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ABSTRACT

In this present review work, we seek to provide the basic characteristics of HIV/AIDS, brief statistics of HIV/
AIDS epidemic with respect to global level and Indian level and also with the description of controlling efforts
against it. We also provided brief methodology of mathematical models of HIV/AIDS as hope for prevention

strategies by shaping the disease burden and trends.
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1. INTRODUCTION

I ntheearly 1980s, thefirst recognized casesof the

acquired immune deficiency syndrome (AIDS)
occurred among homosexuad menintheUnited States.
These men suddenly began to develop rare
opportunistic infections and cancers that seemed
stubbornly resistant to any treatment. At thistime,
AIDSdid not yet haveaname, but it quickly became
obviousthat al themenweresufferingfromacommon
syndrome. By 1983, theetiol ogical agent, the human
immunodeficiency (HIV), had beenidentified. By the
mid-1980's, it became clear that the virushad spread
largely unnoti ced throughout most of theworld. Since
then the global Al1DS epidemic has become one of
thegreatest threatsto human health and devel opment.
At the same time, much has been learnt about the
scienceof AIDS, aswell ashow to prevent and treat
thedisease.

2. IMMUNOLOGY OF HIV/AIDS

OnceHIV hasenteredinthebody, itsmgor target
isaclassof lymphocytes, or whiteblood cells, known
asCD4*T cells. Thus, theimmune system initiates
anti-HIV antibody and cytotoxic T cell production.
However, it cantaketwo totenweeksfor anindividua
exposed to HIV, to produce measurabl e quantities of

antibody. When the CD4*Tcells count, which is
normally around 1000 mm?, reaches 200 mn2 or
below in an HIV-infected patient; then that personis
classified ashaving AIDS. Because of the central
role of CD4*T cellsin immune regulation, their
depletion haswidespread deleterious effectson the
functioning of theimmunesysem asawholeand|leads
to theimmunodeficiency that characterizes AIDS.
seeFig. no. (1).

Therefore, HIV levels in the bloodstream are
typically highest when apersonisfirst infected and
againinthelatestagesof theillness. Theprogression
of HIV infectionto AIDS probably dependson how
well the body can replace cellsdestroyed by HIV,
Perelsonetal.,[13].
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Fig.1. Immunology of HIV infection
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3. TRANSMISSION MODESOF HIV/AIDS

Epidemiologica evidenceshowsthat HIV virusis
transmitted only through theintimateexchangeof body
fluids, such asblood, semen, vaginal secretion, and
mother’smilk, Daneet. a,[2]. Thus, HIV could be
passed from an infected mother to her child (i.e.,
vertica infection) during pregnancy, birth or through
infected breast milk. High-risk behaviorsinclude
unprotected sexual intercourseand intravenousdrug
usethrough sharing needlesor syringes, seeFig. no.
2.

Many peopleinthe past have beeninfected with
HIV through transfusionsof infected blood or blood-
clottingfactors, beforeblood screening beganin 1986.
Therefore, thisisnolonger asignificant risk in most
parts of the world today, as blood donations are
routinely tested for HIV.

Parent to Child,5.0%

Homosexual,1.5%

Infected Syringe

Bl el and Needles,1.7%

88.2%

Blood and Blood
Products,

Not Specified, 2.7%

Fig. 2*. Routesof transmission of HIV inIndia2011-12.
*Source: Avert statistics- '"Annual Report 2010-2011&
NACO Fact Sheet-2012.

4. SPATIAL SPREAD OFHIV/AIDS

HIV isclassified asan infectious disease which
rapidly spreadsamongst communitiesand changes
itsdistributionsin space, timeand “ social space”,
Wallace,[18]. Many factors, including increased
mobility, areassociated with anincreased risk of HIV
infection, Welzet d.,[20]. Thetransmissionof HIV
isalso strongly associated with the spatia distribution
of highrisk groups. Thedistribution of AIDS cases
not only varies by cities and states, but also by

(1]

geographicd regions, Langeet al.,[8]. Thespread of
HIV hasbeen attributed to migration fromrural to
urban areas and its concomitant return migration.
Furthermore, thetrendsin geographic diffusoncould
be explained by the mobility and travel patterns of
highrisk populationsand their ectivitieswhiletraveling,
McCoy et. d.,[9]. Fulliloveet al.,[4] stated that our
ability to predict thefutureof theHIV/AIDSepidemic
will depend on our understanding of the movement of
HIV virusfrom established epicentersto areaswhere
the prevalence of risk behaviorsmay be high but the
prevalenceof HIV infectioniscurrently low.

