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Georginn Pedintrie Cardiology Assoeintion

GPCA was founded on the base of TSMU pediatric clinics in 1992
and was registered in 1999. Association was founded by five persons
according to Georgian Civil Codex Regulation in 1997. Association
work is not limited, has independent balance in Georgian and foreign
banks. Main goals of this association is early diagnostics of diseases
like — Rheumatic and None-Rheumatic Cardiovascular diseases, heart
ischemic diseases, myocardial infarction, different cardiomyopathy
diseases, children hypertensions, Athlete’s Heart and etc. Also, one of
the main goals of GPCA is to help all young people who are interested
in Pediatric Cardiology. Association works include bloodless instrumental
research like — ECG in 15 inclinations, PCG— during load, electric
velometry, capillaroscopy, rheography, echocardiography and others,
research ofimmunological and genetic markers. Members of Association
can be lawyers who share the goals and main principles of work.
Members of GPCA have determined rights and duties: to participate in
governing of Association and various projects, use the consultations and
recommendations of Association, get financial support from Association
funds and leave Association. The governing system of Association is
represented by general meeting of the members which is held once in a
year. Each member has one vote. These charters are in action after
registration. So, this association has important duties and function, which
is stimulated by doctor’s sensitiveness and creative work in this field.

GEORGIAN PEDIATRIC CARDIOLOGY
ASSOCIATION CHARITY ACTIVITIES

From 1992 to 1998 GPCA was periodically holding humanitarian
examinations. From 1998 with the help of Social Pediatrics
Protection Fund started charity activities, in which Georgian
pediatrists were participating. Activities included: Instrumental
and laboratory research of patients in different regions of Georgia,
Medical gifts, several funded emergency operations.

07.01.98 —07.02.99 Thilisi, - over 9200 children were examined.

23-24.01.99 East Georgia, - over 3500 children were examined.

12-13-14.02.99 Thilisi, - over 100 children were examined and
gifted medicines. Free consultations by professors were held by
Mother and Child Diagnostic Centre and other hospitals once a
week, consultations in leading pediatric clinics of the city once in
a month. In these activities were also participating: 1. Institute of
skin and vein 2.Scientific Institute of Parasitology and others.

12-13-14.03.99 expedition in Poti and Abasha (Qedisi, Marani
and other), - 950 children were examined and gifted medicines.

29-30. 01-07.08.99 — 4400 children were examined and gifted
medicines.

23-24-25.08.99 Khobiand Zugdidi, - Free instrumental and lab-
oratory examinations were funded. Also medicines against louse
and itch were given.

04.04.99 - Expedition in Pasanauri — over 400 children were
examined.

07.05.99 — Expedition in Lanchkhuti — Free instrumental and lab-
oratory examinations were held and medicines were gifted.

18.05.99 Rustavi, - 250 children were examined and gifted medicines.

22.06.99 Sagarejo, - 250 children were examined and gifted
medicines.

13-14.08.99 Chokhatauri, - over 1500 children were examined.

15.08.99 Bakhmaro, - over 2000 children were examined.

16.08.99 Adjara high-mountain regions, - over 750 children
were examined.

17.08.99 Thilisi, — Examinations in Homeless children house.

16.10.99 Dusheti region, - over 200 children were examined
and gifted medicines.

2000.

26.02.2000 Gori, - over 500 children were examined. Different
medicines were given out.

23.03.2000 Axalgori, - 30 children were examined.

01.04.2000 Marneuli region (Werakvi), - General blood analysis,
instrumental examinations — echoscopy, encephalography were
done. Over 1500 children were examined.

15.04.2000 Gurjaani, - 1200 children were examined, medicines
were given out.

29.04.2000 Rustavi, - 300 children were examined.

05.06.2000 — Children from Avchala colony were examined.

20-28.07.2000 — Children in Tskhneti Orphanage were examined.

21-22-23.07.2000 — Examinations in Abasha and Samtredia region.
7-8.08. 2000, Bakhmaro-Beshumi — 1925 children were examined.

2001.

15.03.2001. Children of employees of Rustavi Nitrogen Factory
were examined.

23.06.2001. Children of employees of Rustavi Nitrogen Factory
were examined.

14-15-16.09.2001 Baghdati region (Sairme, Witelkhevi, Rokhi,
Ochba, Xani, Zegani, Saqraula) — over 2500 children were examined.

2002.

10.03.2002 Axalgori, - 250 children were examined.

20-04.2002 Sighnaghi, - 450 children examined.

23-24-25-26.05.2002 Khulo, - 600 children and 100 adults
were examined with the help of Patriarchy.

27-28-29.06.2002 Thbilisi, - 400 children were examined in
different Hospitals.

16-17-18-19.07.2002 KodorisKheoba, - 250 children were treated.

3-4-5-6.08.2000 Tusheti (Dikolo, Omalo, Shenaqo) — 200
children were treated.

2003.

05.03.2003 Samtskhe-Javakheti, - 1250 children were examined.
17.04.2003 Werovani, - 450 children were examined.
20.05.2003 Borjomi, - 870 children were examined.
25.06.2003 Mta-Tusheti, - 320 children were examined.
30.07.2003 Bakhmaro, - 630 children were examined.
20.08.2003 Zestaponi, - 210 children were examined.
07.09.2003 Racha, - 170 children were examined.
18.102003 Dmanisi, - 180 children were examined.

2004.

March, April, May — Kaspi, Gurjaani, Telavi, Akhmeta, Lagodekhi,
Sighnaghi, Bodbe, Aspindza, Axaltsikhe, Borjomi, Tbilisi, Zestaponi,
Kharagauli, Chiatura — over 1728 children were examined. In different
regions (Zugdidi, Khulo, Khelvacharui, Qeda, Lanchkhuti, Ozurgeti-
Ingiri), SPPF held charity activities with the help of Patriarchy — over
2400 children were examined and medicines were given out.

2005.

Marneuli region — 700 children and 80 adults were examined.

18th of July, Kaspi — 450 children were examined.

8th of October, Mtskheta — 300 children were examined.

14-15-16th of October, Lentekhi — 850 children and 250 adults
were examined.

2006.

18th of February —20 Painter Union families were examined.

March — over 100 refugee children were examined.

April — Charity activities were held by ambassadors in Guria.

31th of May — 450 children were examined in Rustavi.

1-2th of June - Open door day in TSMU, 400 children were exami-
ned. They were held free consultations and laboratory examinations.

9-10th of June, Kaspi - 300 children were examined.

1th of July, Ckhinvali region — 500 children of war participants
were examined. In September-October — 120 children.

In November — over 200 of Journalist’s families were examined.

2007.

Marneuli — Free consultations for 100 children. Childrens with
Scoliosis were shown. They got espander gifts and were recommended
how to treat scoliosis.

Dusheti — 250 children were examined.

Akhalsheni—85 children were held consultations.

9-10th of June, Kaspi — 300 children were examined.

1th of July, Ckhinvali region — 500 children of war participants
were examined. In September-October — 120 children.

In November — over 200 of Journalist’s families were examined.

2008.

1st of June — Open door day (200 children were examined).

2nd of June — Teddy bear (300 children examined).

14th of June, Akhmeta (QaQucoba) - 450 children were examined
and gifted medicines. Also examinations like echoscopy of
abdominal cavity and ECG were held.
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27th of June — restoration of Georgian Section.

20th of August - STOP RUSSIA (meeting at Igoeti)

Ist of September, Tbilisi — STOP RUSSIA (meeting of chain)

4th of October — free consultations and examinations. Painters
and artists master classes were held.

6th of December — 110 children were examined in Bergman
Clinics with echoscopy of abdominal cavity, ECG and other.

2009.

13.06.2009, Khashuri — 750 children were examined.

26.12.2009, Barisakho — 80 children were examined.

2010.

4th of July — Open door day for family members of war victims
(50 children were examined).

10th of July, Karaleti — 200 children were examined and
medicines were given out.

4th of November - St. King Tamar orphanage children were examined.

3-4th of December, Tbilisi-400 sportsmen children were examined.

2011.

1st of June, Thbilisi — 200 children were examined.

24th of December, Tbilisi — 200 children were examined.

2012.

1st of June ,Tbilisi — 350 children were examined.

22th of December, Tbilisi — 250 children were examined.

Till today over 93 727 children were examined and thousands
of old people. Charity activities continue.

2013

1-4.06.2013.
were examined.

17-21.12.2013. Thilisi — 350 children were examined.

2014.
1st of June ,Thilisi — 150 children were examined.
28th of December, Tbilisi — 50 children were examined.

2015.
1st of June, Tbilisi — 350 children were examined.
11.12.2015. Chkorotscu — 1300 children were examined.

2016.
3035 children were examined.

2017.
1305 children were examined.

2018.
200 children were examined.

2019.
250 children were examined.

2020.
95 children were examined.

2021.
100 children were examined.

2022.
30 children were examined.

2023.
250 children were examined.

2024.
450 children were examined.

2025.
300 children were examined.

Thbilisi, Batumi, Gori, Telavi — 1250 children

Till today over 230 500 children were examined and thousands
of old people. Charity activities continue.

SIMPOSIUMS AND CONFERENCES HELD BY
GEORGIAN PEDIATRIC CARDIOLOGY ASSOCIATION:

1992. First pediatric cardiology conference — “believe the
reality of better future”.

01.06.1999. 11 conference — “Healthy child & peaceful Caucasus”.

25.12.1999. 1II conference — “Today’s economic directions in
pediatric and its perspective”. XXI century Pediatrics should be
the start of invalid prophylaxis.

01.06.2000. IV conference —
protected since embryo”.
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27.03.2001. Meeting in ombudsman’s office — “Under aged
criminals, their rights and reality”.

01.06.2001. V conference dedicated to Children Protection Na-
tional Day.

32.03.1999. 01.06.2000. 01.06.2001

“Child treatment in XXI century”

23.04.1999. 01.06.2000

“Child treatment in XXI century”

“Orthopedic school”

17.12.1999. Mucoviszidose treatment and diagnostics.

01.06.2000. Young Pediatrists XVIII conference.

28.02.2001. Urgent questions of Therapy of respiratory diseases
in pediatrics.

01.06.2001. “Child has right to be protected since embryo”.

01.06.2001. “Child, adult and family violence”.

13.02.2002. “Human genome project”.

10.03.2002. Akhalgori, - Presentationof toner drink “Lomisi”.

06.11.2002. National Conference: Medical and social problems
of people who suffer from mucoviszidose and metabolism disorder.

07.11.2002. “Contemporary aspects of inborn diseases”.

04.04.2003. “Urgent pediatric questions” (IX conference).

01.06.2003. Internet conference (X conference) — Social Pediatrics
Protection Fund gave out journals and magazines called “Social
Pediatrics” (In which is written about social, medical, pedagogic,
psychological, religious and other urgent problems).

19.12.2003. Second Georgian Cardiology Congress.

22.10.2004. “Urgent Pediatric questions” dedicated to SPPF
president, Victor Moroshkin.

01.06.2004. Second National Internet Conference.

01.06.2005. Urgent Pediatric questions.

09.09.2005. Tbilisi Marriot, - Second National Conference
“Healthy child & Peaceful Caucasus™.

Ist of June, 2006. — SPPF conference. XXIII Congress of
Young Pediatrists League.

31.05.2007. I1I congress of Pediatric Cardiology.

07.12.2007. SPDF XVII conference.

07.10.2008. Conference — “Section of child and adult”.

20.12.2008. SPPF and ESMNS second conference.

12.06.2009. SPPF XX conference.

01.06.10. Second conference of Georgian surgeons and XXII
conference of Tsalka.

03.12.2010. Conference dedicated to 1. Kvachadze 85th an-
niversary.

01.06.2011. SPPF XXVI conference.

23-24.12.2011. SPPF XXVII conference.

01.06.2012. IV congress of Pediatric Cardiology. SPPF
XXVIII conference.

21-22.12.2012. SPPF XXIX conference

1-4.06.2013. SPPF XXX conference

17-21.12.2013. SPPF XXXI conference

1-2.06.2014. SPPF XXXII conference

27-28.12.2014. SPPF XXXIII conference

1-2.06.2015. SPPF XXXIV conference

11.12.2015. SPPF XXXV conference

1.06.2016. SPPF XXXVI conference

9-10.12.2016. SPPF XXXVI conference

1.06.2017. SPPF XXXVIII conference

05.12.2017. SPPF XXXIX conference

01.06.2018. SPPF XXXVIII conference

07.12.2018. SPPF XLI conference

01.06.2019. SPPF XLII conference

14.12.2019. SPPF XLIII conference

31.05.2020. SPPF XLIV conference

20.12.2020. SPPF XLIV conference

01.06.2021. SPPF XLVI conference

18.12.2021. SPPF XLVII conference

01.06.2022. SPPF XLVIII conference

24.12.2022. SPPF XLIX conference

31.05.2023. SPPF L conference

24.12.2023. SPPF LI conference

01.06.2024. SPPF LII conference

22.12.2024. SPPF LIII conference

31.05.2025. SPPF LIV conference

20.12.2025. SPPF LV conference
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ORIGINAL ARTICLES AND SCIENTIFIC
ACTIVITIES IN CARDIOLOGY

JOoHRONMTMB3N09-5I3008M2(MBN0O
Cardiology-Rhevmatology

COVID-19 30R96960R FHRIGIR 39603663630
30RIM3FISNMRIG(MNsd(M3000) 393(MIRIGNR0D RISIRIMI
303m(M3ILIINIGIRD G3RORIdId0

50530560L SARS-CoV-2 0bg3gq(309, ®mIgmoacs 0b393L
3MOMbagafnbym ssgemgdsal (COVID-19), baboosmmgds
30bognmo gs8mymnbgdgdol gatom L3gdE Moo, dom
dm0b 803emzgabgnemmo ©obgnbdnnm o mmasbm-
980 @sbosbgdao.

396dme, SARS-CoV-2 30M@adnt 1353306M©gds o6-
30m&96b0b-a06©0534365m0 g3gM3gb@) 2 Mg393@mMUL,
Hm3gmos doMomsmem gbemmgma® qxrMggddgs gd-
L3MgLboGgdama, goGmbama Gg393@mE-3gdszo3d06g-
dgmo @m3gbol S1 LydgGogymolb 39dgmdoom. S2 by-
dgEmgamo qdHNb3gmymab 3069bob gbommgmoaeyad-
do dgmbggol, Mo oMmgg3Lb gbommgmyma datogcals
B 0obmdal s 06393L 3Emabmgdoma s 3MMmmnGH™I-
dmbgmo 3Mm3gbgdol 3obgomal gsbz00momgdal; sm-
6036y (33mmomygdgda, Lbgs Gabg-god@mEgdosb gm-
®o©, gbadmmos gs653060mdgdogl osgsewgdol Loddo-
80b 9036353985

gehRbomol gogmgsdamammbgm3ns (NVC) bagzg-
2gbm 8600635boM0 0bbEEON35680s My33s8 Mmoo s
3M5M 33080 ©0535073900L Fommm L3gd@cab
dogmmgabinmyco LEGsGYLob obopagbsw (Cutolo
and Smith, 2021). NVC 3mmm o®mb Rsgomos Gm-
ames 353339330, obg3g DOILEe COVID-19 3y(30-
96®9d30 s ogndboMes Medwgbndg oMabldgiago-
3960 pommggss (Cakmak et al., 2021; Natalello et al.,
2021).

CH IO OO O OO O R O O o O O R O O R o O O o o O o O O O o O o O O O o O O o or O O o o O o R o r OO i Qo0

0. QEMIB6EN, 8. RobTEOI3NX0, 6. K(13539,
0). 353 960330200, K. o6 I6S33NXN), 3. LIBSIZNXN)

om0l bobgmdbogm mboggHboBgdo,
0. (30G0d30em0b bobgenmBob 3393000 jemabogs,
bogomoggmmml 3383, jomoomenmgms sbmzoszos,

61 COVID-19 go@s@sboem, 31 30Mggmawo Mgobmb o3g-
6m3gbal (PRP) 8dmbyg 35(3096@Ls 0 sbsgabs s Lgbob
dabgogom dg@mb g 30 Lo 3mb@Emmmm xamaib (CNT) Ro-
NGdMEs BOHRbomal g0gm edomommbzm3agma (NVC)
a53mggmggs, University of Genoa-b cg33s@memanol
0306 &03968d0.

COVID-19 goms@obormo 35(3096@980 3mb3n@emanbdy-
dmmo 0ygbgb Lambogg@bodg@m gemabagsda 2020 Bemals
8568)00056,6my88Ms8g 3gMomedo (n@omonsda 3sbwg-
800l 30Mgg9mn s dgmEg Gamems). COVID-19-0b 3emabo-
3060 /56 Maomemann®o E0sabmbo EsEsLE M
boDmgamnbammon bozbnmseb SARS-CoV-2-0lb RNA-ab go-
dmgmgboon.

439 35(3096@)0b g8maMagommo 8mbs393gda dga-
Am30d, 356bsgmFgdamo ynGsmgdaoo Lbgmmals do-
Lol 0begdbdy (BMI), 0888sgmb dmbdomgdsdy, msbdb-
90 853509806 MomEgbmdabs s §03dy, sbggg dg-
003539686 omgFadasdy.

gom@30b oD0sbgds Bgg3obros LB obosMEmma guem-
83960l Mgb@agbmamognal Ladwmsmgdao.

D-0dg6M0 o C-Mgod@onmo (soems (CRP) asbobobden-
3615 3mb3oGomabs300boL bGebLsG o MdmEMsGm-
oo dgomegdoom.

3@ gF0gn ¢obadoal doMgnomymn 66g3s (Pa0,)
05 30b0 0065x35MAEMES nb3sma30¢Ha Fobadswal Mo d-
GO 3mb(396@Ms(300Lmsb (Pa0;/Fi0,), asbabodmgo
> & gMogo bLobbmob aobDgdal sbamaboon.
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COVID-19-abs 8 399G6onmds 8ma(gog0s:

® 56@03009bmm 3Mq356M98gdL (6@ 0t g@Mmgativ-
Lgda, BygmgmboEy®o sbsmmagda),

® 568030mB0393L (dg@&o-mmogd@edgdn, Bs3Mmmomgda),

® 56@03MoamMob@gol (adsrma dmemgmmMa do-
Lol 393560b0),

® 0396mM3MmEYMGM@ gL (3 3m3m& G0 3mowgda,
3ommqbodmmmmdabo, IL-6 Gg393@mEal 56@ogmbals-
&o — Tocilizumab, gGoxgMowo 0bgnbos 8 3g/39 om-
boom)

COVID-19 go@a@oboema 35(3096@ 900 oymazambo ny-
3696 M6 d39%a09890,59&0M0 0bxgd 300l Loddndals do-
bgogoo:

® 34 35(309680-3bndmJo s badggsmm bLoddadol 8m-
69 (196305000L ©ob35@ 0l gotgdyg ob Venturi bocdab bo-
Jomgdom),

® 27 35(3096@0 — 8dndg oszo09d00 (@oa3056584)-
o CPAP-0ls 56/00s 8g40b0 360 g3gb@nmaznnl LagoGm-
qd0m).

PRP (30(g9momn Ggabmlb ¢39bmdgbo) oabmb@om-
s LeRoy s Medsger-abs 3608 gcomdgdoom (LeRoy et al,,
1992).

OO0 €

Logmb@Gmmm gangol gsd8meogbgol 3Go@gGog-
dgdo:

® J93596mgdgma Jbmgamal 3smmemmangda

® 6530b30gMo MgMadns, MmBgmacy dgbadmms dmd-
390090mgb dozMm 306 3mms300dy,

® JgmMon Mgobmb g3gbmdgba.

3Mb@Emmgdor dg@mhgnm 306gdlb omnbodbgdmms
mbBgm3mEmbo, mbgmefmmMago 6 godMmdasm-
a00.

