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Research progress in the role of oxidative stress in porcine enteric
coronavirus infection and related therapies
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Abstract: Porcine enteric coronaviruses (PECs) include porcine epidemic diarrhea virus (PEDV),
transmissible gastroenteritis virus (TGEV), and porcine deltacoronavirus (PDCoV). Infections with
PECs can cause severe diarrhea in pigs, particularly newborn piglets, resulting in high mortality
rates and posing a serious threat and economic loss to the global swine industry. Such infections
induce oxidative stress to activate various transcription factors and alter their transcriptional
pathways, thereby affecting cellular metabolism and the viral life cycle. This leads to cellular
dysfunction and further promotes viral replication, forming a vicious cycle. The oxidative stress
associated with PECs is considered one of the potential common pathogenic mechanisms. This
review summarizes the information about the oxidative stress induced by infections with PECs and
emphasizes that antioxidant strategies represent one of the effective approaches to counteract such

infections.
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Figure 1 The relationship between TGEV infection and oxidative stress. During the infection process of TGEV,
the p53 and ROS-mediated AIF pathway and caspase-dependent pathway jointly participate in the apoptosis
process induced by TGEV; TGEV activates the production of ROS, induces apoptosis of Paneth cells and loss of
Notch factors, affecting the normal self-renewal and differentiation of Lgr5+ stem cells; Abnormal differentiation
of Lgr5+ stem cells into goblet cells results in the secretion of sialylated mucus, which provides favorable
conditions for TGEV infection and exacerbates intestinal damage and viral replication; The ROS generation
induced by TGEV may activate p38 MAPK and phosphorylation of p53, and p53 may partially regulate the
generation of ROS; The accumulation of ROS leads to changes in mitochondrial outer membrane permeability
(MOMP), release of cytochrome c, and subsequently activates Caspase-3, initiating the intrinsic apoptotic
pathway; TGEV infection may upregulate Keapl expression, inhibit Nrf2 and its downstream antioxidant genes
(Ho-1, NQOL1), resulting in accumulation of oxidative stress and induction of apoptosis; TGEV also inhibits
oxidative stress induced by mitochondrial damage through upregulation of DJ-1 protein. This process can inhibit

apoptosis, promote selective autophagy degradation of damaged mitochondria, and enhance viral infection.

activated protein kinase, MAPK):H % K 175 5 S 4k ARE AL R 547 =140

P, PR B T N2 S oG AL, TGEV b TR Ry, 5K MHA
(e RN, B SN 2R A E  RESIE S AIE F 1 (pexophagy)!' . DI-1
28R B0 A AL R B B R AR 4l ie R —MEZIhieE A, eI SN . 2k
B2 R EALIR G RO A — T ST RGE AR, RLIRTIRE AT S R Y R S E . AFOY
TGEV Y15 T 10 AL R 5 R Keapl-Nrf2-  #/8, £ TGEV Ji&eid i id B DI-1 &

P4 actamicro@im.ac.cn, 7 010-64807516



R S | BUEYSANR, 2026, 66(5)

2037

R 530 A S R % 58 T 41 ol 95 7 SR L 15 S 1
AALRIIE, (T Z BRI ) PRI 1 W R i
I/ AR T, DT AT T e B e R AR £k
ﬁﬁ—:[lM]O
3.3 PEDV 581N

/NI R 20 PEDV RS 1 E T 4
AT AR I 2 R ALY RS S O E S A
IEAARL . BRI ARRRE A FEC L) ) ROS FHER,
MY 3 T B i o el ™, i 2 frs, X
ML AT GEE i F PEDV i i 4% ¢ A -7 CREB3LI
PG miR-34c/COX1 i, MM T2 bR 4l rh
AL R AR ROS A i E 4k )12 A
R 2 B W 1B R R B ey — AN A

e RS, PEDV A] LUATE KT T4 1Y
1 b Kz 40 it L K Vero E6 41 gl 120 v i &
ER JWF1 UPR, UPR £ 3 133 (H PERK. IREI
H1 ATF6) A 8 T6 ] I8 45 22 24 J5U G AL 85 1 S ok
i HWEFH TS5 2005 Sl % . PERK 7EZ0 A
(14 S8 AL I 38 I RS R TS R, 7E PEDV
YL FE rp il i PERK-CHOP-ERO1a-ROS “lif:
P X A B AR B AR S0 R A
BTt S TR 4 2 A A B A BE T A S A R
PEDV A LU i3 #1l fi] RORy/Nrf2 415 1 5% 5% ok
75 JTF I mP 470 R A AT P A R DR 3k 1 S O
W, I S 30U PEDV /154K ROS 77 A
m, SEE ALY, PEDV 51 A ROS 4=

-

Mitochondrial - -
_ [cREB3LIf|— [miR-34c gene| — [COX1] |— | " metabolic |—> [Ros || — [Mitochondrial
autophagy

disorder

— | PERK | — [E1F20 |— | ATF4 |— [ croP || BrRO1G | — [ROS ]| —> [ PEDV replication |

