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Significance and Impact of the Study: In this study, we developed and validated a single base extension
method for characterization of HHV-8 ORFK1 subtypes. This assay is simple, rapid, easy to perform, reli-
able and cost-effective compared to the ‘gold standard’ method. This technique can be adapted to
other viral genomes and be used as an efficient screening method for genotyping in a single tube,
rapidly and with easy data interpretation.
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Abstract

Sequence analysis of the ORFK1 of human herpesvirus type 8 (HHV-8) allows

the identification of six major subtypes (A–F), which are related to human

migrations and the clinical progression of Kaposi’s sarcoma. Sequencing and

subsequent phylogenetic analysis of ORFK1 is considered to be the most

reliable method for HHV-8 genotyping. However, it exhibits challenges and

limitations. Herein, we designed and validated a single base extension (SBE)

protocol for characterization of HHV-8 ORFK1 subtypes. A nested polymerase

chain reaction (PCR) protocol was carried out to amplify a small 294-bp PCR

product encompassing four single nucleotide polymorphisms at positions 360,

406, 465 and 527 of the HHV-8 genome. Finally, a multiplex SBE technique

was developed and validated in 20 samples previously genotyped by

phylogenetic analysis. The patterns obtained in this reaction could successfully

discriminate between ORFK1 subtypes. The typing results obtained completely

matched with those of the ‘gold standard’ method in all analysed samples. This

method can reliably identify HHV-8 subtypes A, B and C, which are the most

prevalent ones worldwide, and the remaining subtypes (D, E and F). SBE can

be useful as an efficient, rapid and low-cost screening method for viral

genotyping in a single tube, particularly samples with low-quality DNA, and

with easy data interpretation.

Introduction

As the cornerstone of molecular epidemiology, an effec-

tive molecular typing scheme should provide sufficient

discriminatory power, be reproducible among different

laboratories, and be easily performed and standardized

(Ranjbar et al. 2014).

To date, sequencing and subsequent phylogenetic anal-

ysis is the most reliable method for the correct identifica-

tion of viral subtypes and subclades. In the clinical

settings, viral genotype assignment is necessary to infer

prognosis and treatment response, as well as to monitor

and track strains related to drug and/or vaccine resistance,

with increased virulence or transmissibility (Venner et al.

2016; Lin and Kao 2017; Abecasis et al. 2018). Further-

more, phylogenetic analysis has been valuable as a foren-

sic tool for transmission networks and outbreak and

epidemic investigations (Cella et al. 2018; Ciotti et al.

2019), and it can also be used to recognize the evolution-

ary history of a viral genotype in a given geographical
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area and the estimated time of the most common recent

ancestor (Bons and Regoes 2018).

However, this viral genotyping method exhibits serious

limitations. In addition to ambiguous results when using

conserved or similar genes due to horizontal gene transfer

between viruses, gene duplication and gene capture from

the host (Young and Gillung 2019), the most important

and common challenge encountered is that of the

requirement of a high-quality DNA template and an

amplified long PCR fragment for high accuracy (Ganesh

and Zhang 2019). This drawback determines that phylo-

genetic analysis could be not feasible in all sample types

and for highly variable viral genomic regions (Wohl et al.

2016; Kenmoe et al. 2020).

This is the case for human herpesvirus type 8 (HHV-

8), a member of the gamma-herpesvirinae known for its

role in the development of all clinical-epidemiological

forms of Kaposi’s sarcoma (KS) and several lymphoprolif-

erative disorders (Li et al. 2017).

HHV-8 is characterized by its high genetic variability

across the entire genome, with the highest level of genetic

variation observed at the 50 and 30 ends of the genome.

