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Identification of Fowlpox Virus (FPV) Integrated with
Reticuloendotheliosisrus Virus(REV) Gene and Study on
Pathology of Chickens Infected with REV-Integrated FPV

WANG Gang, SUN Hong-lei, YU Ying, WU Yu-bao, LOU Ben-hong, LIU Si-dang

(College of Animal Sciences and Veterinary Medicine, Shandong Agricultural University, Tai’an 271018, Shandong)

Abstract: [Objective] To examine the integration of reticuloendotheliosis virus (REV) gene in FPV genome, and to study on
the changes of the specific antibody against REV in FP flocks, the cytopathic effect in tissue cells infected by FPV and the
histopathological changes in FP chickens. [Method] Fowlpox viruses (FPV) were isolated from 9 typical fowlpox (FP) clinical
cases identified in Taian and surrounding areas, using PCR to amplify REV-env, LTR sequence, ELISA to test the changes of the
specific antibody against REV in FP flocks, electron microscopy to observe the morphous of FPV, and histopathological examination
of FP chickens. [Result] The results showed that all of the 9 FPV isolates were integrated with REV gene, the tight sphere of the
nucleus in infected tissue cells transformed into helix pattern, antibody levels against REV in FP chickens increased significantly.
Besides the common pathological changes caused by FP, severe atrophy of spleen, thymus, Bursa, reticuloendothelial cell
proliferation, pathologic changes of liver, duodenum and lung were also found. The results of SPF chickens experimental infection
by separated and purified FPV showed that the changes of antibody against REV and pathological changes of organs during the
healing stage were identified as the changes caused by wild virus. [Conclusion] In summary, integration of FPV with REV gene is
common in chickens from Taian and surrounding areas, and the pathogenicity of the wild FPV strains integrated with REV gene has

changed to some extent.
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[WF90E Y Tk, WJE (fowlpox, FP) IR
AR KR ARG HET AN, A P G I
JEWAEE . [RIEF, IR FIEHILT LA IR . SRk
TREIE (%) HIS S 7R 0 DA PN I RSO  BE kSRR IR %) P R X
Jeis R TR 2 R AE MR R S I 5
JLARGER, IG5 5 8 IR A Rz 21 2R 08 A 5 1
(reticuloendotheliosis virus, REV) F&[X FBtok REV
RN A BRSS9 7 (fowlpox virus, FPV) H &
SRV 2 WU SR AR i, 1T b U 5 LA PR 1 35

—o [HTAWFITHE ] H A O BRI 2 10T REV
VS YL BRI REV FEN 7 BUE & 3 FPV R4
(RN, e E Tt R AN 43 15 10 B 2 bk
T REV RIHT #5EE R 40, 1 HL =2 1 vh e 4
47 REV [ LTR JFHIUM, DRI Y R
TR 22 TR AW ) T S 7 1) e A B RS 9 92 1 T 3
SR B REARE S I JS B RE T RE S REV SRR A ]
FPV 555, {H#E REV KN FPV 18 )2 B Ak
B, GRS REV SN FPV XS )5 AR A0 A fif
PR AL, HAT MR WA DG Te s . [ o 5K
) Y AP IIE 2R 2 R B T kb X A S AT BERR )
REV JEH F BOAEGIEOL, WP RTTHES REV JE 1)
FPV 0] X 055 1 1) 2o S B0 WLl o
1 #MRlERZE
1.1 #RRARF

REV Hitill il 7 & B Ak 5t IDEXX 2l
THEREM SPF XSGR B 5 e Wik i A /s dNTP,
Marker DL2000, TagDNA &l BRI A T
Sal I, EcoR I, X-gal f IPTG %50l H Ki% TaKaRa
O] He il T VAR PCR 544 iR PCR
PN A5 H b 5N 2 7 58 e
1.2 WREHZE
2.1l RIEIR RO B EE ) i A HF ik
TEHAMES, Wi AT AT A . I, A48
BRMAIHAL o
1.2.2 ELISA #M f1y% REV ik XF 11 A&
05396792 BH S5 (00 R0 R S R IR I, [i] R SK [ B AR
I3 8 3 XS S R AL AR Ay e B, RO R A 1)

PSR 1 IR CPRUCR ML TAIBEG A 1A H 247D, ELISA
K IMLE REV HUAA o Tl b 4 170 & 1l W) 4
k.

