THE VIROLOGY AND DYNAMICS OF THE EPIDEMIC
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Viruses are submicroscopic, obligate intracellular parasites that can neither grow nor reproduce
outside a living cell. Their survival therefore depends completely on the continued survival of their
hosts. They are unique among all other living organisms, with the following main features:

The genome of i complete virion—or an infective virus particle—is either RNA or DNA;
Virus particles are/produced from the assembly of preformed components, whereas other
agents “grow” from an increase in the integrated sum of their components and reproduce by
division;

Matured virus particles themselves do not “grow” in size or undergo division, but multiply by
a process called replication (of their genetic material);

Viruses fack the genetic information that encodes the apparatus (mitochondria) necessary for
the generation of metabolic energy or [or protein synthesis (ribosomes); they therefore depend
on the host machinery [or these [unctions; and

» They are composed mainly of nucleic acid and proteins (that is, products of the various genes).

.
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Virus Natural Host Specles Clinlcal Presentation
Equine infectious anemia virus Horse Cyclical infection in the lirst year, autoimmune
hemalytic anemia, occaslonal encephalopathy,
arthrilis
Visna maedi virus Sheep Encephalopathy, pneumanitis, ar thritis, wasting
Caprine arthritis-encephalitis virus Goat Lymphadenopathy, lymphocylosis, anemia,
wasting, arlhrills, encephalitis
Bovine immune deficiency virus Cow Lymphadenopathy, lymphocytosis, possibie
central nervous system disease
Feline immunodeficlency virus Cat Immune deficiency, wasting, encephalitis
Simian immunodeliciency virus Primates Immune deficiency and encephalopathy
Human immunodeficiency virus Human Immune deficiency and encephalopatiy
l Chimpanzes None
Sourcs: Adgpled Irem the T | Wiruses database 1 hbm}

The morphology of viruses may be circular, oval, cylindrical, spiral, ilamentous, hexagonal, or helical.
The shape of the viral capsid vsually determines its morphology. The smallest viruses are approximately
20 nm in diameter and the largest around 250 nm. The nucleic acid polymer may either be double-strund-
ed or single-stranded DNA or RNA, This viral nucleic acid polymer may contain as [ew as 4 to 7 genes for
the tiniest viruses to as many as 150 to 200 genes for the largest viruses. In some viruses, the nucleic acid
may occur as more than one molecule or ds intermediate forms during the process of replication,

Furthermore, some viruses contain a few enzymes while others contain none. All viruses are covered
with a protein cout called the capsid. 1l a virus has only a protein capsid covering it, it is termed a naked
capsid virus or a naked virus. Some viruses acquire a lipid membrane [rom the host cell during the
process of release, This lipid membrane surrounds the virus capsid and is called the virus envelope; such
viruses are termed enveloped viruses. In addition, virus particles may contain small quantities of carbo-
hydrate moietics on the envelopesealled glycoproteins.

Virus infection of higher organisms is the comulative result of infection, replication, and expression
of the viral genome. Virus infections range in complexity and duration from a brief, superficial interac-
tion between the virus and its host, to chronic or persistent infection, which may encompass the entire
life of the host organisni. A common misconception is that virus infection invariably results in disease;
instead, only # small proportion ol viral infections give rise to any disease symptoms. The course of virus
infections may be ubortive, acure, chronic, latent, persistent, or steady state.

CHARACTERISTICS OF RETROVIRUSES

The virus [amily Rerroviridae includes three sub-lamilies: Oncovirinue, Lentivirinae, and
Spumavirinae. Fach member contains an enzyme called reverse transeriptase, which generates provi-

38 AIDS in Nigeria



ral DNA from the infecting viral
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Table 3-2. Summary of Properties of Lentiviruses
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the unconventional method of
“reverse” transcription used by this group of viruses (2).

The sublumily Lentivirinae, to which HIV belongs, includes multiple viruses that inlect a diverse
group of animals (Table 3-1). Interestingly, one of the first viruses identified in nature was a lentivirus,
the equine infectious anemia virus, discovered in 1904 (3,4). Lentiviruses typically cause a slowly pro-
gressive disease with prolonged subclinical infection (1), Additional characteristics include a long
incubation period, suppression of the immune system, tropism lor cells of the hemaropoietic system,
involvement of the nervous system, malignancies, wasting disease, association with autoimmunity and
arthritis, and sustained viremia in the absence of any obvious clinical disease. Lentiviruses are host
specific and non-oncogenic. They induce syncytia, a phenomenon that occurs when viral fusion pro-
teins that are normally used by the virus to enter host cells are transported ro the cell surface, cause the
host cell membrane to [use with neighboring uninfected cells, and cause noncytopathic inlection ol
mactophages. Formation of syncytia, which is caused by the fusion of HIV-infected cells to form large
cells with many nuclei, has also heen suggested as a possible cause of CD4+ cell depletion in HIV-
infected people (5).

The viral cDNA, typically 9to 10'kb in length, integrates into the host genome. In addition to the strue-
tural genes (gag and env) and enzyme genes (pol) that are found in other retroviruses, lentiviruses also
encode regulatory proteins such as Tat and Rev, which have been shown to regulate viral transeription and
viral RNA transport, respectively (6). Unlike oncoretroviruses, lentiviruses can efficiently infect terminal-
ly dilferentiated. non-dividing cells, such as macrophages and microglia. Table 3-2 shows additional prop-
erties of lentiviruses,

Lentiviruges were initially thought to have a latent stage due ta their prolonged subclinical infection,
It has been shown, however, that these viruses continue to replicate throughout the infection, regardless
of the bbeervation or diagnosis of clinical disease (3.4). The [irst cases of lentivirus-associated disease
were reported in leeland where a virus caused slow demyelinating brain disease (visna) and a progres-
sive lung discase (maedi) in sheep (1). To date, at least six additional lentiviruses have heen identified.
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Human immunodeficiency virus types 1 and 2 (HIV-1and HIV-2) and related viruses in non-human pri-
mites, such as simian immunodeliciency virus (SIV), cause a severe immunadeliciency disorder in their
primary hosts (7). FTV-1is closely related to a naturally occurring virus of certain sub-apecies of chim-
panzees called §1Vepz, while HIV-2 has been shown to be closely related to STVsm, a virus that natural-
ly infects sooty mangabey monkeys (8). Other members of the genus lentivirus include the feline
immunodeliciency virus, the equine inlectious anemia virus (3.4,6.7), the caprine arrhritis-encephalitis
virus, and the bovine immune deficiency virus.

HUMAN IMMUNODEFICIENCY VIRUSES

Retraviruses were initially believed to cause disease only in animals, as no retroviruses were isolated
+ from humans for some time (9). In 1978, however, Poiesz et al. reported the isolation of a retrovirus
" called human T-cell lymphotropic virus (HTLV) from a patient with mycosis [ungoids (10). Since the
initial discovery of HTLV, many other retroviruses, including HIV-1 and HIV-2, have been isolated [rom
humans,

Homan immunodeficiency viruses, like other retroviruses, have a positive-sense, single-strancded
RNA genome (11). In the mature virus, the genome is diploid, with a 60-70s complex of the two identi-
cul RNA copies. Electron-microscopy studies have showed that HIV has a dense, cylindrical core encod-
ed by the Gag prorein thar surrounds the RNA genome. The central core is enclosed by a highly
glycosylated protein envelope that is partially acquired from the surlace of the host cell as mature viri-
ons are released (Figure 3-1A) (12).

