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Histopathological features of pacific whiteleg shrimp, Litopenaeus vannamei,
infected with Infectious Myonecrosis Virus (IMNV) with an emphasis
on micro-traumas and inflammatory responses in muscle tissues

HyoEun Lee, YoungSook Kim, JinHyeon Jang, WonJoo Chun,
GaYoung Choi, Bambang Hanggono and SuMi Kim'

Aquatic Disease Control Division, National Fishery Products Quality Management Service,
Busan 46083, Republic of Korea
*Center for Brackishwater Aquaculture, Situbondo 58351, Indonesia

We injected infectious myonecrosis virus (IMNV) to pacific whiteleg shrimp, Litopenaeus vannamei,
and observed closely with using light microscope and transmission electron microscope (TEM) for
4-8 days post infection (dpi). As clinical signs, abdominal bodies had mild opaque muscles at 5
dpi. And the mortality was shown at 6 dpi. At 8 dpi, most injected shrimps had severe opaque muscles
and humped back that cause of movement disorder. As results of histopathological examinations,
local parts of abdominal body muscle had muscle fiber hyalinization, muscle fiber atrophy, rounded
muscle fibers, myofibrillar hypertrophy in size, a decrease in number of myofibrils and phagocytosis
from the sarcolemmas by multiple hemocytes at 4 dpi. Especially, myofibrillar hypertrophy appeared
at the whole or random part of single muscle fiber not in specific locations like the center or edge
of muscle fiber. At 6-7 dpi, multiple muscle necrosis, muscle fiber segmentation, myofibril lysis ap-
peared and a few hemocytes were infiltrated at lesions. At 8 dpi, extensive muscle necrosis, multiple
myofibril lysis and muscle fiber atrophy were shown, and very few hemocytes were infiltrated. In
early stage of infection, local viral myositis with zenker’s degeneration were shown. These lesions
appeared multiply after the early stage. In late stage of infection, extensive coagulative muscle necrosis
appeared with few of inflammatory response such as hemocytes infiltration. The lack of hemocytes
infiltration response at the late stage might be disadvantage for Litopenaeus vannamei to defense
against IMNV and to recover, because hematocytes (granulocyte, semi-granulocyte) eliminate pathogen
and damaged tissues from infection sites and help recover. As results of the TEM observation, IMNVs
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that had nonenveloped icosahedral capsid which was 30-40 nm diameter were in myofibril and beside
tubules of sarcoplasmic reticulum and moved to the certain direction. The micro-tears and micro-trau-
mas in myofibrils caused muscle fiber necrosis. And semi-granulocytes engulfed IMNVs to eliminate

virus.

Key words: Infectious myonecrosis virus, Litopenaeus vannamei, Muscle degeneration, Granulocyte,
Histopathology, Transmission electron microscope (TEM)
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A
A AAZ o2 A A2 1990 673,000
EA 20192 6,004,000E 2.2 oF 10v]7}F &
SHA 718kl ATh(Lee et al., 2022). 1% 3t}
M S-(Litopenaeus vannamei)= 20183 4,966,200
o] AtE & ¥|FS A3t A ThH(Prochaska
et al., 2022). S etoll A= 1963 Wl SH(Penaeus
chinensis) AFHSE Ao Z 1992d 562 A
et Asfehe Ao E AAsta o dvky
HJ-0] 2] 2x(white spot syndrome virus, WSSV) 7+ ol
o U AALE ol 2 AT NS F A F
zo2 xdﬂs}oq 20063 F-E] A3 0.1, 2016
o 570088 AAet Evet diE A
EF 02 AU THKwon et al., 2019). ©]F 2021
9 950085 AAksh A&HQ Ak F7HE B
o]al ITHKOSIS, 2022).

T2 A F2lo] b ghel whet ARl o
g H Ak Aol & Aolirt Ha ok A9
3 A}5(infectious myonecrosis, IMN)< 2002 8
4 Bt Hx A E Sl oM (Lightner et al.,
2004), Betd FEZ fwsS ot wEA Aoty
] 2003'd 40-60% HAHES Holm Aj--FAtY
of & F3|& Y3 th(Prasad et al., 2017). ©]F IMN
2 =9} A=A ot T FiEobAoLE FAbE Q]
5 1 (Arulmoorthy et al., 2020), 20153 $-2]}2}2]
AT A FEZANAAE HEE AHE7ZE A}
(Kwon et al ., 2019).

