
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Recognizing the challenge of HIV genetic diversity:  
Global surveillance program 

ABSTRACT 
Human immunodeficiency viruses (HIV) are 
retroviruses belonging to the primate lentivirus 
family that consists of at least 11 lineages. 
Independent zoonotic events of primate lentiviruses 
crossing into humans resulted in the emergence 
of HIV-1 and HIV-2. HIV-1 is comprised of four 
phylogenetic Groups, M (major), N (non-M, 
non-O), O (outlier) and P, each representing a 
separate cross-species transmission from primates 
into humans. HIV-1 Group M is most prevalent 
and responsible for the global epidemic and 
is subdivided into 9 subtypes based on sequence 
heterogeneity. Due to dual or coinfections of 
subtypes and recombination event between HIV 
strains, a wide diversity of circulating recombinant 
forms (CRFs) and unique recombinant forms 
(URFs) occur worldwide. Genetic divergence, 
mutations, evolution and the continual global 
redistribution of HIV continues to pose a significant 
challenge to the reliability of serology and 
molecular assays used for diagnosis. Global 
surveillance program is important for understanding 
HIV genetic diversity and to ascertain that despite 
genetic variation, all HIV infections are efficiently 
diagnosed by serology and molecular assays. 
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INTRODUCTION 
The isolation of T-Cell lymphotropic, cytopathic 
retroviruses from patients with acquired
immunodeficiency syndrome (AIDS) and AIDS-
 

related complex (ARC) in 1983-1984, is one of 
the most significant discoveries of the modern 
times. This discovery enabled the development 
of diagnostic and blood screening tests to identify 
infected individuals and the development of 
subsequent therapeutic interventions to treat these 
patients. The early AIDS retroviruses isolates 
include lymphadenopathy-associated virus (LAV);
human T-cell lymphotropic virus type III 
(HTLV-III), AIDS-associated retrovirus (ARV-2), 
and three isolates derived from blood transfusion 
associated AIDS patients [1-5]. Evidence from 
several laboratories substantiated the observation 
that retroviruses isolated from patients with AIDS 
or AIDS-related complex exhibit restriction-site 
polymorphism in their genome [6-9]. Of the 
viruses examined in these early studies, some 
were isolated from patients in one geographic 
area: North America, whereas others came from 
various locations including Europe, North America 
and Africa [8, 9]. The studies on heteroduplex 
and restriction map analyses demonstrated that 
viruses isolated from different AIDS patients 
had distinct restriction map and exhibit greatest 
divergence in their envelope genes [10]. The 
heterogeneity in genomic sequences was predicted 
to have important implications as it results 
in changes in antigenic properties and/or 
pathogenicity by AIDS retroviruses. To gain 
knowledge regarding the variation in genomic 
structure and to study the effect on the 
translational products encoded by the viral 
genome, at Abbott Diagnostics, in collaboration 
with Centers for Disease Control (CDC), Atlanta,
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nine independent virus isolates from AIDS/ 
lymphadenopathy syndrome (LAS) patients were 
compared by restriction-site analysis and the 
translational products encoded by the viruses were 
characterized by using specific immunoassays 
and metabolic labeling experiments [9]. The data 
indicated that individual retroviruses exhibit 
significant restriction-site polymorphism in their 
genome even though they were isolated from 
patients residing at same geographic location 
around Atlanta, Georgia. Furthermore, this 
polymorphism is reflected in the variation of the 
apparent size of the gag (group specific antigen) 
and env (envelope) gene-encoded structural 
proteins [9]. The results gave an indication that 
the heterogeneity in AIDS retrovirus-encoded 
proteins may be due to either substitutions in the 
primary amino acid sequence of the protein or
deletions or additions in the coding regions 
of proteins. These studies provided early 
evidence that there is significant diversity 
among AIDS retroviruses that were designated 
as human immunodeficiency viruses (HIV) 
by the International Committee on Taxonomy 
of Viruses (ICTV) in 1986. 
 