HIV Genes and Proteins
The HIV proviral genome is approximately 10 kb in length with an open reading [rame that codes for
several vival proteins (3). The genome is flanked at hoth ends by long terminal repeat sequences thar
contain regulatory elements required for HIV replication (11). The genome includes the gag, pol, and eny
structural genes that code for the capsid proteins, the viral enzymes, and the internal and external enve-
lope proteins, respectively, Inaddition to these major genes, the HIV genome has at least five other reg-
ulatory or accessory genes: tat, rvev, nef, vif, and vpu/vpx. Vpu is present in HIV-1, while vpx is present in
HIV-2 (3) (Figure 3-1B). At least four of these minor genes are involved in regulating HIV expression
(11). Although much remains to be elucidated about the pathways for controlling HIV expression in
inlecred cells; these genes have been characterized and their functions are now fuirly well understood.
The env gene encodes the envelope precursor, gpl60, which is split into two smaller glycoproteins,
gpl20 and gpdl, via cellular enzymes in the Golgi apparatus (4). These glycoproteins have molecular
weights of 120,000 and 41,000 (gp120 and gp4], respectively) for HIV-1 and 105,000 and 36,000 (gpl03
and gp36, respecrively) for HIV-2 (12). The gpl20 forms the external surluce envelope protein and con-
rains the binding site [or cellular entry receptors, as well as major immunodominant domains, while
gpd1 forms the transmembrane protein (Figure 3-1A; Table 3-3) (4). The structures of these small pro-
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Figure 3=1A. Schemgtic Morphology of HIV-1 .

o Envelnpe

Lipid bilayer "y glycoprotein (gpi20)

Transmembrang
glycopralein (gpal)

MNucleocapsid
protein (p9)

Capsid protein (p24)

Reverse Protease
transcriptase . -
e, ; . £ int
Matrix core ___‘_,_,J——‘”'
h b T § »
protein (p17) L} Fa

Viral RNA

Major
hislocampatibility
complex class I
surface prolein

Major

~ histocompatibility
complex class |
surface protein

Figure 3-1B. Genomic St ture of a Typical HIV-1

l o fon el

ST ETOtHn: il #r3yIng s Encelinerans

The Virology and Dynamics of the Epidemic 41



ency Viruses

' Table 3-3. Structural Genes of Human: Immunodef:

Gene HIv-1 HIv-2 Proteln/Function
Gag P24 P26 Capsid (CA) structural protein
P17 Matrix (MA) protein-myristoylated
(=] RMNA binding protein
P& RNA binding protein
Pol Pa6 P51 Reverse transcriptase (RT)
PI0 P14 Post-transiational processing of viral proteins (PR)
Piz2 Integration of viral DNA (IN)
Emv GpI20 Gpos Envelope surface protein
Gpal Gp3s Envelope transmembrane protein
Tat P14 Transactivation
Rev P9 Requlation of viral mRNA expression
Nef P27 Pleitropic, including virus suppression; myristoylated
il P23 Increases virus infectivity and cell-cell transmission; helps in proviral DNA
synthesis and/or in virion assembly
Vpr PIS Necessary in virus replication; transactivation
Vpu Fl6 Helps in virus release; disrupts gpl60-CD4+ complexes
Vo PIS Associated with infectivity

jections appear to be one of the major dillerences berween HIV-1 and HIV-2 (12); antibodies to these
two sets of proteing do not usually cross-react and thus differentiate the serologic response to the two
distinet human immunodeficiency viruses (12-14).

The envelope surrounds the core proteins rhat enclose the viral RNA genome and enzymes. The core
proteins are encoded by the guy gene, whose precursor, p55, grives rise o [our smaller proteins (p24, pl7,
P9, and p6) by protenlytic cleavage (4). The tore itself is made up of two proteins of approximately
18,000 and 24,000 daltons in size (pl8 and p24). The Pol precursor protein is cleaved into products con-
sisting of the reverse transcripase (RT), the protease (PR), and the integrase (IN) proteins by protease
enzyme. The RT, IN, and PR enzymes have molecular weights of 66,000/51,000 (p66/p51), 32,000 (p32)
and 12,000 (pl12), respectively (11).

Cellular Receptors

The primary receptor for HIV is the CD4+ molecule locared on T-helper cells; a number of other cell
types—including macrophages, microglial cells, dendritic cells, and Langerhans cells—also bear these
CD4+ receptors (15). Studies on the genetics of infectious diseases have shown that human generic vari-
ation might influence susceptibility to pathogenic organisms, including HIV (16,17). Variation in the
number of CD4+ molecules on the T-cell surface may influence the ability of HIV to bind and eventual-
ly penetrate the target cell (18). In addition, attachment ro and [usion with target cells are derermined
not only by binding with CD4+ molecules, but also with secondary chemokine co-receptors (19-21).

-
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The chemokine recepror [amily members have seven transmembrane helices and interact with G pro-
teins. This family includes receptors for 1L-8, M1P-1, and RANTES, The chemokine receptors CCR5 and
CXCR4 are commonly used by HIV to preferentially enter either macrophages or T cells, respectively
(16). CCRS5 is the major co-receptor used for entry of macrophage (M-tropic or R5) isolates of HIV-1,
while CXCRA4 facilitates entry of T-tropic (or X4) HIV-1 strains. Cells of the myeloid lineage may be
inlected predominantly with RS strains, although infection with dual-tropic isolates of HIV-1 or some
strains of X4 isolates is possible. Several studies have found that individuals who are homozygous for a
deletion in the CCRS gene are less [requently infected with HIV, while those who are heterozygous for
the same mutation still become infected but can be better protected against rapid progression than indi-
viduals who are homozygous for the wild-type CCRS receptor gene (16,17.22).

Replication

Replication of the virus particle begins with attachment of gpl20 to the CD4+ on the surface of a rarger
cell. Following the gp120-CD4+ binding, a structural change allows [or the inreraction of the V3 loop
region in the gp120 with a chemokine receptor, including CCR5 and CXCR4. The reaction with the co-
receptor results in another conformational change in the viral surface glycoprotein, which exposes a
fusion domain contained within the envelope transmembrane glycoprotein, Exposure of the [usion
domain results in the insertion of the gp41 into the cellular membrane. Subsequent to the fusion event,
the viral core is released into the cytoplasm of the host cell (1,7).

Once in the cyroplasm, the viral RNA genome is uncoated and reverse transcribed by the virally
encoded RT enzyme to generate a double-stranded viral DNA preintegration complex. The double-
strancled DNA is then transported into the host cell nucleus and, via caralysis by IN, becomes integrat-
ed into the host cell chromosome, where it resides as provirus, Once the viral genome has been
integrated inro the host cell genome, it can remain in a latent state for many years or can begin the pro-
duction of new viral RNA. If the host cell is activated, the host cell enzyme RNA polymerase 11 will
transcribe the proviral DNA into messenger RNA (mRNA). The mRNA is then translated into viral
proteins that undergo extensive post-translational modifications. The viral RNA becomes the genetic
material [or the next generation of viruses. Viral RNA and viral proteins assemble at the cell mem-

brane. After proper assembly and processing, new infectious virus particles are released by budding
from the cell membrare.

