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We report that HPV38 is heterogeneous and have cloned and sequenced a major subtype 
(HPV38[FA125]). 
 
Both prototype HPV38 and HPV38b[FA125] were more common in skin lesions than in 
healthy skin, although the viral loads were very low.  
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SUMMARY 

The human papillomaviruses (HPVs) exist as more than 100 distinct types. While variants of 

HPV are common, only few HPV subtypes have been reported.  

HPV type 38 has been proposed to be associated with non-melanoma skin cancer (NMSC), 

with reported prevalences of up to 55%. A subtype of HPV38 was cloned, completely 

sequenced and found to have a 96% sequence similarity to prototype HPV38 in the L1 open 

reading frame. The presence of prototype HPV38 and HPV38b[FA125] was examined in 

paired biopsies of tape-stripped skin lesions and healthy skin from 269 immunocompetent 

patients by real-time PCR. Prototype HPV38 and HPV38b[FA125] were present in seven 

(3%) and five (2%) lesions, respectively, in viral loads ranging from one copy per 150 cells to 

one copy per 70 000 cells. In summary, we found that HPV38 is heterogeneous and is one of 

so far only few HPVs that contain subtypes. The heterogeneity needs to be considered in 

studies of the biology of this virus. 
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INTRODUCTION 

Non-melanoma skin cancers (NMSC) are the most prevalent malignancies in the Caucasian 

population 1 and an increase in prevalence has been seen in European countries during the last 

few years 2. NMSC comprises basal cell carcinoma (BCC) and squamous cell carcinoma 

(SCC). BCC has a relatively good prognosis, while SCC accounts for up to 20% of all deaths 

from skin cancer 3.  

NMSC are often found on sun-exposed sites in patients with the rare inherited genetic disease 

epidermodysplasia verruciformis (EV) 4. These patients are highly susceptible to human 

papillomavirus (HPV) infections 5, 6 mainly by the Beta-papillomaviruses, a phylogenetic 

subgroup of cutaneous HPVs (e.g., HPV5 and HPV8) 7. These HPV types are detectable in 

skin carcinomas, as well as in control specimens of healthy skin from the general population 8-

12.  

There are more than 100 different HPV types that have been completely sequenced 7. In 

addition, there appears to exist about a hundred additional putative HPV types, with sequence 

information so far available only from PCR amplimers 8, 13-16. Variants of HPV types contain 

more than 98% sequence homology in the L1 open reading frame (ORF) 7. Variants is a 

common finding that appears to associate with ethnic groups and sometimes even with 

biologic behaviour of the virus 17, 18. By contrast, subtypes containing 90-98% sequence 

homology in the L1 region are very rare, with HPV 68a/HPV68b, HPV46, HPV55 and 

HPV64 (now known to be subtypes, originally thought to be different viruses) being the only 

fully characterised examples 7, 17. Although the reasons for this are not known, existence of 

subtypes has profound implications for design of virus detection systems and for 

understanding of the biology of the viruses. 

Epidemiological studies have established a causal association between UV-radiation and 

NMSC 3, but the role of HPV in these cancers remains to be elucidated.  
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A recent study 19 has demonstrated that the early proteins E6 and E7 of HPV38 are sufficient 

to substantially increase the lifespan of primary human keratinocytes by deregulation of the 

cell cycle control. Furthermore, HPV38 E7 targets the retinoblastoma protein (pRb) with 

about the same efficiency as HPV16 E7 19, 20.  

HPV38 has been proposed to be a skin cancer-associated HPV type based on reported 

prevalences of 7% to 55% in BCC, 13% to 46% in SCC and 17% to 43% in actinic keratosis 

(AK) 19, 21-23. In comparison, HPV38 has been detected in 10% of healthy skin biopsies 19 and 

in 25% of plucked eyebrow hairs 24. A possible reason for the variability in reported HPV 

DNA prevalences is the fact that the skin surface contains high amounts of viral DNA, 

whereas the skin lesions themselves contain less viral DNA 16. For example, actinic keratosis 

demonstrated an HPV DNA prevalence of 70% in non-stripped biopsies 21 and 11% in 

stripped biopsies 16. We have therefore proposed the use of tape stripping of the skin surface 

before taking biopsies as a method of increasing the likelihood that the reported presence of 

