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Human Immunodeficiency Virus Infecfions
Type 1 Group O: A Review
Infektionen mit HIV-1 Subtyp O: Ein Überblick
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Abstract: Human immunodeficiency virus (HIV)
group O represents a new divergent strain of immuno-
deficiency viruses of type l that have been classified
into subtypes A to I and that are summarized under
group M. In the past, HIV-1 group O infections have
not been recognized reliably by immunoassays, this
can now be overcome by the addition of group O spe-
cific proteins into the test. The addition of such anti-
gens does not affect the recognition of HIV-1 group M
and HIV-2. Modified immunoblots -allow also the con-
firmation of HIV-1 group O infection. The clinical
course of HIV-1 group O infection is still uncertain,
although cases with full-blown acquired immunodefi-
ciency syndrome (AIDS) have been described.
Whether HIV-1 group O infections need a different an-
tiviral therapy than HIV-1 group M infection is open to
question. It appears likely that current vaccines to pre-
vent HIV-1 group M need to be modified in the light
of HIV-1 group O and its high divergency in the enve-
lope region. Whether additional immunodeficiency vi-
ruses or subtypes of current immunodeficiency virus
require modification of the current diagnostic, thera-
peütic and vaccine strategies is so far uncertain.

Keywords: HIV Infections/diagnosis; HlV-l/classifi-
cation; HIV-1/immunology; AIDS Serodiagnosis; Im-
munoassay/methods.

Zusammenfassung: Das humane Immundefizienz-
virus (HTV) Subtyp O ist ein neuer divergenter Subtyp
von HIV-1. In der HIV-l~Gruppe M werden die Subty-
pen A -1 zusammengefaßt. In der Vergangenheit konn-
ten die HIV-1 Gruppe O Infektionen nicht regelmäßig
mit Immunoassays nachgewiesen werden. HIV-1 Grup-
pe O spezifische Antigene, die derzeit in neuen Tests
verwendet werden, können die HIV-1 Infektionen nun-
mehr verläßlich erkennen. Die Verwendung dieser An-
tigene beeinflußt nicht die Erkennung von HIV-1 Grup-
pe M und HIV-2 Infektionen. Die HIV-1 Gruppe O In-
fektion kann durch modifizierte Immunoblots bestätigt
werden. Wegen der geringen Zahl der HIV-1 Koinfek-
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tionen kann derzeit nicht beurteilt werden, ob der klini-
sche Verlauf von dem von HIV-1 Gruppe M unter-
schiedlich ist. Gleiches gilt für die antivirale Therapie
der HIV-1 Gruppe O Infektion, auch hierüber liegen
keine gesicherten Daten im Vergleich zu HIV-1 Gruppe
M Infektionen vor. HIV-Vakzine, die derzeit in Ent-
wicklung sind, schützen mit Wahrscheinlichkeit nicht
vor einer HIV-1 Gruppe O Infektion, insbesondere
wegen der hohen Variabilität und Divergenz in der En-
velope-Region. Es ist derzeit offen, ob weitere Subty-
pen oder weitere HIV-Erreger, die bisher nicht bekannt
sind, die derzeitigen diagnostischen, therapeutischen
und Impfstrategien in der Zukunft beeinflussen werden.

Schlüsselwörter: HIV Infektionen/Diagnostik; HIV-
1/Klassifizierung; HI V-1/Immunologie; AIDS Serodia-
gnostik; Immunoassay/Methodik.

Very recently highly divergent strains of human
immunodeficiency virus type l have been identi-

fied and have been termed HIV-1 group O [1-5]. Initi-
ally, suspicion of human immunodeficiency virus in-
fection was based on clinical Symptoms and escaped
the recognition of antibody tests to human immunode-
ficiency viruses type l and type 2 [6]. Subsequently,
this divergent strain of HIV-1 has been cultured and
cloned revealing the basis for the recognition of addi-
tional HIV subtypes [5].

This review summarizes the current knowledge on
the epidemiology and the recognition of HIV-1 group
O infection.

