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ABSTRACT
Context: More than 30 years after its official declaration, the infection by HIV is still a major public health problem in Kin-
shasa. This HIV epidemic is dominated by the group M of the Type 1, which is subdivided into several subtypes and CRF.

Objective: The objective of this review was to expose the specificities of the HIV-1 epidemic in Kinshasa, in terms of the
evolution of different variants of HIV over time.

Methodology: A literature review was carried out on various publication and abstract papers presented on conference focus-
ing on the identification of the different variants of HIV Type 1 in Kinshasa, DRC. This research was limited to the published
works and abstracts presented over the past 30 years.

Results: According to the different documentary sources, the subtype A of group M of HIV Type 1 remained more or less
majority over time in Kinshasa. In 1985, subtype G was predominant at 37.5% followed by subtypes a (20.8%). In 1997, sub-
type A was the majority with 43.7% followed by subtypes D (13.4%). In 2000, subtype A was dominant at 42.2% followed by
subtypes G (25.3%). In 2002, subtype A was predominant at 39.6% followed by subtype D (13.9%). In 2007, subtype A was
in the majority at 23.0% followed by subtypes C (13.8%). By 2015, subtype A was also dominant with 22.9% followed by the
CRF02_AG (11.1%).

Conclusion: The HIV-1 molecular epidemic in Kinshasa suggests a persistence of subtype A and a significant increase in

Evolution of Subtypes of the Human Immunodeficiency Virus

CRF02_AG in the general population over time.
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INTRODUCTION

More than 30 years after its official declaration, the infection
by the Human Immunodeficiency Virus (HIV) remains a ma-
jor public health problem in Kinshasa and even for the entire
Democratic Republic of Congo (DRC). The prevalence of the
HIV epidemic in Kinshasa was of 1.6% according to the reports
of the Demographic Health Survey (DHS) in 2014 [1]. It has
remained more or less stable below 5% since the beginning of

this century for the country.

HIV, which is a Lentivirus of the Retroviridae family, has a di-

versity that is equal to the complexity of its treatment. This

virus is divided into 2 types (HIV-1 and HIV-2), each of which
is divided into different groups, subtypes and recombinant
forms [2]. In the DRC, in Kinshasa in particular, the HIV epi-
demic is dominated by the group M of Type 1 [3]. This group
M comprises several subtypes and Circulating Recombinant
Forms (CRFs) as well as Unknown Recombinant Forms (URFs)
which stayed very dynamically in Kinshasa. Since 1985, with
the first phylogenetic study on the population of Kinshasa,
the distribution of strains circulating in the city has changed

considerably; it is in constant evolution. Some subtypes have
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been confirmed over time while others gradually disappear

due to pressure and different selections [4].

The objective of this review was to expose the specificities of
the HIV epidemic in Kinshasa, in terms of the evolution of dif-

ferent variants of HIV over time.

METHODOLOGY

Literature Review

Various publications and abstract papers presented at a con-
ference focusing on the identification of the different variants
of HIV Type 1 in Kinshasa, in the Democratic Republic of Congo
(DRC), were the subject of this review. The search for these
published works on the various variants of HIV Type 1 was
done on the internet from the following websites: (i) MED-
LINE / PubMed; (ii) POPLINE electronic database of published
documents; (iii) Public access data on conference papers; (iv)
Scientific report published on the Internet; (v) Google Scholar;
(vi) Cochrane Library. This online research was based on the
following key words: “HIV, subtype, Kinshasa”, “genotype, HIV,
Kinshasa” and “HIV strains in Kinshasa”.

Inclusion and non-inclusion criteria

The research was restricted to published works and abstracts
presented over the last 30 years (1985 to 2015). The manu-
scripts were selected according to the relevance of the meth-
odology, the results as well as the representativeness of the
samples. The socio-demographic information of the studied

population, the measurement methods and the objectives
were considered in the evaluation of the articles. Reading the
various articles made it possible to exclude articles that did
not directly concern the HIV-1 strains circulating in Kinshasa.
Pediatric studies, studies on migrant populations as well as

studies without original data were not retained for this review.

