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Clinical studies on molecular diagnosis in canine and feline infectious-disease related anemia
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Abstract. Babesia. gibsoni (B.gibsoni) and Mycoplasma haemofelis (M.haemofelis) are defined as infectious
agent which can infect the erythrocyte and induce anemia in dog and cat, respectively. Although, the definitive
diagnosis has been performed by cytological examination in blood smear, it was often difficult to confirm since
the examination was not sensitivity and specific. In the present study, 2 clinical studies were designed.

Section 1, comparative investigation of B.gibsoni infection using the polymelase chain reaction (PCR) and
enzyme-linked immunosorbent assay (ELISA) were performed on 38 dogs suspected of the infection. Sixteen
out of 38 dogs (42.1 %) were positive by ELISA, while 27 dogs (71.1 %) were positive by PCR including 11
ELISA negative cases additional to the 16 ELISA-positive ones. The protozoa were not detected on blood
smears from 4 of 27 PCR-positive cases. PCR method was able to detect the cases even with parasitemia as
low as 0.0003 % of the red blood cells. These results suggested that the PCR method may be more sensitive for
detecting canine B.gibsoni infection than ELISA and direct microscopic examination. PCR, therefore, is
thought to be an effective diagnostic method for the detection of B.gibsoni infection in a dog even with low-
grade parasitemia.

However, the PCR method was indicated as high sensitive and specific examination to confirm protozoal
disease, the technique have been complicated and clinical using was uncommon in veterinary field. Then, in
the section 2, we established direct PCR method and estimated about sensitivity and specificity in many
clinical cases. In our direct PCR method, small amount of blood sample is used as the template, which was not
extract to DNA. The dog and cat's blood samples were analyzed by this direct PCR method to detect the
B.gibsoni and M.haemofelis infection, respectively. The results of direct PCR method correlated closely with
the other method described previously. The sensitivity were 0.08 % parasitemia and 0.12-0.26 % parasitemia
in B.gibsoni and M.haemofelis infection, respectively. These results indicated that direct PCR method could
progress to be fast, simple and economical, and then it would be useful to clinical using of molecular diagnosis.

In the present study, it was demonstrated that PCR method would be high sensitive to detect the protozoal
infectious disease and that direct PCR methods would be one of the simple analyzing protocol.
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(1) BaY

A X DINNY T EYESE Babesia. gibsoni (B.gibsoni)
BIOran~vA4 a7 5 XA EYE Mycoplasma
haemofelis (M.haemofelis) 1%, #NFNEM %%
SEDBEEORETH S [1, 2], BWIX, EITK
MMM B RIS B 2 EEFRIC L > TITbhTw
B8, IR EROEOEIZIIEESH 21T &
EFLIELEWEETH 2 [3, 4]0 FA LLLFTA 5 fl
BEromBELREEL LTPCREBICERL, 20
BRIRICH BT AR 24T - T & 72 [2]. ABIET
&, 2 DODERRI AR E 4T o 72,

(2) ¥ H&E

7e 1 CiE, £ XONRY TIEICBIT S PCRED
EREEZFMT 57:9, B.gibsoni BEYeHEEH TR
38 SEH 12 D> T Enzyme-linked immunosorbent assay
(ELISA) ¥EIC & % AP/ OBIzE &, Polymerase
chain reaction (PCR) % W/ BEFORBIZL S
BYEBW O LBHRET 217 o 720 EFN, EEW (5
Bl), KBOFWHET (1241), fEBREMT (1041)
BIUHEBEREER (16)) O KREICENTE
B, BHEL Vo LRRTAS L CMERAERR LD
BIAERD SN/ T & h 5 B.gibsoni BGE DS &b L
7247 R# 5 14REGOF 38 HOK (ME21 58,
1798) TH o7z (Table 1)o TN HHEERKDELIE
WIZEIM (Hc<33%) T, 2961 H b4 <, Hill
DFHIE24.1 £13.6 B TH o720 R TEAAIE 17
Bl, BETIBITH o7z FEFIIONWTF LYYt
2 & B IMEEHREARZIES L, B.gibsoni &G DH
REHE L7z SRARIC X D BHBR R G ATIRO b T
AITiE, FRILER 1,000 8% 72 © OFARIMEE % &
L, FERMEKE (%) 2HEHB Lz, TOMHRE,
38 Bl H 22 112 0.2 % %> 5 30 % D&l TREGZ SRR D
LTz,

