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ABSTRACT 

The hallmark of HIV-1 is its extensive genetic diversity that emanates mainly from high mutations. Phylogenetically, 
HIV can be classified into geographically confined groups, types, subtypes and circulating recombinant forms (CRFs) 
that are however subject to change over time. HIV genetic diversity may partially explain the observed heterogeneity in 
HIV prevalence and has also been reported to impact on viral transmissibility and differential rates of disease progres-
sion. The aim of this review is to present a simple overview of the principles and concepts of HIV diversity and classi-
fication. Tracking the presence of new HIV strains is not only important for surveillance purposes but is also critical in 
facilitating personalized targeted therapy as well as forming the basis for development of the much anticipated effective 
vaccines against this scourge. 
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1. Introduction 

1.1. HIV-1 Genetic Diversity 

The unique characteristics of human immunodeficiency 
virus type 1 (HIV-1) are its extensive genetic diversity 
[1-4]. Diversification is due to errors encountered during 
viral replication including host immune response selec- 
tion pressures. Diversity is manifested as sequence vari- 
ability particularly within the env variable (V) regions [5]. 
Variability not only makes it difficult for the immune 
system to identify the virus but it also facilitates the rapid 
viral immune escape. The high level of genetic diversity 
has important implications in screening, diagnostic test- 
ing, disease monitoring and treatment outcomes [6-14]. 
Questions have been raised on whether diversity may 
also affect viral transmissibility and pathogenicity [15- 
20]. Sadly, genetic diversity has been the major impedi- 
ment in the effective vaccine design and development 
since the human immune response to HIV is strain-spe- 
cific [21]. Four factors vis-a-viz, the infidelity of reverse 
transcriptase (RT), recombination, superinfection and 
high replication rate of the virus have been shown to con- 
tribute to the development of the extensive HIV genetic 
variation [22,23].  

1.2. Properties of RT Enzyme and  
Recombination 

The infidelity of HIV RT enzyme confers mutations at an 
approximate rate of one error per genome per replication 
cycle [24]. RT also accounts for genomic heterogeneity 
in progeny viruses through its role in recombination. Ge- 
netic recombination is an evolutionary strategy for sur- 
vival in a changing environment for viral variants with 
superior fitness at an average of 1.38 × 10−4 recombina- 
tion events/adjacent sites/generation in vivo [25]. It oc- 
curs when an individual is co-infected with at least two 
different HIV strains that are multiplying concurrently in 
the same cell [26,27]. It is caused by high selection pres- 
sure from either the natural host immune response or 
antiretroviral drugs [28]. Recombinants between highly 
similar HIV-1 strains occur at highest frequencies while 
that between distant HIV-1 strains happen at very low 
frequencies [29]. Dual and even triple HIV-1 infections 
have been reported [30,31]. HIV superinfections also 
allow a mechanism for genetic recombinants between 
distant variants [32-37]. Superinfection and co-infection 
which both involve reinfection by at least two genetically 
distinct viral variants differ based on whether the second 
infection is contracted prior to or after the primary host 
immune response has been mounted [38]. These are as- *Corresponding author. 
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sociated with high viral loads and accelerated rates of 
disease progression [39,40]. HIV-1 superinfection pre- 
sents an additional concern to the already challenging 
problem of HIV-1 vaccine design in the face of the vi- 
rus’s rapid evolution [41]. 

1.3. High Turnover Rates of HIV-1 in Vivo 

HIV-1 virions are produced and cleared at an extremely 
rapid pace. Since the HIV-1 genome is about 103 base 
pairs in length, then the baseline rate of viral production 
is approximately 1010 virions per day [42]. This rapid 
turnover has been considered as the major factor under- 
lying the pathogenesis of HIV/AIDS alongside with the 
destruction of CD4+ T-helper lymphocytes [42]. Besides 
the viral RT, host RNA polymerase II makes minimal 
contributions to retroviral frame shift mutations [43]. 

Diversity may also be enhanced by different genetic 
factors including HLA in patients from different regions 
of the world. Viral genetic factors include proteins such 
as Tat, Vif and Rev that interact with human genetic fac- 
tors such as APOBEC, langerin, tetherin and CCR5 and 
HLA B27, B57, DRB1*1303, KIR and PARD3B [44]. 
The inability of Vif to counteract host APOBEC3 pro- 
teins lead to the deamination of cytidine to uridine con- 
sequently causing viral guanosine to adenosine hyper- 
mutations [45]. Some error causing mechanisms contrib- 
uting to HIV-1 variation are shown in Figure 1.  