GENETIC VARIABILITY OF HIV ISOLATES

An interesting feature of HIV is the marked genetic diversity among its different isolates. The viral
reverse transcriptase is error-prone, with a mutation rate of approximately 7x10° to 1.4x107 base pair
substitutions; thus, RT can quickly and efliciently give rise to mutations throughout the HIV genome
(23). The average rate of base substitution would suggrest that HIV-1, with a genome size ol ubour 10 kb,
mutates approximately one nucleotide per genome per replication cycle (24). Thereltore, within an indi-
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vidual or a population, HIV-1 will contain [ew, if any, identical genomes. HIV within any individual actu-
ally exists as a population of relured, yet distinct, viral variants termed the viral quasispecies. This varia-
tion may have profound effects on the development of immunologic escape, drug resistance, and
vaccine-induced immunity. The molecular epidemiology of HIV and the possible implications of this
genetic hererogencity will be discussed in greater detail in Chapter 4, this volume.

THE PATHOGENESIS OF HIV INFECTION

Cellular Targets of HIV

The name “human immunodeficiency virus® suggests that this virus ultimately brings about deficiencles
in the immune system of infected individuals. To exert such ellects, the virusattacks and destroys the
+very cells that form the immune defense mechanisms of humans. The most important of these cells and
" their functions arc T-lymphocytes, B-lymphacytes, plasma cells, macrophages, and natural killer cells,

T-Lymphacytes

These cells, consisting of several subpopulations, play a vital role in cell-mediated immune responses and
help B lymphocytes in humoral antibody production. Themast important T-lymphocyte subpopulations
are CD4+ T cells (or T4 cells) und CD8+ T cells (or T8 tells). CD4+ T cells help or induce other cells of the
immune system to carcy out their various [unctions: hence, they are called helper/inducer cells. CD4+
cells carry out these [unctions either by direcrcontact with these or other cells of the immune system or
by secreting soluble substances, called cytokings, that serve as chemical messengers and/or chemoattrac-
tants that direct cells to the appropriate sites of infection throughout the body. The activities of T+ cells
also result in the marurarion, activation, and proliferation of other cells of the immune system. T8 cells
cither suppress the activities of other cells (T4 and B cells), or [unction as cytotoxic cells, killing virns-
infected and tumor cells. They directly bind to cells carrying a foreign antigen and lyse such cells, thus
climinating them from the body. T8 cells have been proposed to play a key role in the immunologic
delense against HIV by controlling viral replicution through at least two mechanisms: direct antigen-spe-
cilic eyrolysis, whichppears to be required for optimal suppression, and release of soluble antiviral fac-
tors (24,25). The antiviral activity of T8 cells was first described when investigators observed a depletion
in CD8+ cells fromt the peripheral blood monanuclear cells of HIV-infected people and a corresponding
increase in viral teplication in the remaining CD4+ cells (26,27). On the other hand, replacement of the
CD8+ cells canised u dose-dependent suppression of viral replication,

B-Lymphocytes and Plasma Cells

B-lymphocytes, on maturation, lead to the production of plasma cells, which, in turn, produce antibod-
ies that clear infecting organisms. For the efficient performance of their [unctions, B-lymphocytes
require the assistance of T4 lymphocytes. Plusma cells are small cells produced [rom the maturation of B
cells and in turn produce antibodies against a variety of foreign agents,
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Mueraphuges

Macrophages are large cells thar engulf and kill pathogens. These pathogens are digested by macrophages
into multiple antigens that are then presented on the surface of macrophages for recognition and process-
ing by other cells of the immune system. Monocytes constitutively migrate out of the bloodstream into the
tissues to replenish the tissue macrophage pool and scout for infection. This physiologic tissue migration of
macrophages also provides « means by which HIV-1 can infect the brain, lungs, and many other organs.

Natural Killer Cells

Natural killer cells, otherwise known as NK cells, kill malignant, altered, or deformed cells.
Morphologically, NK cells resemble T-lymphocytes. Like the B- and T-lymphacyres, they exist in resting
form in normal individuals who have not previously encountered the particular infectious agent or can-
cerous cells, Unlike T and B cells, NK cells are not specific for the eells they artack.

Elfects of HIV on the Immune System
As the principal cellular target of HIV inlection is the CD4+ T helper lymphocyre, the depletion of T
lymphocytes is a central factor in the progression of ITIV/AIDS. Because these cells play a vital role in
regulating and amplifying the immune response, any decline in their number resules in deficits in both
humoral and cell- mediated immunity, resulting in the immune dysfunction that is a hallmark of HIV
inlection (28). The mechanisms by which HIV induce CD4+ T-cell death are nor yet [ully understood,
however. At least three major mechanisms have been proposed (29):
» the killing of productively infected CD4+ T-cells is caused either by direct viral cytopathic effects
or by antiviral cytotoxic CD8+ T lymphocytes;
« viral-mediated killing of bystander uninfected CD4+ T-cells is induced by viral proteins that are
released [rom infected cells; or
+ excessive, ongoing immune activation caused by a high, persistent viral antigen load leads to the
activation-induced death of varions uninfected immune cells, including CD4+ T-cells.

The normal lunction of CD4+ cells in maintaining an efliclent immune response to infection is thus
progressively reduced by the cyropathic effects of HIV. Macrophages and CD8+ cells become less effi-
cient at clearing virally infected cells, because CD4+ helper cells are no longer functioning properly.
Subsequently, production of specific antibodies is also reduced. Collectively, this severe immunosup-
pression allows opportunistic pathogens to replicate unchecked within an individual. Thus, as HIV
infection progresses, the victim develops immune abnormalities as the virus interferes with the normal
interactions and regulation of cells in the immune system.

Viral Load and CD#4+ Natural History
Belore the widespread use of viral load assays, the CD4+ cell count has been used extensively as a surrogare
marker for 111V disease progression. In Nigeria, CD4+ cell counts in healthy individuals have been found
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to range [rom 636/mm’? to 977/mm’ of blood (unpublished data). In Western countries, the mean value
has been reported to be 1,000/mm? to 1,100/mm? (30,31), Thus, constant exposure to a number of other
pathogens in sub-Saharan Alrica may result in an overall less healthy immune system with which to
fight HIV infection.

The conrse of HIV infection varies within a population, Nonetheless, a typical infection can be
divided into three stages: primary inlection, asymptomatic inlection, and symptomatic inlection, or
AIDS. Following primary HIV infection, the CD4+ cell count decreases, while HIV RNA rises to high
levels. With sufficient exposure to viral antigens, cytotoxic T-lymphocyte responses are generated and
the HIV viral load typically declines to an cquilibrium known as a virologic “setpoint,” which occurs
within 6 to 12 months of initial infecrion. Once this viral serpoint is reached, the CD4+ cell count may
rebound again marginally, although it does not often return to baseline values (32). Concurrent with

 these events are clinical manifestations of acute HIV infection in 30% to 60% of people (Figure 3-2).
About half of newly infected people experience flu-like symptoms; the remainder are asymptomatic.

