ABTOpcKa cirpaBKa 3a IPHUHOCHHUS XapaKTep Ha

TpyaoBeTe Ha Masa 2Kejsa3KoBa, NpeacTaBeHN
3a ydacTie B KOHKYPC 3a JOIeHT MO

MaTtemMaTuka /Buocratucruka/

Ob6aact 4. Ilpupoanu HayKu, MareMaTnka u mHpoOpMaTuka
4.5 MaremaTuka

B4. Xabunuranuonen TpyJ - HayIHU MyOJUKAIUMA B U3aHUs, KOUTO Ca Pe-
deprpaHn U WHIEKCHPAHW B CBETOBHO M3BECTHW Oa3W JAaHHW C HAyYHA WH-
dbopmanus (Web of Science u Scopus).

(M3ucksBar ce 100 touku. [IpegcraBenn ca 2 HaydHu myOJHKAIMN, HOCEIIH
o6mo 111 Toukn.)

B4-1. Maya Zhelyazkova, Royamana Yordanova, Ilivan Mihaylov, Stefan
Kirov, Stefan Tsonev, David Danko, Christopher Mason, Dimitar Vassilev,
Origin sample prediction and spatial modeling of antimicrobial resistance
in metagenomic sequencing data, Frontiers in genetics, vol:12, 2021, ISSN
(print): 1664-8021, doi:doi:10.3389 /fgene.2021.642991, Ref, Web of Science,
IF (4.772 — 2021), Web of Science Q1 (2021), SCOPUS SJR (1.41 — 2021),
SCOPUS Q1 (https://www.scimagojr.com /journalsearch.php?q=2110),
International, (75 Toukn).

Peziome
Henpekbcunaroro paszsurue na npoekra MetaSUB(metasub.org) nocrass wo-
BH BaYKHU BBI-POCH OTHOCHO MPOU3X0/1A, BAPUPAHETO W AHTHMHUKPOOHATA
PE3UCTEHTHOCT Ha ChbOpaHuTe MpobU OT MUKPOOPTraHU3MHU, KOUTO U3UCKBAT
HOBH MeTofu 3a aHanu3 Ha jganau. [Ipoekrbr CAMDA (Kpurnven ananu3
3a roJieMu MacuBd OT jaHHH http://camda.info/), B KoHTeKcTa Ha TpOEKTa
MetaSUB, opranun3upa exkeroguu KOH(MEPEHIINN ¢ IpeIu3BUKATE/ICTBA, TPH
KOUTO Ce TECTBAT PA3JNIHA OMOMH(MOPMATHIHU W CTATUCTUYIECKH ITOIXOIH
BbpXy Hpobu, chbOpaHu MO NeJusd CBAT 3a DakTepuasHa KJjacUupuKaius u



IIPOrHO3MPaHe Ha reorpadckust UM Npou3xo. Ta3u padora mpemiara MeTOI,
KOWTO HE CaMO IpeaBuzKaa MeCTOIIOJIO?KeHUATa Ha HECU3BECTHHUTE HpO6I/I, HO
CbIIO TaKa OleHdAdBa OTHOCHTEJHHUA PUCK OT aHTI/IMI/IKpO6Ha PE3UCTEHTHOCT
Ype3 MPOCTPAHCTBEHO Mojiesiupane. BbBexK1ame HOB KOMIIOHEHT B CTaHIapT-
HUA aHaJu3, JTOKATO IIpUIaramMe Mojes Ha OeiicoBa IIPOCTPAHCTBEHA KOHBO-
JIIOTUsI, KOWTO OTYHMTA MPOCTPAHCTBEHATA CTPYKTYpa Ha JaHHUTE, KAKTO €
orpeie/IeHO OT TeorpadCcKaTa IbJKUHA W IMUPAHA HA NPOOUTE U OIEHSIBA
OTHOCHUTC/JIHHUA PUCK OT ChINECTBYBaHETO 3a aHTI/IMI/IKpO6Ha PE3UCTEHTHOCT B
PErHOHUTE, KOETO € OT 3HaYeHne 33 O0IMEeCTBeHOTO 3Apase. Hue MoxkeMm cie
TOBa JIa M3IOJI3BAMe H3YUCJICHUS OTHOCUTEJIEH PHUCK KATO HOBa MspPKa 3a
AHTUMHKPOOHA pe3ucTeHTHOCT. ChINo Taka cpaBHsaBaMe e(peKTUBHOCTTA Ha
HSIKOJIKO MeTo/1a 3a MamuHHo o0yuenue, karo Gradient Boosting Machine,
Random Forest u neBponna Mmperka 3a nporao3upane Ha reorpadckus npous3-
X0/ Ha Hem3BecTHUTE Tpodu. Tpure MeTo/a OKA3BAT CPABHUMHU PE3YJITATH
€ U3BECTHO IPEBb3XOJACTBO Ha Kjaacudpukaropa Random Forest.
MamabHuTe MEeTareHOMHH U3CIEIBAHUS €& YACT OT IVI00ATHA HHUIHATHBA
3a u3cje/iBaHe 1 pa3dupane Ha pa3zHoobpa3neTo Ha MUKpobuoma. Bucokonpo-
JIYKTUBHU TEXHOJOTUU 33 CKPWHWHT, KaTo shotgun cexBeHupane Ha 1e/id re-
HOMU, WACHTH(DUIUPAT TeHeTHYHA WH(pOpPMaIUsgd Ha MO-TTOPOOHN HUBA, KATO
HHUBOTO HA BUJIOBETE, M MOTAT JIa OTKPHUAT U H30DMIUETO HA eYKAPUOTHU, I'bOH
u Bupycu. [loBedeTo MeTo U 3a aHAIN3 HA METAr€HOMHH IIOC/I€I0BATETHOCTH
ce Oa3Mpar Ha TeXHUKHU 33 MAIIHHHO oOyueHue ¢ Haazop. Mogenure random
forest 1ecro ce m3mo/3BaT 3a TPOorHo3upaHe Ha reorpadCcKkuTe MECTOOIOKE-
Hust HA pobuTe. [ToBeweTo oT Te3u MOzeH Ca OTPAHIUYEHH 10 TPOTHO3UPAHE
Ha IIPOOH OT MECTOIIOJIOKEHHS, KOUTO Ca 4acT OT O0y4uTe/THUTe Habopu. 3a
IPOrHO3HPAaHEe HA HOBH IIPOM3XO/IM Te M3M0J13BaT Lasso peryigpusanud u Vn-
JIeKca Ha pa3HOOOpa3UeTo Ha Simpson ¥ BKAIOYBAT MPEIUITHA PE3YITaTH OT
ACONMAIUSTA MEZKJy YOBEIIKATa NeHETHKA U reorpadCckuTe MeCTONO/I0ZKe-
nus. Hackopo Osixa pa3paboTeHH MO-CJIOKHU MOJIEIN 338 KJAaCU(DUKAIMS HA
JIAHHU 3a [IPOTEMHOBH IIOCJIE/IOBATETHOCTH, KaTo deep learning, pekypenTHI
1 KOHBOJIIOIIMOHHY HEBPOHHHU MPexKH. ABTOPHUTE M3IOI3BAT PA3IUIHU IIOKA-
3aTeNIM, KATO IyBCTBUTEIHOCT, cueruduanoct, Tounoct, AUC, xoeduiment
Ha Kopesaius Ha Matthews, 3a Jia cpaBHAT HpeJACTaABAHETO HA METO/UTE.
Kiacudukanugara va mpobu cropeji TeXHU TPOU3X0][ OOMKHOBEHO €€ U3-
BBPITIBAHA IPe3 METON 33 HADJI0JaBaHO MAIMHHO 00ydYeHne, KOUTO BKJIIO-
YBaT pasiessHe Ha MpoOuTe Ha oOydaBalld W TecToBH Habopu. B ToBa mu3-
cJIeJIBaHe e HallpaBeH IpeIBapuTesIeH IperJie ] Ha HIKOU OT JT0Ope N3BECTHUTE
METOAU M € pEelIeHO Jla Ce€ U3II0JI3BaT BbPXY TPpU OT TAX, KOUTO HE U3UCKBAT



MHOTO TIapaMeTPH U ¢a JIeCHU 33 U3I'bIHeHne B pamkuTe Ha R. [To-cmenuanno
msnonssame Gradient Boosting Machine (GBM), Random Forest u Neural
Network (NNet), kakTo ca peanusupann B nakera R 3.6.3 caret. [Ipuioxkenu
ca rOperocoYeHnuTe MOJE/H 33 MAIIMHHO ODYdYeHHe, 3a J1a ce IpecKarke Ha
KOI KOHTHHEHT M B KOU I'paJi IpHHAIeKAT mpoduTe. OOydyaBaliuTe CH JaH-
HU ca pasgeleHd Ha asa noxnabopa: 60% u 40% u ciaen ToBa ce cpaBHSABAT
pe3yJTaTuTe OT MPOrHO3ATa BbPXY TeCTOBHsI HAOOD.V3mosBaH € MeTox 3a
u36op Ha xapakTepucTuku — Recursive Feature Elimination (RFE), koiito e
qeCTO M3MOI3BAH METO/ 34 CEJIEKINS Ha XapaKTEePUCTUKH, KOHTO M3rparkia
MOJIeJT ¥ IIpeMaxBa Hali-cj1abuTe XapaKTepPUCTHKH, CJIel KOeTO Te3N XapaKTe-
PHUCTHKH Ce U3I0/I3BAT B IMPOrHO3aTa 3a KOHTHMHEHTH W Irpajose. Tbit KaTo
aHTUMUKpPOOHaTa 0a3a JaHHM UMa OrpaHWYeH Opoil TaKCOHHU, 33 YacTTa C
mporuo3ara ce upeamounra pro(Genomes.

B nombiHeHre K'bM TpeICKa3BaHETO Ha MPOU3XO/a, Ca TMPHUIOKEHH MMPO-
CTPaHCTBEHU MOJIEJIN 33 OIEHKA HA PHCKA OT AaHTUMHUKPOOHA Pe3HCTEHTHOCT B
rpajgoBere U B pa3anddu crpanud. CTaHIapTHATE PerpecUBHU MOIETH, KOUTO
HEe B3eMaT 110/, BHUMAHHE HPOCTPAHCTBEHUTE 3aBUCUMOCTH, HE PabOTAT 100-
pe TYK, Thil KATO OIEHKUTE Ha TMapaMeTPUTe U Pe3yATaTuTe Ie Obaar HeHa-
nexaau. OCBeH TOBa, JAHHWTE TOKA3BAT IMPEKOMEPHO BapupaHe W OOMKHOBE-
HUTe JIMHEHHN perpecHOHHM MOJENH Ie JaJaT W3KpUBeHu omeHKH. lopaan
TOBa, NPUJIATaHETO HA HPOCTPAHCTBEHH MOJEJIN, HO-CIEIHaIHO Ha OedcoBr
fepapXu9IHU MOIEIH, € OT 3HadeHne. IloBedye mpocTpancTBeHa MHMOOPMAIUS
1 B3eMaHe Ha nHpobn OT OJIM3KO Pa3IoI0KeHN IPAJ0OBE U CTPAHH IIe MOMOTHE
3a Ch3JaBaHe Ha MO-I00pH W MO-AeTAilTHU KapTU Ha OTHOCUTEHHS PUCK OT

AMR.

Abstract
The steady elaboration of the Metagenomic and Metadesign of Subways and
Urban Biomes (MetaSUB) international consortium project raises important
new questions about the origin, variation, and antimicrobial resistance of the
collected samples. CAMDA (Critical Assessment of Massive Data Analysis,
http://camda.info/) forum organizes annual challenges where different bio-
informatics and statistical approaches are tested on samples collected around
the world for bacterial classification and prediction of geographical origin.
This work proposes a method which not only predicts the locations of unknown
samples, but also estimates the relative risk of antimicrobial resistance through
spatial modeling. We introduce a new component in the standard analysis



as we apply a Bayesian spatial convolution model which accounts for spatial
structure of the data as defined by the longitude and latitude of the samples
and assess the relative risk of antimicrobial resistance taxa across regions
which is relevant to public health. We can then use the estimated relative
risk as a new measure for antimicrobial resistance. We also compare the
performance of several machine learning methods, such as Gradient Boosting
Machine, Random Forest, and Neural Network to predict the geographical
origin of the mystery samples. All three methods show consistent results with
some superiority of Random Forest classifier.