HPV DNA is indeed related to the skin lesion itself 16. Two commonly used general primer 

PCR systems for detection of cutaneous HPVs are the FAP 13 and nested FAP 25. Employing 

these PCRs, with subsequent cloning and sequencing of amplicons, a closely related HPV38 

sequence, isolate FA125 (GenBank accession no. AY468422) 16, was found in 16 samples 

from 978 stripped skin biopsies, whereas the prototype HPV38 was not detected (Forslund, 

unpublished data).  

In the present study, our aims were to sequence the complete genome of the FA125 isolate, to 

determine its relatedness to HPV38, to design specific PCRs for HPV38 and FA125 with 

equal sensitivities, and to explore the presence of HPV38 and the putative subtype FA125 in 

skin lesions of SCC, BCC, AK, seborrhoeic keratosis (SK) and in paired healthy skin. 
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MATERIAL AND METHODS 

Overlapping amplicons. (i) A stripped punch biopsy taken from the forehead of an 

immunocompetent 78-year-old male with the diagnosis of AK was positive for FA125, a 

putative subtype of HPV38 16. FA denotes an HPV sequence of about 450 nucleotides in the 

L1 ORF amplified with the FAP 59/64 primers 13. (ii) The same sample was then used as 

template in a PCR using the forward primer FA125.205F (5’-ACAGGTCATCCCTTATTTA 

AC-3’) (DNA Technology A/S, Aarhus, Denmark) and a degenerate reverse primer EVE7 

(5’-GTRRCYTSTTTHCCAA TCAT-3’) (DNA Technology). The 50 µl PCR solution 

contained 5 µl of sample, 0.5 µM of each primer, 0.2 mM of each dNTP (Amersham 

Pharmacia Biotech, Buckinghamshire, U.K.), 0.2% BSA (Fraction V, Sigma-Aldrich, 

Steinheim, Germany), 3.5 mM MgCl2 (Expand High Fidelity PCR System, Roche, 

Mannheim, Germany), 1x HF buffer (Roche), and 1.2 U of Expand enzyme (Roche). The 

PCR was performed in an Eppendorf Thermocycler (Eppendorf, Hamburg, Germany) with 

simulated tube control using 2 min at 94°C, 10 cycles of 15 sec at 94°C, 30 sec at 50°C and 3 

min at 68°C, followed by 30 cycles of 15 sec at 94°C, 30 sec at 50°C and 3 min at 68°C, with 

an extra 5 sec per cycle. The amplified DNA was separated by electrophoresis in a 1.5% 

agarose gel (Sigma) in TBE buffer 26, and a band of the expected size (2.2 kb) was excised, 

purified (QIAquick Gel Extraction kit, QIAGEN, Hilden, Germany) and cloned (TOPO TA 

Cloning kit, Invitrogen, Leek, The Netherlands). (iii) To generate the remaining part of the 

genome (~5 kb), the sample was subjected to multiply-primed rolling circle amplification 

(RCA) with the TempliPhi 500 amplification kit (Amersham Biosciences AB, Uppsala, 

Sweden) according to the manufacturer’s instructions, with an addition of extra dNTP (900 

µM) 27. 

The amplified DNA was then used as template in an Expand Long Template PCR System 

(Roche). The 25 µl PCR solution contained 2.5 µl of the RCA product diluted 1:10 in water, 



 6 

0.3 µM of each primer: FA125.572F (5’-AAGCATTTCACAAGGTTAGAG-3’) (Cybergene 

AB, Huddinge, Sweden) and FA125.154R (5’-CCACACCAACC TATGTTTATC-3) (DNA 

Technology), 0.35 mM of each dNTP (Amersham Pharmacia Biotech), 1x Buffer I, and 1.875 

U of Expand Long Template Enzyme mix. The PCR was performed in a Hybaid PCR Express 

(Hybaid Limited, Middlesex, UK) with simulated tube control using 2 min at 94°C, 10 cycles 

of 10 sec at 94°C, 30 sec at 53°C and 6 min at 68°C, and then 20 cycles of 15 sec at 94°C, 30 

sec at 53°C and 6 min at 68°C with an extra 20 sec per cycle, followed by a final incubation at 

68°C for 7 min. The amplified DNA was separated by electrophoresis in a 1% IBI Agarose 

gel (Kodak Company, New Haven, CT, USA) in TBE buffer, and a band of approximately 5 

kb was excised, purified (QIAquick Gel Extraction kit, QIAGEN), and cloned as described 

above.   

