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Abstract

Background: Cervical cancer is recognized as the third most prevalent type of cancer and it
is the fourth cause of death in women worldwide. It is also recognized as a second more
prevalent type of cancer in women of 44 years or younger. Currently, over 100 HPV types
have been identified, but HPV16 and 18 are recognized as the mayor malefactors in cervical
carcinogenesis. Individuals are often infected with multiple genotypes of human
papillomavirus (HPV) simultaneously, but the role that these infections play in the
development of cervical disease is not well established.
Aim: Our objective was to assess the relationships between single and multiple-type HPV
infections with patients” age and histological status of cervical lesion. Material: In the period
of two and a half years (March 1,2017 till September 30,2019) the total number of 212
women (18-65 years old) who were positively screened for opportunistic cervical cancer by
pap smears, were sent by their family gynecologist to the Center for Public health of Bitola
for HPV genotyping.Method: Samples of HPV genotyping were collected by scraping the
epithelium out of the cervical canal and transferred into 1.5 ml plastic tubes and transport
medium using a disposable sterile probe.. DNA extraction was conducted using the kit for
isolation of nucleic acids, PureLink Genomic DNA kit, Invitrogen, produced by “Life-
Technology”. After the extraction of DNA from the specimens, the presence of 21 HR-HPV
genotypes were detected by The DNA-Technology HPV Quantitative Real-time PCR
Kit,DTlite, LLC, Russia ®.The distribution of the data is shown in absolute and relative
numbers. Non-parametric Chi-square test was used to test for differences. The p value of
<0.05 was considered statistically significant.Results: Among 212 women, 79 were
diagnosed with non high risk cervical lesions (non-hrCL) and 133 were with high risk of
cervical lesions (hrCL). The most dominant HPV genotypes were: 16 (19,0%)', 31 (12,2%),
52 and 59 (7,1%), 33(6,8%) and 18 (6,5%). Patients with multiple-type HPV infections had
asignificantly higher prevalence than those with single type of HPV in the age groups _of up
to 24 years and from 25 to 34 years, 16.5% vs 11.8%, and .51.8% vs 33.1%, respectwe?y.
However, statistical analysis did not confirm a signiﬁcapt difference between women \Ylth
single and multiple types of HPV infections In relation to the cytological
finding Conclusion: In this study of 212 women, HPV16 was most prevalent type, detect.e;l1
n 19% of all HPV positive cases and with the highest prevalence rank in Sl11‘ %roup:q wit
30,5%. Other most prevalent types were HPV type 31,.52) §‘), 33 qnd 18 with the p;usgnce
of 12,1%; 7,1%; 7,1%; 6,8%, 6,5% respectively. Patients with multiple type H:V ““ ections
Up to 34 years. A better understanding of the interactions among HP 4 g el
great interest, not only for risk assessment of hrCLs in women fw;tIp \;m\l/acpc Hei
mfectlons, but also for the development of the next generation © S
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predicting the possible emerging genotypes that compete with those targeted by Curren

vaccines.

Keywords: Human papillomavirus, multiple HPV type infections, genotype, age
UHOEKIUHU NPEJU3BUKAHUA CO EJIEH WM ITOBEKE THIIOBY HA
XVMAH IMATTHJIOMA BHPYC (XIIB) KAJ )KEHHU CO KAPIIMHOM HA
I'PJIOTO HA MATKATA | NPEKAHIEPO3HHU JIE3UU BO

JYTO3ANAJIHUOT  PETMOH HA PEITYBJIMKA CEBEPHA
MAKE/IOHUJA

AncTpakT

Bosex: PakoT Ha TpioTO Ha MaTKaTa € TPET MO 3aCTAlCHOCT KapiUMHOM BO CBETOT, ¥ ce
Npeno3naBa Kako 4eTBPTAa MPWUMHA 3a CMPT TOpajM KapuuHoM Kaj sxennute. Toa e prop
H&jYecT BU/] Ha KapUUHOM Kaj XeHH 011 44 TOJIMHH WK nomnann..ﬂepancreﬂma viHbeKimja
co Xyman nanuiomasupyc (XIIB) ce cMera 3a riiaBeH (GakTop KOj MpeU3BHKYBA KapUHHOM
Ha TPIOTO HAa MarTkaTa. MneHTH(HKyBaHH ce IOBEKE Of 100 tumosu XIIB, ol KoH 40 ce
ceKcyanHo nperocauBH. Kaj mammeHTKUTe 4ecTonaTh ce JETeKTHpa HHeKuuja co noseke
reHoTunosyu Ha XIIB HCTOBpeMEHO, HO yorara IITO ja HrpaaT OBHE HHbEKUNH BO pa3sBojor
Ha 3a0onyBamara Ha rpJI0TO Ha MaTKaTa HE € JI0KaXaHa.

