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Variability in HIV-1 partial genomic
sequences in Costa Rican patients: 
analysis with different bioinformatics tools

Lizeth Taylor-Castillo,1 María Paz León-Bratti,2 Antonio Solano-Chinchilla,3

Gisela Herrera-Martínez,3 Ricardo Boza-Cordero,4 Bernal León,5

Ronald B. Luftig,5 and Kirsten Visoná5

Objective. To estimate subtype and genomic variability in the HIV pol gene of Costa Rican
patients by using different bioinformatics tools and to use this information to establish new
policies to better manage these patients.
Methods. A total of 113 pol sequences available from Costa Rican patients under highly ac-
tive antiretroviral therapy were analyzed by using the Genotyping, REGA, Stanford, and
MEGA programs. The pol sequences came from 77 virologic failures (VF) and 36 basal sam-
ples (BS). Of the 77 VF, 22 also were sequenced in the env region.
Results. No major differences were found among the variables studied. However, there was
a tendency for more variability in VF patients with a high baseline viral load. In the pol gene,
75%–83% of BS and 66%–75% of VF samples were pure B subtype by Genotyping and
REGA, respectively. The other samples presented variations related mainly to circulating re-
combinant form CRF12 by genotyping or to CRF17 or –29 by phylogenetic analysis or a new
possible BD recombinant with all programs. In the Stanford program, all variable samples
showed a subtype B with high polymorphism. The variability in the env sequences was lower
than that in the pol region.
Conclusion. The B subtype is predominant in Costa Rican HIV-positive patients. There is
high variability within sequences with potential recombination between B and F or D sub-
types. The BD recombinant has not been previously reported. This high variability is likely the
result of possible recombinant events, nonadherence to antiretroviral therapy, sexual inter-
course without protection, and many sexual partners. Similar studies should be done in other
countries in the Region, in particular in those places with extensive immigration, in order to
decrease the possibility of virus variability as well as the cost of antiretroviral therapy.

HIV-1; sequence analysis; recombination, genetic; genetic variation; software; Costa
Rica.

ABSTRACT

In Latin America, there were 100 000
new HIV infections and 58 000 AIDS
deaths during 2007. The number of peo-
ple living with HIV is around 1.6 million,
and more than 460 000 need antiretroviral
therapy (ART) (1). Of them, more than 
15 000 (15 000–50 000) live in Central
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America, where approximately 14 000
patients were receiving ART in 2007 (2,
3). Each country has its own criterion to
enroll patients for ART as well as differ-
ent procedures for follow-up. The detec-
tion of resistant mutants was initiated in
Costa Rica during the year 2000; other
countries in the region are in the process
of implementation (1).

Different guidelines and studies have
established that determining the level of
CD4 T cells and HIV viral load are the
ideal criteria to enroll a patient in ART
(4, 5). However, in several developing
countries both methods are not available
because of the high cost; therefore, only
CD4 count is used as the criterion for
treatment initiation. In many patients,
the basal viral load could be very high,
which decreases the possibility of ob-
taining undetectable levels of virus after
ART initiation, with a concomitant
greater risk of viral relapse. This situa-
tion could also lead to increases in viral
diversity because of enhanced replica-
tion as well as the possibility of recombi-
nation and the emergence of resistant
mutants (6, 7). In contrast, in developed
countries most patients start treatment
according to ideal criteria, which permit
control of viral diversity and of the
spread of HIV. 

Genetic diversity and subtype deter-
mination are best done by sequencing
the full-length genome. However, this
procedure is very costly and time-con-
suming (8, 9). Partial genomic sequenc-
ing with commercial kits allows us to de-
termine resistant mutants of HIV (10–12)
and provides an opportunity to analyze
sequenced materials in order to study
HIV variability and the possibility of de-
tecting recombinants in different geo-
graphic areas using several software
packages. Sequence analysis of env and
pol together is a frequent choice for de-
termining viral heterogeneity (13–16).