1.2.3 YERERLTHEENE BRGHIUEEKR
INRUBH T B L2, R 1%IRIRE E G, 2 IR
BT 30%. 50%-. 70%-+ 90%-+ 100% A B4 18
Bk, RAMERSIE A, M HIERED A, e,
TEH B P s,

1.2.4 BiERENTE BE 9 NRITENSY
PPN IR R E L U pH 7.2 1Y) PBS WFB% J , i
it RNA B, ¥ 37°C/KBEITE 45 min J5, REHRH
3 ¥, 5000 r/min &0 10 min, H_EiEdNES, #EM
11~12 H¥#& ¥ SPF XS8R FEN, 37°CHFAL 5~7 d,
PG AR BR BTG I, MAKE pH 7.2 (1)
PBS W%, BOHC W, $RU 7RI SRR I R I
9% PRFENE A3 H I A0 1 1 6 B b PR R R B A 1k o
SRIGAM I 1 ml B BERE IR PENEAL 28 e T
O KT 70%~90% (MM IR i A 4E4i iy (CEF) H122 F.
T 5% CO, 37°CHEFARFE. LA i Ae i, PBS
Pe—, 0.25%JFE Ak, WSCHR IR0 20 4 it £ 4 i
DNA 3T PCR; 434> —80°C [ K ¥l 3 VX, 5000
t/min, 4°C &0 20 min, B35, F3E % 30 000 r/min,
4°CE50 60 min, 7 BiE, H 1 ml PBS &IFU00E, )&
28 20%~60% JKERH 2 BB B B0, DU R,
PBS ¥%ifift, —80°CUKAIRAT %

1.2.5 PCR 43 env. FPV-LTR F 7| 40557540
Jfl DNA Jyfsiti, ZHSCHR[10,12-13], SR X514
F-T4 4 REV ¥ env JEDH P B, [ & o0 5 141
nest-PCR 519, 5I1WMFHINE 1, PCR RNART:
95°C 4 min, 95°C 30s, 54°C 30s, 72°C 30s, 28 M
¥R, 72°C 10 min. & FPV RKX4H)¥4) (GenBank /¥
H%5, NC-002188) M ICHA[11,14-15]1C & KRB L
R, G Rk 3T FPV, F T LTR (514,
SIFFIILE 1, PCR RVFEF: 95°C 5 min, 95°C 30s,
52°C 1 min, 72°C 1 min, #4T 30 MR, 72°C 10 min.
PCR =% 0.8% 1) B b eI HL VK WL 5% o

1.2.6 FAFMHEEREMECEFEEE X
Fo oy B RS SE R BUK) PCR =4 T e e 1l i i
AR GBI T B, JEHE T pMD-18-T #ifk.
R WAL E.coli TG KT RS2 A 4N,
R T IPTG A X-gal )84 LB 557705, Hhik s
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%1 FTF¥18REV-env. FPV-LTR EE FEL#Y PCR 5149
Table 1 Primers for env and LTR fragment of REV

FFPV-LTR(forward) ~AACAATGATACGTCTCTTCC-3'

232404~232423(FPV)

5|4 Primers J¥°%| Sequences {7 # Positions in REV/FPV genome K J& Fragment sizes (bp)
Fenv(forward) 5-AGCTAGGCTCGTATGAA-3’ 6504~6520(REV) 438
Renv(reverse) 5'-TATTGACCAGGTGGGTTG-3' 6940~6923
Fenv-nest(forward) 5'-ATGAAGACGGGCCTAA-3' 6515~6531(REV) 402
Renv-nest(reverse) 5'-AAAGGGGAGGCTAAGA-3’ 6916~6910

5

5

RFPV-LTR(reverse) -CACACGAATATACCAATAAGG-3'

232888~232868

WM Ampt+LB WA IR AL, $EIUTORL, 48 EcoR |
Al Sal T XUEED), ffiERHE sl . DNA JRAIE, LL
i DAL P 471 ) 2 A