Ilen Ha TPYAOT € Za Ce MpoydYaT OFHOCHTE MoMely MHOEKUMH NPEAN3BHKaHM CO eleH My
noBeke THIIOBH Ha XIIBBO 3aBHCHOCT OZ BO3pacTa Ha NMALMEHTKUTE U LMTOJIOMKHOT HAox
Ha LIepPBHKAJIHATA JIe3Hja.

Marepujan: Bo nepxox ox 2,5 rogun (1.03.2017 xo 30.09.2019 roauna) BkynHo 212 xenu
(18-65 rommuu) Gea BKIydeHH BO CTyaujata. Tue 6ea yrmaTeHM Of MaTHYHHTE THHEKONO3M
Bo Ilentapor 3a jaBHO 3apaBje buroma 3a XIIB renorommsandja, Mopagd MO3UTHBEH
pesynrar Ha ckpuHMHT ITAII TectoT 3a KapUMHOM Ha LEPBHKCOT Ha MaTkara.Merox:
IIpumeponute 3a reHotunusanuja Ha XIIB 6ea cobpaHH CO CTpyXeH€ Ha EIMHUTENOT Ha
IEPBUKATHHOT KaHal M Gea TpaHCIOPTHPaHM BO ILIACTHYHM ENPYBEPTKH 3a €HOKpATHA
ynotpeba, co BorymeH on 1,5 ml. Excrpakuuja va JIHK Gemwe criposeneHa co momom na
KOMIUTIETOT 3a H30Jlalfja Ha HYKJIEHHCKHTE KHMCENIMHHM, KOMIUICT 3a reHoMcka JIHK
PureLink, Iivitrogen wuspaboren on ,Life-Technology“. TlpucyctBoto ma XIIB
renorunosute eme xetektupano co DNA-Technology HPV QUANT, QuantitativeReal-
time PCR Kit, DTlite, LLC, Russia. Kur namener 3a cneuuduuna uaeHTHH(HKaLK]a,
TUIM3ALMja ¥ KBaHTH(HKaM]a Ha Huckopusuank (HPV 6, 11, 44) u sucokopusuunn (HPV
16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, 82) XIIB-reHOTHIIOBH BO
O/IHOC Ha HUBHWOT OHKOTCH NoTeHuujal. Juctpubynujata Ha nojaToLuTe ¢ IpHKakana co
anconyTHX W PETATHBHH OPOCBH. 3a TECTHPAWETO HA PA3IMKHTE Oeme KOpHCTEH
nenapamerapckn Chi-square test. 3a cratucTHukn 3nauajua 3emena e BpEIHOCTAa Ha
p<0,05.Pesynraru: Kaj 212 sxenn, 133 Guie aujarHocTHIMpaHH co BHCOK PH3HK Ha
UCPBUKAIHA JIE3HH M 79 CO HM30K PH3HK HA LEPBHKAIHA JIC3HH. [IpeBancnnara na XIIB
un(exiuu npemsukany co pasmann XITB renoTHoBH nokaska €/IeH BPB Ha BO3DACT Kaj
Kenu nomely 25 u 34 roammu, koj omara co Bo3pacta. Hajuecto mszonmpann XIIB
renorunosy 6ea XIIB 16 (19,0%), 31 (12,2%), 52 u 59 (7,1%), 33 (6,8%) u 18 (6,5%).
Mngexumja co noseke tunosn na XIIB Geme craticrnuky 3Hauajuo nouecra ox XIIB
MH(EKIH]a CO eJIeH THII, Kaj NAHEeHTKHTE BO BO3PAaCHUTE Irpymnu 10 24 rouun u oA 25-34
rogunu, 16.5% vs 11.8% u 51.8% vs 33.1%, KOHCEKBEHTHO, HO CTATHCTHYKATA aHA/IM3a HE