Molecular characterization of HIV   
The availability of molecular clones of three 
isolates, LAV [11], HTLV-III [12-14], and 
ARV-2 [15], and their primary nucleotide
sequence analysis [11-15] were useful for 
comparison of these isolates and determine how 
closely related the three strains were. These 
studies showed that the restriction map and
nucleotide sequences of LAV and HTLV-III
were closely related, while ARV-2 was m o r e  
distantly related [15]. The variability was most 
evident in the envelope glycoprotein (env) gene 
than in the other regions of the viral genome 
[6, 13-15]. The sequence comparison of three 
human immunodeficiency virus (HIV) isolates 
indicated that the genome of LAV and HTLV-III
differed from one another by 1.8%, whereas
ARV-2 differed from LAV by 9.3% [12-15]. 
To evaluate genomic relatedness and divergence 
among HIV isolates, in collaboration with the 
CDC, we molecularly cloned an independent virus 
isolate designated as HIV (CDC-451) and generated 
a complete genome sequence, which at that 
time was the 4th HIV genome ever sequenced.
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This foundational work in the HIV field initiated 
a research program to characterize HIV diversity 
at Abbott Diagnostics that continues to this day. 
The fourth HIV genome expanded the known 
diversity of HIV and comparison to the previous 
three genomes demonstrated that the envelope 
(env) sequences had most of the changes (around 
24% divergence), whereas the group specific 
antigen (gag) was relatively conserved (around 
5% divergence) [16]. Since the launch of the first 
US FDA-approved serology assay in 1985 and 
subsequent demonstration of sequence diversity 
among HIV strains, collection of samples from 
HIV endemic areas around the world was 
undertaken. Recognizing the importance of 
accumulating data on HIV genetic diversity, 
in 1994, a formal Abbott Global Surveillance 
Program was initiated. By launching this program, 
Abbott significantly committed resources to 
acquire and assemble large-volume panels of 
genetically diverse strains, as well as develop 
strategies for search of newly emerging strains. 
Through international collaborations, the program 
acquires specimens from HIV endemic locations. 
The specimens collected from diverse locations 
are subjected to characterization by a variety 
of serology and molecular techniques. The Abbott 
Global Surveillance Program efforts have led 
to the identification and sequence characterization 
of rare HIV variants of HIV-1 Group O, Group N, 
Group P and dual infections of Groups M and O 
that have been submitted to the Los Alamos 
Database [17]. Thanks to innovation of technology 
and international commitment to HIV research, 
as years passed by, the knowledge of HIV strains 
and genetic diversity has advanced rapidly at an 
exponential rate. The number of sequences in the 
HIV database continues to increase; at the end 
of 2015, there were 675,479 sequences in the HIV 
Sequence Database, an increase of 8% since the 
previous year. The number of near complete 
genomes (>7000 nucleotides) increased to 7667 
by the end of 2015 [17]. 
Based on accumulating data over the past three 
decades, we know that HIV is a retrovirus 
belonging to the primate lentivirus family that 
consists of at least 11 lineages. The two primate 
lentiviruses crossed into humans giving rise to 
HIV-1 and HIV-2; HIV-1 came from transmission



