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ABSTRACT

Archived formalin-fixed and paraffin-embedded (FFPE) samples of echinococcal cysts represent a valuable biological
resource for molecular epidemiological studies of infections caused by parasites of the genus Echinococcus. However, formalin
fixation and prolonged storage significantly affect DNA quality, leading to DNA fragmentation and the formation of cross-
links between nucleic acids and proteins. The aim of this study was to comparatively evaluate the efficiency of DNA extraction
methods from FFPE material of echinococcal cysts and to assess their suitability for molecular identification of the pathogen.
The chitinous laminated layers of echinococcal cysts isolated from FFPE samples were selected as the study material. The
results demonstrated that the DNA extraction method incorporating xylene-based deparaffinization yielded higher DNA
concentrations ranging from 13.1 to 1161.8 ng/uL and superior nucleic acid purity. In contrast, DNA extracted using the
Raissol Bio kit showed low concentrations ranging from 0.6 to 10.2 ng/pL and evidence of protein and organic contamination,
which potentially inhibited PCR amplification. The application of xylene deparaffinization ensured complete paraffin removal
and preservation of DNA integrity, enabling successful molecular identification. For molecular-genetic identification, a marker
fragment of the mitochondrial cox/ gene was used. The obtained results highlight the potential of optimized DNA extraction
protocols for FFPE material and expand the possibilities for laboratory diagnostics and retrospective molecular epidemiological
investigations of echinococcosis.
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1. INTRODUCTION At the same time, the availability of fresh or freshly frozen
parasitic material remains a significant limitation for conduct-
ing comprehensive molecular epidemiological studies, partic-
ularly when analyzing retrospective clinical cases [10]. In rou-
tine clinical practice, Echinococcus cysts, following surgical
removal, are typically subjected to standard histopathologi-
cal processing involving formalin fixation and paraffin em-
bedding, resulting in the formation of formalin-fixed, paraf-
fin-embedded (FFPE) tissue material [11].

Formalin fixation is associated with DNA fragmentation,
the formation of cross-links between nucleic acids and pro-
teins, and the accumulation of PCR inhibitors, which signifi-
cantly complicates subsequent molecular analysis [12-14].
Nevertheless, a number of studies have demonstrated the fea-
sibility of obtaining amplifiable DNA from FFPE material
provided that protocols for deparaffinization, lysis, and nu-
cleic acid purification are optimized [15-18].

Echinococcosis is classified as a socially significant zoo-
notic parasitic disease widely distributed in regions with de-
veloped livestock farming and persistent natural and synan-
thropic transmission foci [1, 2]. The disease is characterized
by a chronic course, a high proportion of surgical interven-
tions, and substantial economic burden, which sustains ongo-
ing interest in its epidemiology and the molecular character-
ization of the causative agent [3].

Modern molecular genetics methods represent a key tool
for the identification of species and genotypes of Echinococ-
cus spp., investigation of transmission pathways, and assess-
ment of epidemiological risks [4-6]. In most studies, mito-
chondrial genes such as cox1 and nadl, which possess high
copy numbers and strong discriminatory power for the analy-
sis of parasitic material, are used as molecular markers [7-9].
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In recent years, FFPE material has been considered a
promising source of genetic information for molecular inves-
tigations of parasitic diseases, including echinococcosis, as it
allows the inclusion of archival samples accumulated in pa-
thology laboratories into analysis [19-21]. However, compar-
ative studies evaluating the efficiency of different DNA ex-
traction methods specifically from FFPE Echinococcus cyst
material remain limited, particularly for Central Asia and the
Republic of Kazakhstan [22, 23].

In this context, conducting a comparative analysis of DNA
extraction methods from formalin-fixed, paraffin-embedded
Echinococcus cyst tissue, with assessment of their suitability
for subsequent molecular genetics identification of the patho-
gen and their application in molecular epidemiological stud-
ies, represents a relevant research objective.