Sequence analysis. All cloned fragments were sequenced according to ABI Prism Big 

Dye  Terminator Cycle Sequencing Ready Reaction Kits (Applied Biosystems, Foster City, 

California, USA) and analysed on a 3730 automated sequencer (Applied Biosystems). 

The amplified DNA fragments were used as templates in primer walking, overlapping, 

sequencing reactions. 

The ORF of each protein coded for by HPV38b[FA125] was identified using BioEdit version 

7.0.1 software 28 and compared to available amino acid sequences in the GenBank database 

using the BLAST server. SignalScan version 4.0 software 29 was used to compare the binding 

sites for transcriptional regulatory factors 30 in HPV38 and HPV38b[FA125]. 

Subjects and samples. Stripped lesions and healthy skin biopsies 16 from patients with the 

diagnoses AK (n = 52), SK (n = 47), BCC (n = 118), or SCC (n = 52) were collected from 

269 immunocompetent patients attending dermatology clinics in Sweden. The samples were 

selected from a larger series of 489 patients, in order to arrive at a matched subsample, where 

all four skin lesion groups were matched for age and sex. All four groups had an average age 
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of 77 years, ± 1 year. The distribution between men and women was 55% and 45% 

respectively, ± 1%, within each group, except for the SCC group that had slightly more men 

(58%).   

The DNA from each biopsy was extracted and dissolved in 200 µl TE buffer (10 mM Tris-

HCl, 0.1 mM EDTA, pH 8.0) using a simple phenol-free method 13. To ensure the quality of 

the extracted DNA, all samples were analysed for the presence of the �-globin gene 16 and 

found to be positive. Swab samples from the tops of the lesions (before stripping) were 

collected in 1 ml saline 16.  

Detectability of prototype HPV38 and HPV38b[FA125] by commonly used PCR primer 

systems. The sensitivities of the FAP and nested FAP PCRs for detecting HPV38 and FA125 

were tested. Purified viral DNA from plasmids containing the complete genome of HPV38 

and the FAP fragment of FA125 were used as templates. Serial logarithmic dilutions covering 

a range of 6 logs (100 000 copies to one copy per sample), were prepared in human placental 

DNA (10 ng/µl). Similar serial logarithmic solutions of HPV38 and the 2.2 kb fragment of 

FA125 were used as templates using the HPV38 type-specific primers presented by Caldeira 

et al. 19. The 25 µl PCR solution contained 5 µl of sample, 0.5 µM of each primer, 0.2 mM of 

each dNTP (Amersham Pharmacia Biotech), 0.2% BSA (Sigma-Aldrich), 3.5 mM MgCl2 

(Applied Biosystems), 1x PCR Buffer II (Applied Biosystems), and 0.625 U of AmpliTaq 

Gold (Applied Biosystems). The PCR was performed in a Hybaid PCR Express machine 

(Hybaid) with simulated tube control using 10 min at 94°C, and then 45 cycles of 1 min at 

94°C, 1 min at 49°C and 2 min at 72°C. The amplified DNA was separated by electrophoresis 

in a 1.5% agarose gel (Sigma) in TBE buffer 26. 