MOTBPAM CHIHHUKAHTHA pasinka Mefy MHpeKunu co e1eH wm TOBeke THIIOBH BO OJIHOC
Ha IUTOJIOMKHOT HAOJ.
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3akyHOK: Bo osaa ctyanja, XIIB16 Geure najyecro H30IMpaH THI, netekTHpaH Kaj 19% ox

e XIIB nosumsim cny;{an. IIEyrHTe Haj3actanenn Tinosk Gea XI1B tum 31, 52, 59, 33
118 0 12,1%; 7,1%; 7,1%; 6,8%, 6,5%, coonserno. Manmentire co XIB HH’Q)el;lIHP; co
joBeke THTIOBH bea CTAaTHCTHYIM $HAYAJHO TOBeKe 3acTanenu ox oHue co exuneyen XI1B
i Kaj JKCHH 710 34 ropwnu. ITopo6po paséupaie na HHTEPAKIUHUTE TOMETY TeHOTHTIOBUTE
ya XIIB € O/ TOIeM HHTCPEC, HE CaAMO 32 NPOLIEHKa Ha PUSHKOT OJf 110jaBa Ha LePBUKATEH
xapIIAHOM Kaj XeHH €0 MH(EKIMH CO mMoBeke THIOBH Ha XIIB, Tyky u 3a pasBoj Ha
cTeIHATa reﬂepaunj.a Ha BakUMHH npoTtHB XIIB, co mro 6u ce IIpe/IBH/ICIIE HOBHTE MOKHH
[eHOTHTIOBH KOH HAJUCCTO CC JICTCKTHPAAT M KOM JIENlyBaaT CHHEPrHCTHYKH CO OHHE KOM Ce
piTyuCHH BO TCKOBHHTE BAKLMHHU.

KayunH 300poBH: XyMaH IanMIOMaBHpYC, uapexunja co mopeke Tunoeu Ha XIIB,

Introduction
Cervical cancer is the third most prevalent cancer worldwide, being recognized as the fourth

cause of death due to cancer in women. It is the second more prevalent type of cancer in
women of 44 or younger (1). Human papillomavirus (HPV) persistent infection is
considered the causal factor for pre invasive and invasive cervical carcinoma. More than 100
HPV types have been identified and 40 are sexually transmitted. These are further
categorized into two groups: low risk HPV types (Ir-HPV) and high-risk HPV types (hr-
HPV), depending on their relative risk of causing human malignancy. High-grade
intraepithelial lesion and invasive carcinoma, are mostly associated with oncogenic HPV
types included in alpha-9 (HPV 16, 31, 33, 35, 52, 58 and 67) and alpha-7 (HPV18, 39, 45,
59, 68 and 70) species, considering that the types belonging to a species have 80% of
genetic similarity (2). Among these types, HPV 16 and 18 infections, followed by HPV 31
and 45 are found in more than 80% of cervical cancer specimens (3, 4, 5, 6).

Several studies have demonstrated that multiple-type of HPV infections are a significant risk
factor for high-risk cervical lesions (hrCLs) (7,8,9). Conversely, alternate studies showed
that multiple- type HPV infections (MT-HPV infections) have no synergistic or additive
effect on the development of cervical discases or increased risk for hrCLas compared to a
single-type of HPV infection (ST-HPV infections) (10,11). However, there is no consensus
whether MT-HPYV infections are associated with higher risk of carcinogenesis than ST-HPV
infections and it is not also clear that in women with multiple-type of HPV infections
whether a competitive or cooperative interaction exists among the co-infecting genotypes
(10,12,13).

Aim

In this study, the prevalence of ST and MT-HPV infections in women with squamous and
glandular lesions of different age strata has been analyzed. The objectives were to evaluate
whether ST and MT differ 1) in its association with the type of the cervical lesion and 2)

according to the patients age.
Material and Methods

Study Design and Population ; :
A total number of 212 women were enrolled in this cross- sectional study, which took place

from March 1,2017 till September 30,2019 in the Center for Public Health in Bitola.
All 212 women have firstly attended a primary screening program and were referred to the
Center for Public Health in Bitola for HPV DNA genotyping from general gynecologists,

after getting an abnormal pap smear.
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udy were: to be between 18 and 64 years of age i

B . 2 t Y
The Criteria for women included in the s N teatis bl st s o

have at least one identified HPV type oot b = ol O S
xclusion criteria e prio
result of the Pap test. The ¢ ;

hysterectomy, virgins and pregnancy.