The aim of the present study is to perform a comparative
analysis of different approaches to DNA extraction from FFPE
Echinococcus cyst material and to evaluate their methodolog-
ical significance for the molecular epidemiology of echino-
COCCOsIS.

2. MATERIAL AND METHODS

2.1. Sample collection and preparation

A total of 10 paraffin section samples provided by the
“Olymp” clinical diagnostic laboratory were obtained for the
study. The objects of investigation were the chitinous lami-
nated layers of Echinococcus cysts isolated from FFPE sam-
ples. Paraffin blocks were sectioned into slices with a thick-
ness of 2-5 mm and used for subsequent DNA extraction
using different methods.

2.2. DNA extraction with xylene deparaffinization

Deparaffinization of FFPE sections was performed by
treatment with xylene (1 mL), followed by incubation at 90°C
for 10 minutes and centrifugation at 16,000 rcf for 5 minutes;
the procedure was repeated at least twice. To remove residual
xylene, sequential rehydration of the pellet was carried out us-
ing 96% ecthanol in 2-3 cycles followed by drying at 37-40°C
until complete evaporation of the alcohol. Tissue lysis was
performed in lysis buffer with the addition of 10-15 uL Pro-
teinase K at 56°C for 16-18 hours, with possible extension of
incubation time up to 20 hours. To inactivate Proteinase K and

partially reverse formalin-induced cross-links, samples were
additionally incubated at 95°C for 10 minutes. DNA purifica-
tion was carried out using phenol-chloroform extraction fol-
lowed by isopropanol precipitation at -20°C. The DNA pel-
let was washed with 70% ethanol, dissolved in TE buffer, and
used for PCR amplification of short fragments of the mito-
chondrial genes of Echinococcus (coxl).

2.3. DNA extraction using the Raissol Bio kit

Pre-homogenized Echinococcus cyst samples were sup-
plemented with 150 pL of starting buffer and 100 pL of lysis
buffer, followed by incubation at 60°C for 15 minutes with
periodic mixing until complete dissolution of paraffin. Sam-
ples were then centrifuged at 12,000 rpm for 30 seconds, the
upper organic phase was removed, and the samples were fur-
ther incubated at 60°C for at least 3 hours.

After repeated centrifugation at maximum speed for 3
minutes, the supernatant was transferred to a new tube and
treated with RNase (5 pL) at room temperature for 15 min-
utes. For DNA binding, 600 pL of binding buffer and 60 puL of
magnetic particles were added, followed by incubation for 5
minutes at room temperature. Samples were placed on a mag-
netic rack for 2 minutes, after which the supernatant was re-
moved. The pellet was sequentially washed with wash buffers
1-3 according to the manufacturer’s protocol using a magnetic
rack. After complete drying of the magnetic particles, DNA
was eluted in 50-100 uL of elution buffer.

2.4. DNA quality assessment, PCR analysis and se-
quencing

DNA concentration and purity were assessed using a
NanoDrop™ 2000 spectrophotometer (Thermo Scientific) at
wavelengths of 260 and 280 nm. An A260/A280 ratio within
the range of 1.6-2.2 was considered indicative of acceptable
DNA purity.

PCR amplification was performed using the HS-Taq PCR
Biomasters (2x) kit (Biolabmix, cat. no. MH010-1020). The
primers EgCOI1 (TTTTTTGGCCATCCTGAGGTTTAT) and
EgCOI2 (TAACGACATAACATAATGAAAATG), targeting
the mitochondrial marker gene cox1, were used for PCR anal-
ysis [24]. The PCR program included an initial denaturation
step at 94°C for 3 minutes, followed by 30 cycles consisting
of denaturation for 30 seconds at 94°C, primer annealing for

Figure 1 — Paraffin blocks containing Echinococcus cysts.

28



Journal of Biological Research 1 (2), 2026: pp. 27-34.

30 seconds at 55°C, and extension for 30 seconds at 72°C,
with a final extension step of 7 minutes at 72°C. PCR ampli-
fication results were used as a functional criterion for evalu-
ating the efficiency of different DNA extraction methods from
FFPE Echinococcus cyst material. Successful amplification
was considered indicative of the suitability of the extracted
DNA for subsequent molecular studies.