Sequence analysis of the highly variable open reading

frame (ORF) K1 region has allowed the identification of

six major subtypes of HHV-8, named A–F. Moreover,

several subclades were described for subtypes A–E
(Kajumbula et al. 2006; Cassar et al. 2012; P�erez and Tous

2017). Geographically, HHV-8 subtypes show distinct dis-

tribution patterns related to the coevolution of the viruses

with human beings during migrations along the history

(Hayward and Zong 2007). In addition, evidence of a

relationship between the clinical progression of KS and

HHV-8 subtypes has also been proposed. In this regard,

subtype A was significantly associated with fast progres-

sion of classic KS and with high viral load, whereas sub-

type C was related to low viral load and slow KS

progression and subtype B has been linked to a better

prognosis of this disease (Mancuso et al. 2008; Cordiali-

Fei et al. 2015; Tozetto-Mendoza et al. 2016).

Genotyping HHV-8 could be challenging. First, com-

plete or even partial ORFK1 nested PCR amplification is

often not possible in all HHV-8 DNA samples (€Otv€os

et al. 2014; Marashi et al. 2018). Around 20–80% of suc-

cessful ORFK1 amplification has been reported, probably

as a consequence of the high genetic variability of this

genomic region, and the low viral load detected in sam-

ples obtained during latent infection (Zhang et al. 2008;

Hulaniuk et al. 2020; Jary et al. 2020). Therefore, several

studies have resorted to the use of multiple nested PCR

protocols to increase amplification rates. Another possible

explanation for this methodological challenge is the fact

that formalin-fixed paraffin-embedded (FFPE) KS tissues

are a major source of HHV-8 DNA used in molecular

epidemiology studies. Unfortunately, the FFPE process

causes fragmentation and chemical modification in DNA,

such as cross-linking between protein and DNA, deami-

nation and adducts (Do and Dobrovic 2015). Such modi-

fications result in loss of quality and number of

amplifiable DNA templates and pose significant challenges

to PCR efficiency (Mubemba et al. 2017). In addition, the

average-size DNA that is extracted from FFPE tissues has

been reported as 300–400 base pairs (bp) which repre-

sents a problem not only for PCR amplification but also

for genotyping by means of phylogenetic analysis (Kocjan

et al. 2016; Mubemba et al. 2017). In conclusion, these

drawbacks affect the reproducibility and standardization

of this genotyping method and, as a consequence, turn it

into a time-consuming and difficult-to-perform approach

in clinical samples.

To overcome these limitations, other easier and faster

molecular assays that identify single nucleotide polymor-

phisms (SNPs) are being used to type viral strains

(Rend�on et al. 2015; Irshad et al. 2016). Single base exten-

sion technique is one of the methods used to identify

SNPs (Sobrino et al. 2005). Various multiplex SBE assays

have been validated successfully for the analysis of mito-

chondrial DNA, autosomes, the Y-chromosome, Duffy

and ABO blood groups, bacteria and microbial eukaryotes

(Araujo et al. 2015; Zeddeman et al. 2015; Chen et al.

2019; Peng et al. 2020), and viruses (Webster et al. 2009;

Naidu et al. 2012; Arpan et al. 2016; Mou et al. 2019).

However, to the best of our knowledge, the SBE-based

approach using SBE has not been previously reported for

genotyping HHV-8. Therefore, the aim of the present

study was to design and validate a SBE protocol for char-

acterization of the HHV-8 ORFK1 subtypes.

Results and discussion

Defining the genotype of an infecting virus is important

not only in epidemiology studies but also for efficient

vaccine development and management of some viral

infections (Venner et al. 2016; Lin and Kao 2017). How-

ever, limitations inherent to the ‘gold standard’ viral

genotyping method, that is, phylogenetic analysis, deter-

mine that genotype assignment may not be possible in all

clinical samples. Therefore, novel, faster and easier tech-

niques for viral characterization have been proposed

(Rend�on et al. 2015; Nyan and Swinson 2016).

In this regard, both the SBE assay and the real-time

PCR-high-resolution melting (HRM) analysis offer inex-

pensive, sensitive and rapid genotyping screening, need

little DNA input, and have superior SNP analysis com-

pared to (nested-) PCR and sequencing (Heideman et al.

