
 HIVSetSubtype: Software for subtype classification of 
HIV-1 sequences 

 

Luciano V. de Araújo 
Bioinformatics – Institute of 
mathematics and statistics 
University of São Paulo, 

Rua do Matão, 1010  
055080-090 – SP - Brazil 

+55-11-30916172 
lvaraujo@gmail.com 

 

Sabri S. Sanabani 
Fundação Pró-Sangue 

Retrovirology Laboratory 
Federal University of São 

Paulo, Brazil 
Av. Dr. Eneas de Carvalho 
Aguiar,155 1º andar, SP  

+ 55 11 30615544 ext229 
sabyem_63@yahoo.com 

 

Ester C. Sabino 
Fundação Pró-Sangue 

University of São Paulo, 
Brazil 

Av.Dr.Enéas de Carvalho 
Aguiar,1551º andar, SP  

+55-11-30615544-ext221 
sabinoec@gmail.com 

 

João E. Ferreira 
Dept. of Computer Science 

University of São Paulo,  
Rua do Matão, 1010  

055080-090 – SP  +55-11-
30916172 

jef@ime.usp.br

ABSTRACT 
 
An automated web based tool for assigning HIV-1 pure and 
recombinant subtypes within unaligned sequences is presented. 
The system combines the BLAST search algorithm and the 
recombination identification program for genetic subtyping of 
HIV-1. The software was validated through combined analysis of 
simulated and other HIV-1 real data. 
  

Categories and Subject Descriptors 
J.3 [Life and Medical Sciences]: Biology and genetics, Medical 
information systems

General Terms 
Management, Experimentation. 
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1. INTRODUCTION
The widespread use of HIV drug resistance testing results in a 
phenomenal increase and accumulation of HIV-1 protease (PR) 
and reverse transcriptase (RT) sequences over the last years. 
These data offer challenges and demand quick analysis in order to 
be useful in the database. Such challenges have led distinct 
research communities to derive computational research on 
evolutionary analysis of HIV forward. The advancement of this 
area has provided a considerable information base for researchers 
and allowed them, for instance, to trace the epidemic and 

understand how the virus has entered different countries.   
The genetic variability of HIV-1 viruses is a characteristic feature 
that allows the virus to adapt to environmental changes by 
escaping the host immune system and underlies its transmission 
success. Based on these variations, HIV-1 was classified into 
groups, subtypes sub-subtypes [8], unique recombinant forms 
(URFs) and circulating recombinant forms (CRFs). Currently, 
three groups (M, main; O, outlier; N, neither) and 34 CRFs have 
so far been recognized (http://www.hiv.lanl.gov/content/hiv-
db/CRFs/CRFs.html).  HIV-1 group M viruses are responsible for 
the current global epidemic and are further classified into nine 
(A–D, F–H, J and K) subtypes.   
 

2. RELATED WORK 
Various automated web-based programs have recently been 
developed for HIV subtyping assignment. These programs can 
handle nucleotide or amino acid sequences as input data in 
different ways. For instance, the NCBI Genotyping Program 
(http://www.ncbi.nih.gov/projects/genotyping/form.page.cgi), the 
Los Alamos Recombinant Identification Program (RIP) 
(http://hivweb.lanl.gov/RIP/RIPsubmit.html) and the Stanford 
HIV Drug Resistance Database (HIVDB) 
(http://hivdb.Stanford.edu) require nucleic acid as input and utilize 
a similarity search approach. The European-based Subtype 
Analyzer Program (STAR) 
(www.biochem.ucl.ac.uk/bsm/virus_database) require amino acids 
as input and use position-specific scoring matrices of each HIV 
subtype to perform profile subtype alignments. The REGA HIV-1 
subtyping tool (http://www.bioafrica.net/subtypetool/html) is 
another program that combines phylogenetic analyses with 
bootscanning methods for the genetic subtyping of HIV-1 from 
either partial or of full-length genomic nucleotide sequences. 
Evaluation of the robustness of the HIVDB, STAR and the REGA 
HIV-1 subtyping tool in recent study [6] revealed some 
inconsistent findings between the three methods. The discrepant 
results were attributed either to analysis of closely related 
subtypes such as D and B or groups that belong to the same 
subtype within the sequenced region such as subtype A and 
CRF01_AE. Furthermore, the presence of recombinant strains was 
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another factor to influence disagreement between the three 
methods.    
The major HIV-1 subtypes accounting for most infections in 
Brazil are subtype B, followed by subtype F1, C, BF and BC 
[7,9,13,15]. In the past couple of years, the Brazilian ministry of 
health has adopted policy for HIV-1 infection treatment by 
allowing access to antiretroviral therapy and providing 
antiretroviral drugs to the majority of HIV-1 infected patients. 
While treatment failure has been associated with the presence of 