Real-time PCR. Primers and probes for HPV38 and HPV38b[FA125] were designed in the 

L1 ORF, using the Primer Express 2.0 software program (Applied Biosystems).  
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Calculations of viral copy numbers for the standard curves were based on spectrophotometric 

measurement of purified viral DNA from a plasmid containing the complete genome of 

HPV38 and the 2.2 kb fragment of HPV38b[FA125]. For the establishment of standard 

curves, serial logarithmic dilutions covering a range of 6 logs (100 000 copies to one copy per 

sample) were employed using a solution of human placental DNA (10 ng/µl) as diluent. The 

HPV38 and HPV38b[FA125] primers and probes were tested for cross-hybridisation with 

closely related types within species two of the Beta-papillomaviruses 7. The 25 µl PCR 

mixture contained 3.5 mM MgCl2 (Applied Biosystems), 1x Reaction Buffer (Applied 

Biosystems), 0.2 mM of each dNTP (Roche Diagnostics GmbH), 0.2 µM of each primer 

(HPV38F: 5’- CAGGCCTATGTCCTCCACTAGAA-3’, HPV38R: 5’- GTTTTGTTGTTTAT 

ATTGCCAAATCC-3’ or FA125F: 5’-TTGAAGATGGAGACATGTTTGATATAGG-3’, 

 FA125R: 5’- TAACGATATCCAAACTTACATCAGATTG-3’) (Cybergene), 0.04 µM 

Taqman probe (HPV38 Probe: 5’-FAM-GAAAAATAGTGTAATTGAAGACGGAGACAT 

GTTTGATAT-TAMRA or FA125 Probe: 5’-FAM-TGGCAACATAAACAACAAAACACT 

TTCT-TAMRA) (Cybergene), 0.625 U of AmpliTaq Gold™ polymerase (Applied 

Biosystems) and 2.5 µl of sample. The real-time PCR was carried out in a GeneAmp® 5700 

SDS (Applied Biosystems), using the following parameters: 2 min at 50°C, 10 min at 95°C 

and then 50 cycles of 15 sec at 95°C and 1 min at 60°C (HPV38b[FA125]) or 63°C (HPV38).  

Human placental DNA (Sigma) (10 ng/µl) and water (Sigma) were used as non-template 

controls in each run. The same parameters were used for the patient samples, which were 

diluted 1:2 in TE buffer before analysis. 

All patient samples positive for HPV38 or HPV38b[FA125] in the real-time PCRs were 

verified in triplicate using undiluted samples. If a sample was positive in at least two of three 

verifying analyses, it was considered positive. The coefficient of variation (CV) for each 
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sample was based on these values. To confirm the results further, all amplicons from the 

verification PCRs were cloned and sequenced. 

In order to determine the viral load relative to number of cells, the samples were analysed for 

the presence of the �-globin gene. Calculations assumed that 6.6 pg DNA is present per 

diploid cell. The quantitative PCR was performed as above, with an annealing temperature of 

60°C using the PCO3 and PCO4 primers 31 and probe (�-globin Probe: 5’-FAM-TGCACCTG 

ACTCCTGAGGAGAA-TAMRA-‘3). Serial logarithmic dilutions covering a range of 6 logs 

were used in the standard curve, as above. 

For all biopsy samples positive for HPV38 or HPV38b[FA125], a swab sample taken from 

the top of the lesion before stripping was also analysed. The swab sample was only analysed 

for the presence of the same type or subtype as detected in the corresponding biopsy.  

 

This study was approved by the Ethical Committees of Karolinska Institute and of Lund 

University, Sweden. All patients gave informed consent. 
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RESULTS 

Complete genome of HPV38b[FA125]. The complete genome of HPV38b[FA125] 

(GenBank accession no. DQ090005) contained 7400 bp, which correlates with the size of 

HPV38. The E6 and E7 proteins showed 100% similarity to HPV38, whereas the E4 protein 

only showed 94% similarity (Table 1). Each of the other proteins encoded by 

HPV38b[FA125] showed high similarity to the corresponding proteins of HPV38 (Table 1).  

At the nucleotide level, the ORFs of L1 and L2 showed 96% sequence similarity to HPV38 

(Table 1). The nucleotide sequence of the upstream regulatory region (URR) of 

HPV38b[FA125], located immediately downstream of the stop codon of the L1 protein to the 

first ATG in the E6 ORF, was 405 bp. The URR had 96% sequence similarity to the 

equivalent region of HPV38 (Table 1). Five of the 15 nucleotides at the 3’-end of the URR 

were mismatches between HPV38 and HPV38b[FA125]. However, this difference did not 

affect any known binding sites for transcriptional regulatory factors, as detected with the 

SignalScan software. 