Genetic diversity helps the virus evade the immune 
system and consequently this viral heterogeneity allows 
for a quick adaptation to the human immune system, 
antiretroviral drugs, or both leading to viral fitness/posi- 
tive selection in the face of pharmacologic or immu- 
nologic selection pressures [47]. Every day millions of 
genetic variants accumulate in latently infected cells only 
to be reactivated at some time in the future [48]. Thus, 
the extensive diversity of HIV resulting in a myriad of 

HIV variants has necessitated the need for its classifica- 
tion. This taxonomy facilitates better utilization of the 
ever growing viral sequence database through compari- 
son with previously published work.  

1.4. Classification of HIV 

HIV-1 strains are not randomly distributed across the 
globe but they display a distinctive geographical distri- 
bution [49]. Prior to 1992, HIV-1 strains were classified 
into two main classes on the basis of their respective 
geographical origin being then, the North American and 
African variants [50]. Thus, HIV variation is highest 
among viruses from different geographical locations, 
higher among isolates from different individuals. How- 
ever, variants present as relatively similar quasi-species 
within the same individual [51,52]. A quasi-species is a 
cloud or swarm of genetically diverse variants that are 
linked through mutations that interact cooperatively on a 
functional level but collectively contributing to the char- 
acteristics of a population [53].  

With the advent of phylogenetic analysis the env gene 
has revealed the existence of multiple phylogenetic clus- 
ters that were used in the compilation of the 1992 HIV 
classification compendium based on envelope viral se- 
quence similarities [54,55]. As the env sequence database 
increased over the years the gag and pol gene sequences 
were also incorporated in the classification procedure 
consequently, identifying HIV types, groups, subtypes, 
sub-subtypes and circulating recombinant forms (CRFs) 
[4,56-68], as summarised in Figure 2. 

1.4.1. HIV Types 
Phylogenetically HIV can be classified into two types; 
type 1 (HIV-1) and type 2 (HIV-2) [65]. Both viral types 
cause AIDS. HIV-1 is the first in the class of human ret- 
roviruses and accounts for most of the world’s HIV in- 

 

 

Figure 1. A schematic sketch of error-causing machinery causing HIV-1 genetic diversity [46]. 
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Figure 2. Summary of HIV classification: adopted from ref- 
erence [69]. 
 
fections. Its origin can be traced back to a Simian Im- 
munodeficiency Virus (SIV) isolated from a Chimpanzee 
(cpz) sub-species, Pan troglodytes troglodytes (SIVcpz) 
cross species transmission to humans [70-72]. HIV-2 is 
the second in the same class of human retroviruses but is 
largely confined to West Africa. The primate reservoir of 
HIV-2 is sooty mangabey, Cercocebus atys (green mon- 
key) [73,74]. Thus, (SIVCPZ) is closely related to HIV-1, 
while SIV from sooty mangabey (SIVSM) is closest to 
HIV-2 [75]. HIV-1 and HIV-2 are closely related viruses 
with nucleotide sequence homology of 58%, 59% and 
39% in the gag, pol and env genes, respectively [76]. 
Despite similar modes of transmission, HIV-2 is not as 
efficient in transmission horizontally and vertically 
[65,77,78]. Relative to HIV-1, HIV-2 has a reduced rate 
of disease development and has shown natural resistance 
to readily available non-nucleoside reverse transcriptase 
inhibitors (NNRTIs) [79]. Genetic recombination be- 
tween HIV types-1 and-2 has been reported [80]. Dis- 
tinction of HIV types is essential for accurate surveil- 
lance, diagnosis as well as administration of appropriate 
antiretroviral therapies. 

1.4.2. HIV Groups 
Phylogenetic analysis of HIV-1 suggested that zoonosis 
occurred on at least three independent cross species 
transmission events from chimpanzee, Pan troglodytes 
(pts), Pan troglodytes troglodytes (ptts) or gorilla (gor) 
resulting in four distinct HIV groups called the major 
(M), outlier (O), non-M/non-O (N) as shown in Figure 3. 
Studies have estimated the timing for the zoonosis of 
each lineage of groups M, O, and N at around 1931, 1920 
and 1963, respectively [82]. Group M is responsible for 
more than 90% of the world HIV infections [83]. Inter- 
estingly, the genetic analysis of sequences from clinical 
materials obtained from members of a Norwegian family 
infected earlier than 1971 showed that they carried vi- 
ruses of the group O mainly restricted to West Africa 
[84]. HIV groups have genetic sequence differences of 
>40% in some coding regions [85]. More recently, a  

 

Figure 3. Evolutionary relationships of HIV groups. 
SIVcpzPts (blue), SIVcpzPtt (red), SIVgor (yellow), and 
HIV-1 group M, N, O, and P (gray) strains based on partial 
env (gp41) sequences. Arrows indicate the ape reservoirs to 
the different HIV groups. Dotted arrows indicate that the 
direct reservoirs for HIV-1 groups O and P remain elusive 
[81]. 
 
new putative group, designated P, was reported in France 
from a Cameroonian female immigrant [86]. Group P 
viral sequences have been shown to form a distinct 
HIV-1 lineage with SIV sequences from western gorillas 
(SIVgor; Gorilla gorilla gorilla), suggesting that group P 
originated from gorillas [87] Reports have indicated that 
HIV-1 group P infections are rare, accounting for only 
0.06% of HIV infections in Cameroon [88].  

