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Abstract 

Abacavir is one of the most widely used drugs in the treatment of HIV. However, 4% of 

patients taking abacavir suffer from a life-threatening hypersensitivity reaction. Multiple 

research groups have confirmed the association between hypersensitivity and a particular 

genotype of a component of the major human histocompatibility complex type I: the HLA-

B*57:01 allele. Predictive tests are, therefore, performed on all HIV-positive patients prior to 

abacavir treatment, as recommended by the drug label. The procedure used at Hospital 

Universitario de La Princesa to determine the HLA-B*57:01 genotype consists of inverse 

hybridization prior to sequencing. This technique determines the HLA-B allele but lacks the 

resolution necessary to discriminate the HLA-B*57:01 subvariant. Thus, the rest of the HLA-B 

genotypes other than HLA-B*57:01 are discriminated, for which abacavir can be administered. 

In patients carrying the HLA-B*57 allele, a second determination is made by PCR and Sanger 

sequencing to confirm the existence of HLA-B*57:01. Therefore, the current procedure is 

technically complex, costly and involves a moderate response time; therefore, substitution by 

another method, such as genotyping using hybridization probes, will shorten response times 

and reduce costs. The objective of this study is to validate a method based on the analysis of a 

theoretically perfect linkage disequilibrium between HLA-B*57:01 and the G allele of the 

rs2395029 polymorphism in the HLA complex P5 gene (HCP5), to be used as a biomarker 

predictive for abacavir hypersensitivity. From 1225 patients genotyped for HLA-B since 2008, 

49 patients positive and 177 negatives for HLA-B*57:01 were genotyped by quantitative PCR 

with allele-specific hybridization probes for polymorphism rs239529. Specificity and sensitivity 

values were 100%, which 95% confidence intervals were 93−100% and 98−100% respectively. 

Positive predictive value was estimated as 84.4%, which 95% confidence interval was 

48.1−93.9%. The negative predictive value was estimated as 99.9%; likewise, when setting the 

confidence level at 95%, the confidence level was 99.4−100%. A quantitative study of HCP5 

was also performed, since this gene is a copy number variation zone, so we studied whether 5 

patients apparently homozygous for the allele G of HCP5 but heterozygous for HLA-B had the 

most frequent deletions described for this zone. The results showed that they do not have 

such deletions. Also, economic and practical comparison between both methods resulted in an 

improvement in time and cost if the HCP5 rs2395029 method is incorporated. In conclusion, 

HCP5 genotyping is a viable alternative method for predicting hypersensitivity to abacavir, 

being able to replace the conventional HLA-B*57:01 typing. 
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I. Introduction 

1. Human Immunodeficiency Virus treatment 

The Human Immunodeficiency Virus (HIV) (Figure 1) is categorized into the genus Lentivirus 

within the family of Retroviridae, subfamily Orthoretrovirinae. Its genome consists of two 

identical single-stranded RiboNucleic Acid (RNA) molecules enclosed within the virus core. 

Once these RNA particles are reverse-transcripted by an enzyme called reverse-transcriptase 

into a DeoxyRibonucleic Acid (DNA) molecule, the viral genome is integrated in the human 

genome by an integrase enzyme. Afterwards, the human cells start expressing viral genes from 

the integrated DNA and continuing the HIV lifecycle. HIV can infect humans via intact mucous 

membranes, injured skin or mucosa and by parenteral inoculation. HIV attaches first to 

dendritic cells or macrophages/monocytes and, when exposed to blood cells, can result in the 

direct infection of T helper cells (1,2).  

HIV infection is responsible for one of the most extended diseases in the world, infecting 

around 37 million people. If not treated, HIV can produce the Acquired ImmunoDeficiency 

Syndrome (AIDS), causing progressive degeneration and failure of the immune system. It may 

eventually cause death by opportunistic infections. It emerged as a mortal pandemic disease in 

the 1980s. Nevertheless, thanks to prevention and medical advances, such as earlier diagnosis 

and anti-retroviral treatment, it has become a chronic disease. Although mortality and 

morbidity have been considerably reduced, the number of new cases and not diagnosed 

individuals are still considerable (2,3).  

The treatment for the HIV infection is based on the usage of a variety of drugs that target 

different viral molecules. Attacking multiple targets of the virus life-cycle enhance the 

Viral genome (RNA) 

Protein g120 

Protein g41 

Reverse-transcriptase 
Nucleocapside 

Capside 

Lipidic membrane 

Integrase 

Protease 

Matrix 

Figure 1. HIV structure and components. Main targets for anti-retroviral therapy are highlighted in red. 
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treatment efficacy (3). This combination therapy is called High Activity Antiretroviral Therapy 

(HAART), which consists in the combination of three anti-retroviral drugs.  It includes two 

Nucleoside analogue Reverse-Transcriptase Inhibitors (NRTI), namely ABaCavir (ABC), 

tenofovir, lamivudine or emtricitabine. These drugs act emulating nucleotides, competing with 

the nucleotide they are analogue to, so they are used by the reverse-transcriptase enzyme, 

truncating DNA viral genome and hampering viral replication (2,4). The other drug included 

can be one non-nucleoside analogue reverse-transcriptase inhibitor (e.g. efavirenz), one 

protease inhibitor (e.g. ritonavir, lopinavir or fosamprenavir) or one integrase inhibitor (e.g. 

bictegravir, raltegravir, elvitegravir or dolutegravir) (4). 