IMNS Hz HioA B Z3 AE(idio-
pathic myonecrosis) 2.2 ™ ™ 5| %) © ™ (Lightner et
al,, 2004), o] WAAE ADE AT Bl &
Z~(IMN virus, IMNV)Z 57 3} % tH(Poulos et al.,
2006, Tang et al., 2008). IMNV2] F9 & 2z &

EHE A" S (striated skeletal muscles) 22 IMN
< vk, =8y, Bt S5 st
o] Yo HAFES HQITH(Lee et al., 2022). A7
T Al AW W o g el 7 NATE A& H

O 7 HolE AH|gO R AR B.—]lg(feed convert-
sion efficiency)©] =o}RH T3t & 2 AV}
AkElo] AZg AAE £45 T (Prasad
et al., 2017).

5ol A vehE ¥R A T 413 7
Aol whet thefg FE Kok IMNVel o) &
A 25 W Akl thEE 22 elshA AT
= Ad ZHdA dF I&S 390 S
(coagulation necrosis)Z HAFS}FIL Q) S ™ (Lee et al.,
2022, Prasad et al., 2017, Srisala et al., 2021), =3t
in situ hybridization (Srisala et al., 2021), immunohis-

tochemistry (Kunanopparat et al., 2011) &43-& 53l

ntol g} 2~ 8] Arlef 22 W Ao ik &<l
AZE 1283 IMNVE AASt dAdnZ o=
vlo] 22 FElE #ES Aol o F& o] th(Poulos
ot al, 2006). =% 2 o)A IMNVS} %3 Aol
o] e Agol gk A7 H}“O‘]'Oﬂ IMNVe o
= 53 ] Bk o ojzi&ol 3
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THNA UEhd v 33 dEWgol e =AWy B4 AT

X2 9 b 2 AR AU ADE volel s A

2 AR I AR 2 242

AB2 MR & F&o] 03t FE (Bead beater, Innogene

FAFozRE AT AT (8.54+0.53 cm)E Tech, Korea)oll €31 PBSE 1.5 ml ¥ 7}3ke] mha)

Hol AW L FRAE

o £7% 49453
Y 7] I Al5HFo] 2 2 (infectious hypodermal and
haematopoietic necrosis, IHHNV), ¥ u}o] 2]~
(white spot syndrome virus, WSV)ell ™ gt PCR A}
2} E}$-2hdlo] 2 2 (taura syndrome virus, TSV),

Macrobrachium rosenbergii nodavirus (MrNV), IMNV

a1, 40Col A

o B
/\}‘?;Qllla Run

9,000 x g2 3087t YA E 3}
stA T F830] 50 mlo] HEE A
Z93 PBSE 42 &, 045 um FAFEH (BioFil,
China)2 ]33} quantitative PCR (QPCR)H &2
A %5} (Table 1) IMNV S EFY o 2 A8-319 T}
Herel -2 [HHNV, WSV, TSV, MiNvell thgk PCR, RT-

ol T3k reverse transcription PCR (RT-PCR) HALS
AN BFA oM (Table 1), 2422 89 MATE
ATzl dFL3 &4

20°C9] 1 ton 52

Eigiaes

Ql=U| Ao} Brankishwater aquaculture center=
F-E] IMNV (IDR-19-LV)ol] Zdd SgelA)¢- =

PCR HAME AAste 54 §]'O]0]'93\13}(”1"211316 1).

ke Al-$- 40vkE] ol IMNV @EY (3.19 x 10°
virus copies/ul)S A 3AA W= l:r%—'uj— ko s
0.1 ml? FAF HEF3H T 2T (Control group)
vl E 95 A% 40mte] o] PBSE 0.1 ml¥
AATH L3 AX A FA FFSHASE FAF A
ZFol B A= vig R Sido] o=
FyF 6.5 x 11 (diameter x high) cm 2712 Y53