Structure of HIV-1 group O

According to current knowledge, subtypes of HIV-1
termed subtypes A -1 have been described with a ma-
ximum divergency from the prototype HIV-1 subtype
B of 15% [7].

Sequence analysis of the newly recognized group O
revealed a sequence divergency from the major HIV-1
subtype A - H of approximately 45% [5]. The sequen-
ce divergency between HIV-1 and HIV-2 has been
shown to be approximately 60% [8].

Figure l shows the phylogenetic tree of the human
immunodeficiency virus. As can be seen from this fi-
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Figure 1 Phylogenetic tree of human
immunodeficiency virus type 1
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gure, HIV-1 group M and HIV-1 group O isolates can
be discriminated. In addition, it has been shown that
the gag polyprotein of HI V-1 group M but not of HIV-
1 group O binds to cyclophilin and incoporates this
cellular peptidyl prolyl-isomerase into virions [9]. In
addition, cyclophilin A has been shown to be required
for replication of HI V-1 group M but not for HIV-1
group O supporting the phylogenetic diversity of HIV-
1 group M and HIV-1 group O [9].

Nonstandard abbreviations: AIDS, acquired immunodeficiency
syndrome; CDC, Centers of Disease Control; ELISA, enzyme-lin-
ked immunosorbent' assay; HIV, human immunodeficiency virus.

Epidemiology of HIV-1 group O infection
So far, more than 100 HIV-1 group O infections have
been identified. This vast majority of HIV-1 group O
infections was detected in individuals living in
Western Central Africa, coming from countries in
Western Central Africa or having had sexual relation-
ships with individuals from Western Central Africa. In
this context, HIV-1 group O infections have been
described in Belgium and in France [1-5] and more
recenüy also in Germany and in the USA. To what
extent HIV-1 group O infections have spread to popu-
lations without direct or indirect contact to Western
Central Africa is so far unknown. Epidemiological
studies are in progress to further assess the prevalence
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Figure 2 Distribution of immunodefi-
ciency viruses in Africa

of HI V-1 group O infections in Europe and else-
where.

In Africa, the country with the highest prevalence of
HIV-1 group O infectionJs Cameroon. Approximately
3% of the total population is infected with HIV-1 and
roughly 5% of the HI V-1 infected population is belie-
ved to be infected with HI V-1 group O [3]. HIV-1
group O is also found in the neighboring countries [l,
4]. Figure 2 shows the distribution of HIV-1, HIV-2
and HIV-1 group O infection in Africa and Figure 3
illustrates the distribution of.HIV-1 group M subtypes
worldwide.

So far, and this is in contrast to HIV-2 infection,
only few co-infections between HIV-1 group M and
HIV-1 group O infections have been described (Kap-
tue, personal coramunication).

Additional studies are needed to clarify the extent
of the distribution of HIV-1 group O in Africa and its
distribution to Europe äs well .äs its expansion to other
countries around the world.

Clinical features of HIV-1 group O
infection
As the number of recognized HIV-1 group O infec-
tions is still limited, a clear picture äs to the disease as-
sociation cannot be made presently. The majority of
cases that have been identified äs HIV-1 group O in-
fection, has presented with Symptoms or infections
that can be characterized äs full-blown AIDS (CDC
stage IV). Also asymptomatic individuals have been
found [l - 6]. So far, it remains uncertain whether the
clinical course of HIV-1 group O infection is similar to
HIV-1 group M infection. Longterm follow-up studies
are needed to identify more closely the natural course
of HIV-1 group O infection in comparison to HIV-1
group M infection.

There is insufficient data äs to the response of
HIV-1 group O infection to antiviral therapy. The di-
vergency of the HIV-1 group O envelope protein in
comparison tö the HIV-1 group M protein renders it
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Figure 3 Detection of HIV-1 group M
subtype worldwide
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difficult to utilize vaccines that are currently under de-
velopment.