5. CURRENT GLOBAL OVERVIEW OFHIV/
AIDS

Globdly, 34.0million[31.4 million-35.9 million]
peoplewerelivingwith HIV duetoinadequate access
toHIV prevention and treatment servicesat theend
of 2011. An estimated 0.8% of adults aged 15-49
yearsworldwidearelivingwith HIV, athough the
burden of the epidemic continuesto vary consderably
between countries and regions, see Fig. no. (3).
throughout the duration of the pandemic, 1.7 million
[1.5million—1.9 million] people have already died
fromAlIDSworldwide. Every day, over 7500 more
people becomeinfected with HIV, UNAIDS 2013,
[16].

Onaglobal leve, theHIV pandemicremainsthe
oneof themost seriousinfectiousdisease challenges
facing public hedlth. Thisconcern hasbeen addressed
and recognized within international forumsandis
represented as a primary concern within the
Millennium Devel opment Goals. The scopeof HIV/
AlIDSisfar-reaching. Although 34.0 million HIV
infectedindividua sisastaggering figure, thisnumber
doesnot account for the additiona millionswho are
also affected by HIV/AIDS. Whether they areAIDS
widows, orphans, or relatives caring for thesick and
dying, theimpactsof arefelt well beyond thosewho
are infected. Furthermore, HIV/AIDS is an
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international issue that is not concentrated to one
region, gender, socio-economic background or
profession. Peopleinevery regionandinevery country
areaffected, UNAIDS 2013, [16].

Africaremainsmost severely affected with nearly
1inevery 20 adults (4.9%) living with HIV and
accounting for 69% of the peopleliving with HIV
worldwide. Althoughtheregiona prevalenceof HIV
infectionisnearly 25 times higher in sub-Saharan
AfricathaninAsawhere5.2 million peopleareliving
with HIV in South, South-East and East Asia
combined. This pandemic concentrated in sub-
Saharan Africawith thelargest numbers of people
livingwith AlIDSand the highest percentagesof HIV
infections per capita. Here the number of people
acquiring HIV infection in 2011 (1.8 million [1.6
million-2.0 million]), UNAIDS 2013, [16],
accounted for 71% of the adultsand children newly
infectedintheyear 2011, underscoring theimportance
of continuing and strengthening HIV preventionefforts
intheregions.

After sub-Saharan Africa, theregion’smost heavily
affected are the Caribbean, Eastern Europe and
Central Asia, where 1.0% of adultswereliving with
HIV intheyear 2011, UNAIDS 2013, [16], While
not as high as in sub-Saharan Africa, HIV
infections in Asia have increased by more than
100% since 1994, and some argue that Asia will
become the next center of the global epidemicin
the years to come. Injecting drug use and the
commercia sex industry have played adetermining
rolein the spread of the disease in some places of
Asa Butworldwide, Asian countrieshavebeendow
to respond to the epidemic. Studieshave shown that
withinAdga, thecurrent alocation of resourcesfor HIV
preventionisinsufficient and havenot targeted at risk
groups, which servesasan epidemiological bridge
for HIV transmission into the general population.
Roughly 5.2 million Asian adultswere living with

HIV/AIDS in the year 2011 along with 509,000
children. It isexpected that if Asian countriesfail
to respond to the crisis, an estimated 8 million
adultsand childreninthe Asia-Pacific will become
infected and the annual death toll due to AIDS
will increase to 500,000 by the year 2020,
UNAIDS 2013, [16].

In recent years, India, Nepal, Bangladesh,
Pakistan, Indonesia and China have shown rapid
increaseof HIV prevaence dueto unprotected paid
sex, injecting drug use and to a lesser extent
unprotected sex between men. These modes of
transmissonarefurther exacerbated by ahighly mobile
popul ation and the challenges presented by natural
disasters.
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Fig. 3. Globd HIV/AIDS prevalence (UNAIDS, 2013).

6. CURRENT INDIAN OVERVIEW OFHIV/

AIDS

Thefirgt casesof HIV werediagnosed among sex
workersin Chennai in 1986. Sincethen, thecountry
hasevolved from*“low” to“concentrated” epidemic.
Now days Indiais become a country with alarge
number of peoplelivingwith HIV. Accordingtothe
National Aids Control Organization (NACO),
gpproximately 2.5 million with uncertainty boundsof
1.93t03.04 million peopleinfected withHIV inthe
year 2009. However, given the size of Indian

[15]
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population, thisonly representsanationa prevaence
rate of 0.36% and people living with HIV are
estimated at approximately 61% male and 39%
female. The percent distribution of HIV infection by
ageisestimated at 4.4% among children below the
ageof 15years, 82.4% among adultsaged 15t0 49
yearsand the remaining 13.2% among people over
50 years of age. As 39% of al HIV infection are
estimated to beamong women. Thisamountsto 0.93
millionwomenwithHIV inlndia, NACO 2012, [10].