HIV genetic variability leads to quasi-
species, which are formed as a result of
the highly error-prone reverse transcrip-
tase (RT) enzyme and the ability for
RNA/DNA to recombine inside infected
cells during retrotranscription and repli-
cation (6–8). During genome replication,
crossover recombination may occur
ranging from three to nine times for each
replication cycle, leading to intrasubtype
recombinants (8, 9, 17, 18).

A second type of recombination,
known as intersubtype recombination,
originates through the existence of dif-

ferent subtypes in cocirculation. There
are at least 9 subtypes for HIV-1 and 43
circulating recombinant forms (CRFs)
reported throughout the world as well 
as a large variety of equally important
unique full-length recombinant forms
that have been described. This diversity
in the HIV-1 population allows variants
to escape from host immunity and also
has an impact on ART (6, 7, 9, 17–21).

In Latin America, HIV-1 subtype B is
predominant, but CRFs such as CRF12
recombinant BF have been described in
Brazil, Argentina, Cuba, and Uruguay
(8, 13, 16, 19, 22, 23). In Costa Rica and
other Central American countries, there
are no reports describing the distribution
of HIV-1 subtypes or recombinant forms.
In a study with patients receiving treat-
ment at Costa Rica’s Social Security Sys-
tem (Caja Costarricense de Seguro So-
cial, CCSS) where more than 90% of
Costa Rica’s HIV patients needing treat-
ment receive it, it was determined that
virologic failure (VF) in ART was due to
HIV-resistant mutants, and the appear-
ance of these mutants was related to lack
of adherence to ART or high viral load at
the initiation of treatment (12).

We took advantage of the sequences
available in Costa Rica to determine 
HIV-1 variability in the country and to
analyze the material with existing soft-
ware. These results have provided useful
information for better management of pa-
tients and improved intervention policies.

MATERIALS AND METHODS

Study population 

A total of 113 samples from patients
infected with HIV were collected be-
tween 1997 and 2004 at the CCSS in
Costa Rica; 77 samples were from pa-
tients receiving highly active ART
(HAART) with VF and 36 basal samples
(BS) were from patients before starting
treatment. VF was defined as an increase
in viral load from < 50 copies/milliliter
(mL) to ≥ 1 × 103 copies/mL in two con-
secutive samples in patients receiving
HAART. A blood sample was collected
from each patient (VF and BS) and the
plasma was referred to the International
Center of Medical Research and Training
and kept frozen below –40 °C until ana-
lyzed. All 113 samples (VF and BS) were
sequenced with a TruGene HIV-1 geno-
typing kit (Visible Genetics, Toronto,
Ontario, Canada) to detect resistant mu-

tants of HIV RT and protease (PR) (12).
Additionally, 22 samples from the VF
patients were sequenced in the env re-
gion V3 loop.

A group of 68 HIV-infected individu-
als with HAART and without VF were
used as controls; they were matched in
age and period of treatment.

Data collection

Each patient signed a consent form
and the following information was ob-
tained from the patient’s clinical record:
sex, age, place of residence, risk behavior
(men who have sex with men, heterosex-
ual, intravenous drug users), occupation
(professional, technical businessman,
manual worker, housewife), infection ac-
quired in Costa Rica (yes or no), number
of sexual partners, sexual intercourse
with or without a condom, baseline viral
load, actual viral load in VF patients, ad-
herence (good or bad; good adherence
was defined as more than 90% compli-
ance with the prescribed regimen), time
under treatment, patient progression
(good, VF, change of treatment), and
number of previous treatment changes.