Unlike groups O, N or P, group M has been classified 
into subtypes. 

1.4.3. HIV-1 Subtypes 
Subtypes are phylogenetically linked strains of HIV-1 
that are approximately the same genetic distance from 
one another. Group M has been classified into nine dis- 
tinct subtypes, also called clades or genotypes, denoted 
with letters, A, B, C, D, F, G, H, J and K, thus making 
the development of effective blanket diagnostic and 
monitoring tests or vaccine a challenge [84,89]. Inter- 
subtype variation is about 30% with respect to the env 
gene sequence and 15% for both the gag and pol genes 
sequences [90]. Different risk groups for HIV infection 
are associated with specific subtypes with intravenous 
drug users (IDUs) including the gay communities and 
heterosexual population generally acquiring subtype B 
and non-B subtypes, respectively [91-93].  

1.4.4. HIV-1 Sub-Subtypes 
Within each subtype numerous HIV-1 variants exist that 
exhibit minor intra-subtype genetic diversity of within 
10% called sub-subtypes [94]. These are distinctive 
HIV-1 lineages that are closely related to a particular 
subtype lineage, but are not genetically distant enough to 
justify calling them new subtypes. Sub-subtypes are de- 
noted by numerals for instance in the case for subtype A 
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these have been named A1, A2 or A3 [95]. Recent stud- 
ies have demonstrated the need for HIV classification 
using full-length genomic sequences if new distinctive 
subtypes are to be accurately identified rather than rely- 
ing on sequencing of different viral gene fragments as 
has been the standard. 

1.4.5. HIV Recombinants 
Full genome sequencing of HIV has resulted in the dis- 
covery of circulating and unique recombinant forms 
(CRFs) and URFs, respectively. Recombinants are 
unique in the sense that they may be described in isolated 
individuals without any evidence of epidemic spread. To 
be classified as a CRF, a virus strain must be detected in 
at least three epidemiologically unlinked individuals and 
must be capable of establishing an epidemic on its own. 
Thus, these mosaic HIV-1 strains reflecting a mixture of 
subtypes circulating in different populations may have 
altered pathogenic and/or transmissibility properties [96]. 
CRFs are referred to by their number that is assigned 
according to the order of their discovery and the respec-
tive subtypes involved for example CRF02_AG or by 
their number(s) followed by the letters “cpx” (for com- 
plex), when more than two subtypes are involved for 
example CRF04_cpx or CRF06_cpx [97]. One of the 
most common group M CRFs is A/E, previously de- 
scribed as subtype E in Southeast Asia but was later re- 
named CRF01_AE following full HIV genome sequenc- 
ing [98]. To date about 21 CRFs and several URFs have 
been described [99]. All CRFs together account for 18% 
of the world’s HIV-1 infections [100]. HIV-1 subtypes  

and recombinants may differ with respect to viral load 
levels [101], transcriptional activation levels, disease pro- 
gression and response to antiretroviral therapy including 
drug induced/natural resistance patterns [102-105].  

1.5. Distribution of HIV-1 Subtypes and  
Recombinants 

Over 50 different subtypes and CRFs have been described 
[106,107]. Subtype B is geographically confined to North 
America, Western Europe and Australia. See Figure 4. 
Paradoxically subtype B is quite rare in Africa, the pur- 
ported origin of HIV. Global proportions of HIV-1 sub- 
types and recombinants have shown that subtype C ac- 
counts for more than 50% of world’s infections followed 
by 12%, 10%, 6% and 3% for subtypes A, B, G and D 
respectively whilst subtypes F, H, J and K together ac- 
count for about 0.94% of all the infections [90]. CRF01_AE 
and CRF02_AG are each responsible for 5% of infections 
while CRF03_AB is responsible for 0.1% of global in- 
fections with the other recombinants contributing to the 
remaining 8% of all HIV infections [90]. 

In most Southern African nations subtype C predomi- 
nates, contributing 93% - 100% of the HIV-1 infections 
amongst individual countries [90,109]. Interestingly, the 
greatest diversity of subtypes and recombinants is present 
in Central Africa, Central African Republic, Gabon, An- 
gola and Chad harboring only about 5% of the world’s 
infected individuals [109]. Thus a general observation is 
that a higher diversity of subtypes is associated with rela- 
tively slower epidemics whilst explosive epidemics gen- 
erally have only one prevalent subtype. 