BERLOC0L 30RIMSOINOGMLAMIN I
(NVC) 332035

439 35(309680bs 5 3mbGHMmal gamgal @Rbo-
ol gogmzedomammbmdns dgogabs gMmBs Mg3ds-
Gmemads. 353maygbgl m3@nznco Lgbbmea, 200x go-
3500©9dgmo mobbom, ©s3egdamgdamoa baosmgdab
3baemaDals 3EmaMadmm 1 bHNbzgmymgaboet (Videocap,
DS Medica, 3ogmsbo, 0@ omos).

g43qms 3mbobomg NVC g0dm33mg3s80g 15 byomom
mmabdn 50838 0MIdmEs, 8933gHsGmcam 22°C (Cuto-
lo et al., 2008). oxnomgmma 3oMobogolb dgadmgms mo
bayGomo gmRbamob Lobmmal Jugs Imbszzg0m0sb ((39-

bBoemo Ne 1.
COVID-19 go@s@sboengdn, Sofggmown Mgobmb g96mdgbalb dimby 3s5(30968980 o 3mbG@mmemal bindogd§gdo
NVC g358mygemggol ommb.
356390 3mb@Mmema PRP (N=31) 3bydmda/dmda@gdymo | 8dodg COVID-19
(N=30) COVID-19 (N=34) (N=27)
bdgbo
3530 10 (33.3%) 7 (22.6%) 11 (32.4%) 22 (81.5%)
Jomo 20 (66.7%) 24 (77.4%) 23 (67.6%) 5(18.5%)
abodo (6@360) 58.1+13.3659.0 | 59.7+14.6058.0 59.4+14.1359.5 57.1+11.9661.0
(31.0-80.0) (35.0-88.0) (23.0-88.0) (32.0-75.0)
BMI (35/8)
be@3omycin 27 (90.0%) 27 (87.1%) 31 (91.2%) 20 (74.1%)
Lol 6y 3 (10.0%) 4 (12.9%) 3 (8.8%) 7 (25.9%)
35385Jmb dmbdatgds
NGH 28 (93.3%) 29 (93.5%) 33 (97.1%) 26 (96.3%)
30 2 (6.7%) 2 (6.5%) 1(2.9%) 1(3.7%)
30639ma0 MHgobmb gggbmdgbo
NG 30 (100.0%) 0 (0.0%) 34 (100.0%) 27 (100.0%)
30 0 (0.0%) 31 (100.0%) 0 (0.0%) 0 (0.0%)
PRP ©0536mbals / 10.4+8.6010.0 / /
bobgMdmagmds (Bmgdn) (1.0-37.0)
®563bmgdo os35098980
NGH 11 (36.7%) 11 (35.5%) 8 (23.5%) 8 (29.6%)
3o 19 (63.3%) 20 (64.5%) 26 (76.5%) 19 (70.4%)
®563bengdo 90035896@ 980
oMo 11 (36.7%) 9 (29.0%) 13 (38.2%) 6 (22.2%)
30 19 (63.3%) 22 (71.0%) 21 (61.8%) 21 (77.8%)
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5 Mmomgda goMes). dgxsbgdnm ndbs dgdwgan NVC 3o-
5398 Mgdo:

® omMsGnMgdymo 3o3oraMgdo — jodnmamgdal o-
539@®0b 20-50 um-8og Do,

® 30336@uM0 3odomaMmgdo — 3mBmggbyMom mamo-
B0Mgdamo 3odomaMgdo, ©0sdg@mn 250 um,

® d03mmdgdmMagngdo — dqdo bobomdgda 353mbo-
©g6M0bol ©g3mba@gdab dgegaswm,

e 3330moMgdal Mgdagngoes (Msdogo(ze@ombl) —
B dobgdya godomomgda, Mo bomdmawggbl sbgom-
3965%ab 3nBmado 603s6L,

e BbmEyG o godomsmgdal Memmybmds Joemo-
398Mdy — bmMBoemmMo bndzgMagg 27 3o30matin/dd
(Smith et al., 2020).

abgzg 398mnygbgb dg8rgan Bgxolgdals bjgds ymRba-
ol 3o3omommbgm3ogmo byFMomals sMofMgammammdg-
30l dgboggabgdmac:

@ 0 = (330073330 56 G0l (bm@Isenyon),

o 1 = 3030moMgdab <33% (33mamgds/dgd306gds,

63303019 JaMENMEMaNY

® 2 = 3530maMgdol 33-66% (33emamgds/dgd(3069d0,
® 3 = 3030moMgdalb >66% (33mamgds/dgdzomgds
(Sulli et al., 2008).

3g0ga9d0 Bom3mmagbarmos:

® Lodmomm LB ObEIMEG MmO gowsbMam s dgwns-
boo 806033-8dLodsenn @asdsbmbao Bygg@n (33es-
©g60bogabs.

® 56 3MmEgbGgmmdon eGgamPogmo (3R]
dabogab, dgbadodabo 3o6odg@mal dobgogoo.

BMI (Lbgmeob 3sbab 0begdLo):

® bmABoma@o: 16-30 34/8°

® bo8lLwgbg: >30 34/8°

39093980 Baidmmagbomons: Hmgm(z badmomm *
LEbEIMG MmO gowsbom (SD) ©s 3gwasbom, dnbnds-
@0-8oJbodsmMn ©ns3sdmbom (Min-max) xbygzg@on
(33ma©gdabogal, o6 LobdoMggdoo s 3Gm(396@gd0m
398 98mM0mmo (33emogdobomgals, dgbadsdabo 3o6sedg@)-
0l dobgogoo.

GbGocema Ne2.

20686980 ssgsg8980 COVID-19 gos@obormgddn, 3omggems@n G90bmb g96m8g60l 3530968 98bs s 3mbB-
ol bydaggdgddo ghbaoemal 3009m 3530msmmb mdonl omHmb.

®563bmgdo ©s5350090d 3mb@Mmema 30639500 abdamda/ 3dndg
(N=30) 90bmb gbm3dgbo | dmMIs@gdmma COVID-19
(N=31) COVID-19 (N=34) (N=27)
3O gMogemo 3039MEqbdos oo 21 (70.0%) 19 (61.3%) 20 (58.8%) 13 (48.1%)
30 9 (30.0%) 2 (38.7%) 4 (41.2%) 14 (51.9%)
dogMasbo osdg@o Godoa ll o6 29 (96.7%) 29 (93.5%) 32 (94.1%) 23 (85.2%)
3o 1(3.3%) 2 (6.5%) 2 (5.9%) 4 (14.8%)
Bobagmmms gadMamazns o6 28 (93.3%) 7 (87.1%) 32 (94.1%) 26 (96.3%)
302 (6.7%) 4 (12.9%) 2(5.9%) 1(3.7%)
ae-bobbmdsMmmgms sge@gds (CHD) | o6 29 (96.7%) 31 (100%) 33 (97.1%) 25 (92.6%)
3o 1(3.3%) 0 (0.0%) 1(2.9%) 2 (7.4%)
goen@ g0l JAmbogamo mdb@Emonmo | o6 27 (90.0%) 30 (96.8%) 33 (97.1%) 23 (85.2%)
d5350955 (COPD)
30 3(10.0%) 1(3.2%) 1(2.9%) 4 (14.8%)
sbmds oo 25 (83.3%) 29 (93.5%) 26 (76.5%) 24 (88.9%)
305 (16.7%) 2 (6.5%) 8(23 5%) 3(11.1%)
bg3OmmmaonMo sMm3zg3gd0 oo 27 (90.0%) 29 (93.5%) 32 (94.1%) 27 (100%)
30 3 (10.0%) 2 (6.5%) 2(5.9%) 0 (0.0%)
obodoados oo 27 (90.0%) 26 (83.9%) 31 (91.2%) 24 (88.9%)
303 (10.0%) 5(16.1%) 3 (8.8%) 3(11.1%)
30dm o615 28 (93.3%) 28 (90.3%) 33 (97.1%) 24 (88.9%)
302 (6.7%) 3(9.7%) 1(2.9%) 3(11.1%)
JOmbognmo sGmModo oms 30 (100%) 31 (100%) 28 (82.4%) 26 (96.3%)
30 0(0.0%) 0 (0.0%) 6 (17.6%) 1(3.7%)
BoM0LgdMo oM 33molb ssgsgdgdo oMo 26 (86.7%) 24 (77.4%) 27 (79.4%) 26 (96.3%)
30 4 (13.3%) 7 (22.6%) 7 (20.6%) 1(3.7%)
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bGoemo Ne3.
COVID-19 go@s@obocn 35309680 @s5350930b 8sbobnomgdemgdo ws BoBomgdmemo 83mebocnm3o.
3oMs89 M0 860936gmmds
Leyem COVID-19 goadobomgda 61
8dodg COVID-19 27 (44.3%)
3bwdmJo/dm3s@gdmma COVID-19 34 (55.7%)

NVC oo COVID-19 b083m3gd0l @aBygdals oMmob as6bbgeggds (o)

125.6%53.38 8c0006s: 111.0 (60.0-317.0)

NVC 5 3mb3n@omoda(300l abfnmgdal ofimals 3obLbgaggds (omy)

103.852.71 8gc0056s: 90.0 (40.0-309.0)

3mb3o@omadaznab sbygds-@abmmgdal pmggdo

15.4%11.14 8gconobos: 14.0 (0.0-57.0)

Lod3GmIgdab obygda-3mb3nGomada(z0ab pmggda

7.5£4.28 3g00006s: 7.0 (0.0-19.0)

3J@0M0 9350900l babgMdmagmds (omg)

23.2+9.46 3g0sbs: 22.0 (8.0-58.0)

D-ndgma (mcg/l)

2602.1+4046.75 8gonabs: 1282.0 (193.0-23,653.0)

C-6g0d@omoa 3Gm@goba (mg/l)

Pa0O, (mmHg)

(
97.1%70.42 8gcono6o: 85.0 (3.0-274.0)
63.8%12.66 3geonobo: 64.5 (40.0-99.0)

** q0bad0000b abIomgdol bagnmgds**

oM bognmm 20 (32.8%)
Venturi bocodo 14 (23.0%)
CPAP 21 (34.4%)
dgdobongnco 396@0mazns 6 (9.8%)
P/F o0oboggatiomds 178.2+87.72 8gc0006s: 152.0 (50.0-351.0)
goen@ g0l »G™3dmgddmmas 6 (9.8%)
Boed3ob Hgb®agbo
bm@3oenm@a 10 (16.4%)
0b&9MLE Y0 aDsbgds + 5§ 0dns 10 (16.4%)
39 3m3mAEo03mogdo 48 (78.7%)

b (Mg/wwy)

47.5%23.78 3gnsbes: 40.0 (5.0-100.0)

33Ebommdal babaMdmagmds (omy)

13.8%8.10 8gc0006s: 14.0 (2.0-35.0)

3omMmgLogmmmmdgabo 29 (47.5%)
36@03magmmab@gda 51 (83.6%)
3b@odom@ozgdo 51 (83.6%)
3b6@0gamnLayma 3Mg3sMmo@gdo 23 (37.7%)
&mEomadydsdo 17 (27.9%)
Bm@Gdomu@o ©0s3sdmbgda: d90ga9d0 Bs@m3mmaqbomas — Gmamey badmomm *

® D-©0dg0: 0-500 pg/!

e C-Mg57@0gemo (30ems: 0-5 mg/l

Imgmy 356356 gds §9M3abgdals:

® Pa0,: (@ Moo 9obadownb 3o (znaemm@o 6630

® CPAP: 3903030 ogdomo biyboggolb 66935 (Rmb-
&obmqls Positive Airway Pressure)

9960d36s: 308myqbqdmmos 398980 gz0bgdab bob-
&gdo:

® 0: (33m0mqdgd0 56 56ab

e 1:<33% 3030moMgdob (33m0mgds/d53 (306905

® 2: 33-66% 393056930l (330m0mgds/393 (306093

0 3: >66% 3930moMgdob (33m0mgds/d93 (306905

2026 Bgemo

LE BB MmO goobFam (SD) s 3gwnsbom dnbnds-
m0-8odbo8smn os3sDmbaor (Minimum-maximum)
6y3980 (33momgdabomgal, o6 Lobdomggdoo ©s 3GHm-
396@ 900 (frequency and percentage) jo8gamMoqmao
(33ma©gdabogal, dgbedsdabo 3omedg@mal Bobgognom.

336038360:

e Normal / Abnormal = 6m&3sm&o / 560l obrsetm-
Goeo

® Absolute capillary number per linear mm = 58bmy-
B0 3a3omamgdol Mammgbmds mommgeem 33-by

® n.s. = bEOGAbEGIYFE sG> DYLEo (not significant)

® p-value = 860d369mmds LGdGALEN NG GgbEom

AP R R I A OO OO R A A O o
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@bGoemo Ne4.

g@hBboemols gogmgodaemsmmbimdanl (353cm00m938930 COVID-19 goosdsbomgddn, do6i3gema0 Ggobmb 96m8g-
bols 85mbyg 3530968 98bs @5 3mbBGHmemals bndogBgdo.

35639 @ca 3mb@Emeo (N=30) PRP (N=31) dbydydo/dmBdsggdamemo | 8dodg COVID-19
COVID-19 (N=34) (N=27)
3ogaMmmgd. 3adamsgdo | bm@Iomacoa: 0 (0%) 0 (0%) 1(2.9%) 0 (0%)
<33%: 19 (63.3%) 13 (41.9%) 23 (67.6%) 14 (51.9%)
34-66%: 11 (36.7%) 18 (58.1%) 10 (29.4%) 13 (48.1%)
>66%: 0 (0%) 0 (0%) 0 (0%) 0 (0%)
8036m/g8mMagngdo Bea3semmo: 16 (53.3%) 11 (35.5%) 23 (67.6%) 21 (77.8%)
<33%: 13 (43.3%) 19 (61.3%) 11(32.4%) 6 (22.2%)
34-66%: 1 (3.3%) 1(3.2%) 0 (0%) 0 (0%)
>66%: 0 (0%) 0 (0%) 0 (0%) 0 (0%)
30356@ M0 godomsMgdo | bmMdsrammo: 30 (100%) 31 (100%) 34 (100%) 27 (100%)
3930mafigdol MomEgbmds | Bmdsrmma: 30 (100%) 31 (100%) 33 (97.1%) 22 (81.5%)
<33%: 0 (0%) 0 (0%) 1(2.9%) 5 (18.5%)
34-66%: 0 (0%) 0 (0%) 0 (0%) 0 (0%)
>66%: 0 (0%) 0 (0%) 0 (0%) 0 (0%)
go30moa@gdol dgxgmags BenBoenmn: 23 (76.7%) 27 (87.1%) 29 (85.3%) 19 (70.4%)
<33%: 7 (23.3%) 3(9.7%) 4 (11.8%) 8 (29.6%)
34-66%: 0 (0%) 1(3.2%) 1(2.9%) 0 (0%)
>66%: 0 (0%) 0 (0%) 0 (0%) 0 (0%)
d8LmE @0 Jodomatgdols 9.3£0.53 3g0nasbe: 8.740.68 3gnobo: | 8.4%0.75 3g0nsbs: | 8.2+1.15 89000-
Bompgbmds /83 9.0 (9-11) 9.0(8-10) 8.0 (6-10) obs: 8.0 (5-10)

LEo&abEG0gnM0 3960336980:

® p-3603369mmdgdo £ 0.05 n;gmgds LEOEGOLE Y-
o 860d3bgmmzbac.

® a: sbomndo Mgammomgdygmos sbsgzom, bigboom,
Lbgmmob 8obab 0bogdboo (BMI), Bzg39800m, 00b3bmgda

005300989d0ms s 37000353968 gd000.

® NVC: 5360Rboemals 300gm 3adamae®mmb gm3as
® PRP: 30639mao©0 90bmb 396m396n
® RR: 0b30b 3mgx0(3096@0 (Risk Ratio)

gMRboemols gogm jodams@mbgm3dnol buGasmgdo:

® (A) 3mb@mmeno (S.C.) — 6ohggbgdos Mgammomemo
3o30mafgdols gobmaggds s bd 3gca-
39 (Lodgamm 303nmamgda: 9.30 + 0.53
moommge 33-dg).

e ® (B) 3ofMggmmao Mg0bmlb 396mdg-
6ol 35(3096@0 (E.S.) — RobL bmgogmon
5613930030390 3o30rmatgdol goggem-

A B

0Mgds ©o 35053390 (bodmamm 3o30-
moaMgdo: 8.74 £ 0.68 ;mommgmem 33-by).
£ @ (C) 3bydmdo/dmds@gdmma COVID-
19 aoo@sbamo (M.C.) — 3030mo6gdals
MomEgbmds d93(306M9dmos ©d smo-
60dbgds 5ML3g(305803960 (33m0mady-
. b0 (badggammm 3odomomagdo: 8.44 £ 0.75
{ | ' @oommggem 33-dg).

e (D) 38dadg COVID-19 goma@sbomma
(G.G.) — 6ohggbgdas odnmagdol dg3-
(306900 MOMEabMbs, 5MdLEGObLsM-
Gmo gm&mdob 3odomomagdo (bodas-

]
o n,_,—.-a-.v-u'l
>

- S e
— |
i
-

m godomamgdoa: 8.22+1.15 evommgmem
83-%g).
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@bGoemo Neb

g@Bboeols gogmgedoems@mbmdonl bBGyJdnmmmoa (35emomgdgdol bGoGobBogm@o sbsenodo COVID-19 go-
©5B0boemgddn, Somggmaon Hyobmb g396m8gbols (PRP) dmbg 35(3096898bs s 3mb@mmenals bndoggdgddo

35M5358 M0 Abddo/ dmds@g- 8dndy PRP 3mb- P uni- | P multi- bbgo
&m0 COVID-19 COVID-19 | (N=31) | @6Gmeo | variate | variate | bLGsGobEogyca
(N=34) (N=27) (N=30) 3563398 Mgdn
3585MNMYd. bm@dsen@o: 1 0 (0%) 0 (0%) 0(0%) 0.46 0.73 n.s.
go3aamgda (2.9%)
NONCN T NoE 27 (100%) 31 30 (100%) - - -
&o: 33 (97.1%) (100%)
dogtm/ bm@doem@o: 23 | 21 (77.8%) " 16 (53.3%) | 0.005 0.012 p=0.02 /RR0.27 /
98magagdo (67.6%) (35.5%) p=0.004 /RR 0.12 /
0.06/0.23
NON NI NGE 6 (22.2%) 20 14 (46.7%) - - -
&mo: 11 (32.4%) (64.5%)
30356 Ma be@Bome@o: 34 | 27 (100%) 31 30 (100%) - - -
3o30motigda (100%) (100%)
NN NeE 0 (0%) 0 (0%) 0(0%) - - -
Ggeo: 0 (0%)
3o30mamgdols bm@dsma@o: 19 (70.4%) 27 23(76.7%) | 0.34 0.40 n.s.
Mompgbmds 29 (85.3%) (87.1%)
ML oboom- 8 (29.6%) 4 7 (23.3%) - - -
Gmoa: 5 (14.7%) (12.9%)
go30mafgdols bm@dsem@o: 22 (81.5%) 31 30(100%) | 0.005 - -
939630 33 (97.1%) (100%)
NONCN Y NoE 5(18.5%) | 0(0%) 0(0%) - - -
&mo: 1(2.9%)
33Lmea@ o 8.44 £0.75 8.22+1.15 | 8.74%= | 9.30£0.53 | <0.001 - -
go30mafgdol 0.68
Mompgbmds /33
QoL3360 3o30macgdal dggobgdobogol (Cakmak et al., 2021;

9bmmgma&o @abgnbd0s s gobnmm3smas Bom-
Bmaa bl joMaswm smbgMnm gobomdsmmemmany 36m-
39bL SARS-CoV-2 0bggg (300 oMb (Wagner et al., 2021;
McGonagle et al., 2021). ®mam(3 339 006036s, gHRbo-
ol gogm gadagma@mb gm3ns (NVC) 4s8mnygbgds COVID-

Natalello et al., 2021).

M6 bg8mombadbym 33mggedn, COVID-19-0b aow@s-
Bobom 35309689330 938™MMgd3s @oabGNEglb bGe-
BobEognMa© 360d36gmmzgaba asbbbgoggdgda zodaeme-
930b b8 33003930, godnmaMgdol dggggMgobs, o jGm-
399mEag098bs 5 bgmabanmagbgbdn,3mb@mmemal xamey-

19-0b 5d@0onco o gows@sbama 35(3096@gd0b B03Mm- 16 Jgpo@mgdom (Gakmak et al., 2021).
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COVID-19 30R3&6(T bAHRILGIT 30G03663330) 30RIM3030RdGML3M3000)
303M3RIN0 RLIGOXIA() 30360 (MNBOL3IRHINN B3RNRI3IS0

0. QEME6EN, 3. FobIES33NX0, 6. F(13339,
0). 353 9501330200, K. o6 I66I3NXN), 8. LIBSI3NSN)

005l bobgem8bogm mbogg@bodgdo,
0. (30(30930em0b bobgmmdals 333953000 3emaba o,
bogommggmmmb 83853, gommomenmgms sbmezoszns

COVID-19-0b go@s@obol dg8ga dmangfma 35(309680b 3o 3GEm 306 3mma300 dgbodmms abasbogl gbomog-
@0 @obgnbdoolb gedm. BHsbAmme COVID-19 aows@sbom 35(3096@ 9830 gMRbamal gogmgsdamsommb gm3o-
0o (NVC) Bo@otgdnmds 3gmgged ohggbs dogmmgsb gmmsdamo (33mmamgdgdal bdgisogogn®o bymaema, 3omggme-
0 Mg0bmb ggbmdgbal 3mbyg 3530968 9dLs s K863MMgm 3MBBHMmAl xanBRb dgmemgdom.yzgmadg 3603by-
mmgobo Bobabosmgdgmo ngm 3odomamgdol Momogbmdal gd(3060gds, Moz sbobagb gbpmmgmy® ebnsbgdobs o
303306 30ms300L @abEbdasb.