Diagnosis of HIV-1 group O infection

a) Screening
Due to the high divergency of HIV-1 group O to HIV-
1 group M conventional anti-HIV 1/2 tests did not al-
ways recognize HIV-1 group O infections when the
anti-HIV test was used äs a screening test [10, 11].

Recently, the addition of a HIV-1 group O specific
envelope protein to the anti-HI V-1 and 2 test revealed
a significant improvement in the recognition of HIV-1
group O infections. As shown in Figure 4 a recently
developed anti-HIV 1/2 and O test by Boehringer
Mannheim featured, in addition to an antigen specific
for HIV-1 group O, a modified test principle to re-
cognize immunoglobulin M antibodies and HlV-anti-
gen (p24). Using this newly developed screening test
for immunodeficiency viruses, all 27 HIV-1 group O
infections were recognized, and in addition, HIV-1 and
HIV-2 infections were detected in,all the positive
samples. Moreover, seroconversion samples were re-
cognized approximately 1.5 days earlier than with a
HIV-1 and 2 test previously distributed by the same
manufacturer [12, 13]. This indicates that an anti-HIV
test can be adapted to new scientific knowledge and
can improve the recognition of new immunodeficiency
viruses.

b) Confirmation of a positive ELISA test result
A positive anti-HIV 1/2/O test is confirmed by We-
stern blot. In the past, the majority of HIV-1 group O
infections has shown positive bands on Western blot
due to the cross reactivity on the gp 160, gp 41, the re-
verse transcriptase and the integrase. Also ä cross re-
activity on the core protein was recognized [14]. A mi-
nority of HIV-1 group O infections, however, revealed

a negative Western blot suggesting a false positive re-
sult of the initial screening test, although the patient
was HIV-1 group O infected [1].

The detection of HIV-1 group O infections therefore
requires novel immunoblots in order to allow a reli-
able confirmation of a positive screening result due to
HIV-1 group O infection. Such a Western blot is
shown in Figure 5. Recombinant ANT70 or V3 loop
antigens can be added to the conventional Western blot
and thereby give reliable Information äs to the presen-
ce of HIV-1 group O infection, and even allow further
characterization of such sera.

c) Detection of nucleic acid in patient sera
Polymerase chain reaction is a widely used amplifica-
tion procedure in order to amplify human immunode-
ficiency virus nucleic acid in sera or cells. The PCR
technology, however, amplifies reliably only HIV-1
group M. Therefore, inOrder to recognize HIV-1 group
O, polymerase chain reaction specific primers are
needed for amplification of HIV-1 group O. Table l
shows primer sequences of different regions of HIV
that allow selective amplification of HIV-1 group M
and HIV-1 group O infections.

Test algorithm to identify HIV 1
HIV 2 infection

and

According to the present knowledge, sera are screened
by a ELISA recognizing HIV-1, HIV-2 and HIV-1
group O infections using proteins of all distinct viru-
ses. Sera that read positive in the initial screening
assay can then be further discriminated in differential
ELISA tests specific for HIV-1, HIV-2 or HIV-1 group
O. Such specific ELISAs will give also evidence of
double infections, for example of HIV-1 group O with
HIV-1 group M immunodeficiency viruses äs has been
shown in the past with HIV-1 and HIV-2 [15].
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Figure 4 By testing for the p24 antigen and HIV antibpdies (IgG or IgM) simultaneously, biotinylated and Ruthenium-labeled monoclonal
antibodies to p24 and HIV antigens are incubated with human serum. After a 9 minute jncubation period streptavidin-coated micro-
particles are added. Immune complexes are detected by electrochemiluminescence reaction.
~ J Ruthenium-labeled HlV-specific antigens bound to a carrier

- £ Biotinylated HlV-specific antigens bound to a carrier

Õ IgG-HIV antibody

ijf IgM-HIV antibody

Ruthenium labeled monoclonal p24-antibody

Biotinylated monoclonal p24-antibody

p24-antigen

Table 1 Primers used for "fhe differentiation of HIV-1 and HIV-1 group O

HIV-1
GAG gaga:

gagb:
nested sk38:

sk39:
POL

nested

ENV

nested

po!3:
po!4:
po!3n:
po!4n:
enva:
envb:
sk68:
sk69:

