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Studies on possibility of automatic reading of histopathological changes in the liver of fish using

artificial intelligence

Hyo-Eun Lee

Department of Aquatic life medicine, Graduate School,

Pukyong National University

Abstract

Liver function tests through serum are widely used worldwide as indirect
indicators to check for liver damage. Among them, aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) are most known enzymes that
indicate liver damage. The enzymes are in hepatocytes and are released into the
blood during the destruction of hepatocytes. AST and ALT are also used in
various studies in olive flounder and rainbow trout. However, there is little
study of the normal values of the enzymes. And research that correlates AST,
ALT values and liver damage in olive flounder and rainbow trout is also minimal.
Therefore, it is difficult to use AST and ALT values as indirect indicators of
liver failure of olive flounder and rainbow trout for diagnostic purposes.
Therefore, in this study, the correlation was investigated by analyzing the

pathological lesions of the hepatocytes and by measuring AST and ALT values



by sampling blood serum and liver tissues from eight olive flounder farms and
eight rainbow trout farms.

Also, biopsy of liver is very important in diagnosing liver damage. However,
biopsy is not common in fish and takes a long time because it has a subjective
nature and cannot be analyzed and quantified through automated equipment and
programs. Thus, there are attempts to use artificial intelligence for quick,
accurate and automated analysis. In order to create Al liver program, pathological
lesions in liver sampled in 765 olive flounder, 891 rainbow trout, were classified
as circulatory disorders, regressive change and inflammatory lesions. The
classified photos of olive flounder and rainbow trout liver tissues were taught
using the deep learning artificial intelligence program, Teachable Machine
Program. In addition, Fifteen fish in each eight new fish farms, olive flounder and
rainbow trout farms, were sampled and analyzed the pathological lesions of liver
and compare them with the results of the analysis using the learned program to
verify their accuracy. The results of this study could be suggested as basic data
for using serum analysis in diagnosis of olive flounder and rainbow trout liver

damage and confirm the possibility of applying artificial intelligence to biopsy.
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S sk, AW dirbE Es AEAE OiAF, ATPAAY, triglyceride 417 cholesterol
sbS otH, ®gstE dAalE & AAAHAE F oo AEodA glycogens
Yogor HIsts 985S s, $2F AR A T EE) estrogen, cortisol,
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= ozl A S v dFA A 7o TH( Non-Alcoholic Fatty Liver Disease(NAFLD)).
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HSI(%) = H3FAl(g) / AF(g) X 100

3. 89 HF 9} GOT, GPT HAL

22k QA F Gx 9 FAEo]o] ts] MS-222(Sigma)E o] &3] mhEH & u]RA
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3} 9 tH(Table 1).

Table 1. Histopathological assessment tools for liver, (Bernet et al. 1999)

Reaction pattern Alteration Score value Index
Circulatory
Congestion Alcl Ilc
disturbances
Regressive changes Atrophy Alrl
Increase of MMC Alr8
Ilr
Fatty liver Alr?2
Necrosis Alr6
Inflammation Hepatitis Ali3
1l
Pericholangitis Ali6
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Table 2. Histopathological reading result

Reading result

Positive Negative
Model result Positive True Positive False Positive
Negative False Negative True Negative

o A4 Bde) FelM s 2 A0 wgolr] B 0ol 43 2
o,

B E = True Positive + True Negative / True Positive + True Negative + False Positive +
False Negative

2
r-(\?{l-lt
o
flo
oX,
ofl
o
oS,
oX,
o
o)
=2
=
:Oé
3!
i)
o
oS,
oX,
o
il

2
e
e
=
o
o
g
kit

i
flo
ui
dlo

lo
o>
o
e
v}

A &(PIZE) = True Positive / True Positive + False Negative



q0] Aoz BFE

Aol dial] AA POz vEfhe vl Eolr &

22 = = True Positive / True Positive + False Positive

=

F1 Scoret= F U9 A&

F1 Score = 2*(Precision*Recall)/(Precision+Recall)