Table 1. PCR, RT-PCR and qPCR conditions

Virus Primer Sequence (5°-3’) Conditions
IMNV 4587F CGACGCTGCTAACCATACAA ggog jg;mgbfcs 55521;‘;;
(RT-PCRY)  4914R ACTCGGCTGTTCGATCAAGT ' .
60°C 7min
IMN 412F GGACCTATCATACATAGCGTTGCA
(@pCryy N S45R AACCCATATCTATTGTCGCTGGAT 50°C 3min, 95°C 15min
4 IMN pl  6FAM CCACCTTTACTTTCAATACTACA 95°C 3s, 60°C 30s x40
probe TCCCCGG TAMRA
[HHNV 389F CGGAACACAACCCGACTTTA 95°C Smin
(PCR®) 389R GGCCAAGACCAAAATACGAA 95°C 305 60°C 30 72°C 30s x35
72°C 5 min
TSV 9992F AAGTAGACAGCCGCGCTT ggog 22?2100? zszz‘;g
(RT-PCRY)  9195R TCAATGAGAGCTTGGTCC .
60°C 7 min
WSV 146F ACTACTAACTTCAGCCTATCTAG 9ch€1:1$1“5 SSSCCIHiI:I;’; é ZCm]zlm;;
(PCRY) 146R TAATGCGGGTGTAATGTTCTTACGA : .
72°C Smin
MINVE GCGTTATAGATGGCACAAGG . e
MINV  MINVR AGCTGTGAAACTTCCACTGG o4ec jg CS 530()ij10 9568C0 Czr?m. %
(RT-PCR™)  XSVF  CGCGGATCCGATGAATAAGCGCATTAATAA s e 1S0min X
XSVR  CCGGAATTCCGTTACTGTTCGGAGTCCCAA

*Poulos & Lightner (2006), "Andade et al. (2007), Tang et al. (2000), *Nunan et al. (1998), “Lo et al. (1997),
fSri et al. (2003), 8Sahul et al (2004).
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Bz 2 4 PCR

A EAE A Ak A 9-2F IMNV @E o
PCR¥} RT-PCR AAFES &8, ALY 8
dpi A1 2] k]l 10 vlElol tis] qPCR A AL
£ 2 A8 tH(Table 1). PCR, RT-PCR, qPCR 7 A}
= A9 343 A& AAS 25 30 mge °)§
&}, Maxwell RSC Pure Food GMO and Authenti-
cation Kit (Promega, USA)E ©]-83}>] DNAS} RNA
£ E83t AT RNAE iScript cDNA syn-
thesis kit (Bio-Rad, USA)E A3l ¢cDNAE 4
stF o, o]F MAFTERAZ]FH(WOAH) 45
E At v dolA AastE primersE ARE-5H]
PCR, RT-PCR, qPCR HALE A A3} TH(Table 1).

st 3 FMX0IE Mz A2
Fetdnd #ES 98] IMNVE HE3 Al
=3 = 4,5 6,7, 8 dpi A1719l
Zy 3ukgd A sk, 1 ml $A]E davidson’s
solution (polysciences, Germany)< &<} &
of U, Y AN DAk} A% B
AnAHA A 244 A2e ZFHEHe] 05 em
TAL 5D 5UY A AT 9 F2
HAG. ol F B2 Bol 3087 &
T, 73l g J5E AFS AA %“izﬂ?_ 1}
g xuos zusn. o) & ARES
4-5 ym FA12] dH o2 ¥ 3] Herris’s hema-
toxylin & Eosin (H&E)2. 2 G235t 4A4E =
2l £ 2}o] =+ whole slide scanner (Easyscan Prol,
Motic, China)®} 333d w7 (Eclipse Ni-u, Nikon,
Japan)& o] &3te] #E3IH T
FAAARH(TEM) #2E 9130 8 dpi A7
o IMNV HZF A5 3vte] sk, Al 2414 9
Z59 1 mm 279 FASAEA FHE g5 25%
glutaraldehyde®l A 24A12F A1 A3H 3, 0.1 M
phosphate buffer2 A &g & 1% osmium tetroxide
(0sOy) = FA3ATE o] F oAl EL ©] &3t
g A 7|aL oA FAFAE o] 8ot Eujsil e

o
-
o]
w2
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n:éi
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™ ZH| A B3] 3% uranyl acetate £} lead citrate
EYo 2 o]F AU HHH NEE FA
21 W) 7 (LIBRA120, ZEISS, Germany)S ©] -85+
R e