 

 

Figure 4. Global distribution of HIV-1 subtypes and recombinants [108].     
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1.5.1. Subtypes Trends and Distribution in Zimbabwe  
Previous Zimbabwean studies in the 1990s and early 2000 
have observed a predominant subtype C [110-112]. The 
origins and evolutionary history of HIV-1 subtype C in 
Zimbabwe with respect to the pol sequence data sets ge- 
nerated from four sequential cohorts of antenatal women 
in Harare, from 1991-2006 has demonstrated increasing 
sequence divergence over the 15-year period. This data 
also indicates a most recent common ancestor date of 
around 1973 with three epidemic growth phases: an ini- 
tial slow phase (1970s) followed by exponential growth 
(1980s), and a linearly expanding epidemic to the present 
day [113]. However, current HIV subtype(s) distribution 
in Zimbabwe remain elusive in view of the influence of 
the population movements in the past decade as result of 
the economic meltdown which could have facilitated 
subtype inter mixing. Generally, subtype specific varia-
tions may exist that influence differential transmissibility 
in different regions [114-116]. 

1.5.2. HIV Diversity, Transmission and Disease  
Progression 

Following sexual transmission of HIV the virus initially 
replicates locally in the vaginal or rectal mucosa [117]. 
Genetic diversity of HIV is lost during horizontal trans- 
mission and the virus gradually evolves towards a com- 
mon ancestral sequence once in the new host [15,118]. 
Newly infected subjects acquire a subset of the viruses 
that were circulating in the transmitting partner; trans- 
mitted variants have less diversity and divergence [119]. 
Studies have correlated high HIV replication capacity 
with increased transmission rates [120]. Understanding 
the quantitative relationship between plasma HIV-1 RNA 
and HIV-1 transmission risk has been the cornerstone for 
ART preventive interventions that strive to reduce 
plasma HIV-1 levels that in turn reduce the risk of HIV-1 
transmission [121]. Interestingly, Langerhans cells have 
shown minimal susceptibility to infection with subtype B 
virus but substantially greater sensitivity for infections by 
subtype C [122]. In the Rakai, Ugandan study, subtype A 
viruses have been shown to have a significantly higher 
rate of heterosexual transmission relative to subtype D 
viruses [123]. Differential subtype transmission effi- 
ciency may be important for HIV vaccine evaluation 
especially for the subtype-specific HIV epidemics in 
SSA. HIV-1-discordant couples are increasingly viewed 
as a valuable source of participants for HIV vaccine and 
prevention trials [124]. Curiously HIV-1 subtype C has 
been found to be the predominant subtype in sero-dis- 
cordant couples followed by subtypes B and A, respec- 
tively [125].  

Increasing HIV-1 replication efficiency has also been 
related to a concomitant increase in HIV-1 diversity, 
which in turn has been the determining factor in disease 

progression [126,127]. Non-A subtype infections have 
been shown to progress to AIDS faster than those in- 
fected with subtype A [128]. More so subtype D has been 
associated with the most rapid disease progression rela-
tive to subtypes A, C and CRFs [129-131]. Pregnancy 
has been shown to increase the risk of female-to-male 
HIV-1 transmission by two folds [132]. Pregnant women 
infected with subtype C have been shown to significantly 
shed more HIV-1-infected vaginal cells than were those 
infected with subtype A or D [133]. Increased HIV-1 
shedding has been correlated with a more complex popu- 
lation of HIV-1 quasi-species in the genital tracts of par- 
turient women, which may increase the probability of 
transmission of fetotropic strains [134]. Identifying the 
specific genetics characteristics of successfully transmit- 
ted variants is also paramount in the development of an 
effective vaccine. Subtype and CRFs determination is 
generally done using the gag/env heteroduplex mobility 
assay (HMA) originally developed by Delwart [135] and 
later modified by Heyndrick et al., in the year 2000 [136]. 
Whole genome sequencing remains the gold standard 
although partial sequencing also gives good results at 
reasonable cost.  

2. Conclusion 

The geographic distribution of subtypes is subject to con- 
stant change. Recombinant forms of the virus will con- 
tinue to appear as long as the different subtypes of HIV-1 
continue to circulate between continents and recombina- 
tion continues to occur. With the world fast becoming a 
global village new HIV strains are emerging in areas 
where they were originally non-existent. Thus importa- 
tion and exportation of new types, subtypes and even 
CRFs of HIV is possible. The risky behaviour of military 
personnel plus high HIV-1 sero-prevalence within this 
group may have facilitated the introduction of new HIV 
types, subtypes or recombinants within the armed forces 
themselves and to the general population both at home 
and abroad. Tracking the presence of new HIV strains is 
important for surveillance purposes, effective chemo- 
therapy, diagnosis and disease monitoring including vac- 
cine design and development. In the absence of effective 
prophylactic HIV vaccines, behavior change remains the 
key to successful prevention efforts. 
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