact values of R, we noticed a fluctuation from 1985
up to 2005 and then a steady increase from 2006 to 2016. This can also be attributed to
poor registration system to cover the exact HIV/AIDS cases in Turkey. However, there is
stable increase in the predicted values of Ry over the years. Hence our model shows the
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Fig. 2 Exact and predicted basic reproduction ratios from 1985 to 2015
Table 4 Comparison of number .
of HIV cases in Turkey from Years Exact Predicted IMS drug data
2000 to 2016 using the official
data obtained from Ministry of 2000 115 859.6329 17
Health Turkey (exact), model 2001 139 1170.991 25
data (predicted) and IMS drug 2002 139 1581.795 42
data 2003 136 2116389 84
2004 177 2790.633 109
2005 253 3592.832 273
2006 257 4455.529 383
2007 352 5180.24 490
2008 393 5613.643 659
2009 441 5852.257 1087
2010 519 5976.791 1942
2011 642 6031.311 1734
2012 982 6041.799 2411
2013 1311 6024.255 2959
2014 1892 5988.786 3841
2015 2072 5966.372 5434
2016 3302 6012.41 7835
Total 13,122 75255.67 29,325

flaws in the registration systems of the disease in Turkey. This can also be clearly observed

from Figs. 1 and 2.

To show the significance of the data obtained by the model in predicting HIV epidemics
in Turkey over the official data obtained from the Ministry of Health Turkey, we obtained
HIV drug data from intercontinental marketing service (IMS). Comparing these three sets
of data, which can be seen from Fig. 3, shows the flaws in the official data. The result of
the analysis in this paper shows the urgent need of intervention by the relevant authorities
in controlling the spread of the disease. Since in recent years, the education sector has
come to play an increasingly important role in preventing HIV. Our proposal here is the
use of interventions through the education sector to curtail the spread of the disease in
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Fig. 3 Exact, predicted, and IMS HIV+ cases from 2000 to 2016

Turkey. This is particularly because many studies in literature show that the school-based
HIV/AIDS education programs provide significant changes in knowledge and attitudes that
affect sexual behavior of young people. This leads to significant progress in the use of
condoms and decrease in most of the sexual health problems. (Thomson et al. 1999;
Kinsler 2004; Fawole et al. 1999; Kirby et al. 2007; James-Traore et al. 2004). Two
element are covered by effective school-based education: training of teachers and cur-
riculum development. A review by Kirki et al. evaluates multiple studies of such inter-
ventions and found that successful curriculum-based programs have 17 characteristics
(Thomson et al. 1999). Some of these characteristics were about development of the
curriculum; Some were about the curriculum itself; and the remaining were about the
implementation of the curriculum (Thomson et al. 1999). After developing a curriculum,
there is need for teachers to be well trained to enable them to improve students’ knowledge
about HIV prevention and transmission, attitudes toward HIV prevention, and behaviours
relating to HIV/AIDS.

In conclusion, the basic reproduction ratio is increasing in Turkey over the years. This
shows the need of intervention from the relevant authorities in controlling the spread of this
disease. Also there is need for the government to enhance the registration system of HIV/
AIDS, so as to know the exact threat posed by the disease and consequently adopt possible
measures in combating it.
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