Hence, some of the recommended treatments include: bictegravir/ emtricitabine /tenofovir or 

dolutegravir/ABC/ lamivudine (4).  

Despite the sustained viral load achieved by HAART, the incidence of the HIV infection is still 

significant. In Spain 2017, 3,381 first time infections were reported (5), who were incorporated 

into public health treatment and evaluation protocols. After a new infection and diagnosis, 

clinicians evaluate the new patient’s clinical history and choose the most appropriate HAART 

strategy based on the HIV resistance, sustained viral response and history of hypersensitivity 

reactions and also actual HIV positive patient with HAART to change treatment in case of 

resistance appearance (4). 

2. Abacavir hypersensitivity reaction 

As previously mentioned, ABC is one of the most commonly used NRTI for HIV treatment. It is 

one of the first-line prescriptions after HIV-positive first diagnosis and one of the 

recommended elections for a salvage treatment after resistance appearance (4). 

ABC (Figure2A) is metabolized inside the cell into its active form, carbovir 5´-triphosphate 

(CBV-TP) (Figure2B), a guanosine (G) analogue, which competes for the incorporation in the 

reverse-transcription of viral DNA. Once incorporated, the viral DNA elongation is stopped. In 

addition, CBV-TP has a significantly lower affinity for the human polymerase than fort the 

reverse-transcriptase, which avoids the incorporation of CBV-TP to human DNA. This 

preference is important to avoid toxicity and to interfere only with viral replication (6). 
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However, ABC, as every drug, is not free from causing Adverse Drug Reactions (ADRs), such as 

the one called ABC HyperSensitivity Reaction (ABC-HSR). Around 4% of the patients suffer 

from ABC-HSR, which appears as fever, rash, fatigue, nausea, vomiting, headache, diarrhea, 

pruritus, abdominal pain and respiratory symptoms like dyspnea, cough or pharyngitis (7). The 

severity of ABC-HSR can be life-threatening and forces the cessation of ABC therapy. Thus, a 

predictive test for ABC-HSR susceptibility is required before treating new-diagnosed or 

treatment-changed patients with this drug. 

3. Pharmacogenetics 

When taking a certain drug, not every patient experiences the same response. Indeed, some of 

them might suffer a lack of response while others may develop an ADR. This phenomenon is 

explained by how the patient’s plasma levels fit into the therapeutic window. Hence, patients 

with plasma concentrations below the minimum effective concentration may exhibit 

ineffectiveness. On the contrary, patients with plasma levels above the maximum tolerated 

concentration may show problems with drug tolerability. The objective of every therapy is to 

prescribe the right drug at the right dose to the right patient from the beginning, to avoid as 

far as possible the development of ADRs. Also, ADRs can derive from the drug interaction with 

immune system. 

Pharmacogenetics is the subject area which studies associations between genetic variations 

and differences in drug response. There are multiple variations in genes that alter the effect a 

drug has on the organism. These variations can be located in genes encoding metabolizing 

enzymes, receptors, transporters and drug targets. These genes that are involved in the 

metabolism or response to one or more drugs are known as pharmacogenes.  

Drug pharmacokinetics comprises its Absorption, Distribution, Metabolism and Elimination 

(ADME) processes in which several pharmacogenes are usually involved. Polymorphisms on 

them could result in enhancing or decreasing the effectiveness of the drug, but also in 

sharpening its secondary effects or even producing severe unexpected reactions.  

Figure 2. A. Abacavir and B. Carbovir 5’ triphosphate. 

A. B. 
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One of the main goals of modern medicine is to provide patients with therapy adapted to their 

condition, understanding that each patient is unique and that it will respond differently to 

same treatment from other with the same illness. This approach is known as precision or 

personalized medicine (8). Therefore, pharmacogenetic assays should be done for each patient 

if they are going to be treated with a drug whose pharmacogenetic information is known, in 

order to be given a personalized treatment.  

4. HLA-B*57:01 biomarker: traditional genotyping and alternative methods 

The Human Leukocyte Antigen (HLA) is a gene complex that encodes the proteins 

corresponding to the Major Histocompatibility Complex in humans (MHC). This group of 

proteins is essential for the activation of the acquired immune response since they are 

responsible for the antigen presentation to T-lymphocytes. 

There are two types of MHC: 1) MHC type I (MHC-I), composed of HLA genes A, B and C, 

presents peptides expressed by the cell itself and viral or other intracellular parasite elements 

and 2) MHC type II (MHC-II), composed of HLA genes DP, DM, DO, DQ, and DR, presents 

phagocyted peptides, such as pathogens, cell debris o elements from extracellular matrix (2). 

HLA-B is one of the most important pharmacogenes because of its involvement in ADRs of 

several drugs, including those shown in Table 1 (9).  

Table 1. Drug adverse response associated with HLA-B alleles. 