2012). However, the source of template DNA and the

way it is prepared are vitally important for the success of
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any genotyping experiment (Mart�ın-N�u~nez et al. 2012)

and can limit the advantages of HRM. In the case of

large-scale directed genotyping by HRM curve fitting and

analysis obtained from poor quality DNA isolated from

FFPE tissue samples, the variability of readout leads to

inadmissible noise-to-signal ratios and overlapping clus-

tering criteria, which may lead to erroneous genotype

assignment (Słomka et al. 2017), and therefore, another

genotyping approach such as SBE must be chosen, as suc-

cessfully applied by others (Heideman et al. 2012).

Moreover, HRM analysis is based on the comparison

of melting curves that have a particular shape according

to the amplicon’s nucleotide composition, without deter-

mining what polymorphism is present at a specific posi-

tion. This particularity makes the HRM analysis

disadvantageous since it does not identify the specific

polymorphism in the analysed amplicon. On the other

hand, SBE technique is a method that uses extension pri-

mers that anneal to its target DNA immediately adjacent

to the SNP under analysis. The fact that SBE uses specific

primers for each polymorphism makes this methodology

more specific in the detection of SNPs when compared to

HRM analysis (Souto et al. 2015).

Recently, high-throughput next-generation sequencing

(NGS) provides a large number of reads and thus cover-

age, to produce a reliable consensus sequence from which

viral genotyping can efficiently be performed. The

sequencing depth and coverage obtained from NGS

would also allow to discriminate between a mutation or

PCR error within the primer region or specific SNP posi-

tions and furthermore NGS data could be used to deter-

mine if any genomic recombination has occurred

(Cuypers et al. 2019). Moreover, NGS has the advantage

of being able to identify a wide range of potential patho-

gens and is able to generate a comprehensive mutational

profile. However, it requires a higher workload and seems

to be less sensitive compared to the standard

amplification-based assays in samples with DNA fragmen-

tation and low viral loads (Cernomaz et al. 2016; Per-

lejewski et al. 2020).

In addition, genome sequencing technologies are costly

and not widely available in developing countries (Helmy

et al. 2016) and, as a consequence, alternative genotyping

methods to these genomic tools are and will still be useful

in underprivileged countries.

In this study, after analysing an alignment of 76 Gen-

Bank sequences ascribed to all known HHV-8 subtypes,

four SNPs were identified at positions 360, 406, 465 and

527 of the HHV-8 genome, according to GenBank acces-

sion number U75698 (Fig. 1). Thus, four primers with

their 30 end missing one base at these nucleotide positions

were specifically designed for the multiplex SBE technique

developed in this study (Table 1). Compared to ORFK1

phylogenetic analysis that requires an amplified fragment

of 400–1000 pb for reliable genotype assignment (Zong

et al. 1999; Cordiali-Fei et al. 2015; P�erez and Tous 2017;

Hulaniuk et al. 2020), the SBE technique described herein

only needs 294 pb for genotype characterization. This dif-

ference is particularly important when genotyping must

be carried out in low-quality DNA samples, which are

mostly derived from FFPE tissues (Pikor et al. 2011;

Guyard et al. 2017) and commonly used in HHV-8

molecular epidemiology studies due to the particular clin-

ical presentation of this virus. In this study, 28 HHV-8

positive FFPE samples, in which a large ORFK1 PCR pro-

duct could not be amplified and thus genotyped by phy-

logenetic analysis, were subjected to the short-amplicon-

length (294 bp) nested PCR assay described herein, and

five of them (17�8%) could be favourably amplified and

genotyped with the SBE technique (data not shown).

Therefore, this method could increase the success of

HHV-8 genotyping in FFPE derived samples.

