PRELIMINARY REPORT

Genetic variation and monophyletic assembly
of HIV-1 strains among infected patients
within Libyan community

Mohamed A. Daw!, Abdallah H. El-Bouzedi?, Mohamed O. Ahmed?

'Department of Medical Microbiology and Immunology, Faculty of Medicine, University of Tripoli, Tripoli, Libya
*Department of Statistics, Faculty of Science, Tripoli University, Tripoli, Libya
*Department of Microbiology and Parasitology, Faculty of Veterinary Medicine, University of Tripoli, Tripoli, Libya

Abstract

A preliminary study was carried out among a total of 371 acquired immune deficiency syndrome (AIDS)
patients from different regions of Libya, investigating the genetic variability of human immunodeficiency
virus type 1 (HIV-1) strains. Patients studied were from four regions, including Western region (n = 135,
36.4%), Eastern region (n = 98, 26.4%), Middle region (n = 85, 22.9%), and Southern region (n = 53,
14.3%) of Libya. Phylogenetic analysis showed that 197 (53.1%) patients were sub-type B and 78 (21%)
were sub-type A. In 96 (18.6%) patients, CRF02_AG strain was isolated in those from the Eastern region
(p < 0.001). CRF02_AG strain was less distributed in other regions, while sub-types B and A showed
equal distribution within other regions. The genetic diversity of HIV-1 strain was evident in Western,
Central, and Southern regions, although strains from the Eastern region were found to be persistently
monophyletic. Compared with other sub-Saharan and North African countries, the genetic sub-type
distribution of HIV-1 strains in Libya is very heterogeneous in most of the regions, except the Eastern
region. The strain isolated in patients from the Eastern region is unique due to several reasons, including
being monophyletic, highly persistent, and rarely reported in other regions. Therefore, monitoring and
following the continuity of HIV spread is essential for determining public health priorities, assessing
the impact of interventions, and estimating current and future healthcare needs.
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Introduction lion people in the world are infected with HIV, mostly in

Africa [1, 2].

HIV type 1 (HIV-1), the main cause of AIDS, is regarded
as one of the most unique viruses, not only due its infec-
tivity, transmissibility, and social and economic impacts,

Human immunodeficiency virus (HIV)/acquired im-
mune deficiency syndrome (AIDS) is a lethal threat, which
had spread widely all over the world, particularly across de-

veloping countries since its emergence in the early 1980s.
Despite all the scientific progress that has been made in
the treatment and prevention of HIV/AIDS, over 40 mil-
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but because of adherence to its genetic entity. It depicts
a greater degree of genetic and antigenic variability than any
other human-reported virus [3].
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HIV-1 is divided into four different genetic groups,
namely M (main), O (outlier), N (non-M, non-O), and P.
They have different geographic distributions but produce
similar clinical symptoms [4, 5], although, group M ac-
counts for the vast majority of HIV-1 infections worldwide.
This group is further classified into 11 sub-types and sub-
subtypes (A1, A2, B, C, D, F1, F2, G, H, K, and J). Re-com-
bination between M sub-types has resulted in the generation
of multiple circulating recombinant forms (CRFs), consist-
ing of mosaic lineages of more than 70 CRFs with various
types of unique recombinant forms [6, 7].

HIV-1 group O originates and continues to be an epide-
mic in Africa, particularly in Cameroon. Although, group M
is found to be the leading cause of the AIDS pandemic and
impacting millions of infections worldwide, group O has
been estimated to have infected a total of around 100,000
individuals. Finally, two other groups of the HIV-1 lineage,
N and P, have been reported in less than 20 and 2 individuals
globally, respectively [8, 9].

The CRFs are widely distributed in the Fareast, particularly
in Japan, China, and Singapore. However, in North America
and Western countries, the B sub-type is a predominant strain,
with is a steep increase in non-B sub-types and CRFs [10, 11].
However, human influx, including travelers, developing world
migration, and civil wars, has contributed immensely to the
spread and integration of HIV-1 variants, thus no strain can be
easily considered specific to a certain region [12].