resistance mutations, the Brazilian government has established a 
national network for the routine use of resistance testing in care of 
people with HIV. Approximately 10.000 samples from HIV 
infected patients are submitted for nucleotide sequence of HIV-1 
PR and RT region every year and further increase in such data is 
expected in the future. The incorporation of HIV subtype 
information to clinical data would allow better evaluation of the 
distribution of the viral subtypes in Brazil. However, based solely 
on the traditional phylogenetic estimation, analysis of such large 
volume of sequences can be laborious and difficult. We, therefore, 
developed an automated web based tool for assigning HIV-1 pure 
and recombinant subtypes within unaligned nucleotide sequences. 
Moreover, we also attempted to define the best possible 
parameters to detect HIV recombinant variants and error rate 
associated to them using our tool. 

3. HIVSetSubtype
The HIVSetSubtype uses the BLAST-based homology search 
algorithm and the RIP program to assign HIV-1 subtype 
prediction as shown in Figure 1. Figure 1A represents the RIP 
analysis where the sequences are aligned against a set of pure 
subtype sequences using the Hmmer alignment software [4]. The 

similarity to a number of subtype reference sequences is 
calculated for short fragments at a time. The first and second most 
similar subtype of each window is compared. If the difference 
between them is statistically significant, the most similar subtype 
defines the subtype of that sequence fragment. Throughout the 
sequence, each window receives a subtype, as shown in the line 
graphic at Figure 1. The RIP subtype is defined by the comparison 
of each window subtype. If only one subtype is found through the 
analyzed windows, the sequence is subtyped with this pure 

subtype. If more than one subtype is found the sequence is typed 
as a recombinant subtype. Figure 1B represents the Blast analysis, 
where each window is aligned with a set of pure or recombinant 
subtype sequences. The subtype is defined in similar way as 
described of the RIP analysis. The sequence is subtyped, if the 
analysis of both programs gave equivalent results, otherwise the 
sequence is considered untypable. The width of the window is 
open for both programs while the moving steps and statistical 
level parameters (z-test) are only open for the RIP program. 
Moreover, selection of subtype reference strains is permitted for 
both the BLAST and RIP programs. The HIVSetSubtype is 
versatile and dedicated to analyze any set of unaligned sequences 
consisting of full-length genome or different regions of HIV-1 
virus.  

We sought to evaluate if our software was reliable to distinguish 
HIV-1 genuine and recombinant clades. Optimal parameters for 
detection of recombination were determined from 7890 simulated 
recombinant data from the PR and RT regions and performed by 
insertion of fragments of various sizes ranged from 50-400 bp 
using a non-reciprocal exchange between a donor (subtype F; 

 
Figure 1 – HIVSubtype analysis schema 
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GenBank acc. No AF005494) and a receptor sequences (subtype 
B; GenBank acc. No AY173956), obtained at 
GenBank(http://www.ncbi.nlm.nih.gov/Genbank/). The Brazilian 
subtype B and F sequences were selected to create the simulated 
BF recombinant data because they have been shown to be the 
dominant HIV-1 clades in the country. The performance of the 
program was evaluated through combined analysis of the above 
simulated and other 468 published subtype sequences obtained 
from the GenBank and The Los Alamos Database using different 
window sizes between 50 bp and 400 bp for both RIP and BLAST 
programs. 

In the RIP program, we have used various sequences as 
representative references of each HIV-1 subtype except subtype D 
and K sequences because of their similarity to subtype B and F, 
respectively, in the pol gene. We have noticed that inclusion of 
these sequences decrease our capacity of detecting B and F 
recombinants in the RIP program and increased the error rate. Of 
the published data, 83.8% (392/468) contain partial nucleotide 
sequences that cover both PR and RT regions [3,6], while the 
other 16.8% (76/468) consist of HIV-1 full-genomic sequences 
including the 55 non recombinant A-K Los Alamos HIV-1 
subtype reference sequences and 21 pure and recombinants  

Brazilian HIV-1 full length genomes from recent studies [12,13]. 
An additional 929 uncharacterized partial sequences from the PR 
and RT were obtained from our laboratory and included in the 
study, so that a dataset of 9287 was used to validate the program. 