Once inlected, humans experience an asymptomatic clinical latency that lasts 2 ro 10 years, during
which HIV is produced and removed by the immune system, and CD4+ T cells are killed and replaced.
During this asymptomatic period, the number of infected circulating CD4+ cells and free virions is rela-
tively low. Morcover, the hematopoictic system is able to replace most T cells that are destroyed, thus
keeping the CD4+ cell counts in the normal range (800 to 1200/imm? of blood). Later in infection, repli-
cuting virus digrupts the [ollicular dendritic cells’ architecture, und more inlecred T cells appear in the
circulation. Viruses are no longer retained in the lymph nodes; thus, the circulating levels of [ree virus
increase. Eventually, the circulating CD4+ T cell levels fall to less than 500/imm? and opportunistic
infections may oceasionally oceur, During the later stage of infection, the CD4+ cell count declines
below 200/mm?, a level ar which the infected individual is said to have developed AIDS. A number of
opportunistic inlections — including oral candidiasis and recurrent tuberculosis— ure common during
the early symptomatic phase of AIDS, As the CD4+ cell count declines to an even lower level, additional
life-threatening opportunistic infeetions —such as herpes zoster, amochiasis, and dermatomycoses—
mity occur with increasing frequency.

In the later stages of symptomatic HIV infection, the viral load levels rise again. Reports involving
accurate quantification of virus in infected patients have revealed that much more virus is present than
originally thought (33). Quantitative PCR methods, the so-called viral load assays, have shown that:

« Continuous replication of HIV occurs in nearly all infected individuals, although the rates of virus

production vary by us much as 70-fold in dilferent indivicuals;

» The averyge hall-life of an HIV particle/infected cell in vivo is 2.1 days. Recent reports have suggest-

ed aneyen [aster turnover of plasma virus of 28 to 110 per minute;

 Upto10°-101" HIV particles are produced cach day; and

= Anaverage of 2x10° CD4+ cells are produced each day.
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Figure 3-2. Dynamics of Virus-and CD4+ Levels Over the Course of an Untreated HIV Infection
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Thus, contrary to what scientists initially believed, there is a very dynamic situation in HIV-infected
people involving continuous viral replication and destruction and replacement of CD4+ cells.

While the CD4+ cell count is a less expensive and less technical measure of HIV disease progression,
quantilying the viral load is currently the most direct measurement of the HIV disease process. It has also
been used to assess the risk of disease progression and the response to antiretroviral therapy (ART) (33)
As the discase progresses, CD4+ cell count declines but may rebound if therapy is efficacious: however, this
parameter alone is an incomplete marker for clinical assessment of a patient. Nevertheless, in resource-
poor settings (which include a large proportion of rhe most affected countries), the CD4+ cell count is a
maore affordable and hence more practical yardstick for monitoring disease progression and ART efficacy.
The lollowing CD4+ cell counts are useful in staging a person's disease progression:

« Acute seroconversion syndrome: > 1000/mm?*

« Early disease: > S00/mm}

« Middle-stage disease: 200-500/mm?

« Late disease: 50-200/mm*

« Advanced disease: < 50/mm?

Clinical Latency (Asymptomatic Infection)

Studies in industrialized countries have shown that the median rime [rom initial HIV-1 infection to the
development of AIDS ranges from 9 to 11 years (32). In Nigeria, such figures are not available. The course
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of infection with HIV-1 varies dramatically, even when the primary inlections arose [rom the same
source. In some individuals with a long-term non-progressive HIV-1 inlection— that is, a lack of decline
in CD4+ cell counts, or chronic infection for at least seven years withourt the development of AIDS—
defective viruses have been identilied (34-37). Thus, infection with a defective virus, or one with a poor
capacity to replicate, may prolong the clinical course of HIV-1 infection.

As a result of immune activation and other [actors, CD4+ cells in the lymph nodes produce virus more
rapidly than latently infected cells. As these infected cells are ruptured, they release progeny virions that
infect other susceptible cells. After acute HIV infection, a long clinical latency perind occurs prior to the
onsct of symptomatic discase, or AIDS. Although the period is often called the latency period, the virus
is not actually dormant. It continues to replicate, mostly in lymph nodes, leading to swollen lymph
nodes or lymphadenopathy.

AIDS

Acquired immune deliciency syndrome, or AIDS, s a clinical dliagnosis that represents the late stages of
HIV disease progression. People classified as having progressed to AIDS either have CD4+ cell counts
lower than 200/mm’ or one or more AIDS-delining conditions, The most common AIDS-defining condi-
tinns in Nigeria are severe weight loss; pulmonary tubereulosis; candidiasis (of the esophagus, trachen,
bronchi, und lungs); herpes zoster infection; recurrent bacterial pneumonia; ind Kaposi's sarcoma
(38.39). In industrialized countries, the most prominent AIDS-defining dingnosis is Picumocystis carinii
pneumonia, which has been rare among AIDS patients seen in Nigeria (4,7,38,39).

Upon diagnosis of AIDS or symptematic discasc, the median survival time ranges from 12 to 18
months, Nearly all patients who die of HIV-related complications are in this CD4+ cell count category.
With the recent introduction of Highly active antiretroviral therapy, or HAART. as wellas better educa-
tion and management ol people fiving with HIV/AIDS in Nigeria, people infected with HIV live longer
and are healthier even with CD4+ cell counts of less than 200/mm’ (40-43).

TRANSMISSION OF HUMAN IMMUNODEFICIENCY VIRUS

After the First' AIDS eases were reported in the United States, several risk groups were identified —
homosexual men, hemophiliacs, and injection drug users—which suggested several possible modes of
HIV transmission even before the isolation of the causative agent. Today, we know that both HIV-1 and
HIV-2 are trunsmitted through three principal routes: sexual transmission; transfusion of blood and
bioed products; and mother-to-child transmission. These routes include the four bodily [luids responsi-
ble for all HIV transmission: semen, vaginal fluids, blood, and breast milk.

Sexual Transmission
HIV can be transmitted by vaginal, anal, or oral sexual intercourse. Like other sexually rransmirred
infections (STls), the likelihoad of infection with HIV is related to the number of sexual partners; the
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infectiousness of inlected individuals (for example, people with higher viral loads may be more likely to
transmit HIV than people witch lower viral loads); and the duration of infection. Globally, about 90% of
HIV infection is acquired sexually (44).

In North America and Western Furope, homosexual anal intercourse was initially the major mode of
HIV transmission (45). However, heterosexual transmission has since become the major mode of trans-
mission in nearly all countries (46). In addition, heterosexual transmission of HIV-1 is mote [requent
than for HIV-2 (47). In Africa, the male-to-female ratio of HIV infection remains approximately 11
(48-51), suggesting that the main mode of transmission is heterosexual. It has heen pastulated, howev-
er, that the cfficiency of male-to-female transmission is higher than female-to-male trransmission (52). It
also hus been observed that some people became inlected alter a single exposure, while others escape
infection even alter prolonged, unprotected intercourse with HiV-infected people (53,54).