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Global viral surveillance for accurate diagnosis of infections                                                                    15 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
groups/subtypes co-circulate, infection by two 
independent subtypes or groups in the same 
individuals leads to the emergence of new 
transmittable recombinant viruses. Over time, 
increasing numbers of inter-subtype and intergroup 
mosaic viruses have been identified, sequenced 
and deposited in the HIV sequence database.  
Currently, the Los Alamos Database has 
recognized 96 circulating recombinant forms 
(CRFs) of HIV-1 that have been characterized 
and designated formally [17]. However, the 
number of CRFs is bound to increase over time 
as more complete HIV genomes are sequence 
characterized.   
Depending on the founder HIV strains that 
entered in each continent and spread in various 
countries, the distribution of HIV strains varies 
significantly. Moreover, HIV replicates at a rapid 
pace, 10.3 x 109 virions/day [29] and with an 
extremely high mutation rate of (4.1 ± 1.7) × 10-3 per 
base per cell, the highest reported for any 
biological entity [30]. Selective immune pressure 
and anti-viral treatment also play a role in the 
generation of diverse HIV strains by putting 
selective pressure on HIV variants. HIV-1 Group 
M, subtype C is the most prevalent (48%) strain 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
of a simian immunodeficiency virus (SIV) from 
chimpanzees and HIV-2 came from zoonosis of 
SIV from sooty mangabeys. HIV-1 is comprised 
of four phylogenetic groups, M (major), N (non-M, 
non-O), O (outlier) and P, each representing a 
separate cross-species transmission from chimpanzees 
or gorillas into humans [18-28]. HIV-1 Group M, 
responsible for most worldwide infections, is 
further subdivided into nine distinct subtypes 
A-D, F-H, J, K [17]. HIV-1 Group O is endemic 
to Cameroon and West Central Africa, accounting 
for 1-6% of the HIV-1 infections in Cameroon. 
Although rare, Group O infections have been 
identified in several European countries and the 
United States [18-20].   
The sequence divergence between HIV-1 groups 
and subtypes is evident from phylogenetic trees 
that depict the genetic relationship between 
the strains (Figure 1). For example, within HIV-1 
envelope gene, sequences differ by 20-30% 
between Group M subtypes and up to 50% 
between Groups M and O. In addition, 
recombination between subtypes is a relatively 
frequent event associated with HIV-1 replication, 
a mechanism that contributes significantly 
to genetic diversity. In areas where multiple 
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Figure 1. Phylogenetic classification of HIV-1 based on env gp41 sequences.  
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

16 Sushil G. Devare 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
forms (URFs), Group N, Group O and Group P 
[Ref. 28, 50-54]. With the continual diversification 
and global redistribution of HIV and the potential 
for new zoonotic transmissions, it is a challenge 
to develop serological and molecular assays 
capable of reliably detecting and monitoring all 
HIV infections irrespective of groups, subtypes, 
and recombination leading to significant genetic 
heterogeneity.   
The previous algorithm to rapidly identify HIV 
groups employed a lateral flow serology assay 
developed at Abbott that readily classified 
specimens as HIV-1 Group M, Group O or HIV-2 
infections [55]. In addition to the rapid test used 
for preliminary classification, to identify divergent 
strains of HIV, and a serology algorithm based 
on HIV peptides was developed [52, 49]. The 
algorithm first tests specimens using the Abbott 
ARCHITECT HIV antigen/antibody combination 
assay that detects antibodies to HIV-1/HIV-2 and 
HIV-1 antigen. The reactive specimens are further 
evaluated by peptide enzyme-linked immunoassays 
(PEIA).  PEIAs are developed based on env gp120 
V3 and env gp41 IDR sequences derived from 
HIV-1 Groups M, O, and N, and from two strains 
of SIVcpz. The serology algorithm is useful for 
preliminary classification of specimens as: HIV 
negative, HIV-1 group M, HIV-1 group O, HIV-2,