Large scale metagenomics studies are part of a global initiative to study
and understand microbiome diversity. High-throughput screening such as
shotgun whole genome sequences identifies genetic information to more detailed
levels such as the level of species and can further detect abundance of eukaryotes,
fungi, and viruses. Most methods for analysis of metagenomics sequence data
are based on the supervised machine learning techniques. Random forest
models are often used in predicting geographical locations of the samples.
Most of those models are limited to predicting samples from locations that are
part of the training sets. For predicting new origins used Lasso regularization
and Simpson’s diversity index and incorporated previous results of association
between human genetics and geographical locations. Recently more complex
models have been developed for classification of protein sequence data such
as deep learning, recurrent and convolution neural networks. Authors used
different measures such as sensitivity, specificity, accuracy, AUC, Matthews
correlation coefficient to compare the performance of the methods. The classification
of samples by their origin is commonly performed by supervised machine
learning methods which involve dividing the samples into training and testing
sets. In this work we did preliminary review of some of the well-known
methods and decide to focus on three of them that do not involve many
parameters and are easy to run within the framework of R. In particular we
use Gradient Boosting Machine (GBM), Random forest, and Neural network
(NNet) as implemented in the R 3.6.3 package caret. We applied the above
machine learning models to predict which continent and which city the
samples belong to. We split our training data into two subsets: 60% and
40% and then compare the prediction results on the test set. To avoid the
batch effect we analyze the samples separately by the sampling day. Recursive
feature elimination (RFE), a commonly used feature selection method that
fits a model and removes the weakest features, is used to screen for the top
features which are then used in the prediction of continents and cities. Since
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the antimicrobial database has a limited number of taxa, proGenomes is
preferred for the prediction part of analysis.

In addition to the prediction of origins we apply spatial models to access
the risk of antimicrobial resistance inside cities and across countries. Standard
regression models that do not take into account the spatial dependencies
do not work well here since the parameter estimates and results will be
unreliable. Moreover, the data show overdispersion and ordinary linear regres-
sion models will produce biased estimates. Therefore, applying spatial models
in particular Bayesian hierarchical models is relevant. More spatial information
and sampling of closely located cities and countries will help to build better
and more detailed maps of AMR relative risk.

B4-2. Maya Zhelyazkova, Roumyana Yordanova, Iliyan Mihaylov, Stefan
Tsonev, Dimitar Vassilev, In silico discovering relationship between bacterio-
phages and antimicrobial resistance, Biotechnology and Biotechnological Equip-
ment, vol:37, issue:1, 2023, pages:14-23, ISSN (online): 1310-2818, doi:10.1080/
13102818.2022.2151378, Ref, IF, IF (1.762 - 2021), Web of Science Quartile:
Q4 (2023) (36 Toukn).

Peziome
Bakrepuodarure u TeXxHugT MOTEHIUAJIEH TPUHOC K'bM aHTUMUKPOOHATA pe-
3UCTEHTHOCT MPUBJINYAT HAPACTBAIIO BHIMAHNE B KOHTEKCTA HA, MeUITMHATA
u dapmarnesrukara. OcHoBHaTa 11671 Ha npeauspukareactrsoro CAMDA e na
ce MPUIOOWAT TOBede 3HAHWS 3a BPb3KATa MeXKJy BHUPYCHTE, TeXHUTE TO-
CTOMPUEMHUIA U TeHUTE 33 AaHTUMUKDPOOHA PE3UCTEHTHOCT MPU OTIPeIeIsHe
Ha pakTa Jaju aHTUMUKPOOHATA PE3UCTEHTHOCT HAUCTHHA MOXKE JIa Ce pa3-
npoctrpansBa upe3 ¢aru. ToBa uscieasane e GOKyCHPAHO BbPXY BPb3KaTa
U BB3MOKHHTE 3aBUCUMOCTH MKy OakTepuodarure u aHTUMHKPOOHA pe-
3UCTEHTHOCT Ha OCHOBA HA JAHHWUTe, ChbOPAHW OT TTOBEYeTO TPAJCKHU CpeIu
o ceeta. [Ipobure B namanTe ca KaacuUIMPaHd B JABE KATETOPUHU: BUCO-
Ka W HHUCKA, CIIOpe] HAO/II0[aBaHUTE HUBA HA I'€HHW 33 AHTUMUKDPOOHA pe3u-
crearroct (AMR). Tloaxombr, W3MOA3BaH B HAIMsI aHATH3, C€ CHCTOH OT
HAKOJIKO Pa3JNYHH METOJa, KOUTO OIEHSABAT PA3JIUIHOTO m3obmine Ha da-
I'dl, TAXHOTO pa3HooOpasne B MpoOUTe, Bb3eHCTBHETO UM BBPXY KaTeropuu
AHTUMUKDOOHA PE3UCTEHTHOCT W aACONHUANMHA C AaHTUMUKDPOOHU DPEe3UCTEHTHU
renu. Bpb3kara mex iy darure, TeXHUTE NOCTOIPUEMHUIIM U aHTUMUKPOO-



HATa PE3UCTEHTHOCT C'BINO € W3caAeaBaHa Ipe3 6eiicoB MPOCTPAHCTBEH MO,
U3HOI3BAfKH KATEropusaTa 3a aHTHMUKPOOHA PE3UCTEHTHOCT (HHCHK CPEry
BHCOK) KaTo GakTop. YCTaHOBSIBaMe T0-BHCOK OTHOCHTEJIEH PUCK 3a (arm,
kouTo undexTupar Staphylococcus aureus camMocTosdTeTHO WU €IHOBPEMEH-
1o cbe Staphylococcus aureus u Acinetobacter baumannii B rpynara ¢ Bucoka
AMR, koero mpeamosara, e Te3u (paru MoyKe 1a IMAT POJis B pa3lIpocTpaHe-
HHeTO Ha aHTUMUKpoOHU reHu. HoBoTo B Tazu pa3paborka e IMpuJioKeHneTo
Ha BeiicoBust mpocTpaHCTBEH MOJIE.

Nnesra 3a MeTareHOMHU W3CJI€JIBAHUSI C€ OCHOBABa HA TMOKOJEHUETO OT
OTPOMHH HAOOPH OT JAHHU OT KPATKH IIOC/IEI0BATEJTHOCTH Ha YeTeHe OT IPO-
KAPHOTHH KJIETKH B MHKPOOHH OOIMHOCTH. AHTHUMUKpPOOHHTE TPOMUINA IMO-
Ka3BaT PErHOHAJHU pa3/jndus B TI00aJHa I'PAJICKa KaHajau3anus u Subway
u Urban cpeau. Hakoun npoydBanus CbINO U3CAEABAT BPb3Ka MEXKIY pa3-
HoobOpasuero Ha Gakrepuodarute 1 ARG npoduan. Muoro or cbuecTByBa-
IUTEe THCTPYMEHTH 33 aHAJIM3 METareHOMHUTE II0C/II0BATETHOCTH PA3IATAT
Ha Taka HapedeHHs K-mer MOIXOIU 3a M3BANYAHE HA MUKPOOHU TAKCOHH OT
TakuBa Janau. Hakou CKOpOITHE MeTo/ U ca pa3paboTeHn Bb3 OCHOBA HA MO/I-
XOJIH 3a 33/ IbJI00UYeH0 00yUeHNe 3a HaMUpaHe Ha TMOTEeHITUAJTHN MY Tallnl MU
BUPYCHU TIOCJI€/I0BATE/THOCTH.

[IpeamsBukareacrsoro CAMDA2021 npemgocras Habop or 124 npobu ot
CpeJid Ha MeTPOTO U I'PAJICKHS OOIIECTBEH TPAHCIOPT 10 BCUYKN KOHTUHEHTH,
pasJieJieHn Ha JiBe IPyNH Bb3 ocHoBa Ha TexHure ARG npodwmimn (62 Bucox
u 62 uncbk AMR npo6u). Bpoii Ha omeparnBHaTa TAKCOHOMHUYHA €MHHIA
(OTU), rakconu Ha dbaru, HOPMAJUZUPAHH KATO TMPOIUTAHHUS] HA MHJIHOH
(RPM) 6sxa m3Biedenu or mociegoarenHocture Ha shotgun sequences ma
npobu, u3nosspamu Kaiju - v1.8.2 MeTarenomMeH KJacu(pHKaTOP ¢ BHPYCHa-
Ta 6a3a manHu Ha Hamumonannus neHTbp 3a Buorexnomorundna nudopMalms
(NCBI). Knacudukaropbr n3nosssa KiaacuduIgpate Ha HIBO IPOTEHH U O~
cTHTa BUCOKA 9yBCTBUTENHOCT. O0musT Opoil Ha HEeHYJIeBUTE M300UITHE BUDY-
cu e 6618 mokaTo obmuaT Opoit Ha HeHyteBuTe H300mTHE (baru e 2687. CbImo
Taka 0dXa M3BJIeYeHN DaKTepUaJIHU TaKCOHHU, H3I0/13BaliKu proGenomes Ha3a
JaHH ¥ Oerre 0000IEH pa3dyuTa Ha HUBOTO Ha BHaa. 3a AMR m3obmwaunero
Osixa u3no3Banu gannute or npoduna va ARG, npepocrasenn or CAMDA
n Pangea, KOUTO BKJIIOYBAT HOPMAJIN3UPAHN MHOXKeCTBa KakTo Ha ARG, Taka
7 Ha KJIAaCOBE TAKCOHHU.

Exana or HOBOCTHTE Ha Ta3u paszpaboTka e npuokenuero Ha CoDa ana-
3. Komnosunuonnnte nanau (CoDa) ca BEKTOPH Ha HEOTPHUIATEHH KOM-
MOHEHTH, MOKA3BAIKM OTHOCUTE/HOTO TEIVIO UJIU BayKHOCT HA HAOOP OT Ya-



CcTH B obmiaTa cyma. JacTuTe He MOraT Ja ce ThAKYBAT M30JUPAHU €IHA OT
napyra. CrangapTHu MEeTOI KaTO KOPEeJANMMOHEH aHAJN3, KOHTO mpe/mnoara
EBknoBaTa reoMeTpus, NpUJIOKeHa JUPEKTHO KbM KOMIIO3UITMOHHY JIAH-
HH, MOXKe J1a JOBejle /10 IPUCTPACTHs B pe3yATaTuTe, Thil KaTo MPpUMEPHOTO
MIPOCTPAHCTBO 3a KOMITO3UIIMOHHY JTAHHU € CUMILIeKC. EInH OT "ecTo cperna-
HUTE MOIXOINUTE 38 aHAJIN3UPaHe Ha KOMIIO3UITUOHHN JIAHHY € JIa ce MpuaaraT
CTAHJAPTHU METOJHU 33 JIOTAPUTMUYHO CHOTHOIIEHHE TPAHC(HOPMHUPAHH JIaH-
HU ¥ CJIeJ TOBa M3Moj3BafiTe obparHa TpancdopMmalus Ha JOTapUTMHUYHO
CBHOTHOITIEHUE, 33 JIa Cé BbhPHETe K'bM OPUTMHAJIHOTO MPOCTPAHCTRO. /lannu-
Te ce CINTAT 38 KOMIO3UIIMOHHH, aKO C€ ChCTOAT OT BEKTOPH € MOJIOKUTETHA
KOMIIOHEHTH, YUATO CyMa e MocTosiHHa (Hampumep 1 3a mponopiun win 100
3a nporenTn). [To-KoHKpeTHO, ToBa JeduHUpA HPUMEPHOTO IPOCTPAHCTBO
KaTo XumeppaBHuHa, Hapedena Aitchison Simplex

SD:{x:(xl,xg,...,xD)ER£|Vk>OEI!)\>O:x:)\C'k(x)}.

Merarenomunte gannu (Haup. ganuu 3a 6post Ha OTU) ca KoMIO3UIHOH-
HU JaHHH, Thil KATO COOPBHT OT BCHYKH CTORHOCTATE HA KOMIIOHEHTUTE 3aBH-
CAT OT TPOIEypaTa 3a B3eMaHe HA TMPOOW W JAHHUTE Ca MPOMOPIHOHATHU.
Karo B3eMeM mpe/BUl Ta3w CTPYKTypa, HHE U3BbPIIBaMe JupepeHnuaien
aHAJIN3 HA M30OMIMETO M3IO/JI3BAUKH KOMIIO3UIIHOHHU MeToau. CpaBHEHH ca
n300umero Ha parure 3a Bucoko u HHCKO AMR mpobu, 3a jga ce ycraHo-
BH 3a Kou harm mma pasjuka Mexky asere rpymu. M3monssan e R-makera
ALDEx2, koiito e pazpaboren ¢ momornra Ha BeiicoBu MeToau 33 OTKpUBAHE
Ha ANOVA tun audepeHnuaj Hu pas/jnKHd CIEMHATHO 33 KOMIO3UIIMOHHI
nmannu. CbINO Taka € U3BbPIIEeH ToueH TecT Ha Fisher, 3a ja ce oTkpue Bb3-
MOYKHO CBPBXIIPEICTaBsIHE HA ceMeicTBaTa HA TaKCOHM Ha (harw.