HLA-B RISK 
ALLELE 

DRUG ASSOCIATED ADR 

57:01 Abacavir Hypersensitivity reaction 

57:01 Flucloxacillin Drug-induced livery injury 

58:01 Allopurinol 
Severe cutaneous adverse reactions, maculopapular 

eruption 

15:02 Carbamazepine Stevens-Johnson Syndrome/toxic epidermal necrolysis 

15:02 Phenytoin Stevens-Johnson Syndrome/toxic epidermal necrolysis 

 

The HLA-B gene has many possible variants, allowing the immune system to react to a wide 

range of foreign invaders. Hundreds of HLA-B alleles are known, for each of which a specific 

number is given (e.g. HLA-B*57). Closely related alleles are categorized together. For instance, 

more than 60 very similar alleles are subtypes of HLA-B*57. These subtypes are designated as 

presented in Figure 3 (10). 
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Several independent studies have reported association between ABC-HSR and one specific 

variant of a component of human major histocompatibility complex type I: HLA-B*57:01 allele 

(11–13). The reason behind this remains unclear. Nonetheless, several theories have been 

suggested. One of them proposes ABC as a hapten that can bind to peptides. This aggregate 

can bind to immune receptors such as HLA-B unchaining immune reaction. Other theory is the 

p-i theory: drugs can interact allosterically with immune receptors, without being recognized 

by them, unchaining the immune reaction (14). Most recent studies suggest an alternative to 

these two. Difference in abundance, HLA-peptide stability and HLA bound conformation 

between HLA-B allotypes can result in ABC binding to the HLA-B pocket and causing its 

presentation as an antigen, unchaining hypersensitivity reactions (15–17). Genetic variation in 

the HLA-B pocket lead to changes in some aminoacids. Since aminoacids have different 

physical-chemical properties, the affinity to substrates may change. This would explain ABC 

recognition as a ligand. 

A clinical trial was performed with a prospective genotyping of HLA-B*57:01 before ABC 

treatment (12,13). As a result, ABC-HSR was reduced significantly and, therefore, the need of 

HLA typing prior to ABC treatment was included in its drug label. 

Thus, as previously described, HLA typing is required to predict ABC-HSR. There are multiple 

approaches to determine the HLA-B allotype. Serological typing assays use anti-HLA-B anti-

bodies, including complement-dependent cytotoxicity assays, Enzyme Linked ImmunoSorbent 

Assay (ELISA)-based methods and flow cytometry techniques. Their principal limitation is the 

lack of the resolution needed for an accurate typing. They cannot discern between same allele 

protein variants (e.g. HLA-B*57:01 from HLA-B*57:03) (18). On the other side, genetic typing 

assays based on DNA, namely Sequence Specific Primers- Polymerase Chain Reaction (SSP-

PCR), Sequence Specific Oligonucleotide-PCR (SSO-PCR), reverse SSO-PCR or sequencing-based 

typing. Their principal advantages are their simplicity, rapidness and resolution (they can 

identify the exact allele) (18,19). Therefore, these are the predominant techniques for ABC-

HSR susceptibility prediction. 

HLA-B*57:01 

Human leukocyte antigen 

Gene 

Allele 

group 

Specific HLA protein 

Figure 3. HLA nomenclature. 
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5. Hospital de La Princesa HLA-B*57:01 determination process 

Since the compulsory HLA-B typing was included in ABC drug label in 2008, the Hospital 

Universitario de La Princesa Clinical Pharmacology Department determines HLA-B genotype 

prior to initiating ABC treatment. The method nowadays used includes an inverse hybridization 

process before sequencing, technique explained at later stage 1. HCP5 genotyping and 

correlation with HLA-B*57:01. Although this technique is not able to distinguish between HLA-

B*57 subvariants, which is important because only HLA-B*57:01 patients are prone to suffer 

from ABC-HSR, it avoids direct sequencing on every single sample. Because sequencing is 

outsourced, the main drawback is the test response time. Therefore, this alternative enables 

faster response to most patients, but the samples from HLA-B*57 positive patients continue to 

be sequenced. The whole process includes: DNA extraction from blood, two different 

conventional PCR, inverse hybridization, two different electrophoresis runs, agarose DNA 

purification and outsourced sequencing. Therefore, the current procedure is technically 

complex, expensive and entails a moderate response time. These latter facts justify the need 

for an alternative method that could shorten response time and costs.   

6. Single nucleotide polymorphism genotyping techniques 

Single Nucleotide Polymorphisms (SNPs) are variations of a single base, in one position in DNA 

that are present, at least, in 1% of population. Several million SNPs have been described 

through human genome, with an approximate frequency of 1 per 300 base pairs, contributing 

to 90% of genetic variability (20). Because of their abundance in genome and their importance 

in individual variability, they are commonly used as biomarkers. 

Normally, for a specific position on DNA, also known as locus, there are two types of alleles. 

The wild-type allele, which it is the ancestral allele and usually the most frequent and the 

mutated alleles, which are the result of replication mechanism errors or mutagenic agent 

exposure, some of which have been selected by nature, and that are typically the less frequent 

variants.  

There are several methods to analyse SNPs: SSP-PCR and real-time PCR (qPCR) based 

techniques, such as a primer extension–based method (SNaPshot®, Applied Biosystems, CA, 

USA), allelic discrimination probes (Taqman®, Applied Biosystems, CA, USA) or hybridization 

probes (LightSNiP®, Roche Diagnostics, Mannheim, Germany). As explained before, DNA-based 

techniques are simple, rapid and they have high resolution. Hence, SNP screening has been 

made in order to find biomarkers for different diseases and to develop easier and more 

affordable ways to predict them.  
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However, HLA-B variants are not determined by a unique SNP, but by several different changes 

in multiple positions of the sequence. Thus, one single SNP that identified unequivocally HLA-

B*57:01 would be desirable. 