~|MVA1|»[1 ]
.
- m—

| ATM ‘ —> | Chk2 ’—» |DNA damage| - |PEDV replication|

‘<]_>

K IRE1

E2 PEDVERSSHMHEHIXR

Figure 2 The relationship between PEDV infection and oxidative stress. PEDV infection induces mitochondrial
metabolic disorder through the CREB3L1/miR-34¢/COX1 axis, increases mitochondrial ROS accumulation, and
stimulates mitochondrial autophagy; PEDV controls endoplasmic reticulum to perturb its redox homeostasis
through the PERK-CHOP-ERO1a-ROS axis in favor of its replication. In PEDV-infected piglets, RORy/NRF2

regulates the transcriptional levels of key genes of mevalonate (MVA) through epigenetic mechanisms, blocking

Lipid
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= |Cell/tissue damage

Endoplasmic
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the biosynthesis of GPx4 and reducing catalase (CAT), resulting in lipid peroxidation in the piglet’s liver. PEDV
induces DNA damage response through the ROS-ATM signaling pathway, thereby promoting its early replication,
or through oxidative stress, induced by the PERK and IRE1 pathways, promoting endoplasmic reticulum stress

and cell autophagy.
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The relationship between PDCoV infection and oxidative stress. PDCoV infection can trigger

Figure 3
autophagy in cells. Oxidative stress further promotes autophagy activation by generating ROS, interfering with
the host immune signaling pathways, thereby facilitating viral replication. PDCoV infection can induce oxidative
stress in host cells and affect the expression of mitochondrial antiviral signaling protein (MAVS) and the
phosphorylation level of interferon regulatory factor-3 (IRF-3), thereby interfering with the innate immune
response. SIRTS interacts with and desuccinylates the PDCoV membrane (M) protein. This modification activates
the ATM pathway to induce the ubiquitination of PEXS5 and recruits p62 to initiate selective pexophagy, which
disrupts the function of peroxisomes and increases ROS levels, inhibits the production of type I and type III
interferons, and thereby promotes viral replication; PDCoV infection inhibits the Nrf2 pathway, reduces the levels

of HO-1 and NQO1, leading to oxidative stress, promoting viral replication, and inducing tissue or cell damage.

4 % PECs Rt thi B A0 E  WEHEMIRAE LG 1)
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B, BRARSIE RN, I TE R ], i REHY R
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#*1 XPECsEFREATTRMIMENGY R E AT RERIER N

Table 1  Antioxidant drugs with potential therapeutic effects on PECs and their possible mechanisms of action
Antioxidant drugs Virus type Antiviral mechanism References
Selenomethionine Porcine Enhance cellular antioxidant capacity; activate the Nrf2 signaling [37-38,65]

deltacoronavirus pathway, reduce ROS levels, and alleviate intestinal damage
(PDCoV)
N-acetylcysteine Porcine Reduced H,0, levels and alleviate intestinal damage. Enhance the [123-124]
epidemic spleen’s antioxidant, anti-inflammatory, immune, and tissue repair
diarrhea virus capabilities
(PEDV)
Docosahexaenoic acid Porcine Reduce ER stress, enhance antioxidant capacity, and lower [132]
(DHA) and epidemic inflammation levels
eicosapentaenoic acid diarrhea virus
(EPA) (PEDV)
Transmissible Reduce ROS production [133]
(+)-catechin gastroenteritis
virus (TGEV)
Polygonum cillinerve Transmissible Reduce ROS production and alleviate apoptosis [134]
polysaccharide gastroenteritis
virus (TGEV)
Eugenol Transmissible Activate the Keap1-Nrf2-ARE signaling pathway to reduce ROS [40,135]
gastroenteritis production and apoptosis; inhibit ROS/NLRP3/GSDMD-dependent
virus (TGEV) pyroptosis to alleviate intestinal injury
All-trans retinoic acid Transmissible Inhibition of ROS-mediated p38 mitogen-activated protein kinase (p38 [136]
gastroenteritis MAPK) signaling pathway reduces apoptosis
virus (TGEV)
Aqueous leaf extract Porcine Interfere with the replication phase of the viral life cycle, suppress [137]
epidemic oxidative stress, and mitigate apoptosis
diarrhea virus
(PEDV)
Ergosterol peroxide Porcine By suppressing ROS production and activating the p53 pathway, [138]
epidemic PEDV replication is inhibited
diarrhea virus
(PEDV)
Luteolin Porcine By targeting the substrate-binding site of the PEDV Mpro protein, it [139]
epidemic inhibits the enzyme’s activity, thereby disrupting PEDYV replication,
diarrhea virus suppressing inflammatory responses, and activating the Nrf2/HO-1
(PEDV) antioxidant pathway
Chrysin Porcine Poplar extract inhibits PEDV replication through the ROS/INK/p53 [140]
epidemic axis
diarrhea virus
(PEDV)
L-deoxynojirimycin Porcine L-deoxynojirimycin can reduce ROS production associated with PEDV  [141]
Extracts of mulberry epidemic infection, thereby decreasing MDA levels, enhancing GSH-Px activity,

leaves

diarrhea virus
(PEDV)

and alleviating the inflammatory response in host cells triggered by
PEDV invasion
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4k B R (all-trans-retinoic acid, ATRA) & # iF B}
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