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Abstract  
 

Background: In Chile the infection caused by the Andes Hantavirus (ANDV) has a variable clinical 

expression ranging from asymptomatic, mild to severe cases.  

Objective: The objective of this work was the characterization of the subtypes HLA-B*35 alleles 

using high resolution SSP-PCR. 

Method: Molecular determination of subtypes HLA-B*35 alleles was realized by high resolution 

SSP-PCR utilizing the B*35 SSP UniTray® Kit (Invitrogen).  

Results: We determinate twenty three out of twenty-four (23/24, 95.8%) possible subtypes HLA-

B*35 alleles detected in 87 patients infected with ANDV. One subtype HLA-B*35 allele (1/24, 4.2%) 

could not be characterized for this technology and it was classified as HLA-B*35??. The HLA-

B*3505 and HLA-B*3508 alleles were found exclusively in the patients with mild clinical course of 

ANDV infection, while the HLA-B*35?? allele, was detected only in the group of patients with severe 

symptoms. The HLA-B*3501, HLA-B*3502, HLA-B*3509, HLA-B*3520 y HLA-B*3543 alleles 

were found in both groups of patients.  

Conclusion: High resolution SSP-PCR allowed the characterization of seven subtypes of HLA-B*35 

alleles. However, with the kit utilized was not possible resolve the HLA-B*35?? allele. In this 

preliminary study we can observe that subtypes HLA-B*35 alleles are stratified according with 

clinical course of ANDV infection in Chile. This is very valuable information since it could be used to 

open a field of research in the development of vaccines against Andes Hantavirus. For characterize 

the HLA-B*35?? allele we propose using sequence-based typing (SBT) due to that probably the 

sequences of the exons two and three of this allele are not included in the commercial kit utilized in 

this work.  

 

Background 
 

Hantaviruses, were first recognized during the 

Korean War in the early 1950 as the etiologic 

agent of Korean hemorrhagic fever, 

reclassified as hemorrhagic fever with renal 

syndrome (HFRS) [1]. In 1993, a newly 

recognized specie of hantavirus was found to 

be the causing agent of the Hantavirus 

Cardiopulmonary Syndrome (HCPS) caused 

by the Sin Nombre Virus (SNV) in New 

Mexico and other Four Corners states in the 
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United States of America [2]. In addition, to 

Hantaan virus and SNV, several other 

hantaviruses have been implicated as the 

etiologic agents for either HFRS or HCPS [3]. 

In Chile, HCPS caused by the Andes virus 

(ANDV) infection, has a mortality rate of 34% 

[4,5]. In ANDV infection we can observe 

asymptomatic, mild, and severe cases [6]. The 

severe cases are characterized by the 

development of respiratory insufficiency, 

circulatory failure and cardiogenic shock 

similar to HCPS due to SNV [7]. Although the 

pathogenesis of HFRS or HCPS is little 

known, there is evidence to suggest that the 

disease is caused by damage of the host 

immune system, rather than the direct lytic 

effect of the virus [8]. Immunopathology is 

critical in the hantaviral diseases, therefore we 

expect that the HLA system may be playing a 

key role [9]. To this respect previously has 

been found that HLA-B8-DR3 haplotype is 

associated with severe outcome of Puumala 

virus (PUUV) infection [10]. Afterwards, the 

association of fatal HCPS or HCPS 

complicated by shock with HLA-B*35 allele 

was reported [11]. More recently, it has been 

reported that HLAB*3501 allele is associated 

with severe HCPS caused by SNV infection 

implying the involvement of CD8+ cytotoxic T 

cells [12].  

 

In this direction we carried out a research to 

know if the HLA alleles are stratified with the 

clinical course of ANDV infection. For this 

purpose, we studied 87 individuals infected 

with ANDV separated in patients with mild 

and severe clinical course. We found 24 

individuals carrying the HLA-B*35 alleles 

(27.6%) and this allele was more frequent in 

benign than severe cases of infection [13]. The 

prevalence of HLA-B*35 alleles was similar to 

the prevalence of 26-27% in general 

population of Chile [14].  

 

Due to ANDV is not a lytic virus is possible to 

hypothesize in favor of a pathogenetic role of 

the host’s immune response in the ANDV 

infection as the result of an excessive reaction 

immune system against virus [8,9,12,15]. The 

human HLA system is implicated in two 

crucial biological events: the immune response 

to pathogens and the graft/transplant rejection 

[16-20]. Therefore, the focus of our interest is 

to understand the role of the human HLA 

system in the resulting clinical course 

following the infection with ANDV 

[10,13,21].  