RNA extraction, RT–polymerase chain
reaction (PCR), and sequencing

RNA was extracted from 1 mL of pre-
viously centrifuged (23 500 × g for 1 h at
8 °C) plasma samples, using a silica gel
system QIAamp viral RNA minikit (Qia-
gen Inc., Valencia, California, and Ham-
burg, Germany). RT-PCR of the pol gene
of HIV was performed and then se-
quenced for both the RT and PR regions
of interest with the TruGene HIV-1
genotyping kit (Visible Genetics, At-
lanta, Georgia, United States of America)
according to the manufacturer’s instruc-
tions. Sequence analysis was performed
with the Gene Open System and the VG
Gene Librarian HIV Module, version
3.1.6 (Visible Genetics, Atlanta, Georgia,
United States of America).

For the env region, a 325-nucleotide
(nt) region spanning the V3 loop was am-
plified and sequenced. The primers were
derived from HIV-1 strain HXB2 (outer
primer bases 6953 to 6971, 5’-acagtacaat-
gtacacatgg-3’, and bases 7749 to 7715, 5’-
ccactcttctctttgccttggtggg-3’; inner primer
bases 7006 to 7025, 5’-/Cy5/aaatggcagtc-
tagcagaag-3’, and bases 7336 to 7317 5’/
Cy5.5/aatttctgggtcccctcctg-3’). RT-PCR
of the env gene was performed under the

24 Rev Panam Salud Publica 27(1), 2010

Original research Taylor-Castillo et al. • Variability in HIV-1 partial genomic sequences



following conditions: 40 microliters (μL)
of  master mix with 0.1 micromolar (μM)
each primer, 200 units of SuperScript II
RT (Gibco, Carlsbad, California, United
States of America), 1× Superscript II
buffer, 2.5 units of Taq polymerase
(Promega, California, USA), 1× Taq buf-
fer (Promega, San Luis Obispo, Califor-
nia, United States of America), 2.5 mil-
limolar (mM) MgCl2, 0.2 mM each dNTP,
and 10 µL of DNA template. The mixture
was run in a cycler (2400 Perkin Elmer,
Waltham, Massachusetts, United States
of America) as follows: 95 °C for 5 min,
42 °C for 55 min, 70 °C for 10 min, 95 °C
for 5 min; 45 cycles at 95 °C for 50 s, 55 °C
for 50 s, and 72 °C for 90 s; and one
extension of 7 min at 72 °C. After that,
sequencing was performed according 
to the Cy5/Cy 5.5 sequencing kit proto-
col (Visible Genetics, Bayer, Frankfort,
Germany).

HIV-1 sequence analysis

All sequences obtained from the RT-
PR and env genes were then used to de-
termine the subtype, using database in-
formation from the following websites:
National Center for Biotechnology Infor-
mation (NCBI) Genotyping tool (15, 24),
REGA HIV subtyping tool (25), and
Stanford HIV-1 drug-resistance database
(26). RT-PR sequences were analyzed
using the RIP HIV sequence database
tool (27) to confirm the presence of pos-
sible recombinants.

Sequence alignments were done with
the BioEdit program (28) and phyloge-
netic and molecular evolutionary analy-
ses were conducted using MEGA ver-
sion 4 (29) and the PhyML HIV sequence
database tool (30).

Statistical analysis 

Analysis of different variables was
carried out using SPSS software. The 
chi-square test with α < 0.05 was de-
fined as significant. A logistic regression
analysis was used to identify which
variables were associated with VF and
sequence variability.

RESULTS

The patients in this study were pre-
dominantly males (> 80%): 60.0% in the
BS group and 74.1% in the VF group;
61.0% of the patients in the control group
were men who had sex with men. In all

groups, more than 80% of the partici-
pants were less than 50 years old, most
lived in San José—the capital of Costa
Rica—and half of the population were
manual workers (housewives included);
fewer than 23% were professionals.
Good adherence was determined in only
13.6% of the VF group versus 98% in the
control group (P < 0.001). In 53 patients,
23 (43.4%) have been in treatment more
than 2 years, 9 of them for more than 5
years (Table 1). Of the 45 patients for
whom information was available, 10
(22.2%) were infected outside of Costa
Rica, half of them showed variability in
their sequences without significant asso-
ciation, 23 had between two and five sex-
ual partners, and 22 had more than five
sexual partners. Only 14 of 33 patients
(42.4%) used condoms in sexual inter-
course regularly.

