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Abstract: [Objectives| Bufo gargarizans, a nationally protected amphibian species with significant ecological
and medicinal value in China, faces critical conservation challenges due to declining wild populations. Its
artificial breeding is essential for sustainable resource utilization, particularly for producing Bufonis
Venenum—a key component in Chinese patent medicines such as Liushen Pills and Shexiang Baoxin Pills.
However, outbreaks of mass mortality in captive breeding facilities threaten conservation and pharmaceutical
efforts. This study investigated the etiology of explosive mortality events occurring in June-July 2024 at a B.
gargarizans farm in Shandong Province, China, where environmental conditions (26 - 35 °C) coincided with
seasonal rainfall. [Methods] Eighty-four moribund individuals of B. gargarizans were subjected to necropsy,
pathological examination, and molecular diagnostics. Gross examination revealed systemic abnormalities:
pulmonary edema, hepatomegaly with pallor, hydrops of the gallbladder, and intestinal edema.
Histopathological analysis identified severe pulmonary lesions, including multifocal calcification, extensive
tissue vacuolization, and nuclear vacuolization (Fig. 9), indicating profound structural damage. Nematodes
were exclusively localized in the lungs, with no detection in the liver, kidneys or gastrointestinal tract.
Morphological characterization integrated light microscopy (LM; Fig. 3, 4) and scanning electron microscopy
(SEM; Fig. 5). The parasites exhibited fusiform bodies (2.866 - 8.817 mm length x 0.177 - 0.320 mm width),
transverse cuticular annulations, funnel-shaped buccal capsules, cylindrical esophagi, and conical tails with
terminal papillae, which were consistent with those of Rhabdias spp. Comparative morphometrics against
other Rhabdias species (Table 2) further supported taxonomic assignment. [Results] Molecular identification
confirmed the pathogen as R. nipponica. Genomic DNA was extracted from nematodes, and ITS (730 bp) and
COI (436 bp) genes were amplified with primers NC5/NC2 and COI-F/COI-R, respectively (Table 1). BLAST
alignment of the obtained sequences (GenBank accession number: PQ669203 for ITS; GenBank accession
number: PQ669209 for COI) showed 99.65% similarity to R. nipponica ITS (GenBank accession number:
AB818377) and 98.66% similarity to R. nipponica COl (GenBank accession number: LC671279).
Phylogenetic analysis (neighbor-joining method, 1 000 bootstrap replicates) placed the isolates within the R.
nipponica clade with strong support (95% for ITS, 63% for COI; Figs. 7, 8). Crucially, PCR screening
excluded viral co-infections (LMBV, MRV, RGV, and FV3; Fig. 2). [Conclusion] Epidemiological analysis
revealed high parasitism: 65 of 84 (77.38%) B. gargarizans individuals were infected, harboring 283
nematodes (mean intensity: 4.4 nematodes/toad). The extensive pulmonary damage observed—attributed to
mechanical obstruction, inflammatory responses, and impaired gas exchange—directly correlated with clinical
symptoms (lethargy, anorexia, and dyspnea) and mortality. This study provides the first conclusive evidence of R.
nipponica as a primary pathogen causing epizootic mortality in farmed B. gargarizans. The integration of
histopathology, morphometrics, and molecular phylogenetics establishes a robust diagnostic framework for lung
nematodiasis. Our findings underscore the urgent need for targeted anthelmintic protocols (e.g., ivermectin or
fenbendazole, validated in related studies) and environmental disinfection strategies to mitigate transmission.
This work lays a foundation for biosecurity measures essential for sustainable farming of B. gargarizans,

aligning with national policies promoting non-food wildlife utilization for medicinal conservation.
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Table 1 Primers used for PCR
51 SIMF5 (53 I BUKEE (bp)
Primer Primer sequence Amplified fragment length
NC2 GTAGGTGAACCTGCGGAAGGATCATT
NC5 TTAGTTTCTTTTCCTCCGCT 70
COI-F TTTTTTGGTCATCCTGAGGTTTAT
COI-R ACATAATGAAAATGACTAACAAC 430
LMBV-F TATGTGCTCAACTCTTGGCTGGTC
LMBV-R CCACGATGGGCTTGACTTCTCC 7
MRV-F TATGTGCTCAACTCTTGGCTGGTC
MRV-R CCACGATGGGCTTGACTTCTCC 7
RGV-F CCCCTCCCATTCTTCTTCTCC
RGV-R CAACCATGTCCCTGACTGTGC 7
FV3-R CGCAGTCAAGGCCTTGATGT
FV3-F AAAGACCCGTTTTGCAGCAAAC >