 

4. RESULTS
The performance of HIVSetSubtype to classify the 468 real data, 
according to different window sizes for both RIP and BLAST 
methods, into pure, recombinant and untypable subtypes was 
evaluated. As expected, the analysis showed an inverse proportion 
between the percentage of untypable sequences and the length of 
the window size.  
For example, as illustrated in Figure 2, more than 90% of the data 
were reported by the program as untypable sequences in a 50 
nucleotide window, and then this decreased to less than 30% and 
4.7% in sliding window of 100 bp and 200 bp or more, 
respectively.   
To define the detection sensitivity of recombinant sequences and 
the error rate of the HIVSetSubtype in misclassifying recombinant 
sequence as a pure subtype, we created a total of 7890 simulated 
BF recombinant sequences from the PR and RT region and 
analyzed them using window sizes between 50 bp and 400 bp. 
The results revealed more than 60% of the simulated sequences 
with an inserted fragment of 250 bp were correctly identified as 
recombinants in a 200 or more nucleotide window. Moreover, 
only more than 20% of the sequences with an inserted fragment of 
200 bp were perfectly classified as recombinant in sliding window 
of 150 bp (Figure 3). The majority of the simulated BF sequences 
with recombinant fragments of 50 and 100 bp were misclassified 
as pure subtypes in sliding window defined over 250 bp. 
 

 
Although, it would be interesting to have a completely error free 
program to identify a recombinant strains, but this might seems to 
be difficult task to achieve in practice. Alternatively, it would be 
important to have a tool that can reliably separate non-
recombinant from recombinant isolates. In the present study, we 
analyzed the chance of a recombinant sequences to be 
misclassified as pure subtype according to the length of the 
recombinant fragment and the size of window. The results 
revealed, as shown in Figure 4, a recombinant fragments of 50 and 
100 bp were difficult to detect and could be misclassified as pure 
subtype in 80 and 40%, respectively, of the time when a window 
of 200bp was used. For larger recombinant fragment of 150 and 
200 bp the error rate was 3.4% and 0, respectively, when a 200bp 
window was used.  
 

 
Figure 2 – Classifications of real sequences according to 

different window size using HIVSetSubtype 

 
Figure 3 – Detection sensitivity of simulated recombinant 

sequences with various size of inserted fragment and 
window sizes between 50 bp and 450 bp 
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Based on these findings, we concluded that window size of 200 bp 
was found to give minimum classification error rate and 
consistently revealed clearest signal; therefore it was chosen as an 
optimal width parameter to detect recombination for further 
analysis.  
Of the 929 uncharacterized sequences used to define the subtype 
alignment, 95.37% were correctly subtyped and only 4.63% were 
reported untypable sequences. Reanalysis of the 468 published 
sequences by our tool showed a result of 99.4% concordance with 
the original subtype definitions. Only 3 sequences (GenBank acc. 
No AY727526, AY727527 and AY136974) consistently showed a 
BC mosaic pattern than the one initially proposed [3,11]. We then 
decided to reanalyze the discrepant sequences using the same tool, 
bootscan method as implemented in the SIMPLOT v3.2 beta 
[5,9], and maintained the other parameters as described in the 
initial studies except for the window size which was set to 200 bp. 
The results confirmed that the 3 sequences consisted of a BC 
mosaic pattern as suggested by our program. Thus we concluded 
that our tool showed an agreement of 100% with subtype results 
defined in the original studies. 