Amplification products were visualized after electropho-
resis in a 1% agarose gel using a transilluminator. Success-
fully obtained amplification products were purified using Ex-
onuclease I (Thermo Fisher Scientific, USA) according to
the manufacturer’s instructions. Sequencing was performed
using a 96-capillary DNA analyzer 3730x1 (Thermo Fisher
Scientific, Applied Biosystems, Foster City, CA, USA). Nu-
cleotide sequences were visually inspected using BioEdit soft-
ware (version 7.0) and subsequently analyzed using BLAST
search against the GenBank database (https://www.ncbi.nlm.
nih.gov/).

3. RESULTS

As a result of the conducted work, the DNA extraction
method with xylene deparaffinization was optimized. Table 1
presents the data on DNA concentration and purity obtained
using two different extraction methods.

Table 1 presents comparative indicators of the concen-
tration and purity of DNA extracted from FFPE Echinococ-
cus cyst samples using two different methods. DNA concen-
tration obtained using the xylene deparaffinization method
was relatively high, ranging from 13.1 to 1161.8 ng/uL, with
an average A260/A280 purity ratio of 1.66. In contrast, DNA
extraction using the Raissol Bio kit demonstrated low con-
centrations, ranging from 0.6 to 10.2 ng/uL, while the A260/
A280 ratio did not exceed 1.26.

Clear amplicon bands of approximately 430 bp, corre-
sponding to the positive control, were observed in samples
No. 1,2,4,6,7, 8 and 10, indicating successful amplification
of DNA extracted using the xylene deparaffinization method.
Samples No. 3, 5 and 9 did not amplify. These samples were
characterized by low DNA concentration and low A260/A280
values, indicating reduced DNA quality and the possible pres-
ence of contaminants.

M1 2 3 4 5 6 7 8 9 10

C+ C-

1000 b.p.—»

500 b.p. —»

Figure 2 — PCR results of DNA from Echinococcus cysts
extracted using the xylene deparaffinization method: M -
molecular marker; 1-10 - studied samples; C+ - positive

control; C- - negative control.

M 1 2 3 4 C+ C-
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Figure 3 — PCR results of DNA from Echinococcus cysts

extracted using the Raissol Bio kit: M - molecular marker;

1-4 - studied samples; C+ - positive control; C- - negative
control.

On the electrophoregram of PCR products obtained using
DNA extracted with the Raissol Bio kit, no amplicon bands
were detected in the studied samples (Figure 3). The absence
of bands indicates inefficient amplification, likely associated
with insufficient DNA quantity and reduced purity of the ex-
tracted nucleic acids.

Table 1 — Qualitative and quantitative characteristics of extracted DNA.

No. DNA Extraction with Xylene Deparaffinization DNA Extraction Using the Raissol Bio Kit

Concentration, ng/uL A260/A280 Concentration, ng/uL A260/A280
1 214.1 1.53 0.8 1.21
2 1161.8 1.66 6.5 0.96
3 13.1 1.17 0.6 1.18
4 204.5 1.84 34 0.83
5 18.7 1.12 10.2 1.26
6 249.3 1.79 1.3 1.00
7 176.4 1.68 3.8 0.94
8 221.8 1.88 0.9 1.18
9 9.4 0.90 6.4 0.67
10 192.3 1.56 2.7 0.98
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4. DISCUSSION

One of the major limitations of molecular epidemiolog-
ical studies of echinococcosis remains the restricted avail-
ability of fresh parasitic material, particularly when analyz-
ing retrospective clinical cases and archival data [1, 10]. The
present study was conducted to compare the efficiency of two
DNA extraction methods applied to FFPE samples of Echi-
nococcus Cysts.