 

Objectives 

 

 In the present work we addressed the study of 

the differences at molecular level of the HLA-

B*35 alleles detected in patients with mild and 

severe infection by ANDV.  

 

Study Design 

 

Were studied 24 individuals with ANDV 

infection confirmed by the detection of 

antibodies against ANDV [13,22,23]. Human 

genomic DNA was isolated from peripheral 

blood using the Lahiri's method [24]. Patients 

were genotyped for determinate the subtypes 

HLA-B*35 alleles using SSP PCR B*35 SSP 

UniTray® Kit (Invitrogen) according to 

manufacturer’s instructions [16].  

 

Results 
 

We achieved characterize twenty three out of 

twenty-four (95.8%) patients carrying the 

HLA-B*35 allele [13]. One HLA-B*35 allele 

(4.2%) could not be characterized and was 

designed as HLA-B*35?? allele. We found 

eight different subtypes of HLA-B*35 alleles 

including the uncharacterized allele. 

Interestingly, HLA-B*3505 and HLA-B*3508 

alleles were found exclusively in the mild 

patients group. HLA-B*3501, HLA-B*3502, 

HLA-B*3509, HLA-B*3520 y HLA-B*3543 

alleles were found in both groups (Figure 1). 

Finally, uncharacterized HLA-B*35?? allele 

was detected only in the severe patients group. 

Uncharacterized HLA-B*35?? allele 

correspond to a limitation of SSP-PCR 

technology and is probably it is due to high 

polymorphism of HLA molecules. In this 

sense, one probability is that sequences of this 

allele were not included in the high resolution 

SSP PCR kit used. Alternatively, 
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uncharacterized HLA-B*35?? allele might be 

a new HLA-B*35 subtype. Unfortunately, we 

sequenced the HLA-B*35?? allele for HLA 

typing by sequence-based typing (SBT) of 

exons II and exon III of HLA-B molecules but 

the sequences obtained were not of good 

quality and we were unable to genotype this 

allele [25-27,33].  

 

Discussion 
 

Hantavirus disease in Chile is considered a 

rare disease due to the low number of cases 

per year. 

Therefore, despite this limitation our results 

are highly suggestive because they indicate 

that there is a stratification of subtypes of 

HLA-B *35 alleles with the course of infection 

by ANDV. This preliminary study also allows 

to explain the discrepancies between the 

associations of HLA-B * 3501 allele with the 

clinical course of HCPS caused by ANDV and 

SNV [12,13,15,29]. 

 

With respect to HLA-B*35 alleles and their 

association with infection diseases, we focus 

on B*35 alleles because other researchers have 

published important works on the B*35 allele 

and association with HIV and Hantavirus. For 

example, for VIH has been showed that HLA-

B*35 allele was associated with more rapid 

progression to AIDS, greater infectivity, and 

higher viral load [10,13,25, 28,29,35].  

 

With respect to HCPS caused by ANDV, we 

detected HLA-B*35 alleles were found more 

frequently in patients with mild disease than in 

patients with severe disease [13] (Figure 1). 

On the other hand, in USA contrary to the 

study carried out for us, the HLA-B*3501 

allele was associated with increased risk for 

developing severe HCPS caused by SNV (12, 

15). For this reason and in an attempt for 

resolve this discrepancy we realized the 

characterization of HLA-B*35 subtypes 

detected in our study and this way know which 

HLA-B*35 subtypes alleles are stratified with 

clinical course of ANDV infection (Figure 1).  

 

To this respect in the Figure 2 we can observe 

evident structural differences in the peptide-

binding groove of HLA-B*35 alleles. The 

differences observed corresponding to changes 

in the amino acids in the zone of the HLA 

molecule where the subtypes of HLA-B*35 

alleles are defined. In fact, the HLA-B*3508 

allele, has an Arg 156, compared to Leu 156 in 

the HLA-B*3501 allele. On the other hand, 

HLA-B*3505 allele differ by three amino 

acids: Thr 94, Leu 95, and Ser 97 compared to 

HLA-B*3501 molecule, with Ile 94, Ile 95 and 

Arg 97. All these chemicals differences in the 

amino acid sequences must lead to profound 

functional changes in antigen-binding activity 

and CTL function and possibly with the 

clinical course of the infectious disease. Since 

the differences of HLA-B*3505, HLA-B*3508 

with respect to HLA-B*3501 are related to the 

primary anchor residue binding pockets we 

can speculate that such primary structure 

variability can have a major impact on 

determinant selection in antiviral T cell 

responses against ANDV [34,36,37].  
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Figure 1: In this figure we show the subtypes of HLA-B*35 alleles detected in this study. The A 