5. CONCLUSION 
The assignment of HIV-1 subtypes from massive size of PR and 
RT sequences obtained as a part of routine antiretroviral drug 
therapy screening poses a potential challenge for clinician and 
laboratory researchers. To tackle this problem, we have developed 
an automated web service application that allows accurate and 
rapid classification of any set of sequences consisting in different 
regions of HIV-1 virus. In the validation process, we first 
attempted to define the best width of windows capable to reduce 
the noise level of the data and enhance the resolution of the 
method. This was done by using various recombinant simulated 
sequences from the Brazilian subtype B and F1 isolates. Once the 
best size of the windows was defined, it was used to determine the 
accuracy of our tool to classify the simulated sequences. A 
minimum of 3% of the recombinant simulated sequences were 
erroneously classified as a single subtype when recombinant 
fragment of 150 bp was used. Such failure could be attributed to 
insufficient number of sequence variations encountered. 
Like other existing HIV subtyping tools, the prediction accuracy 
of our tool decreases with recombinant sequences shorter than 150 

bp. Because the software uses two classification methods 
simultaneously, it decreases the error rate by classifying complex 
isolates as untyped sequences. Although our tool performs less 
sophisticated analysis, it was able to correctly classify 95.37% of 
the sequences generated from the PR and RT regions in our 
laboratory. Only 4.63% of these sequences had discrepant HIV 
subtyping results between the RIP and BLAST methods and was 
therefore untyped by our tool.  
To increase the detection power of our application, we did not 
include subtype D nor K as reference sequences during evaluation 
of the Brazilian isolates in the RIP program for the reasons 
mentioned before. We believe this has no effect because subtype 
D is rarely circulating in Brazil and, to our knowledge, there is no 
any report indicates detection of subtype K in the country. 
However, users of our tool are strongly advised to carefully select 
their reference sequences in the RIP program taking into 
consideration their local circulating strains.   
Generally sequences screened for HIV subtypes and classified by 
our application as untypable isolates are very few and can 
manually be analyzed by other methods that implement more 
sophisticated phylogenetical models which requires extensive 
calculations like the Hidden Markov Model (HMM) implemented 
in the jumping profile HMM-HIV program [15].   
 
The Brazilian Heath Ministry currently uses the HIVSetSubtype 
as part of the genotypic drug resistance tool to characterize all 
submitted HIV sequences.  The program is integrated to 
DBCollHIV [2] which is a database system for collaborative HIV 
analysis. 

6. AVAILABILITY
The HIVSetSubtype is freely available as a web based program at 
http://clinmaldb.usp.br:8083/hiv/subtype/hivsetsubtype.html 

7. ACKNOWLEDGMENTS 
We would like to acknowledge Dr Bette Korber and Dr. Brian 
Gaschen from Los Alamos National Laboratories for the initial 
support and advice in the development of this tool. We also thank: 
National STD and AIDS Programme of Brazilian Ministry of 
Health.  

This work has been supported by FAPESP (São Paulo State 
Research Foundation) n.º 04/15856-9 and 2006/50096-0. 
Additional support is provided by CNPq (Brazilian National 
Research Council) n.º 482139/2007-2 

 

8. REFERENCES 
[1] Altschul, S.F., Gish, W., Miller, W., Myers, E.W. and 

Lipman, D.J.:  Basic local alignment search tool. J Mol Biol  
215: 403-10.1990 

[2] Araújo, L.V., Soares, M.A., Tanuri, A., Oliveira, S.M., 
Chequer, P., Sabino, E. C., Ferreira, J. E.: DBCollHIV: A 
Database System for Collaborative HIV analysis in Brazil. 
Genetics and molecular research, v. 5, p. 203-215, 2006 

[3] Barreto, C.C., Nishyia, A., Araujo, L.V., Ferreira, J.E., 
Busch, M.P. and Sabino, E.C.: Trends in antiretroviral drug 
resistance and clade distributions among HIV-1--infected 
blood donors in Sao Paulo, Brazil, J Acquir Immune Defic 
Syndr, 41 (2006) 338-41. 

 
Figure 4 – Percentage of subtyping error according to the 

length of the recombinant fragment and the size of 
window 

814



[4] Durbin,R., Eddy,S., Krogh,A., Mitchison G.: Biological 
sequence analysis: probabilistic models of proteins and 
nucleic acids,1998, Cambridge University Press 

[5] Gifford, R., de Oliveira, T., Rambaut, A., Myers, R.E., Gale, 
C.V., Dunn, D., Shafer, R., Vandamme, A.M., Kellam, P. 
and Pillay, D.: Assessment of automated genotyping 
protocols as tools for surveillance of HIV-1 genetic diversity, 
Aids, 20 (2006) 1521-9.  