7. HLA Complex P5 and linkage disequilibrium 

Linkage Disequilibrium (LD) refers to the non-casual disposition of alleles between two nearby 

loci, so that these alleles will be inherited together over multiple generations. This is explained 

by events such as inbreeding, population subdivision and population bottlenecks, genetic drift, 

natural selection, DNA structure or low probability of recombination between two nearby loci 

(21). Therefore, if an allele is associated with a phenotype, it is possible that other alleles of 

other close SNPs may also be associated with that phenotype. LD is a useful tool to study 

genetic structure and to find biomarkers, e.g. SNPs. There are multiple SNPs (usually called tag-

SNPs) in LD with genes of interest, which allows using the convenient methods for SNP 

genotyping with the certainty of working with the gene of interest, although it is necessary to 

assure complete LD. 

HLA Complex P5 (HCP5) is a long non-coding RNA human gene located in chromosome 6, 

position 31463180 to 31465809 on GRCh38, cytogenetic band 6p21.33, near HLA-B. Its 

function is unknown, but it has been suggested to have a regulatory purpose in immunity and 

retroviral infection (22,23). This gene contains one SNP, rs2309529, whose variants are: T 

(wild-type allele) and G (mutated allele). Several independent groups reported complete LD 

between HLA-B*57:01 and this G allele (24–26). This makes rs2309529 a great candidate to be 

used as a predictor of HLA-B*57:01 presence and, therefore, to predict ABC-HSR susceptibility.  

Nevertheless, other groups have reported patients with the HCP5 rs2395029 G allele that were 

negative for HLA-B*57:01 and vice versa (27–29). These results suggest an incomplete LD 

between this tagSNP and HLA-B*57:01. Another inconvenience is that HCP5 is present in a 

copy number variation (CNV) zone of the chromosome, which could lead to the absence or 

duplication of HCP5 that could alter predictive power of this test (29). Therefore, a more in-

depth study is needed to assess the validity of rs2395029 as a diagnostic test in our population.
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II. Objectives of the study 
The main objective of this study is to validate a method based on the polymorphism HCP5 

rs2395029, in theoretical complete linkage disequilibrium with HLA-B*57:01, as a biomarker 

for abacavir hypersensitivity reaction susceptibility prediction.  

The specific objectives derived from the main objective are as follows: 

1. To verify the carriage of the G allele of HCP5 in every HLA-B*57:01 positive samples, 

validating an alternative genetic solution to this biological problem. 

2. To calculate the specificity and sensibility of the new method. 

3. To determine HCP5 copy number variations. 

4. To determine feasibility of the new method in daily practice, by reducing the time 

response and costs. 
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III. Materials and methods 

1. Study population 

DNA was extracted from 224 HIV positive patients’ blood, derived from the Infectious Diseases 

Department of Hospital Universitario de La Princesa. Patients were chosen from a total of 1225 

that were screened from June 2008 to May 2019. We included all 49 confirmed HLA-B*57:01 

positives and 177 randomly chosen HLA-B*57:01 negatives. These 224 samples were 

subsequently genotyped for HCP5 rs2395019. Ethnic data was not available since it is not 

documented on patients’ medical record. 

2. DNA extraction using MagNA Pure system 

DNA extraction from 1 ml of blood was carried out by MagNA Pure LC 2.0 Instrument (Roche 

Diagnostics, Mannheim, Germany), with DNA LV 1000 Purification protocol. Reagents were 

contained in the MagNA Pure LC DNA Isolation Kit – Large volume. Extraction was done 

following manufacturer instructions. 

3. Real time PCR (qPCR) using LightSNiP® technology 

HCP5 genotyping was carried out using primers and hybridization fluorescent probes designed 

by TIB MOLBIOL (GmbH, Berlin, Germany) in LightCycler 2.0 instrument (Roche Diagnostics, 

Mannheim, Germany). 

This technology is based on melting curves, detected by fluorescence fall on a qPCR thermal 

cycler. Two probes complementary to the patient´s sequence are used: 1) Probe labelled with 

3'-Fluorescein and 2) Probe labelled with 5'-LightCycler® Red dye which also contains a 3'-

phosphate to avoid probe elongation (Figure 4).  

Figure 4. FRET probes mechanism of action (green and purple). F: fluorescein; L: LightCycler® Red; P: 
phosphate. 
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Both probes hybridize next to each other with the DNA, where 3'-Fluorescein (the donor) 

transmits its energy to 5'-LightCycler® Red (the acceptor). The acceptor emits at 530 nm 

wavelength and it is detected by the thermal cycler. This phenomenon is known as Föster 

Resonance Energy Transfer (FRET). Thus, only when both probes hybridize, fluorescence will be 

emitted and detected. After 40 cycles of amplification like a conventional PCR, fluorescence 

reaches its maximum value.  

After this, the temperature increases progressively until it reaches 85 ºC, resulting in DNA pairs 

denaturalization. This is the parameter, known as the melting temperature (Tm), from which 

individual allelic variant is determined. 