ELISA %1%, Fukumoto & 25BA% L7 HHEICHE - C
ER L7 (5] PUBE & L TIE, B.gibsoni DIEFRE&E
FE CTd % 5F8 50 kDa D P50 f# 2 A B EPUER %
HAwiz, HEEEM NNy 77— (pH 9.6) TFH
5 ug/ml IR L 72 PSO BB PR % 50 ul/well 24721
96 R7A 20T L—MI4TT—BA > Fa—}

BET- W O FERIEH BT 2 BFge 131

LCEMIL L7z, &Sy 77— (0.05% Tween20
INPBS) T, AL 72 IIE 50 ul % N %,
37 CIWMA Y FaxX—1F L7z, BIZHEENNY 77
—To6mPEEE, BREHR2AMMAES oM, &
BCIRERICEEE L, 0%, £E (2,2°-
azino-bis (3-ethylbenzthiazoline- 6-sulfonic acid) %
100 ul iz, FBRTIBERKOHE, ~f 707 —
MY — & —% H\v T OD415 nm (2 THOBE 2 #lE L,
WGEES 0.1 Lk &2 7R T REB] & gt & HlE L7z,

PCRIEIZ L AMEI CTREARDL ORBFICHE->TH
7wy [6], 77/ L DNA O4 B, M# 100 ul
64T o 72 B.gibsoni D P18 BT * B EETF
ELBBBLETMBDOT I~y + (d3, 5-
TCCGTTCCCACAACACCAGC-3’; d4, 5’-
TCCTCCTCATCATCCTCATTCG-3’) % Fiv> PCR X
JG%fT o720 10 ng D DNA Z§58 & L CTHW,
04uM 77 4<—+%v I, 1xPCR buffer, 0.2 mM
dNTPs, 2.5 unit DNAK) A5 —EZEML, BEH
S0ul & B E)FAEL TRICEIT o720 KBS
95C, 2MEEDHE, 90 CT30F, 53.8°CT 147,
72CT15DY A4 7 )V% 30 \4T> 720 55172 PCR
EWE2% 7 Aa— 275 VERIKE Z4T\v, F1IZ
RL72182bp DIEIEDNA N Y FAR SN2 %
RGR T L HE L, BEETFIF OBIES RO S5k
WE B B bR A & HE L7z,

(3) #EHR

4 38 FEFIIZ DV T ELISA 12 & V) B.gibsoni &%
ZWxITo7-L A, 1661 (421 %) PEHETH -
72 (Table 1) No.16 DA EZ /22N 15604
TCMEBEHRBEIZB W T HBERMEDI DD 5
2o LrL, 20N 746 (No.17 ~23) TIZELISA
ETERUETH > 72120 2o b 5 FMEBHERE T
BEFETH o7z, —F, HEDB L OB RIMER T
2 & ELISAfE & O BICITFFICHIBIZERD SN b o
770

PCR #ETIX 386171 2761 (71.1%) 7%, K 1IZmR
L72& 912182 bp @ DNA Wi OIEIEAERD & L7z
Z &6 B.gibsoni EFePEE & HE E L7z (Table 1),
ZDOMW16EF] (No.1 ~16) IZELISAETH BT
Ho72h%, No.17 ~ 23 D 7TIEFNIZMEEHERE S X
UPCR D AR DS MET, ELISAETIXEMTH - 72,
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Table 1 Result of PCR and ELISA in the dogs suspected B.gibsoni infection