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
in the world, while HIV-1 Group M, subtype B 
represents 11% of HIV-1 infections [31]. 
However, the HIV diversity and global viral strain 
distribution of HIV-1 groups, subtypes and CRFs 
are dynamic and continue to increase due to 
international tourism, immigration, expatriate 
labor, military deployment, migration of population 
and their sexual and drug abuse practices. 
In globally connected population, HIV has the 
ability to jump from one continent to another 
within hours. The majority of the infections in the 
US and Europe are by HIV-1 Group M, subtype 
B. However, an increasing number of non-B 
infections are being identified in these regions 
[32, 33]. In Europe, the proportion of newly 
diagnosed HIV-1 infections due to non-subtype B 
and recombinant strains exceeds 20% [34-38]. 
Analogous situation exists in other continents 
as well [39-49]. The Abbott Global Surveillance 
Program continues strongly; to date, the program 
has collected more than 67,000 specimens from 
over 40 countries in six continents with emphasis 
on West Africa where all HIV groups and 
subtypes have been identified. (Figure 2). The 
panel of over 5,000 well characterized specimens 
comprises of HIV-1 Group M, subtype A, B, C, 
D, F, G, H, J and K; as well as circulating 
recombinant forms (CRFs), and unique recombinant 
 

Figure 2. Abbott Global Surveillance Program sites.  
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group/subtype assignments and the probability 
of identifying recombinant viruses. These three 
regions are not only important for classification, 
but for characterizing sequence diversity in 
regions that are important for diagnostic tests. 
The gag p24 contains HIV antigen detection 
epitopes critical for detection of antigenemia in an 
HIV infected individual, while pol IN region 
is the target for Abbott viral load and ViroSeqTM 

assays that are used for monitoring the efficacy 
of anti-viral therapy and drug resistance [57].
The env gp41 immuno-dominant region (IDR) 
is the key region of the antigen that is essential
 for the detection of anti-HIV antibodies [58]. 
In cases where unique strains are identified or 
there is a rareness of sequence information 
available for known subtypes or CRFs, complete 
viral genomes are amplified and sequenced 
[28, 32, 33, 59-66]. Recent introduction of the 
NGS technology has reduced the time required 
to sequence and characterize complete viral 
genomes.  
 
HIV-1 Group O 
Using the screening algorithm described above, 
over 200 Group O infections have been identified 
to date at Abbott. Full-genome sequences have 
been characterized for over 40 group O isolates, 
and in addition, sequences were generated for 
gag p24, pol IN, and env gp160 (roughly half 
the genome) for over 50 isolates [50, 51]. In 2002-
2003, the Abbott Global Surveillance Program 
observed that although the level of genetic 
diversity within Group O is analogous to that 
between Group M subtypes, Group O has not 
been formally classified into subtypes. Through 
phylogenetic analyses of the gag p24, pol p32, 
and env gp160 sequences from 39 group O 
isolates, our group laid the foundation for the 
classification of 5 phylogenetic clusters within 
Group O [50, 51]. We observed that the intra- 
and intersubtype genetic distances for Group O 
were similar in magnitude to the corresponding 
distances for Group M subtypes. Intersubtype 
recombination was also identified in three of the 
23 (13%) Group O genomes [49]. Furthermore, 
Group M/O dual infections and replication 
competent Group M/O recombinants have been 
described by several groups [27, 65-70].  

and HIV unclassified. The HIV unclassified 
specimens either do not exhibit reactivity in 
the PEIAs or show reactivity to the group N, 
SIV, or multiple peptides. The specimens are 
characterized further using molecular techniques 
including viral load determination and sequence 
analyses [52]. More recently, the complete 
genome sequencing using next genome sequencing 
(NGS) technology is being employed that 
provides insight into genomic structures of HIV 
[53-54].   
   