Depending on HCP5 rs2395029 genotype, the complementarity of the probes will be different 

(depends on the SNP rs2395029): allele G will have 100% complementarity with the probe 

whereas allele T will have a mismatch in said position. Therefore, the temperature at which 

the fluorescence decays by half is lower for allele T than for allele G. In case of homozygosis, 

only one melting peak will be shown, corresponding with melting temperature of either 

variant. Conversely, for heterozygous individuals, two melting peaks appear. 

4. Sequence-specific oligonucleotide reverse hybridization: AutoLiPA 

HLA-B typing was performed by sequence-specific oligonucleotide reverse hybridization on an 

AutoLiPA instrument (Fujirebio-Europe, Belgium). Workflow was previously described in the 

section 5. Hospital de La Princesa HLA-B*57:01 determination process In order to perform this 

technique, HLA-B exons 2, 3 and 4 were amplified by multiplex PCR with intention to hybridize 

them with oligonucleotide-attached strips. The primers used were biotinylated, i.e. 

biotinylated PCR products were obtained. This is necessary for following steps of the assay. 

An electrophoretic separation was performed on a 2% agarose gel to confirm amplification by 

observing bands with 555 base pairs (bp) (exon 2), 436 bp (exon 3) and 323 bp (exon 4). 

SSO-PCR is based on sequence complementarity between problem DNA and known probes. 

First, DNA and probes bind. Second, revealing reaction occurs, identification of the 

corresponding DNA fragment. Reverse hybridization implies that it is the amplified DNA the 

one that hybridizes with pre-fixed probes.  

The probes are attached to two different strips, displaying parallel bands. Each band 

correspond to a different fragment of different HLA-B alleles. Therefore, after hybridization 

and revealing reaction, a specific band pattern is displayed. Each HLA-B allele has its own 

pattern. 
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A tray with gaps for the strips is placed in the AutoLiPA instrument, which adds reagents and 

incubates the reactions while maintaining agitation. Reagents are added as indicated on INNO-

LiPA HLA-B Update Plus kit (Fujirebio). DNA sample (10 µl) and strips are also placed on the 

incubation tray. 

The reaction includes a first period of denaturalization, hybridization and washing of non-

specifically hybridized DNA molecules. Secondly, solution with streptavidin labelled with 

alkaline phosphatase is added. Streptavidin has high affinity for biotin due to non-covalent 

forces. Biotinylated PCR products are attached to alkaline phosphatase by the streptavidin–

biotin union. Alkaline phosphatase is the enzyme that catalyses the colour development 

reaction. After this, substrates 5-Bromo-4-Chloro-3-Indolyl Phosphate (BCIP) and 4-NitroBlue 

Tetrazolium (NBT) are added. Alkaline phosphatase dephosphorylates BCIP into 5-Bromo-4-

Chloro-3-Indolyl (BCI). Then, BCI is oxidized by NBT resulting in a violet precipitate. The band 

pattern is subsequently read with Line Reader Analysis Software for LiPA HLA and manually 

checked by a trained researcher, leading to a final HLA-B typing.  

However, the resolution of this technique only reaches allele type. Protein subtype cannot be 

determined. For example, HLA-B*57 can be identified but not HLA-B*57:01 or HLA-B*57:08 

subtypes. 

5. Sanger sequencing  

Once HLA-B*57 is confirmed, conventional PCR is carried out to amplify 193 bp fragment of 

exon 3. Amplicon is sent to Parque científico de la Universidad Complutense de Madrid were 

Sanger sequencing is performed. Sequence is returned and compared with subvariants 

sequences such as HLA-B*57:01, HLA-B*57:03 or HLA-B*57:08 (30).  

Sanger sequencing is based on the PCR reaction with both normal deoxyriboNucleotides 

TriPhosphate (dNTPs) and dideoxyriboNucleotides TriPhosphate (ddNTPs) marked with a 

different fluorophore for each nitrogenous base. Since ddNTPs stop the DNA elongation due to 

lack of 3’-OH, different length DNA fragments are obtained. The difference between this DNA 

fragments is 1 nucleotide length. After this, capillary electrophoresis is performed in order to 

separate them by size. Subsequently, fluorescence is read and sequence is identified. 

6. CNV assay 

In the light of the results discussed later, the CNV assay was required in order to determine 

HCP5 copy number. The technology used in this assay is based on TaqMan® hydrolysis probes. 

These DNA molecules are attached to a quencher on 5’ and a fluorophore on 3’. The quencher 
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molecule prevents the fluorophore from emitting. On PCR amplification, probes hybridize, and 

DNA polymerase starts polymerizing DNA from 3’ end. When it reaches the probe, DNA 

polymerase 5’-3’ exonuclease activity degrades it, releasing the fluorophore from the 

quencher and producing signal. 

The signal is proportional to DNA quantity. However, a standardization signal required, i.e. 

housekeeping gene. This type of genes always has a known number of copies. In this study, the 

RNAseP was chosen. Every individual has two copies of it; thus, it allows comparing signal of 

RNAseP with signal from the target sequence. Target probe and reference probe are attached 

to different fluorophores to measure both signals separately.  

The regions studied were Hs03608991_cn, which is located in chromosome 6, position 

31475384 on GRCh38, cytoband 6p21.33 and Hs03593070_cn, which is located in 

chromosome 6, position 31441708 on GRCh38, cytoband 6p21.33. 