[6] Gordon, M., De Oliveira, T., Bishop, K., Coovadia, H.M., 
Madurai, L., Engelbrecht, S., Janse van Rensburg, E., 
Mosam, A., Smith, A. and Cassol, S.: Molecular 
characteristics of human immunodeficiency virus type 1 
subtype C viruses from KwaZulu-Natal, South Africa: 
implications for vaccine and antiretroviral control strategies, 
J Virol, 77 (2003) 2587-99. 

[7] Lole, K.S., Bollinger, R.C., Paranjape, R.S., Gadkari, D., 
Kulkarni, S.S., Novak, N.G., Ingersoll, R., Sheppard, H.W. 
and Ray, S.C.: Full-length human immunodeficiency virus 
type 1 genomes from subtype C-infected seroconverters in 
India, with evidence of intersubtype recombination, J Virol, 
73 (1999) 152-60. 

[8] Morgado, M.G., Sabino, E.C., Shpaer, E.G., Bongertz, V., 
Brigido, L., Guimaraes, M.D., Castilho, E.A., Galvao-Castro, 
B., Mullins, J.I., Hendry, R.M. and et al.: V3 region 
polymorphisms in HIV-1 from Brazil: prevalence of subtype 
B strains divergent from North American/European 
prototype and detection of subtype F, AIDS Res Hum 
Retroviruses, 10 (1994) 569-76. 

[9] Robertson, D.L., Anderson, J.P., Bradac, J.A., Carr, J.K., 
Foley, B., Funkhouser, R.K., Gao, F., Hahn, B.H., Kalish, 
M.L., Kuiken, C., Learn, G.H., Leitner, T., McCutchan, F., 
Osmanov, S., Peeters, M., Pieniazek, D., Salminen, M., 
Sharp, P.M., Wolinsky, S. and Korber, B.: HIV-1 
nomenclature proposal, Science, 288 (2000) 55-6. 

[10] Sabino, E.C., Shpaer, E.G., Morgado, M.G., Korber, B.T., 
Diaz, R.S., Bongertz, V., Cavalcante, S., Galvao-Castro, B., 
Mullins, J.I. and Mayer, A.: Identification of human 

immunodeficiency virus type 1 envelope genes recombinant 
between subtypes B and F in two epidemiologically linked 
individuals from Brazil, J Virol, 68 (1994) 6340-6. 

[11] Salminen, M.O., Carr, J.K., Burke, D.S. and McCutchan, 
F.E.: Identification of breakpoints in intergenotypic 
recombinants of HIV type 1 by bootscanning, AIDS Res 
Hum Retroviruses, 11 (1995) 1423-5. 

[12] Sanabani, S., Kleine Neto, W., Kalmar, E.M., Diaz, R.S., 
Janini, L.M. and Sabino, E.C.: Analysis of the near full 
length genomes of HIV-1 subtypes B, F and BF recombinant 
from a cohort of 14 patients in Sao Paulo, Brazil, Infect 
Genet Evol, 6 (2006) 368-77. 

[13] Sanabani, S., Neto, W.K., de Sa Filho, D.J., Diaz, R.S., 
Munerato, P., Janini, L.M. and Sabino, E.C.: Full-length 
genome analysis of human immunodeficiency virus type 1 
subtype C in Brazil, AIDS Res Hum Retroviruses, 22 (2006) 
171-6. 

[14] Santos, A.F., Sousa, T.M., Soares, E.A., Sanabani, S., 
Martinez, A.M., Sprinz, E., Silveira, J., Sabino, E.C., Tanuri, 
A. and Soares, M.A., Characterization of a new circulating 
recombinant form comprising HIV-1 subtypes C and B in 
southern Brazil, Aids, 20 (2006) 2011-9. 

[15] Schultz, A.K., Zhang, M., Leitner, T., Kuiken, C., Korber, 
B., Morgenstern, B. and Stanke, M.: A jumping profile 
Hidden Markov Model and applications to recombination 
sites in HIV and HCV genomes, BMC Bioinformatics, 7 
(2006) 265. 

[16] Teixeira, S.L., Bastos, F.I., Telles, P.R., Hacker, M.A., 
Brigido, L.F., de, F.O.C.A., Bongertz, V. and Morgado, 
M.G.: HIV-1 infection among injection and ex-injection drug 
users from Rio de Janeiro, Brazil: prevalence, estimated 
incidence and genetic diversity, J Clin Virol, 31 (2004) 221-
6. 

 
 

 

815