Morcover, the existence of highly exposed but uninfected individuals suggests that additional
factors can influence the sexual transmission of the virus (53,54). Certain lactors—such as dura-
tion of inlection, genetic susceptibility of the host, inlecting virus load, virulence of the particular
HIV strain, and the status of the immune system — may also allect the rate of hererosexual transmis-

sion (52,55). Among the key factors are host infectiousness, viral infectivity and virulence, and host
susceptibility.

Host Infectiousness
Some of the [actors that influence the host infectiousness include:

» Stace of infection. Holmberg et al. suggested that HIV-infected people may be more infectious in
later stages of infection (18). A study by Hirsch and Curran, however, found no association
berween stages of HIV infection and amount of virus in the semen (7).

« Severity of the disease and the presence of p24 antigenemia in the infecting person (36).

+ CD4+ cell count. It has been shown that transmitting partners have significantly few T-helper cells
than non-transmitters (57.58).

» Mode by which a person acquired infection. It has been shown that partners of infected injection
drug users are much more likely to be HIV seropositive than partners of HIV-infected transfusion
recipients (54).

« Vaginal scx during menstruation. Menstruation might increase the likelihood of HIV transmission
to malé sex purtners (59).

Vival Infectivity and Virulence

Viral infectivity and virulence tend to relate directly to transmissibility. HIV manifests a high degree of
genetic variability in vitro, and genetically distinct isolates can often be recovered from the sume patient
at dilferent rimes. Nelson and Perelson observed [ast replicaring strains during early and late infection,
and, in the same individual, slow replicating strains during the intermediate latent stage (60). Increased
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virulence might lead to an increase in transmission rates by augmenting the number of viruses present in
host secretions (61). Therefore, people infected with HIV varianes ol higher virulence could be expected
to infect a higher proportion of their susceptible contacts than people with less virulent variants,

Host Susceptibility

It has been shown that 1 breal in integrity of the vaginal or rectal mucosa also lucilitates HIV infection
(7). Herpes simplex virus infection and syphilis, which cause ulcerative diseases, are known risk factors
for HIV transmission (4). Sources of abrasion for the rectum or vagina—such as rectal douching, peri-
anal bleeding, and tampon use—may also facilitate HIV transmission (62-64).

Estrogen-containing contraceptives and sexual intercourse during menstruation have been associat-
ed with higher risk ol HIV infection in women (18,59). Although estrogen thickens the cervical mucosa
+ and might be expected to reduce IV infection, it is associated with a change in the cervical ectopion
and predisposes it to chlamydial infection, cervicitis, and cervical changes thatmay facilitate HIV infee-
tion. In men, 4 lack of circumeision has been associared with a higher risk of HIV inlection (65).

Translusion of Blood and Blood Products

Whole blood, cellular components, plasma, and clotting factors have all heen implicated in HIV trans-
mission. Most peaple infected with HIV through blood transfusions had an exposure to a single yer
lurge inoculum and olten had underlying medical conditions that influenced the rapid development of
HIV-related illnesses (66).

Heat treatment of concentrated clotting factor, coupled with donor screening, has reduced the trans-
mission risk associated with transfusion of blood and blood products in developed countries to fewer
than one HIV inlection per 500,000 transfusions. [n developing countries, though, where HIV screen-
ing facilities [or blood translusion salety are inadequate, this mode ol transmission remains a signilicant
source of new 11V infections.

Parenteral exposure to HIV also results in a small but definite occupational risk of HIV infection for
health care workers (67). For this transmission mode, the size of the inoculum is the most important
lactor determining the risk of HIV infection. Among adults and children in Alrica, especially in rural
areas, there is a relationship between AIDS and needle injection. These injections, administered primari-
ly for medical purposes, are often by untrained practitioners who usually use a single needle for more
than one person (68). In Alrica, some practices such as facial scarification and group male and female
circumeision may ulso promote transmission ol HIV (48).

Injection drug vse plays an important role in transmission of HIV in the developed world. In addition to
sharing contaminated needles, injection drug users may also engage in high-risk sexual intercourse (69). It
has been shown that female injection drug users and partners of male injection drug users represent the
largest number of HIV-infected women of childbearing age in developed countries (70); thus, the associa-
tion between perinatal trunsmission of HIV and injection drug vse is strong in the developed world.
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Mother-to-Child Transmission

Nearly all cases of HIV infection in infants in both developed and developing countries oceur as a result
of mother-to-child transmission through three potential routes: across the placenta (in utero); during
delivery, through exposure to infected genital tract secretions (intrapartum); and, postnatally, through
breastfeeding,

Studies have shown that breastleeding accounts for most mother-to-child transmission of HIV
(71-74). Profound stomatitis in children and cracks on mothers' nipples are additional factors leading
to HIV transmission. Additional maternal factors that may influence perinatal transmission of HIV
include a low CD4+ cell count, viral load, rupture of membrane more than 48 hours before delivery, and
alow level or Jack of anti-V3 loop antibodies (75,76). Recent reports also show that the absence ol ART
in the mother and/or child is an additional [actor in transmission.

LABORATORY DIAGNOSIS AND MONITORING

The ellectiveness of HIV control measures and the success of treatment of infected people in any coun-
try largely depend on the establishment and provision of accurate and reliable diagnoses. Testing tech-
niques must he reliable for results to be unambiguous.
HIV testing programs tend to have the following ohjectives:
+ To monitor the trends of HIV infection in a population or subgroup for planning interventions,
such as surveillance or unlinked anonymous sentinel surveys;
« To ensure the safety of recipients by testing donated blood or donors of organs or tissues;
« To identify individuals with HIV infection for diagnosis of AIDS-related diseases or voluntary test-
ing purposes in asympromatic or AIDS cases; and,
s To enable research on various aspects of HIV infection and AIDS-related diseases.

HIV testing has gencrated interest not only in the scientific community, but also among the general
public. Several facrors—including HIV variability, type of laboratory facilities, and the competence of
personnel handling the tests—are known to alfect the accuracy and reliabilicy of HIV testing in Alrica
(77). While some of these factors can be managed to a great extent in laboratory settings in some devel-
oping countries, the problem of genetic variability is a serious one in most parts of Africa, where multi-
ple HIV-1 sublypes and/or HIV-2 may circulate,

The various technical, ethical, and legal issues that invariably sccompany HIV resting have led many
countries to develop their own HIV testing policies and guidelines. The development of tests to detect
infection with HIV has made it possible to determine the prevalence of HIV and to monitor trends with-
in yarious populations. While this information is of great value in designing, implementing, and moni-
toring public health programs for prevention and control, testing of any population for HIV requires
careful consideration of a number of issues relating to logistics, laboratory operations, legal ramifica-
tions, and ethics.
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Serologic Techniques

Detection of H1V-gpecilic antibodies in the blood or other body [luids is the main method of testing for
HIV and the standard procedure for diagnosis of HIV infection. The most commonly used serologic
assay for diagnosing HIV infection is the enzyme-linked immunosorbent assay (ELISA) (7,78-80). In
general, the assays used to detect specific HIV antibodies cian be classitied into two categories: screening
tests, including ELISA/EIA, rapid, and simple; and supplemental or confirmatory tests, including
Western blot, culture, antigen detection, and immunofluorescence assays.