[Te nedpunupame Anda pasaoobpasue ¢ magekcu Chaol, Shannon, Simpson
n Beta pasrooOpasue ¢ nHIeKe Ha HecxoacTBO Ha bpeii-Kbpruce. Anda pas-
HOOOpa3ueTo u3MepBa BapHUallMUTe HA MEKPOOHUTE B eJHa Ipoba JT0KaTO Gera
pa3HooOpa3ueTo U3MepBa BapualuuTe MexKay npobure.B tazu pabora ce u3-
OJI3BAT U JBeTe MEepKH, 3a Ja ce XapakTepusupar gauuu. [lo-cnemuastno ce
n3m0a3Ba Tpu uHAekca Karo Chaol mHaekc Ha pasHoobpasue, KONTo € ompe-

JeJIeH KaTo

2
nq

Sch,aol - Sobs + —,
2712
KBJIETO Schaol € UIUUCTEHUAT OPOHt BHIAOBE, Sy € 00IUAT OPoil BHIOBE Ha-
OJ110IaBaHM B U3BaJAKaTa, 11 € OpodT Ha BUJIOBETE, IIPEICTABeHN CaMO OT €JIUH

WHJUBU/L U N € OposiT Ha BUJIOBETE, IIPEJACTABEHU OT J(BA WHJIMBH/IA.
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Cnen ToBa ce u3mo3Ba Shannon HHIEKC, KOWTO e JedUHIPAH 110 CJIeTHUT
HAQYUH:

s
H=— Zpi In p;.
i=1

B tasu dopmyna p; e geqbT HA OOINIHOCTTA, HMpPEICTaBeHa OT i-THS BUI, a S
e obmusT 6poit Ha BuaoseTe. VM nBara muimekca Chaol m Shannon npunasar
[IO-TOJISIMO 3HAYEHNE K'bM IO-PSIIKO CpelanuTe Buaose. Hakpas ce n3monssa
HHJIEKCA Ha Simpson, KOWTO HpeacTaBs BUIa XeTEPOreHHOCT W CE OIPeIeIs

KaTo
n

i=1
K'bJETO P; € OTHOCUTETHOTO N300mIne Ha i-Tus BuJ B npobara. Simpson uH-
JaekebT Bapupa ot 0 (HucKo pasnoobpasue) no nourn 1. [Iporusro Ha onu-
CAHUTE MHJIEKCH MO-TOpe, HHICKCHT Ha Simpson JaBa IHO-TOJIsSMa TeKeCT Ha
no-JJoMuHUpamuTe BuaoBe. MHaekebT Ha HecxoncTBo Ha Bray-Curtis e cra-
TUCTUYIECKA MSIPKa, U3I0JI3BaHa 33 KOJMYECTBEHO OlpejesisiHe Ha KOMIIO3H-
MOHHO Pa3/inyue MeK/Iy JBe Pa3JudHHu npodbu, Das3upaHo Ha mpedposiBaHe
BbB BCAKa Hp06a un ce onpeagesid 1mo cjaeJgHund HaYuH:

>y | Xy — X
i1 (X + X))

BC =

Kbero X;;, X e OposAT Ha HHAWBUANTE BLB BHJA | BbLB BesdKa 1poba (J, k)
u n e obmuaT O6poit BujoBe B npobute. V3mon3sar ce ropHUTEe METOIH 34
OlleHKa Ha BUJI0BOTO GorarcTBo, a uMenno Chao 1, unjekcuTe Ha pasnoobpa-
3ue Ha Shannon-Wiener u Simpson karo BHeJipenu B naketa R Beran. CbIo
ce u3pbpiBa TecT HA Kruskal-Wallis 3a cpaBHgBaHe Ha MepKUTe 3a Pa3HO-
obpasue npe3 AMR craryc n reorpadcko mecronosoxkenne. [lpurarame ce
OrpaHWYeH aHaIW3 Ha IPUHIUNA ¢ HeCXoacTBOTO Ha Bpei-Kbpruc (capscale
or R naker Beran). Coiio ce uznonzsa PERMANOVA (dyHKius agoHuc BbB
BEraH MAKeTa), KOSITO Pas3jielss CYMUTe Ha KBAJPATUTE, U3MOI3BANKH IMOJTY-
METPUYHN ¥ METPUYHU MATPUIM Ha pa3cTosHuero. Toit m3BbpIIBa M0I00HH
nHa ANOVA recroBe Ha Bapuamusita B 6era pasHooOpasHeTo, KOeTo ce 00sic-
HsIBa C KATErOpHHU MpPeAuKTOpu Karo cherosinne Ha AMR mmm reorpadceko
MecTorojioxKenne. MeTo st 0OMKHOBEHO ce MpuJiara nNpu rojieMu TeHeTHIHH
nanau kKaro merarenomuan OTU mannm.

Mozerbr LASSO ce nmpmiara KbM gaHHE 3a dard 3a OpeicKa3BaHe Ha,
Bapuanusta Ha AMR B pamkuTe Ha npobure u BIOC/EACTBHAE 33 OTYUTAHE HA



nBaTa ocHOBHE Kjaaca Ha AMR — Bucok AMR u muncwrk AMR. Heka o6o3na-
aum AMR kiacose mo G, karo ce Bzemar croiinocture 1 u 2. Ille ce omumre
MOJIeJT Ha, JIOTUCTHYIHA PETrPECcHs, KOSTO TPeICTaBs KJIACOBUTE YCJIOBHH BEPO-
SATHOCTH Upe3 JuHelHa (DyHKIMA Ha MPEIUKTOPUTE

1
PG =10) = [ e G+ 28)

AJITepHATHBHO, TOBA MpeIIoIara

Pr(G =1lz) /
gm—ﬁo—l-ﬂ?ﬁ-

Paznensar ce nannute nHa nabop 3a odydeHume W HaAOOP 3a TECTBaHE M Ce U3-
0JI3Ba KP'bCTOCAHO BaJIUUpaHe, KAKTO e npeasuieno B Lasso makera caret.

Anann3bT BKIOUYBA 1 BeiicoBo mpocTpancTBeHo Mogeaupane. Ipodure B
npeau3BukarecTBoro CAMDA2021 umart npocTpancTBeHa HHGOPMAIINS Ka-
TO reorpadcka MUPHHA U JIbJIKHHA U TPEJUNIHNA IPOYIBAHUAA [TOKA3BAT, de
MeTareHOMHUTe TpopuInTe Ha TAKCOHHTE MMOKA3BAT HMPOCTPAHCTBEHU KOpe-
JIAIMK, 3aT0BA U3M0/I3BaMe 0eiicoB fiepapxuden Moje, mo-cruenuasno Besag—
York—Mollie, koiiTo e kKoupoomumonen Mozea ¢ CAR anpuopHo pasnpeee-
uue. Mogenrst uznos3sa marpurna W 3a TPOCTPAHCTBEHO C'HCEJICTBO, KOSITO
U3MepBa PAa3CTOSHUETO MEXK/Iy pOoOH Bb3 OCHOBA HA HAJUYHATA reorpadcka
undopmanusg Karo reorpadpcka MIMpUHA U IbJIKuHA. MoaegbT 1me OlneHH
puCK'bT Ha dara, KoiiTo e mocyeapaiia onenka Ha SIR choTHOMEHHE (HAGITIO-
JaBaHO/0YakBaHO) Ha dar B mpobH, K'bIETO 0YaKBAHOTO M300HJINE € MPO-
MOPIIMOHAIHO KbM OpOsi HA CHOTBETHHUTE TAKCOHU Ha OAKTEPHUU TOCTOIMPU-
emuunu. Mogersr Braoupa AMR, kareropus (HHCKa CDEILy BHCOKA) KATO
moTeHImaeH GakTop. AKO OTHOCHTETHUAT PHCK Ha (hara e mo-BHCOKA OT 1
1 HaJeXIHUAT Habop or Kareropus AMR ro mpaBmu 1a He BKIIOUYBA HYyJIa,
MOKEM Jla 3aKJIIOUUM, 9e M300MJIMeTo Ha ¢rara e mo-BUCOKO OT TOBa, KOe-
TO GUXMe OYaKBAJM Bb3 OCHOBA HA Oposi Ha GAKTEPUUTE TOCTOMPUEMHUIINA U
TO3HU II0-BUCOK PHUCK MOKE YaCTHYHO JIa ¢€ ODACHH ¢ aHTUMHKPOOHATA KaTe-
ropus cberosinwe. Hanpumep enna AMR rpyna (Hamp. BECOKA) UMa MOBUIIEH
PUCK, JOKATO JApyraTa Tpyna (HAIp. HUCHK) UMa HAMAJIEH PUCK CIPSAMO OYa-
KBAaHUTE YHCJ/IA, KOUTO CA IIPOMOPIIMOHAJIHN HA OAKTEPUSTA TOCTOIPUEMHUK
Ha ¢ara. CprorBeTHHTE OGAKTEPUU TOCTONPUEMHHNN 33 BCeKU har Ogxa Ha-
Mepenn ot https://www.genome.jp/virushostdb/. B cayuaii, koraro darure
3apa3sBar MoBede OT ejHa DAKTepHus ce BKJII0YBA JOIIbJIHUTETHOTO H300H-
Jue oT GaKTepuu TOCTONPHEMHHUIM B Mojena. (3a omucaHwe Ha Mojesia B
HO-CTPOI'M MaTeMaTHYeCKH TePMUHH, BUKTe Lawson.)

9



OZ’EZ, 91 ~ PO?;SSO?”L(EZ'QZ‘), 1= 1, ..., N

ln(@i) = 60 + V; + U;

Tyk v ca npocTpaHCTBEHO HECTPYKTYpPHUPaHU Cjaydaiinu eheKTn KOUTO Mpu-
eMaT HOPMAJIHO pa3npejie/ienne, JOKATO U Ca MPOU3BOJHU e(DEeKTH, KOUTO
YJIABAT IIPOCTPAHCTBEHATA aBTOKOpeIaIus Mex 1y mpobure. Torasa

luj, j #i, W~N ! > 03
Ui |Uyj, 2, ~ - Uj, —
i J n i

(AN i

Nznonssame W = 1 — D (HopMasm3upaHo Pa3CTOSHEE), KOETO € C'hCeIHa-
Ta MaTPHUIA MEXKIY MO3UIUUTE 3a reorpadcka MUPUHA U THIKAHA HA TIPO-
oute. Ilpuema ce, 9e OTKIUKBT CJie/iBa pa3peieaennero ua [loacon u Toii o1-
ynra cepbxauctepcusra Var(O) > E(O) u ToBa € UPejuMCTBO IPEe TIUCTHS
mvozen va [loacon. Hue m3non3same n3nbiHennero ua OeiicoBuTe HaCTPONKH
B makera R 3.6.3 CARBayes, kbmero n3BoabT ce ocHoBaBa Ha Mapkos Bepu-
ra MonTe Kapao cumynarus (MCMC). 3a usmepBaHe Ha MpOCTPAHCTBEHATA
aBTOKOpesamus e u3noa3san I Tectbr Ha Moran. CxomuMocTTa Ha MOesa
cbITo ce mpoBepsiBa oT Geweke z-scores. Hue TOMbIHATETHO H3THCISIBAHE HA
kopenamuuTe Mexk iy ¢arure u cunermpuanu ARG.

Anannzsr Ha CoDa nmentudunupa darn, mokasBaiym pa3andHo U300u-
Jme Mexay rpynu ¢ Bucoka u uucka AMR. [lo-rossimara gact ot Te3u daru
npunaexkatr Ha CemelictBo Myoviridae.

Wznon3Baiiky MamuHHO 00ydeHue, naeHTuduInpaxyme Garu, KOUTo Mo-
rar ja ce n3no 3sar karo npeaukropu #a AMR craryc: unentudunupanure
TAKCOHH MPHUHAIEXKAT raBHO KbM Myoviridae u cemeiictBo Siphoviridae.
[IpocrpancrBenuar GeiicoB MOje/ MOKa3a MO-BUCOK OTHOCHUTEIEH DUCK OT
n3obmane Ha daru B rpynara ¢ sucoka AMR, Korato ce KoHTpommpa u3006u-
JINETO HA TOCTOIPUEMHHKA, KOETO MOKa3Ba de (baruTe MOTaT J1a UTPAAT POJIs
B pasnpocrpanennero Ha ARG.

Abstract
Bacteriophages and their potential contribution to antimicrobial resistance
have attracted growing attention in the context of medicine and pharmaceutics.
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A major objective of the CAMDA challenge is to acquire more knowledge
about the relationship between viruses, their hosts and antimicrobial resistance
genes in determining if antimicrobial resistance indeed can spread through
phages. This study is focused on exploring the relationship and possible
dependencies between bacteriophages and antimicrobial resistance based on
the data collected from urban environments all over the world. The samples
in the data are classified into two categories: high and low, according to
the observed levels of antimicrobial resistance (AMR) genes. The approach
used in our analyses consists of several different methods which assess the
differential abundance of phages, their diversity across samples, the impact
on antimicrobial resistance categories and associations with antimicrobial
resistance genes. The relationship between phages, their hosts and antimicrobial
resistance is also explored by a Bayesian spatial model, using the antimicrobial
resistance category (low vs high) as a factor. We found a higher relative risk
for phages known to infect Staphylococcus aureus alone or both Staphylococcus
aureus and Acinetobacter baumannii in the high AMR group, which implies
that these phages may have a role in the dissemination of antimicrobial genes.
The new approach in this methodology is the application of Bayesian spatial
model.