In the URR of HPV38b[FA125], there was an insertion of a guanine between positions 163 

and 164 (numbered according to the prototype HPV38 genome). This insertion generated a 

shift in the open reading frames as compared to HPV38. There was also a deletion of a 

thymine in the HPV38b[FA125] genome, situated at position 4011, which was in a non-

coding region between the ORFs of the E2 and L2 proteins. Because of this deletion, the L2 

ORF of HPV38b[FA125] was shifted in relation to the early ORFs.  

The complete L1 ORFs of HPV38 and HPV38b[FA125] have a coding capacity of 539 and 

564 amino acids (aa), respectively. However, if we consider the typical splice acceptor site 

prior to the initiator ATG, described for some papillomaviruses 32, both L1 proteins would be 

the same length (510 aa).  
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Eight amino acids of the L1 ORF differed between HPV38 and HPV38b[FA125] (Table 2). 

Comparison with the three-dimensional structure of the L1 ORF of HPV16 33, showed that six 

of the altered amino acids were most likely positioned in the hypervariable loops that extend 

towards the HPV capsid surface (Table 2). The non-conservative substitution at position 138 

in HPV38 was in the position immediately before the surface-exposed hypervariable residue 

138 in the DE loop of HPV16. Similarly, the substitution at position 291 was immediately 

before the surface-exposed hypervariable residue 285 in the FG loop of HPV16, which has 

been implicated as an important residue for binding of a major neutralising antibody 34, 35. The 

possible surface exposure of the adjacent substitution at residue 288 in HPV38 is difficult to 

predict since the FG loop of HPV38 contains an insertion of seven amino acids seven residues 

before this position, compared to that of HPV16. 

Real-time PCR. Plasmid titration series showed that the real-time PCR assays for both 

HPV38 and HPV38b[FA125] had equal, high sensitivities of approximately one copy per 

sample. 

Plasmid titration series ranging from 100 000 copies down to one copy per sample of cloned 

plasmids of HVP types 9, 15, 17, 22, 23, and 37 were all negative in real-time PCR using the 

specific primers and probes for HPV38 and HPV38b[FA125]. Further, no cross-reactivity was 

detected between HPV38 and HPV38b[FA125] using the specific primers and probes.   

HPV38 was detected in 7 (2.6%) of 269 lesions; three from SCC patients (viral loads: 1 

copy/142 cells; 1/1107 cells; 1/12875 cells), one from BCC (1/67407 cells), two from SK 

(1/167 cells; 1/1960 cells) and one from an AK patient (1/349 cells) (Table 3).  

HPV38b[FA125] was detected in 5 (1.9%) of the 269 lesions; two from SK (viral loads: 1/524 

cells; 1/12336 cells) and three from AK (1/183 cells; 1/600 cells; 1/1849 cells) (Table 3). Two 

of 269 healthy skin biopsies (0.7%) were positive for HPV38b[FA125] (viral loads: 1 

copy/133 cells; 1/254 cells), while none was positive for HPV38 (Table 3). Only one patient 
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was positive for the same virus type both in the lesion and in the healthy skin sample (Table 

3). None of the samples were positive for both HPV38 and HPV38b[FA125]. 

Nine out of 12 swab samples, taken from the tops of lesions that were found to be HPV38 or 

HPV38b[FA125] positive, were positive for the same virus as in the lesion (Table 3).   

The �-globin gene was detected in all lesion and healthy skin biopsies that were positive for 

HPV38 or HPV38b[FA125]. However, only 50% (6/12) of the swab samples from the tops of 

the lesions were �-globin positive (Table 3). Therefore, virus copies per µl sample solution 

were calculated, ranging from two viral copies per µl to 130 viral copies per µl (Table 3). 