8036m3gdmmsangdo 3oMzgmoeo Mgobmb ¢qbmdgbol ganxnmsb dgosmgdom 0dznsma s@mdmRbrs, bmmm
bbgo oMabdgon03Ma (33mamgdgda (3ogsmmmgdamo o6 bggnmo §ndob 3odomamgdn) o6 o0nbndbgdmms. gb
dggagd0 Jommomgdl, Hm3d SARS-CoV-2 abggdos ©939330690nmos gMAbomal 3e30memgdol gbdzona
(330mgdgdmab, M3 Ladamgdol ndmggs 3900 ggobrgl dogEmam nmagos COVID-19 aows@obor 3s(30-
9689830 s BomBmamagbl 860d369mmzsb Logydggmbl, Lodmdagmm bedgoanbm @o33063980bs ©s 83¢Mbs-
mmdob bEGsGganabogal.

SUMMARY

DETAILED MICROVASCULAR CHANGES DETECTED BY VIDEOCAPILLAROSCOPY
IN ADULT PATIENTS WITH COVID-19

I. GLONTI, G. CHAKHUNASHVILI, N. JOBAVA, T. SHABURISHVILI,
D. CHAKHUNASHVILI, G. GHUNASHVILI

llia State University,

I. Tsitsishvili Children’s Clinic,

Georgian Association of Pediatric Cardiologists,

After COVID-19, the microcirculation of some patients may be impaired due to endothelial dysfunction. A study con-
ducted by nail videocapillaroscopy (NVC) in adult patients with COVID-19 showed a specific pattern of microvascular chan-
ges, compared with patients with primary Raynaud’s phenomenon and healthy controls. The most significant feature was a
decrease in the number of capillaries, reflecting endothelial damage and microcirculatory dysfunction.

Microhemorrhages were rare compared to the primary Raynaud’s phenomenon group, and other nonspecific changes
(dilated or tortuous capillaries) were not observed. These results indicate that SARS-CoV-2 infection is associated with fun-
ctional changes in nail capillaries, which allows for a better assessment of microcirculation in patients with COVID-19 and
provides an important basis for future medical observation and treatment strategies.
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CAPI-DETECT: 3030RQ06ML3M30030) bIRM36IM0)
0686IRIIGNL RO6IMD30 —
©0036MBOL 30 JIXRM3ILIBNL OO BVBOISMEIS()

gcBbomob 300gm3o30msmmbgmdans (NVC) Bocdm-
50396L mJBmb LEGbLsOEGL LobGgdn&a bzmgmmbab
(S5¢) @osgbmb@nmgdobs o 30Mggmama ©s dgmmgaemo
90bmb 3g6mdgbols (RP) @oggfgbsogdobomgabs.

dmemm bemgddo 8603369mm3gabo 3GmaMgbo Bomby-
@emas NVC-ob 3m@gb(soomob sm30bgdols dadstommmg-
dom. 9.6. Fast Track semgmGomdo, Gm3gmac bgmgm-
©gfMBoab 308 9Mbgdol nwgb@ogogsznobmgal 3gaddbs,
Bom8mog bl doMm@ngom 3odmygbgdse s bgmdabab-
3em3d dgomeb bydobdngMo godmzomagdob ddmbyg gdo-
dabogab.

35Ms 530bs, Jodamsmmbgm3ogmo gsdmbabaymgdg-
3ol godgomyio Bggobgdol @BHmabbamgnsbmdalb gom-
35mabbobgdom, 3g843a39damas 93@mBo@0bgdmmo Lob-
&93930 3o3omatmmo g33mbabemgdgdals sbsmadabo-
30b, B3 0300 0g90L sbmBsmagdol nab@ogo ozosbs
5 gemabogogszasl.

33mg3000 KagPo I13omdL JoMGago gommgdols
9934853935y, Moms SSc-ab 358 gMbgdols ogbGogo-
39300 dmboal oM@ 0g00 ©o M3gHOGONMOE. Mog-
a30Mggmom d90436s m&M8s LEsgmody mogndbgda-
mo 3GmaMdyma NdGENbggmymazs, HmIgmaog gobg-
GHobomos 2500-%g 8398 bgmom 8mbodbaym as8mbo-
bymgdady s 9dGYbzgmymal LEPmymgoma NVC
dmbo(399900L Jomydol dgofmomoamgdymo smgngo-
mmdols gomgdg.

NVC g0dmbobyymagdgdo domgdaem odbs bab@gdnca
Lgmg®mbab (SSc) b Hgabmb g3gbm3gbols (RP) 3dmby 3o-
(30968930b BEabmma aodm3zmnz9d0b GoMamgddo,
qL3sbgmabes s 5d3-0b (3bGs 3mb3n@smdo.

qb3sbgmo 333m 36500 30g39m3bgdmmbgb gbdo-
by@o Lob@gdnGa s&madnbyMo os350969d0b
%395b (GEAS) s Lob@gdy&a sn@madybyco osge-
©93930b 3MozomEamamdmog gbdsbm® Labdmaswmmy-
dob (SEMAIS).

323mygbgdgmo 0gbs 898rgan oaMYmo gorgm-
3o30mammb gm3gda: Smart G-Scope (Genie Tech, Lgq-
mo, bodbMgo 3mMgs); Optilia Digital Capillaroscope
(Optilia Medical, 3ommabgda, 339gomo); Inspectis Capil-
laroscope (Inspectis, 30b@9s, d3ggomn); Dino-Lite Capil-
laryScope 200 PRO (Dino-Lite Europe, scmdgtyg, bogm-
mobmgdn). yzgme dgdmbggzeda gs8mygbgdymon aym
200x goomyds.
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0. QEBSE0N, 8. BbIESIND0, 6. K133,

0). 3593 IH03300, R. FSb I66330<0),

ool bobgemdbogym #boggmbodydo,

0. 3030930000 LobgenmBol 8s3d300s 3e0bo o,
bogomoggmmml 8s3d5ms jomoomenmgms sbmzosz0s

Capillary.io 3GmaMsdnmo b&nb3gmymaezs, dobo Im-
bo(398m0 3B o 3obgobm® Lbogmgdody ogmdbgdey-
o semamGomdolb d9343a3980L 3Mmgd@o asgemgdg-
30l 6089dgdab ©0ogbmbEnzobmgol 3@ gozes sMe-
ambal (gb3sbgma) 3mobognMa 33mg39d0l gorngals gm-
30890l dogf, Mgaob@Gooal bmdcam PI18/336
(20/2018).

NVC sbomnbdn oo godmonmgdals 3dmbyg (sb&os
qd0d8s bgmom dgogobs NVC godmbabamgdado s EU-
LAR-al 3608 960¢3gdals dgbedsdobsw dmobrnbs doma
3mabogngaos 3388 3o@gammngdsm: bmmdsmyMo;
06b3g(30030360 96 SSC-0b sMgmmo; SSc-ab sg@og-
60; o SSc-0b a30060, Cutolo-b 3emaboggngsa(300b Baobygco-
3000.

q40893L sbg3g dggdmmor 3o3omammb zm3nals ,o6Ms-
LodmBo* (mbamomsadmyg) dggobgds, Mmamt(s gadmba-
brmgdol sMsbozdatmobo batabbob, obg Lodmemm dg-
3obgdab Igdmadmmdol dgdmbgggeda.

30350950l 60dndgda gmabogazncogdmes dgdgs-
Lgdgmms M0 gMomdgdal dgbododabow, MHMImgdacs
981dbgdmes NVC-0b dofomom dobsbnomygdmgdl, dom
Il 3odomammo bodgnmmgal (33momgdgdl, ao-
396G 3odomomgdabs @o3sb 3gdmMagogdals sMbg-
dmdals o bbgs s6mdamngdl.

3o30mammbgm3onl Lob&amalb bEORbgzgmboym-
RO o930 gdgmos 3060d¢d Mzo gsdmbobyymygds.ob
go30mommbm3ngdo, GmImgdog Mgodg bogmgd go-
3mbobamgdsb dgo3030s, godmamazbs 3Gma@sdnmo
sbomabowosb.

obomabol dgogasw mommggma 35309680l 3o30-
mofmmbim3ool 8mbs(3989d0 Bocdmmagbamo aym go-
bmBomo (33m0©950L sgMggamgdama LEGEGaLE0zab
Loboon.

3Mma@admo bEHMB3qgmymeal Bogd gq9bgMotg-
Smo g39es (33Cor0 d0gnm3bgds 893ga JoBIa™-
093L: 3odomamgdal bagHom bodgnMmgg, bndgowGm-
39 3o30mamoabiddgdmmagnal Godolb Babgogom, cnmmg-
aa godamamamo Godolb 3Mm396@mmon gobsbormgds,
3930maMgdobs o 3gdmMagngdol sGgamal gobmdzggdo,
obggg godomodmmmo 3oMyqeqdobs s g5638mgdgdabs
(m0ddlb) LESGOLE NP dobobnomgdmagdo 3odamamals
&030b dobgznom.

03030039 d0mgde 0d6s 1781 3930mammb-
3305 SSC 56 RP-0l dJmbg 3530968 900basb, Amdgmos-
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1,780 cases (48,199 images, 596,611 capillaries)
[27 (9) images, 48.0 (18.0) mm, 335 (148) capillaries per case

23 discarded for
missing calibration
( 1,757 cases )

_[

1,724 cases (47,233 images, 585,404 capillaries)
[27 (8) images, 48.7 (17,4) mm, 340 (146) capillaries per case)

33 discarded for )
having <8 images

N
1,490 cases with 515 cases with full

partial or full consensus
consensus (all reviewers agree))
|
Y Y Y

1,192 cases 298 cases of 100 cases

444 (37.2)Nor 83 (27.8) Nor which 26 Nor

344 (28.9)NS || 114 (38.2) NS 34 NS
137 (11.5)SSc-e | | 45 (15.1) SSc-e 14 SSc-e
211 (17.7)SSc-a | | 39 (13.1) SSc-a 18 SSc-a

56 (4.7)SSc-1 | | 17 (5.7) SSc-I 8 SSc-|

Training set Validation set

Validation set (full
consensus only)

am&m 1. 33em930b Lgg8ol @nsgsds (flowchart). jo-
BomomBmb 3m3ngdo bsboenmdmngo s bmma dgdgsebgd-
mamo gmblbybbnboo (Gmdmgdor omgmydmos mgEHmls
bBobos@Bom) @sdndsgms 36mgmsdaema sbsmndoom s
d98gm8 godmaygbgdmms 8s6gsba@a bbsgmgdol dm-
@gamgdob gobsbgmobgmoc.

Nor: bem&dseain; NS: s6ob39(30930 3m60; 8S€-a: b yemgm-
mg©H300b s5&ommo bodwdo; SSc-e: s gmmo b gemgFmogi-
Jomemn 608xdo; SSc-I: 30060 b jemgEHmmg@mHdommo bodxdo.
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356 1724 53859mggomgds yzgmes 3mmbmgbslb s Ranom-
39S OmMNEYMO Mmam (s bgmom, sbggg 3GmamMsdy-
o sbamobabogob.

BobommmdFmngn s LEema 3mbLYBLYLO Jombgme od-
6o dgbodsdabow 1490 s 515 3030mommbzm3nsda. bm-
oMo, bgmagMmegMdommo s 5Mob3g 3053034960 bo-
313900 3oMgom ngm bomdmea gbommo mMogg xanedo s
moomgqm dgdombzgzedn smgds@gdmes 425 ©s 125-%g
39® 999mbgg3sl, dgbododabow BsbaemmdMoagn s Lify-
o0 3mbbgbbybol 3m3mMEgddn.

39030460 653690l 3odamammbzm3ngda goo-
Boemnds gobgMmmbamon 8megmgdal as8myqgbgdom, G-
3o(3 dgbadmgdgma gobows doGomswn dggabadol doh-
39693mgd0b = LodyLEEL (precision), dadbmdgermdals
(recall) @ 5398 mmdol (accuracy) — god8mmgms. gb
9893930 8moazags: (i) 968-bjmaMmogMBaemo (non-
SSc) o bymgFmeg@mBogeo (SSc) 6034dgdal ao®Rgzol;
(i) non-SSc xamedn bnM8smMn s 5Mabdg (305303960
60343g30b ©xkggMgbznMmgdsl; o (iii) SSc 6084dqdal
3eobogngos0ol sMgnem, sd&onM s 33006 bowng-
do0 ((3bGoma 1).

Lodo gob3Mmbarmo Immgmo ogmdbgdamo nym dob-
Jobg&o bLbagmgdab semamEnm8gddg. nbobo dg0ddbs &mg-
babgol 3Gm(39L0b dgmgaem, MmIgma gundbgdmms
dgdobggzomam dgebgmm, osg90g0lb 6034dgdao sbm-
B0Mgdme 3330mammbgm3ngdl, Loz sMbgdmdes bo-
BoemmdMngo s bEmma 3mbbgbbybo 3dg30bgdmgdl dm-
Mal.

megmgdol dgbEmmagdolb dggebgdobogal go8myg-
bgdmm agbs mEn 3gdmbggzome dgMBgmmon gomaws-
(30960 6536gd0: 298 3030maMmbgmadns (babommdmaga
5 LB 3MBLYBLYLAL dgd8mbggzgd0) s 100 3o3ame-
b gm3os (Bbmmme bEmmo 3mbLybbnbab dg8mbggsg-
40).

PPV: 050980000 36:mg6m dayemn 860d569cmmdo (positi-
ve predictive value).

3567406 LBs3mMgdsdy oRdbgdeyma dmmgmgdals
dga3980L bgmoom dg4dbom smmagmEGomdmeb dgbowes-

GbFoao Nef.
©0035m980L 60dxd9d0b gombggobogol 8sbgsbxmn LBsgengdols mpgmgdol dgb&meaemgdals 898 Mo z980.
asbamBggo ssgsgdal 60dxMdgdo BaBommmdmago s biEmma 3mblgbbmbol | dbmemm LMo 3mBlgblnbols
35moEs(3096M0 boghgdo 35moEs(309)Ma boghgdo
Recall (bgbLo@onEmds) Precision (PPV) Accuracy

Non-SSc vs SSc 0.91 0.91

Non-SSc 0.95 0.92

SSc 0.84 0.89
SSc-sfgma vs SSc-og@om®o vs SSc-ggnsbo

SSc-sMgmemo 0.91 0.87

SSc-0g@omeo 0.74 0.76

SSc-g30060 0.71 0.75
bm@AsmaMo vs sGabidgz0x03m60 0.75

BB Bomig@o 0.71 0.66

56b3g 305303960 0.77 0.81

2026 Bgmo



633d3019 JomCNMEMaNY

gm@m Ne2. 3mbgydoolb ds@nczs, Hmdgmaors sws-
9806 CAPI-Detect o CAPI-Score semgm@omdgdolb dgb-
HRemgBsb gomosz0nm bo3myddg baymgmmobosbo jemo-
bogogoz0ol s8mzobsdo.

™00 3ormo@s309M0 bs 3980 dgof8b6s Jgdmbzgzocmsw
dg@bgmemn 298 cos 100 godoems@mbgmadoal bsgmdggemdg,
d9bods8oboc 6560crmdMog0 s bEmmo 30bbgbbybob
998:bgg398000 s 8bmenme bEGaemo 30mbLgbbabols dyd-
063939300 d98%5b98cm93L dmE0b.

356706 b6ogmmgdody ogndbgdwema CAPI-Detect
®s byemoor d9486oemo CAPI-Score semgmtncmdgdol dgb-
Gaemgds byorgemsbosbo gmobogogoool s8mezsbsdy
[6m@Esenamo, sGob3gzogognma (NS), somgmemo, sgdo-
@60 ©5 330560 3589M6980] dggolms 58 gomowszomn
bs3mg8930b godmygbgda0.

dbgmbool sBGazgdo sbobogh magg sangmGao-
8ob Fgbermengdob. mommgmemo 3s@g@mbol bodybdyg do-

0mgdamos 3Gm(396@ o o@Gaczol mommygyemo
3630300 o@x3965 dbomgl.

90, brogmabinsbo gmaobogogsgonl s3m 3060l (Bme-
oo, 5MdL3E0RNYH, SMOGNMmO, s]&onfo s
330060 358 9Mbgdal gomRgzs) Jgbememgdal 8g@Maggdo
dggobs Mmame 3 CAPI-Detect-obogol, obg CAPI-Sco-
re-obomgob, 6sbommdMogze s bEnmo 3mbLgbLnLL go-
s (3096 bs 365355%g.

bmgswsw, CAPI-Detect-ab LodybEg smgds@gdmes
CAPI-Score-ab dgm9agdlb, 3obbsggomcigdom bm@dsme-
0 5 5637 (30803900 3589Mb7daL gombgzabol (gm-
&m. 2).

Lodmmmme, SSc-0bs ©s NoN-SSc bodxdgdal gomfg-
300 LodyLE g Igoagbos 84%-b bobommdmnga 3mblgb-
Lybolb mbsggdms bo3Mgddy s 95%-b LEymao 3mb-
LabLYLOL Fmba(3g3ms bs3gdDy.

a0M@s 380bs, Ibmmme LEYma 3MbLgbLybol Jg3-
0b39393bg 395obgdabol LbmEn gmobogogszngdol go-
boBomgds BE™m ©adarmabbgdamoa agm (93% SSc-obo-
30b s 90% non-SSc-0bmgnb), Moy Bomomncmgdl 3msobo-
3035(300b babommdol gomdxmdgbgdsdy.

303(MJ3633 IR0 RL0EIGOISIMO:

OO €D

Validation set
(partial and full consensus)

Validation set
(full consensus only)

CAPL-DETECT CAPI-DETECT
o e ]o]2]n | Blo 2o ]2 |ew
é 6 ) 4 o 0| % g I 17 L] 0 0 | %
? El o s u] o] [ex § [ o] o] s | o] o |oom
3 E o o 0 55 B | 6% 3 E o 0 o b2 4 | 8%
glwo | o | o | 22| s |nm gl s | o | o o | 2 [sw
NS

Euly Active Lae Nomnal NS Ealy Active Lue Normal
Predicted Predicted
CAPI-SCORE CAPI-SCORE

Fl o o] 2] |em Bl v]o]o]o]s[m

§1 w3 ] o] o | £l 1| v fo]| o] o |sm

-

ijn 6 | w ] o o |sm gjo 1|7 o] o e

Es o | 1 | oss | 24 |eem Eo o | 1 | 2o s |

gl | 2| o | 2] |em 2 T R R R B T

Ealy Active Lame Nommal NS Early Active Lme Nommal NS
Predicted Predicted
QOL3ILOS

gOBbomol 3odomemmbzm3os Bom3mawaqbl 360d3-
Bgmmzob aogbmb@ognm abb@®MndgbEL Lalbdgdyco
L gmDbab (SS¢) osgbmbi@ oz dgiebgdsedo s dabo
00350930b 60893d930b 00gbG0g0zo30530. Me8wgbady
0bbEMIgbGn s semamGomda gsbbs jmomgdoo momg-
o s8mAbs.

360d36gmmgboo gondxmdgbrs Gmam(z bgmoaom,
obg 3Mmg@Madnmo IboMmoggdamn NVC-als dgggo-
Lgdab 3EmgLo. sbadbymds 3gmmegdds 360d364-
mm3360 Gmeo dgobMgms nogbmbG oz 3Mod@on-
3o9do.

3o30matmmo 30408 94@ ol bomomymal gomgs-
mobBobgdom, @sds@gdomo, 848y gomgamabbnby-
dgmo gmgdgb@gdob dgbbogms dgadmads Bamdmsco-
396090 39bodmgdmmdalb @nsgbmb@ngnco LodabEab
d98amdn aon8xmdgbgdobmgal. 88 80Bbob Bobombg-
390 dgodmgds a0blbogmm@mgdom LoboMagdmm aymb
356456 LBsgmydady oydbgdamo dgommemgdo.
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CAPI-DETECT: 3030R06ML3M30030 bIRM36IA0 016&IRIIS&NL RO6IMI3O —
Q0036MBOL 30 IJIIRM3ILIBNL ObOTR() BVOI&MMI()

0. QEMBAEN, 8. Rob IESI3NXN, 6. X(13530,

0. 353 IH1330<0, X. RSk I6SI3NXN,

oosl bobgemd6ogym mboggmbodgdo,

0. (300930000 bobgenmdol 3393000 gemabo o,
bogomBoggemmmb 3538308 jothmomamgams sbmezos(zns,

3o30mommbgm3ns boMdmowa bl 360d3bgmmgab sMonbzsban® dgomeb LabEgdyco bymgMmDal (SSc) wo-
23b6mbEogobs s 803Mmgab 3nmuMo (33mamgdgdol dgggabgdedn. dmzg8yem 653Mm83n bomBmoaqbaemas CAPI-
Detect, 8564066 Lbozmgdady oxmdbgdmmoa Lol gds, MMIgmoaz godomoMmbzm3omm asdmbabmmgdgddy
©34MEbmdom sbm@m(309mgdL 3500l 6034dgdal o3&mBoGM® 3mabognzsznab. dmmgmo gsbzHmbamas
©0E0 Mamgbmdam sbmB oM gdam 3mbs393dg s 01ygbgdb mdagd@gdol s8mbmdol dgogasm Bomgdym (33mo-
©338b. 80bo gbAmmads dgxsbos 3mbLybLaLdy egmdbgdam gomowsoy® bs3Mgddy s dgemamgl bgmom
dg43bnen CAPI-Score semgm&omdb. dgmgagdds shggbs, ®m38 CAPI-Detect o3¢ mdgbgdl g3mobogogaoolb bLodab-
&9, 356Ls 3G gdam Hoymo badndgdalb aggFgbamgdobsl, Mo Baymamgdl 8ol 3m@gbnamby jmobo 3a-
0 800569398 0mgdal AbsMmaggmado.