Cytology Classification
Conventional Pap tests were pgrfq
interpreted according to the critena

rmed for cytological evaluation, and the findings Were
set by the 2004 Bethesda System for Cervicovagin|

i ses were divided into two ggneral groups based on cytologica]
fiﬁgﬁsrzgzglzf{ IT;hfh:)::c with hrCLs, in_cludin_g atypical Squamguls cells, which cannot
exclude high-grade squamous intraepithelial l.esmn (ASC-H)laél hgw grade Squamoyg
intraepithelial lesion with atypical cells, which cannot exclude 1‘llgh-g'rade Squamoyg
intracpithelial lesion (LSIL-H) with high-grade squamous intracpithelial lesion (HSI‘L), and
2) those with non-hrCL, including atypical sqpamgus cel!s of undetermined SIg“{ﬁCance
(ASC-US) and low-grade squamous intracpithelial lesion (LSIL), and negative for
intraepithelial lesion or malignancy (NILM).

HPV DNA Extraction and Detection 2 :

DNA samples were collected by scraping the epithelium o.f the cervwa! canal and were
transferred into 1.5 ml plastic tubes and transported using a disposable sterile probe. Storage
and transportation of the material was carried out according to current regulations. DNA
extraction was conducted using a kit for isolating nucleic acids, PureLink Genomic DNA
kit, INVITROGEN developed by “Life-Technology”. The kit is based on the selective
binding of DNA to silica- based membrane in the presence of chaotropic salts. The cells are
digested with Proteinase K at 55°C using optimized digestion buffer formulation that aids in
protein denaturation and enhances Proteinase K activity. Any residual RNA is removed by
digestion with RNase A prior to binding samples to the silica membrane. The lysate is
mixed with ethanol and binding buffer that allows high DNA binding on Spin Columns. The
DNA binds to the silica based membrane in the column and impurities are removed by
thorough washing with Wash Buffers. The genomic DNA is then eluted in low salt Elution
Buffer.

Genotyping for 21 HPV types was conducted using real-time PCR detection with a reagent
kit developed by “DNA-Technology” (HPV Quant-21, Russia). This test detects 18 high
risk-HPV types (HPV 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 69, 73,
82) and 16 low-risk-HPV types (HPV 6, 11, 44). The kit contains 8-tube- strips, paraffin
sealed PCR-mix, which contains target-specific hydrolyzing probes. Real-time PCR
technology is based on measurement of fluorescence at every cycle of reaction. The
intensity of fluorescence is analyzed with a Real-time PCR instrument data collection unit
and the software provided.

Only cases that had satisfactory B-globin levels were included in the study. A HPV infection
was classified as a single-type and multiple-type infections. Multiple-type infections include
the association with hr and/or Ir-HPV types.

The distribution of the data is shown in absolute and relative numbers. Non-parametric Chi-
Square test was used to test for differences. The p value of <0.05 was considered statistically

significant,
Results

The_single-typc and multiple- type of HPV infections in the screening population were
stratified by age. Out of a total number of 212 women, 131 (61,79%) had single-type HPV
infection, while 81 (38,21%) women had multiple-type HPV infection (Fig. 1).
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= ST infection
MT infection

a

Number of women with single-type HPV infection (ST-HPV infection)

. Figure 1 . '
and women with multiple-type HPV infection (MT-HPV infection)

From a total number of 212 women who were included in the study: 29 or 13.7 % were 25
years old or younger, 83 or 40.6% were between 25 and 34 years old, 62 or 28.3% were
between 35 and 44 year olds and 34 or 15.1% were older than 45 years.

The highest frequency of HPV DNA positive samples of the screening population was in the
age group of 25-34 years old (40.6% of tested women) and gradually decreased with
increasing age (Table 1).

patients with single and multiple-type HPV infection were significantly different by age

stratification (p <0.05). In younger patients, in the age group of women from 18 to 24 years

old and in the age group from 25 to 34 years of age multiple-type HPV infections had a

significantly higher prevalence than those with single-type HPV infections (16.5% vs 11,8%

and 51,8% vs 33,1% consecutively). At the strata age of 35-44 year olds, the prevalence of

ST- HPV infections and MT-HPV infections swaps in favour of single- type of HPV

infections (32,3 % vs 22,4% and 19,7% vs 8,2%) but statistical analysis did not confirm a

significant difference (Table 1).