Z2
AR S50l PBSE ol @ Aol A Solz
9 YFEd =2 A Yol Lhehi
o gkth

/\P Fo & At B3| we}

B A ZS(striated skeletal
muscles)ol| 4] H] &} ’bLol 2 A THFig. 1). WE
ZAo 2 Bojo) AR A oy Bl 67) A
A3 FFHo 25S st A9 AA =4
oA sAH o ® FA LA YE T 6 dpiol
A 1k HARE g don o]F 7, 8 dpioll A Z+
2uke] 2 H AL B sk T 8 dpioll B A el
A A ze] WMeEo] YEE S W (Fig. IF and G),
ol wolA A HAA o F¥edE S FAste=
&N F4dol F1E AT IMNV FHE7HE of
A F2 Yelhv+= 2 A A (distal abdominal seg-
ments)3} A2 B2 (tail fan)e] AW S YEL
A Fskth B AP A ZAAE gl YERG 2

s
& e 2o 242 AAC) FHSlGA B
of AEZ oAHE AP F4 FY SO

8 dpi A9 kgl Al$-o g IMNV gPCR
A3} 8.8 x10°-2.0 x 10° copies/mgZ 7|A] BE &
HAE B

5ol tlsh 22 HA A3, 4 dpi 1 vhEl, 5 dpi
2uke] QA NA ZFHAR L7 0] FIE ATH(Fig.
2B, C and D) =49 259 2 f-(muscle fibers)
= 4% 214 skhyalinization) F e & 3
EHE ‘%ﬂ_‘%ﬂcﬂf/]— _‘:LO_])H (myoﬁbrll)«] /\z4 Zjl—/\
2 AE v} A 247 91 S(atrophy)©] L}
Bttt %*4%«1 A5 A Afo]l FZHS FAA

A A0l Al el B} A8

= Z\Jd% BT 6-7 dp1 oﬂ/\i <53
NA 4sbH o2 et on dF
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Fig. 1. Control group and IMNV infected L. vannamei. A: Control group, B: 4 dpi, C: 5 dpi, D: 6 dpi, E: 7 dpi,
F and G: 8 dpi of infected shrimps. F: A cross section of abdominal body, the whole body showed opaque muscle.

Arrow: opaque muscle, arrow head: humped back

o] ol Al YERFA 2% THFig. 2E and F).
Af= AA 4 (segmentation) oM Ul H-2
SUAF =3 Gal(ysis)ZF JAHT AU &
F9o] g =4 FAE 8 dpi oA Hle A1
B9 ZEAAR AP o, tirkre 2
A7 FallE o] AU, HALLAA HF
4 ET a2 O SAEA] gAY - A
sHAl Uebs T &4 259 A &AL HolA
29k th(Fig. 2G and H).

8 dpioll 4] Wig Fgo] MdHE &
A A< o] &3t B4 A, &
icosahedral shape®] 217 35-40 nm Z7|& A4
non-enveloped virion®] Th= &1 = A Th(Fig. 3). &

(o3

q)

¥ IMNV T2 &g 719 2FEAAD

(tubules of sarcoplasmic reticulum)®] <173l A4

5401 AT LA FlA IMNVE 3ol &4

S T 2P A AEZAJHE BEEH AT
AL Z o] Fst= o= &3l ¥ Atk(Fig. 3B).

g IMNV d5+= ¥ 5 semi-granulocytesol] X

| H& Ao 2 e THFig. ).

> H rLJ m{

1

2

IMNVE Totiviridae®ll 43+= non-enveloped dou-
ble-stranded RNA (ds-RNA) Hlo]H =2 274 ¢F 40
nm icosahedral capsid & Bl & AJ T} (Senapin et al.,
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Fig. 2. Fine muscle structure of control group and muscular lesions at abdominal body of IMNV infected L. vannamei.
A: Control group, normal muscle fibers are full of myofibrils, B and C: 4 dpi infection group, hypertrophied myofibrils
are shown, some muscle fibers are hyalinized and become round because of reduced diameter, clear spaces are sur-
rounded, some hemocytes are infiltrated between affected muscle fibers. D: 5 dpi infection group, affected myofibers
are segmented and eliminated by surrounded multiple hemocytes. E: 6 dpi infection group and F: 7 dpi infection
group, dotted lines identify the boundaries between coagulation necrosis and normal muscle fibers. G and H: 8 dpi
infection group, extensive muscle necrosis and atrophy are shown, affected muscle fibers are lysed. Asterisk: myofibrils
hypertrophy, arrow: hemocytes infiltration, arrow head: hyalinization, blank arrow: muscle fiber lysis. H&E stain.