In 71 of the total patients analyzed,
where the therapy scheme could be eval-
uated, 87.4% had two or more treatment
changes, and only 22.5% had good ad-
herence according to the physicians’
evaluation. No significant difference was
found between the number of changes of
treatment and increases in sequence
variability.

Analysis of pol gene sequences was
performed using three different pro-
grams: Genotyping (24), REGA HIV sub-
typing tool (25), and the Stanford HIV-1
drug-resistance database (26) (Table 2).
As there were some differences with the
analysis using Genotyping programs,
and those using pure references or pure
plus CRF references (Figure 1), it was de-
cided to perform the analysis using only
the pure sequences. There are different

proportions of B subtypes in BS and VF
samples with both programs. Variation
was detected in the sequences as follows:
27 (75.0%) and 30 (83.3%) BS and 51
(66.2%) and 58 (75.3%) VF samples were
classified as B pure subtype by Genotyp-
ing and REGA, respectively. In BS and
VF samples, the most frequent variable
noted is an association with CRF12 (BF)
in 13.8% and 11.7% of the sequences, re-
spectively, using the Genotyping pro-
gram. Figure 1 shows the variability
found at the 3’ and 5’ ends of a sample
with this program, using the CRF refer-
ences; however, only the 5’ variability
was confirmed using the pure reference
sequences. In the REGA analysis, this
sample showed a 5’ end matching with
F1, a low bootstrap between 600 and 800
nt, and a best matching with subtype B
at the 3’ end.

The REGA program showed possible
recombination with the D subtype as the
most frequent in all the analyzed sam-
ples (18.6%) (13.8% in BS and 20.7% in
VF) (Table 2). This variation was also de-
tected by the Genotyping program in
10% of VF samples, but none of these
values showed any significant difference
between the BS and VF groups. One of
the VF samples was classified as a possi-
ble CRF12 or BF recombinant by both
methods (Figure 1) and it showed
90%–93% association with a B subtype
by using the Stanford program. Most of
the samples classified as B pure by Geno-
typing showed a bootscan ≥ 95% in the
Stanford program, with the RT region
showing a bigger variation than the PR
region (Table 2). Analysis of these se-
quences with the RIP program did not
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TABLE 1. Characteristics of study populations, Costa Rica, 1997–2004

BSa VFb samples

Variable No. % No. %

Male 30 83.3 67 87.0
Female 6 16.6 10 12.9
18 to 50 years old 25/31 80.6 57/66 86.4
Living in San Jose 15/20 75.0 29/48 60.4
Men who have sex with men 18/30 60.0 43/58 74.1
Professional 3/20 15.0 11/48 22.9
Manual worker 10/20 50.0 23/48 47.9
Low adherence None 51/59 86.4
Basal viral load ≤ 104 7/33 21.2 15/66 22.7
Basal viral Load > 104 26/33 78.8 51/66 77.3
≤ 2 years under treatment NAc 30/53 56.6
> 2 years under treatment NAc 23/53 43.4

a Basal samples.
b Virologic failure.
c Not applicable.



confirm the presence of any recombi-
nants using the pure subtype sequences
as a reference.

Alignment with the BioEdit program
showed a sequence identity matrix with
values between 90% and 99% for these
samples and the subtype B references
used (B_K03455, B_AY037268, B_M17449),
the range being 93%–99% and 90%–97%
in BS and VF samples, respectively, with
the VF samples showing a greater genetic
distance. Identity of the B subtype with
the D subtypes selected (D_K03454,
D_M27323) was 92%–94%, and it was
89%–90% with the F1 subtypes used
(F1_AF005494, F1_AF077336).