Jm

ok 544 Aol el o] st 549 BlEolH EE2 tadl 43 gk

£0] = = True Negative/(False Positive+True Negative)

7tk A g 2709 F7kell gt olAAE 1k AR K<0.20 LX<,
0.21<K=<040 %S, 0.41<K=0.60 =7} 0.61<K=<0.80 =3, 0.81<K=<1.00 "}-¢ =&
(M5 LxghHhoz FEet =E2 tha9 23 A

K = Pobserved — Pchance

1- Pchance
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1. BA = 574
22k A GAe FAIREeA SHE AAATE A 20.64~36.99= 9}
}, CF, HIS:= table 3,49} Zo] %A}

29.23~4257=22 thAh 18 BEXE B

%] S Th(table 3, 4).
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Table 3. Total length, Standard length, Condition factor (CF), Hepatosomatic index
of olive flounders, Values are means+*SD, n=15

A7 (cm) A7 (cm) CF HSI(%)
1T 36.7*1.69 30.6211.65 1.84*0.35 1.96*0.62
23 34.491+1.18 29.51*1.15 1.59*0.17 1.65+0.71
3T 36.9912.07 31.9811.94 1.79*0.17 1.3+0.25
47 23.911.35 20.38T1.14 1.75*0.24 1.45*0.37
5T 20.6411.25 16.95*1.19 1.85%0.24 2.2413.18
6T 30.43T2.61 24.93+2.39 1.9310.34 1.54*0.46
T 25.8811.59 21.84T1.43 1.82%0.18 1.45%0.49
8T 28.65T1.05 24.370.93 1.81*T0.12 1.587%0.38

Table 4. Total length, Standard length, Condition factor (CF), Hepatosomatic index
of rainbow trouts, Values are means+SD, n=15

A7 (cm) A% (em) CF HSI(%)
1T 32.2412.44 28.881T1.57 1.610.22 1.01*0.23
2T 29.23%T4.2 25.65174.04 1.63*0.3 0.88+0.08
3T 42.57*7.12 37.33x7.77 1.57%x0.37 0.97*0.11
437 33.01*5.17 28.55T4.58 1.55*0.14 1.2*0.16
5T 30.8812.24 26.45T1.84 1.42%0.14 0.91T0.26
6T 38.2812.44 33.07*2.29 1.78*0.15 0.97*T0.14
T 39.181t3.24 34.712.88 1.66%+0.21 1.12%*0.16
8T 34.791t1.74 30.54*1.77 1.65*0.1 0.93T0.07

- 12 -



2. GOT, GPT &%

22k AFE gAelA FHE GOT, GPTE tha 18 ¥ XE 1
A GOT %t W& Zo

o, FANEA

48] A YEFS Thtable S, 6).
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Table 5. GOT, GPT and GOT/GPT ratio of olive flounders, Values are means+SD,
n=15

GOT GPT GOT/GPT
1T 27.13%£7.73 7.611.45 3.610.84
2T 26.67£14.3 7.93+1.79 3.36=1.4
3T 40.81£9.99 13.73%£4.53 3.1+0.67
4 43.21+22.23 14.71+5.58 2.910.94
5T 31.73+1egt 2 il 1 35 T6-3 3.03*+1.28
6 38.73£14.69 11.53%5.94 3.6E1.17
7= 37.07£16.94 11.87*7.47 3.63*£1.49
8T 37.40 1502 15.2%9.47 2.98*1.21

- 14 -



Table 6. GOT, GPT and GOT/GPT ratio of rainbow trouts, Values are means+SD,
n=15

GOT GPT GOT/GPT
1T 392.73+115.55 13.2+3.8 30.47*+8.3
2T 323.73£68.51 19.13£6.73 18.05£5.06
3T 564.21296.08 37.47+77.31 31.37+17.03
4 196 £82.03 9.07+2.58 21.47%6.46
5T 167.2£53.27 8.6+1.3 19.75%6.5
6 247.93*£83.07 9.4+2.82 27.03£8.27
7= 158.07x76.98 7.27x2.43 22.11%£8.76
8T 463.07£127.14 L 2%t 2.6 36.13%E6.12