2011). IMNVE A Al$- Y= F A -$-(Litope-
naeus stylirostris), 85 M--(Penaeus monodon) =
S AFHOE A4S A D t(Tang et al., 2005).
postlarva, juvenile, adult A|7]ol ZHE =y A3
3} H A= juvenile®} adult A7)l AT EoldTh

(Lee et al., 2022, Prochaska et al., 2022). DI} HZ =
W33 A 1 E A Zh o FZE 2 (cannibalism)
o 2]} 4= 7+ (Poulos et al., 2006)3 &S E3F
ez FA3ta Utk (Prochaska et al., 2022).

IMNVe| 7+ 23 22 9 Axe= 4oy
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Fig. 3. IMN virus (V) at 8 dpi of infection group. A:
IMNVs have icosahedral shape and are located in myofi-
bril (M). B: IMNVs are spilled out. C and D show the
details of boxed areas. TEM.

[ -

Fig. 4. IMN virus (V) at 8 dpi of infection group. A:
multiple various sized tubules of sarcoplasmic reticulum
are in a row beside IMNV and B shows the details of
the boxed area, C: Various sized tubules are beside
IMNVs, D: many IMN virus are beside multiple tubules.
Arrow: tubule of sarcoplasmic reticulum. TEM.
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Fig. 5. The engulfing of IMN virus (V) by a semi-
granulocyte. A: The semi-granulocyte is located beside
myofibril (M) and has phagosomes full of IMNV
particles. B shows the details of the boxed area. G: small
granule, m: mitochondria, N: nucleus. TEM.

A3 e 72 F H(striated muscles), 2 TF
2, @7, lymphoid organ parenchymal cells -5 ©] Tk
(Tang et al., 2005). IMN®] 8 F4-& Z5WEr}
ook Ao Awlo] Ao, 2AHA A3 d
&S T SAAATE e B
I TH(Lee et al., 2022, Prochaska et al., 2022).
ARG Aol A ZHHXTEE 93] o]& &<l
B33l ) Th(Taukhid and Nur’aini, 2009).
Ag-oll A Yetve 2598, i 59
NG54 7 5 AHE muscle cramp syndrome
(Lightner 1998), MrNV (Hameed et al., 2004), Pe-
naeus vannamei nodavirus (PvNV) (Tang et al., 2011)
ZHAME FFH R HuHE SHOE IMNV
ofo] FHiEo] MEstA] gfof 23 fge] Erh
B 153 Q)Th(Senapin et al, 2011, Tang et al.,
2005). webA Boh gk Wt ATE 5
& BgatA &S Bart Aok
B A9 A IMNVe ZdE AT A 59
5 el WA 27 FAF Hlo]
& 224 ¥ (viral myositis)©] zenker’s degeneration
I FRkste] BAE T T F7] i vhel g
24 THOE MR &, AAS o - F&ol
W Felol A ul-g- AwstkA vEbd AL g4l
A goron, FHLF -&33 AK(coagulation ne-
crosis)@ ©] o] A B AT
53], IMNVel 23 &A=
# Z2A¥ A (hyaline degeneration),
tll (myofibrillar hypertrophy)7} &7

L 2~ O
- Eg=

o= Yehgi,
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moorthy et al., 2020, Lee et al., 2022)2] A% &
ATA = 270l FJAF AL o] F F7]ol A
= - ArsHA dEAY SER1H A g3
Ab 271° FE FRlEva e 3 A v(sar-
colemma) <=/l 23 T2 deElA)HEA oY
(Pestronk et al., 1982) T A}]d(metabolic alteration)
o8 A3 ZAF9] E(pale of muscle fiber cyto-
plasm) (Zierath & Hawley 2004)-2 EFLEA] ¢Sk
31, zenker’s degeneration®} 513 AR7} LAY ST
TEMS o] 83ld Hygstd 749 EAS A&3)
A3 ZhAF Woll vhol2l 27} A8t FHH =
SHAA G AFst L AR =3 E%’E‘%%
TtRAEY g &
-9 WA <&/ (micro-tear, micro-trauma)¥} O]E
At ZUA - vidle} §3ll+= influenza A, B virus,