A, B B E M (G1102-100ML,
FEHIREVRH AT ZRAAF 20, HERS
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HR S . 558 HITACHI SU8100 4
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ANF G . COLRITS RISAR RN 25 ul, &
H 2 x Premix Tag™ DNA E&8 125, L.
TSI 1wl GREEN 10 pmol/L), ddH,O0
8.5 ul, DNA F#Rk 2 pl (102 mg/L). JRZ=IHF
B J53E4T PCR M. ITS f) PCR M 2614 A,
95 °CTHAE 4 5 min; 95 °C 1 min, 55 °C 1 min,
72 °C 1 min, FEHEAT 40 MEH; fJ5 72 °CiE
fiff 7 min. COI §] PCR K564 A, 95 °CHilae
£ 5 min; 95 °C 1 min, 42 °C 1 min, 72 °C 1 min,

AT 40 MER; FJ5 72 °CHEH 7 min. X
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LK, MR R IR . P AIE i
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H I 45 5 5 GenBank H A (KAH 5% 551
4T BLAST buxf, ffiF MEGA11.0 31
Clustal X 79255 F7 IHEAT R EE T . Bl
P R GUR B R 5 % AR 5T Rl SR 2%
KAy EKHMAL, KHLLFEEE (neighbor-
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1.5 BRIENR
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FET MK 1 B 5 (LMBV).
TR (RGV). B 3 & (FV3) FbK
AT #2058 (MRV) PCR KGN 45 51 A

a bp M 1 2 3 NC

2000—
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2 000—

1 000—
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(B 2), DIEATCAHERR A A B ek

B1 B (a) FMBRE (b) A RuseR it
Fig.1 Lungs of diseased (a) and healthy (b) Bufo
gargarizans
a TSI TR A R F T 1A, DN 808 A e i 0 i i 5 24
The arrow in panel a indicates the progression direction of the lesion.

That is, atrophy occurs from the end to the front of the lung.
b bp M 1 2 3 NC

2000 —

1000 —
750 —
500 —

250 —
100 —

bp

2 000—

1 000—
750 —
500—

250—
100—

B2 KROBGFILERRE (a). SRR (b). BITBHTE (o MERE3I R (1) RUER
Fig. 2 Results of Largemouth bass iridovirus (LMBY, a), mandarinfish ranavirus (MRYV, b), Rana grylio virus
(RGY, ¢), and frog virus 3 (FV3, d) detection

L GETOHEIR 15 2. FETOHEER 2; 3. FETIHEER 3; M. DL 2000 DNA Z-Fibsifl; NC. BItEx i
1. Dead B. gargarizans 1; 2. Dead B. gargarizans 2; 3. Dead B. gargarizans 3; M. DL 2000 DNA marker; NC. Negative control
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22 HAEFESRERE LB ARG o AT ARSI KA,
221 AHFEEHETHRSFEEE WELEM  WYRPRAWO R (83, £ 2. RikE
BIWEE, HUATEERENSERIE, £ B SiEE, RORETEALT R, RERARERS

B3 LB e TS H AR i

Fig. 3 Observation of Rhabdias nipponica under the stereomicroscope

Ela. b6 B PGSR, Blc a4 BTIMEER, B dh2 HTRESER. & kEm b ERusRE b AR i B A h.
Panels a and b show the results of observation at 6 x; panel ¢ shows the results of observation at 4 x; and panel d shows the results of observation

at 2 x. The arrows indicate the parasitism of Rhabdias nipponica in the alveoli of Bufo gargarizans.

K2 MTRERE DAY R RS R R

Table 2 Comparison of measurements of different species of Rhabditis

£k s 2% Nematode species
IR B A s I iR © H AL d P

R. esculentarum

ot OB kA Ty

A+ Body length (mm) 2.990 - 13.020 7.180 - 13.410 4.640 - 8.230 2.866 - 8.817
5% Body width (mm) 0.136 - 0.476 0.265 - 0.441 0.280 - 0.410 0.177 - 0.320
A 1E K Oesophagus length (mm) 0.288 - 0.510 0.447 - 0.600 0.320 - 0.470 0.233 - 0.406
JEHBK Tail length (mm) 0.144 - 0.420 0.300 - 0.459 0.246 - 0.360 0.157 - 0.371
fﬁl Q)Eﬁ%ﬁﬁ Vulva-head distance — 3.660 - 7.350 2330 - 4.150 1.727 - 5.314
H G Egg length (mm) 0.117 - 0.144 — 0.102 - 0.110 0.068 - 0.093
H15IFE Egg width (mm) 0.051 - 0.072 — 0.050 - 0.060 0.032 - 0.047