Screening Tests

Screening assays are performed to test blood samples or blood products and [or surveillance. These
include dillerent lorms of ELISAs, which typically take two to three hours to complete. Rupid screening
* tests can provide results within a few minutes and, in most cases, include visual assays like dot-blat
tests; particle (gelatin, latex, microbeads) agglutination; HIV spot and comb tests; and [luorometric
micropurticle technologies. Most of the simple screening tests are based on ELISA principles, but take
about hallan hour to conclude.

The indirect ELISA screening technique uses inactivated virus, synthetic peptides, or recombinant
proteins as antigens to detect the presence or absence of HIV-specific antibodies in serum or plasma.
While there may be some degree of cross-reactivity between HIV-1 and HIV-2, ELISAs that can specifi-
cally detect HIV-2 have also been developed. Thus, discrimination between HIV-specilic antibodies
against the two types ol HIV can be ensured in the assay protocol.

A well-developed ELISA kit should have a specificity and sensitivity that exceed 98% to 99% (7). A
sample reactive in an ELISA is usually retested using an ELISA with another antigen source. If the ELISA
is lound to be reactive a second time, it is considered to be repeatedly reactive und then a confirmitory
test (Western blot) is performed. Cases of lulse positivity und [alse negativity have been reported, how-
ever (7). False positivity may reflect the presence of other retroviruses (48) or immunologic abnormali-
ties. False negative reactions, on the other hand, may occur at the early stage of infection before
HIV-specific antibodies have fully developed at sufficient quantities for derection (that is, during the
“window period” of primary infection) (48). Several techniques—including PCR, p24 antigen detec-
tion assay, or viral culture —can detect HIV infection during the window period.

The first gencration of ELISAs were sensitive yet not specific because whole viral lysates were used as
antigens. These lysates usually contained small amounts of host cell components, which gave rise 1o
fulse positive reactions. The ELISA technologies improved, and second- and thivd-generation kits were
developed using recombinant and synthetic peptides as antigens. Thus, ELISA assays available in the
matket may be:

« First generation: Usc antigens derived from detergent disruption of viruses grown in human

lymphocyres.

« Second generation: Use artificially derived recombinant antigens expressed [rom bacteria.
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« Third gencration: Use chemically synthesized oligopeptides of 15 to 40 amino acids.

« Fourth generation: Detect both antibody and antigen in the sume well of an ELISA plate.

First-generation ELISAs are no longer used for HIV testing, however, because of the high level of false
positivity.

Rapid assays. A number of rapid assays bused on the principles of agglutination and ELISA have been
developed for ease of performance and quick results. These assays generally require less than 20 minutes
to perform and do not require special equipment.

Agglutination assays. Agglutination assays incorporate various antigen-coared carriers, such as red
cells, latex particles, gelatin particles, and microbeads. These particles are used to support or carry HIV
antigens hy non-specilic attachment.

Agglutination assays have good sensitivity, do not require sophisticated equipment, are casy to per-
[orm and cost-ellective, and require no wash procedures. Specificity is somewhat compromised, howev-
er, ancl 4 prozone reaction may occur. To overcome the prozoiie reaction, diluted specimens should be
testecl. During the agglutination reaction, HIV antibodies interact with HIV antigens on the carrier par-
ticles. Since all antibodies are multivalent, a lattice nerwork berween antibodies and antigens is formed
that can be visualized macroscopically or microscopically.

Dot-blot assays/comb tests. These assays are rapid and easy to perform, can usually discriminate
between HIV-1 and HIV-2, and do not require sophisticated equipment. The results are read by develop-
ment of color, Sensitivity and specificity of most of these assays compare with ELISAs (81-84).

The assays use recombinant or synthetic peptides spotted onto nitrocellulose paper or micro parti-
cles. The antigen-containing matrix is housed in a plastic device containing absorbent pads to collect
reactants or made as a comb and the antigens are spotted onto the tooth of the comb card. Fach assay
contains an immunoglobulin capture control to validate the result, These assays are good for single-test
applications, such as inan emergency, during an avntopsy, or in labor rooms or peripheral blood banks.

HIV Antibodics Detected in Other Fluids

As stated curlier, the standard specimens for detection of HIV antibodies are serum, plasma, or whole
blood. Deteetion of HIV antibodies in other fluids is also possible, however. HIV antibodies can be
detected in oral [luids, such as saliva and oral mucosal transudates. However, the level of HIV antibodies
in these [luids is usually less than 1% of the level in serum (85-87). These tests may find better vse il
issues of confidentiality, counseling, and follow-up can be resolved. HIV antibadies can also be detected

in urine using appropriate ELISA kits (88.89). Guidelines for using these tests need to be developed,
however, as do adequare strategies [or [ollow-up.
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Choice of HIV Screening Assay
The [ollowing [acrors should be considered when choosing a particular protocal, kit, or strategy lor HIV
detection:

« The objectives of testing for HIV infection;

« The sensitivity and specificity of the test kit in a particular locality or country;

« The prevalence ol HIV in the population;

+ The cost-effectiveness of the choice;

» The appropriatencss to the strategy and national guidelines of testing; and

o The infrastructure, facilitics, and trained personnel available,

Sensitivity is the accuracy with which a test can establish the presence of an infection—that is, HIV
*antibodies in an appropriate specimen—and is determined as follows:

True positive (T1)

Sensitivity = ———
; TP + Fulse negative (FN)

x100

Specificity is the accuracy with which a test can confirm the absence of an infection—that is, truly
negative specimens test negative. Tests with high specilicity show few false positives; therefore, they are
preferred for diagnosing HIV infection and/or are used as the sceond assay in screening, Specificity is
deflined us lollows:

True negative (TN)

—_— L xI00
I'N + False positive (FP)

Specilicity =

Confirmatory Tests

Studies have shown that the probability that a test will accurately determine the true infection status of
a person heing tested varies with the prevalence of HIV infection in the population (90-92); the higher
the HIV prevalence, the greater the probability that a person testing positive is truly infected, This is
referred o as the positive predictive value (PPV) of the test.

In contrast, the likelihooe that a person showing a negative result is truly uninfected is termed the negative
predictive value (NPV). NPV decreases as the prevalence of HIV among the general popularion increases (92).

Supplemental tests are performed on blood samples that are previously reactive in a screening test.
When a blood specimen is reactive by any one ol the screening tests, it is tested again by a dilferent
assay system to conlitm the-disgnosis. I a specimen Is reactive in two dilferent screening systems, it is
tested again using a supplemental test, such as the Western blot or immunofluorescence assay.

HIV infection is confirmed by the detection of antibodies to specilic HIV proteins using the Western
blot—or immunoblotting — technique (93,94). This assay has certain drawbacks that limir its use,
especially in developing countries, 1t is costly and technically demanding, Furthermore, indeterminare
Western blot reactions are common, especially with Alrican blood samples (95). Thus, alternatives to
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Western blotting lor developing countries have been proposed (96) and are currently being used in
some laboratories.

These supplemental tests are used to resolve discordant results of ELISAs in voluntary counseling
and testing or to establish diagnosis ol HIV infection for the purpose of therapy. It is important to
censure that any commercial kit selected for this purpose is capable of detecting both HIV-1- and
HIV-2-specilic antibodies, as well as their respective subtypes.