The qPCR assay was carried out in QuantStudio 12k Flex instrument (ThermoFisher Scientific, 

USA).  

7. Statistical analysis  

The experiment was design as a case-control assay. For validation of the method, sensitivity 

and specificity are calculated as: 

sensitivity =  
TP

TP + FN 
· 100%              specificity =  

TN

TN + FP 
· 100%  

Where True Positives (TP) were HCP5 rs2395029 G allele and HLA-B*57:01 positives, True 

Negatives (TN) were HCP5 rs2395029 T allele and HLA-B*57:01 negative, False Negatives (FN) 

were HCP5 rs2395029 T allele and HLA-B*57:01 positives and False Positives (FP) were HCP5 

rs2395029 G allele and HLA-B*57:01 negative. 

The exact conservative Clopper Pearson method (31) is used to calculate sensitivity and 

specificity confidence intervals (CI). Positive and negative predictive values and their CI were 

calculated using Mercaldo et al. asymptotic adjusted logit intervals (32). Confidence level was 

set at 95%. All calculous were computed in R-3.5.1 software (33) using BDtest function from 

package bdpv (34). 
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IV. Results 

1. HCP5 genotyping and correlation with HLA-B*57:01 

Hospital Universitario de la Princesa Clinical Pharmacology Department has genotyped 1225 

patients for HLA-B as an assistance labour performed by this department since 2008. During 

the stay in which the study was conducted, 15 patients were genotyped for HLA-B.  

From the 1225 total, 60 samples were positive for HLA-B*57, which were sequenced by Sanger 

method (Figure 5). 

The sequencing results revealed 49 patients with HLA-B*57:01, 7 patients with HLA-B*57:03, 2 

patients with HLA-B*57:02, 1 patient with HLA-B*57:07 and 1 patient with HLA-B*57:16. Thus, 

the prevalence of HLA-B*57:01 was 4%. 

All 49 HLA-B*57:01 positives and 177 randomly chosen HLA-B*57:01 negatives were 

genotyped for HCP5 rs2395029. HCP5 rs2395029 T allele Tm was found at 53.61 ± 0.27 ºC and 

G allele Tm at 62.35 ± 0.23 ºC. 

No false negatives and false positives were found. All 49 HLA-B*57:01 positives carried HCP5 

rs2395029 G allele and all 177 HLA-B*57:01 negatives did not carry HCP5 rs2395029 G allele, 

as displayed at Table 2.  

Figure 5. Workflow to predict ABC-HSR susceptibility. Blue path represents process followed for every 
probe. Orange path represents process for HLA-B*57 positives obtained at the end of blue path. 
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Table 2. Correlation between HLA-B*57:01 and HCP5 rs2395029. 

  HLA-B*57:01 

  + − 

HCP5 
+ 49 0 
− 0 177 

  S = 100% E = 100% 
 

Key: S: sensitivity, E: specificity; PPV: positive predictive value, NPV: negative predictive value. 

The confidence interval (CI) with a 95% confidence level was 93−100% for sensibility and 

98−100% for specificity. 

After applying the statistical approach based on adjusted logit intervals, the positive predictive 

value was estimated as 84.4%; when setting the confidence level at 95%, the CI was 

48.1−93.9%. The negative predictive value was estimated as 99.9%; likewise, when setting the 

confidence level at 95%, the confidence level was 99.4−100%. 

All 177 negative HLA-B*57:01 samples showed only one melting peak corresponding to HCP5 

rs2395029 T allele; 44 samples HLA-B*57:01 positive exhibited two melting peaks 

corresponding to HCP5 rs2395029 T and G alleles. Five positives for HLA-B*57:01 showed one 

melting peak corresponding to HCP5 rs2395029 G allele,  i.e. G/G homozygotes  (Figure 6). 

HLA-B genotypes for HCP5 rs2395029 G/G carriers were consulted in order to explain 

homozygosis. Genotype for these samples is exhibited at Table 3. 
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Figure 6. FRET probes-based genotyping for HCP5 rs2395029 melting peaks. Samples observed 
genotype were: T/G heterozygotic (pink) and G/G homozygotic (black). 
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Table 3. Genotype for single peak for HCP5 rs2395029 G allele and their corresponding HLA-B genotype. 

Sample HLA-B genotype 

01 B*51, B*57:01 

02 B*52, B*57:01 

03 B*52, B*57:01 

04 B*57, B*57:01 

05 B*51, B*57:01 

 

HLA-B*51 and HLA-B*52 were present in HCP5 rs2395029 T homozygotes and no correlation 

was found between G allele and this HLA-B variant. 

2. HCP5 CNV analysis 

Homozygotes for the G allele were further studied. All HCP5 rs2395029 G/G carriers were 

subjected to TaqMan® CNV assay. The variations that can be detected by Hs03608991_cn and 

Hs03593070_cn probes and that involve HCP5 are the following ones (named as registered in 

Database of Genomic Variants) (35): nsv1161369, dgv215e55, esv2759414, nsv441990, 

nsv1112900, dgv10404n54, esv26480, dgv10393n54, esv2752123, dgv10454n54, esv2432528, 

nsv435829, dgv1751e212, esv3576141, esv33563, dgv10403n54, nsv511868, nsv462854, 

dgv10453n54, dgv214e55, nsv823497, nsv5246, dgv995e201, dgv10459n54, esv2762584, 

esv2731822, dgv10458n54, nsv10820, esv3608563, dgv1098e199, esv34118, nsv1126749, 

nsv517441, nsv970363, nsv1073969, esv3411275, esv29968, nsv513736, dgv5944n100, 

dgv5943n100, dgv5942n100. The copy number calculation was 2 copy number (Figure 7). For 

this prediction, each region for every sample there had 99% confidence (Table 4). Therefore, 

no CNV for this region was detected in this assay. 