Libya is the second largest country in Africa bordered by
six different countries, having the longest coast in the Medi-
terranean Sea facing Europe. It has been considered the gate-
way to Africa and the main entry of African immigrants to
Europe. HIV/AIDS in Libya has gained international interest
when Bulgarian nurses were accused of injecting the virus in
over four hundred children in Benghazi. A death penalty was
issued by the Libyan court, which than changed for life-long
impressment; however, lately, the nurses were released by
efforts of the European Union. Since then, the infected chil-
dren have been raised alone and no studies were carried out
by western or Libyan scientists as agreed upon the release of
accused nurses. If such an incident had taken place in any
of the western countries, the world would be up in arms to
find out the consequences of the outbreak [13, 14].

Understanding the epidemiology and diversity of this
virus in Libya, it is important to improve the diagnosis,
monitoring, and treatment of this infection in the country,
especially as Libya has been evoked in internal armed con-
flicts as a result of the NATO intervention in 2011 [15, 16].
The conflict, however, had a great impact on HIV/AIDS in
Libya and other Northern African countries, as previously
demonstrated by our research team [2]. The current report
aimed to determine and follow-up on the genetic diversity
of HIV-1 strains within the Libyan community.

Methods and results

In this study, we investigated and traced HIV-1 genetic
variability of 371 AIDS patients from different regions of Libya.
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HIV-1 genotyping and genetic analysis were carried out using
partial PCR amplification performed among the study sam-
ple. A multiple alignment of the newly derived protease/RT
sequences and full-length genome sequences with selected
reference sequences was constructed, and the origin of sub-
types was traced and analyzed as described in previous stu-
dies [17, 18]. In brief, phylogenetic trees were generated, and
consistency of branching order was evaluated using phylo-
geny inference package version 3.5 c. Recombinant analy-
sis employed SimPlot software, version 3.4, and alignment
examination determined precise breakpoints. After break-
point identification, each segment was extracted and ana-
lyzed phylogenetically to confirm the assignment of the sub-
type [17, 19].

The overall results from the sub-typing approaches are
summarized in Table 1. A total of 371 patients from different
Libyan regions were examined, including 135 (36.4%) pa-
tients from the Western region, 98 (26.4%) from Eastern re-
gion, 85 (22.9%) from Middle region, and 53 from Southern
region (14.3%) of Libya.

Of the studied population, 239 (64.4%) were males and
132 (35.6%) were females, with M : F ratio of 1 : 1.8. Over
50% of HIV-infected patients were individuals aged between
31 and 45 years, although the prevalence was less among
young individuals aged 18-30 years (n = 82, 22.1%) and
those aged over 45 years (n = 94, 25.3%).

Our analysis identified three HIV-1 sub-types. Of the 371
specimens tested, sub-type B was isolated from 197 (53.1%)
HIV-infected individuals, followed by 78 (21%) patients
with sub-type A, while CRF02_AG strain was present in 96
(18.6%) patients. Analysis of epidemiological and sub-typing
data demonstrated no association between sub-type distri-
bution and sex, age, or transmission risk factors (Table 1).

Regional-geographic tracing of the studied HIV-1 sub-
types (CRF02_AG, A, B) showed a strong association be-
tween the distribution of these sub-types and geographic
origin of the seropositive individuals. CRF02_AG strain
was isolated in sixty nine (70.4%) patients from the Eastern
region (p < 0.001), and it was less distributed within other
territories, including Western region (n = 11, 8.1%), Middle
region (n = 9, 10.6%), and Southern region (n = 7, 13.2%).
B and A sub-types indicated equal distribution within other
regions (Table 1). Patients infected with CRF02_AG strain
revealed no co-infection with other sub-types. Multiple in-
fections with more than one strain were reported in 57%
of patients with both B and A sub-types.