HIV-1 Group M 
Since the global pandemic is caused by HIV-1 
Group M, majority of specimens collected to date 
by Abbott Global Surveillance Program are HIV-
1 Group M. Samples are classified by molecular 
characterization to determine the group and 
subtype. Initially, this included nested RT-PCR 
amplification of regions of the HIV genome, 
direct sequencing, and phylogenetic analysis. Sets 
of primers were developed to facilitate amplification 
of genetically divergent strains of HIV-1 Group 
M, Group O, and HIV-2. Initial efforts to genetically 
characterize divergent HIV strains were based 
on sequencing two regions of the HIV genome: 
group specific antigen (gag p24) and env gp41. 
Based on this analysis many samples obtained 
from Cameroon were initially characterized as 
pure HIV-1 Group M, subtype A. However, 
sequencing of the third region of the genome 
polymerase (pol) integrase (IN) showed them to 
have subtype G sequence for pol IN. Recognizing 
the phylogenetic similarity of the Cameroonian 
A/G specimens to CRF02_AG, the complete 
genome characterization of a subset of the candidate 
A/G recombinants was undertaken. Phylogenetic 
analysis revealed that the recombinant breakpoints 
were identical to CRF02_AG. Thus, 70% of the 
Cameroonian panel members were CRF02_AG. 
This was the first formal demonstration that 
CRF02_AG predominated in Cameroon [56]. 
Reliance on analysis of only gag p24 and env 
gp41 regions would have dramatically shifted 
subtype assignment (83% subtype A). Thus, 
successful identification of the CRF02_AG 
recombinant strains clearly demonstrated the 
advantages of our algorithm targeting three regions 
of the genome. It increased the reliability of 
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strain was closely related to gorilla SIV (SIVgor)
and exhibited no evidence of recombination with 
other HIV-1 lineages. This new virus, prototype 
of a new HIV-1 lineage designated as Group P, 
was shown to be distinct from HIV-1 Groups M, 
N and O [26]. Seventeen hundred thirty-six HIV 
sero-positive samples collected by the Abbott 
Global Surveillance from Cameroon were 
screened by the PEIA, followed by molecular 
analyses. This led to the identification of HIV-1 
Group P infection in an HIV-seropositive male 
hospital patient in Cameroon. This observation 
confirmed that the HIV-1 group P virus is 
circulating in humans [66]. Subsequently, Group 
P was not identified amongst 4575 HIV positive 
specimens collected in 2011-2015 from Southern 
Cameroon by the same screening algorithm [53]. 
To date, there are only two reports of HIV-1 
Group P infections in the literature indicating that 
the prevalence of Group P in HIV-1-infected 
individuals in Cameroon is low. Alternatively, 
Group P may be restricted to specific regions 
of Cameroon that were not represented in our 
study population or Group P infections may not 
be efficiently detected by the current HIV 
screening tests due to cross reactivity to reagents 
used in the current HIV serology tests in the 
absence of Group P-specific reagents for antibody 
detection.  
 
HIV-2 
In 1986, a new HIV virus was discovered that 
was morphologically similar to HIV-1, yet 
antigenically distinct [67]. This virus, originally 
designated as LAV-II and later as HIV-2, 
was shown to be closely related to SIV from 
Cercocebus atys atys or sooty mangabeys 
(SIVsmm) [68]. HIV-2 is most prevalent in West 
Africa; however, cases have also been identified 
globally. The number of HIV-2 infections is 
declining, even in the West African countries, 
where it is being replaced by HIV-1. HIV-2 is 
less pathogenic, with infections being mostly 
asymptomatic and having lower replication rate 
and low or undetectable viral loads, and only a 
small percentage of infections progress to AIDS 
[69]. Currently, less than 40 complete HIV-2 
genome sequences are in the Los Alamos database 
[17]. Based on sequence comparison, there are 8