In this reaction, as shown in Fig. 2, HHV-8 subtypes

A–C, which are the most predominant subtypes in Amer-

ica, Europe, Africa and Asia (Hayward and Zong 2007),

and the remaining ones (D, E and F) could be identified

accurately on the basis of the four SNPs considered to be

‘diagnostic’ of each subtype. For example, the presence of

a T at position 465 was characteristic of subtype B, the

detection of a C or a T at position 360 and a G at posi-

tion 406 was distinctive of subtype C and the presence of

a C at position 527 was diagnostic of subtypes D, E or F

(Table 1; Fig. 2). Thus, the four patterns obtained in this

reaction can be easily used to discriminate between

ORFK1 subtypes (Fig. 2). However, in the case of samples

belonging to subtypes D, E and F, the four identified

SNPs can differentiate them from subtypes A–C but could

not distinguish among them and, therefore, a second

genotyping method or eventually a different technique is

needed.

It must be highlighted that this method was success-

fully validated in 20 HHV-8 samples: eight belonged to

subtype A, two were ascribed to subtype B, nine to

subtype C and 1 belonged to subtype F, and that the

typing results obtained from SBE completely matched

with those of the phylogenetic analysis in all samples

(Fig. 3). Although only two samples ascribed to the

African HHV-8 subtype B were tested in the validation

step due to its scarce prevalence in the geographical

region where this study was conducted (South Amer-

ica), 17 subtype B sequences belonging to all known

subclades (B1, B2 and B3) were randomly selected from

GenBank database and their nucleotide sequence analy-

sis confirmed that they could be identified by the four

SNPs at positions 360, 406, 465 and 527 of the HHV-8

genome (Fig. 1).
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Nevertheless, since genotyping is based only on four

nucleotides, this technique is still prone to errors and

limitations. First, PCR artefacts and errors are shared by

all genotyping methods that require a PCR amplification

step. In addition to the adherence to proper controls to

avoid contamination, the amplification of short PCR frag-

ments and the choice of high-fidelity DNA polymerases

can reduce the probability of introducing errors in the

PCR products (Zhang and Li 2003). Second, subclades in

subtypes A–E could not be identified in this protocol,

which could be of special interest for molecular epidemi-

ology studies carried out in sub-Saharan Africa where

subtype A5 is predominant (Mamimandjiami et al. 2021)

and associated with more extensive disease in AIDS

patients (Isaacs et al. 2016). Third, another limitation to

this type of method is the fact that any strain harbouring

mutations at these specific SNPs could alter genotype

characterization (Rend�on et al. 2015). Moreover, recom-

binants strains could not be correctly characterized. In

fact, in this SBE technique, HHV-8 subtype C5 which has

been identified as a A3/C3 recombinant (Zong et al. 2002;

Duprez et al. 2006) could be mistakenly classified as sub-

type A (Fig. 1). In order to achieve a higher specificity

and larger geographical applicability of this SBE tech-

nique, it could be necessary to find new SNPs in another

genomic region of ORFK1 that allow to discriminate sub-

clade A5 and subtypes D–F from each other, and at the

same time, sustain the results obtained from the four

specific described SNPs of HHV-8.

In conclusion, since only specific SNPs useful in differ-

entiating the HHV-8 subtypes were involved in the SBE

reaction, the result analysis is easier, low-cost and rapid

Figure 1 Alignment of partial HHV-8 ORFK1 sequences (nucleotide positions 338–532). The key nucleotides for HHV-8 genotyping are boxed.

Nucleotide identity is indicated by dashes. Nucleotide positions are numbered according to GenBank accession number U75698.
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compared to the nucleotide sequencing and phylogenetic

analysis. Therefore, the SBE method described herein can

be adapted to other viral genomes and be used as an

efficient screening method for genotyping in a single tube,

rapidly, particularly low-quality DNA samples, and with

easy data interpretation.