SUMMARY

CAPI-DETECT: IMPLEMENTING ARTIFICIAL INTELLIGENCE IN CAPILLAROSCOPY —
NEW FACTORS FOR IMPROVING DIAGNOSIS

I.GLONTI, G.CHAKHUNASHVILI, N.JOBAVA,
T.SHABURISHVILI, D.CHAKHUNASHVILI,

llia State University,

1. Tsitsishvili Children’s Clinic,

Georgian Association of Pediatric Cardiologists

Capillaroscopy is an important non-invasive method for the diagnosis of systemic sclerosis (SSc) and the assess-
ment of microvascular changes. In this paper, we present CAPI-Detect, a machine learning-based system that auto-
matically classifies disease patterns based on capillaroscopy images. The model is trained on a large amount of an-
notated data and uses variables obtained from object recognition. Its performance was evaluated on a consensus-
based validation set and compared to the manually developed CAPI-Score algorithm. The results show that CAPI-
Detect improves classification accuracy, especially when differentiating complex patterns, indicating its potential
for clinical decision support.
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3030RAHMLAM30IR0 603 IJ30L M0 ANOIOL
QJIGIRNINISNL ROVIAIGGNITR RN036MLEGN3030)
(3966030 3RN603IA( 3330ML3A3NL 3030R(NAIDBI)

3o30mammb gm30s 560l sManbgzabom@o 30dmamabs-
(30960 308m33mmg30L 8gmmen, Hm3gmacg bLadysmgdal
ademggs 8036m(3063nmagonl bob@gdal in vivo Jggseby-
30bo — 39Mdm, momab g3mbadondal Josdmdo 3o3aems-
Gyemo 3oMy79d0b ImEgmemmanals, bodgommgal, bob-
brob bs3owab, dogmmbobbmBadsg3gdabs o 53sbgqeme-
o dmbgdol godmgmgbabs. gb 8gommmn gafomme go-
8moyqbgds Mg3ds@memmgosado, gobbsymotgdom, bobg-
360 bimgOmog®doanl (SS¢), dggmmon dgdsgFmmgdgemo
Jbmgomal ssgogd0lb (MCTD), ghds@&mdombogol (DM)
©5 LobE3nEn Bomgmoa dgma@ab (SLE) pnsgbmlbi@ogsda.

3gomEob dmsgstn dmaowmn mofmgdmmagds Bogmds-
9mdb 03530, B3 ab sx30dLoMgdL gMm-ghHo doMggem
30bmamodagogm 3s60g3gLbGazosal Lobgdnma bgmyg-
BHmEgmdnmo b3gd@Mob ©ss3509000bs, Lo godo-
oMmbgm3ogmo (33mamgdgdo (,bimgGmogMdonemo
030" = 3gas3e30mamagda, dozmm3gdmmagngda, s3sb-
Jamommmo Dmbgdn) bdnmow Bob LBl 3emabon@
L33GMIAL. 535bsb, Jo3nmsMmb3M3ns admggs LBMog,
0093, g5b38gmMgdo s JmabazabEobomgal mamgdae
0bgzm@o300L, Moy 360d3bgmmzgsebos aggMgbzoymo

39S QI65330<0,

3o3dgm0 JoFomeama =9385 menmgo;
bogstronggmmb 3s3d5m0 joGomenmgos sbmoa(zns;
0. 3030d30mm0b babgemmdal 339300 3emobo go

©0053bmbE 030l @AML, 3obbsmonfgdom, Mmogbs 3o-
(3096@L 5096036935 mamgdals sd499ds, Abgerg@s, Lo-
LybBg, 08580Ma g3odmmgdo GgMab (33emomgdoo (bo-
BgRdgHmsmg, (3006mba, bobommg — ,Gg0bmb ggbmag-
60%) 96 momals B396730lL abymmmgds/sbsbadnmgds.

@000l sbymmmagdobsl osgbmbBognmo dopgmas.
09603 baosgbmbBogm badyomgdgdl dmEnl 3o3aemo-
Bebgm3ns gho-gfmo ©360d3b9mmmzobgLng, Mems godm-
060(36mb/osbE Mgl bgmgMmogdns 56 MCTD (Msw-
356 0bnbo 0dg80u@ Bymmmmms @dmagmgbo Jadgdgdoas).

236050, Jo30msmmbzmdnymon 608430l abgogom
dgag0dmos 3mgaboabmo ogo@omya sbymmmagdal
8gmbg 35(3096@ o 393mamBn bFsGognga(zns:

1. 3o30motimbgm3ns bm@mdsenmFas — dgbsdmms CTS-
ab nagbmdo (Bymamobogal bbgs 3obgbo ¢bws 39d5dmm
— 353., 063bemgdo ©00dgE)0, §M5335) b 0bmematgdmemo
CTS + @admy3ngdgmo bobbemdeMmgms dsmmmmans;

2. 3030mammbgm3as sGolidg3ogogno (3gemommgdy-
3o (3ogmmbobbermBad(393980, ogMgbommds) — gdgo
SLE-%g, ©gm3s@mdombo@dyg, s6 MCTD-bg (dg&gmemo
d93s9M0gdgma Jbmgomol @esge©gds);

3bGocemo Ne .
©0939(M960me-00586mbB0gmG0 Gowgmds mncmal sbymmemgdol MM jodomms@Gmbgm3omen 60893y wo-
9dbgdoon.
damdsmgmds 393mammb gm3ommo byMoma ©5b33bod
Lob&gdnma »bIIMMEYEBMma” §030b — oot~ | Lo ggobdm gsbbbgeggds: LEmmgw bzmg@mm-
LgmgFHmEgMdans omgdmemo (Jggo-) 3odomafgdo, dogmm- | @gfmdnal pMmbss domamoa Mal 3o momab by-
(0og3gFgb(znomin LobbmRsd(393900, 930L3mmatimma (3o- | cmgdal/goba@gbab. 3o3nmammbzma3as o3
©0036mb0) 3oemafgdom gomafndgdmmo) dmbgda. | MM 33390000 Ssmmmmmann@os.

SLE 0dg3000/mem(3g6s-
(3000 (3L 3Mmo@n 56

00139 (308303960 96 Abmda o (33em0-
90980 — 3oy egdol @ogMgbommds,

SLE-0b @®mb 3o30mommb jm3as bdoMaw
Bm@3obmsb sbmmbos, dog®s8 3dndy 0dgda-

3306330 bob®mao (CTS)

bgdamo, boddnMmszg bm@mdsmymoa,

LobbeBRsd 393980/ @g35b3nmemabe-
(300 56 39060367ds

3b@ognmbammadomncin 0dgnsmn 803mmbobRog(39390, 8033 | abol dgbadmgdgmns dogz@mmbobbemBad(3939-
LobM™A8n) G360 ,dga5-3o30moMgda” o6 ogob- | dob godbgamadazos.

Jamotmma dmbgda (SSc-obogal ©o-

3oboboomgdgmn) o6 godboMwgds
3eabognma dagol Bon@doenmo — BoMyasgdo mBasbo- | benMBaenmn 3o3nemammbzm3ns geBmtn(zbagl

LobBgInMo bimgMmegmdamma b3gd@mnb
0053500980, MmMImgdbas bdoMow sbmogl
CTS-0b 8bgogbo bLd3@mBgda s ndgdons.

JsgM0sbo osdgGom
353mbggmmo BgoGmdsmns

(©0839696(300(300)

bo&BomMo (o) ebIbegdo o 3-
Amdbgom3smns of s6nb).
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MgdG0gz GgMxgddge, bgmalb momgddy -
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3. 3o3omsmmbgmaons bymmgmmeg@dameo Godabss (87-
ad3930matgdn, 535b Jgmatnmoa Dmbgdn) — gdgo bobGg-
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&o@®0 (sb@&n-Ro/SSA, s6@&0n-La/SSB), @m3mgfmmao dm-
bo(399980 bnc3sdns, gemgdGFmmbgommBamamognom go-
3mgmabrs m@3bFngn doxol g306080L LoboMman. 53~
99850 009dL 3msgdggboeml, 2 Bgemos.

3o30mamb gm3ogma Jgogagdol dgxredgds. 3o3nme-
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SUMMARY

THE ROLE OF CAPILLAROSCOPIC SAMPLING IN THE DIFFERENTIAL
DIAGNOSIS OF FINGER ULCERS
(DISCUSSION ON THE EXAMPLE OF A CLINICAL CASE)

GELA GHUNASHVILI

Pediatric cardiologist-rheumatologist;
Georgian Association of Pediatric Cardiologists;
I. Tsitsishvili Children’s Clinic

Capillaroscopy, which is increasingly and widely used in rheumatology - in the preclinical diagnosis and dynamic moni-
toring of systemic diseases, has a reliable potential to dramatically increase the reliability of laboratory-instrumental re-
sults, or to invalidate their dubious conclusions. As a result, narrowing the diagnostic focus, it makes easier for the atten-
ding physician to make clinical decisions. In our case, a specific pathological sign was noted - finger ulceration, which has
various rheumatological and non-rheumatological causes. Capillaroscopy pattern at this time helped us to reliably exclude
the most frequent and serious rheumatological cause of ulceration - systemic sclerosis and to focus on the combined ma-
nifestations of carpal tunnel syndrome and systemic lupus erythematosus. The capillaroscopic image, therefore, reliably
confirmed the data of other diagnostic examinations and, as a result, led to timely and correct treatment tactics.
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3. 39b0dg oM @Y3ds (Hit 3): 0dnbyco 3m33mgdLbgdals
B3 gds — G begds: Lobbemab 808m (393530 0897~
&co Gd-IgAl ©s dob Bobosmdoga dgddboemo IgG ob-
Gobbgmmgdo gf3sbgmb 4 30330009d05b. ggan: Bom-
3m0gdbgds oo Dmdabs (506 3mmofgdowo 0d4byma 3ma-
3mgdLgda. om0 oo BmIab godm, mEasbabL do@l
domo bobbmoweasb godmmgsbes.

4. 3gmobg aM@yds (Hit 4): pommgdgs ©s oo zdmal
©5b0sbgds — Mo brogds: Lobbmmab 08md3930d0 sAbgda-
@0 gb oo 08mbn@a 3m33mgdbadn smbBgzqb aemmdg-
mgdsdg s ,0dgEgd0s6% 83bsbgondda. dgogan: o3
3M33mgdbgdol omgdgs v3g@onMgdl 3m33madgb@ab
LobEgdab s nbg93L sbmgdam Mgadznsb. Igbebansemey-
0 gRE909d0 0bygdgb aodmegmgdsl, gsd8maymaezs (30-

63303019 JaMENMEMaNY

&™30bgdo, Moz badmmmme 0b393L 3585 Mosl, 3Gm-
$qobm®asl s MM 38mal Jumgamonl ©sbsbody@gdsls.

d0603Im0 353M3TR06I30

LobggaMnbgodmma 393s@mMos (439modg Gadqmo bo-
35b0) = gb oMol Eedg97d0b yggmadg bdnMo godmgmnby-

b5 3gns@momm 3m3mms(305d0 — 3s30m3gdsGns, Bim-
dgmo(z begds bgws Labybmgo adgdal 0bgggdznal (dog.
BoM0b6g08)0b, §mMbDamn@0b) obygdowsb 24-48 Losmdo.
babmsg-00638mol mafmdo (Gut-Kidney Axis) — dmenm
33939235 5Bgg6s, Hma Jomemeo babmbodn 3 Bgda o6 ol
36mdmgds. oMo 303d0Mn 5MLYdMAL 3d-bobmagals
BF59&0b 06g399(3098m365(3. 6gdabBngFn cnm@EBMgsba gom-
Lol gomobnsbgds (ng6gds gb ygmo o9y babemagn) nbzq3L 3o-
ommmaogmo IgA-b aodmbEmmeal bobbrda. LEmMgw gL
3938060 agom Loggndzmaw sbae 8 3mMbaemmdal:

* §mbBomygd@m8os: bma J3q9ysbsda (doa. ns3mbas)
03m 339096 G§mMbbarmgdl (amebrgdl), Moms 8madm@mb
3oomeamaon®a IgA-b Bystm.

* 3gbmboo: b3gnsmama b gMmowan, Hm3gma s
boBmoagol mm@EBmzobdy 8mJdgogdl, Moms ©ss3dz00mb
agogGo 0dgbyca bob@gds.

0dmmomgdamo 8ogMHmbgm3gmo 3g8s@ s — dag-
3930l bobomda Lobbema doMmEdn JgmasMomgdgmo omgo-
oo 56 BobL s ob Bbmeme oMol ggadn®a sbaemo-
Bob @AML 3mobogds. gb gm@m3s bdoMaw b sdommaHas,
o930 bogamgdl baba@dmoag 3mbagm@abals.

3BmBgabyMos ((30ms dofdo) — gb oMol osgsoy-
b0b Loddndal 13603369mmmzobgLbn aboge@ma. oy
35333L 543L bgREMBYma ©mbal 3GmEqgabacns, s3sb
b sbagl dgdx35ds (306LsgnmMgdoom mgamagdal gom-
398 ool bosmgddn). 3GmE gobaFaal bamabbo dom-
0306 g0bbadrgMogL, abdnMmgds o1 oo d3d3L 0d4)-
bebn3@gbogemon 33nEMbommmds.

3G gRommo 303g6Ggbbos — domamo s gHaymo
66935 353339330 IgA BygzHm3sm0nl EMHML MEG™ 0dgns-
®05, 30067 3mdHEomydda, od3s Jobo sHbgdmds do-
No0mgdb ma38mob Jbmgomal Hu@m bgHombyem ©o-
B0obgdadyg. 66g30L 3MbGEMmN go0s3by39@0s cnM 33-
ol 3964 (300b dgbobomhnbgdmac.

@06 38l 363539 oD0693s (AKI) — 0dz000 dg3mb-
3939890, 85360m3gds@mEnol g30bdmeal ™, dgbsd-
mms 35b3000M9L m0M3dmolb Bbdnnl Mmgdomo
390Mgbgds, Moy godmbggmmoas doems3gdalb mdb@ -
(3000 (gF00OME0EN0 (30e00bMgd0m obdmdom) ob
363037 5bmgdomn 3Gm(3qb0m (Bsbgzemdmgatggdal gme-
dofgdoom — RPGN).

9JLEGsMgbsmm@o bLod3@mIgda — 360336gmmzgsbas
0g39M 90306985 IgA 3L 3006 (39bmb-3mbemanbals
39M3YMd), Mogb 88 EMML MM 38rmal ©sbasbgdsb-
096 gFomom 35333L dgndmgds 3gmbrgl: 3u@m3nms J3g-
5 30Mgddy, SOmMamans, Ixmal @ jogowmo.

IGA 63Bc((M300100L RNGIBMLENMHIdO

1. 565869%0
2. domnl sbomabo: 3mbB3gds 39358 mManl sMbg-
dmds s (30m/36M90806060b ggemogds (PCR)
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3. bobbmob sbsmoaba: g3obogds 3Ms@ob 3695806060
©5 006330l gomGo300b bofdemg (€GFR) g3b (3000
dgbogabgdmoc.

4. LobEBYINF0 O3990 7d0lL godmMnsbgs: bogds
Lbgo 350098900l (3oa. my3nb-bgxrcndo, IBA 3oL g4-
m0@0) go8mEnibgs 3emabogna 60dbgdobs s L3gzo-
B0ggMo 3o 396 9d0b baggmdggmDy.

QNVIMIEGNORIH RN036MDBO

1. obgmo dsboma@o 89336060l ssgsgds (Thin
basement membrane disease)

* 3mobogy@o bLy@smo: 8gofn ammdgHmmya 3g-
3o@m©05 (Jo3mbgm3mma ob 3536m), 3nbodsmya 3Em-
&90bnFono.

* 0038bmbE03d: M0 38emab domgzbos gmagd@mmba-
o 80gembgmdnnm (EM) s3mmgbb @ogndamen msmby-
g aem3g@nmam dsban® 35336a6sb.

2. 5¢n3mBGab bobpGmdo (Alport syndrome)

* 3mobognGo byMomo: go68gmmgdomon 3s3Mm3gds-
BH0s, 3yofa dozMm3gds@nfns 3GM B gabyHoac b
80l a0M9dg; sbaboomgdlb bdgbol ogzgomgds (bgocm-
LabLMEYMN) s Mgamol Jsmmmmangda (3sg. mgb@o-
3Mb6L0). dooms@am g3b3mgds 35¢93d0.

°* ©053bmb@0gs: 3969803960 Ggb@nmgds (3nGsza-
qd0 COL4AS5, COL4A3 56 COL4A4 3969330), 3960b domes-
Los 86 MM 33l domgzbos (EM).

3. 3mbE-06xgdEonc0 gemdgGymmbgamodo

* 3m0bogn@o by@smo: 3g3s@mns 0bygds dyws Lo-
byborgo abgdob nbggd3000006 1-3 33060l 393mgga. b
abmagl 3GmEqgabaFns, 30356 & q6bos, Mo 3dmob g3ub-
0oL @ogdggnomgds s dgd3gds.

* @oogbmb@oge: bobbmdo C3 3m33mgdg6@nb ©a-
doo mbg, 5b@nbEGMg3@mmmababols (ASLO) 8omacmn
G0@®0; domgbos s3mabl L3goR03a6 J3ggdomgm®
»30bgoL” (3433L).

4. eoy3b-bggMo@o (Iamymslidogma bggco@n)

* 3mabogy@o byMomo: gmEMLBLoGNME0 3o8mbs-
gotn, babbcgdals §3ogama, 3gds@mHos, 3GmE gobyas,
@06 33mob 3643000 390098 s 303961 qbDns.

* ©053b6mbGogs: ANA s anti-dsDNA 680bbgmmgdals
2tbgdmds, €3 o C4 3m33mg356@89dnlb odsomo ©mby;
domgboadg 3mobrgds g. b. ,Full house® bLyy@smo (yggmo
030l 08byFa pgdmbo@oa: I18G, IgA, IgM, Clq, C3).

5. IgA 35bgnmo@om 353mbggmmo bgnndo (3gbmb-
dmbrsnbol 3@3mMs)

* 3mobogyfo by@omon: b3g0x03m60 gs8mbaysto
(3:963:969) Jgge JorgMgobs s @Ybrymgdy, 393+
abos s babbmgdal @gngomo, 3gds@nFns s 3Gm@go-
by&oo.

°* ©0536mb@03o: 3emnbognMo 3G08gMandgda; 3o6ab
domgabos 03mgbl mygngmEo@mgmsbE® 35L3gmodlb
I8A ©93mD0@Gg800m; M0 380l omgzbos ngb@mEos IgA
bgnm3smnnl byy@amal.
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6. ANCA-sbm(g0655amo gobgnmodo

* 30bognGo LyFsmo: Mo 33mal ggbdznal LEMS-
B0 dg390m9ds, doteal sgGoya bomgdo ©s Lobg-
9o 3obgnmo@ab 60dbgda.

* ©053bmbGngo: LyMmEmanYMop sgdoma anti-
MPO 56 anti-PR3 568 nbbgnmgda; dnmgbos ogemgbl bg3-
by /6obgzom8mzemnbgdm ammIg@mmmbynmodlb
039660 g3mDa@gdol gotgdy.

MEST-C L3o®Rd

MEST-C bgoms ((36mdamoas BmamEiy mdbgmmoab
3obogoga309) oMol bogMmedmmobmm sens@gdeemo
LabEgds. gb 360l ©sabmbEgYMa s 3HMabmdymo
0bLG M gbGo.

1. M (Mesangial Hypercellularity) — 89%sbgnaman
3039 ROIQNEMBS

e Mob 603653L: 0 38mob Bam@Mgddn (3mmBgma-
m9d30) sMbgdamo 3gbsbansmaMo MxMgogdol domdo
omEgbmds.

® dggabgde:

0 MO: ©1%90980L be@mdomMa Hommgbmds.

0 M1: 3m3s@qdqmo Mompgbmds (ammdgfmamgdals
50%-bg 39&30).

® 3603369mmds: Bogmomgdl sbmgdaon 3Gm(3gLab
5d@0gmdady.

2. E (Endocapillary Hypercellularity) — g6c0m 3odocms-
Ao 039G ROIENYEMAS

® Mol 60dbagl: MxMggdalb ogMmz98s M0 3dmals
3930ma6gdob doabom, Moz 93066mgdL bobbedsmmgal
Lobosorg@b.