The xylene-based deparaffinization method demonstrated
higher DNA concentration and purity, which enabled success-
ful PCR amplification and sequencing, whereas the Raissol
Bio kit yielded low DNA concentrations and contaminated
samples that hindered amplification. The observed differ-
ences in method performance are likely associated with vari-
ations in paraffin removal efficiency and preservation of DNA
structural integrity. The low purity of DNA extracted using
the Raissol Bio kit, reflected by A260/A280 ratios below 1.6,
suggests the presence of protein or organic contaminants that
may inhibit PCR. In contrast, the xylene-based deparaffiniza-
tion method ensured effective paraffin removal and preserva-
tion of DNA quality, thereby explaining the successful gen-
eration of amplicons.

The results of the present study demonstrate that FFPE
Echinococcus cyst material may be considered not merely an
auxiliary but a reliable source of DNA for molecular genetics
identification of Echinococcus spp., provided that an optimal
extraction method is selected. These findings are consistent
with previously published studies [18, 20, 21]. In this study,
the mitochondrial marker gene cox1 was used for molecular
identification of the causative agent of echinococcosis. This
gene is widely employed for differentiation of Echinococcus
species and genotypes due to its high variability and strong
phylogenetic informativeness.

From a practical perspective, the ability to obtain ampli-
fiable DNA from FFPE material opens new opportunities for
reconstructing the historical circulation of Echinococcus gen-
otypes in endemic regions, correlating molecular data with
clinical and morphological characteristics of Echinococcus
cysts, and conducting multicenter and retrospective studies
without the need for repeated biological sampling [6, 9, 19].

This approach is of particular importance for countries of
Central Asia, including the Republic of Kazakhstan, where
echinococcosis remains a socially significant disease and ac-
cess to fresh parasitic material is often limited by logistical
and ethical constraints [22, 23]. The use of FFPE samples es-
tablishes a methodological foundation for integrating pathol-
ogy archives into modern molecular epidemiological inves-
tigations of parasitic diseases, as emphasized in international
methodological reviews [15-18].

The main limitation of the present study is the relatively
small number of analyzed FFPE samples. In addition, the du-
ration and conditions of fixation and storage were not stan-
dardized, which may influence DNA fragmentation, purity
and PCR amplification efficiency. Further studies involv-
ing larger sample sets and controlled fixation parameters are
needed to validate the proposed extraction approach.

Overall, the xylene-based deparaffinization method pro-
vided higher DNA concentration and purity from FFPE Echi-
nococcus cyst samples compared with the Raissol Bio kit-
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based approach, making it preferable for subsequent PCR
analysis and molecular identification. The findings of this
study create a basis for broader utilization of archival FFPE
material in population-genetic and epidemiological studies of
Echinococcus spp.
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CPABHUTEJIbHBIN AHAJIN3 METO/IOB BBIJIEJIEHUS JHK U3 ®OPMAJINH-
O®UKCUPOBAHHOM U MTAPA®UH-3AJIMTON TKAHU DXUHOKOKKOBOM KUCTBHI J1JI51
MOJIEKYJISIPHOU UIEHTUOUKALIUA

Aiinana TayranoBa'*, Kapuna /[’xa3una?, Padura Yaxur?, Aiinypa CmaryJosa?, Mapar /lycmaramoeToB!

! Kadempa MUKpOOHOTIOTHH U BHPYCOJIOTHH, MEANIIMHCKUHN yHUBEpCUTET AcTaHa, AcTaHa, Ka3zaxcran
2 JJTaboparopust 6nopazHo0Opasusi U TEHETUYECKUX pecypcoB, HammoHanbHbIi IeHTp OMoTexHOMoruH, Actana, Kazaxcran

*KoppecrnonaeHT aBrop: Tayranosa A., tautanovaidana@gmail.com.