RESULTS

According to the various documented sources, published ar-
ticles and abstracts presented in conference since 1985, the
subtype A of group M of HIV Type 1 remained more or less
majority over time for Kinshasa. In 1985, subtype G was pre-
dominant at 37.5%, followed by subtypes A (20.8%), F (12.5%),
U (12.5%) and CRFO1_AE (8.3 %) [4]. In 1997, subtype A was
predominant with 43.7% followed by subtypes D (13.4%), G
(10.5%), H (9.8%) and U (7.7 %) [5, 6]. In 2000, subtype A was
dominant at 42.2% followed by subtypes G (25.3%), D (10.8%),
C (6.0%) and F (4, 8%) [7]. In 2002, subtype A was predomi-
nant at 39.6% followed by subtypes D (13.9%), G (10.4%), C
(9.7%) and U (7.6%) [8]. In 2007, subtype A was predominant
at 23.0% followed by subtypes C (13.8%), G (5.3%), D (4.3%)
and U (2.1%) [9]. By 2015, subtype A was also dominant with
22.9% followed by CRFO2_AG (11.1%), subtypes C (9.8%), G
(9.8%) and K (9.8% %) [10]. Table 1 presents the different sub-
types according to the years. Figure 1 shows the evolution of

strains through the years.

Table 1: Evolution of subtypes of the Human Immunodeficiency Virus Type 1 in Kinshasa over the last 30 years (1985-2015).

Subtypes of 1985 (n=24) 1997 (n=142) | 1999-2000 (n=83) 2002 (n=144) 2007 (n=94) 2015 (n=153)
groupe M
5 (20.8%) 62 (43.7%) 35 (42.2%) 57 (39.6%) 22 (23.0%) 35 (22.9%)
B 0 0 0 0 0 3 (2%)
c 0 3(2.2%) 5 (6.0%) 14 (9.7%) 13 (13.8%) 15 (9.8%)
D 1(4.2%) 19 (13.4%) 9 (10.8%) 20 (13.9%) 4 (4.3%) 12 (7.8%)
E 0 1(0.7%) 0 0 0
F 3(12.5%) 8 (5.6%) 4 (4.8%) 2 (1.4%) 6 (3.9%)
G 9 (37.5%) 15 (10.5%) 21 (25.3%) 15 (10.4%) 5 (5.3%) 15 (9.8%)
H 1(4.2%) 14 (9.8%) 3 (3.6%) 9 (6.3%) 1(1.1%) 12 (7.8%)
J 0 5 (3.5%) 2 (2.4%) 2 (1.4%) 1(1.1%) 9 (5.9%)
K 0 4 (2.8%) 1(1.2%) 4(2.8%) 0 15 (9.8%)
CRFO1_AE 2 (12.5%) 0 0 4(2.8%) § 5 (3.3%)
CRF02_AG 0 0 0 3(2.1%) § 17 (11.1%)
CRFO5_DF 0 0 0 2 (1.4%) § 0
CRF11_cpx 0 0 0 1(0.7%) § 0
u 3(12.5%) 11 (7.7%) 3(3.6%) 11 (7.6%) 2 (2.1%) 8 (5.2%)
§Prevalence of individual CRF not defined in this study (14 CRFs and 32 URFs).
DISCUSSION

The objective of this review was to expose the specificities of
the HIV epidemic in Kinshasa, in terms of the evolution of dif-
ferent variants of HIV over time. Six (6) published works have

been documented particularly for Kinshasa from 1985 to 2015

with the main objective of determining the strains of the HIV

Type 1 circulating in Kinshasa.