1.2.7 RBARFWE U IRE . BRR. 1 KEE,
iy Oy s B IR ARSI T 10%4E /K
MR 52, AT, HLE Yefh, JeBiiee.
1.2.8 4% 4hifh & Pk & REV 3L A th FPV & #k <t SPF
AR AR (SR SPF A 20 HZE 15 HES, BN h
PHEL: —41 15 3, Bl o e pl s a0 1 29 0o 2liAb 11
L5 REV BRI FPV; n—4 5 B, EMSEa4an
FRAKAE AR B . o e BT . BEdE)S 15, 30d SR
K REV HUiE/K: #8805 30 d B2 ks,
IOl MR MR, dRREE. . oL B B B2
Fe A RIS 23T 10%AR /K S AR o, AP0 A
HE 4, JeBimss.

2 HERESR
2.1 IREREFIERFT

L1 AN KRS 3 A T L0 AR IR 282 e Al i a3
h 30~70 H S 2 1] 1 XS I PR JRRAS , I 4 I
IRAER: PEASREHRUUAR, R, YOKEL TR, Wit
— MRS 20 d ZiAn, RFEREKCEE, AR (&
1-A)  JBKs XS IRE 2 b KON A E, F
BT HEBBDBTAL LI (8/11) (] 1-B. C) ;
A TR P PRI, IR AT ek 2 W s b IR SR
41D (E 1-D) , ghAHR 45158 5 (1) R i XS T
REGF, 5 10%45 47 (3/11) o BIRAR L. .
S VERBEZSESE (1011 (B 1-E) 5 AN xS IR
JHH, REEARAE C(1/11) (B 1-F) 5 OEY ok, A28
8 A AR, DT A LR L RN E A A

A: ISR B: GEEES: C: JREYEZ: D: WAANSE; E. MIRZESE: F. REMK
A: FP chicken is thin; B, C, D: The pox on different parts of chicken; E: Atrophy of thymus; F: Glandular stomach swelling

1 G IE R R BRYH

Fig. 1 Clinical symptoms and pathological anatomy
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[FFEFEM ORER AL, AW, S, Pk i
BAE WUE AR WL BE AR, XS 5 B W & O
R (4/11) RRFER KA B 4k RGP A2
2.2 [n;iF REV BYHLIREE

MR TR U I E AR, 11 N HE IS I
ANTRIRR L9 L3S REV BB, e rb 50 0 i 3+
REV PUABH N 25%; @05 MG REV Hiik
B 2R 74% . FP A5 S [R1HF JC 967 2 fit Rt e IfiL 3

3 2 REV HUiAPRIEAG7ER M AGEE o Y EL 5

Table 2 The rate of positive antibody against REV in FP chickens

REV HUARBHTEZ N 21%; % @5 iiE REV HrikpH
HHy 34%. RIMAGFEF M REV HUoARBH MRS 0=
5 SR i XS K5 (1 Ll A L2 2.
2.3 BWERSHESEELMAMYREFTL
BT 8% 7, RS ek A R 7 (] 2-A),
KA 250 nmX 354 nm, FIHEFMEE, ERGAN
MR 3R N B (B 2-B) , 9 & EIRAA
A0 Az SRR AR (K 2-C) .

KA Get blood period

FP R Ji%% FP chickens 1E# %% Normal chickens

ST RE VA B0 L 4]
The ratio of serum positive antibody against REV in initial FP stage
P R MIEREVHUAAR FIERG LL 51

The ratio of serum positive antibody against REV in the healing stage

30/119 12/58

88/119 20/58

A: MBJERIT (X25K) 5 B: XEEIRME (X3000) ; C: JWARAIEH (X3000)
A: Fowlpox virus (X 25K); B: Cytoryctes of fowlpox virus (X 3000); C: The nucleus in infected cell (X 3000)