The idea of metagenomic studies is based on generation of huge datasets
of short read sequences from prokaryotic cells in microbial communities.
Antimicrobial profiles exhibit regional differences in global urban sewage and
Subway and Urban environments. Some studies also explored the relationship
between bacteriophage diversity and ARG profiles. Many of the existing tools
for analyzing metagenomic sequences rely on the so-called k-mer approaches
to extract microbial taxa from such data. Some recent methods have been
developed based on deep learning approaches to find potential mutated or
viral sequences.

The CAMDA challenge provides a set of 124 samples from Subway and
Urban public transport environments across all continents divided into two
groups based on their ARGs profiles (62 high and 62 low AMR samples).
Operational Taxonomic Unit (OTU) counts of phages taxa normalized as
reads per million (RPM) were extracted from the shotgun sequences of the
samples using Kaiju-v1.8.2 metagenomics classifier with the virus database
of the National Center for Biotechnology Information (NCBI). The classifier
uses protein level classification and achieves high sensitivity. The total number

11



of non-zero abundant viruses is 6618 while the total number of non-zero
abundant phages is 2687. We also extracted bacteria taxa using proGenomes2
database and summarized the counts on the level of species. For the AMR
abundances we used the ARG profile data provided by CAMDA and Pangea
which included normalized sets of both ARGs and taxa classes.

One of the new methods applied in this paper is the CoDa analysis.
Compositional data (CoDa) are vectors of non-negative components showing
the relative weight or importance of a set of parts in a total. Parts cannot
be interpreted isolated from the others. Standard methods such as correlation
analysis, which assumes Euclidean geometry applied directly to compositional
data, may lead to biased results since the sample space for compositional data
is simplex. One of the common approaches of analyzing compositional data is
to apply standard methods to log-ratio transformed data and then use inverse
log-ratio transformation to return to the original space. Data are considered
compositional if they consist of vectors with positive components whose sum
is constant (e.g. 1 for proportions or 100 for percentages). More specifically,
this defines the sample space as a hyperplane called Aitchison Simplex

SD:{$:($1,$2,...7$D)€R£|Vk>03!)\>01$:)\0k($)}.

Metagenomics data (e.g. OTU count data) are compositional data since
the sum of all component values depends on the sampling procedure and
the data are proportional. Taking into account this structure, we perform
differential abundance analysis using compositional methods. We compare
the phages abundance for high and low AMR samples to find for which phages
there is a difference between the two groups. We use the R-package ALDEx2,
which was developed using Bayesian methods for detecting ANOVA type of
differential expressions specifically for compositional data. We also perform
Fisher exact test to find possible overrepresentation of families of phages
taxa.

Finally, we define Alpha diversity with Chaol, Shannon, Simpson indices
and Beta diversity with Bray-Curtis dissimilarity Index. Alpha diversity
measures variation of microbes in a single sample whereas beta diversity
measures variation across samples. For more detailed information about the
applications of diversity measures in metagenomic analysis and the methods
for their calculation. In this work we use both measures to characterize our
data. In particular we use three indices such as Chaol diversity index, which

12



is defined as
nt
Schaol = Sobs +

2712 ’

where Scpe01 i the estimated number of species, S, is the total number
of species observed in the sample, n; is the number of species represented
by only one individual and ns is the number of species represented by two
individuals.

Next, we use the diversity index, which is defined as

s
H=- Zpi In p;,
i=1

where p; is the proportion of the community represented by the ith species
and S is the total number of species. Both Chaol and Shannon indices give
more importance to less common species. Finally, we use Simpson index,
which presents the species heterogeneity and is defined as

=1

where p; is the relative abundance of the ith species in the sample. Here
Simpson’s index ranges from 0 (low diversity) to almost 1. Contrary to
the indices described above, Simpson index gives more weight to the more
dominant species. The Bray-Curtis dissimilarity index is a statistic measure
used to quantify the compositional dissimilarity between two different samples,
based on counts at each sample and is defined as follows

i1 1 Xy — X
S (X + Xik)’

BC =

where X;;, X;k is the number of individuals in species ¢ in each sample
(7, k) and n is the total number of species in samples. We use the above
methods for estimation of species richness, namely Chao 1, Shannon-Wiener
and Simpson diversity indices as implemented in the R package vegan. We
perform Kruskal-Wallis test to compare the diversity measures across AMR
status and geographical location. We apply Constrained Analysis of Principal
Coordinates with Bray—Curtis dissimilarity (capscale from R package vegan).
We also use PERMANOVA (function adonis in the vegan package), which
partitions sums of squares using semi-metric and metric distance matrices.
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It performs ANOVA-like tests of the variance in beta diversity which is
explained by categorical predictors like AMR status or geographical location.
The method is usually applied to large genetic data such as metagenomics
OTU data.

In this study, we apply several types of regression models provided in
R package caret and we focused on Lasso (Least Absolute Shrinkage and
Selection) penalized regression for high-dimensional data. This model adds
a L1 type penalty term (which is estimated from data by cross-validation
technique) for some variables in the model which are highly correlated. As a
result, the penalty term will be able to set up some of the model coefficients
exactly as zero. Thus, the LASSO is a penalized type of the model selection
approach. The estimated model is more parsimonious and interpretable than
the models obtained with other regression models like the ridge regression.
The LASSO model has many applications because it is an efficient method in
regression problems that arise in many scientific areas. The LASSO model is
applied to the phages data to predict the AMR variation within the samples
and subsequently to account for the two major classes of AMR — High AMR
and Low AMR. Let us denote the AMR classes by G taking the values 1
and 2. As described before, the logistic regression model represents the class-
conditional probabilities through a linear function of the predictors

1

brG =) = TG T o 7))

Alternatively, this implies that

Pr(G = 1|z) ,
log—Pr(G o) Bo +x 3.

We split the data into a training and a testing set and use cross-validation
as provided in the Lasso implementation of package caret.

Next, we apply Bayesian spatial modeling. Since the samples in CAMDA-
2021 challenge have spatial information such as latitude and longitude and
previous studies indicated that metagenomics taxa profiles exhibit spatial
correlations, we use a Bayesian hierarchical model, in particular Besag—
York—Mollie, which is a convolution model with a CAR prior. The model
uses a spatial neighbourhood matrix W which measures the distance between
the samples based on the available geographic information such as latitude

and longitude. The model will estimate the phage’s risk which is a posterior

14



estimate of the SIR ratio (Observed /Expected) of a phage across the samples
where the expected abundances are proportional to the corresponding host
bacteria taxa counts. The model includes the AMR category (low vs high)
as a potential factor. If the phage’s relative risk is higher than 1 and the
AMR category credible set does not include zeroand we can conclude that
the phage’s abundance is higher than what we would expect based on the
host bacteria counts and this higher risk can be partially explained by the
antimicrobial category status. For example, one AMR group (e.g. high) has
an increased risk while the other group (e.g. low) has a decreased risk relative
to the expected numbers which are proportional to the phage’s host bacteria.
The corresponding host bacteria for each phage were queried from

https://www.genome.jp/virushostdb/

In case where phages infect more than one bacteria we include the additional
host bacteria abundance in the model. (For a description of the model in
more strict mathematical terms, see Lawson.)

O;|E;,0; ~ Poisson(E;0;), i=1,...,n

111(9, = ﬁo + v; + U;

Here v are spatially unstructured random effects that assume normal distribution
while u are the random effects that capture the spatial autocorrelation between
samples. Then

i £ W N [ L3, %
u;|uy, i, ~ — > uj,— .
i J n i

(R 7

We use W = 1 — D (normalized Distance) which is the neighboring
matrix between samples latitude and longitude positions. The response is
assumed to follow Poisson distribution and it accounts for overdispersion
Var(O) > E(O) and this is an advantage over the pure Poisson model. We
use the Bayesian setting implementation in R 3.6.3 package CARBayes, where
inference is based on Markov chain Monte Carlo simulation (MCMC). The
model is fit with the function S.CARbym from the above package. Moran’s I
test was used to measure the spatial autocorrelation. The model convergence
is also checked by Geweke z-scores . We further calculate the correlations
between phages and specific ARGs.
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The CoDa analysis identified phages showing different abundances between
high and low AMR groups. The majority of these phages belonged to the
Myoviridae family. Using machine learning, we identified phages that could
be used as predictors of AMR status: the identified taxa belonged mainly
to the Myoviridae and Siphoviridae families. The spatial Bayesian model
showed a higher relative risk of phage abundances in the high AMR group
when controlling for host abundance, which indicates that phages may play
a role in ARG dissemination.

Ob6aact 4. IIpupoanu HaykKu, MareMaTnka u mHpoOpMaTnkKa
4.5 MaremaTuka

I'7. Hayunu nybsmmkanum, KOuTo ca pedpepupaiu U HHIACKCHPAHH B CBETOBHO
ussectan Gasu ganaum (Web of Science m Scopus), u3BbH XaOUIHTAIMOHUS

TpyA.

(M3uckBar ce 200 TOYKH, IpeJCTaBeHN €A 7 HAYYIHU TyOJUKAIWN, HOCEIH
06110 255 TOUKN. )

I'7-1. Ivanova-Aleksandrova, Nadya, Trifonova, Iva, Panayotova, Elitsa, Dimitrov,
Dimitar, Marinov, Martin, Gladnishka, Teodora, Taseva, Evgenia, Ivanova,
Vladislava, Zhelyazkova, Maya, Kamenov , Galin, Zehtinjiev, Pavel, Christova,
Iva, Borrelia Burgdortfferi Infection in Bird-Feeding and Questing Ticks in
Bulgaria, Acta Zoologica Bulggarica, Volume 76, Issue 3, 425-430, September,
2024, ISSN 03240770, https: //www.scopus.com/record /display.uri?eid=2-s2.0
-85206994675, SCOPUS Quartile Q4, (36 Toukwu).

Pes3rome
3caeasano Gemte nasmanero na Borrelia burgdorferi sensu lato (npuananTes
Ha Jlaitmcka Gosiect) B Kbpirekn [xodes ricinus orcrpanenu oT AUBH ITHIH 1
npu raaau Kbpiexn. O6mmo 345 kbpiexka or 75 onapasuTeHu NTULH MPH-
Hajutexkamu KbM 10 Buga u 274 raagHd KbpJaexk#, CbOpPaHH OT OKOJIHATA
pacTuTesHocT, Ogxa u3ciaeasanu upe3 PCR 3a Borrelia burgdorferi s. 1. JTHK
Ha naroresa e Hamepena B 8,1% (28/345) or XxpaHermuTe ce ¢ ITUIU K'bPJIeKI
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—10,9% (11/101) B tapsute u 7,0% (17/244) B unmvdure. Pasupocrpanenn-
ero Ha uHbeknmara e 9,4% npu kbpaexu cbopann or koc (Turdus merula),
4,0% upun xkbpaexure or noitauga aposn (T. philomelos) u 16,6% or gepse-
Horpbakata (Erithacus rubecula). Orkpusane na 3apaszenu Japsu (13,3%),
chOpaHH OT KOC IPEJIo/ara, 4e TO3U BHJ MOXKe Ja JOIpPUHECe 3a IpelaBa-
HeTo Ha HHMeKnuaTa KbM BekTopa l. ricinus. O01m0TO pa3npocTpaHeHne Ha
B. burgdorferi 8 uumdmn e 10,6%. Tosa e wbpBuaT jaokIaj 3a 3apassBaHe C
B. burgdorferi s. 1. na xkbpaexu 1. ricinus or guBu nrunu B Bharapus.

3a 1a ce OLEHH eNnuIeMuOJOTHIHATA POJIA Ha KOCA KATO Pe3epBoap Cpas-
HHUXMe HpOIeHT Ha 3apassBane ¢ B. burgdorferi s. 1. mexxny aumdure ot Ko-
COBe U TJIaJIHATEe HUM)U ¢ TOMOIITA HA MHTepAKTHBeH Kajakyaarop (Preacher
2001) 3a x? (xuxBajpar) rect. M34uc/ienusra ca HallpaBeHH C'bC CTEIeHH Ha
cBoboma (2-1) * (2-1) = 1 u p-croitnoct < 0,05 Gernre n3bpana KATO KPUTHIHA
CTOIHOCT Ha HUBOTO Ha 3HAYUMOCT.