HIV-1 Group N 
HIV-1 group N is extremely rare and has only 
been found in Cameroon [25] or in patients linked 
to Cameroon. The variant screening algorithm 
at Abbott led to the identification of 11 HIV-1 
Group N infections [28, 33, 59, 62]. All the Group 
N-infected specimens were HIV seropositive in 
the Abbott commercial HIV assays. The specimens 
were identified as Group N infections based 
on their reactivity in the PEIAs. The group N 
specimens showed strongest reactivity to the 
group N peptides in the IDR and V3 PEIAs; some 
also showed high reactivity to the SIVcpz GAB 
peptides. Near full-length viral genome sequences 
were amplified for each Group N virus. Two 
specimens, drawn from a husband and wife, 
exhibited close phylogenetic relationship between 
the Group N sequences amplified from these 
patients. The direct patient linkage strongly 
suggested that one spouse infected the other. This 
study provided the first evidence that Group N 
can be transmitted horizontally. In addition, 
the previous documentation of an infection in a 
seven-year-old orphan revealed vertical transmission 
of group N [25]. HIV-1 Group N has high 
replication capacity both in vivo and in vitro, 
and its identification in AIDS patients indicates 
that the virus is pathogenic. However, currently, 
our knowledge of Group N is too limited to know 
if it will contribute significantly to the HIV 
epidemic. Surveillance efforts need to continue 
to identify additional Group N infections and 
to monitor changes in the prevalence and 
sequence diversity of group N. To date only 
17 Group N infections have been reported 
in literature, with 11 of these identified and 
characterized by Abbott Global Surveillance 
Program [28-50].   
 
HIV-1 Group P 
In 2009, a new HIV-1 strain was identified 
in Paris from a Cameroonian woman. This 
individual was HIV-1 seropositive, however, had 
undetectable viral load by Group M specific assay 
but in contrast had high viral load by the Abbott 
molecular assay that detects and quantitates HIV-
1 Group M and Group O isolates. Initially, it was 
thought to be HIV-1 Group O infection; however, 
extensive characterization showed that this HIV
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or hapten, resulting in the detection of HIV IgM, 
in addition to IgG resulting in the reduction of the 
seroconversion window. At the same time, assays
were also developed for detection of HIV-1 p24 
antigen. Identification of HIV-1 Group O and 
variable detection of Group O infections led to 
the incorporation of group O reagents into HIV 
assays. During the past decade, fourth generation 
assays have been developed that combine antigen 
and antibody detection in a single assay, leading 
to significant improvement of the performance 
[74]. While these assays detect infections 
efficiently, one of the major challenges for HIV 
diagnosis continues to be its genetic variation.  
Immunoassays designed to detect antibodies 
specific for HIV-1 rely primarily on reactivity to 
the envelope (env) gp41 immunodominant region 
(IDR). The occurrence of natural polymorphisms, 
associated with the genetic variation of HIV-1 has 
the potential to modify or eliminate key epitope(s) 
targeted by these assays, ultimately leading to 
reduced sensitivity or lack of antibody detection. 
Cases of reduced seroconversion sensitivity for 
some non-subtype B strains have been documented 
[75]. An additional example includes a study that 
showed natural polymorphisms within the IDR 
region of a subtype B strain resulted in failure 
to detect antibodies by a fourth-generation assay 
[76]. Some tests that simultaneously detect both 
antigen and antibody showed low sensitivity for 
detection of p24 antigen for some non-subtype 
B strains [77-80]. Analysis of specimens from 
patients infected with Group O viruses revealed 
that some commercial immunoassays failed to 
detect Group O infections [20, 81-84]. Incorporation 
of Group O-specific antigens and/or peptides into 
assays was critical and led to improved detection 
of all Group O infections. More recent studies 
used recombinant virus-like particles with the gag 
gene from diverse HIV-1 strains and demonstrated 
that there is a significant difference in the detection 
of non-subtype B HIV-1 variants by commercially 
available tests [85-88]. The specimens acquired 
through the Abbott Global Surveillance Program 
have been effectively used to demonstrate the 
performance of diagnostic and screening assays 
[89].  
The global surveillance program provides 
enormous scientific value for assay development

known HIV-2 groups (A to H) that have been 
reported in the literature of which Group A and 
Group B are the most prevalent. The HIV-2
Group G was first identified and sequence 
characterized by the Abbott Global Surveillance 
Program [71]. More recently, using next-generation 
sequencing, nine HIV-2 genomes were sequenced 
and classified phylogenetically. These studies 
at Abbott identified a patient with a series of 
mutations in an invariant cytotoxic lymphocyte 
(CTL)-restricted gag epitope that is required 
for retroviral structure/replication and implicated 
in long-term non-progression to AIDS [72]. The 
presence of wild-type sequence argues that these 
mutations are involved in immune escape, whereas 
its reversion to a sequence seen only in the sooty 
mangabeys reservoir suggests an alternate means 
of controlling infection. Surveillance and molecular 
characterization of circulating strains are essential 
for continued development of monitoring tools 
and may provide greater insight into the reduced 
pathogenicity of HIV-2. 
 