ABCTPAKT

ApxuBHble popManuH-pukcupoBaHHble U mapapuH-3amuTbie (FFPE) 06pa3ibsl 2XMHOKOKKOBBIX KHCT MPEICTABIISIIOT IIEH-
HBIIA OMONIOTHYECKUHN pecype Ui MOJNIEKYISIPHO-3TTHAEMHOIOTHIECKAX NCCIIeOBAaHNN HH(DEKINH, BEI3BIBAEMBIX MTapa3uTaMHI
poma Echinococcus. Bmecte ¢ TeM popmanmHOBas (GUKCAIU U JTUTEIFHOE XPaHEHNE CYIIECTBEHHO BIHAIOT HAa KAa9€CTBO
JHK, npuBoas k ee hparMeHTay 1 00pa30BaHHUIO CITMBOK MEXKITy HYKICHHOBBIMH KHCIOTaMH U Oenkamu. Llenpro HacTo-
SIIIIETO UCCIICIOBAHMUS ObLIO CPABHUTEIILHO OLIEHUTH 3 (eKTHBHOCTH MeTon0B BhiaeneHust JJHK u3 FFPE-marepuaia sxuHo-
KOKKOBBIX KUCT U OIPEJICIUTh UX IIPUTOJHOCTD LISl MOJICKYJISIpHON naeHTHUKaIK Bo30ynuTessi. B kauecTBe Marepuana mc-
CIIEZIOBaHMS MCIIOIB30BATIN XUTHHOBBIC JIAMUHHPOBAHHBIE 000JI0UKH SXHHOKOKKOBBIX KHUCT, BeAeTIeHHbBIE 13 FFPE-06pasmos.
[TosrydeHHbIe pe3yabTaThl MOKa3aiu, 4to Metos Beiaenenus JIHK ¢ nemapadunuzanueii kcuiionom odecriednBaeT 0oiee Bbl-
cokyto koruenrparuio JIHK B auamazone ot 13,1 g0 1161,8 HI/MKII ¥ JIy4IIy0 YUCTOTY HYKJICHHOBBIX KMCJIOT. B oTinune ot
atoro, JIHK, Beigenennas ¢ ucnosip3oBanneM Habopa Raissol Bio, xapakrepuzoBanach HU3Koi KoHIeHTpanuei ot 0,6 1o 10,2
HI/MKJI M IPU3HAKaMU OEJIKOBOTO JIMO0 OPraHUYecKoro 3arps3HeHus, 4To Moo uHruouposars [MIP-ammmmpukanuro. Mc-
T0JIb30BaHUE KCUIIOJIOBOM JerapaHu3aIiuy 00eceyrnsio yaaaeHue mapaduna, coxpanenne kauecrsa JJHK 1 Bo3MOKHOCTB
YCTEIIHON MOJIEKYJISIpHOW MAeHTHUKAKH. [[J1sT MOJEKyJIIpHO-TeHETHYECKON MACHTH(DUKAIIMHA HCIIONH30BAIN MAPKEPHBIN
(parMeHT MUTOXOHIPUAILHOTO I'eHa coxX 1. Pe3ysbTarsl OATBEPIKAAIOT NEPCIEKTHBHOCTh ONTHMH3UPOBAHHBIX IPOTOKOJIOB
Beienenust JIHK n3 FFPE-marepuana ans mabopaTtopHOl TUArHOCTUKU U PETPOCTIEKTUBHBIX MOJIEKYIISIPHO-3ITHIEMUOIOTH-
YECKUX UCCIIeTOBAHUI 9XMHOKOKKO3a.

KiroueBble cjioBa: 3XHHOKOKKO3, Bbiieicnue JJHK, kucter Echinococcus, FFPE, napadunoBsie 0610k, aenapaduHm3a-
LUs1, MOJICKYJISIpHAsT HACHTU(DUKALINS

MOJIEKYJIAJIBIK COMKECTEH/IPY YIITH ®OPMAJUHMEH BEKITUITEH )KOHE TAPA®HWHTE
EHT'I3LITEH DXUHOKOKK KHCTACHI TIHIHEH JHK BOJIII AJTY OJICTEPTH CAJIBICTBIPMAJIBI
TATIAY
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2 bruoayaHTYPJIIIK )KOHE TeHETHUKAIIBIK PECYPCTap 3epTXaHachl, YITThIK OMOTEXHOJIOTHS OpTalbIFbl, AcraHa, Kasakcran
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ABCTPAKT