Phylogenetic tree analysis of samples
with a possible correlation to subtype F
using the MEGA (Figure 2) and PhyML
(data not shown) programs demon-
strated one sample associated with
CRF17 BF and four associated with
CRF29 BF, while in the phylogenetic tree
samples with a possible correlation to
subtype D, there are two samples near
CRF05 DF and a clade of nine samples
between subtype B and CRF05 DF (Fig-
ure 3).

The baseline viral load levels in both
groups for this study as well as the con-
trol group were very similar (> 75% with
> 104 copies/mL). The relationship be-
tween baseline viral load of the patients
in BS and VF groups and variability of

their sequences were analyzed and no
significant difference was found (P = 0.5
and 0.3, respectively), but there was a
tendency in the VF group to increased

genetic variability in patients with a
basal viral load of > 104 copies/mL
(Table 3). Twelve sequences of these BS
correspond to a viral load of > 104
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TABLE 2. HIV-1 subtypes of 36 basal samples (BS) and 77 virologic failure samples (VF) in pol gene using three different informatics tools,
Costa Rica, 1997–2004

Genotyping Stanfordb

BS VF REGAa BS > 95% bootscan VF > 95% bootscan

Subtype No. % No. % BS VF PRc RTd PRc RTd

Be 27 75.0 51 66.2 22 B 44 B, 1BG 20/22 11/22 31/45 25/45
5 BD 6 BD 4/5 4/5 3/6 4/6

BF RTd 5 13.8 9 11.7 1 BF, 4 B 1 BF, 8 B 5/5 0/5 4/9 2/9
BF PRc RT 1 1.3 1 BD 0/1 0/1
BD PR-RT 2 5.5 8 10.4 2 B 8 BD 1/2 0/2 3/8 1/8
BC RT 1 2.8 2 2.6 1 B 1BD, 1B 1/1 0/1 0/2 0/2
BC PR-RT 1 2.8 1 1.3 1 B 1 B 1/1 0/1 0/1 0/1
19 cpxf RT 2 2.6 2 B 1/2 0/2
19 cpxf PR-RT 1 1.3 1 B 0/1 0/1
BAFg 1 1.3 1 BG 0/1 0/1
BFCh 1 1.3 1 B 0/1 0/1
Total BD 2 5.5 8 10.4 5 (13.8%) 16 (20.7%)

27 75.0 51 66.2 30 58 32 15 42 32
Total B (83.3%) (75.3%) (88.8%) (41.7%) (54.5%) (41.5%)

aMixes of subtypes are shown with a bootscan between 20% and 70%.
bNumbers to the right of the / in the Stanford program correspond to total samples in each row according to the Genotyping and REGA programs.
c Protease region.
dReverse transcriptase region.
eB subtype only by genotyping.
f CRF19cpx  (A1, D, G).
gPossible B, A, and F mix.
hPossible B, F, and C mix.

-

FIGURE 1. Graphic representation of a possible CRF12 sample analyzed in subtype Genotyping
and REGA programs

(A) Using 2005 pure and CRF reference sequences; the sample showed CRF12 regions at both ends (red
regions) with B in the middle. (continued)



copies/mL and only two showed some
variability at the beginning.

Of the 22 VF samples sequenced in the
env region V3 loop, subtype B was found
in 21 samples (95%) and 1 (5%) was classi-
fied as BG by Genotyping. Fifteen samples
were assigned to subtype B with bootstrap
support ≥ 95%, and the other samples
used showed a bootstrap support < 91%
by the REGA program (Table 4).

DISCUSSION

Costa Rica has been able to provide
better support for HIV patients undergo-
ing treatment with a follow-up that
showed a level of only 10% VF in the
overall population treated. In an earlier
study, we showed that all BS from pa-
tients who responded well to antiviral
treatment had a viral load of < 104

copies/mL (12). In spite of that, we
found a high viral variability in the VF
patients, with low treatment adherence
(Table 2). This variable, together with re-
sistant mutants, was associated with VF
in this early study (12). Variables such as
sex, age, place of residence, risk group,
occupation, and whether the persons
were infected outside of Costa Rica were
not found to correlate with HIV-1 intra-
or intersubtype.