Ferp “—7 FoRBIECRASRIHEEEE . A 18 F 9k, B, fE 3 AR e i C. fE 9B D. 15 F AP AR

The symbol “—” in the table denotes data not provided in the source literature. A. Host is Amietophrynus regularis; B. Host is Rana esculenta;

C. Host is R. chensinensis; D. Host is Bufo gargarizans
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YR %BH%EWMZISEP%%F Nz
FEHRIE T O, e I HE T AR o L 3 J kE
(H 4, ERESFHERF & HIZ/MTL IR
H % SEASAE (Kuzmin et al. 2013, Marcaida et al.
2022), FIET Marcaida %5 (2022) *f/MTFLk
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A1 i E AR S (T TE TS A AR B, T [ 4
FHMKME (K50 fERfEshREH.
223 HTFEHFER LLxHAS DNA KN
R, Ihy 3L 1TS Ml Col 2R FH1 . 4 1%
BRIRPEEEI Uk 2 5E, 1TS Fl COL ﬁal?ﬁi&
L= R NG53R 730 bp A1 436 bp (B 6).

Oesophagus

C

\ frls
/ a

it BLAST HUXTfE R HRAFF 415 GenBank
N H AR B (Rhabdias nipponica) 1TS
Fr3 (GenBank /¥%1'5 AB818377) AHLE N
99.65%, 5 HAL R COI 551 (GenBank F#
51145 LC671279.1) HHMBLEE K 98.66%.

DA A= IROHT B LB 4 U ( Neoentomelas
asatoi) NAME, FET 11 P& i Col A 7
TIRHBEERERFREN, SRS EE
BB Col 25 (GenBank F¥ 515
PQ669209) 5 H AL f col & H 74

(GenBank J7411%5 LC671279. DERIE—E(E D),
SCHFRN 63%.

PLH AR R (Cosmocerca japonica)
MG RMHRELHR (C. commutata) NN,
F T 12 PP SR ITS X PP 51K I B HE ) 2 &
GREWN, KB AMWARL, —XNH
Serpentirhabdias J&ZE 1., 5734 —3Z H Rhabdias
J& R Entomelas J& 2k HU2H 1%, B 78 50 5 & 4F

7]

Intestine

B4 HZEEMBRTRENHSELR
Fig. 4 Observation of Rhabdias nipponica under the optical microscope
a. HUASGES: b, AR o HUERES: d dEdEE. Bla. o Fd 100 i FWEEER, B b A 40 £ FEEER

a. Anterior end; b. Overall body; c. Posterior end; d. Middle part. Panels a, ¢, and d show the results of observation at 100 %, and panel b shows the

results of observation at 40 x.
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£00 pum

30 pm

100 pm : 100 um

B5 HABRLZRSHBRaEEE

Fig.5 Scanning electron microscopy micrographs of Rhabditis nipponica

a. BAM; b~e. HEB; f FE#. a. Overall body; b - e. Middle part; f. Posterior end.

a bp M 11 b bp

8000—
5000 — 8000 —
3000 — 5000 —
2000— 3000 —
2000 —

1 000—
750 — 1000 —
750 —
500 — 500 —
250 — 250 —
100 — 100 —

Be6 ITS (a) f1 COI (b) FFRIF LR
Fig. 6 PCR amplification of ITS (a) and COI (b) sequences

Cl. SER A COL FP A Hr=¥p; 11. S84 Hufk ITS F 598 7=4; M. DL 5 000 Plus DNA 43 F & Arifi
C1. COI sequence amplification products of nematodes in this study; I1. ITS sequence amplification products of nematodes in this study; M. DL
5000 Plus DNA marker
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£k B 1TS 7 51)( GenBank 5 41’5 PQ669203)
5 HAELER ITS 7% (GenBank /%5
AB818377) A (8), STHFFFEN 95%.
23 HLGURHEEWE

HEURERT BRI, HREIRIAT . B
Jifis B0 E 38 AN [RIFR P R AR, S B
b R ™ B () B . St R AL R s ek 11 i
2SR Sl IO ey vab ey T BB 71 B R P
2k HUET AR R At A 2 IS Ak, BEALS
it J5 FEH AU N R, H Tk,
st (9.