HIV Diversity: Implications on serology and 
molecular diagnostic tests  
Diagnosis of infection in health-care setting and 
transmission of HIV through blood transfusion 
continue to be a worldwide concern. During the 
past three decades, considerable progress has been 
made to improve HIV assays. The early, first 
generation HIV assays developed in 1985, used 
viral antigens derived from HIV-1 Group M, 
subtype B on the solid phase and polyclonal 
antibodies to human immunoglobulins conjugated 
to an enzyme for detection of HIV antibodies. 
With the discovery of HIV-2 and observation that 
not all the HIV-2 infections are detected by then 
available serological tests based on only HIV-1, 
Group M, subtype B reagents, there was an urgent 
need to modify the serology test. For efficient 
detection of all HIV infections, HIV-2 reagents 
were incorporated in the existing HIV-1 serology 
tests. The second-generation assays used HIV-1/ 
HIV-2 recombinant antigens instead of viral 
lysate resulting in improved specificity and 
detection of both HIV-1 and HIV-2 infections 
[73]. The third-generation assays used HIV 
recombinant reagents on the solid phase and 
recombinant antigens conjugated to an enzyme 
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Performance of our serology and molecular assays 
on theses panels provides additional assurance 
that all HIV infections, including Group N and 
Group P are diagnosed accurately and quantified 
efficiently by the molecular assays [94].  
Since the approval of the first HIV test by the US 
FDA in 1985, Abbott Diagnostics has invested 
significant efforts to monitor the evolution of HIV 
over the past decades. Surveillance of global HIV 
strain diversity provides capability to address 
the challenge posed by ongoing evolution of HIV 
and the emergence of new variants. It also allows 
to generate data and track the strains present in 
different geographical regions of the world that 
may challenge the detection limits of the serology 
and molecular tests. In addition, Abbott Global 
Surveillance Program data may inform clinical 
work outside the realms of diagnostics, with 
HIV-1 diversity having implications for possible 
differential rate of disease progression, response 
to anti-viral therapy and vaccine development 
[95, 96]. The ability to anticipate, identify new 
HIV strains and respond to this evolving threat 
will be dependent, to a significant degree, on our 
level of vigilance for monitoring and characterizing 
newly emerging strains. The proficiency to 
characterize full-length genome using next 
generation sequencing technology by newer 
methods at Abbott should accelerate surveillance 
efforts and add to the knowledge of HIV diversity 
without prior classification for group or subtype 
[54, 61, 62]. The knowledge gained will be useful 
for the continual evaluation of assay performance 
using genetically diverse HIV strains and 
modifying reagents, primers/probes based on 
scientific rationale, for efficient detection so that 
no HIV infection is misdiagnosed by serology 
and molecular assays. In addition to HIV, the 
Abbott Global Surveillance Program also tracks 
and monitors the hepatitis B virus (HBV) and 
hepatitis C virus (HCV) worldwide. HBV and 
HCV are the causative agents of global hepatitis 
epidemics that continue to evolve, generating new 
strains like HIV, creating challenges for blood 
screening, diagnostic and monitoring tests. The 
overall goal of the surveillance program is to 
remain ahead of the evolving threats of viral 
diversity and ascertain that all HIV, HBV and 
HCV infections are accurately diagnosed, despite 
genetic variations.      