Age stratified proportion of single type (ST) and multiple-type (MT) HPV

Table 1
infections
O R 00 Total ST infection MT Infection
N % N, 0. 9% N | %
<24 29 13.7% 15 11.8% 14 16.5%
25-34 88 40.6% 47 33.1% 41 51.8%
35-44 62 28.3% 43 32.3% 19 22.4%
45-54 27 12.3% 23 17.3% 4 4.7%
| 55-64 6 2.8% 3 2.4% 3 3.5%
L Total 212 100.0% 131 100.0% 81 100.0%

Chi-square = 12 p=0.018 sig
ytology, could be seen in table 2. In

Single and multiple-type HPV infections, stratified by ¢ . '
hrCL, a single genotype infection

both groups of women: 133 with hrCL and 79 with non-
of hrHPV was predominant.
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Table 2 summarizes the cytology results and statistics among \rzar{01ls HPV infecti(m
patterns. In women with a single HPV infcction, lh:e rate of nm}-hr(,L was 67% or 53
women, and was higher compared to rate of women m.fcctcd by smg]c-lypc ‘HPV infection
and had hrCL, \\'hikch was 59% or 78 women and in women with mu]tlplc~typc HPV
infection, the rate for hrCL was 41% compared to 33% for non-hrCL. '

Statistical analysis did not confirm a significant differfznce between women with single and
multiple-type of HPV infections in relation to cytological findings (p = 0.22).

Comparison of HPV infection patterns (single or multiple) between cytolog

Table 2
groups
1 HPV type 2 HPV types 3 HPV types 4+ HPV types total
cytology group N % N % N % N % N %
Non-hrCL 53 67.0% 15 19.0% i 8.9% 4 5.1% 79 100.0%
hrCL 78 59.0% 31 23.1% 19 14.2% 5 3.7% 133 100.0%
Chi-square =1.50  p=0.22

Table 1 HPV types in single and multiple-type of HPV infections
total ST- HPV infection | MT- HPV infection
HPVtype| N | % N ost% N %

6 4 1.2% 0 0.0% 4 1.9%

16 65 19.9% 40 30.5% 25 11.8%

18 22 6.7% 9 6.9% 13 6.1%

26 1t 0.3% 1 0.8% 0 0.0%

31 31 9.5% 12 9.2% 29 13.7%

33 23 7.0% 9 6.9% 14 6.6%

35 6 1.8% 0 0.0% 6 2.8%

39 12 3.7% 6 4.6% 6 2.8%

44 4 1.2% 0 0.0% 4 1.9%

45 10 3.1% 4 3.1% 6 2.8%

51 20 6.1% 7 5.3% 14 6.6%

52 24 7.3% 8 6.1% 16 7.5%

53 11 3.4% 3 2.3% 8 3.8%

56 11 3.4% 4 3.1% 7 3.3%

58 14 4.3% 6 4.6% 8 3.8%

59 24 7.3% 5 3.8% 19 9.0%

66 19 5.8% 7 5.3% 12 5.7%

68 19 5.8% 8 6.1% 11 5.2%

73 6 1.8% 1 0.8% 9 2.4%

82 1 0.3% 1 0.8% 0 0.0%
total 327 100.0% 131 100.0% 212 100.0%
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Table 3 shOWS the HPV types in ST- and MT- HPV infections, Hpv 6 was most prevalent

in 65 cases (19% of all HPV posit;
e, dctectf:q in6 positive cases) and t g
tsy? roups with 30,5%. Other most prevalent types wcre)HPV (:gg:d;lhesgre;;lzgfie;; r:(n:;:

1%; 7.1%; 7,1%; 6,8% i
¢ presence of 12, » 131705 0,67, respectively, HPV :
fetected in only 22 cases (6.5% of all HPV positive case)s’). s o Casintipiage

sted HPV types, except of 16
All other tested HE ) types 16, 18 and 26, were le alent in ST-
infections than their MT counterparts containing the same HPV types.S e ST