Abstract
The presence of Borrelia burgdorferi sensu lato (the agent of Lyme disease) in
Ixodes ricinus ticks removed from wild birds and questing ticks was investigated.
A total of 345 ticks from 75 infested birds belonging to 10 species and 274
questing ticks collected from the surrounding vegetation were examined by
PCR for Borrelia burgdorferi s. 1. Pathogen DNA was found in 8.1% (28/345)
of the bird-feeding ticks — 10.9% (11/101) in larvae and 7.0% (17/244) in
nymphs. Prevalence of infection was 9.4% in ticks from the Eurasian blackbird
(Turdus merula), 4.0% in ticks from the song thrush (T. philomelos) and
16.6% from the European robin (Erithacus rubecula). Detection of infected
larvae (13.3%) collected from the Eurasian blackbird suggests that this species
might contribute to the transmission to the vector I. ricinus. The overall
prevalence of B. burgdorferi in the questing nymphs was 10.6%. This is the
first report of B. burgdorferi s. 1. infection in I. ricinus from wild birds in
Bulgaria.

To assess the epidemiological role of the blackbirds as reservoirs, we
compared the B. burgdorferi s. 1. infection rate between the nymphs from the
Eurasian blackbirds and the questing nymphs using an interactive calculator
(Preacher 2001) for x? (chisquare) test. Calculations were made with degrees
of freedom (2-1) * (2-1) = 1, and a p-value < 0.05 was chosen as the critical
value of the significance level.
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I'7-2. Hodzhev Y, Tsafarova B, Tolchkov V, Youroukova V, Ivanova S, Kosta-
dinov D, Yanev N, Zhelyazkova M, Tsonev S, Kalfin R, Panaiotov S, Visuali-
zation of the individual blood microbiome to study the etiology of sarcoidosis,
Comput Struct Biotechnol J. 2023 Oct 20;22:50-57. doi: 10.1016/j.csbj.2023.
10.027. PMID: 37928975; PMCID: PMC10624578, IF-4.5, Q1, (75 Toukwu).

Peziome
Enunnaanre MUKPOOHM IIATOTEHH W IO-PLAJIKO AUCOMO3aTa HA MHKPOOHOMA
Ha FOCTOIIPUEMHHKA Ce CIIPATAT KaTO OCHOBHU TPUUMHHUTEIN HA (PUOPO3HU H
rpany/joMaTo3Hu 0e10/pobHu 3abo/isiBaHus, HAIIpUMep capkoun03a. Merare-
HOMHOTO CEKBEHUPAHe TPeIOCTaBs Bb3MOKHOCT 33 aHAJIN3 HA MUKPOOMOM-
HUsI ChCTaB B HEroBaTa IsL10CT. [loyderHnTe OT TO3M TUT JAHHU Ca N3CBECTHU
€ TOBa, 4e €a CJOXKHHU 110 CTPYKTYPa U HEHOPMaJIHO pasnpeaesienn. Jlombnu-
TeJIHA TPYAHOCT MJBA OT (hbakTa, de MOBeYeTO I'PAHYIOMATO3HU OeJI0IpOOHH
3a00J/IsIBaHUSI CA C HUCKA YeCTOTA U ChOMPAHETO HA TOJIeMU HADOPHU OT Iallu-
eHTCKHU JIAHHU MPEJICTAB/ISIBA 3HAUNTE/THO Npean3BuKkareicTBo. [lopaan Ta3u
NPUYNHA JaHHUTE 33 eUHWIHN MMalHeHTH 9ecTo MoraT Jia Obaar oboOIeHn
€aMO Ka4eCcTBEHO, ITOCPEJICTBOM PAa3IUYIHUA MET/IM 3a BU3yaJu3alusd. M3cien-
BaHETO HA MAJKHU M3BAIKU HAJAPAXKIA OA30BUTE CTATUCTHICCKU METOIUTE H
JTaBa IOMbJIHUTETHH Bb3MOKHOCTH 38 CTATHCTUYIECKH U3BOI.

[Henra wa TOBA W3C/€BaHE € /14 Ce W3BJIEYe MAKCUMAJIHO HAJEZK/IHA WH-
dopmanusa 3a KOJTHIECTBEHUST U KATECTBEH ChCTaB HA KPbBHUS MUKPOOIOM
Ha T'OCTOIPHEMHUKA 3a IeJIUTe Ha JIUArHOCTUKATA U KJIMHUKATA IOCPEICTBOM
TapreTHO MeTareHOMHO CeKBeHHpaHe Ha KPbBHH HPOOH OT eIUHUYHH TAIH-
€HTH M MAJIKW H3BAJIKH.

MerarenoMuuTe pe3y/ITaTU HA CEIEM HAMEHTH ¢ €710 IpOOHA CAPKOU103a
Osixa cpaBHeHU ¢ Te3u Ha 22 3apasu jauna. Obmara mukpodua JIHK Gerre n3-
BJIeYeHa OT JU3UpaHa KPbB U MOJJIOKEHA Ha TapreTHO 16S cekBenupane (ce-
KBeHupa ce cuenududer pparMeHT oT TeHbT 3a 165 pubo3oMHuaTa cyOaeHu-
u, BRJIIoYBaI peruonure V3 - V4). Tlouncrenute ot apredakTu nanHu 6saxa
TAaKCOHOMUYHO ujeHTuunupanu ¢ nomoinra na copryepa Kraken 2. Nuuu-
BH/IyaJIHNTE METAr€HOMHH JTAHHU OsiXxa BU3YaJU3UPAHU Upe3 aAuarpaMu Ha
Sankey, muarpamn na Krona u heat map. Baxa naenrudunupanu ner posa,
KOHUTO HPHCHCTBAT U3KIIOUUTEIHO MJIM 3HAYUTE/THO 3aCUICHO HMPH HAIUCHTH
c¢be capkongo3a: Veillonella, Prevotella, Cutibacterium, Corynebacterium u
Streptococcus.
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[Ipe1o:KeHuIT TOAX0 MO3BOISIBA XapaKTepU3npaHe Ha ChCTaBa H Pas-
HOOOpa3uero Ha MUKPOOMOMA B KPbBTA IPU PEJKU 3a00JIsiBAHUS Ha WMHJIV-
BUAYaJIHO HUBO W Ha HUBO MaJIKW MAaIlUCHTCKH H3BaJdKH. MSCﬂe,Z[BaHeTO Ha
KPbBHUS MEKPOOUOM IPH HAIMEHTH ¢ I'PAHyJI0MaTO3HH Oe/10,1pobHu 3a60.15-
BaHHdA C HEU3BECTHA €THOJIOIUs, KATO CAPKOUI03a, MOXKe JIa JIONpPHHEce 3a
O-J100poO pazdupaHe Ha MPOU3XOJA U MaToreHe3ara uMm. ToBa MOTEHIIMATIHO
Ou 710BEJIO /10 OTKPUBAHETO HA HOBHM MEPCOHAJIM3NPAHU TEPATEBTHIHU MO/l
XO/IH.

VYeb6-6asnpanara ycayra MicrobiomeAnalyst (mocrbiaa va 9 sayapn 2023
r.) Gerlte U3MOI3BAHA 32 CTATUCTUIECKH AHATN3 HA MUKPOOMOMHMUSI ChCTAB U
MHOTI'000pa3ue IpH HAIMEHTH CbhC CAPKOUI03a B CpaBHEHME ¢ KOHTPOJIHATA
rpymna. Yesayrara usnosssa nakera MicrobiomeAnalyst R.

3a omeHKa Ha CXOJACTBOTO HA MUKPOOHUS CHCTaBa MEXKIy HpPOOUTE OT
eHa mM3BaJKa — ajda-pasHoobpasne, KOETO ce XapaKTepu3nupa ¢ HOPMAJI-
HO pasnpejienenue Belre u3yucien HHAEKCHT HA MHOrooOpasue Ha Shannon.
['pynoBure Bapuamuu B ajada-paznoodpasuero Osgxa OIEHEHU ¢ IapaMeTpH-
4YeH t-TeCT, a HOPMAJIHOTO pa3lpejesieHne Ha jJaHHuTe Oerre NpoBepeHo 4pe3
tecta Ha Kolmogorov-Smirnov. Meroabr 3a anan3 Ha rJIaBHUTE KOOPIMHA-
tn (PCoA) e mpuiiozkeH 3a oleHKa HA MEKIYIPYTNOBOTO GeTa pazHooOpasme
(HaIMEeHTH CIpsIMO KOHTPOJIHA IPYTIa), H3MOI3BARKH HH/IEKCA HA HECXOJICTBO
Ha Bray-Curtis.

HopMmanuzanusara Ha JAHHUTE Ce OCBINECTBY Upe3 paspexkpane (rarefication)
3a CIIpaBsHE C BAPUAIMUTE B IbJI00YNHATA HA CEKBEHUPaHe, KOraTo OposAT Ha
MOCJIeIOBATETHUTE CKAHUPAHKS B MeTareHoMHuTe Oudbimorekn HaaxBbpasd 10
rbTH. [lepapXudHOTO KirbCTepUpaHe U3IO0/I3Ba €BKINI0BA MAPKA 33 PA3CTO-
duue u ajgropurbma Ha Ward. WHAUBHIYAIHOTO HOPMAJIH3UPAHO U30OUIHE
Ha HUBO poJ Oelle mpeacraBeHo upe3 heat map.

Hacrositero u3ciepane mokas3sa, de gumarpamure Ha Sankey m Krona
eeKTHBHO WIIOCTPUPAT TAKCOHOMUIHOTO PA3HOOOpa3we HA KPbBHHUS MUK-
pobuoM KaKTO Ha HHIWBHIYAJHO, TaKa W Ha rpymnoBo HuBO. Cropea HAC
JHarpamMuTe Ha Sankey ca HO-MHTYUTHBHH M TOJIXOJMAIIN 33 BHU3YAJIU3AIMH.
YcTaHoBHXMe MOBHUIIEHO HPHCHCTBHE Ha 1meT poja: Veillonella, Prevotella,
Cutibacterium, Corynebacterium u Streptococcus. Bbupekn ToBa, TsixHaTa
pOJis B pPA3BUTHETO HA CAPKOU,103a 1 (POPMUPAHETO Ha OEJI0POOHH T'PAHYJIO-
MU OCTaBa HE HAITHJIHO U3SICHEHA, HO TO00HO yBEINTIEeHNEe MOXKE Ja Ce CUNTa
3a MHJIOTEH JIMArHOCTHYCH MapKep.

Heobxoaumu ca JOMbIHUTEIHNA MPOYUYBAHUS 33 MOTBbPXKIaBaHe HA TE3U
pe3yJITaTH U 33 BHEIPSIBAHETO UM B KJIMHUYHATA IIPAKTUKA. B Objenie cb3/ia-
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BaHETO Ha 0a3M JaHHUW C METAreHOMHY, KIUHUYHU U JIeMOTpadbCKu JaHHU TITe
[OJITIOMOrHE UJAEHTHMUITMPAHETO HA OMOMApPKEPU U IIparose 3a no-eheKTUBHA
JIMArHOCTUKA.

TakbB aHajn3 ce IpaBu 3a I'bPBU I'bT B bbarapud.

Abstract
Single microbial pathogens and, less commonly, dysbiosis of the host microbi-
ome are implicated as major causes of fibrotic and granulomatous lung diseases,
such as sarcoidosis. Metagenomic sequencing provides the opportunity to
analyze the microbiome composition in its entirety. The data obtained from
this type of analysis are notoriously complex in structure and aberrantly
distributed. An additional difficulty comes from the fact that most granuloma-
tous lung diseases are of low incidence, and collecting large patient data sets
is a significant challenge. For this reason, data from single patients can often
only be summarized qualitatively, using various visualization methods. The
study of small samples extends the scope of descriptive statistics and provides
additional opportunities for statistical inference.

The aim of this study is to extract the most reliable information about the
quantitative and qualitative composition of the host’s blood microbiome for
diagnostic and clinical purposes through targeted metagenomic sequencing
of blood samples from single patients and small samples.

Metagenomic results from seven patients with pulmonary sarcoidosis were
compared with those from 22 healthy individuals. Total microbial DNA was
extracted from lysed blood and subjected to targeted 16S sequencing (a
specific fragment of the 16S ribosomal subunit gene, encompassing the V3-
V4 regions, is sequenced). Artifact-cleaned data were taxonomically identified
using Kraken 2 software. Individual metagenomic data were visualized using
Sankey plots, Krona plots, and heat maps. Five genera were identified as
being exclusively or significantly overrepresented in patients with sarcoidosis:
Veillonella, Prevotella, Cutibacterium, Corynebacterium, and Streptococcus

The proposed approach allows for the characterization of the composition
and diversity of the blood microbiome in rare diseases at the individual level
and in small patient samples. The study of the blood microbiome in patients
with granulomatous lung diseases of unknown etiology, such as sarcoidosis,
may contribute to a better understanding of their origin and pathogenesis.
This could potentially lead to the discovery of new personalized therapeutic
approaches.
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The web-based service MicrobiomeAnalyst (accessed January 9, 2023)
was used to statistically analyze the microbiome composition and diversity in
sarcoidosis patients compared to controls. The service uses MicrobiomeAnalyst
R package.