- 15 -
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W PER: AL A5, AL, DAL MMCEH), G54 AWML 19, B

ot

2 WS 3 lIc; =8), H

N

EAn

AhHerE F/7E FHeH, 12k ARG GH AR 7,972, FA A E] AR
11,9098 7t el giste] 44, A%, S5, AEE E/selth

22 AR gA g FAINE] el tiste] MwRlel dia] 4 0d, AR 1d, T
TE 2%, A% 33 o® Frtegith

22F AR g GA A AAkeE GHRFA A 17 el ARt YERE O MMCF A A&
AL BolA ¢koprh FAMEAANA S} A= 170 FellARE YErs o g
o] A AT F& WE® et o]2 Qs MMC FA % #2 &2 Y
Efthi= 02 AFE Fl Th(table 7, 8).

ok At o] 22 NER F BEFollq vrebskom, HX] 60%, A 7N

F0] 80% Al AM3E Fd o] AR S Th(table 9).

- 16 -



Table 7. Histopathological changes in liver of olive flounders, Values are means+SD, n=15

=38 TAZAH A3k A} 4 ek
1 0 14%1.12 0.2£0.41 0 0 0
2 0.73=1.1 1.27%£1.33 0.13£0.35 0 0 0
3T 0.07%£0.26 0.73+1.03 QA3 Tal 0 0.13%£0.35 0
4 - 0.07%£0.26 1.27%1.1 (93 319082 0 0 0
5 0.07%£0.26 2.73%£0.59 0.8£0.68 0 0.07%£0.26 0
6 T 0.27%+0.46 1.3 8D 1 2o T Ol 0 0 0
7T 0.6£0.51 4503 F.1.8=0.52 R 2% 0.8 0.2£0.41 0.33%£0.82
8 T 0.2£0.41 1.6£0.74 1£0.76 0 0.27%£0.46 0

- 17 -



Table 8. Histopathological changes in liver of rainbow trouts, Values are means+SD, n=15

=3 TAZHSE A3 I MMC 4
1 0 2.4*0.63 0.93*0.59 0.07*0.26 0.4T0.51 0.47*T0.74
23 0 2.731T0.46 0.6T0.51 0 0.4T0.51 0
3T 0.07*0.26 2.2*T0.77 1.27x0.59 0 0.6T0.51 0
4 T 0 1.93%0.26 58 =U. 52 0 0.53T0.52 0.270.41
5% 0 2.871T0.35 1.2%10.94 0 0.6T0.51 0.2710.46
6 T 0 2.870.41 0.8+0.77 0 0.271T0.46 0.27*+0.8
7T 0 2.6T0.51 LA LON52 0 0.53T0.52 0.270.41
8T 0 2.731T0.46 0.93*0.8 0 0.73T0.46 0.271T0.46
Table 9. Ratio of fatty liver of olive flounder and rainbow trouts
L 2271 %0]

60/120 (50%)

96/120 (80%)
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4. BAH 24

27 AR YA EANE] oA Rt W A4t sheae 44

23 773 AA W @A AS5E GOT, GPT, HSI, CF2Fe] A3 A) = Pearson 3715
= o] g3slo] A A}, gdxlo|A IHAE 253 CFF 9 ARAAE By, F

AMEolell Al AE F150] HSISF 2] A3kl Agte] ko] A3l THAE 1
Abeb QFo) A aAE B sHAIRE o] W 3 GOT, GPTSHe] 743l &= vhet
A 9kgktt (table 10, 11, 12, 13)

ok, |2l ol A GOT, GPT, GOT/GPT ratios ©]838to] K-3 7 474 37 £ AL

2 ERetle o A Ao Wi Y 1 2R B I AN

o

& glod 2 THAA I RS AT 5 U3 Tktable 14).
ZF Aol disl el mE xolE AAuARAHEA S A Ay 1 e
A BlgEAA 0] AR L FXE BYloH, 28 TR o] 24
O F =& FXE Bl ttable 15).