El2 XEmiaRNeE

Fig. 2 Electron microscopy

2.4 FPV rh REV EE B H9HEM

DL A% 20 Hu IR A% BR L EU) A B ,  PCR fIEEA )5
BT FE G 1) REV-env 28 I CUITAFEST) env 3
[AI[F) PCR P29 A5k,  FHAHRI nest-PCR 5|4k
AT —F2F 1) PCR RN, 2R A R REV-env
FEE A BREYE (B 3 &) o BL FPV-LTR 5143 T
PCR, %iR TG FESK) FPV-LTR ¥J7E 500 bp A4
BUERRHTE A (B 3 4D o ¥ LIk PCR =it
pMD-18-T #H4k, K2k EcoR T Al Sal T XL i BH
PR v B = AT SRR B s LUk, &5 SR AR AN AA
[ B PCR 438 7= K/ —3
2.5 JRIBLALAFEIER
2.5.1 JEpE A#EHED, BREDN (H4-A), A
BED b 40 BB As , A6 1R LAV 2 AR AR R G IRk 2

gife (& 4-B)

2.5.2 FRE  WREIEI IRk, R I A
FeOCE 4-C) 5 Bz Dbk Mg ok, R Al R AN B
s B R SR R, AR I
it (B 4-D) 5 [ mai a2k .

2.5.3 g FEEZE4E, KO, #ERETHAY G (&
4-E) 5 ST e Em g . RO P R 40
BT P A /D A

2.5.4 AR Z Wz SRR B AR AR
Mt 2, A2 N g R g MR s (RS ik A
ML 7K A5 S R N T

2.5.5 fRE IR IREARA, A IR
R A R KR O s . 354 (& 4-F) , ]
PP IR IR A0 kPRI AR, I P 7R iR R iR
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bp M

2000

485 bp
402 bp

ZE: PCR Y™ FPV L) REV env J¥41; #5: PCR#71% FPV Ef#¥ REV LTR #45X /74
Left: PCR products of integrated REV env; Right: PCR products of integrated REV LTR with flanking FPV sequences; M: DL2000 marker

3 PCRT 1)
Fig. 3 PCR products

A JBIESRZ FIRESTH (H.E X 200 ; B: JRUIE FIEDX A AT IAZ IR AR S (K090 L 40 CHLE X 4005 C: VA IR ZEMR I PR 224, R IR AR (H.E X 200);
D: i EEM AN AR TE (HEX 400) ; E: HlR™ 245, ) B AT 2, (HEX200) ; Fo I 1 R E A2 ik AR E « 324 (HEX200) ;
G: IEWXM, IC3 (HEX200) ;5 H: IEWXHL BIR (HEX200)

A: Spleen lack of white pulp structure (H.E X 200); B: Lymphocytes which nuclear concentrated and anachromasis can be seen in the splenic white pulp region
(H.EX400); C: Atrophy of folliculus lymphaticus of Bursa (H.EX200); D: Necrosis of folliculus lymphaticus of Bursa (H.E X400); E: Atrophy of thymus,
cortex, medulla structure was not obvious (H.EX200); F: A large number of lymphocytes which lie in glandular stomach mucosa lamina propria infiltration
and proliferation (H.E X 200); G: Control Bursa (H.E X 200); H: Control thymus (H.E X200)

El4 FEREARZALFEN
Fig. 4 Pathological changes of organs

J3 A % 0 ) R o 2.5.8 QAL FEBAMFEBICILAN SRAL IR IR B, K
2.5.6 JFAE BT ML AN B RIRSE, M. RN R A

PR PR 0 PR 8 A s A DX P A R 2 v L i 2.5.9 Hw . B BERAERS TR L IR AR
WG PR A PR 38 A A TR PR R Xt L A DL 1) S B AKL (] 4-G L HD o
2.5.7 + =4l WoAAEIE A, A 2.6 S EANEIRITSPFAG R RIA L
JEMREAIRSE, FEl. K 15 UYL HE 54T REVIE R [ FPV ¥ SPFAS REV HT
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A: FORAMK (HEX400) 5 B: MR C ARG, HEMBERERE (HEX400) ; C: ikIGHEM EIBIEES, MOEHRHMR (HEX400)
A: Cytoryctes of fowlpox virus (H.EX400); B: Sparse lymphocytes which nuclear concentrated and anachromasis in spleen (H.EX400); C: Atrophy of

folliculus lymphaticus sparse lymphocytes in Bursa (H.E X 400)

B 5 RIERERTHREAERFEN
Fig. 5 Pathological changes of organs

3 REV KBRS FE IR U6 3G B o Y ELf51

Table 3 The rate of positive antibody against REV in FPV chickens

KA ] Get blood period

FPV X #iX% FPV chickens Xt HE8 XS Control chickens

Y A ML REVHUARRH P L )