Figure 7. Sample copy number for sequences targeted by Hs03593070_cn and Hs03608991_cn 
probes. Bold samples correspond to HCP5 rs2395029 single G allele signal. 

http://dgv.tcag.ca/dgv/app/home?ref=
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Table 4. Hs03608991_cn and Hs03593070_cn copy number and confidence of the calculous.  

Sample Name Target Reference 
Copy number 

calculated 
Copy number 

predicted 
Confidence 

Sample 01 
Hs03608991_cn 

RNAseP 

2.05 2 > 0.99 
Hs03593070_cn 1.56 2 0.99 

Sample 02 
Hs03608991_cn 1.98 2 > 0.99 
Hs03593070_cn 1.79 2 > 0.99 

Sample 03 
Hs03608991_cn 2.23 2 0.99 
Hs03593070_cn 1.73 2 > 0.99 

Sample 04 
Hs03608991_cn 1.95 2 > 0.99 
Hs03593070_cn 1.77 2 > 0.99 

Sample 05 
Hs03608991_cn 1.55 2 > 0.99 
Hs03593070_cn 1.57 2 > 0.99 

Positive control 
Hs03608991_cn 1.96 2 > 0.99 
Hs03593070_cn 2.00 2 0.99 

 

3. Economic and practical comparison between HLA-B direct genotyping and 

HCP5 rs2395029 used as biomarker 

For comparing both methods, response time and costs were estimated and compared at Table 

5 and Table 6.  

 Table 5. Time response comparison between HCP5 rs2395029 and HLA-B methods 

HCP5 rs2395029 genotyping HLA-B genotyping 

DNA extraction 1.5 h DNA extraction 1.5 h 

qPCR 1.5 h Multiplex PCR 3 h 

  Electrophoresis gel 1 h 

  Inverse hybridization 3 h 

Total time 3 h Total time 8.5 h 

Although positive samples for HLA-B*57 are less frequent, they need more time to be 
determined: 

  Sequencing PCR 3 h 

  Electrophoresis gel 1 h 

  Band purification 1 h 

  Sanger sequencing (externalized) 48 h* 

  Total time 61.5 h 
Key: *Sanger sequencing experiment does not need 48 h itself, but because of externalization it does last that 
much. 
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Table 6. Costs comparison between HCP5 rs2395029 and HLA-B methods. 

HCP5 rs2395029 genotyping HLA-B genotyping: 

DNA extraction 15 € DNA extraction 15 € 

qPCR  9 € Multiplex PCR 
40 € Consumables + 30% Inverse hybridization kit 

  Electrophoresis gel (x2)  12 € 

  Consumables + 30% 

Estimated total 32 € Estimated total 87.1 € 

Although positive samples for HLA-B*57 are less frequent, they increase the costs: 

  Sequencing PCR  20 € 

  Sanger sequencing  15 € 

  Consumables + 30% 

  Estimated total 133 € 

 

This alternative method entails a less time-consuming technique. It is 5.5 h faster and 

externalization is not required. Furthermore, HCP5 rs2395029 genotyping method had better 

time response and costs. Total investment for HLA-B genotyping reached 109,427.5 €. This 

number was calculated as the cost of all 1225 samples since 2008. Otherwise, HCP5 rs2395029 

genotyping would have cost 39,200 €. Therefore, switching from the determination of HLA-

B*57:01 to the alternative HCP5 rs2395029 to predict ABC-HSR would have resulted in 

70,227.5 € (64%) cost reduction.  
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V. Discussion 

1. HCP5 genotyping and correlation with HLA-B*57:01 

HCP5 rs2395029 G allele was predictive for all HLA-B*57:01 carriers, with an adequate CI 

except the positive predictive value. The critical parameter for this diagnostic test is negative 

predictive value. It represents the proportion of people not susceptible for abacavir 

hypersensitivity reaction (true HLA-B*57:01 negatives) regarding the total of negatives 

predicted by the test. Because of the severe consequences of not detecting true HLA-B*57:01, 

it is desired that this parameter is close to 100%. If that is so, no true positive patient will be 

treated with abacavir because of being reported as negative by this assay. Negative predictive 

value was 99.9%, which CI was 99.4−100%. Therefore, this test is safe for ABC-HSR prediction. 

Nevertheless, confidence interval for positive predictive value was 48.1−93.9%. This parameter 

represents the proportion of people susceptible for abacavir hypersensitivity reaction (true 

HLA-B*57:01 positives) regarding the total of positives predicted by the test. The results 

obtained exhibited inaccurate CI. This may be due to limited sample size. Although abacavir is 

an effective drug and one of election treatment, it is not imperative that this value is as close 

to 100% as negative predictive value; due to other treatments availability (4). If the total 

amount of patients genotyped for HLA-B*57:01 at Hospital Universitario de La Princesa were 

genotyped for HCP5, the statistical power would be much higher. Not only because of sample 

size but also because the direct positive and negative predictive values could be calculated. 