To assess the similarity of microbial composition between samples from a
single sample — alpha diversity, which is characterized by a normal distribution
— the Shannon diversity index was calculated. Group variations in alpha
diversity were assessed with a parametric t-test, and the normal distribution
of the data was checked with the Kolmogorov-Smirnov test. Principal coordina-
tes analysis (PCoA) was applied to assess between-group (patients vs. controls)
beta diversity using the Bray-Curtis dissimilarity index.

Data normalization was performed by rarefication to address variations in
sequencing depth when the number of consecutive reads in the metagenomic
libraries exceeded 10-fold. Hierarchical clustering used Euclidean distance
measure and Ward’s algorithm. Individual normalized abundance at the
genus level was represented by a heat map.

Our study shows that Sankey and Krona diagrams effectively illustrate
the taxonomic diversity of the blood microbiome at both the individual and
group levels. In our opinion, Sankey diagrams are more intuitive and suitable
for visualization. We found an increased presence of five genera: Veillonella,
Prevotella, Cutibacterium, Corynebacterium and Streptococcus. However,
their role in the development of sarcoidosis and the formation of pulmonary
granulomas remains incompletely understood, but such an increase can be
considered as a pilot diagnostic marker.

Further studies are needed to confirm these results and to implement them
in clinical practice. In the future, the creation of databases with metagenomic,
clinical and demographic data will help identify biomarkers and thresholds
for more effective diagnostics.

The novelty is that this is the first time such analysis is done in Bulgaria.

I'7-3. Maya Zhelyazkova, Roumyana Yordanova, Maroussia Slavtchova-Bojko-
va, A Bayesian spatial analysis of mumps data in Bulgaria, Pliska Studia
Mathematica Bulgarica, vol:27, 2017, pages: 123-130, ISSN (print):0204-9805,
ISSN (online): 2367-5535, Ref, Zentralblatt (1424.62179), (18 Touxm).

Pe3romMme
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BeiicoBuTe mpocTpaHCTBEHN METOIH Ca MIUPOKO TPUIATaHN B PA3THIHI HAY U-
HE 00J1aCTH KATO euIeMUOJOTHIHH U3Cje/[BaHusl, o0paborka Ha u300pazke-
HUS U MHOTO Jpyru. B Tazu pabora e uznossBan beiicoB fiepapxuyuen Mojes
¢ ['aycoBo yc/10BHO aBTOPETrpecHOHHO AIIPUOPHO paslpejieeHne K'bM CeIMud-
HU JaHHU 3a enuaeMuaTa oT 3aymka oT 2007 1. B bbarapusa. ['enepupana e
KapTa Ha 3a00JIIBAHETO HA CYpPOBHUs CTAHIAPTU3UPAH KoedHUIUEeHT Ha 3a60-
JIEBAEMOCT BbB BCHYKHU peruoHajHu rearpoe. Cb3maBa ce u moJ00HO Kap-
Torpacdupane 3a U3rJaIaIeH OTHOCUTEIEH PUCK. KoMOMHAIMATA OT METOIH 34
OII€EHKa Ha OTHOCUTEJHUAT PUCK € MOIINEH MHCTPYMEHT 3a HLLGHTHCI)HHHP&HG
Ha PErMOHH C MO-BUCOK PUCK U MOKe J1a ObJie U3M0JI3BaHa 3a HAcOYBaHe Ha
MECTHUTE BJACTU U IIPOTPAMH.

[IpocrpancTBeHUAT ABTOKOPE/IAIMOHEH aHAJIN3 € [OJIe3eH NHCTPYMEHT 33,
aHa/M3upaHe HAa MUHAJU OTHHINA W IIOJIIOMAaraHe Ha 3/[paBHUTE BJIACTH 3a
pasbupane Ha TPOCTPAHCTBEHOTO Pa3IpeieIeHue Ha TAaKMBA OT'HUIIA BbB Bpe-
MeTO.

[Ipes 2007 1. B Bbarapus umaine enuaemus oT 3aymika. Ot 1 gryapu
0 18 mapr ca perucrpupanu 997 caydas or 2007 r. Sacsra Haii-Bede I10-
MJIaanTe moKoaeHnsa Mexkay 15-19 u 20-24 roguan. OcHOBHATA HPUYNHA, 34
CIINJACMUATa OT MMapOTUT € JIOIMIaTa UMYHHU3alUd ITPpU T€3U Bb3PaCTOBU I'PYIIN.
3a J1a ce CIpaB4aT C eNMUJAEMUATA, 3IPABHATE BJIACTH PEIIUXa J1a IPeIozKaT
JIOI'bJIHUTEIHA UMYHI3AIMA Cpelly 3aymka. JJagaure 3a 3ayIika B TOBa U3-
craeBaHe ca m3OpaHum oT mbpBuTe 12 ceamvunu Ha 2007 1., chOpaHn or 28
pasyimdHu pernona Ha bbarapus. 3a Bcexku pernoH mmame 12 Hab/I01eHUS,
KOWTO MPeJICTAaBIIBAT HOBUTE CJyYal Ha 3ayIIKa B MOCIEI0BATETHU CEIMUTLH
na 2007 r. Jannure ca na Hamuonannusa nentbp Ha MHdeknuosnu u mapa-
3uTHU OostecTu. OCHOBHATA HH IIEJI € JIa aHaJIu3upaMe MOBTOPHO JaHHUTE 34
3ayIIKaTa 3a Ja MOJIYIUM I0-IT00po pasbupaHe Ha eMuIeMUAATA.

Kaprorpadupanero na 3abosigBanusita Thbpcu 00J1aCTH € HOBHIIEH OTHO-
curesen puck. va 28 perumonannu nentrpose u 262 obmunu B Bhiarapus.
OsnaugaBame ¢ O = (01, Os, ..., 0,) HabaogaBanuar Opoil cydan Ha 3ayIii-
Ka BbB BCEKH ODOJIACTEH IEHTHLP, n = 28 3a mbpBute 12 ceamuru na 2007
r. zuncagBame odakBanus Opoit ciayuam F;, ¢ = 1,...,28 KaTo YMHOKHUM
Opost Ha XOpaTa BbB BCEKU 00JIACTEH IMEHT'bP 110 3a00JIeBAeMOCTTa Ha 3ayIIKa
B Bboarapus. IlporerTsbT HA 3a60/1€BaeMOCT € OPOSIT Ha CAydauTe Ha 3ayIiKa
3a rbpBuUTe 12 ceqmuin va 2007 1., pa3ieseHn Ha HaceJaeHneTo Ha Bhiarapusd.
Hwue mosrygaBame cwornorienune na dectora SIR; = O;/E; 3a BceKu perunom.
KoedutmenTsbT Ha 3200/16BA€MOCT € Ipyda OIeHKA HA OTHOCHTE/IHHST PUCK.
Cﬂeﬂ TOBa T'bpCUM pPEruoHn C IIOBUIIEH PUCK. AKO OTHOCUTEC/IHUAT PUCK €
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MO-TOJIIM OT €JIWHUIIA, TOTaBa PErHOHDBT € M3JI0XKEeH Ha IMO-BUCOK PUCK OT
6ostecTTa. AKO OTHOCUTEJTHHSIT PHUCK € IIO-MaJIbK OT €IUHNIA, TOIY/IaIusITa
€ CPaBHUTETHO 371paBa. [IOHAKOTA PUCKBT Ce MOBHUINABA CIAyYailHO mOpaIn
MaJIbK F;, 3a10TO 3a00/19BaHETO € psJIKO WM HACEJCHUeTO B pailoHa e MaJi-
kKo. ETo 3amo u3nossBame BelicoBr iiepapXudHu MOIEIN, KOUTO HAMAJISIBAT
BEPOSITHOCTTA OT IOBHUIIABaHe Ha PHCK CJIyYaiiHO.

Kousysronmonuust MeTo Hu JiaBa mo-100pa OleHKa Ha PA3IpPOCTPAHEHU-
€TO Ha 3ayIIKaTa, KATO TOBA € W3IMO/JI3BaHO WHOBATUBHO B JajieHaTa pabora.
B crerosen marmab e cbimo naHoBarueH. Moxke [1a ce M3M0OJI3BAT B reOCTaTH-
CTHKATA M aHAJIM3 HA JAHHU OT I'€OJIOKKH IPOYUIBAHUSI.

KoHBOJIOIUMOHHISAT MOJIEJ OTYNTA, BAUAHUETO HA ChCETHUTE 00JIACTH Bbp-
Xy pesyjarara or uddbpanara 006J1acT, KOUTO € 110-0/1130 JI0 peajiHaTa KapTuHa
Ipu W3ydaBaHe Ha pas3npocTpaHeHne Ha mHMeKIno3Ha OoJsect. ToBa ce Bu-
JKJa OT aHaanm3a Ha 3a00/1eBaeMOCTTa B PA3IUdHU 00JIACTH HA CTPAHATA.
Kaprorpadupanero na SIR e rpy6o npubimzKenue u MOHAKOTA € TPYIHO 3a
THJAKYBaHe. ETo 3a1o0 ce pasriexkaa IJajJKaTa BepcHs, KOSTO € KapTorpa-
CbI/IpaHe Ha OTHOCUTEJIHUA PUCK KaTO MOAEJ/JIHa OHEHKa OT KOHBOJIIOIMMOHHHA
mvozesn. Ot apyra cTpaHa rJIaJkoTo KapTorpadupaHe B HAKOW CIydal MOZKE
J1a I0BEJIE /10 CBP'bXU3IJIAKIaHe U HIMa JIa Pa3KpHe BCUYKH XapaKTePUCTUKI
Ha OTHOCUTEJTHUS PHUCK.
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Abstract

Bayesian spatial methods have been widely applied in different scientific
areas such as epidemiological studies, image processing and many others.
In this work we use Bayesian hierarchical model with Gaussian conditionally
autoregressive prior to a collection of weekly mumps data from 2007 outbreak
in Bulgaria. We generate a disease mapping of the crude standardized incidence
ratio across all regional centers. Similar mapping is also produced for the
smoothed relative risk. The combination of methods for estimates of the
relative risk is a powerful tool to identify high risk regions and may be used
to guide local authorities and programs.

Spatial autocorrelation analysis is a useful tool to analyze past out-
breaks and help health authorities understand the spatial distributions of
such outbreaks over time.

There was an outbreak of mumps in Bulgaria in 2007 as discussed in
Kojouharova et al. There were 997 cases registered between January 1st
and March 18th of 2007. It affected mostly younger generations between
ages 15-19 and 20-24. The main reason for the mumps outbreak was the
poor immunisation in these age groups. To deal with the outbreak, the
health authorities decided to offer a supplementary mumps immunisation.
The mumps data in this study are selected from the first 12 weeks of 2007
collected from 28 different regions of Bulgaria. For every region we have 12
observations which represent the new cases of mumps in consecutive weeks of
2007. The data is provided by the National Center of Infectious and Parasitic
Diseases. Our main goal is to reanalyze the mumps data in order to get better
understanding of the outbreak.

Disease Mapping looks for areas with elevated relative risk. There are
28 regional centres and 262 municipalities in Bulgaria. We denote by O =
(01,04, ...,0,) the observed number of cases of mumps in each regional
center, n = 28 for the first 12 weeks of 2007. We calculate the expected
number of cases F;, i = 1,...,28 by multiplying the number of people in each
regional center by the incidence rate of mumps in Bulgaria. The incidence
rate is the number of cases of mumps for the first 12 weeks of 2007 divided by
the population of Bulgaria. We obtain an incidence ratio SIR; = O;/E; for
each region. The incidence ratio is a crude estimate of the relative risk. We
then search for regions with elevated risk. If the relative risk is greater than
one, then the region is exposed to a higher risk of the disease. If the relative
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risk is less than one, the population is comparatively healthy. Sometimes,
the risk is elevated by chance due to small E; because the disease is rare or
the population in the area is small. That is why we use Bayesian hierarchical
models which decrease the probability of having elevated risk by chance.

The convolution method allows us to better estimate the spread of mumps,
and this has been used innovatively in the given work. On a global scale it
is also innovative. It can be used in geostatistics and analysis of data from
geological surveys.

The convolution model takes into account the influence of neighbouring
areas on the outcome of the selected area, which is closer to the real picture
in studying the spread of infectious disease. This is evident in the analysis
of incidence in different areas of the country. The SIR mapping is a crude
approximation and sometimes is hard to interpret. That is why we consider
a smooth version which is disease mapping of the relative risk as a model
estimate from the convolution model. On the other hand the smooth mapping
in some cases can produce oversmoothing and it will not reveal all the features
of the relative risk.