It might be expected that recombinant
diversity would be greater in samples
from the VF group versus the BS group
as the results showed, because the num-
ber of drug-resistant strains increases
proportionally to residual virus replica-
tion, which often reaches high levels
after VF and correspondingly exhibits
high levels of recombinants. In an earlier
study, Taylor-Castillo et al. (12) analyzed
mutant genotypes resistant to antiviral
treatment using a TruGene System (15)
(which identifies 99% of non-subtype B
as well as the B subtype) (10, 11), and
they reported 78% resistance to nucleo-
side RT inhibitors, and 50% resistance to
both nonnucleoside RT inhibitors and
PR inhibitors. In this study, we used the
same sequences (32 new) and the re-
ported mutations were checked with the
Stanford program (26). These analyses
confirmed the previous report of muta-
tion (data not shown) and also demon-
strated a higher sequence polymorphism
for VF samples; however, it was con-
cluded that the variability found was not
related to antiviral resistant mutants be-
cause the percentage of possible recom-
binants in BS, where there are fewer re-
sistant mutants, and VF groups did not
show significant differences in spite of
the higher percentage of pure subtype B
in BS.

A tendency toward increased se-
quence variability and high viral loads at
the time of treatment initiation corre-
lated well with evolutionary viral varia-
tion; however, these data are not statisti-
cally significant. This trend and a major
percentage of variability in VF samples
may be associated with other factors
such as time of infection before initiation
of treatment or time needed to reduce
the viral load to undetectable levels or to
adherence itself. This observation rein-
forces the need to implement good pre-
vention policies that should include the
availability of screening tests for early
detection as well as tests for viral load
and CD4 quantification. These tests can
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FIGURE 1. Continued

(B) Using 2005 pure reference sequences, the sample showed only a 3' region like CRF12, red region.

(C) Analysis by REGA program showed the sample like F1 in the 3' region (yellow line) and B in the 5' region
(blue line) (possible BF recombinant).
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serve as important markers for initiation
of antiviral treatment in order to provide
maximal benefit for patients by using
ART to lower VF and avoid overall viral
variability (5). According to information
from the Ministry of Health and other
professionals in Central America (2, 31,
32), the availability of screening tests is
variable, but in general it is low and the
markers used as criteria to initiate treat-
ment are not optimal—that is, lower lev-
els of CD4 (≤ 250 cells/mL) and higher
levels of viral load (≥ 100 000 copies/
mL). This is despite the demonstrated
importance of starting the treatment
when CD4 is between 350 and 200
cells/mL in correlation with low viral
loads (4, 5).

Although different studies have shown
that patients with a sustained viral load of
< 50 copies/mL will not develop VF due
to resistant mutants, they have not taken
into account the effect produced by drug
toxicity or other treatment complications
or the effect of transient viremia or viral
‘‘blips” because of activation of the im-
mune system by infectious agents in these
patients (33).

Most of the samples in this study were
classified as pure subtype B (Tables 2–4),
similar to the situation in Honduras,
which has reported 99% of subtype B (34).
However, the high variability shown in
Costa Rican samples (90%–99% of identity
with genotype B reference strains) proba-
bly corresponds to the recombination ca-
pacity of HIV due to the high percentage
of sexual intercourse without protection
(58%) or having more than five sexual
partners (49%), higher than has been re-
ported overall in Latin America (25%–
35%) (1).