AA 1R R A v dEFg A EREe] e Bl &2 68%, &3 60%E 2AFE G

ct.
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Table 10. Pearson correlation coefficient between histopathological changes and GOT, GPT, HSI, CF of olive flounder

23 AT 9% ANz 2t A} 2% 2aFAY
GOT ZA#A+ 0.118 —0.005 0.104 0.028 0.03 0.019
#e%g
(o} 0.201 0.955 0.259 0.759 0.748 0.835
—_— N e LR & A e e
GPT A#AsF 0.003 —-0.03 0.007 —0.065 0.056 -0.079
#e%g
(o} 0.975 0.746 0.942 0.478 0.541 0.389
S IS -\ N, .. = ¢\ S PO S LAY - Y
HSI A#AF 0.002 -0.018 —-0.015 0.097 —0.04 0.09
#el%E
(o}22) 0.979 0.848 0.872 0.294 0.661 0.327
N  I— U Y . N e . 200 AV
CF A8A+s —0.039 —.289%x 0.034 0.037 0.027 0.048
#el%E
(o}2=) 0.673 0.001 0.715 0.686 0.769 0.604
N 120 120 120 120 120 120




Table 11. Pearson correlation coefficient between IC, IR, II, Liver total score and GOT, GPT, HSI, CF of olive flounder

IC IR II Liver
GOT ABAF 0.118 0.052 0.032 0.09
FgE (FF) 0.201 0.572 0.731 0.328
Y . S we . _______-we . we 15 ____
GPT ABAF 0.003 -0.03 -0.019 -0.031
FgE (FF) 0.975 0.743 0.839 0.741
e N s 12 3 ANSENAQWPO o~ 120 120 ____
HSI ABAF 0.002 -0.003 0.036 0.007
F+9gE (¥%F) 0.979 0.976 0.695 0.939
e N ISP 1209 00 W 220~ &= N\ 120 120
CF ABAF -0.039 —.188x 0.05 -0.166
F+IgE (F%) 0.673 0.04 0.589 0.07
N 120 120 120 120
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Table 12. Pearson correlation coefficient between histopathological changes and GOT, GPT, HSI, CF of rainbow trouts

g8 G Awe aws a@a Mvc ue weRee
GOT A#A=s 0.049 -0.07 -0.056 0.058 —0.008 0.166  —0.101 0.117
O o] 3lL=
gkj)}g 0.598 0.447 0.546 0.53 0.933 0.069 0.273 0.205
[elan]
N 120 _____ 120 _____ L] 120 120 ____ 120 ____ 120 ______ 120 ___
GPT A#AS 0.034 0.057 -0.051  -0.005 —0.009 0.108  —0.062 -0.044
O o] 3=
gkj)}g 0.714 0.535 0.578 0.953 0.927 0.241 0.501 0.635
[elan]
N 120 _____ 120 . ___ L2p il | B e, 1204 120 ____ 120 ______ 120____
HIS A#AF 0.13 —.357#*x 42 3% -0.072 327=+  —=0.053  0.036 -0.059
el g 0.158 0 0 0.434 0 0.565 0.693 0.522
() . : . . .
N 120 _____ P20 W 120 _____ 120 ____120_____ 120 ____ 120 ______ 120____
CF ABA S .195% -0.004 -0.082 -0.03 -0.076  —0.032  0.069 0.061
O o] 3=
gkfg 0.033 0.966 0.371 0.748 0.412 0.733 0.454 0.51
A2
N 120 120 120 120 120 120 120 120

- 22 -



Table 13. Pearson correlation coefficient between IC, IR, II, Liver total score and GOT, GPT, HSI, CF of rainbow trouts

IC IR II Liver
GOT FBAF 0.049 0.012 0.024 0.03
ogE (¥8) 0.598 0.895 0.795 0.745
N 120 120 120 120
"GPT  AwAF < 0.034 0.063 0066 ~0.005
s (¥%) 0.714 0.567 0.475 0.956
N 120 120 120 120
THIS  AwAF < gelad —— | 0.009 WA, 002 0.069
ogE (¥8) 0.158 0.284 0.825 0.453
N 120 120 120 120
CFARAE 195« = YR 0.082 o
FFE (¥F) 0.033 0.292 0375 0.997
N 120 120 120 120