LC671242.1 Wiith#2k H Rhabdias incerta

83

LC671245.1 Wiy #ELk B R, incerta

91

LC671271.1 A5t BRLR L R. tokyoensis
77 LC671272.1 ZR 5t HREk HL R. tokyoensis
LC671279.1 HAMREL 3L R. nipponica
631 PQ669209 WS0619 A5 This study
o7 MHS548270.1 T TR UENITRLL L R. breviensis
’—| MHS548269.1 M TR 4ENTHELE . R. breviensis

0.20

OR622951.1 ThHER I HEL Hy

641 OR622950.1 flyk sttt

3 TR

TERF T AR R R B dudds, &3 B
T, RIILIESFERIEAR T, FFE/D
FFLR HUE S HHFE (Marcaida et al. 2022).
ik BLAST Xt or#fa B, SEE RSN
HUKFE 5 5 I BT /E GenBank I & R 1 H A kL
dITS 54 (7515 ABS18377) AU
ik 99.65%, 5 HABL R Col BH 74 (75
5 LC671279) HIAHELEE N 98.66%. UL4h, F|

AEFM R RF R BN RER, Bk

TR )m
Rhabdias

R. pseudosphaerocephala

R. pseudosphaerocephala

LC632154.1 kA [CHT R LR . Neoentomelas asatoi | Hi s L EALE HU 8 Neoentomelas

7 BT ColERTFIMENTZRAREN
Fig.7 Neighbor-joining phylogenetic tree based on the COI sequences

100

0.20

95

95 L KF999600 £k FEHRLE HL R. bulbicauda

99| EU360831 Ul 53 [CHELR Ht R bakeri

99 ~MH283884 £l

LC052772 H A2k dL Cosmocerca japonica
OR074732 5B R it )24k . C. commutata

AB818377 H AWML 1 Rhabdias nipponica
PQ669203 WS0619 ATff5Y This study

KF999610 U1K & [RFRZE He R. bermani

FF2k duRt
Rhabdiasidae
MHO023523 #EFE2E e R. 1arichae

KFo99s07 " ST 28 ty

Entomelas kazachstanica

KF999595 iR izt st
L. E(;ghxsaurl
4

Serp%ﬁﬁ%as elaphe
I IEIEATEL

S. viperidicus

Hif2Fl Cosmocercidae

MH516095

B8 ET ITS FIIKSERAR BN
Fig. 8 Neighbor-joining phylogenetic tree based on the ITS sequences
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Xt A4

Control group

Infection group

B9 HABKRFALN

Fig. 9 Histopathological observation of the lung of Bufo gargarizans infected with Rhabdias nipponica

a. f MR e b AR REERIT 2T, b, R s A ME R 2 23 vt A AL BEAUPOIE J5 S B SRS T RRIE (LEFLIER); o &
AR AR GROFEIER) Kzt (REOFELIER).

a. Control group of healthy B. gargarizans; b. Calcified foci in the lung tissue suspected to be traces of tissue necrosis following inflammation (red

arrow); c. vacuolization of tissue (yellow arrow), and vacuolization of nuclei (blue arrow).

Hfk S QAL fAb T A —2 3. Bk, B
DGR RN oy T EW) S S5 R B AHEDUE, 1]
FlE AP 4 R H AR 4 .
aAERMEE L, EHFEENEL A
HERFE EHE SR, HSH0E ERHS
e, Mmool R, AUt ikiE, s
( Monopterus albus ) 138 H 1) B2 58 57 Bk =
[Pallisentis ( Neosentis) celatus]FVA iz P 1) H
S 2k . (Eustrongylides sp.) W] i& ¥ igiE 56 4
BRI ZE, BpBEEfL, Y B R KER
AR, b2 R N RS B AR 1A,
PREES N IERGE CRELSE 2013). fEMIHNEI)
G R R, GRS, (RN
TR A A S N, 17 AE PR A B A0 it 2 A2 K B IR
2o B s B0 ) o 5 B H SRR ) T [F
(Kelehear et al. 2009, Pizzatto et al. 2011). ZF
Az UG A A B R e e i AR,
I E 225 KAMESET: (Santos et al. 2016) .
WEFERM, FRIREE e 37 A4 iSRS RE A8 R S
WRAAT AN, bl ) B AR T R A4
RE MG, HALEME R4 5K E 5
HIZE{F (Finnerty et al. 2018a) . I H W T IRIE,
TESRIG N, W FRIREE R &) A Fh T P A
FIRN G, RORE SN BEIS [R] S DR &, w]
R 3 LA 2 i O 32 BRI B A, ROk
20 155 90K B B S T 4 S AR A (Pizzatto

et al. 2010). ZHLUPHL 2253 BT UE Sl 2k st A
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