Thefour high prevalence states of South India
account for 57% of al HIV infectionsin the country.
Whilst AndhraPradesh accountsfor 500,000 cases,
Maharashtraaccountsfor 420,000 cases, Karnataka
accountsfor 250,000 casesand Tamil Nadu accounts
for 150,000 cases. Over 100,000 PeopleLivewith
HIV (PLHIVs) areestimatedin West Bengd, Gujarat,
Bihar and Uttar Pradesh and together these states
account for 22% of HIV infectionsin India. The
number of PLHIV sin Punjab, Orissa, Rgjasthan and
Madhya Pradesh range from 50,000 to 100,000 and
these states collectively account for 12% of HIV
infectionsand it isalso estimated that approximately
P of HIV infectionimplicitly presentedinrest states
of India. Approximately 172,000 peopledied of AIDS
related causesin 2009in India. At nationd level, HIV
prevaenceishighest amongst thelnjecting Drug Users
(IDV) at 12.22%followed by menwho have sex with
men (MSM) at 6.82% and Commercia sex workers
(CSW) at 5.92%. HIV prevalence amongst IDU,
MSM and CSW is 14.92%, 10.31% and 9.48%
respectively, NACO 2012, [10]. So it isimportant
to understand that HIV/AIDS is not of any one
nation’sproblem but agloba issuethat requiresgloba
and national solutions. Accordingto UNAIDS; itis
imperativefor countriesto“know their epidemic” in
order to develop and implement effective HIV
prevention and treatment strategies which are
appropriate according to the needs of theregion, see

Fig. no. (4), UNAIDS 2013, [16].
[16]

Fig.4*. Statewise New HIV infectionsin India2009
* Source: Avert statistics- 'Annual Report 2010-2011 &
NACO Fact Sheet-2012.

7. CONTROLLING STRATEGIES OF HIV/
AIDS

With the advance of thisdangerousinfection, the
world hastoinvolvein afrenetic search for waysto
treat or cure or reducethe HIV infection. Over the
last 25 yearsthere has been enormous progressin
thefight against HIV/AIDSthat might suggest that
thereis hope for the future, Joint UN program on
HIV/AIDS 2006, [6].

Further, HIV isahighly mutablevirus, sotherisk
of new multi resistant strains emerging is always
present, Joint UN program on HIV/AIDS 2006, [6].
Therefore, effortsto prevent the spread of HIV are
still very important. However, thereare many issues
that makeit especidly difficult toimplement effective
prevention programmesthat reduce the prevalence
of HIV infectioninthepopulation. Among theseissues,
themaindifficultiesareinreechingasignificant portion
of the population with programmes for education
about theinfection anditstransmission, the structure/
cost of prevention programmes, compliance of the
population andthefact that HIV infectionisprimarily
a sexually transmitted infection, thus prevention
strategies have to address many delicate i ssues of
sexuality, intimacy and privacy, (UNAIDS 2006,
(Joint UN programonHIV/AIDS 2006, [6] and Joint
UN program on HIV/AIDS; Facts Sheet 2006, [7]).
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Itisimportant to study thetrendsin thedynamics
and patternsof distribution of HIV/AIDS epidemic.
To effectively create and implement strategies of
preventionitisnecessary tofocusonthedriving forces
of the epidemic and theimpact of variousepidemic
parameterson the distribution of the pathogeninthe
population.

8. TREATMENTAND MEDICATION
EFFORTSOFHIV/AIDS

HIV isisolated and recognized asthe pathogen
responsible for AIDS in the year 1983. A cure or
vaccineisnot yet availableand trestmentsto combat
the opportunisticinfections caused by theimmune
deficiency were very few, (Overview HIV/AIDS
2005{ NIAD} ,[11]).

In 1987, thefirst treatment emerged. Thedrug was
called Anti Zidovudine Therapy (AZT), areverse
transcriptaseinhibitor. By 1992, combinationsof drugs
wereintroduced to improvetreatment, called Anti-
Retroviral Therapy (ART). It has been a great
stepping stoneto allowing peoplelivingwith HIV/
AlIDStolead normal and hedlthy lives. This“triple
cocktail” (three medicationstaken at the sametime)
iscomposed of chemicalsthat suppressaperson’s
vira load to undetectablelevels, seeFig. no. (5-7),
Orrell etal.,[12].

Fig.5. Number of People Receiving Antiretroviral Therapy
in Low-in Middle-Income Countries, by WHO Region,2012
(UNAIDS, 2013).