However, case-control design was the best option given the features of the study due to time 

and cost restrictions. On the other side, HLA-B typing or Sanger sequencing could be 

performed in order to confirm positives reported by HCP5 genotyping assay. 

The results obtained in this study do not report any false positive, i.e. HCP5 positive and HLA-

B*57:01 negative; or false negatives, i.e. HCP5 negative and HLA-B*57:01 positive. However, 

other groups that reported no false positives and negatives had different limitations, namely 

reduced number of HLA-B*57:01 positives samples (25) and limited sample size (26). 

Nonetheless, other groups have described false positives (27−29) and false negatives (29). 

Despite that results, these groups reported similar positive and predictive values and 

confidence intervals. In one of these studies (29) one false negative was reported from 1777 

individuals. The presence of false negatives implies severe consequences because this patient 

would have been treated with abacavir if ABC-HSR susceptibility were screened by HCP5 



  V. DISCUSSION 

19 

rs2395029 genotyping. However, this could be understood as a rare case, what would imply 

assuming the risk of a false negative.   

Consequently, HCP5 rs2395029 genotyping is a reliable method to predict ABC-HSR 

susceptibility despite the possibility of false positives, which can be resolved by applying an 

additional method to positive samples to this test, e.g. HLA-B typing or Sanger sequencing. 

2. HCP5 CNV analysis 

Regarding the samples with HCP5 rs2395029 single G allele signal, a deletion which involves 

HCP5 could be possible. Therefore, CNV analysis was done. Initially, a direct CNV assay for 

HCP5 was planned, but its sequence is not suitable for a specific CNV TaqMan® assay due to 

similarity with its surroundings and other genome regions. Thus, two flanking regions were 

studied with the aim to search for described CNV that involve HCP5. Regions for 

Hs03608991_cn and Hs03593070_cn probes were selected because of involving several 

described deletions for HCP5 and commercial kit availability. 

Deletions were expected for samples 01, 02, 03 and 05 if LD is complete for these two genes. 

The HCP5 rs2395029 G allele is expected in a chromosome without the HLA-B*57:01 allele. On 

the other side, sample 04 was reported as B*57/B*57 by AutoLiPA instrument and confirmed 

as B*57:01 by Sanger sequencing. Unfortunately, the latter technique does not allow 

sequencing both parental and maternal DNA. Nevertheless, HLA-B*57:01 homozygosis could 

be expected in this sample. 

Our results display absence of the deletions screened, even the one described by Melis et al. 

(29). The cause of these results is unknown, yet it could be expected that the studied regions 

were located far from HCP5, resulting in missing unknown smaller deletions where 

Hs03608991_cn and Hs03593070_cn probes are not involved. The CNV assay was not tested in 

HCP5 rs2395029 T homozygotes because of this possibility.  

Although the latter conclusions may be contradictory, they do not interfere with HCP5 

robustness as the G allele presence is enough to prevent from ABC prescription, regardless if it 

is found in heterozygosis or homozygosis. However, it should be noted that if the deletion for 

HCP5 was confirmed, it is possible that HLA-B*57:01 was paired with no HCP5 gene, which 

would result in a false negative. Thus, the complete LD must be furtherly studied. Additional 

studies that could be performed in order to enlighten these results are comparative genome 

hybridization (29) or direct HCP5 CNV study.  
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3. Economic and practical comparison between HLA-B direct genotyping and 

HCP5 rs2395029 used as biomarker 

Despite CNV and wide positive predictive value confidence interval, the main advantage of the 

HCP5 rs2395029 method is its reduced working time by 5.5 h per assay and costs by 64%. 

However, since positive predictive value could not be precisely calculated, if further study 

expanding sample size is not performed, it is possible that Sanger sequencing or HLA-B 

conventional typing is required for HCP5 rs2395029 G allele positives to complement the new 

method. This is still an improvement because number of patients that requires the previous 

method is significantly reduced. Therefore, although this would raise the costs, yet the new 

method would still be better in this aspect. 

In Spain 2017, 3,381 new diagnoses were reported (5). Thus, it is crucial to any healthcare 

system to be economically efficient and to respond rapidly to all this patients. ABC is one of 

the election treatments (4) and HCP5 genotyping test would prevent the life-threatening 

hypersensitivity reaction susceptible patients could suffer, but also it would confirm that 

suitable patients will receive the best possible treatment for them. Therefore, the 

implementation of this alternative would lead to this objective. 

Conclusions 

o HCP5 rs2395029 correlates with HLA-B*57:01 in our population. However, sample size 

was a limitation for obtaining more precise positive predictive value CI. 

o Allele G presence is enough to avoid ABC prescription, regardless if it is found in 

heterozygosis or homozygosis despite the CNV inconvenience. 

o HCP5 rs2995029 was a good biomarker for predicting HLA-B*57:01 allele due to the 

adequate positive predictive value and the great negative predictive value. Therefore, 

it could be used as a reliable ABC-HSR predictor. 

o This new method presents advantages versus HLA-B genotyping methods, such as time 

response and cost reduction, important to every health system and routine clinical 

practice.
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