® Jgg30lgde:

0 EO: 56 5006036 gds.

0 E1: 500060364d0.

e 360d3bgmmds: gl oMal 363539 Sbgdals 6ndsbo.
bdofoe El-0b oMmbgdmds 805603693L, Mm3 35(3096@L
LgoFgds 039bmbndgbogman mgMadas (dog. bGgMm-
0©gd0).

3. S (Segmental Glomerulosclerosis) — Lgadgb@yma
aem3gHmmbgmgmda

e @sb 60dbogl: gemm3g@mmal o 33990 Bobaemals
©3b6obndnFmagds (bgmgHmdo).

® dggobgde:

0 S0: 56 5060367d0.

0 51: 50060dbgds b3mgMmbal 3969d0.

® 3609d369emmds: gb Bomm00 gL Mo 38l Jumgomal
39939390 ©obasbgdsby.

4. T (Tubular Atrophy / Interstitial Fibrosis) — &xd¢)-
@m0 5§MmMB0s ©s GadMHmba

e Mol 60dbogl: ma 3dmol Bomozqdals aobmgzs ©o
8000 30l oMbgdmm LogM (3930 3gdagMmgdgmon Jbmgo-

@0l (godmmbob) Robsggmgds.
® Jggobgde:
0 T0: 0-25% 0obnsbgde.
0 T1: 26-50% ab0sbgds.
0 T2: >50% obosbgde.
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® 36033b69mmmda: gb 560l y39msdy dmngHo 3Gmabm-
By JoM3gHo. Mo HRO™ domamas — 35B39650emo,
300 O™ ©oos M0 3dmal m38sM0bmdal gobgacmo-
960l Gabgo.

5. — (Crescents) — ,,bobggomdmgatggdo”

e Mol 6036ogL: MxMgogdal ogMmzggds ammBgma-
0l 3ogbmmadn, Mo(3 gmMBnm bobgzomdmgamglb 3aa3b.

® Jggobgde:

0 CO: 56 50bndbgds.

0 C1: gemm3gMymagdol 25%-%g 6o 3emgddo.

0 C2: gmm3gMymgdal 25%-%g 898 do.

e 360336gmmds: dogmnmgdl domosb sgMgbomem,
363039 3080bomgmdadyg. 53339830 C3shg969d9ema bdo-
Mo@ YBOM domons, 3oy 3mdMamgddo.

6030 338065RId30 MEST-C
360d&0303(0)?

1. 839@bsemmdols gMhggs: o domagbos 5R39693L
E1-b o6 C1/C2-b, gdndn BG™ 3gGom gosnbmgds oa-
Gabommo 339Mbsrmdal3gb (3mMH3mbgdo, (308mbE@ @0~
30%0), M300a5b b 8@ oHo sbogdal badbgdas.

2. Gabggdob dggobgds: o a3043b domoma T o S
3oh39698mgda, gb 6036530, HMB Mot 3dgmdo 9339 393~
0 bobodnFns s Fbmeme 3g0035396@gd0c dson o=
©a9bs dgndmgdgmos — od 9439680 aoowals mo 33-
ol dgbamRnbgdabs s bbggal 335336 3MbEH™MmDbg.

3. dmbo@m@abgao: 439b35Mgds go30amm, Ho8rgbs ,oa-
gbommos® 3mbiMg@mmo 353096@0b dgdmbgggze s Mod-
©gba bdoMow LgnMgds ol 3mabognHo 3MmbGHmeo.

IGA 63Bm(M350100L
33JMBOTM3O VO 30030

1. dmgomon 3M0b(3039d0 — IgA bggmm3smanb Jomgs
9539996935 0bozo@msma® Mabjob dgasbydsb s dmo-
(3930, HmamE(3 gmbLgHgedom, sbggg — 0dnbmbn3cg-
Lome doamdgdl. 339@mbsmmdal sMRggs asbobsbdms-
69ds 3MmEGq0bM0al @mbom, sGGgMommo 667300,
@06 380l gbdznnm (eGFR) o Oxford (MEST-C) 3emo-
Logogsnnm. 353939330 Jmazsmn mgMadomma Fobsbos
36m@q0ba@anl 3933060905 <0.2 a/wwa/1.73 8%-80g 96
<0.2 a/a 3698060653y, €GFR-0b bEodomaba(30s o
39358 9M00b 5830698 56 goJMmde.

2. 3mblg@go@anmo (supportive) mgModos — 3mbLgm-
35809mao mgMmedns BaMmImowmaggbl 33mMmbaemmdals bo-
3939 ©s 9bos ©5060dbmb yzgms 353096830 ©os-
3500930b bLnddndab doyybgsegew. dofamawa 3mM33mMbgb-
&gdo:

* M9606-5630mEg6b0bolb LobEgdob demmgows (ACE
0b3ndo@mMgdn 56 ARB)

* 3o6omol Jgdrnegs (<3-5 3/rmy)

°* 5MG Moo b6g30L Mm3@ndacnm@a 3mbGFMmma

* bbgemob Bmbolb dommgs s gadogado sg@ogmds

Bmagato mgMmadanmo 80bsbos 3GmEqobaEoals 353~
(306985: UPCR <0.2 mg/mg. @sdaemo Gabgob 30(3096890-
do (0bmmomgdmmo 39358 mM0s ob 3306 3OM G q0ba-

63303019 JaMENMEMaNY

00) 3mbbgMzo@oqmoa mgMadns dgodmgds nygmb Lo 3ds-
M0obo

ACE 0630d0@m0 6 ARB — yzqmos 353330, MmBge-
Lo 9d3L Ig8A bggmmdsmos s 3GmE gobycas 20.2
a/0mg/1.73 3%, ©bos ©596036mb ACE 0630d0@mo ob
ARB. o) 0053500905 3bgdgdos — obyy 3Gm@qabyos
o6l 20.2 s <0.5 g3/mg/1.73 8% ©o d03Gmb3M3mmo
39358 M0s bmdmdos — 3mbLgMgs@oggma mgfMadns ¢b-
©d goafmdgmeal 80b0dyd 3-6 mgg, Lobsd ods@gdom
0 gM3300b goebyzg@gb. o3 3gHomeodn bagomms UPCR,
3690806060/€GFR 05 doM@ab sbsmnba ymggm 1-3 ;mgg-
do. Mg3m89bgdnmas @adarmoa Labynbo @Mbom ©sbyg-
b3, dogamomsm madbabmdfama 2. 5-10 3g wgdo g&-
obgm 56 mmbomEebn 256-50 8y wmgda gMmbgem, d53-
93 @™ol g@&ed3mdmogo gadMmms ymggm 2-4 3306530,
GMEgMbGmdal dobgogom, dojbodsmy Mg3mdgbog-
S mDdsdey. hggmmgdmng, ACEI/ARB 06036905 3sd-
LodsmMoe GmmgMomgdswa embom 3060dnd 3 mgab
356853mmdadn, Lobsd gosbyzg@nb ©sds@gdomn mg-
5300b LagnFmgdsb.

3. 039bmby3hgbommo mgMaedoals Azgbgdgdo — amy-
3M3MEE03MoEgda o6 Mbos ©30603bmb Mm@ nbymow
439 353096830 s 308maygbgds dbmemme dg@B g
dgd;mbgg390dn. Bggbgdgdoa:

* 396LobE 6B Mmoo 3BmEgabamas 20. 5-1 a/my,
dogbgosgee 3-6 mgnsbo 3mblLgMge@nnmo 839@bs-
mmdobe

* 54&0M0 JobBmmmaan@o (33mmamagdgdo (M1, E1, C1)

® 05535009800 3MMaMgboal Josemama Mab go

3 3m gm0 mogdol gsdmygbgds — Labdgdn®a
30 3MIMOE03M0@gd0 BoMmImaggbl dofomsw 0dmbm-
Lydgbonm mgmsednsb IgA byg@mm3smanlb dg8mbggzsedn
03 35309689330, BmBgmms(s 9g30 3Gma@gbotgdals do-
oo Mobgo o6 @osgowgdal od@omdo dodwnbofMgmds.

3533839090 g 3m3mEGozmoegdol guqd@ncmds dg-
0dmgds agmb g@m domamo, Moasb sbogdomon (33mo-

93930 dgsmgdom 3gd(3939000.

369060dmmmbo — o 353930 o43b BgHown 3Gm-
89069605 20. 5 o <1 g/0mg/1.73 3% DmdogH 39358-
0obmsb ghms, 96 3GmEgabycns 21 a/wwmg/1.73 82
bBmBog® 3935 Ensbmeb gMmewm, 56 domgbnadyg o@on-
oo M1/E1/S1, C1-C2 ©abnsbgdgdo — 6g3m3gbogda-
oo Lob@gdy® gy 3MmamOEozmowgdol as8mygbgds
3MBLgOZG M MgHa305Lmb gRmaw. Godyma bgdss
Moo 3Mgobobmmmbo 2 33/3a/w0my, 35dbndnd 60
3a/8%/mg, 9898 9b bg39380 LoByobo EMBs boGRmbgds
8060393 2 330l g56353mmmd53n, Gab Igdwgas(s, v Joc-
Bgamas Lobyolbo gmoboga®o 3sbybo — Bsgomoma,
3Mm@qoby@onlb 230%-00b0 dg8(3069ds @ MM 38emabs
39643006 LESdamaDds(300 96 gondxrmdgbgds — abygds
mDbob gBo3mdmngn 3gd(30698s (§o39Mnby), HmBgmas,
Rggmmgdmog, 308nbsmgmdl 3g8gan 4 mgol gs63s3-
mmdada.

IV 8gmom36gobobmmmbal 3qmbomgMedns — o
35393L 03b @os350980b @M domamn sd@ogmds, 396~
2026 Bgmo
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dm 3Gm@gobnGas 21 a/mg/1.73 8% s g™ oG 0e-
0 MEST-C bg@oomn, 569 mEo o6 3980 399mganwsb: M1,
E1, S1 3mom308980L 303gm@Moganm, C1 o6 C2, 8530b
Mo N© 3960 dmemmbadog g8s8gds IV 8gmam3@go-
Bodmmmbol 3 3gmbo: 15 83/33/0my, d5dbodwad 500
33/Reg, ba8 eMbor, dgradyr 96 ymzger 3gmBy b
5 30l d93m9a 0bygds Dgdmm sxmbBgMamo mEsmao
3690b0dmembab Lggds.

a4 3m3memEomoegdolb bsbagmdmoagmds d53d398da
=6 »39%7 3980 g 3MIMOG03MONE0 MgMa3ns dog-
339830 o M0l Laby@ggmo, Moms dgdznfrglb azge-
om0 98948900, 356Ls3nNMgdom Db s GLbagm-
Lmgoog® gsbgomemgdady gogmagbe.

4. 3d08g o LEMogom 3BmaMgbomgdsmo gmMmIgdal
domgs

(303m@mbgedan + 3 3m Mm@ Eo3mogdo — Jbm-
mone LEGsgsn 3Mmamgbomgdscma (RPGN)/crescentic
gm&3abogob. 3g@dmm, oy 353336 og3b >30% gmmdg-
o ,babgzemdmzsmggda” s eGFR-0b LEMsgn ad-
3900905, Mg3mdgbgdnmos mMsmy@ (303mmBmbes-
8ol + g 3m3mEmEG03mo@gdo. sbgmo 3530968 9d0 3g-
0dmgds 0d560mb ANCA-3sb 3moa@ ol dbaszbo bjgdoom,
ob sm@gFbs@onmeaw 1-3 3mbacn ombs IV dgomnm3-
90b0dmemboom, Mol dgdgass MMF + @sdsemombas-
bo gm3m3zmGEogmnogdo.

Jdagmegzgbmms@ dmgzg@omo (MMF) sdsmo ombal
30 3M3INOE03M0 3000 3M8dabs30530 Batdmawa 96l
> @ gMbs@ogym 0dnbmbndmgbomm cmgMadnsl IgA bygs-
Mm35000L O™, asbbsgmmEgdoom 03 3530968 9ddo,
Gmdmgdaz 396 089696 96 o6 LyFor Bomamo mbab
393M3MOE03M0gdo. 030 33(30690L 3HMEqabaFasl
5 3bgmgdL Mo 3dmoalb Bbd300lb ogdggomgdsl, asob-
Lo 3 gdoc 03 35(3096@7dd0, EMBgmms(3 vz og@o-
DH0 003500900 (3MIMBgobyHos s 3gdsGmcos). MMF
3mbmmgfMadns o6 ofals g3mdgbrgdamo.

5. JBmbogmmo ©sbnsbgdals BaMmgs — JHmbogmma
3oLEmEmgon@o (330gdgdols (G damnmo S@HMGad
©o 06&gAbGoonmo BodMmde — T1-T2) Jg8mbzgzedn
0846mbn36gLommo 8 3nMboramdol gi39d@n@mds 89 beey-
RYE0d.

ds@mgal 3M0b(3039d0: 1. 3mbLgMzs@nmmn mgMedo-
ol m3@0d0Do(300; 2. 5B gMogymn 66930l 335360 3MbE-
Geamo; 3. 3Mm@qaby@onl dgd(30Mgds; 4. d@mbogmmo
@06 39mob osg350gd0l 3Gmamgbonl dgbgmgds

6. 339Mbaenmdab semgmGomdo

I8A Bggmm3smonl domgs gbws gobbmMsogmuogl
9893mdMngoc:

1. y39ms 353096830 nbymb 3mbLgMgsGYma ;mg-
M5300.

2. 3-6 03930 39x30Lgb 339Mbormdob ggd@o.

a. o9 UPCR <0. 2 — aoadgmogb oGbgdama 3396-
Bommde.

b. ov UPCR 20. 5 — g560boemmb 3 306bsmmmdal god-
mogfgds.
2026 Bgemo
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3. dggoboglb 3abGmmmgon®o (33momgdgda
(MEST-C):

a. 5J@onMo ©sbnsbgds (M/E/C) — ammimzme@o-
3M000700.

b. bobgzomBmgamggdol ombgdmds — saMgbogmao
0396mbndcMgbos.

C. JOmbogmma @sbasbgds (T) — 3mbLgHgsGogmn
dofngo.

4. 3gmEbommds 3mEgd&nfogds 35(3096@0b 3obyb-
ol dobgogoo.

7. 3mbo@mcabgo s aMdgmgsmasbo ©s3goMggds

I8A Bggm3omas LagoMmgdl babgmdmog s 3g06gg-
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SUMMARY

IGA NEPHROPATHY

ANA BENDELIANI, KETEVAN KVATADZE, GURAM CHITAIA,
MEDEA TSANAVA, TAMAR ABULADZE, NINO KVIRKVELIA,
DAVID KVIRKVELIA, NINO GELDIASHVILI

(1. Tsitsishvili Children's Clinic)

IgA nephropathy is the most common primary glomerulonephritis, characterized by mesangial deposition of
IgA-containing immune complexes and a highly variable clinical course, ranging from isolated hematuria to rapidly
progressive kidney disease. The pathogenesis is explained by the “four-hit” hypothesis, while diagnosis relies on cli-
nical and laboratory findings and is confirmed by kidney biopsy, with risk stratification based on the Oxford (MEST-
C) classification. Management includes supportive therapy for all patients and immunosuppressive treatment in
high-risk cases.

We present the case of a 6-year-old girl who initially manifested with macroscopic hematuria and nephrotic syndro-
me. Partial remission was achieved with systemic glucocorticoid therapy; however, an insufficient therapeutic respon-
se and significant steroid-related adverse effects were observed. Kidney biopsy confirmed IgA-dominant immune com-
plex glomerulonephritis with active extracapillary proliferation (M1 E1 SO TO C2), indicating an aggressive disease cour-
se and a high-risk profile. The patient was subsequently treated with intensive immunosuppressive therapy.

This case highlights the importance of early diagnosis and appropriate therapeutic stratification in rare, aggressive
forms of IgA nephropathy in the pediatric population, where evidence-based data remain limited.

Pediatrics, Pediatric Nephrology
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SUMMARY

RAPIDLY PROGRESSIVE GLOMERULONEPHRITIS (RPGN)

NINO GELDIASHVILI, TAMAR ABULADZE, MARIAM TSURTSUMIA,
MEDEA TSANAVA, GURAM CHITAIA, ANA BENDELIANI,

NINO KVIRKVELIA, KETEVAN KVATADZE, DAVIT KVIRKVELIA

(1. Tsitsishvili Children’s Clinic)

Rapidly progressive glomerulonephritis (RPGN) is a severe and potentially life-threatening kidney disorder that requires
rapid recognition and immediate treatment. Without timely intervention, the disease may quickly progress to irreversible
kidney failure. Early diagnosis, based on clinical suspicion, laboratory findings, and confirmed by kidney biopsy, is essential
for identifying the underlying cause and guiding appropriate therapy.

Although RPGN has a heterogeneous etiology, all forms share a common feature of aggressive glomerular injury that
can lead to rapid deterioration of renal function. Prompt initiation of immunosuppressive treatment plays a critical role in
improving outcomes and may significantly increase the chances of renal recovery, particularly when therapy is started be-
fore irreversible histological damage develops.

The presented case demonstrates that even in patients with severe initial clinical manifestations, early diagnosis and ti-
mely treatment can lead to remarkable improvement and restoration of kidney function. This highlights the importance of
maintaining a high index of suspicion for RPGN in children presenting with hematuria, oliguria, and rapidly rising creatinine
levels.

Overall, successful management of RPGN depends on early recognition, accurate etiological diagnosis, individualized
treatment, and close long-term follow-up, which together remain the key factors for preserving renal function and impro-
ving patient prognosis.

Pediatrics, Pediatric Nephrology, Pediatric Rheumatology
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SUMMARY

HYPOPHOSPHATEMIC RICKETS

NINO GELDIASHVILI, ELENE KHODASHNELI, MEDEA TSANAVA,
TAMAR ABULADZE, GURAM CHITAIA, NINO KVIRKVELIA,
KETEVAN KVATADZE, DAVIT KVIRKVELIA

(I. Tsitsishvili Children’s Clinic)

Hypophosphatemic rickets represents an important form of metabolic rickets caused by chronic renal phosphate
wasting and is most commonly associated with increased activity of fibroblast growth factor-23 (FGF23). Clinically, it
presents with growth retardation, lower limb deformities, bone pain, and a characteristic rachitic phenotype, while la-
boratory findings typically include hypophosphatemia, elevated alkaline phosphatase levels, and reduced tubular phos-
phate reabsorption.

We report the case of a 4-year-old girl who presented with progressive rachitic changes from the age of 2 years, in-
cluding lower limb deformities, chest wall deformity, growth delay, decreased appetite, and irritability. Laboratory eva-
luation revealed persistent hypophosphatemia, elevated alkaline phosphatase levels, normal serum calcium levels, inc-
reased parathyroid hormone levels, and elevated FGF23 concentrations. Reduced tubular maximum phosphate reab-
sorption per glomerular filtration rate (TmP/GFR) confirmed renal phosphate wasting.

Based on the clinical presentation, biochemical findings, and calculated indices, a diagnosis of FGF23-mediated
hypophosphatemic rickets was established. The patient was referred for genetic testing to evaluate a possible PHEX ge-
ne mutation in order to confirm or exclude X-linked hypophosphatemia.

This case highlights the importance of early recognition of hypophosphatemic rickets in children presenting with
rachitic deformities despite adequate vitamin D prophylaxis. Early diagnosis allows timely initiation of targeted therapy
and may help prevent progression of skeletal deformities and long-term complications.

Pediatrics, Pediatric Nephrology, Pediatric Endocrinology
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GUIDELINE FOR THE DIAGNOSIS AND TREATMENT
OF INCOMPLETE KAWASAKI DISEASE IN CHINA

DR JIAO FUYONG
MD Paediatrics, Professor of Paediatrics;

Xi’an Jiaotong University, Medical College Teaching Hospital, Xi’an, China;

Member or the European A cademy of Natural Sciences;
President ofthe European Center for TCM Czech Republic;

Rewewer,Center for Doctoral Degrees Miistry of Education;

Head of Inter Cooper Centre of Hospital Cooper Alliance of Shanghal Cooperation Organization;
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INTRODUCTION & BACKGROUND

What is Kawasaki Disease (KD)?

First recorded clinical criteria by Dr. T Kawasaki in 1967.A
self-limiting acute vasculitis in children under 5, now the leading
cause of acquired heart disease in developed nations. It is
defined by persistent fever and a set of distinct clinical signs.

The Challenge of Incomplete KD (IKD)

Approximately 28.4% of KD patients in China present with
IKD. These patients do not meet the full diagnostic criteria for
"Complete KD", posing significant diagnostic difficulties.

Why is IKD Important?

IKD patients face higher risk of Coronary Artery Lesions
(CALs) due to delayed diagnosis. The lack of a universal
standard leads to inconsistent clinical practice.