Discussion

In Libya and other Middle East and North African
countries (MENA), there is a paucity of information on
molecular characterization of HIV strains due to limited
research. Studies are mainly restricted to serological investi-
gations, determining the level of exposure to HIV infection.
A comprehensive epidemiological study within 25 years was
carried out by Daw et al. [19], reporting that HIV/AIDS
in Libya is condensed in certain regions of the country,



HIV-1 genetic variation in Libya

Table 1. Distribution of HIV-1 sub-types among Libyan patients infected with HIV

Demographic characteristics No. of patients (%) HIV-1 sub-types
CRF02_AG B A
371 (100.0) 96 (18.6) 197 (53.1) 78 (21.0)
Gender, n (%)
Male 239 (64.4) 67 (28.0 119 (49.8) 53 (22.2)
Female 132 (35.6) 29 (22.0 78 (59. 277) 25 (19.0)
Age (years)
18-30 82 (22.1) 27 (32.9) 34 (41.5) 21 (25.6)
31-45 195 (2.6) 61 (31.3) 91 (46.7) 43 (22.1)
> 45 94 (25.3) 8 (8.5) 72 (76.6) 14 (14.9)
Libyan regions, n (%)
West 135 (36.4) 11 (8.1) 93 (68.9) 31 (23.0)
East 98 (26.4) 69 (70.4) 17 (17.3) 12 (12.2)
Middle 85 (22.9) 9 (10.6) 57 (67.1) 19 (22.4)
South 53 (14.3) 7 (13.2) 30 (56.6) 16 (30.2)
Transmission risk factor, n (%)
IVDUs 156 (42.0) 27 (17.3) 98 (62.8) 31 (19.9)
Heterosexual contact 87 (23.5) 15 (17.2) 52 (59.8) 20 (23.0)
Hospitals 59 (15.9) 29 (49.2) 21 (35.6) 9 (15.3)
Others 69 (18.6) 25 (36.2) 26 (37.7) 18 (26.1)

IVDUs — intravenous drug users

particularly in the Eastern and Middle regions. However,
this was exacerbated further by the internal armed conflict,
which resulted in the re-emergence and migration of HIV
strains within Libya [20]. In this brief report, we tried to
determine the impact of human genetic variation on HIV
virus and its pathogenesis in Libyan population by evaluat-
ing the diversity of HIV-1 envelope sub-types circulating in
the country.

HIV-1 sub-type B is the predominant strain, followed by
sub-type A and to a lesser extent, CRF02_AG strain. This is
in agreement with other studies carried out in African and
European countries. In South Africa, sub-type B was the
predominant sub-type isolated from 96% of HIV-infected
population, followed by sub-type C. Similar results were
reported in Portugal, where a total of 217 HIV-1-positive
blood samples were genetically characterized, revealing that
sub-type B was the most prevalent (50.2%), followed by sub-
types G (21.7%), A (17.5%), and F (5.5%) [21, 22].

The geographical distribution of sub-types and circu-
lating recombinant forms reflects the complexity of HIV-1
molecular epidemiology [23]. In this study, the distribu-
tion of these sub-types was unique within the Libyan geo-
graphical region, and CRF02_AG strain was mainly isolat-
ed in the Eastern region patients, while those infected with
CRF02_AG in other regions primarily immigrated from
the Eastern region; although strains A and B were distribut-
ed evenly within the West, South, and Middle regions. This
indicates that monophyletic consistency is an assembled

phenomenon associated with the emergence of HIV-1 strain
in the Eastern region of Libya, with genetically variable
strains from other regions and emerging multiple strains.

Furthermore, the isolation of these sub-types from
HIV-infected patients was variable. CRF02_AG strain was
persistently isolated from the same patient, with no co-infec-
tions with other sub-types. Multiple infection or co-infection
with other strains of the same person was reported. Therefore,
this genetic study provides useful information, highlighting
monitoring the dynamics of the spread of HIV-1 sub-types
and CRFs on regional levels as well as information of po-
tential importance for the diagnosis and treatment of HIV/
AIDS [24].

Conclusions

This is one of the few studies investigating the impact of
human genetic variation on HIV-1 infection and pathogene-
sis in Libya or North Africa, an area with the world’s highest
prevalence of HIV-1 infections. The presence of monophy-
letic virus is one of the keys to the spread of HIV-1 in Libya.
Apparently, this is most likely coming from an iatrogenic
source rather than spread among patients, while very un-
likely that the virus originated from a single human being
and spread, as the case of other strains. Phylogenetic analysis
of circulating viruses is useful in tracking the spread of HIV
in different populations and geographic regions. Therefore,
this information is fundamental in defining strategies for
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the prevention and control of infection as well as the imple-
mentation of proper diagnostic tests and viral load assays.
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