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Fig.1 Mechanisms elucidation and application framework of

thermal suppression against WSSV: a schematic overview

(a) at ambient temperature (28°C), WSSV infection generally proceeds through viral gene transcription/protein synthesis, viral genomic DNA replication,

and virion assembly and release. Under heating to 32-33°C, multiple studies report reduced expression of early genes (e.g., iel) and decreased synthesis

of structural proteins (e.g., VP28), accompanied by lower viral DNA replication efficiency and reduced production of mature virions. (b) elevated tem-

perature can induce host stress and defense responses (e.g., upregulation of HSP70) and is associated with pathway-level signals involving Toll4/Dorsal

(NF-«kB-like), JAK-STAT, and RNAI. (c) based on reported thermal windows and engineering controllability, an operational workflow is proposed for

temperature-controllable systems (e.g., RAS/controlled facilities), including monitoring-triggered heating, holding, recovery to baseline temperature, and

re-testing. This panel illustrates a potential application pathway rather than mechanistic evidence. Line styles indicate the levels of evidence in the figure:

solid lines denote class A, dashed lines denote class B, and dash-dotted lines denote class C.

B 2 ORI S BRGNS HX Sefif B2
Hife = B AR A0 TR 0 i R I o 5 OGSy T
WOUEHE S TR A LR AZ 1w, Ho0FsEds
PR BT BE B2 W DNA Y 58 3 o P2 (H £ X
WSSV HE [K 40 75 Fhilf 5 115 & AR S5 il VA 43 1
PRI A 2
1.2 78 = HSF1-HSP70-Toll4/Dorsal if I Y
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G AEXT R T WSSV b B8 v B AT S HE I UE A 19 S
VETH o ST H ATk = T -3 [ O BT A P -
R R I Z (A 6 BEPE T IS UE , A SC{CH AR
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RO BIRTR) . EERER (R
AEFRRYEL) . RS TRAW KR, A . Bl
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(TR 3 5 Btk . R TXT L STy B & nyid VS 5 BRI 25 A -

1 ERTRHEIEAERS (WSSV) BRNHR RS

Tab.1 Summary of representative studies on thermal suppression of white spot syndrome virus (WSSV) infection

5 4 s,

CREIFE]) i PR (RS /A BB B LA
FEI ARG TREZR OB, B S R RS ),

Wb AT I ] A S SCHR

specie temperature time result reference
FLEBRHER P, vannamei 32+1 7 dpe K& 11 P R A [19]
JUINRUR P vannamei 33 120 h pre + (120~144) hpi {RFET2(0%~30%) [12]
FLARAHER  P. vannamei 32 6-216 hpi TRERE T [14]
JLENHTHER P, vannamei 323+0.8 YrR i THI % > 80% [11]
FLEBRHER P, vannamei % #hEiR(27~33) 33°CHFK6/12/18 hpi H i shmii & BB ET R A R SRR [41]
LA IR+ A F 32K 29+0.5 48 hpi s 5 /Ay H (7 ) [42]
P. vannamei+wild crustaceans
TR Procambarus clarkii 32+1 SO AFE TEAET:s BRI T AL HY [43]
BEYTXUF P monodon 32/36 21 dpe TRIG%: 32°C 37%; 36°C 14% [44]
HABEEXT  Marsupenaeus japonicus 31.0+0.5 24~72 hpi BE T A B A [45]

W hpl GG /AN R, SR BRI Y S0 X BT B (] B h pre JBYLHT /NI H, SR B IR G SR N G W (R R AT dpe: JERBYE R
B, FRORICEE SRR (R ER PR AR ) RO ) B AR 9 R OCR I S A R R, RIREAL S T7 ik REBUE S I W SR, R
ST SRR R R P B RS R

Notes: hpi. hours post infection; h pre. hours pre infection; dpc. days post challenge. “Not detected” refers to results obtained within the original sampling

window and under the detection conditions reported in the cited study, and may vary with sampled tissues, assay sensitivity, and sampling time points; it

does not necessarily indicate persistent negativity after returning to baseline temperature or pathogen elimination.
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Tab. 2 Feasibility grading and implementation recommendations of temperature intervention for

suppressing WSSV across aquaculture systems
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Notes: The controllability grade is a qualitative classification (high/medium/low) considering temperature controllability, system closure, water-quality
monitoring capacity, and energy cost. Monitoring triggers may include rapid pathogen screening/qPCR, abnormal mortality, reduced feed intake, and
early warnings from water-quality monitoring. During heating intervention, aeration should be strengthened and key variables (e.g., dissolved oxygen,
total ammonia nitrogen, and nitrite) should be monitored dynamically to avoid secondary risks due to combined heat and stress. If marked anorexia,

difficulty maintaining adequate dissolved oxygen, rapid accumulation of ammonia/nitrite, or accelerating abnormal mortality occurs, heating should be

stopped immediately and the system returned to a safe temperature range, accompanied by enhanced aeration and water-quality management.
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Mechanisms and application progress of thermal suppression against
white spot syndrome virus (WSSV)

ZHANG Kaisong '?,  WANG Guohao’, LOU Haoyu’, LIXuan’, WANG Kejun?,
HUANG Wenzheng '?, HUANG Jie>, DONG Xuan ">
(1. College of Marine Sciences, Fujian Agriculture and Forestry University, Fuzhou 350002, China;
2. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao Marine Science and Technology Center,
Key Laboratory of Maricultural Organism Disease Control, Ministry of Agriculture and Rural Affairs,
Qingdao Key Laboratory of Mariculture Epidemiology and Biosecurity, State Key Laboratory of Mariculture Biobreeding and
Sustainable Goods, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: White spot syndrome virus (WSSV) remains a major constraint to shrimp aquaculture, and water temperature can
substantially affect infection outcomes. This review synthesizes experimental and application-oriented evidence on thermal
intervention, with emphasis on mechanistic support levels, operational parameters, and practical boundaries across farming sys-
tems. We compared temperature setpoints, intervention timing and holding duration, heating patterns, water-quality context,
and outcome metrics including viral load, survival/mortality, histopathology, and stress/immune indicators. Overall, a thermal
window of 32-33 °C is most frequently associated with suppressed viral amplification and improved survival, yet the effects are
strongly condition-dependent, being sensitive to host species and stage, temperature-time combinations, oxygen and nitrogen-
ous wastes, and system controllability. Mechanistically, the most consistent causal support centers on host stress-associated
factors (e.g., HSF1-HSP70-linked signaling) coupled with antiviral outcomes, whereas broader pathway-level claims require
further validation under standardized heating protocols. Heating intervention should therefore be framed as a risk-management
tool for replication suppression, viral-load reduction, and outbreak delay rather than assured pathogen eradication. Standardized
infection models and multi-metric evaluation are recommended to define safe operable ranges and triggers and to support an
operational workflow of monitoring-triggered heating, holding, recovery, and re-testing for practical biosecurity and health
management.

Key words: white spot syndrome virus (WSSV); thermal intervention; thermal suppression; shrimp aquaculture; risk manage-
ment
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