Molecular Methods

Polymerase Chain Reaction )

PCR is a molecular technique that rapidly amplifies speciflic nucleotide sequences (96). The uselulness
ol PCR for the direct detection of HIV genetic material was recognized immediately. Today, PCR has
been widely applied to the detection and study of HIV infection in both clinical and basic research set-
tings for derecting HIV during early or acute inlection; subtyping HIV. variants and identilying HIV
strains; sequencing of the pol gene relevant to monitoring drug reststance and therapeutic ellicacy; and
detecting HIV in newborn babies of infected mothers.

Virus Isolation

HIV infection can also be detected by isolarion of the virus [rom peripheral blood mononuclear cells,
genital secretion, plasma, brain, bone marrow, or a variety of other tissues (97-99). Co-cultivarion of the
test specimen with uninfected mitogen-stimulated PBMCs is the technique most commonly used (7).
After several days, the supernatant of the co-culture is evaluated for reverse transcriptase activity, the
presence of HIV p24 antigen, or HIV RNA. In general, virus is present in PBMCs in high concentrations
very early and very late in the course of HIV:inlection; thus, this approach is particularly important [or
the accurate detection of H1V infection during the window period before HIV-specific antibodies have
[ully developed. However, because virus isolation is quite slow and gencrates a large number of infec-
tious particles, it must be conducted under conditions of strict biocontainment. Thus, it is not routine-
ly attempted in most developing countries; in the developed world, it is primarily a research method.

Diagnosis of HIV Infection in Newborns

Transplacental transmission of HIV can oceur from an infected pregnant mother to her fetus as carly as
eight weeks of gestation (100,101). Diagnosis of HIV infection in infants born to seropositive mothers is
dilficult because maternal antibody (IgG) to HIV-1 crosses the placenta and can persist for up to 15
months, making the distinction between maternal and neonatal IgG difficult. The various tests available to
diagnose HIV infection in neonates under the age of 15 months include detecrion of IgA and/or IgM anti-
HIV antibodies, detecrion of p24 antigen, PCR amplification of viral DNA or RNA, and virus isolation.
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Monitoring Progression of HIV Infection and Therapy
Infection with HIV progresses to AIDS at different raves in dillerent individuals, with a wide spectrum
varying [rom rapid progression to long-term non-progression. This variability makes it essential to have
tests that can accurately assess the stage of infection in an individual, as well as monitor the progres-
sion of disease. The response of individuals to ART is similarly monitored. The increased rate of HIV
replication is rellected in an increase in plasma viral RNA load, which is considered the most represen-
tative and sensitive laborarory test for monitoring progression of HIV infection. Over time, increased
HIV replication leads to a depletion of CD4+ cells. The CD4+ cell count, a useful surrogate marker for
viral replication, was the first method described for monitoring HIV disease progression and is still used
[or staging inlection and monitoring progression in many parts af the world,

The luboratory tests used [or monitoring the progression of HIV disease can be classified into viral

, markers and surrogate markers,

Virul Markers

Plasma HIV RNA load. Plasma viral load (HIV RNA) quantification is considered the hest method [or
monitoring progression and response to ART. Active replication of virus oceurs during all clinical scages
of infection; thus, it is pessible to detect and quantify virus throughout the course of infection. The tech-
niques available for quantifying viral RNA are: quantitative RNA-PCR; branched DNA assay (bDNA);
and nueleic acid sequence based amplilication (NASHA) (14).

24 antigenemia, The gag-gene-encodled core protein antigen, p24, is one of the earliest viral antigens
detectable in the blood after infection. It is useful for diagnosis during the "window period” of eatly infection
and in the newborn. An increase in free p24 levels is an important predictor of increased virvs replication
(102-104). Until the development of HIV RNA load assays, the p24 assay was the major assay used to meas-
ure viral replication directly. The p24 untigen is poorly quantiliable, however, and may not be derectable in
many individuals. In addition, p24 concentrations in the blood do not correlate well with ART efficacy.

Surrogate Markers

Virus-specilic marlers. A viral characteristic associated with progression of HIV inlection is the con-
version of the virus froma non-syncytivm-inducing (NSI) phenotype ta a syncytium-inducing (SI) phe-
notype (105-108).

Non-H1V=specilic markers. A number of non HIV-specific cellular markers have been used for
monitoring progression ol HIV infection and assessing response to therapy, One of the most useful and
commonly used cellular markers is the ubsolute count (or percentage) of CD4+ lymphocytes in the
blond. Other lymphocyte phenotypic markers associated with progression include an increase in indica-
tors of immune activation on T lymphocytes like CD38 (especially on CDB+ lymphocytes), HLA-DR, IL-
2R, CD45R0), und murkers of apoptosis, such as Fus. Flow cytometry is the most accurate method [or
determining these markers and CD4+ cell counts, though it is technically demanding und comparative-
ly expensive hoth in terms of equipment and reagents.
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CD4+ cell counts. The most commonly used cellular marker is the CD4+ lymphocyte count. Its
decline is the hallmark of HIV infection, and the rate of CD4+ cell loss in each person is unigue, CD4+
cell number changes during HIV infection in the following stages:

= A rapid decline for 6 to 18 months at the time of seroconversion;

» A platean or graclual decline that can last several years during the asymptomatic period;

= Asteeper decline [or several months hefore AIDS develops: and

» Acontinued CD4+ cell decline and pronounced immunosuppression until the death of the infected

individual.

The CD4+ cell count is extremely important in the staging of H1V inlection. A revised classification
of the US. Centers lor Discase Control and Prevention stratilies HIV positive people into three CD4+
count categories: > S00/mm?; 200-499/mm?; and « 200/mm? (along with three parallel clinical stages: A,
B,and C). Tt is known that a low CD4+ count (less than 10% or < 100/mm?) and a low CD4+/CD8+ ratio
(«0.2) ure highly predictive of death from AIDS-related complications (109-114). In developed countries,
a combination of the CD4+ cell connt and HIV viral load assays are used as markers of progression. A
persistently high viral load is predictive of a poor prognosis, especially when accompanied by a very low
CD4+ cell count. Viral load is considered a superior prognostie marker compared with CD4+ cell counts
when monitoring patients on ART.

Soluble markers: A large number ol soluble markers of immune activation have been evaluated us
prognostic indicators in HIV infection. These include serum/plasma levels of neopterin, f2-microglobu-
lin, tumor necrosis factor alpha (TNF-u), soluble CD8+, and soluble cytokine receptors (sIL-2R for 1L-2
and sTNF-o RIT for TNF-ct) (115-117).