ApxuBTik popmanHEMeH OekiTinreH xaHe napadunre eHrisiiret (FFPE) sxMHOKOKK KucTanapbIHbIH Yiriiepi Echinococcus
TYBICBIHA )KATaThIH MApa3sUTTEP KO3IbIPATHIH HH(EKIHSIIAP/BIH MOJICKYIATBIK-3TTHAEMHOJIOT HSUTBIK 3€PTTEYJIePl YIIH KYH I
OMOOTHSUTBIK pecypc O0JbIT TaObUIaIbl. Anaiina popManHMeH OekiTy kaHe y3ak cakray JJHK camaceina aiitapibikrail acep
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eTill, OHBIH (hparMEeHTalMSIChIHA KOHE HYKJIEHUH KBIIIKbULIaphl MEH aKybI3/1ap apachlH/ia aiikactiaibl OaiiaHbIcTap IbIH TY31TyiHe
okeneni. by 3epTTeyniH MakcaThl SXHHOKOKK KrcTanapbiHblH FFPE-Matepuansinan JJTHK Oeimn anmy onicTepiHiH THIMIUTITIH
CaJIBICTBIpMaTbl Oarajay KoHe OJIap/IblH KO3JBIPFBIIITEI MOJIEKYIJIAIBIK COMKECTEHAIPYTE KapaM/IbUIBIFbIH aHbIKTay OOJIIBI.
3eprrey marepuansl perinne FFPE-ynrinepaen GemniHin anblHFaH 5XWHOKOKK KHCTaJIapbIHBIH XUTHH/ JJAMUHALMSUIAHFaH
KabaTTapsl maigananeuiabl. HoTmkenep kcunonMeH nenapadunusamnusuiay sl kKamtutbid JJHK 0emnin any omici JJHK-#bIH
JKOFapbl KOHICHTPAIMSIChIH, ssFHU 13,1-meH 1161,8 HI/MKII-Te IEHIHTI apalibIKThI, )KOHE HYKJICHH KBIIIKbLIIAPBIHBIH KaKCHI
Ta3aJbIFBIH KaMTaMachl3 eTeTiHiH kepceTTi. An Raissol Bio xunarsl apkeuisl ansinFan JJHK TemMeH KoHLEHTpanusiMeH,
0,6-nan 10,2 ur/mki-re neiin, xone [1TP-ammmuukanusHpl Texeyl MyMKiH aKybI3/IbIK HEMECEe OPTaHUKaJIbIK JIACTaHY
Oeinrinepimen cunarranabl. Kennonasl nenapadunnzanus napadgunani tuimai xotora, JIHK camacsin cakrayra jxoHe
MOJICKYJIaNIbIK COMKECTeHAIPY/Il COTTI XKYprizyre MyMKIHAIK Oep/i. MoJeKynanblK-reHeTHKAIBIK COHKECTEHAIPY YILIIH MH-
TOXOHAPHSUIBIK coX | IeHiHiH MapKepiik (parMeHTi KongaHbuibl. Anbiarad HoTwkenep FFPE-marepuansinan JJHK Gemin
QTYJIbIH OHTaIaHIBIPBUIFAH XaTTaMallapbl 3ePTXaHAIBIK IMarHOCTHKA YKOHE SXUHOKOKKO3/IbIH PETPOCIEKTHBTI MOJICKYIIAIBIK-
SMMEMHUOJIOTUSUIBIK 3€PTTEYJIepi YIIiH MEePCIEeKTUBAIIBI €KeHIH KOPCEeTeIl.

Tyiiin ce3aep: sxunokokkos, JJHK Geumin any, Echinococcus xucranapsl, FFPE, mapadun 6mokrapsl, nenapapunuzanys,
MOJICKYJIAJIBIK COMKECTEHAIPY
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