- 23 -



Table 14. K means cluster analysis of GOT, GPT, GOT/GPT ratio of olive flounder,
Values are means*SD

=3 1(n=44) 2(n=5) 3(n="70)

GOT 46.55T7.85 77.60X7.64 25.23£6.57

GPT 15.93%£7.18 20.80£7.46 8.46+2.13
GOT/GPT 3.45+1.37 4.27+1.92 3.08£0.87

Table 15. Histopathological changes score of congestion and fatty liver of olive
flounder, Values are means+SD

T3 1(n=44) 2(n=5) 3(m=70)
+g 0.27+0.59(a) 0.80£0.84 (b) 0.20*0.50(a)
X w7k 0.95+0.86(b) 0.20*0.45(a) 0.59+0.71 (ab)
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5. 89 5 Jd¥AT 22 AF

27 ARE WAL AN Eole] 2 2 AR WHle] dF BAS A5l
1

S ol gatol £EF AWt A FAS IS el B, A AIE PA f

ol ek ozt 1= wlaate] gk, @S, FU, Fl Score, SOl 18] 1L 7HuhA

ER S =
Fhat AlG(K) 3 K<0.202 2], 0.21~0.40 °FF A A3 0.41~0.60 H% A3
0.61~0.80 A AA%, 0.81~1.00 #-F- =A AT ® G- 3tch (Altman DG 1991;

Cohen J 1960; Cohen J 1968; Fleiss JL, Levin B and Paik MC 2003)
FANEAANA 7 AL} A E 915 &l thst Rd HFE SYAE YER

ou, 1 9o 52 gx& FAME] EF 021 By 2 FAE B3t (table)
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Table 16. Combined liver score of olive flounder, congestion, atrophy and fatty
liver

723 AT A% Az
24y we 2y we 2y w g
1+ 0 0 21 25 3 4
2T 11 11 19 19 2 2
3T 1 3 11 17 11 4
4+ 1 1 19 17 5 5
5 1 i 41 42 12 9
6 4 4 20 16 19 11
T 9 8 30 26 17 12
8- 3 2 24 23 15 10
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Table 17. Combined liver score of olive flounder, necrosis, hepatitis and peri
cholangitis

ZF A Y3 g4 2859 9%

4 e 4 e 4 =

1T 0 0 0 0 0 0
2T 0 0 0 0 0 0
3T 0 0 2 2 0 0
4 0 0 0 0 0 0
5T 0 0 1 0 0 0
6 0 0 0 0 0 0
7= 4 3 B 2 o o
8T 0 0 4 o 0 0
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Table 18. Combined liver score of rainbow trout, congestion, atrophy and fatty liver

a2 ZAE AF A3k
4 =24 4 =24 4 =4
17 0 0 36 31 14 13
27 0 0 41 24 9 10
3T 1 1 33 20 19 21
47 0 0 29 17 23 21
57 0 0 43 30 18 20
6 0 0 42 28 12 16
7 0 0 39 29 22 21
8 0 1 41 31 14 13
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Table 19. Combined liver score of rainbow trout, increase of MMC, hepatitis and
peri cholangitis

MMC AT B4 2REAY
24 2l ¥4 ®md @4 mg

1T 6 6 7 5 5 4
27 6 5 0 0 1 0
3T 9 7 0 0 5 6
47 8 11 3 2 5 7
5T 9 7 4 4 2 2
6 4 4 4 4 5 6
(i 8 gl 3 4 0 3
8 11 11 4 T 8 17
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Table 20. Appraisal of histopathological changes reading Al model of olive flounder

HEd AE AR A d¥T 2989F9
A= 24 dqF
8= 0.93 0.83 0.78 0.99 0.90 0.98
A&
0.72 0.84 0.70 0.50 0.30 0.67
AHEE)
AdE 0.90 0.91 0.87 1.00 0.38 0.50
F1 Score 0.80 0.87 0.78 0.67 0.33 0.57
Sol% 0.98 0.79 0.88 1.00 0.95 0.98
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Table 21. Appraisal of histopathological changes reading Al model of rainbow trout