CTACTAGTAC CCTTC AGG
CGGTC TACATAGTCT CTAAAG
CCACC TATCC CAGTA GGAGA A
CCTTT GGTCC TTGTC TTATG TCCAG AATG
TGGGA AGTTC AATTA GGAAT ACCAC
CCTAC ATACA AATCA TGCAT GTATT G
TGGAT GTGGG TGATG CATA
AGCAC ATTGT ACTGA TATCT A
TGTTC CTTGG CTTCT TG "
GAGTT TTCCA GAGCA ACCCC
AGCAG CAGGA AGCAC TATGG
GCCCC AGACT GTGAG TTGCA ACAG

- L
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Figure 5 Western blot test for the con-
firmation of HIV-1 group 0 infections
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Specific immunoblots to confirm HIV-1 and HIV-2
infection have been developed in the past. The addi-
tion of an HIV-1 group O specific band using the
ANT70 protein is needed for Identification of an
HIV-1 group O infection.

Detection of nucleic acid by polymerase chain reac-
tion or other amplification techniques, virus Isolation
by conventional methods and sequencing of parts of
the amplified product, mainly the V3 loop can be used
to obtain additional Information on the immunodefi-
ciency virus detected.

Discussion

According to our present knowledge, Africa appears to
be the homeland of immunodeflciency viruses. .All
major strains of HIV-1 group M were found in Africa,
in addition, in parts of Africa HIV-2 and HIV-1 group
O are present [l - 11]. While HIV-1 group M has
spread to Europe and other parts of the world, the
spread of HIV-2 and HIV-1 group O is still restricted
mainly to European countries with a close link to Af-
rica [l - 11]. At present, it is unclear whether HIV-1
group O remains the last newly recognized human im-
munodeficiency virus from the African continent. Be-
cause of the poor infrastructure, it is difficult to iden-
tify candidates that might suffer from full-blown AIDS
which could be an indicator of an immunodeficiency
virus infection so far not recognized.

Due to its close links to Africa, there is strong con-
cern mainly in Europe that immunodeficiency virus in-
fections could spread from Africa to Europe and then
be transmitted by blood or blood products, by drug
abuse or sexual contacts. Therefore, manufacturers of
HIV-1 and 2 tests have recently adapted their scree-
ning tests also to the recognition of the HIV-1 group O
[14, 15].

So far, the number of recognized HIV-1 group O in-
fections that have been recognized is still limited.

They might not give a sufflcient data base for opti-
mization of current anti-HIV 1/2/0 tests for the detec-
tion of HIV-1 group O. In addition, tools are now
available to identify individuals who might have
double infections with HIV-1 group M and HIV-1
group O or even HIV-2 and HIV-O. It needs to be seen
whether the clinical course of HIV-1 group O infection
differs significantly from HIV-1 group M infection.

Depending on the extent of the spread of HIV-1
group O infection, and on pilot studies with antiviral
therapies, it needs to be decided whether drug regi-
mens need to be developed. A major concern comes
presently from the assumption that HIV-1 group O
might escape current vaccines against HIV that are
under development. Such vaccines consist of envelope
proteins normally of the predominant HIV-1 subtype
in Europe and the US which is HIV-1 subtype B. It
needs to be decided whether the vaccine requires mo-
dification or alternatiyely, which appears however to
be not desirable, a new vaccine needs to be developed
to protect from HIV-1 group O infection, too.

In summary, the recent recognition of HIV-1 group
O infection in Africa and parts of Europe has strength-
ened the diagnostic efforts to recognize all immuno-
deficiency virus infections. According to our present
knowledge, this goal has been met; it is open to que-
stion at the present time, whether additional human
immunodeficiency virus infections will be found that
require further modifications of current diagnostic ap-
proaches.
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