Discussion

n this study, out qf to@al number of 212 women from the southwest region of the Republic
of North Macedonia with pre-invasive and invasive cervical lesions, HPV16 was detected in
65 or 19% of the women. The prevalence of HPV16 was followed b’y other HPV types, HPV
31, 52, 59 and 33 and HPVlg appeared in the sixth position, as in other s’tudies
(3,4,5,6,8).Thc frequency of multiple-type HPV infections reached their maximum in the
age range from 25-34 year olds and gradually decreased thereafter. This findings are in
accordance with other studies, as that of Salazar et al. (10), but Resende et al.(3) in his study
found a bimodal prevalence curve for MT-HPV infections with prevalence peaks at a very
young (<29 years) age and in women between 50-59 years of age. Several published
studies have shown that the risk for hrCL decreased with increasing number of co-infecting
genotypes, especially when the infections involved 3+ hrHPV genotypes, with explanation
that the weak and ineffective immunity generated by each HPV genotype may collectively
provide an overall stronger immunity against HPV infection through antibody cross-
reactions (10,11,13). However, other authors found a significant association between MT-
HPV infections and disease severity and concluded that the infection with multiple types of
HPV is a significant risk factor for high-grade CIN (3,8,9,16). A consistent claim with this
study was in spite of the limited sample size, and, it was found that multiple-type HPV
infections had a significantly higher prevalence than those with single-type HPV infections
in the age group up to the age of 34 , which means in younger women, but statistical
analysis did not confirm a significant difference between women with single and multiple-
types of HPV infections in relation to the cytological finding. It is still not clear whether in
women with multiple- type HPV infections exists a competitive or cooperative interaction
among the co-infecting genotypes that several studies suggested (10,12,13,16). For instance,
Trottier et al. demonstrated that HPV51, 52, 56, and 58 types might cooperate with HPV16
to produce any squamous intraepithelial lesion or cancer (17). In this study, HPV co-
infection and in particular the association between 16 and 18, 16 and 33, 16 and 52 in
women with hrCLwas detected. The aforementioned HPV co-infections were not detected at
all in women with non-hrHPV.

In addition to the possible competitive effect among HPV genotypes, the host immune
response should also be considered when evaluating the increased risk for hrCL in women
with multiple-type HPV infections. It has been shown that cervical H_PV infection is higher
in populations with impaired immune responses, such as HIV‘infccuon (18) and cigarette
smoking (19). Alternatively, the weak and ineffective iqlmunlt)_/ gener.ated by ca'ch H?V
genotype may collectively provide an overall stronger immunity against HPV infection
through antibody cross-reactions.
Conclusion .
In this study of 212 women, HPV16 was the most prevalent type, Qetected in 19% of all
HPV positive cases and topped the prevalence rank' in ST groups WI}hlg_ol,f/o /'0,7(;$e'r7n;2/sf
Prevalent HPV-types were: 31, 52, 59, 33 and 18 with the presence of 12,170, 7,170, 1,170
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: : . Itiple type HPV infections had a significy
9 vely. Patients with mu ' il
e A)’l rrclzgetcl:;n tﬁose with single type HPV in the ag; iggoulp; ;,pdt(3)334 years, py
hlg!ler prevale d in particular the association bereen 16 an 8, 16 .16 and 5, J
co-lnfcctl(?n and n p detected. The aforementioned HPV co-mfectlon_s wer'e not deteCted
women with hrCL was de +oy. The mechanisms of the possible intergenotypie

i n with non-hrfiP ; )
at all t"tl'lonw::e]elikely more complex and may lnvolve'r'nult‘lple key stages of the Hpy
;::;:g?olnl process, including binding sites/receptors, utilization of host cell organelles,

synthesis of viral DNA, insertion of viral DNA into the host ger}x;}r:;;. and expression of virg|
proteins. A better understanding of the interactions amc_n;]g i ]genotyrp{e;)sv,§ of great
interest, not only for risk assessment of hrCLs in women with multip .e-typte) ‘{’ft?Ctlons,
but also for the development of the next generatlon of HPV vaccines by Predl?tlng the
possible emerging genotypes that compete with those targeted by current vaccines (i.e. H'pv
16 and 18). Further studies including larger cohorts are needed to elucidate the underlying

mechanisms.
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