DEFINITION & CLASSIFICATION

Complete Kawasaki Disease (CKD)

Defined by fever 2 5 days plus> 4 out of 5principal clinical
criteria:

01. Bilateral conjunctival injection (Non-exudative)
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02. Oral mucosal changes (Erythema, cracked lips, straw-
berry tongue)

03. Cervical lymphadenopathy (Acute, >1.5

04. Polymorphic rash (Non-vesicular, generalized)

05. Extremity changes (Erythema, edema, periungual
desquamation)

Incomplete Kawasaki Disease (IKD)

High Quality Evidence, Weak Recommendation

Fever = 5 days (or fever < 5 days at presentation)

Presence of< 3of the 5 principal clinical criteria for CKD

Abnormal echocardiographyORsupportive lab findings

Other potential causes of the febrile illness must be ex-
cluded

EPIDEMIOLOGY OF IKD

Geographic Variation

Highest incidence in East Asia (Japan, South Korea, China),
significantly lower in Western countries.

Age of Onset & Risk
Patients areyounger(many <2 years). Infants <6 months
face an85% riskof developing CALs.
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Seasonality (China)
Clinical onset peaks during spring and summer seasons,
showing a clear temporal pattern.

Gender Distribution
Slight male predominance is observed, with a gender
ratio (M:F) of approximately1.5: 1.

Clinical Significance (CALs Association)
Major contributor to CALs (57.5% vs 31.5% in CKD), often
linked to delayed diagnosis.

CLINICAL FEATURES OF IKD VS. CKD

Key Differences in Presentation

Feature Incomplete Complete KD
KD (IKD) (CKD)
Lymphadenopathy | Lower (e.g., 35%) | Higher (e.g., 65%)
Classic Triad Significantly Highly Prevalent
(Rash/Oral) Lower
BCG Scar Redness | Higher Probability | Lower Probability
Periungual Higher Incidence | Lower Incidence

Shared Pathological Essence

Despite variations in clinical signs, both IKD and CKD
represent the same fundamental disease process:

Systemic Vasculitis— A condition characterized by inflam-
mation of small- and medium-sized blood vessels, driven by
excessive activation of the immune system.

OO0 €5

Visual Symptom Distribution Summary

The figure (left) visually contrasts the symptom
burden: CKD presents with a dense distribution of classic
clinical markers (e.g., bilateral conjunctival injection,
polymorphous rash), while IKD shows a sparser pattern.
This visual difference is key for early clinical suspicion
and diagnosis.

DIAGNOSTIC CHALLENGES IN IKD

Atypical Presentation

Symptoms are often incomplete, subtle, or appear se-
qguentially, making initial recognition difficult.

Differential Diagnosis

Symptoms overlap with various pediatric infections
(viral exanthems, scarlet fever) and connective tissue dis-
eases.

Delayed Diagnosis
Lack of clear criteria leads to a "wait-and-see" approach,
missing the critical window for intervention.

Severe Consequence
Delayed treatment significantly increases the risk of de-
veloping CALs, the most serious complication of KD.

Clinical Variability
No single, universally accepted diagnostic standard exists,
leading to inconsistent practices.

DIAGNOSTIC EVALUATION PROCESS (ALGORITHM)
Based on the 2024 Chinese Guideline, adapted from AHA guidelines

¥

| Clinical evaluation

: Persistent
. fever

]

Y

’ High KD possibility ‘

‘ Low KD possibility ‘

Y

’ Laboratory examination ‘

Exclude KD

¥
C

I
y

L

‘ CRP<30 mg/L and ESR<40 mm/h ‘ ‘

CRP230 mg/L and ESR240 mm/h ‘

v v @ Anemia
@ Platelet count>450 x 10°/L
| Observation for 2 days | | Laboratory tests }—» after 7 days of fever
I ® Albumin<30g/L
@ Elevated ALT level
+ ﬁ (® WBC count >15.0x10°/L
‘ Persistent fever ‘ ‘ Defervesce ‘ ® Urine WBC > 10/hpf
I <3 | >3
; * ‘ Echocardiogram ‘ ’ Echocardiogram ‘
‘ No peeling ‘ ‘ Typical peeling ‘ |_I_|
‘ Negative ‘ ‘ Positive ‘ v
| Y
. I | »( Treat
< Exclude KD > ‘ Echocardiogram ‘ | | >
Persistent Defervesce
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KEY DIAGNOSTIC TOOLS

Echocardiography
An indispensable imaging modality for diagnosing IKD
and thoroughly assessing its cardiovascular complications.

Core Assessment Parameters

e CALs:Measure internal diameters & calculate Z-scores
(22.5 = Aneurysm).

e Cardiac Function:Evaluate left ventricular perform-
ance.

e Abnormalities:Check for valvular regurgitation & peri-
cardial effusion.

Z-Score Significance:This standardized metric is critical
for differentiating normal variations from true aneurysmal
dilatation in patients.

Laboratory Tests
Leverages biochemical markers of inflammation and sys-
temic clinical signs to support the diagnosis.

Primary Inflammatory Markers

e CRP:> 30 mg/L indicates severe inflammation.

¢ ESR:> 40 mm/h is a strong supporting indicator for IKD
diagnosis.

Supplementary Criteria (= 3/6 Positive)
Anemia, Thrombocytosis, Hypoalbuminemia, Elevated
ALT, Leukocytosis, Aseptic Pyuria.

GENERAL TREATMENT PRINCIPLES

Primary Goal

Rapidly suppress the acute inflammatory response to
minimize the risk of developing Coronary Artery Aneurysms
(CAAs).

Standard Regimen
Similar to Complete KD:High-dose IVIG + Aspirinis the
cornerstone of therapy.

Critical Timing
Initiate treatment within the first 10 daysof onset, ideally
before the arteritis peaks around day 8-9.

Late Diagnosis Considerations
Even post-day 10, treat with IVIG if inflammation (CRP/ESR)
persists or CALs are present.

FOLLOW-UP RECOMMENDATIONS

Temperature Monitoring

Monitor daily for1-2 weeks post-discharge. Contact physi-
cian immediately if fever recurs (>38.0°C oral), a critical sign
of recurrence.

Echocardiography Follow-up

Perform at diagnosis and regularly (e.g., within 2 months)
to monitor coronary artery status and guide treatment
duration effectively.
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Antiplatelet Therapy Duration

Continue low-dose aspirin until normalization.Indefinite
therapymay be required for patients with persistent coronary
aneurysms.

Evidence-Based Care
Key strategies for optimal patient outcomes

SUMMARY OF KEY RECOMMENDATIONS

01. Diagnosis
Requires amultimodal approachcombining clinical judg-
ment, labs, andechocardiography.

02. Treatment Timing
Early interventionis key. Initiate IVIG/aspirin ideally
within7 daysof fever.

03. IVIG Therapy
Standard:2 g/kgsingle dose. A second dose is primary for
IVIG-resistant cases.

04. Aspirin Use
Medium-dosefor acute inflammation,low-dosefor an-
tiplatelet prophylaxis later.

05. Glucocorticoids
Reserve forlVIG-resistantor high-risk patients. Not for
first-line monotherapy.

06. Close Follow-up
Essential monitoring include stemperature checks and
serial echocardiograms.
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Coronavirus could be tied to a rare but
serious illness in children, UK doctors say

b

KD AND COVID-19 = [
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Outbreak of new coronavirus in six European countries  #*'% o —8% RREREWNEE

[ 52+
among children 'Eﬁﬁz
Symptoms are similar, systemic rash, heart inflammation, = 70

arterial swelling, etc.; ‘I 234 R —— COIEEEER
More severe patients;
Symptoms manifested as Kawasaki disease
Most critically ill children have a positive new crown.
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Donate 100 million RMB to the hospital.

In memory of Mr. Kawasaki

Monument.

Gov. Health Dept approved only KD center in the country)
This is to commemorate Mr. in the hospital.
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THANK YOU
Early recognition and prompt, standardized treatment are the keys to reducing the risk of coronary artery
complications and improving long-term outcomes for children with IKD.

SUMMARY

GUIDELINE FOR THE DIAGNOSIS AND TREATMENT
OF INCOMPLETE KAWASAKI DISEASE IN CHINA

DR JIAO FUYONG

MD Paediatrics, Professor of Paediatrics;

Xi’an Jiaotong University, Medical College Teaching Hospital, Xi’an, China;

Member or the European A cademy of Natural Sciences;

President ofthe European Center for TCM Czech Republic;

Rewewer,Center for Doctoral Degrees Miistry of Education;

Head of Inter Cooper Centre of Hospital Cooper Alliance of Shanghal Cooperation Organization;
Honorary Prof, National Center for Ped Ministry of Health of Russia

1) KD is a seriously affects the health of children, and Chinese doctors have conducted many epidemiological and clinical
diagnosis and treatment studies.

2) We have also developed a three- consensus and guidelines for the diagnosis and treatment of KD in China.

3) We hope to collaborate better with colleagues in NP to study the infections and neurological diseases related to KD.
We also welcome colleagues of the world to China and Xi'an for cooperation.
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SUMMARY

PEDIATRIC AUTOIMMUNE HEPATITIS: DIAGNOSIS AND MANAGEMENT
M. D. TSITSI PARULAVA. M.D. MAIA CHKHAIDZE. M.D. IA KHURTSILAVA

The paper discusses pediatric autoimmune hepatitis: a modern approach to diagnosis and management. It is important
that the outcome of patients with autoimmune hepatitis and sclerosing cholangitis is chronic liver disease, oncology, or li-
ver failure. In such cases, transplantation is the only solution. This is also necessary when the patient is steroid-resistant.
The number of cases of transplantation due to autoimmune hepatitis is variable in different countries and ranges from 9-
55%. In the USA, according to 5-year statistics, the outcome of transplantation in these patients is 80-90% successful.

GUT MICROBIOTA AND NERVOUS SYSTEM:
EARLY-LIFE INFLUENCES AND
LIFELONG EFFECTS (LITERARY REVIEW)

ABSTRACT

This literary review analyses the connection between
the nervous system and gut microbiota via gut-brain axis.
Our aim was to explore how different factors, including the
mode of delivery, physical activity, breastfeeding or med-
ications, such as antibiotics and probiotics could cause the
alterations in the gut microbiota and this way, have an in-
fluence on the early development of the nervous system
and its later functions. We investigated the microbiota char-
acteristics across different ages, from neonatal to geriatric
patients. Studies demonstrated that the composition of the
microbiome has an essential role even in a very young age
by producing different microorganisms and neurotransmitters.
Additionally, recent researches have showed that the changes
in the gut microbiota led to the neural-related diseases, in-
cluding Parkinson’s disease, ADHD, Autism Spectrum Disorder,
etc. All of these factors underlines the importance of the
gut in the development of the nervous system, however
this evidence is not enough and still studies and researches
need to be carried out in order to prove this relationship
and influence.

Keywords: Nervous System, Gut Microbiota, Gut-Brain
Axis, Factors, Development
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INTRODUCTION

In modern medicine, the gut microbiota and its influence
on the nervous system has become one of the most ques-
tionable and discussable topics. Many studies demonstrate
that the microbiome controls the neurodevelopment via gut-
brain axis and may have an impact on later functions in life.
Many scientists believe that some neural diseases, including
Autism Spectrum Disorder (ASD), Attention Deficit Hyperactivity
Disorder (ADHD), Depression, Anxiety are associated with
the gut microbiota dysbiosis and its composition. For instance,
based on some studies, a microorganism — clostridium has a
negative impact on the Nervous System and it may cause de-
pression-like behavior or anxiety, whereas Bifidobacterium
is linked to mood improvement and stress resilience. This is
why, in today’s reality, it is considered that the gut microbiota
holds a bigger influence on the Nervous System than we
than we really think it does. For this reason, it is important to
remember that the mode of delivery, type of feeding, med-
ications, such as antibiotics, probiotics and other factors that
can cause dysbiosis may change the way of how the Nervous
System works and cause dozens of diseases. Nevertheless,
we still face the lack of studies, which means that we still
cannot prove exactly the association of these two systems.
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However, in order to understand the connection of the
mentioned systems and how they influence each other, it is
essential to discuss the characteristics of their development
with their anatomy and physiology.

THE NERVOUS SYSTEM IN EARLY LIFE:
A DEVELOPMENTALLY SENSITIVE ORGAN
SYSTEM ANATOMY AND PHYSIOLOGY

The nervous system is the initial part of the human
body development and formation. The NS is a combination
of neurons whose main function and purpose is to produce
and transfer information among all of the parts. The
nervous system enables other organs to work properly in
a balanced environment and all of the vital functions,
such as breathing, heartbeat, digesting, also endocrinal
processes, movements and sensations are dependent on
the mentioned system itself.

In order to understand the physiology and activity of the
nervous system, it is essential to know the basic knowledge
and anatomy of the mentioned part.

First of all, the nervous system consists of two parts:
Central nervous system (CNS) and Peripheral nervous system
(PNS), who, notably, have different functions and both have
a significant role in human body functioning.

The Central nervous system is presented by two main
organs: the brain and the spinal cord at the same time when
the peripheral nervous system gathers all neural tissue
outside the CNS.

The brain itself is divided into 2 hemispheres: the right
and the left. Both of the parts are responsible for different
kind of behaviors. While the right hemisphere is in charge
for creative and artistic thinking, the left brain manages lan-
guage, math and logical abilities. Moreover, the brain is
structured with four parts: cerebrum, diencephalon, cerebellum
and brainstem. Together these parts receive the impulses
sent from different organs and systems of the human body
and then send the commands accordingly.

Regarding the spinal cord, this part of the nervous system
works as the “bridge” between CNS and PNS, meaning that
if the spinal cord is damaged, it will be impossible to have a
CNS-PNS link.

Besides the brain and spinal cord, the human nervous
system consists of various parts, such as cerebral cortex,
basal nuclei, thalamus, hypothalamus, pons, medulla oblongata,
cerebellum, limbic system and reticular formation.

The cerebral cortex is a layer that surrounds the brain,
which is presented by gray matter and millions of neurons.
However, the cortex itself is differenced by lobes: frontal,
parietal, occipital, and temporal. The frontal lobe is responsible
for motor function, language, problem solving, attention
and memory, while sensory information processing is regulated
by parietal lobe. In addition, occipital lobe is the center of
the visual processing and, also, we face auditory stimuli
processes which work by order of the temporal lobe.

Nevertheless, to better comprehend physiology of nervous
system, it’s essential to understand its various parts, besides
the functions of each part of the CNS.
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The nervous system is presented by two cells: neurons
and glial cells. Neurons are the most important structural
and cultural part of the nervous system, which consist of
axons (long organs producing impulses outside of the
neural body) and dendrites (short structures that receive
impulses from other neurons). With the coordinated action
of these parts and also different types of neurons, the
nervous system provides proper and normal physiology
processes in the human body. However, there is no direct
connection between axons and other neural cells. In reality,
they are attached with the help of the area called the
synapse. It is essential to mention that when the impulse
is induced in the body, the chemical called neurotransmitter
is released to send the mentioned impulse from the synapse
to another cell. By binding to the effector cell’s membrane,
neurotransmitters initiate biochemical events within the
cell as directed by the CNS.

As mentioned before, the nervous system is also pre-
sented with neuroglias, which are smaller cells that work
to support neurons themselves. Remarkably, they play a
huge role in myelinating neurons, maintaining homeostatic
balance, supplying structural support, neuron nutrition
and protection.

In order to carry out all of the functions mentioned
above, there are four different types of glial cell:

Myelinating glial cells are responsible for forming the
myelin sheath that stimulates axons. In the central nervous
system, these cells are called oligodendrocytes, whereas
in the peripheral nervous system, they are known as
Schwann cells. Both astrocytes in the CNS and satellite
glial cells in the PNS provide support and protection for
neurons.

Two additional types of glial cells are found only in the
CNS:

1. Microglia — work as the CNS’s phagocytic cells.

2. Ependymal cells — acts as the layer of the ventricular
system.

In conclusion, it can be remarked that the central nervous
system is responsible for the proper working of physiological
processes and normal function of human emotions, motor
and logical skills and critical thinking.

However, we face a different situation while discussing
the peripheral nervous system.

The peripheral nervous system (PNS) is made up of 12
pairs of cranial nerves, 31 pairs of spinal nerves, and numerous
small groups of neurons called ganglia spread throughout
the body.

Peripheral nerves may be sensory (afferent), motor (ef-
ferent), or mixed (containing both types). Depending on the
tissues they connect to, peripheral nerves can be categorized
according to their modalities:

1. Special — innervates special senses (e.g., the eye);
found only in afferent fibers.

2. General —supplies all structures except special senses.

3. Somatic — targets the skin and skeletal muscles (e.g.,
biceps brachii).

4. Visceral — supplies internal organs.
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Additionally, the peripheral nervous system is divided
into two parts: voluntary part —somatic nervous system and
involuntary part —autonomous nervous system.

Based on the titles, it is obvious that somatic nervous
system acts according to the free will of a human himself, in
short, that part of PNS is commanded by us with the help of
all the fibers within cranial and spinal nerves. Somatic
sensation is associated with touch, pressure, vibration, pain,
temperature, stretch and position sense.

However, it is conspicuously different when we think
about autonomous nervous system. The ANS is demonstrated
with sympathetic and parasympathetic systems, whose co-
ordinated actions provide balanced homeostasis, maintaining
normal behavior of cardiac muscles, glandular cells, etc.

Autonomic nerves form synapses within autonomic
ganglia before reaching their target organs, meaning that
each nerve has both presynaptic and postsynaptic components.
Presynaptic fibers are found in the CNS and terminate by
connecting to neurons in the peripheral autonomic ganglia.
Postsynaptic fibers are the axons of these ganglion neurons,
which reach the target tissues from ganglia.

The sympathetic nervous system plays a crucial role in
our body for adapting it with extreme situations, briefly, it
gives signals for “fight-or-flight” environment by increasing
a heartrate, providing faster breathing, elevating blood
pressure and dilating pupils. Sympathetic nerve fibers have
a thoracolumbar origin, meaning that they stem from the
T1-L2/13 spinal cord segments. They synapse with prevertebral
and paravertebral ganglia, from which the postsynaptic
fibers travel to supply the target viscera. [Overview of the
nervous system. Author: Jana Vaskovi¢, MD].

In contrast to the SANS, the parasympathetic nervous
system is responsible for “calming” the physiological processes
in the human body by increasing the action of peristalsis
and gland secretion.

In conclusion, the autonomous nervous system regulates
the physiological processes in cardiac, digestive and endocrinal
systems, in short, it is an essential part for the normal home-
ostasis.

EMBRYOGENESIS OF THE NERVOUS SYSTEM

Furthermore, it is crucial to acknowledge the development
of the nervous system itself in order to understand how to
manage healthy functioning of the NS.

It is important to note that the embryogenesis of the
central nervous system is the first and key part of the NS de-
velopment.

These formations, without a doubt, do not take place all
at once. Those processes arise for weeks, chronologically to
each other.

The CNS arises from three primary germ layers: ectoderm,
mesoderm, and endoderm.

v Weeks 1 to 3: Zygote formation, blastocyst, and gas-
trulation occur

v' Mid-fourth week: Embryo is linear and uniform; noto-
chord formation occurs
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v’ Late-fourth week: Many forms of differential growth
occur; upper limb buds always develop before the lower
limb bud

v’ Fifth week: Limb buds more pronounced

v’ Sixth week: Can begin to see eyes and auricular
hillocks, which will develop into the external ears

v’ Seventh week: Formation of eyes, ears, and fingers

v Late eighth week: Formation of all organ systems

v/ Nine to 12 weeks (11 to 14 gestational age): Embryo
has a large head, and small body and this is the time
where the body grows in an attempt to catch up with the
limbs. The genitalia can be recognized during this period
giving a chance for parents to find out the gender of the
embryo.

v Thirteen to 16 weeks (15 to 18 gestational age): Coordinated
limb developments and ossification of skull occur; Ovaries dif-
ferentiate and contain primordial ovarian follicles that contain
oogonia; the eyes face anteriorly, and ears are in place.

v/ Seventeen to 20 weeks (18 to 22 gestational ages):
Eyebrows and head hair visible at 20 weeks

v/ Twenty-one to 25 weeks (23 to 27 gestational age):
Type Il pneumocytes to secrete surfactant. It is after this
stage when babies are considered viable.

v/ Twenty-six to 29 weeks (28 to 31 gestational age):
Eyelids open; the quantity of white fat increases. The CNS
has matured and can control breathing as well as temperature
function. Additionally, the bone marrow takes over (from
the yolk sac) as the major site of erythropoiesis.

v/ Thirty to 34 weeks (32 to 36 gestational age): Maturation
and growth of organs occur.

v/ Thirty-five to 38 weeks (37 to 40 gestational age):
Baby now has a firm grasp with hands. Testes may have de-
scended in males.

[Embryology, Central Nervous System; Mohamed Elshazzly;
Michael J. Lopez; Vamsi Reddy; Omar Caban.]