enterovirus, human immunodeficiency virus, human

ZANGE A o

T-cell leukemia-lymphoma virus type 1, hepatitis vi-
rus A, BollAl &3] YEl= virus-associated rhab-
domyolysise &g vlo] 2 224 4 (Crum-Cian-
flone, 2008)3} F-AFSE A2 R A{TH 53] &4%
ZAH =2 FAEF semi-granulocytes’} <73
Azl A vtolY 25 E A et HERETE
B AAstE= Zlo] &JEHAdT. A dF F
granulocytes 2} semi-granulocytes= <4E A X9}
HEAE AAsH] A% 2AAEES TP
A Qo (Aguirre-Guzman et al., 2009, Martin
& Graves 1985), o] EfF7 of FollA L&zl
HAA o i B 5 FHkgk 5 vg-H
frAFSE Hhg-ol Tt
%%Q = a7 vl ArlekA e
AT} Costa et al (2009)0] W=
AR WegFdo] et IMNVel 4 @
gElAle-o @7 5 B4 A9 AEHA ¥
AT Bt HA T = 30%, granulocyte
—/r:—‘: 7% FrAdshe 202 Ve o™ A9 H A
421 Q1 phenoloxidase activityS ZF4Al#H IMNV

Oﬂ g gojo wj-g- EletA A&k B AT

# 7} - Bambang Hanggono - 7 51|

o ZFHAZ7] HARF YERD w9 Ang dF
e Z2 7 A& 309 FA= IMNV 24l
ogt "o 7 ha A4 AR A%z 4
=, &48 23 2 HdA AA a8 =23
A Bag A AFHHgo] o] Fo)A7] o
HA o= Ao g Bt

TR 2 IMNV 2 27] 0 3] E-o] 7hEsith

3 A 9=t (Lightner 1993) o)== %2719 -
A& g FHES T Fof T JES AR AR
o

IMNE] H A2 40-60%% SHHE (wll/\}g 90-
100%), == 2B (#HAHE 100%), B2 5
(HAFE 60-90%)3 Bl w3t Bz e fﬂ/\h%
S HQlti(Lee et al., 2022). 3FA|T THAZ AH
el 71A¢ g FHAAES 24 MA T A
_/i:;@] o7 tﬂo]f—; /\ﬂ] o]_x:i u]-%o-] /\].g__g_:rL%
(feed conversion efficiency)= =o]™ 3 %3}
o A7t @ MAe 25 Heg Ao A%
FEAD AR AAS AAH 24E 2t
(Prasad et al., 2017).

Syt e 20153 FAG=el X% 3
q.aAH zy /%]A]-zl— z;]- "7_,,]. Aélz 3 _IZ—O]]/\-]
IMNVZE HAE28 A dRQ Y (Kwon et al.,
2019), 7 MAQ] AAHEH XolAiAidFS
o] &3t AW Fx9 A% I83 FEFAL}

ALAHQ] AHREYE Y T *J—ﬁﬁf& w229 &
& AR 27120 AW B By AR
At $EvEtE IMNS FAEAE By
A 2% FAREAGE R AYsta gon, 3
W H“ﬁ AHE 7F 2015»1 1§]°ﬂ B33t v A A

1, 1999)2}F IMNV ©] 2] 2] T}
3 tﬂﬂx]Oﬂ ,]:sﬂ 15 AR TS WE TS
ALZE G- FA Aol A R SEA] LY e (Tang et
al., 2005, Senapin., 2011), ©] & Q3 I ota} T &
) olH g & F Ath

B Ao A Uehd IMNV 7ol oidk 23
23t A <] Ml 289 24, 22 A (hyaline

o
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degeneration) L H
2710 47 B8E 29 e mTH se) i
QAL vl AFSA ek
o] 53 ZdHFY vﬁﬂﬂ LERS T TEM%
o] €3 BF Axt IMNVE 29 S, 22w
I F2A T QI A T2 HEE OiE} oﬂ:rL«l
A= IMNS IMNV 0] 9]9] 9210 2 Yehd
i 4 AABHE A AR TR 9o
TG A A 28 = on, IMNe
A% e olhaed A 2ARE Bew
CF7hE IMNS| BTk SR Ao m W
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