group (n=14) corresponding to subtypes detected in the mild patients group and the B group (n=10) 

corresponding to the subtypes detected in the severe patients group. The intersection area 

corresponding to the alleles in common to both groups. We can see that HLA-B*3505 and HLA-

B*3508 alleles were detected only in the mild patients group (A group) while one uncharacterized 

HLA-B*35?? allele was detected only in the severe patients group (B group). 

 

 
 

Figure 2. This figure shows different subtypes of HLA-B*35 alleles. The HLA-B*3505 is defined for 

the residues T, L and S in the positions 94, 95, and 96. The HLA-B*3508 is defined for the R residue 

in the position 156 and the HLA-B*3509 allele is defined for the residues N, Y and R in the positions 

114, 116, and 131 in relation to HLA-B*3501 allele in the same positions. These subtypes of HLA-

B*35 allele were found in patients infected with Andes Hantavirus in Chile. We can observe that the 

changes in these HLA-B*35 alleles are limited to nucleotides encoding for amino acid in the peptide-

binding groove or in residues related to this function in the HLA protein. Therefore, the sequences 

changes in the subtypes of HLA-B*35 allele lead to profound changes in antigen-binding activity and 

consequently may be affect the clinical course of ANDV infection. 
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These human HLA alleles present different 

amino acids inside or outside of the peptide-

binding groove, therefore, it is possible that 

they may have different peptide binding 

profiles and consequently eliciting different 

immune response to ANDV [38].  

 

 In this sense result suggestive identify which 

are the epitopes of ANDV selected for the 

HLA-B*3505 and HLA-B*3508 alleles and 

probe these peptides as a potentially vaccine 

for ANDV infection [39].  

However, despite these suggestive results on 

the participation of host genetics in hantavirus 

infection, we think there non genetically 

associated variables possibly involved in the 

individual susceptibility to ANDV infection 

we are inclined to propose early diagnosis, 

time and conditions of patients’ transfers, 

quality of medical support, strain virulence, 

viral load, entry mechanism and inhaled 

inoculum’s size of hantavirus [13].  

 

Additionally, for hantavirus disease is 

unknown how much of each of these factors 

may contribute in facilitating or impeding the 

hantavirus infection in humans in Chile and 

America [22,23,30-32] Finally, other genetic 

factors, in the form of genes or genetic 

regulatory elements, part of the human 

genome that may be involved in conferring 

susceptibility or resistance to this particular 

virus.  

Although ours study included only a small 

number of patients, the preliminary results 

presented in this report, allows us to infer that 

exist an important participation of 

immunogenetic phenomenon can occur in 

ANDV infection and the reported findings 

certainly grant the need to perform a study 

with a larger population sample [13,15].  

 

The factors controlling epitope selection in the 

T cell response to viruses are not fully 

understood. In this investigation we have 

found two subtypes of HLA-B*35 alleles: 

HLA-B*3505 and HLA-B*3508 alleles that 

may be binding peptides derived from ANDV. 

Nevertheless, we believe that our study 

represents a genuine effort to shed some light 

on the intricate medical and scientific enigma 

involving the ANDV infection and its 

relationship with its host immune system, 

including the HLA system. Future studies of 

the human HLA system variability and ANDV 

infection of its human host should certainly 

include a larger cohort of patients and perhaps 

an improved algorithm of clinical criteria to 

appropriately grading the severity of infection. 

Moreover, we should probably apply stricter 

anthropological criteria to correctly identify 

the ethnical background of each patient 

included in the patient population sample. 

Lastly, we need to realize studies of peptide-

HLA association with an appropriate peptide 

pool derived from ANDV and molecular 

modeling to confirm our theory regarding the 

structural effects of amino acids changes in the 

HLA molecules and how such structural 

variations may affect the clinical evolution of 

ANDV infection in the human host. 

Altogether, these studies will be instrumental 

in designing a more rational approach for the 

development of more effective drugs and 

vaccines against ANDV [39].  
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