EARLY EMBRYONIC DEVELOPMENT AND
NEURULATION

The development of the central nervous system initiates
with the formation of the trilaminar germ disc, which consists
of the epiblast and hypoblast. Cells from the epiblast go
through an epithelial-to-mesenchymal transition, taking the
place of the hypoblast and they also multiply rapidly in the
middle layer to form the mesoderm, which later becomes a
key factor for forming connective tissues. After the mentioned
process, it becomes possible to notice the primitive streak
from the thickened region of the ectoderm. This structure
plays a huge role in initiating the formation of the notochord.
Notably, with the progression of development, the ectoderm
concaves. This process gives a rise to the primitive node and
primitive pit, where later the notochordal procedure is
formed. The primitive pit is a small depression which is
located at the center of the node. However, this part of the
node is positioned in the notochordal canal. The notochord
plays a role of the embryo’s longitudinal axis and provides
help to format the parts of the intervertebral discs.
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Regarding the process of the neurulation, the neural
plate wraps to generate neural folds with a central neural
groove. By combining, those folds form the neural tube and
in the end, it established the central nervous system - the
brain develops from the cranial two-thirds, and the spinal
cord from the caudal third.

As for the spinal cord, it is formed from the neural plate,
which is presented with three layers:

1. Ventricular — Forms the central canal.

2. Mantle — Produces gray matter.

3. Marginal — Constructs white matter.

Additionally, the peripheral nervous system is developed
from neuroepithelial cells which are transferred from pia
mater to the ventricular layer, where they migrate to produce
neurons, ependymal cells and glioblasts. However, it is im-
portant to know that the myelin sheath, formed by glial
support cells, envelops axons and insulates neurons, thereby
enhancing the speed of nerve signal conduction.

1. Myelination of peripheral axons occurs via the neu-
rolemma, which comes from Schwann cells (which come
from neural crest cells).

2. Myelination of CNS axons occurs via oligodendrocytes,
which are neuroepithelium derivatives. [Embryology, Central
Nervous System, Mohamed Elshazzly; Michael J. Lopez;
Vamsi Reddy; Omar Caban.]

Notably, the brain is also developed during embryoge-
nesis. There are three primary vesicles which are then
divided into five secondary brain vesicles:

1. Prosencephalon, which is then formed into the fore-
brain.

2. Mesencephalon, which is transformed into the midbrain.

3. Rhombencephalon, which is the future hindbrain.

In the end the pituitary gland, or hypophysis, develops
from two distinct sources. The posterior pituitary forms as
an extension of the hypothalamus, maintaining a direct
neural connection. In contrast, the anterior pituitary arises
from an ectodermal outpouching of the oral cavity. It relies
on an extensive capillary network to communicate with the
brain through the vascular system.

In summary of all mentioned above, the Nervous System
plays a significant role in the formation and development of
all the parts and systems of human body. However, it must
be remarked that the normal function of Nervous System is
accomplished with the help of the digestive system and
mainly, by the gut microbiota and its microorganisms,
meaning that various bacterias residing in the microbiome
control activities of the NS.

EARLY DEVELOPMENT OF
THE DIGESTIVE SYSTEM: IMPLICATIONS
FOR NERVOUS SYSTEM FUNCTION

ANATOMY AND PHYSIOLOGY

The digestive system plays a huge role in human body.
Its main function is to digest food that a human being
consumes every day.
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In order to understand the functions of the mentioned
part, it is essential to know the basis of the digestive system,
its anatomy and physiology.

First of all, what is the digestive system itself? The
digestive system is the part of the human body, which
consists of various organs and its main function is to digest
and absorb all the essential substances that we take.

The simplest approach for comprehending the digestive
system is to split it into two parts: the first category consists
of organs which are essential for building the gastrointestinal
tract and the second, so called accessory digestive organs,
have a huge role in food digesting and its absorption into
every part of the human body.

The gastrointestinal tract, also called the alimentary
canal, exists in human organism to provide every part of the
body with nutrients and compounds, which are essential for
normal and adequate function. The digestion initiates with
a mouth and ends with an anus, meaning that the mentioned
organs are the beginning and ending parts of the gastroin-
testinal tract. In general, the alimentary canal consists of
various segments:

v Mouth — The beginning of digestion, where saliva (the
special digestive juice) is produced to support the breakdown
of food.

v’ Pharynx — Transfers food from the mouth to the
esophagus.

v’ Esophagus — The muscular tube where the small parts
of food are sent to in order to reach the stomach, the organ
is placed in the center of human chest.

v’ Stomach — Where the chemical digestion begins with
the help of gastric juice, which is secreted in the stomach.
Nutrients are formed into chyme. This part is the beginning
of protein chemical breakdown.

v/ Small intestine — Chymes produced from stomach are
transferred to this part of the digestive system, this is the
site where all the digestion and the absorption take place.
The longest segment of the system, but because of its short
diameter, it is still called “small intestine”. Consists of parts,
such as duodenum (which is divided into four subgroups:
the superior, descending, horizontal, and ascending), jejunum
and ileum.

v Big intestine — the site where the digestive system ac-
tivation comes to an end, is composed of cecum, colon,
rectum and anus. The main role of this part is to terminate
the absorption of food and water, plus produce some vita-
mins.

Nevertheless, these are the functions of the first subdivision
of the digestive system. Regarding the second group — the
accessory digestive organs, also called the biliary tract, are
placed in the upper part of the abdomen. This part is essential
for providing the small intestine with enzymes and bile in
order to break down the food. It consists of different organs:

v’ Liver — the main part for metabolism and digestive
system function regulation.

v’ Gallbladder — sends bile (a mixture produced by liver)
to duodenum.

v’ Bile ducts — delivers bile (a mixture produced by liver)
to the small intestine.
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v/ Pancreas — secretes enzymes for better digestions,
produces hormones to control the amount of sugar in human
body.

However, the digestive process is controlled by different
segments of the body, such as hormones and nerves, meaning
that endocrinal and nervous systems have an important
impact on the digestive system itself.

Cells which exist in the stomach and small intestine
produce hormones which help the digestive system to ade-
quately accomplish its function. These hormones send signals
in order to produce a digestive juice and also it informs the
brain whenever the stomach is full or empty.

Regarding the central nervous system, the spinal cord
and the brain are linked to the digestive system thanks to
the nerves and this way, the CNS controls the process of di-
gestion. For instance, when we smell or see the food, the
brain informs the digestive system to produce saliva in the
mouth with the help of the salivary glands. Moreover, in the
Gl tract walls we have the enteric nervous system (ENS)
which send the signals to accelerate or slow down the move-
ment of food and the secretion of digestive juices. In short,
the nerves control the actions and the functions of the
digestive system by sending special signals.

The alimentary canal is unable to absorb large food, this
is why the molecules, such as lipids, proteins and nuclear
acids, should be broken into small pieces, which is possible
with the help of enzymes. There are many enzymes involved
in the chemical digestion, for example:

v’ Salivary — lingual lipase and salivary amylase.

v’ Gastric — gastric lipase and pepsin.

Brush border -a-Dextrinase, enteropeptidase, lactase,
maltase, nucleosidases and phosphatases, peptidases and
sucrase.

v/ Pancreatic — carboxy-peptidase, chymotrypsin, elas-
tase, nucleases, pancreatic amylase, pancreatic lipase and
trypsin.

With the help of mentioned enzymes, proteins break
into amino acids, fats break into fatty acids and glycerol and
carbohydrates into simple sugars.

THE GUT MICROBIOTA AND ITS
EARLY DEVELOPMENT

The most of the microorganisms that exist in the human
body mostly live in the gut. Since the baby’s immune system
is not yet fully developed, the gut microbiota plays an
essential role in maintaining the normal health of human
body. Moreover, the crosstalk between host and intestinal
microbes is considered a cornerstone affecting the host's
metabolism, immunity, autoimmunity and autoinflammation
and elaborate networks linked to several organs. [The gut
microbiota: its anatomy and physiology over a lifetime;
Giulia Gibiino, Gianluca laniro, Giovanni Cammarota, Antonio
Gasbarrini]. The first extensive exposure to these organisms
occurs at birth: soon after an infant exits the womb, microbes
begin to enter the human body and in time establish them-
selves in the gut. [Development of the gut microbiome in
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early life; Sinead Ahearn-Ford, Janet E Berrington, Christopher
J Stewart].

The digestive system consists of normal microbiota,
which contains fungi, bacteria, protists, archaea and some-
times viruses as well. The gut microbiota is essential for
the GI tract normal function and can be damaged with
the use of antibiotics or a diet. Furthermore, the gut mi-
crobiota can be the main reason of some diseases and in-
fections. Moreover, it is related to allergy, obesity and
brain disorders.

A healthy microbiome has various functions, such as
metabolizing polysaccharides, which are nearly impossible
to digest, fighting against pathogens and additionally playing
the role of the barrier, and plus they reduce the activity of
toxic products.

As mentioned before, the development of gut microbiota
begins after the birth, which includes two phases in early
childhood. The first phase takes place during lactation
period and as a result, Bifidobacteriums start residing in
the microbiome. Recent studies show that Bifidobacteriums
have a positive influence on mood improvement, stress re-
silience and cognitive function. Additionally, they reduce
anxiety and depressive-type behavior. The second phase
initiates after the weaning stage, when the infant is fed
with solid food and thus, an adult-like microbiome establishes
in the child’s gut. In the mentioned phase, besides Bifi-
dobacterium, Bacteroides, Prevotella, Ruminococcus, Clostrid-
ium, Veillonella and Firmicutes begin to live in the human
organism.

Notably, various factors play a huge role in maintaining
the healthy activity of the gut microbiota, such as a delivery
way (vaginal or cesarean), breastfeeding, the use of antibiotics
and the introduction to the solid food. In general, vaginal
microbiotas are presented by Lactobacillus, Prevotella, or
Sneathia, while the cesarean delivery contains Staphylococcus,
Corynebacterium, and Propionibacterium.

Regarding breastfeeding, the breast milk contains useful
compounds, notably proteins, fats, carbohydrates, im-
munoglobulins, endocannabinoids and galactooligosac-
charides. These oligosaccharides mostly go through the
colon, where they are turned into short-chain fatty acids
by Bifidobacteriums. SCFAs are able to cross the blood-
brain barrier and thus, they have an impact on the brain
activity. They help to release gut hormones, such as GLP-1
and PYY, which control appetite, mood and cognitive func-
tions. Moreover, SCFAs are able to influence the neuro-
transmitter synthesis, such as GABA, serotonin and dopamine
precursors.

Additionally, with the improvement of milk formula, it
is more possible to enrich the number of bifidobacteriums
in the infant gut microbiota. However, this formula is
related to some negative factors. Recent studies show
that the milk formula is linked to the increased number of
anaerobic microorganisms, such as Bacteroides and Clostrid-
ium, while children who are fed with breastmilk are mostly
presented by the aerobic ones. However, based on some
studies, clostridium, besides improving anxiety and de-
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pressive behavior, have a negative impact on the nervous
system indirectly — this microorganism is able to damage
the gut, which may then negatively influence the brain
function.

Moreover, there is an evidence which shows that the
use of antibiotics has a great impact on the development
of the gut microbiota. Taking mentioned medications
shows the increased level in Proteobacterias and decreased
number of actinobacterias. This increases the diversity of
asthma, atopic disease, eczema, and type 1 diabetes in
children.

In conclusion, it can be once more pointed out that the
digestive system and its gut microbiota control most of the
human body systems, but mainly they are responsible for
the nervous system healthy activity, since the microorganisms
residing in the microbiome may have a positive or negative
impact on depressive behavior, anxiety, brain function in
general, etc.

THE IMPACT OF THE GUT ON
THE NERVOUS SYSTEM

We have already understood how strong the connection
may appear between the Gut Microbiota and the Nervous
System and that some microorganisms are associated with
various of diseases. It means that it is essential to consider
all of the factors, such as type of feeding, consumption of
medications, mode of delivery in a correct way in order to
maintain adequate physiology of the microbiome and not
to cause the dysbiosis. However, to better acknowledge
the importance of their association and the impact of the
gut on neural diseases, let us demonstrate one research
made recently in the Netherlands, which gives us stronger
alibi to prove our assumption about the connection of
these systems.

A recent Dutch research on the mice demonstrate us ex-
tremely significant results - the stool of depressed mice was
transplanted into the gut of the healthy mice and soon
these mice appeared to have depressive-like behaviours.
The gut microbiota of unhealthy mice consisted of the mi-
croorganisms, including Eggerthella, Coprococcus, Sellimonas
and Hungatella, which are associated with the production of
Butirate, Glutamate, GABA and Serotonin. However, these
compounds have an important impact on developing de-
pression, anxiety and other types of neural diseases. So, this
study once more proves our doubt about the influence of
the gut on the nervous system and gives us more information
about their connection with each other.

CHARACTERISTICS OF THE GUT
MICROBIOTA IN ADULTS AGED 18-70 YEARS

We have already discussed the anatomy and physiology
of the Nervous and Digestive systems with the association
and influence on each other. However, it is essential to re-
member that these characteristics are not enough to under-
stand the whole picture and we need more information, no-
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tably we need to know the differences of the features in dif-
ferent ages.

The functions and consistency of the Gut Microbiota
may vary among different ages, for this reason, it is essential
to discuss all of the life periods separately. This way, we will
be able to treat and cure diseases according to the age and
its particular characteristics.

At the age of 18-70, the gut microbiota is already fully
structured, because as we already know, it reaches the
adult-like stage after first three years of life. The gut mi-
crobiota in this group of people is extremely diverse and,
mainly, balanced. At that period, the gut microbiota plays
an essential role in maintaining healthy physiology and ad-
equate functions of various human body systems. The Gut
Microbiota is able to perform its role by producing different
neurotransmitters and microbial metabolites. This way,
the Microbiota has a possibility to communicate with the
host cells, notably intestinal epithelial cells (IECs) and
immune cells. One of the most important metabolites of
the GB are short-chain fatty acids (SCFAs), which, as we al-
ready have mentioned, play a significant role in the formation
of Blood-Brain Barrier (BBB). These metabolites are produced
by different enzymes of bacteria of the Gut Microbiota.
Particularly, Bacterias in the phylum Firmicutes have been
well-described as the predominant producers of butyrate
[The function of gut microbiota in immune-related neuro-
logical disorders: a review; Panida Sittipo, Jaeyoon Choi,
Soojin Lee & Yun Kyung Lee].

Moreover, there are other types of bacteria which have
an impact on the production of butyrate, such as Faecal-
ibacterium, Clostridium, Roseburia, Eubacterium, and
Anaerostipes. Acetate is formed with the help of Bifidobac-
terium.

However, the Gut Microbiota produces acetate and pro-
pionate with the mucin fermentation as well, which process
is carried out by Akkermansia Mciniphila — the mucin-
degrading bacteria.

The SCFAs mentioned above are taken up by colonocytes,
such as monocarboxylate transporters (MCTs), where they
serve as the energy source of colonocytes. In addition, SCFAs
play an essential role in homeostasis and T cells formation,
this means that the Gut Microbiota also has an influence on
the Immune System.

Besides, SCFAs, mainly butyrate is able to control the
activity of microglias, they may reduce their activation and
this way decrease depressive-like behaviour. On the other
hand, it was detected that SCFAs induce the amyloid B in
Alzheimer’s Disease.

Notably, there is a significant difference different genders
related to the gene expression. Acetate contributes to the
production of interleukin (IL)-22 in male, but not in female.
This is why, men have less chance to struggle with neuroin-
flammatory diseases, rather than women.

The Gut Microbiota is also able to produce thrypthopan
mediators. Those are the amino acids that are important in
the formation of body proteins. They may be metabolized in
hepatocytes and enterocytes with the help of two different
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pathways, such as kynurenine and hydroxylation. The second
pathway forms two metabolites — 5HT and melatonin. SHT
is the neurotransmmiter that plays a significant role in the
gastric secretion, as well as it regulates the cognitive and
behavioural aspects of the brain by crossing the Blood-Brain
Barrier (BBB).

Moreover, the Gut Microbiota is able to produce different
thrypthopan metabolites, such as indoles and tryptamines.
Those bacterias that form mentioned metabolites are Lac-
tobacillus, Escherichia coli, Clostridium, and Bacteroides.
These metabolites produced by the Gut Microbiota are able
to control the microglia activity, neurogenesis and brain
function. The increased number of indoles demonstrated
the decreased level in motor activity, which suggests that
indoles can cause an anxiety-like behaviour, thus, promote
a real anxiety in humans.

Neurotransmitters (chemical substances that take infor-
mation between different neurons) can be formed by the
Gut Microbiota, such as serotonin, catecholamines and
GABA. Some bacterias in the GM may produce dopamine
(catecholamine), such as Bacillus cereus, Bacillus mycoides,
Bacillus subtilis, Proteus vulgaris, Serratia marcescens, Staphy-
lococcus aureus, and Escherichia coli. Dopamine, as it is
known, is essential for in the regulation of Nervous System,
mainly cognitive functions and mood. Additionally, the Gut
Microbiota bacterias, including Candida, Streptococcus, Es-
cherichia, Enterococcus, and Pseudomonas are able to
produce serotonin — a hormone that plays a key role in the
regulation of various psychological processes.

All of the neurotransmitters and their roles can be
found in the table demonstrated below:

[Gut-Brain Axis in the Early Postnatal Years of Life: A
Developmental Perspective; Ankita Jena, Carlos A Montoya,
Jane A Mullaney, Ryan N Dilger, Wayne Young, Warren C
McNabb, Nicole C Roy].

In conclusion, it can be once more remarked that in the
age of 18-70, the Gut Microbiota plays a key role in adequate
functioning of the Nervous System with the help of bacterias
which produce metabolites and neurotransmitters. However,
it means that the changes in the gut microbiota may lead to
neural disorders, as some bacterias will not be able anymore
to form the mentioned substances.
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CHARACTERISTICS OF THE GUT
MICROBIOTA IN ADULTS AGED 70+ YEARS

Since we already discussed the characteristics in adults
aged 18-70 years, we are able to remark the fact the gut
microbiota in this period is extremely diverse and consists
of various types of bacteria. However, after the age of 70,
there is a significant change among people related to the
reduced microbial diversity and the disappearance of ben-
eficial bacterias called Bifidobacterium, Lactobacillus and
Faecalibacterium prausnitzii. In addition, the growth of
Enterobacteriaceae and Clostridia is noticeable, which are
considered as pro-inflammatory bacterias. Obviously, this
kind of changes affect the gut-brain axis, which then leads
to neurodegenerative diseases. For this reason, it is essential
to note all of the physiological processes occurring in this
group of people.

The gut microbiota may vary because of different rea-
sons, such as physical activity, diet, stress level and, mainly,
the age. This last factor leads mostly to the changes of mi-
croorganisms in the gut and this way, demonstrates the
increased number of problems related to the cognitive
function and depressive-like behaviour. The gut microbiota
of healthy young population is somehow richer than the
microbiota of the geriatric patients which means that this
group of population has a higher risk of developing various
neurodegenerative diseases. As we already have mentioned
previously, Bifidobacterium and Lactobacillus have a great
impact on cognitive functions, mood and human behaviour.
On the other hand, bacterias of the gut, such as Clostridia
and Enterobacteraceae lead to the increased diversity of
anxiety-like behaviour, anxiety itself, depressive disorders,
etc. Based on these, we are able to remark that the age is
a significant factor of dysbiosis and the changes in the
gut-brain axis.

Nevertheless, it is also essential to discuss age-related
neurodegenerative diseases separately.

One of the most common neurodegenerative diseases
that we face among patients is the Parkinson’s disease. PD
is related to the loss of some important cells in the brain,
such as dopamine-secreting neurons. Many studies demon-
strated that there is a great connection between dysbiosis
and the development of Parkinson’s Disease. As we

Potential neurotransmitters in the gut-brain axis.

Lactococcus and Lactobacilli spp. (Shishov et al., 2009:
Ozogul, 2011)

Escherichia, Bacillus, and Saccharomyces spp. (Shishov
etal., 2009; Lyte, 2011)

Lactobacillus and Pediococcus spp. (Landete et al.,
2007; Ozogul et al., 2012)

Norepinephrine Phenylalanine

Histamine Histidine

Neurotransmitter ~ Amino acid Microbial species* Gastrointestinal tract role Brain role
precursor
Serotonin Tryptophan Escherichia coli (K-12), Klebsiella gastric and motility (Misiewicz et Mood regulation by decreasing anxiety and stress
(Gzogul, 2004; Shishov et al., 2009) al., 1966) (Williams et al., 2006)
GABA? Glutamine® Lactobacillus brevis and Bifidobacterium dentium Regulates gastric emptying, secretion, and motility Process sensory information and regulates
(Barrett et al., 2012 (Hyland and Cryan, 2010) memory and anxiety (Kalueff and Nutt, 1996)
Dopamine Phenylalanine  Escherichia, and lactic acid-producing bacteria such as  Regulates motility (Li, 2006) Voluntary movement, induces feeling of pleasure

Regulates blood flow (Schwarz et al., 2001)

Modulation of motility, enhancement of gastric acid

production_(Kano et al., 2004; Kim et al., 2011)

(Judrez Olguin et al., 2016)

Motor control, emotion and endocrine modulation

(Kobayashi, 2001)

fulness, and

al., 2001; Torrealba et al., 2012)

(Brown et
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discussed before, dopamine may be produced by the bac-
terias of the gut microbiota, which means that with the
decline of dopamine formation, it may lead to this neu-
rodegenerative disease. Most patients with PD have in-
creased intestinal permeability, which may reflect gut mi-
crobiota disorders, and this is reported to facilitate motor
deficits, microglial activation, and a-syn pathology [The
function of gut microbiota in immune-related neurological
disorders: a review; Panida Sittipo, Jaeyoon Choi, Soojin
Lee & Yun Kyung Lee]. In addition, there is a noticeable
decrease of beneficial bacterias in elder people with PDI,
such as Bacteroides, Lactobacillus, Prevotella, Peptostrep-
tococcus, and Butyricoccus, which means that cognitive
functions are worsened.