I'7-4. D. Yovchev, E.Deliverska, J.Indjova, Maya Zhelyazkova, Mandibular
incisive canal: A cone beam computed tomography study, Biotechnology
and Biotechnological Equipment, vol:27, issue:3, 2013, pages:3848-3851, ISSN
(print):1310-2818, Ref, IF, IF (0.31 - 2013), Web of Science Quartile: Q4
(2013), SCOPUS Quartile: Q4 (2013), (36 Touxn)

Pe3rome
[Henra Ha TOBa MpoydYBaHE € /14 Ce OIEHU HAJUYIUETO, MUPUHATA W HATAJ-
HaTa 9acT Ha MamaunOyaapuus manususen kanant (MIC) u merosara Bpb3-
ka ¢ Mentaitaus dopaven (MF), ¢ momomira Ha KOHYCOBH/IHA KOMIIOTHPHA
tomorpacdus (CBCT). Marepuanbr Ha usciaensanero pkawousa 140 CBCT
CKaHWPaHHsI, HAIPABEHN 33 HMPEeIONePaTUBHO IJIAHUpAHe Ha MOCTABAHETO HA
nMvmtanTu. Baumaresnno ca npoydenn CBCT mawmuum or Tpuma onutHu Ha-
O/IroTaTe M 33 HAJTMIHETO W MECTOMOJIOXKeHneTo Ha HadasgHara dact aa MIC
u Bpb3kaTa My ¢ MF. Burpemuausar gnamersp va MIC B Hawaioro Ha KaHaga
€ U3MepeH TPH II'bTH OT €JuH Habmogares . CbhbriacueTo MexKIy HaOJII01aTe-
qure npu uiaentudunupanero va MIC Geme ormaro (cpegHa Kama CTOM-
nocr or 0,84). MIC e orkpur upu 92,9 % or caygaure. Cpeaust Bbrpenien
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BepTUKaJIeH auaMeThp Ha Kamana € 1,44 mm + 0,39 mm. /InameTnbpbT HaA
KaHasa gocTura Makcumym 2,5 mm. Kanamure mpu MmbzKeTe U T€3U OT JIAC-
HATa CTPAHA HA JOJTHATA YeTIOCT €& 3HAYUTETHO MO-TupoKu. [lo-rogsmara
gact or MIC —86,3 % (n = 195), 3anousar npean M® (tum 1); ocrananure
—13.7 % (n = 31), 3anouBar U3KIOYATETHO O1M30 10 dhopamena (Tum 2).
MIC e mournu nocrosguna Haxoaka npu CBCT ckanupane. B ciaygaunte, Kora-
to MIC 3anousa Ha HEHBOTO Ha MeHTAaJHHs (GopaMer (THI 2) JIHHIBAJIHOTO
MO3UNUOHUPAHE HA UMILJIAHTUTE MOYKe Ja CMach HEeBPOBACKYJIAPHUS CHOI B
KaHasa. Beudako TOBa e JI0BEIE JI0 T0-100pH YCJIOBUS 33 OCTEOWHTETrPAIHST
U NPeJI0TBpaTIBaHe HA €BEHTYAJHU HEBPOCEH30DHU CMYIIIEHUS.

Bewukn pannam 0g9xa cbhbOpaHM M CTATHCTUYECKH aHAIu3upaHu oT SPSS
16.0 (SPSS Inc., Yukaro, Ununoiic, CAIIL). P-croitnoctu or 0,05 nim mo-
MaJIKO Ce CUMTAT 33 CTaTHCTHYecKH 3HadnMu. CrnopasyMeHnne MezK 1y Hab.Tio-
JartesuTe Oerre MOCTHIHATO YPe3 PellieHrne Ha MHO3MHCTBOTO (IIOHE JBaMa
oT TpuMa HabJogaTenn ca cbiviacHu). Kama crarucrukara Gerre TpUio-
JKeHa 3a OleHKa Ha cropasyMeHme Mexkjiy nadaomarerute. Kama koedu-
HUEHTHT ce uHTeprperupa karo Jjomo (0), caabo (0,01-0,20), cpaBauTesntno
(0,21-0,40), ymepeno (0,41 0,60), sraunrennu (0,61-0,80) u mourn nepdext-
o (0,81-1,0), cropen Jlanauc u Kox. Tlo oTHomenne Ha m3mMepBaHeTO Ha
JinaMeTbpa Ha WHIU3UBHUSA KAaHAJ, BADHAIIMHTE B PAMKHUTE HA HAOII0TATe s
Osixa m3pasenn upe3 koedurmenture Ha Bapuanus (CV). 3a onenka Gemre
MIPOBE/IEH JIBYCTPAHEH HE3ABUCHM {-TECT 3a Bb3MOKHU PA3IUKUA MEKIY MO-
JIOBETE W C/IBOEH -TECT 3 ONPE/IE/IsTHe HA PA3IUKATE MEKIY THAMETPUTE OT
JIBETEe CTPAHU Ha JOJTHATA IeJTIOCT.

Abstract
The aim of this study was to assess the presence, width, and initial part
of the mandibular incisive canal (MIC) and its relation with the mental
foramen (MF), by means of cone beam computed tomography (CBCT). The
study material included 140 CBCT scans taken for preoperative planning of
implant placement. CBCT data were examined carefully by three experienced
observers for the presence and location of the initial part of the MIC and its
relation with the MF. The inner diameter of the MIC at the beginning of the
canal was measured three times by one observer. The interobserver agreement
in identification of the MIC was excellent (mean kappa value of 0.84). A MIC
was found in 92.9 % of cases. The mean inner vertical diameter of the canal
was 1.44 mm =+ 0.39 mm. The diameter of the canal reached 2.5 mm at
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maximum. The canals in males and these on the right side of the mandibles
were significantly wider. The majority of the MICs —86.3 % (n = 195), began
before the MF (type 1); the rest of them — 13.7 % (n = 31), began extremely
close to the foramen (type 2). The MIC is an almost permanent finding on
CBCT scans. In cases when the MIC begins at the level of the mental foramen
(type 2) the lingual positioning of the implants could save the neurovascular
bundle in the canal. All this will lead to better conditions for osteointegration
and prevent eventual neurosensory disturbances.

Data and statistical analysis All data were gathered and statistically
analyzed by SPSS 16.0 (SPSS Inc., Chicago, Illinois, USA). P-values of 0.05
or less were considered statistically significant. Agreement between observers
was reached by means of a majority decision (at least two of three observers
agreed). Kappa statistics were applied for assessment of interobserver agreement.
The kappa coefficient was interpreted as being poor (0), slight (0.01-0.20),
fair (0.21-0.40), moderate (0.41- 0.60), substantial (0.61-0.80), and almost
perfect (0.81-1.0), according to Landis and Koch. Regarding the measurement
of the incisive canal diameter, the intraobserver variations were expressed
by the coefficients of variation (CV). A two-tailed independent t-test was
carried out to assess possible differences between genders, and a paired t-
test to determine differences between the diameters on the two sides of the
mandible.

I'4-5. Maya Zhelyazkova, Roumyana Yordanova, Iliyan Mihailov, Stefan Tsonev,
Dimitar Vassilev, Bioinformatics and Biostatistical Models for Analysis and
Prognosis of Antimicrobial Resistance, Recent Contribution to Bioinformatics
and Biomedical Sciences and Engineering, editor/s:Lecture Notes in Networks
and Systems, Publisher:Springer, 2023, pages:53-62, ISBN:378-3-031-31068-
3, doi:10.1007/978-3-031-31069-0-7, Ref, SCOPUS, SJR (0.151 - 2021), (30

TOYKH )

Peziome
Bpb3kara mexkay OakTepuodarute u aHTUMHKPOOHATA PE3UCTEHTHOCT MO-
ke jia ObJie mpepasriie/lana B 06xBaTa Ha, MOTEHIUAJTHOTO Bb3JIeHCTBHE Ha
MHKPOOHOJIOTUATa BbPXY ChBPeMeHHATa MeauiuHa u ¢gpapmanesTuka. loce-
ra U3cJIe/IBAHUATA JaBaxa JBYCMHUCJIEHW DPe3yJTATH 4Ype3 MpPOydYBaHe W TO-
TBbPK/ABAHEe HA BJIUAHUETO HA OakTepuodarure BbpPXy IPOMAHATA HA aH-
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TUEMUKPOOHHU pe3ucTeHTHH reHu. OCHOBHATA ISl Ha HAIIaTa pa3padoTKa e
Ha Cce HpI/I,ZLO6I/IHT HOBU 3HaHHA KaK BHUPYCHTE, TEXHHUTC I'OCTOIIPUCMHUIIA U
aHTI/IMI/IKpO6HI/ITe PE3UCTEHTHHU I'eHU Ca CBbP3aHU U KaK TEe3W OTHOIICHUA MO-
rar Ja Ob/IaT U3ACHEHH B KOHTEKCTa Ha pa3lpocTpaHeHne Ha aHTUMUKPOOHH
pesuctenTHrn reHu upes ¢aru. [Ipencrapenara pabora € OpHEHTHPAHA KbM
U3sICHsIBaHE HA BPb3KaTa U Bb3MOKHHUTE 3aBUCHMOCTH MeXKIy ODaKTepuodaru
U aHTUMUKDPOOHA pe3ucrenTHOCT. JlanHuTe ca ¢bOpaHu OT Pa3/JIMYHU CPEJIH
o nesust ¢BaT. Hacrosmusar anain3 ce ¢bCTOM OT pas3andHu duomHdopma-
TUYHW W OMOCTATUCTHYECKN METOJN 32 OIEHKa Ha PA3JIMIHOTO HW300MjIme OT
daru, TAXHOTO pasHoobpasue B NpodHUTe, Bb3ACHCTBHE BbPXY KaTErOPUUTE
AHTUMHKPOOHA PE3UCTEHTHOCT U ACOIUAIUUTE ¢ AHTUMHUKPOOHU PE3UCTEHTHI
T'€HH.

Hosara wact or mamus amaan3 e W3MOI3BAHETO Ha 0OeficoB iiepapxuyien
MOJIeJI, KOWTO OTYNTa TeorpadCKOTO MEeCTOIMOJI0KEeHNe Ha MPOOUTe W OIleHs-
Ba OTHOCHUTEJIHHS PUCK Ha OakTepuodarure, Karo BKIOYIBA HHOPMAIU 32
TeXHHUTe DaKTepuaJIHu XocToBe. bakTepuodarure Morar J1a IpegaBaT reHuTe
33 AHTUMHUKPOOHA PE3UCTEHTHOCT Ype3 DAKTEPUAIHA, TPAHCAYKIUS UJIU [IPe-
nasanero Ha ARG mozke fa ce ocblrecTBr Upe3 DakTepruaaHa KOHoramus oe3
ydactuero na dakrepuodaru. Bbs Bropus ciydaii ce ouakBa n300HIHETO HA
darure ja e NponOPIUOHAJHO HA H300UINETO Ha XocTOoBeTe. belicoBuAT 1po-
CTPAHCTBEH aHAJIN3 HU TIOMAra Jia TeCTBaMe XUIIOTe3UTe 3a POJIATA Ha (parure
B pasmpocTparennero Ha ARG, kaTo m3ciaemsame Kak darure eBOJTIONPAT B
[POCTPAHCTBEHO KOPEJIUPAHU ITPOOH, N3MO/I3BAIKN KaKTO n300mimnero Ha a-
I'd, TaKa U HA XOcTOBe. T03u Moen 1me O'b/ie MHOTO TOJI€3eH, KOTATO MMaMe
TSACHO CBbP3aHU OOIIMHU U I'PAJIOBE, 3a JIa MOXKEM J1a IIPOCJIe UM KakK (parure
€BOJIIONPAT M JIaJIH OTHOCHTEJHUAT PUCK ce MPOMeHd npe3 rpanuiure. Tosa
€ MHOTO T0I00HO Ha MoJe/Ia 3a KapTorpadupane Ha 3a00/ISIBaHNAs, HO B TO3K
KOHTEKCT BUPYCDHT € 6aKTepI/IOCbaF, a YOBCHIKHAT XOCT € CbhbOTBCTCTBAIIIMAT
OaKTepHraJieH XOCT.

Abstract
The relationship between bacteriophages and antimicrobial resistance could
be regraded in the scope of potential impact of microbiology on contemporary
medicine and pharmaceuticals. Till now research projects have some ambiguous
outcomes by examining and confirming the influence of bacteriophages on
variation of antimicrobial resistance genes. The major goal of our study is
to acquire a new knowledge how the viruses, their hosts and antimicrobial
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resistance genes are related and how these relations can be clarified in the
context of antimicrobial resistance dissemination through phages. The presented
work is oriented towards zooming in the relationship and possible dependencies
between bacteriophages and antimicrobial resistance. The data has been
collected from different city environments all over the world. Our analyses
consist of different bioinformatics and biostatistical methods for assessment
of the differential abundance of phages, their diversity across samples, the
impact on antimicrobial resistance categories and associations with antimicro-
bial resistant genes.