The ratio of serum positive antibody against REV before FPV-infected chickens

B 15 dLHREVHL B Ll

The ratio of serum positive antibody against REV in FPV-infected chickens at days 15

Y530 dIfLiEREVHUABH PEXS Eu ]

0/15 0/5
2/15 0/5
11/15 0/5

The ratio of serum positive antibody against REV in FPV-infected chickens at days 30

3 itig

AHFCR T GRS 55T REV Ui B0 R R
T FHE PCR BBHPEHIL, ZHOCHR3], ZEH 10X
J&7 I3 BF 4 P I U X U PR T B 2 WA IO T I
RNA 43t 37°C/KHE 45 min. H-T REV X34 13K
PUIIAA 59, B LLIXFE st o] LUK RGP REV i 5
WLy K, it SPF X IR R RELFLREALAR, HEBRAR B
PEFHE.

Hertig S5 e S R, AUAL S REV fisphi 1
A LA e Yl T X A sl X 41 M SR IR 1 55 B W, 1
H—FEFi Akt FPV R s 2k 4l D48 5
REV W44, i HAIXRE FPV 5 T #EpRIb e~
ARG REV . 3K — R IUEVF 2 SER & #F R ¢

£ FPV [P HFRAE Bifk REV JE KA 385 )
EE[IS—IS]O

AWFTCRI, A6 R 2 R HIX 53 85 () FPV
PR REV RN S IS L A7 AL ). FP
FERUG XS HE, REV LT 24 I 25 B B s BB ok 5
BETE, BT REV B RRAC, Btk
FPV H3EA TR REV S A2 & 15 W] 700 1 (1) e A 5%
L) REV 831K REV AHSCIPUR5r  BRA 2R
SRR I, B FP RS B R ae e (M
WES MR 1RREE SRR AE . Bk, IR P
JE AN e A S B2 AR AL, IR AR S REV G I S0
AOVALL, 1K AR E— 2B 4R AMTTEEXS FPV 44 REV
B DRI 2 P05 A F B L o P TR o e 8 Y 110 5 4 0 4R
SENUAR R HBT FIFEL, IR E 2 T &
RS ZUMEAL Yol e T A S R0 T), I g L5 R e
RN B 4k A PR, i FP XS HER A
PE T g2 ML R A SR b . R . KAt i
R R AT, SR EET .
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BT BoR FPV b1 TE A FIAE B 4 i P T
B AL A SRR, 5 LARTRIEAS 6, ik
G R I FPV A2 55 40 M 1 A s 2R B LA AT R B4
DRI B AR RRAE, IX 2755 FPV 80m PEsb s ¢,
EAF .

REV XM FHHCPL A 259, T2k SE, 7E4h
FEATIE I IRAR A, BT A2 bl 2 S A
(RIS il A R IR LR AN K, 0 - B A 3k, ]
1t B BRI LR A% 36 24 22 BOF 5N T n], REV i
I BR S IS DAL RR, XIS E B Wt K
[fl. REV J& C B4 [ ki te, FERPHI 5 S
SR RARBE P, LALLM I S ) e it
S Ea gtk DNA 44, IR gk —
oy, RIS NTE 4N DNANT, 3208 ok Hom af %
BT TR SA  ARKA AL S REV 77 £F
R AR FPV SRR AW 5o FPV [EUREE
Pk, IFRIHLE REV R ARREE, P 50UE T FPV
T REV S R0 37 093 i A = HE D,
EWEIRA, REV AKSAEEAG 7 —Fh AR R igT,
BN 4455248 REV (K FPV HAELHE REVIP,

2y B4l i34 REN JER () FPV #:#kX} SPF
ARG PRI YL R B, RIS 5 I REV Hfd /K
BHEAR {0 S 42138 1 A2 5 REV G, i —20
I53F T 444 REV LK) FPV #F354K7E REV 45 1)
L.

4 ZEig

W R 2822 S JATA M X AT I FPV B85 K 5 ik A1
{E REV RN PEAENG, #E&4H REV ZE K FPV B
BRI BRI B R A AR, HA REV R L850 sy
1E .
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