In 1985, Yang et al worked on 24 positive HIV samples harvest-
ed by the AIDS Project exclusively on Professional Sex Workers
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(PSW) from Kinshasa [4]. This female-only population had an
average age of 22.2 + 4.6 years [11]. Subtype G was predomi-
nant at 37.5%, followed by subtypes A (20.8%), F (12.5%), U
(12.5%), CRFO1_AE (8.3%), subtypes D (4.2%) and H (4.2%)
[4]. A more recent study of a PSW population was published
in 2016 with subtypes presented as follow: subtype K was
dominant with 25% followed by subtypes A (15%), G (15%),
C (10%), J (10%), U (10%), CRFO2_AG (10%) and subtype H
(5%) [12]. These works demonstrate that PSWs, because of
the diversity of their partners, present a molecular epidemiol-
ogy different from that of the general population and that this
population should not be neglected when planning for HIV
subtypes surveillance.

a5
40
35 1
30 W 1385 (n=24}
25 W 1397 (n=142)
20 A W 1999-2000 (n=83)
15 1 W 2002 (n=144)

10 1 W 2007 (n=94)

57 m 2015 (n=153)

o

< m Uopg Wowe 9 T T ow EI SI 5 é‘l o
o

Figure 1: Subtypes of HIV Type 1 in Kinshasa throughout the past 30 years.

In 1997, Mulanga-Kabeya C et al worked on a population of
142 young HIV positive adults aged 20-30 years, including 50
tuberculosis patients, 26 clinic patients, 16 women included
from the Prenatal Consultation programs, 10 blood donors,
29 PSWs and 12 patients of diverse origin [5]. The mean age
of the population was 25.2 £ 6.3 years [5]. Subtype A was
predominant with 43.7%, followed by subtypes D (13.4%),
G (10.5%), H (9.8%), U (7.7%), F (5.6%), J (3.5%), K (2.8%), C
(2.2%) and E (0.7%) [5, 6].

In 1999-2000, Yang C et al worked on 83 positive HIV samples,
of which 42 were from PSs, 29 from clinic patients and 12 from
tuberculosis patients [7]. Patients were included in the 18-49
years range of age [7]. Subtype A was dominant at 42.2% fol-
lowed by subtypes G (25.3%), D (10.8%), C (6.0%), F (4.8%), H
(3.6%), U (3.6%), J (2.4%) and K (1.2%) [7].

In 2002, Vidal N et al worked on a heterogeneous population
of 144 HIV-positive patients, including 49 tuberculosis pa-
tients, 39 clinic patients, 3 women included from the Prenatal
Consultation programs, 37 PSWs and 16 patients of diverse
origin [8]. The mean age of the patients was 29.4 + 9.6 years
[8]. Subtype A was predominant at 39.6% followed by sub-
types D (13.9%), G (10.4%), C (9.7%), U (7.6%), H (6.3%), K
(2.8%), CRFO1_AE (2.8%), CRF02_AG (2.1%), F (1.4%), J (1.4%),
CRFO5_DF (1, 4%) and CRF11_cpx (0.7%) [8].

In 2007, Djoko CF et al have worked on HIV positive samples

from 94 soldiers, 92.5% of men and 7.5% of women [9]. The
median age of the population was 35 years with limits of
20 and 63 years [9]. The subtype A had a majority at 23.0%
followed subtype C (13.8%), G (5.3%), D (4.3%), U (2.1%), H
(1.1%) and J (1.1%) [9]. Of the 94 samples, 14 (14.9%) were
CRFs (CRFO1_AE, CRFO2_AG, CRF11_cpx, CRF13_cpx, CRF25_
cpx, CRF26_A5U, CRF37_cpx, CRF43_02G and CRF45_cpx) and
32 (34.0%) were URFs [9].

In 2015, Kamangu NE et al have worked on a heterogeneous
population of 153 HIV patients including 92 women and 61 men
all aged over 18 years through the 4 districts of Kinshasa [10].
The median age of this population was 37 years with limits of
18 and 65 years [10]. These 153 patients were newly infected
patient eligible to Antiretroviral Treatment and ART naive fol-
lowed in different centers of the city [10, 13]. Eight (8) Ambu-
latory Treatment Centers (ATC), in order of 2 ATCs per district,
participated in this study. All social strata have been repre-
sented in this study [10]. These ATCs were selected because of
reproducibility criteria [14]. In this population, the subtype A
was predominant with 22.9% followed CRFO2_AG (11.1%), sub-
types C (9.8%), G (9.8%), K (9.8 %), D (7.8%), J (5.9%), U (5.2%),
F (3.9%), CRFO1_AE (3.3%) and subtype B (2%) [10].