The novel part of our analysis is the use of a Bayesian hierarchical model
to take into account the geographical location of the samples and estimate
the relative risk of the phages by incorporating information about their host
bacteria. The bacteriophages can transmit the antimicrobial resistance genes
through bacterial transduction or the ARG transmission can be achieved
through bacterial conjugation without the involvement of bacteriophages. In
the second case, the phages abundance is expected to be proportional to
the host abundance. Bayesian spatial analysis help us to test the hypotheses
about the role of the phages in the dissemination of ARG by examining how
the phages evolved across spatially correlated samples using both phages
and hosts abundances. This model will be very useful when we have closely
related municipalities and cities so we can track how the phages evolve and
if the relative risk changes across borders. This is very similar to the disease
mapping model but in this setting the virus is a bacteriophage and the human
host is the corresponding bacteria host. For improving the accuracy of the
model, we can further use several additional factors as potential covariates:
climate conditions and antibiotic usage.

I'4-6. Maya Zhelyazkova, Roumyana Yordanova, Iliyan Mihaylov, Stefan
Kirov, Stefan Tsonev, David Danko, Dimitar Vassilev, Bayesian Hierarchical
Modelling for Antimicrobial Resistance , Contemporary Methods in Bioinfor-
matics and Biomedicine and their Applications, Lecture Notes in Networks
and Systems, Publisher:Springer, 2022, pp: 79-87, ISSN (print):2367-3370,
ISSN (online):2367-3389, ISBN:978-3-030-96637-9, doi:https://doi.org/10.1007/
978-3-030-96638-6, Ref SCOPUS, SJR (0.17-2021), International, (30 Toukn).

Pe3romMme
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AHTEMIKpOOHATA PE3UCTEHTHOCT MPEICTAB/ISABA CEPHO3EH 3IPaBeH IPo0IeM.
Pazpaborenn ca M39YUCAUTEHH ¥ CTATHUCTUYECKHU IOJXOMU 3a OTKPUBAHE U
KJIacugpuKanms Ha aHTUMUKPOOHA PE3UCTEHTHOCT. TeXHOJOTUUTE HA CEKBE-
HUpaHe OT CJeJBAINO IOKOJIEHHEe HHU I03BOJIABAT Ja aHAJU3UPAME CJIOKHU
MeTareHOMHHU ChOOIIECTBA, KAKTO M HAJUYMETO HA PE3UCTOMH B TdX. B Tasu
paboTa e NpUJIoXKeH OeiicoB fiepapXudeH MPOCTPAHCTBEH MOJIENT 34 OIeHKA Ha
OTHOCUTEJIHUS PUCK OT CBbP3aHU ¢ AaHTUMHKPOOHA PE3UCTEHTHOCT TAKCOHU
Upe3 W3MO/I3BaHe Ha HAJIMIHATA TPOCTPAHCTBeHA WH(OPMAIHs HA TPOOH.

CAMDA2020 Habop OT JaHHH € TIOC/IeI0BATETHOCTHU OT JJAHHA 3 TPOOH-
Te, B3eTu Ha 21 1onu npe3 2016 u 2017 roguna. 3a BceKH I'paJi uMa 0KoJio H0
pobu, pa3npeie/ieHd B pa3IMIHu 30HH Ha MeTpoTo. Begka mpoba e cekBeHu-
pana c cpeJiHo 6 MUJIMOHA JBOWHU YeTeHUs ¢ JIbJKUuHA 125bp, usno/i3Baiku
Illumina NGS cekBencopu. Y4acTHHIHTE HMAT A0CTHI 10 mosede ot 1000
npobu ¢ ABOITHN YeTeHust OT 23 Tpajia Ha pa3aInydHu KOHTHHeHTH. MeTtatanuu
3a BCsKa Ipoba M 3a BCEKM I'PaJ BKJIIOUBAT HMPOCTPAHCTBEeHA HHMOPMAIIHS,
JAHHU 3a BPEMETO (TeMIeparypa, HalsTaHe, BAJeyKH, BIAXKHOCT) U JEeMO-
rpadcku Jannu (HaceseHne, IWIHTHOCT HA HACEJEHUETO, BHJ] HA HACEJIEHOTO
MSCTO).

[TbpBuunaTa obpaboTka Ha jgaHHuTE € ¢ moMorira Ha Trimmomatic v0.39
¢ CJIeJHUTE MapaMeTpH: MHHUMAaJHA JIbJKHHA OT 50 ¥ cpe/iHO KadecTBO B
IpO30pel; ¢ pa3Mep 3, KoeTo He e mo-maako oT 20. bazara manHW 3a aHTH-
MHKPOoOHA pesucTtenTHOCT 0T NCBI chabp:ka mocienoBaTe THOCTH Ha TE€HH,
CBBbP3aHU ¢ AHTUMUKPOOHU PE3UCTEHTHH MUKPOOPTaHU3ME. Becekn 0T reHuTe
e cebpsan ¢ Koukperen Mmukpober iy (OTUs), karo OTU o3nauaba omnepa-
THBHA TAKCOHOMHYHA euHUIA. CHOTBETHUTE MOCEI0BATEIHOCTH BbB (hop-
Mat fasta ce uznosassar B Kaacupukaropa Kaiju 3a Merarenomuka. Obuusr
Opoii HA BHIOBETE, KOUTO MPUTEKABAT TAKCOHH Ha AaHTUMUKPOOHA PE3UCTEHT-
HOCT (reHuTe) B m3csenBanero, e 443. Jowbanureano Tpancdopmupame cy-
posute 6poitose B RPKM (reads/kilobase/million mapped reads). Tbit karo
JAHHATE Ca B3eTU B DA3JUYHU JHU (€HA TOJMHA HO-KbCHO), IPU TAXHOTO
pasriextane HabJomaBaMe cuiieH epeKT Ha HapTHIUTE U 3aTOBA PEIIUXMe
Jla aHaJU3UpaMe JAHHUTE HMOOTIEJHO 33 BCEKH JICH.

[IpocTpancrBeHnTE MOJIE/N, KATO KOHBOTIOMUMOHHUS MOjes1 Ha Besag-York-
Molie, ca mosie3Hn 3a OlleHKa HA PUCKa OT aHTHOMOTHYHA-PE3UCTEHTHOCT B
JIAJIeH TPaJl U MEeXKy pa3jiudau rpajose u crpanu. Kaprure na @urypu 1 u
2, KAKTO U CpPaBHEHUETO MexK1y rpajosere B Purypu 3 u 4, morar ga o6baar
MHOI'O TIOJIE3HH 3a OIpeJessiHe Ha 00JACTU ¢ MO-BUCOK OTHOCHTEJEH PHCK
3a clelu@UuyHu PEe3UCTEHTHU MUKDPOOPraHU3MU. Y BeJnYaBaHETO Ha obema
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Ha W3BaJIKaTa UIpe3 ¢hOMpaHe Ha TOBeYe MPOOH MO TETUsT CBAT IIMe MOMO-
THE 33 U3TPaXKIAHETO HA MO-J00pU W MO-AeTAilTHI KapTH HA OTHOCUTETHUSI
PUCK OT aHTUOMOTHYHU-PE3UCTEHTHU TAKCOHU. beiicoBuTe fiepapXudHu Mo-
JIeJTH TIe OTYeTaT TaKa HApeIeHOTO 'IPEKOMEPHO BapupaHe KOETO YeCTO Ce
HaOII07]aBa PU MeTareHOMHU JTaHHU. (OCBeH TOBa, MOYKEM Ja U3MOJI3BaMe
HYJIEBO-HACOYEH TI0ACOHOB MOJIE (CMeCeH MOJIe] OT pasupejeieHue, Ga3upa-
HO B HyJIaTa, U MMOACOHOBO paslpe/iejieHne) 3a 6pos, KOoraro uMa U3JIUIIbK OT
Hyan. JlomrbaHuTEIHE TPOCTPAHCTBEHN MO/Ie/IM, KaTo Te3n Ha Leroux et al.,
Lee and Mitchell u Lee and Sarran, kouTo pa3riexjar JOKAJHO-TIAJIKNA Me-
TOJIH, CBHITO MOTAT Ja O'b/IaT NPUI0KEeHH. B 3aKkouenue, e mpejijiozKeH oneHe-
HUSI OTHOCUTEJIEH PUCK KATO HAYMH 33 XapaKTepu3upaHe Ha aHTHOHOTHIHA-
PE3UCTEHTHOCT, KOATO MOZKe j1a ObJe Mojie3Ha B HPUIOKEHUS, CBbDP3aHU C
OOIIECTBEHOTO 3/IpaBe.

Abstract
Antimicrobial resistance poses a serious health problem. Computational and
statistical approaches have been developed for bacterial antimicrobial resistan-
ce discovery and classification. Next generation sequencing technologies allows
us to analyze complex metagenomes and the presence of resistomes in them.
In this work we apply Bayesian hierarchical spatial model to estimate the
relative risk of antimicrobial resistance related taxa by using the available
spatial information of the samples.

CAMDA2020 dataset is sequence data for the samples taken on June
21st in 2016 and 2017. For each city there are about 50 samples spread
across different areas of the subway system. Each sample was sequenced with
an average of 6M 125bp paired-end reads using Illumina NGS sequencers.
Participants have access to more than 1000 samples with pair reads from
23 cities across different continents. Meta data for each sample and for
each city include spatial information, weather data (temperature, pressure,
precipitation, humidity) and demographics (popu- lation, population density,
type of settlement). We preprocess the data using Trimmomatic v0.39 with
the following pa- rameters: minimum length of 50 and the average quality in
a window size of 3 is no less than 20. The antimicrobial resistance database
from NCBI consists of sequences of genes related to antimicrobial resistant
microorganisms. Each of the genes is associated with a specific microbial
species (OTUs), where OTU stands for operational taxonomic unit. The
corresponding fasta format sequences are then used in Kaiju metagenomics
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classifier. The total number of species pos- sessing antimicrobial resistance
taxa (genes) in the study was 443. We further transformed the raw counts
to RPKM (reads/kilobase/million mapped reads). Since the data are taken
on different days (a year apart) when we examined them we observe a strong
batch efect and therefore decided to analyze the data on each day separately.

Spatial models such as the convolution Besag-York-Mollie model are help-
ful in assessing the risk of Antimicrobial resistance inside a city and across
cities and countries. The maps in Figure 1 and 2 and the comparison among
cities in Fig- ures 3 and 4 can be very useful to determine areas of higher
relative risk for specific resistant microbes. Collecting more samples across
the globe will help to build better and more detailed maps of relative risk
of antimicrobial resistant taxa. Bayesian hierarchical models will account
for such overdispersion which is commonly observed in metagenomics data.
In addition, we can use a zero-inflated Poisson model (mixture of a point
mass distribution based at zero and a Poisson distribution) for counts with
excessive zeros. Additional spatial models such as Leroux et al., Lee and
Mitchell and Lee and Sarran which consider locally smooth methods can also
be applied. In conclusion we propose the estimated relative risk as a way to
characterize the Antimicrobial resistance which may be useful in applications
related to public health.

I'4-7. Ira Dimitrova, Ivan Dimov, Maya Zhelyazkova, E-learning course "Phy-
sical and Colloidal Chemistry"at the universities, Proceedings of the 11-th
International Conference on Virtual Learning, ICVL, October 29-th, 2016,
Publisher: Bucurest University Press, 2016, pages 99-103, ISSN(print):1844-
8933, Ref WoS (30 Toukm).

Peziome

B noknana ce pasriexkjia TpuaIoKeHHeTO Ha HHMOPMAIMOHHUTE, KOMIIOTbP-
HATE U KOMYHUKAIMOHHUTE TEXHOJOTHH 10 Juciuiinnara ,Pusunana u Ko-
siouyiHa Xumust’. Hampasen e nperjies Ha onuTa B Ch31aBaHETO HA TAKUBa,
KypCcoBe 110 TO3H y4uebeH npejMer B Obarapckute yuupepcureru. [Ipeacra-
BEH € eJIEKTPOHEH KYPC, Cb3/aJIeH B CUCTEMaTa 3a eJIEKTPOHHO ObyueHue Ha
dakynarer , Texuuka u Texnojaorunw’ — fmbosa, boarapusa. Chobpaszenu ca
M3MCKBAHMSTA Ha IIa3apa Ha TPYa MPH Ch3JIaBaHETO Ha yueOHATA Mporpama
10 Ta3U JUCHUILITHA.
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Abstract

The report deals with the application of information, computer and communi-
cation technologies in the course “Physical and Colloid Chemistry”. A review
was made of experience in the creation of such courses for this academic
subject in Bulgarian universities. Presented is an electronic course, created
in the system for e-learning of faculty “Technics and Technologies” — Yambol,
Bulgaria. Considered are the requirements of the labor market in the creation
of curriculum for this discipline.

Codus, 08.09.2025 . /M.ZKensskosa/
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Puc. 1: An interactive map of the sampling locations in London with
estimated low (A) and high (B) relative risk of Staphylococcus aureus AMR.
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Puc. 3: Barplot of relative risk estimates of top ten abundant antimicrobial
resistant species using CSD16 samples. The expected relative risk is the
median across the samples for each taxon
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Puc. 4: Barplot of relative risk estimates of top ten abundant antimicrobial
resistant species using CSD17 samples. The expected relative risk is the
median across the samples for each taxon.
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