HIV INFECTION IN NIGERIA

Initial concern about H1V infeetion in Nigeria was first raised between 1984 and 1986 by a number of
medical scientists, including C. K. 0. Williams and A. F. Fagbami, then of the Departments of
Hematology and Virology, respectively, at the University College Hospiral in Ibadan: Abdulsalami
Nasidi and Tekena Harry at the National Institute for Medical Research in Yaba, Lagos; and Idris
Mohammed of the University of Maiduguri Teaching Hospital. Their persistent call for action resulted
in the establishment of the National Experts Advisory Committee on AIDS in 1987 by the minister of
health at the time, the lute Olikoye Ransome-Kuti. Also in 1986, the Nigerian government officially
publicly recognized the first HIV/AIDS infection in the country (69). Subsequent work by individual
researchers or groups led to the identification of more cases of HIV/AIDS in different parts of the coun-
try. It should be noted, however, that investigations at that period were limited to institutions or indi-
vidual scientists who had access to the appropriate diagnostic assays through collaborations with
scientists in institutions in the United States, France, the United Kingdom, and Germany.
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In lite 1987, the Federal Ministry of Health, with technical assistance from the Overseas Development
Agency ol the British Council and the World Health Organization, established HIV screening [acilities
in 13 teaching hospitals in the country with the sole objective of ensuring transfusion safety. Fence, the
facilitics were usually located in the departments of hematology or the blood banks of these centers. The
number of such HIV screening centers was later increased to cover more hospitals in the country.
Results of the [iest 2,000 blood units tested at the various centers were negative for HIV antibodies. In
addition, none of 586 archival sera from blood samples collected from 1983, when the first evidence of
HIV infection in Africa was reported, to 1986 was positive for HIV (59). Unfortunately, the announce-
ment of these initial negative results led to complacency on the part of health authorities in Nigeria and
consequently the general population.

*, Seraepidemiology

Data from screening of blood donors and limited seroepidemiologic studies of the gencral population
indicated that the rate of HIV inlection was less than 19 in Nigeria until the lave 1980s (118-121),
However, a stady using 3,854 serum samples collected from 1985 to 1990 showed u 10-[old rise in the
rate of 111V infection in the country within the five-year period (49). This observation was corroborat-
ed by other workers from different parts of the country, indicating increased HIV infections in Nigeria
during the early 1990s (119,122). Thus, contrary to initial beliefs, the virus may have been introduced into
the Nigerian population in the late 1970s, like many other African countries, but it remained at low lev-
els within the population until its explosion in the late 1980s. In retrospect, blood samples [rom a
woman who presented with severe loss of weight in the carly 1980s, then called “slim disease,” was
found to be positive [or HIV antibodies (unpublished data). The highly celebrated story of the “strange
disease” was published on several occasions by a local newspaper, Skereh, in the early 1980s.

The lirst national surveillance ol HIV infection among pregnant women attending antenatal clinics
{(ANC), as well as patients attending sexually transmitted infection clinics, was conducted in 1991
(123-125). In addition, groups of long-distance truck drivers and sex workers were tested. Surveys among
the ANC attendees and people with high-risk behaviors have been repeated at various intervals since
then (123-126). These studies have shown that HIV has spread extensively in urban and rural areas of
Nigeria, The rate of infection also varies significantly from one location to another. The median rate of
infection among the general population represented by ANC attendees in different parts of the country
increased from 1.8% in'1991 to 4.5% in 1995, 5.4% in 1999, and 5.8% in 2001; a small decline to 5.0% was
noted in 2003 (123<126). Similarly, a 2000 survey lonne high HIV infection rates of 11.0% (ranging [rom
5.2% to 23.0%) and 17.0% (ranging [rom 4.2% to 33.0%) among patients presenting with other sexually
transmitted infections and pulmonary tuberculosis, respectively (123).

As HIV continues to spread in Nigeria, it is apparent that the epidemic manifests different patterns
amonyg various subpopulations and in different parts of the country. Initially, the age of highest inlection
wiis among people in their late twenties. More recent surveys, however, have shown high rates ol HIV
infection among people aged 15 to 24 years. The rate of HIV infection among preghant women 15 to 24
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":Figure 3-3, HIV Infection by Age Group in Two Communities
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While several of these issues remain unresolved, surveillance has been the subject of the evidence-
based prevention approach of the AIDS Prevention Initiative in Nigeria (APIN) of the Harvard School of
Public Health: The goal of HIV surveillance is to determine the rate and incidence of the virus transmis-
sion umong diverse subpopulations at the community level. Availuble baseline data [rom APIN-support-
Ibadan and Saki in Oyo State—
showed that the actual HIV infection rate may be higher than previously suggested by the periodic
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nationul testing ol ANC uttendlees. For instance, while the 2003 national HIV survey estimated 1 4% preva-
lence in Oyo State, the results ol a population-based stucy by APIN and the Department of Virology at the
University College Hospital in Thacan involving approximately 10,000 apparently healthy volunteers found
HIV infection rates of 7% and 8% in Ihadan and Saki, respectively (Figure 3.3). The rates varied widely
between occupational groups from 54% to 13.6% in Ibadan and 3.2% to 16.9% in Saki. The rate of HIV
infection was significantly higher among males than females in the same geographic area.

In Nigeria, HIV transmission remains predominantly due to heterosexual sex. Males have been
shown to be the main bridging route between people who engage in high-risk sexual behavior, such as
female sex workers, and the general population (Olaleye et al., unpublished data). T addition, usc of
unscreened or improperly screened blood units [or translusion constitures a major source ol transmis-
sion. It is also pertinent to note that fewer than 1% of pregnant women in Nigeria have access to [ree
* TV testing and prevention-of-mother-to-child-transmission counseling, Hence, mother-to-child trans-
mission of HIV remains a significant problem in Nigeria.

Reported AIDS Cases

As part of the global strategy to monitor the HIV pandemic, all countries are expected to report new
AIDS cases to UNAIDS. Although the value of AIDS case reporting is limited, as it only provides infor-
mation on transmission patterns during the previous five to ten years, the data remain useful for advoca:
cy and estimating the burden of HIV-related morbidity, us well as planning of AIDS-related heulth care
services, The data also provide information on the demographic and geographic characteristics of the
infected and affected population groups, including their risk factors for HIV infection.

In Nigeria, several attempts have begn made to organize a proper AIDS case reporting system. Like
many other public sector agencies seeking to collect dara, the Federal Ministry of Health has had diffi-
culty obtaining accurate data on AIDS cases [rom the local and state levels. In 2000 the ministry reacti-
vated the AIDS reporting program in collaboration with several international developmental partners,
The process of active data collection at the hospital level started in 2002-2003.

Although the government of Nigerla has been reporting AIDS cases to the World Health
Organization since 1998, the duta do not correspond with the reality of the problem in the conntry. As
analternative, the Federal Ministry of Health has adopted the UNAIDS projection method of estimating
AIDS cases from HIV infection rates emanating from sentinel survey data. Based on the 2001 and 2003
HIV sentinel surveys, it has been estimated that at least four million adulus between 15 and 49 years of
age are infected with HIV in Nigeria, with another 350,000 alreacly diagnosed or living with AIDS (125).

CONCLUSION

Our understanding of the biclogy, diversity, und pathogenesis of HIV hus increased tremendously in the
two decades since its discovery. These acdvances have enabled newer merhods [or epidemiologic surveil-
lance, more rupid diagnoses, and more effective drugs to treat infection. Nigeria, already home to a large
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diversity ol HIV viruses, muy inclicate that subtype-specific vaccine development will be dilficult. The
use of antirerrovirils in populations with limited resources may also suggest that drug-resistant virus is
prevalent, creating obstacles for future ART programs if those strains begin to circulate widely. We
remain hopeful, however, that continued research will advance the development of an effective vaceine
that will prove a critical component in our efforts to stem the HIV/AIDS epidemic.
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