These medicationsareto betaken every day for
the rest of the patient’s life and sometimes have
debilitating Sdeeffects, including nausea, dizziness,
pain, and inability to perform everyday functions,
Powerset al.,[14]. Theissuesof drug resistancewith
ART therapy frequently arisefor patientswho do not
take their medication consistently. Sincethevirus
multipliesinthebody sorapidly, thousandsof genetic
variantsare created every minute, and when drugs
aretaken inconsistently, thereisahigher chance of
drug resistance developing, Vernazzaet al.,[17].

Fig.6. Number of Children (0-14 yearsold) Receiving
Antiretrovira Therapy in Low-in Middle-Income
Countries, by WHO Region, 2012 (UNAIDS, 2013).

In 1996, evidence of the efficacy of a new
treatment, called Highly Active Anti Retoviral
Therapy (HAART) was presented for thefirst time
at the 11" International AIDS Conference in
Vancouver, (Joint UN programonHIV/AIDS; Facts
Sheet 2006, [7]). Sinceto now days, HAART isused
to slow the progression of HIV infection and it
postponed death from AIDS of individualswhich
result anincreaseinthelifeexpectancy and qudity of
lifeof thosediagnosed with HIV infection, (Overview
HIV/AIDS2005{ NIAD} [11]). HAART iscredited
asamajor factor in significantly reducing annual
deathsby AIDSintheworld. By the end of 2012,
9.7 million peopleinlow- incomeand middle-income
countrieshaverecelved accesstoHAART, UNAIDS:
Global Update 2012,[15].

(17]
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Although, HAART hasclear benefitsbut it also
hasitsshortcomingsand risks. HAART canincrease
only life expectancy and health prospectsin HIV
infected individuas, thismedication doesnot provide
acurefor theinfection at any stage. HAART only
control viral load and cannot eliminatethevirusfrom
the body, (Overview HIV/AIDS2005{ NIAD} [11]
and Zhang et al.,[21]). Thismeansthat HIV can il
betransmitted. Thesetherapieshaveadtrict schedule
and adherenceisdifficult, (Joint UN programonHIV/
AIDS; Facts Sheet 2006, [7]). So, these existing
therapies and other factors influence the need for
continued efforts toward treatment/medication to
reducefurther spread of the HIV infection.

INDIA
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Fig.7. Number of People Eligiblefor and Receiving
Antiretroviral Therapy inIndia, 2003-2012.

9. MATHEMATICAL MODELS OF HIV/

AIDS; AHOPE

HIV transmission models aim to describe the
dynamicsof the spread of the disease by asystem of
equationsinwhichthetrangtionratesbetween defined
satesare specified quantitatively, Deanglisetal.,[3].
Thesemodd sare complex andincorporate biological
and behavioural variables, which describe HIV
transmission and itsnatural history to simulatethe

(18]

infection process. Thereforethey could be used to
reliably project HIV infectionratesand AIDS cases
if the model is shown to bevalid and the data sets
used areaccurate, Chin Jetal.,[1].

Thisapproachto modeing HIV/AIDSusesHIV
transmi ssion dynamics models which include the
progression toAlDS and often havethe population
divided into compartments consi sting of thosewho
aresusceptible, in each of theinfection stagesor in
theAlDSphase Intranamissonmodds, themovement
between these compartments by becoming infected,
progressing to the next stageor AIDS, migrating or
dying is specified by systems of difference or
differential equations, Hethcoteet al.,[5].

Theequationsused in deterministic modelsare
derived by taking into account the biological and the
epidemiologica aswell astheclinica aspectsof the
HIV epidemics. By analyzing these equations, one
may then study the behaviour and progression of the
HIV epidemicsastime progresses, Wan-Yunan et
al.,[19].

Epidemiologistsfind it more convenient to use
deterministic (usualy compartment) mode sinwhich
individuals are categorized into different disease
progress stages (sub-groups or compartments). In
HIV/AIDS, foringance, individuasareclassfiedinto
(without complicated thought) three compartments
designated as susceptible, infectiousand recovered/
immunized (SIR) whichinthecaseof HIV isthegroup
of individuals identifed as HIV positive or those
developing AlDSand dso may bedefined asthestudy
desireat agiventime, Wan-Yunanetal.,[19].

Another very important reason for HIV modeling
isthevalue of model sfor theoretical evaluationand
comparisonsof detection, prevention, therapy, and
control programs. Epidemiologists (planners) and
politiciansneed to understand the effects of different
policies decisions on the dynamics of a particular
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infection in order to decide which approachisthe
most ethical, appropriate and economical, Hethcote
etal.,[5].
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