Table 1 Primers and the nucleotides detected for HHV-8 genotyping with single base extension technique

Name Nucleotide sequence (50–30)* Position† SNP‡

HHV-8 subtype

A B C D, E, F

F360 CAATCTGGGCATCGACACAGC 339–359 360 A A C/T‡ A

F406 TTCCTGTCTTACAAACCTTGTGTG 384–405 406 C C G C

F465 TTTTTTTTTTTTTTTTGTATTGTGATACCTCT 449–464 465 G T G G

F527 TTTTTTTTTTT AACCGTGTCACAAACTAA 509–526 527 A A A C

The nucleotides characteristics of each subtype are shown in grey.

A, adenine; C, cytosine; G, guanine; SNP, single nucleotide polymorphism; T, thymine.

*The poly(T) tails added to the 50 end of each primer are underlined.
†Nucleotide positions are numbered according to GenBank accession number U75698.
‡The nucleotide cytosine (C) is detected in all subclades of the C subtype, except for subclade C4.

Figure 1 continued
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Materials and methods

DNA was extracted from 19 FFPE tissues and 1 whole

blood sample from HHV-8 patients by means of Flexi-

Gene DNA Kit or QIAamp DNA Mini Kit (Qiagen,

GmbH, Hilden, Germany) following the manufacturer’s

instructions. Human inosine triphosphate pyrophos-

phatase (ITPA) gene was amplified in all samples to test

the integrity of DNA and exclude the possibility of PCR

inhibitors. The presence of HHV-8 DNA was confirmed

by amplification of the ORF26 as previously described

(Hulaniuk et al. 2017).

Initially, nucleotide sequences retrieved from GenBank

database and ascribed to HHV-8 subtypes A–F were

aligned to determine SNPs that could discriminate

between ORFK1 subtypes. Then, a nested PCR protocol

was performed in all samples to partially amplify the

ORFK1 genomic region encompassing the identified

SNPs. The first amplification round amplified a 400-bp

fragment with previously described primers (€Otv€os et al.

2014). The reaction volume was set at 25 ll, and the PCR

mixture consisted of 100 ng of total DNA, 0�4 lmol l�1

of each of the 10 lmol l�1 primers, 0�2 mmol l�1 of

10 mmol l�1 dNTPs, 1�25 U of GoTaq� polymerase (Pro-

mega, Madison, WI) and 1X of 5X GoTaq� reaction buf-

fer. The PCR cycle conditions included an initial

denaturation step at 95°C for 3 min and 30 amplification

cycles consisting of denaturation at 95°C for 30 s, anneal-

ing at 58°C for 60 s and elongation at 72°C for 60 s. The

second amplification round was performed with primers

FW-K1 (50-TCCTGGTATTGCAAC-30, nt 249–263) and

RW-K1 (50-CGTAAAATTATAGTA-30, nt 528–542). The

PCR reaction mixture was the same as the one used for

the first round, but 1 ll of the product of the first round

was included in the mixture. The cycling conditions of

the second round included an initial denaturation step at

95°C for 6 min and 39 amplification cycles consisting of

denaturation at 95°C for 30 s, annealing at 60°C for 30 s

and elongation at 72°C for 30 s. Reactions also included

a final elongation step of 5 min at 72°C. PCR products

were visualized after electrophoresis in 2% ethidium

bromide-stained agarose gels. To test the efficacy of the

short-amplicon-length (294 bp) nested PCR assay

described herein, 28 HHV-8 positive FFPE samples with

fragmented low-quality DNA, in which a large ORFK1

PCR product could not be amplified and thus genotyped
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Figure 2 Multiplex single base extension electropherograms belonging to subtype A, B, C and D, E or F and analysed with GeneMapper� IDX

ver. 1.4 (Thermofisher Scientific). The nucleotides detected by each one of the four single base extension primers (F360, F406, F465 and F527)

are shown, and those characteristics of each subtype are boxed.
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by phylogenetic analysis, were subjected to this PCR pro-

tocol.