Detectability of prototype HPV38 and HPV38b[FA125] by commonly used PCR primer 

systems. Because testing with the FAP and nested-FAP primers, which were specifically 

designed to detect as many of the Beta- and Gamma-papillomaviruses as possible, had shown  

16 of 978 samples positive for isolate FA125, but none for prototype HPV38, we evaluated 

the comparative sensitivity of these PCR systems using serial dilutions of cloned plasmids in 

the presence of human DNA. The FAP PCR system was capable of detecting approximately 

10 copies per sample of HPV38b[FA125], but only around 100 copies per sample of 

prototype HPV38. The nested-FAP PCR, however, detected both HPV38 and 

HPV38b[FA125] at one copy per sample. The HPV38 type-specific PCR system of Caldeira 

et al. 19 was also tested and detected approximately 100 copies per sample of prototype 

HPV38, and around 1000 copies per sample of HPV38b[FA125]. 
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DISCUSSION 

In this study, we report that HPV38, one of the major HPV types suspected to be involved in 

NMSC, also exist as at least one subtype in addition to the prototype virus. The complete 

genome of this subtype, HPV38b[FA125], was sequenced and found to show 96% homology 

to HPV38.  

Berkhout et al. have reported detection of two other putative subtypes of HPV38 36. The full 

genomic sequence of these putative subtypes was not reported, but by comparison of the 

reported PCR amplimer sequences, we can say that neither of them are identical to 

HPV38b[FA125]. In addition, one subtype has been reported for HPV36 37, and HPV5 has 

been found to have several subtypes 38, 39, suggesting that subtypes may be more common 

among cutaneous HPV genotypes than among other HPVs. Such heterogeneity should be 

taken into account when designing new detection systems for a genotype.  

Since the E6 and E7 proteins of HPV38 and HPV38b[FA125] were completely homologous, 

differences in possible carcinogenicity between these two types is not likely. Rather, our 

results indicate differences in the immunology and/or biology of the prototype and its 

subtype. The heterogeneity of HPV38 affected the E4 protein in particular, which is known to 

be expressed in very large amounts by some cutaneous HPV types 40. The E4 protein is also 

thought to be a major target of CD4+ responses to HPV 41. The fact that the amino acid 

substitutions in the L1 protein were clustered in the surface-exposed loops of 

HPV38b[FA125] are also suggestive of a possible immunological significance of the subtype 

heterogeneity. While it is well known that HPV variants within the same type constitute the 

same serotype 42 and that different HPV types typically constitute different serotypes 43, it is 

not well known whether subtypes are usually serologically distinct or not 39. 

Even when combining the prevalences of HPV38 and HPV38b[FA125], we found 

considerably lower prevalences of these viruses in skin lesions than many other studies that 
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did not use stripping of the skin surface. For example, only 4 of 52 patients (7.6%) diagnosed 

with AK were positive for HPV38 or HPV38b[FA125] in our study, compared to previously 

reported HPV38 prevalences of 17% to 43% 19, 21, 22. For SCC, we detected HPV38 in three of 

52 biopsies (5.8%), compared to 13% to 46% in other studies 19, 21. The greatest difference 

was found for patients diagnosed with BCC, where we only detected HPV38 or 

HPV38b[FA125] in two of 118 patients (1.7%), compared to previous reports with positivity 

rates ranging from 7% to as high as 55% 19, 21, 23. This discrepancy is likely to be attributable 

to the removal of superficial cells with tape, which is known to reduce HPV DNA prevalences 

16.  

The virus DNA load was higher in the swab samples taken from the tops of the lesions than in 

the corresponding biopsies, indicating that most of the HPV38 DNA was present on top of the 

lesions and only to a minor extent in the lesions themselves. The fact that the �-globin gene 

was not detectable in several swab samples that had detectable HPV DNA suggests that the 

DNA in virions is more protected from degradation than human cellular DNA 8.    

We found that the HPV38 type-specific primers used by Calderia (2003) and Forslund (2003) 

also detected HPV38b[FA125], although with a lower sensitivity than for HPV38. This 

difference is probably due to two mismatches in the reverse primer to HPV38b[FA125], 

whereas a complete match exist for HPV38. The nested-FAP PCR contains one mismatch in 

each of the reverse primers to HPV38, but was equally sensitive for HPV38 and 

HPV38b[FA125].  