Furthermore, the composition of the gut microbiota may
vary with different stages of Parkinson’s Disease. For example,
the number of Clostridias is elevated in the early stage of
PD, while the higher level of Lactobacillus is seen in the later
development of the disease.

Moreover, families such as Enterobacteriaceae, Pep-
tostreptococcaceae, Verrucomicrobiaceae, Lachnospiraceae,
and Ruminococcaceae are more prevalent in PD cases,
while families like Prevotellaceae and Lactobacillaceae are
less abundant [The Microbiota—Gut—Brain Axis and Neuro-
logical Disorders: A Comprehensive Review; Mohammed
M. Nakhal, Lidya K. Yassin, Rana Alyaqoubi, Sara Saeed, Al-
reem Alderei, Alya Alhammadi, Mirah Alshehhi, Afra Alme-
hairbi, Shaikha Al Hougani, Shamsa BaniYas, Haia Qanadilo,
Bassam R. Ali, Safa Shehab, Yauhen Statsenko, Sarah Meri-
bout, Bassem Sadek, Amal Akour and Mohammad I. K.
Hamad].

There is also demonstrated a decreased level of SCFAs in
the patients with Parkinson’s Disease. However, the role of
short-chain fatty acids still persists uncertain. Some studies
show that SCFAs have a negative influence on PD, which
means that it can lead to the progression of the disease.
SCFAs, such as acetate, propionate, and butyrate play a sig-
nificant role in microglial activation and motor dysfunction.
On the other hand, there seemed to be an improvement in
mice treated with sodium butyrate.

Recent studies show the potential contribution of the
gut microbiota in Alzheimer’s Disease, a neurodegenerative
disease presented with the increased number of extracellular
aggregates of AR and tau proteins. Based on recent studies,
the gut microbiota demonstrates a great contribution in de-
creasing the levels of AR aggregates, which means that the
states of Alzheimer’s Disease could be soften with the gut-
focused treatment.

In addition, there is a positive correlation between the
levels of Escherichia/Shigella and pro-inflammatory cytokines
IL-1B and CXCL2 in the serum of patients with AD, suggesting
that alteration of these gut microbiota taxa is possibly asso-
ciated with peripheral inflammation in patients with AD
[The function of gut microbiota in immune-related neurological
disorders: a review; Panida Sittipo, Jaeyoon Choi, Soojin Lee
& Yun Kyung Lee].

Patients with Alzheimer’s or Parkinson’s diseases struggle
with dysbiosis and the reduced diversity of the microbiota.
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This fact states that with the age of 70+ are more likely to
develop these neurodegenerative diseases, because, as we
mentioned, the types and numbers of microorganisms in
their gut are no more balanced.

In conclusion, it can be once more noted that there is a
great difference regarding physiology and characteristics of
the gut microbiota among people of 18-70 and 70+. In
geriatric patients, the gut faces dysbiosis, which means that
the microorganisms in microbiota changes significantly and
beneficial bacterias are disappearing.

CHARACTERISTICS OF THE GUT
MICROBIOTA IN NEONATAL PATIENTS

Since we already discussed the characteristics of the Gut
Microbiota in people aged 18-70 and geriatric patients, it is
important to mark the differences in neonatal patients —
where the gut microbiota begins to develop. Like we have
already mentioned, the gut microbiota matures in the first
three years of life and at the age of three, it already looks
like an adult-like microbiota. This is why, we need to
understand the beginnings of the bacterial colonization and
microbiome development.

Previously, it was considered that the composition of
gut microbiota depended only on the delivery mode (vaginal
or caesarean), however recent studies demonstrated that
there are other factors affecting the colonization, including
maternal utero via placental way, age and gut maturation. It
was detected that the composition of meconium in term of
bacterias is similar to the amniotic fluid, this is why it gives
rise to an idea that the microbiota actually starts developing
even before birth of an infant.

Throughout the first weeks, there is a significant number
of facultative anaerobes in the gut, such as Enterobacteri-
aceaes, which are essential for vitamin production and
breaking down nutrients in the intestines but, on the other
hand, they are often responsible for anxiety-like behaviour.
At that period, bifidobacterium, Lactobacillus and Faecal-
ibacterium prausnitzii are not yet colonized.

However, the Gl microbial community consists not only
of bacteria but also include phage, archaea, and fungi [Gut-
Brain Axis in the Early Postnatal Years of Life: A Developmental
Perspective; Ankita Jenam, Carlos A Montoya, Jane A Mullaney,
Ryan N Dilger, Wayne Young, Warren C McNabb, Nicole C
Roy]. In recent studies, in neonatal gut microbiota bacterio-
phage, archaea Methanobrevibacter smithii and fungi Candida
albicans were also detected.

The neonatal gut noticeably differs from the adult
gut, for instance, in neonatal patients we can find traces
of oxygen right after their birth, which is not usual for the
people age of 18-70 or the geriatric patients. In addition,
recent studies remark the fact that luminar oxygen begins
to decrease in the gut in order to change facultative
anaerobes with obligate ones, such as Clostridium, Bac-
teroides and Bifidobacterium. These changes also occur
in terms of simple sugars, when they transform into
complex fibers.




L OO

63303019 JaMENMEMaNY

GUT Simple sugars/HMOs

LUMEN
0; level

Enterobacteriaceae

Bifidobacreriaceae

Lactobacillaceae
Clostridiaceae

Relative abundance of bacteria

Complex carbohydrates

SCFAs

Bacteroidaceae

—

Prophyromondaceae

Lachnospiracaea

Ruminococcaea

Newborn Neonate

Adult

Current Opinion in Mictobiology

These processes mentioned above are well demonstrated
in the following figure:

[Neonatal gut microbiome and immunity; Katherine Z
Sanidad, Melody Y Zeng]

Furthermore, there are various factors that contribute
in the maturation of the gut of neonates, including PH,
proteins, lipids, enzymes, carbohydrates. Notably, the new-
borns with the high number of SCFAs have more acidic
intestinal environment.

Moreover, some studies conducted that neonatal patients
have a greater intestinal barrier function in terms of antigens
compared to adults. On the other hand, there is no presence
(or insignificant amount) of intestinal crypts and Paneth
cells, which are essential for forming antimicrobial peptides.
This is why, neonates are more likely to have enteric
infections. In addition, neonatal patients’ gut does not hold
M cells, which play a key role in transportation of microbial
antigens and T cell activation.

Collectively, despite the immaturity of the neonatal immune
system, the developing gut appears to be ‘designed’ in unique
ways to protect the neonates from enteric infection while pre-
venting overactivation of gut immune cells [Neonatal gut mi-
crobiome and immunity; Katherine Z Sanidad, Melody Y Zeng].

In conclusion, we are able to remark the fact that the
neonates’ gut microbiota is extremely distinct from the
mature one, which means that there are differences in the
composition and bacterial colonization. In addition, it lacks
of the essential structures for normal immune system,
however, the gut microbiota is still able to provide the pro-
tection of the organism.

CHARACTERISTICS OF THE GUT
MICROBIOTA IN YOUNG CHILDREN

In previous sections, we have already discussed gut char-
acteristics in people aged 18-70, geriatric and neonatal
patients. Nevertheless, we still need to acknowledge the
functions and physiology in other categories, notably in
young children.

In this period of life, both beneficial and harmful bacterias
are present in the gut microbiota. However, there are several

differences among different ages. Before weaning, there is
a significant number of bifidobacterium, which is important
for the development of cognitive functions and behaviour.
Besides bifidobacterium, some studies also showed that the
gut microbiota of young children consists of Bacteroides,
Streptococcus, Enterobacteriaceae or Staphylococcaceae.
Nevertheless, bifidobacterium still remains the most significant
cluster in young children, which is different from an adult
gut microbiota. In these patients, the number of bacterias
are more balanced. Because of this, the development of the
gut microbiota in children may continue longer than usually.

In addition, during the first 3 years of life, the gut microbiota
undergoes dynamic progression with the predominant phyla
colonization, including Bacteroidetes, Firmicutes, Proteobacteria,
and Actinobacteria [The early-life gut microbiome in common
pediatric diseases: roles and therapeutic implications; Taiwo
Bankole, Yuanyuan Li ]. The number of Bacteroides start
growing at the age of 27 months and continues until three.
The developing gut microbiota is essential for the production
of several metabolites, such as amino acids, SCFAs, bile acids
and neurotransmitters. These metabolic products play a key
role in hormone formation and inflammation.

However, the composition of the developing gut microbiota
may be influenced by different factors, including the mode of
delivery and the type of feeding (which we have mentioned
before), and mainly nutrition. Nutrition is critical in supporting
healthy brain development early in life, with long-lasting, and
often, irreversible effects on an individual’s cognitive development
and life-long mental health [Nutritional Support of Neurode-
velopment and Cognitive Function in Infants and Young Chil-
dren—An Update and Novel Insights; Kathrin Cohen Kadosh,
Leilani Muhardi, Panam Parikh, Melissa Basso, Hamid Jan Jan
Mohamed, Titis Prawitasari, Folake Samuel, Guansheng Ma,
Jan M W Geurts ]. The adequate nutrition is associated with
normal function of gut microbiota and its dysbiosis (in case of
inadequate nutrition) is connected to many diseases. For
instance, bacteroides are correlated with better cognitive
function and behaviour. Bifidobacterium plays a significant
role in maintaining positive emotionality regulation and social
and adaptive skills. Moreover, streptococcus and faecalibacterium
are linked to positive results of neurodevelopment and mental
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health at the age of 36 months. On the other hand, clostridium
is associated with worsening of cognitive function and behaviour,
and its rise in numbers may lead to the depression or anxiety-
like behaviour in later stages of life. In one study, the association
between the gut microbiota composition (GMC) and tempera-
ment of 2.5-month-old infants was evaluated. Infants with a
Bifidobacterium/Enterobacteriaceae GMC exhibited higher
regulation scores, whereas a Streptococcus/Bifidobacterium
GMC was associated with positive emotionality [Nutritional
Support of Neurodevelopment and Cognitive Function in Infants
and Young Children—An Update and Novel Insights; Kathrin
Cohen Kadosh, Leilani Muhardi, Panam Parikh, Melissa Basso,
Hamid Jan Jan Mohamed, Titis Prawitasari, Folake Samuel,
Guansheng Ma, Jan M W Geurts].

Bifidobacterium is mostly present in breast milk and yo-
ghurts, bacteroides can be found in high-fiber nutrients,
such as vegetables and fruits and the number of streptococcus
can be increased by milk products. This means that in order
to maintain healthy gut microbiota, it is essential to feed
children properly and keep the adequate nutrition. This
way, we will be able to prevent the diseases associated with
nervous system in later life.

In addition, lipids, vitamins, amino acids and minerals play
a great role in maintaining normal neurodevelopment. Notably,
lipids are essential for cognitive function, memory and language,
vitamins are considered important for social perception and
lateral ventricle development, minerals have a key role in
brain growth, 1Q and language and lastly, amino acids should
be fed in order to develop neuroprotection and mood.

In conclusion, we can once more remark the fact that
the development of gut microbiota in infants differs from
other groups of ages, notably, it consists of significant
number of bifidobacteriums. Additionally, since at this period
of life the gut microbiota is still under the development, nu-
trition plays a main role in the composition of microbiome
and the neurodevelopment.

Characteristics of the Gut Microbiota in Preschool and
School Age

We have already pointed out the key functions and char-
acteristics of the gut microbiota in people aged 18-70,
geriatric patients, neonates and infants, however after three
years of life, the physiology of the microbiome may change
and for this reason, it is essential to discuss its characteristics
in preschool and school age. At this period of time, the gut
microbiota is extremely vulnerable and many factors can
cause changes of its composition. In terms of neurodevelop-
ment, the microbial metabolites and immune signals relayed
via the GBA are crucial for normal brain development,
including synaptogenesis, myelination, and the maturation
of stress-response systems. Early-life disruptions to this sig-
naling (e.g., through antibiotic use, infection, or malnutrition)
can have long-lasting effects on cognitive function and emo-
tional regulation [Exploring the role of the gut microbiome
in pediatric gastrointestinal and neurological health; Chaohong
Zhang, Guobin Lin, Xiaofei Lu, Xi Yu].

This period is critical, the changes of the gut microbiota
in preschool and school children may have long-lasting
effects related to the brain development, neural and digestive
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diseases, such as anxiety, depression, irritable bowel syndrome
and abdominal pain. Like in infants, the diet and adequate
nutrition holds a key role in the normal function of microbial
flora. There are many factors that may have a great effect
on the Gl dysfunction, including dietary characteristics, the
irrational use of antibiotics and probiotics.

Malnutrition and especially the lack of proteins has a
significant impact on Gl environment, which means that it can
cause dysbiosis like in infants. As a result, the preschool and
school children’s microbiota loses essential bacterias, including
Bifidobacterium and Faecalibacterium prausnitzii — those who
form the cognitive function and mood. With the decrease of
this kind of bacterias and with the increase of pathogenic mi-
croorganisms allows the accession of poisons into the blood
and therefore, causes the systemic inflammation. In this situation,
SCFAs are also affected, which means that the gut microbiota is
no longer able to produce them. The lack of short chain fatty
acids influence brain activity (via gut-brain axis), gut barrier
function, which results in total metabolic dysfunction.

Moreover, this inflammation influences the number of
essential neurotransmitters, such as serotonin, GABA and
dopamine — the ones that are important for forming cognitive
functions, behaviour and mood. As a result, children can de-
velop diseases related to cognitive deficit, including ADHD
and Autism Spectrum Disorder (ASD).

Nutrients such as iron, zinc, omega-3 fatty acids, and
choline are vital for proper neuronal development. These nu-
trients assist in synaptogenesis processes and synaptic plasticity,
which are important for the structural formation and functional
operations of the brain [Exploring the role of the gut microbiome
in pediatric gastrointestinal and neurological health; Chaohong
Zhang, Guobin Lin, Xiaofei Lu, Xi Yu]. The lack of mentioned
compounds may cause other types of cognitive dysfunction,
including lower 1Q and the inability to learn.

However, recent studies show that the adequate nutrition
and the correct use of probiotics may have a positive impact
on children’s well-being. For instance, feeding preschool
aged and school children with the food that includes iron
and zinc may reduce the risk of cognitive dysfunctions. In
addition, some probiotics that includes bifidobacteriums
and bacteroides also can reduce negative behaviour. This
kind of therapeutic interventions may also influence the gut
function, which leads to the decrease of IBL risk.

Additionally, besides the adequate diet and the use of pro-
biotics, there is another important factor that effects gut mi-
crobiome — sufficient time of sleeping. This situation suggests
the strong connection between the brain and the gut. Recent
studies demonstrate that the children which are sleeping less,
have low diversity of microbiome and therefore, results in
poorer gut health. Nevertheless, the preschool children, which
sleep more, have extremely diverse microbiota and as a result,
struggle with less problems related to gut or brain health.

In conclusion, we can point out the fact that infants’ and
preschool/school children’s microbiota is similar in terms of
its composition, however preschool children’s microbiome
is more vulnerable, which means that we should pay more
attention to the adequate nutrition, sleep and correct med-
ications for the positive outcome.
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CHARACTERISTICS OF THE GUT
MICROBIOTA IN ADOLESCENTS

We have already discussed the characteristics of the gut
microbiota in all ages, however we still have left the period
of adolescence. We have mentioned that the microbiome
can change as a result of various factors, including diet,
sleep, physical activity, nevertheless the puberty and obesity
may be another reason in adolescents. This is why, it is ex-
tremely important to mark out all of the characteristics in
this category as well.

The gut microbiota at this age is associated with mental
health, brain development, metabolism, the growth of bones,
for this reason, changes in the gut at this period of time,
may be the reason of various diseases. In order to better un-
derstand the impacts and the changes of microbiome across
lifetime, let us demonstrate the graphic:

Newborn Infancy Adol Elderly

Adulthood

s+ 4 T

Changes in the gut microbiota structure across the lifespan

a-Diversity: Species diversity in an individual

B-Diversity: Inter-individual species diversity

Adolescent gut microbiota impact on healthy growth and maturation

Brain Metabolism Skeleton
<)
< ™ n'r‘;-_?
; i’éz‘j
| 7 w
of hepatic 40-50% peak bone mass accrual

Behavioral changes Adiposity & obesity risk Rapid linear skeletal growth

[Adolescence and the Microbiome; Matthew D Carson,
Caroline Westwater, Chad M Novince].

During adolescence, the nervous system is vulnerable
and the brain development at this age may affect the
cognitive functions, behaviour and mood. Since the brain
and the gut are connected via gut-brain axis, it is important
to remember that any changes in the gut, will have an
influence on the mental health. The mood disorders, such
as schizophrenia, anxiety, emotional instability, depression
and eating disorders, often start occurring at this age. Recent
studies show that this kind of illnesses are associated with
commensal intestinal microbiota. For instance, the recent
research showed that rats injected with lipopolysaccharide
or propionic acid leaded to permanent changes in social be-
haviour, which starts appearing at the adolescence period.
In addition, another study demonstrated that feeding puppies
with Bacteroides fragiles resulted in improving behavioural
deficits.

Moreover, the state of metabolism and the functions of
metabolites may be a key factor of the gut alterations. It is
shown that obese adolescents have changes in the composition
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of amino acids, bile acids and short-chain fatty acids. However,
these alterations may affect the brain function, since the
SCFAs hold a key role in forming brain and the blood-brain
barrier. This is why, diet has a great influence on the composition
of the microbiome. For instance, western nutrition is rich in
carbohydrates, fats and proteins, while the Mediterranean
diet is more focused on fruits, vegetables, beans and nuts.

Additionally, physical activity and the calorie deficit diet
may also affect the alterations of the microbiome. For
instance, the calorie reduction eating demonstrated the
higher number of Lactobacillus. Nevertheless, subjects who
experienced >4.0-kg weight loss versus <2.0-kg weight loss
had differences in genera Lactobacillus and Bifidobacterium,
which infers that the adolescent gut microbiota composition
could contribute to the efficacy of weight loss interventions.
[Adolescence and the Microbiome; Matthew D Carson,
Caroline Westwater, Chad M Novince].

However, the particular nutrients may result in the
increase or the decrease of some bacterias. For instance,
adolescents who often consume pomegranates, have a lower
number in Clostridiaceae. Also, diet with a high number of
fibers is associated with the increased number of F. Prausnitzii.
Nevertheless, clostridiums are linked to the development of
Autism Spectrum Disorder (ASD), depression and anxiety,
while F. Prausnitzii is neuroprotective and holds beneficial
effects for the nervous system.

In conclusion, it can be once more remarked that in case
of adolescents, the gut microbiota may be slightly different
from other groups of ages. For instance, at this period,
obesity and normal weight holds a significant role in normal
function of the gut microbiota. The alterations in case of
obesity may influence the brain functions as well and may
lead to the neural diseases, since the brain and the gut are
strongly connected via gut-brain axis.

CONCLUSION

In this article we have discussed all of the features of the
Nervous and Digestive systems, which helped us to better
understand the connection between the gut microbiota and
neural functions via gut-brain axis. In addition, we acknowl-
edged the fact that the microbiome is able to influence the
Nervous System and this way, cause some diseases or on
the contrary, prevent the development of neural problems.
This, without a doubt, depends on the composition of the
gut microbiota, including the number of Bacteroides, Bifi-
dobacteriums, Clostridiums, etc. However, the balanced
amount of microorganisms may vary depending on some
lifestyle factors, such as nutrition, physical activity, stress-
related situations, mode of child delivery and so on.

On the other hand, the difference of the gut microbiota
characteristics among various age groups demonstrated that
there may be distinct factors impacting our digestive system
and this way, on the Nervous System. Despite the fact, that
similarities may be seen in different age periods, still there
are many factors that distinguish their digestive system.

Based on this article, we can already conclude that the
Nervous System is noticeable sensitive to the changes of the
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gut microbiota and it may cause diseases such as ADHD,
Autism Spectrum Disorder, etc. In addition, a research carried
on in the Netherlands showed the influence of the depressed
mice microbiome on healthy Nervous System. Nevertheless,
we aren’t fully able to prove this influence and still many
studies should be done to conclude the impact of the gut
microbiota on our mental life.
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sents the specialized section. The publication
is presented in Georgian, English, and Russ-
ian.
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