An aliquot of 4 ll of the 294-bp PCR products were

incubated with shrimp alkaline phosphatase and exonu-

clease I (Illustra ExoProStar�, GE Healthcare Life

Sciences, Issaquah, WA, USA) for 40 min at 37°C and

then for 15 min at 80°C to remove unincorporated

dNTPs and primers.

In order to detect the SNPs present in the samples

during the multiplex SBE reaction, primers with their

30 end missing one base at the exact nucleotide

position of the discriminatory SNPs were designed

using Primer3 software (http://frodo.-wi.mit.edu/prime

r3). Self and heterodimers, potential hairpins and sec-

ondary structures were checked using OligoAnalyzer

software (http://www.idtdna.com/annalyzer/applications/

oligoanalyzer). The primers specificity was checked

using Genome Browser online software (http://genome.

ucsc.edu/cgi-bin/hg). The SBE primers were 50 tailed

with a poly(T) tail of different lengths to allow a

proper discrimination of the PCR fragments in the

capillary electrophoresis.
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Figure 3 A phylogenetic neighbour-joining tree with Kimura’s 2-parameter distance model constructed by using partial HHV-8 ORFK1 sequences

(encompassing nucleotide positions 200–818) including the 20 samples in this study and 59 reference sequences from HHV-8 subtypes A–F

retrieved from GenBank. The numbers at each node correspond to bootstrap values obtained with 1000 replicates (values lower than 70 are not

shown). The scale bar represents the number of nucleotide substitutions per site.
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Single base extension analysis was carried out using

the SNaPshot� Multiplex Ready Reaction Mix (Thermo

Fisher Scientific, Waltham, MA). To tune up the reac-

tion, first the reaction was carried out with each one of

the four primers separately to check the ‘diagnostic’

nucleotide and then in a multiple form. The reaction

was performed in a final volume of 5 ll containing

0�75 ll of SNaPshot� mix, 0�25 ll of PCR buffer (109)

(Thermo Fisher Scientific), 2�5 lmol l�1 of F360 primer,

2 lmol l�1 of F406 primer, 2 lmol l�1 of F465 primer,

2 lmol l�1 of F527 primer and 1�5 ll of purified PCR

products. Cycling conditions were 25 cycles of denatura-

tion at 95°C for 10 s, annealing at 50°C for 5 s, and

extension at 72°C for 4 min. Labelled extension prod-

ucts were then treated with 1 ll of T-SAP� (Promega)

for 40 min at 37°C followed by a 5-min heat inactiva-

tion at 90°C; 1 ll of this reaction was mixed with

9�5 ll of HiDi Formamide containing 0�5 ll of LIZ-120

size standard (Thermo Fisher Scientific). After denatura-

tion at 95°C for 2 min, the reaction was analysed on

an ABI3100-Avant sequencer (Thermo Fisher Scientific)

using GeneMapper� IDX ver. 1.4 (Thermofisher Scien-

tific).

The HHV-8 subtype was confirmed in all samples by

ORFK1 amplification and phylogenetic analysis. Briefly,

ORFK1 was amplified by a previously described nested

PCR protocol (Hulaniuk et al. 2020) and bidirectionally

sequenced by Big-Dye Termination chemistry system

(Applied Biosystem, Thermo Fisher Scientific). Multiple

sequence alignments of ORFK1 sequences from the pre-

sent study and reference strains reported in the GenBank

were performed using BioEdit ver. 7.2.5 (Hall 1999). Phy-

logenetic trees were constructed using the neighbour-

joining method in the MEGA 7 software (Kumar et al.

2016). Group support was evaluated by a standard boot-

strap procedure (1000 pseudo-replicates). The GenBank/

EMBL/DDBJ accession numbers of the ORFK1 sequences

reported in this study are: MN556696–MN556715.

This study was approved by the Ethics Committee on

Research Protocols of the Italian Hospital of Buenos Aires

and Mu~niz Hospital in Buenos Aires, Argentina. Informed

consent was obtained from the participants involved.
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