28 WAET AR mmc 9O R
A% o 93
= 0.99 0.85 0.72 0.66 0.93 0.93
A&
1.00 0.85 0.74 0.66 0.81 0.89
HZE)
AUE 0.50 1.00 0.89 0.67 0.77 0.83
F1 Score 0.67 0.92 0.81 0.66 0.79 0.86
5el= 0.99 - 0.63 0.66 0.95 0.95
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Table 22. Cohen's Kappa Coefficient of histopathological changes reading Al model of olive flounder

=8 Zk AL DAE 5 HEFH ET duT 84 A3k
7t% K 0.75 0.66 0.59 0.56 0.28 0.57
EFA 0.08 0.32 0.08 0.23 0.15 0.07
95% 0.60 0.04 0.44 0.11 -0.01 0.43
S iy ~0.91 ~1.00 ~0.75 ~1.00 ~0.57 ~0.71

Table 23. Cohen's Kappa Coefficient of histopathological changes reading Al model of rainbow trout

MMC =8 Zt A TAE S5 FHRATALET 3T 84 &3 5}
7V% K 0.32 0.66 0.00 0.00 0.81 0.74 0.29
EFA 0.09 0.32 0.00 0.00 0.06 0.08 0.09
95% 0.15 0.04 0.00 -0.00 0.69 0.59 0.11
S iy ~0.49 ~1.00 ~0.00 ~0.00 ~0.94 ~0.90 ~0.47
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Table 24. Sensitivity and Specificity of liver function test *Ferraris R. 1983, **Rondana M 1987

Finding Sensitivity Specificity Comments

Serum bile acids* 78% 93% Sensitivity for Cholestasis: 54% (mild), 98% (severe)

Sensitivity for Parenchymal dz: 42% (mild), 90% (severe)
AST* 74% 92% Sens for Cholestasis: 28% (mild), 88% (severe)

Sens for Parenchymal: 70% (mild), 85% (severe)
Total bilirubin* 56% 9 1 % Sens for Cholestasis: 26% (mild), 85% (severe)

Sens for Parenchymal: 18% (mild), 68% (severe)

ALT* 56% 90% Sens for Cholestasis: 26% (mild), 77% (severe)

Sens for Parenchymal: 58% (mild), 58% (severe)
Pre albumin** 84% 89.2%
Prothrombin activity** 63% 89.2%
Apolipoprotein A** 53.4% 86.1%
Albumin** 41.6% 85.9%
GGT* 75% 85% Sens for Cholestasis: 54% (mild), 84% (severe)

Sens for Parenchymal: 70% (mild), 82% (severe)
Alkaline phosphatase* 65% 83% Sens for Cholestasis: 53% (mild), 92% (severe)

Sens for Parenchymal: 29% (mild), 72% (severe)
Seudocholin esterase** 69.8% 69.8%
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VI. ZFAMA 9 7Y A4

Lc

Figure 9. Fatty liver change in olive flounder and rainbow trout. (A)

™,

Macrovesicular fatty liver in olive flounder. (B) Microvesicular fatty liver in
olive flounder. (C) Macrovesicular fatty liver in rainbow trout, (D)
Microvesicular fatty liver in rainbow trout. Hematoxylin and eosin (H&E)

staining
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Figure 10. Histopathological changes in the liver of olive flounder. (A)
Atrophic hepatocyte. (B)Necrosis of hepatocyte (C) Hepatic vascular
congestion. (D) Pericholangitis. (E) Fatty degeneration. (F) Hepatitis.

Hematoxylin and eosin (H&E) staining
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Figure 19. Histopathological changes in the liver of rainbow trout. (A)
Atrophic hepatocyte. (B) Pericholangitis (C) Hepatitis. (D) Increase of
MMCs. (E) pericholangitis. (F) Hepatic vascular congestion. Hematoxylin

and eosin (H&E) staining
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