Of the 16 samples (of 978 tested) that were positive for FA125 in the previous study using 

general FAP and nested FAP PCRs (Forslund, unpublished data) 12 samples were also 

analysed in this study. However, only seven (58%) of these 12 samples were positive for 

HPV38b[FA125] in the specific real-time PCR. A possible explanation is the fact that the 
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viral load in these samples is so low that there is a considerable likelihood that different 

aliquots of the same sample may or may not contain a viral genome copy merely by chance.  

In conclusion, our characterisation of HPV38b[FA125] demonstrates that HPV38 shows 

heterogeneity. Both prototype HPV38 and HPV38b[FA125] were more commonly found in 

skin lesions than in healthy skin. However, there were higher copy numbers on top of the skin 

lesions than in the lesions themselves. Since both HPV38 and HPV38b[FA125] were found at 

low prevalences and with low viral loads, the role of HPV38 in the development of NMSC 

remains elusive,  
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Table 1. Homology between HPV38b[FA125] and HPV38 

Protein Amino acid Nucleotide sequence 
(pre stop codon) 

E6 100% (141/141) 99% (417/423) 

E7 100% (100/100) 99% (297/300) 

E1 99% (595/604) 98% (1768/1812) 

E2 97% (429/441)  97% (1285/1323)  

E4 94% (175/186)a  97% (544/558)  

L2 99% (521/527) 96% (1524/1581)  

L1 98% (502/510) 96% (1462/1530) 

URR - 96% (390/405) 
aComparison made from the first ATG in the open reading frame. 

 

 

Table 2.  Amino acid differences of the HPV38 and HPV38b[FA125] L1 proteins. 

Positiona HPV38 HPV38b[FA125] Structural locationb 

97 Tyr His �-pleated sheet D 

138 Asn Gly D-E loop 

146 Asn Ser D-E loop 

288 Asn Thr F-G loop 

291 Gly Ala F-G loop 

367 Ser Ala H-I loop 

368 Ala Thr H-I loop 

394 Asn Thr Helix 2 
aNumbered according to the HPV38 L1 protein. 
bLocations in predicted 3-dimensional structures based on sequence comparison with the 3-dimensional structure 

of the HPV16 L1 protein (Chen et al. Mol Cell. 2000 Mar;5(3):557-67)  



Table 3. Presence and viral loads of HPV38 and HPV38b[FA125] in skin lesions. (CV calculated on three values).  

  Viral copy/cells Viral copy/cells Viral copy/cells Viral copy/µl 
Diagnosis HPV type Lesion  

(CV %) 
Healthy skin  

(CV %) 
Top of lesion  

(CV %) 
Top of lesion 

(CV %) 
AKa 

(n=52) 

HPV38 

[FA125] 

[FA125] 

[FA125] 

1/349 (76) 

1/600 (39) 

1/1849 (0.6)b 

1/183 (41)b 

- 

- 

- 

- 

12/1 (58) 
- 

- 

9/1 (31) 

30 (58) 

38 (26) 

- 

26 (31) 

SKa 

(n=47) 

HPV38 

HPV38 

[FA125] 

[FA125] 

1/1960 (75) 

1/167 (37)b 

1/12336 (41)b 

1/524 (37) 

- 

- 

- 

1/133 (63) 

- 

NA 

- 

- 

3 (17) 

NA 

- 

9 (40) 

BCCa 

(n=118) 

HPV38 

[FA125] 

1/67407 (1.5)b 

- 

- 

1/254 (44) 

1/29 (38) 

1/20 (51) 

2 (38) 

91 (51) 

SCCa 

(n=52) 

HPV38 

HPV38 

HPV38 

1/142 (27) 

1/12875 (21)b 

1/1107 (64) 

- 

- 

- 

- 

9/1 (3.6) 

1/2 (18) 

3 (34) 

62 (3.6) 

130 (18) 
aAK=actinic keratosis, SK=seborrhoeic keratosis, BCC=basal cell carcinoma, SCC=squamous cell carcinoma. 
bCV calculated on two values. 

NA = not analysed (sample missing) 
 