Subtype A of HIV Type 1 M is the continuously the present
strain of high prevalence in Kinshasa since the epidemic was
declared in 1983. Since the first phylogenetic studies with the
population of Kinshasa in 1985, this strain was present with
a high prevalence and it has been maintained throughout
the years [4-10]. Although still a majority, subtype A has lost
points in recent years: from 43.7% in 1997 to 22.9% in 2015
[5, 6, 10]. This dominant prevalence may be due to the intra-
group diversity of subtype A, which is divided into 4 subtypes
(A1, A2, A3 and A4), which makes it more apt to escape con-
ventional treatments [15].

Subtype B, which was not present in the city in previous years,
is now counted among the strains circulating in Kinshasa [10].
This is a case of importation of HIV infection from northern
countries where this subtype occurs to the south. Hence the
movement of populations is always a factor that influences
the global epidemic, the distribution and evolution of the dif-
ferent strains of the HIV virus.

Subtypes C, D, F, G, H, U and CRFO1_AE have lost scope in the
epidemic in Kinshasa throughout the years in the city (Figure
1). Subtype C decreased from 13.8% in 2007 to 9.8% in 2015
[9, 10]. Subtype D decreased from 13.9% in 2002 to 7.8% in
2015 [8, 10]. Subtype F decreased from 12.5% in 1985 to 3.9%
in 2015 [4, 10]. Subtype G decreased from 37.5% in 1985, to
25.3% in 2000 to 9.8% in 2015 [4, 7, 10]. Subtype H decreased
from 9.8% in 1997 to 7.8% in 2015 [5, 6, 10]. The subtype U
decreased from 12.5% in 1985, 7.6% in 2002 to 5.2% in 2015 [4,
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8, 10]. The CRFO1_AE decreased from 12.5% in 1985 t0 3.3% in 4.
2015 [4, 10]. Phylogenetic analyzes using the Neighbors-joining

and maximum likeness approach demonstrated that the above-

mentioned strains were quite similar to subtype B; hence their

difficulty in escaping conventional treatments [16]. 5.

On the other hand, subtypes J and K have become more pres-

ent in the epidemic than in previous years (Figure 1). Subtype
Jincreased from 3.5% in 1997 to 5.9% in 2015 [5, 6, 10]. The
subtype K increased from 2.8% in 1997 and in 2002 t0 9,8% in 6.
2015 [5, 6, 8, 10].

The CRF02_AG, which was not presented the previous years in

Kinshasa, is in second position after subtype A [10]. This vari-

ant is becoming more and more important in Central Africa
[17]. CRFO2_AG is a recombined form of variants A and G [18].

These 2 subtypes were dominant in the past years in Kinshasa

and even across the country [3]. Many wild-type strains are

giving way to recombinant forms that escape more easily from

ART [17]. These recombinations play a primordial role in the

emergence of resistance to treatment [18].

The different strains which had high prevalence in the past

have decreased with time thus favoring the emergence of cer-
tain other subtypes such as subtype B, J, K and CRF02_AG.
These new variants are selected according to their adaptation

to the cell environment, to the selection pressure exerted by

the immune system and possibly to that exerted by the anti-

retroviral treatments [16].

CONCLUSION
The HIV epidemic in Kinshasa has been dominated by the M-

group of HIV Type 1 since its 1983 declaration. The distribu-  10.

tion of these circulating strains is constantly and dynamically

evolving. Over the years, some subtypes have been confirmed

while others have been erased due to pressure and different

selections. The molecular HIV-1 epidemic in Kinshasa suggests

a persistence of subtype A and a significant increase in CRF02_  11.

AG in the general population over time.
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