A region matching CRF12 (BF) in the
pol gene (Table 2) was found to be the
most frequent possible recombinant by
Genotyping, while with REGA the most
frequent was a possible recombination
between B and D subtypes (Table 2).
Both programs detected a sample that
was identified as a possible CRF12 or BF
recombinant in the pol region (Figure 1),
and by phylogenetic analysis it was bet-
ter correlated with CRF17 BF (Figure 2).
Recombination between B and F sub-
types had been described earlier in
South America (Brazil and Argentina)
(22, 23), while recombination between B
and D is not part of the 43 CRFs de-
scribed until now and the D subtype has
been reported only in 0.4% and 0.6% of
samples in North and South America, re-
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spectively (21). Because of variation ob-
served in both programs, an individual
analysis was done with the RIP program
using the HIV database (27) and no real
recombination was found—only 95%–
97% of similarity with the B subtype and
92%–95% with the D subtype. In other
words, by using the RIP program impor-
tant variations are noted in the pol se-
quences, but they do not correspond to
true recombination. It is notable that
analysis using this program involves
only pure subtype sequences.

In contrast, the phylogenetic analysis
showed a good correlation between one
sample with CRF17 and four with CRF29
(Figure 2) as well as a possible correla-
tion with some samples and subtypes B
and D. This analysis, however, was not
well defined because this type of recom-
bination has not yet been reported and
the comparison was done using DF and
AD recombinants. Subtypes B and D are
the most closely related and this fact
could introduce noise into the compari-
son (Figure 3).

Less variability was detected in the env
region (Table 4), although more conven-
tional env sequenced-based subtyping
analysis of HIV-1 is a good indicator for
differentiating subtypes and CRFs. Se-
quence heterogeneity in this region
makes it valuable for phylogenetic dif-
ferentiation, but it is a relatively poor se-
lection criterion for viral recombination

and chimeric virus detection (34). In that
study, the true value of such an analysis
is not clear because only a small env frag-
ment was analyzed.

In spite of  limitations, such as an in-
ability to obtain some patients’ clinical
records and not having the possibility of
making complete sequences, our study
supports the hypothesis that there is a
high level of variability and possibly
multiple recombinatorial  events occur-
ring in Costa Rican patients. It will be
important to determine the origin of
these variations and whether they are re-
lated to polymorphisms or whether they
could be novel sequences that provide a
selective advantage to the virus.

It is important to consider that while
HIV-drug-resistant mutants have been
detected in Costa Rica since 2000, other
regional countries are still in the initia-
tion process. In Nicaragua (< 0.5% gen-
eral prevalence (31)) and Honduras
(1.5% general prevalence (32)), ART was
started only in 2007 because of the high
cost of these drugs. Also, in Nicaragua,
CD4 level is the only criterion used to
enroll patients, while in El Salvador, the
number of patients under treatment is
low despite the high number of HIV-
positive persons (2). In Central America,
there are at least 20 000 persons under
treatment. The high-level availability of
screening tests in Costa Rica occurs be-
cause it is part of the service provided

by the Social Security System with more
than 95% of the population covered, and
screening is also made available for stu-
dents at the largest state university (Uni-
versidad de Costa Rica). The lack of de-
tection and treatment protocols noted
above for regional countries could in-
crease viral diversity throughout Cen-
tral America because it is a small geo-
graphic area with active migration
among countries (1), and it is further
complicated by intermingling of people
from Nicaragua and other countries
who come to Costa Rica to obtain better
medical support.

In conclusion, this study showed a
predominance of subtype B in Costa
Rican HIV-positive patients and a high
variability within HIV sequences with
possible recombination between B and F
or B and D subtypes; recombination be-
tween B and D has not been described
(21). Also, at least one sample was iden-
tified as CRF12 or related to CRF17 and
four were identified with CRF29 based
on sequence analysis of the pol region.
These genetic variations are likely
caused by a combination of several fac-
tors, such as ART nonadherence, a high
percentage of sexual intercourse without
protection (58%), and having more than
five sexual partners. These factors have
been described in other studies as well as
reports of a lowered adaptive immune
response (6, 34). Intra- and interclade
variation within pol sequences is particu-
larly relevant, because this region en-
codes RT and PR proteins, the target of
most HIV antiviral drugs. Variations in
these regions therefore may affect drug
susceptibility and development of drug
resistance (22).