and evaluation. Discordant results between the 
tests used for diagnosis or monitoring of HIV 
infections, often inconsistent with clinical status, 
provide useful specimens for characterization 
of viruses to determine whether the inconsistency 
and suboptimal performance of the tests are due 
to genetic variation. All nucleic acid amplification 
or signal amplification technologies rely on HIV-1 
sequence-specific primers and/or probes. Natural 
polymorphisms occurring in the target genomic 
regions have the potential to reduce or abolish 
hybridization that results in compromising reliable 
detection or quantification of viral load. In these 
cases, subtype and target sequence information 
are unknown at the time of testing and hence, 
genetically divergent variants may go unrecognized. 
Sequence analysis of the viral genome of specimens 
acquired by the Abbott Global Surveillance 
Program provides insight on the reasons for 
failure or under-quantification associated with 
significant mismatches at primer and/or probe 
binding sites.  There are several documented cases 
in the literature where viral genetic diversity has 
been shown to influence the performance of 
nucleic acid-based technologies designed to detect 
and monitor HIV-1 [59, 90, 91].  Failed detection 
or unreliable quantitation can have significant 
consequences [92].   
The large-volume panel developed by the Abbott 
Global Surveillance Program includes all well-
characterized HIV-1 Group M, Group O, Group 
N, Group P, and HIV-2 as well as HIV-1 group M 
CRFs and URFs serum or plasma samples. The 
knowledge of genomic sequences of samples 
acquired from diverse geographic locations 
provide a sound basis for the selection of antigens 
representing key epitopes for detection of antibodies 
and developing monoclonal antibodies for detection 
of antigen by serology assays. In the same 
manner, identification of conserved regions of the 
viral genome is critical for designing primers and 
probe for qualitative detection as well as accurate 
quantitation of viral load by molecular assays. The 
availability of well-characterized large-volume 
HIV specimens provides unique opportunities 
for comprehensive evaluations of assays and to 
develop highly sensitive and specific future HIV 
tests using genetically diverse specimens [77-79, 
90-94], which is essential to curb the pandemic 
and eliminate transfusion transmission of HIV.
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Summary 
Rapid, ongoing genetic divergence and the 
continual global redistribution of HIV continue 
to pose a significant challenge to reliability of 
serology and molecular assays used for diagnosis, 
blood screening, and patient monitoring. The 
Global Surveillance Program plays a critical role 
in revealing HIV genetic diversity and development 
of well-characterized specimens’ panels that are 
crucial to ascertain that despite genetic diversity, 
all strains, and emerging HIV infections are 
efficiently diagnosed and monitored by serology 
and molecular assays. 
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Gürtler, L. G., Zekeng, L., Obiang, J., 
Kaptué, L., Hampl, H., Vallari, A. and 
Devare, S. G. 1997, AIDS Research and 
Human Retroviruses, 13, 995-1005. 

22.  Brennan, C. A., Hackett J. Jr., Zekeng, L., 
Lund, J. K., Vallari, A. S., Hickman, R. K., 
Gürtler, L., Kaptué, L., von Overbeck, J., 
Hampl, H. and Devare, S. G. 1997, AIDS 
Research and Human Retroviruses, 13, 901-
904. 

23.  Hackett, J. Jr., Zekeng, L., Brennan, C. A., 
Lund, J. K., Vallari, A. S., Hickman, R. K., 
Gürtler, L., Kaptué, L. and Devare, S. G. 
1997, AIDS Research and Human 
Retroviruses, 13, 1155-1158. 

24.  Simon, F., Mauclère, P., Roques, P., 
Loussert-Ajaka, I., Müler-Trutwin, M. C., 
Saragosti, S., Georges-Courbot, M. C., 
Barré-Sinoussi, F. and Brun-Vézinet, F. 
1998, Nature Med., 4, 1032-1037. 

25.  Roques, P., Robertson, D. L., Souquière, S., 
Apetrei, C., Nerrienet, E., Barré-Sinoussi. 
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