Similar studies could be done in other
countries, where partial sequences are
being generated, and then used to obtain
more information about HIV variability
in this region. It is especially relevant for
tracking the role of cross-country immi-
gration in creating new HIV recombi-
nants. The availability of screening tests,
an emphasis on good adherence in tak-
ing antiviral drugs, and individual coun-
try surveillance analysis and safe sex
practices need to be promoted through-
out Central America in order to decrease
increased virus variability and the cost
of ART (35, 36). If the HIV natural his-
tory of each country is well documented,
a better preventive policy could also be
undertaken as part of HIV global spread
control.
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TABLE 3. Relationship between viral load and pol gene subtype in 66 virologic failure samples by
program, Costa Rica, 1997–2004

Virologic failure samples

Genotyping REGA

Subtype B B with variability Subtype B B with variability

Basal viral load No. % No. % No. % No. %

≤ 104 copies/mL 11 73.3 4 26.7 17 80.9 4 19.1
> 104 copies/mL 30 58.8 21 41.2 28 62.2 17 37.8

TABLE 4. HIV-1 subtypes of 22 patients using env and pol in the Genotyping
and REGA programs, Costa Rica, 1997–2004

Genotyping REGA

Subtype No. % Subtype bootstraps No. %

B 21 95.4 B > 95 16 72.7
B 90–91 2 13.6

B low 3 9.1
BG 1 4.6 B low 1 4.6
Total 22 22
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Objetivos. Determinar el subtipo y la variabilidad genómica del gen pol del VIH de
pacientes costarricenses mediante diferentes herramientas bioinformáticas y el uso de
esta información para establecer nuevas políticas para mejorar el diagnóstico y el tra-
tamiento de estos pacientes.
Métodos. Se analizaron 113 secuencias del gen pol de pacientes costarricenses bajo
tratamiento antirretrovírico de gran actividad mediante cuatro programas: Geno-
typing, REGA, Stanford y MEGA. Las secuencias pol analizadas provenían de 77 casos
considerados fracasos virológicos (FV) y 36 muestras iniciales (MI). También se se-
cuenció la región env de 22 de los 77 FV.
Resultados. No se encontraron diferencias importantes entre las variables estudia-
das. No obstante, se observó una tendencia a una mayor variabilidad en los pacientes
FV que tenían una elevada carga viral inicial. Con respecto al gen pol, 77–83% de las
MI y 66–75% de las muestras de los FV eran del subtipo B puro según Genotyping y
REGA, respectivamente. Las otras muestras presentaron variaciones relacionadas
principalmente con la forma recombinante en circulación CRF-12 según Genotyping,
con la CRF-17 o la CRF-29 según el análisis filogenético, o una nueva posible forma
recombinante BD según todos los programas. Con el programa Stanford, todas las
muestras variables reflejaron un subtipo B con elevado polimorfismo. La variabilidad
de la secuencia env fue menor que la de la región pol.
Conclusiones. El subtipo B fue el predominante en los pacientes positivos al VIH en
Costa Rica. Existe una alta variabilidad en las secuencias con una posible recombinación
entre los subtipos B, y F o D. La forma recombinante BD no se había notificado antes.
Esta elevada variabilidad parece ser el resultado de posibles eventos de recombinación,
la falta de adhesión al tratamiento antirretrovírico, las relaciones sexuales sin protección
y numerosas parejas sexuales. Se deben emprender estudios similares en otros países de
la Región, en particular en los lugares con mucha inmigración, para reducir tanto la po-
sibilidad de que el virus varíe como el costo del tratamiento antirretrovírico.

VIH-1; análisis de secuencia; recombinación genética; variación genética; programas
informáticos; Costa Rica.
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