Age Ht Parasitemia
Case No (Years) Sex Chief Sympton (%) (%) ELISA®* PCR
1 58 F  Anemia, Inappetence, Jaundice 8.7 27.5 2.653(+)}  +
2 1 M Weakness 40.3 6 2.1315(+) +
3 6 M Hemoglobinuria, Inappetence, Weakness 9.7 15 2.0265(+) +
4 6 M Anemia, Weakness 11.2 1.1 2.011(+) +
5 6 F  Anemia, Fever 17.1 20 1.9845(+) +
6 11 M  Anemia 19.1 7.5 1.9705(+) +
7 6 F  Anemia, Inappetence, Hemoglobinuria 8.2 13.8 1.233(+) +
8 04 M Anemia, Inappetence 18.8 4 1.004(+) +
9 11 M Anemia, diarrhea, Inappetence 16.8 34 1.003(+) +
10 10 M Anemia, Inappetence, Fever 28.2 30 0.814(+) +
11 8 F  Anemia, Jaundice 11.8 4.5 0.543(+) +
12 1.8 M Weakness 34 1 0.536(+) +
13 8 F  Anemia, Inappetence, Fever 20.7 6.5 0.314(+) +
14 13 M  Anemia, Renal failure 27.8 0.2 0.1825(+) +
15 0.7 F Anemia 24 11 0.101(+) +
16 1.7 M Fever 33 ND¢ 0.0755(+) +
17 8 F  Anemia, Inappetence, Fever 20.4 10.6 0.0775 (—)° +
18 9 F  Anemia, Inappetence, Fever 24.7 1.5 0.0715 (=) +
19 14 F  Anemia, Inappetence 26.8 7.5 0.038 (=) +
20 8.6 M Anemia, Inappetence 27.5 2.5 0.0285 (—) +
21 12 F  Anemia, Fever 30 15.5 0.024 (—) +
22 577 F  Anemia, Inappetence, Weakness 19.7 7 0.005 (=) +
23 1.7 F  Anemia, Weakness 16.7 1.5 0.005 (=) +
24 13 M Anemia, Weakness 28 — 0.005 (=) +
25 8 M Anemia, Inappetence, Weakness 20 - 0.0655 (=) -+
26 3.8 M Hemoglobinuria 39.2 — 0.0445 (=) +
27 04 F Anemia 25 — 0.047 (—) +
28 8 F  Anemia 12.6 — 0.081 (=) —
29 14 M Inappetence 53 — 0.0615 (=) —
30 9 F  Fever 24 - 0.0505 (—) —
31 4 M Hemoglobinuria 43 — 0.0445 (—) —
32 12 F Jaundice 30.8 — 0.0435 (=) —
33 11 F  Anemia 15 — 0.038 (—) —
34 1 F  Anemia, Inappetence 28 — 0.0345 (—) —
35 7 F  Anemia 14.3 — 0.0275 (=) —
36 7 M  Anemia, Inappetence 20 — 0.027 (=) —
37 14 F  Hemolytic anemia 26 — 0.0135 (—) —
38 9 F  Inappetence 40.6 — 0.0065 (=) —

a; absorbance of OD415nm, b; positive, ¢; negative, d; not determined

F 72, 49EB] (No.24 ~27) ¥ No.26 % B\ CTHEIML
(Ht: 20%, 25%, 28%) #2L TWAIZbhb
573, MEEHRKRED X P ELISAETIIBRHETH -
7298, PCREDADHETILCER L2, 2O i
PCREDPER OBBBEE ST HWI E2FHEHL TW5,
PCR DR IR E & 51 5 728, fEHI No.10 DI
M (30 %FAER) ZEEXMBETIO A5 10 8%
TI0RERERARE TV, SHRME»S 77 4
DNA Z57HEL, PCRIER T o7z, ZDRER, K21

AT L1053 FHR, Bl H 0.0003 % 0 F AR MER
T A PCR 13 B.gibsoni B % BIRE TR T &
LT ENWHLNE R T,

4)  ®

Fukumoto 5 I¥, PCR{EE IFAELZ AW TKRIIBIT
% B.gibsoni B4 DERIRBIZ B} 58 A & LRSS
L CTw 575, PCRIE&E ELISA I & OREHIFAT o T
vy [6], #Z T4, B.gibsoni @ HIREGD G
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Fig 1 Result of PCR assay in the dog infected with B. gibsoni

M: 100 bp DNA size marker,
Lane 1: B. gibsoni positive sample (Case No.1),
Lane 2: B. gibsoni negative sample (Case No.28)

N7z 38 FEBIIZ D\ T PCRESB L ELISA ¥ % Efifi
L, ZOZWHMEIZ DWW T HERS %7720 &
I B TR B HRA B L VELISA kD W ARAS
HECRERMETH ) 255, PCRIETHEMEE o7
FEBI2S 4B (No.24 ~27) B SN, ELISAES &
ML B IRBEA & B L, A PCR i B.gibsoni D&
BRHEE LTER TSI EARBEN, 2D
& LTARET - 72 PCR 1 B.gibsoni | E8 7%
PIS BIZT AT 5 HETH 5 - DFRMEICERN,
$720.0003 % D & ) HIERWFAETORBIEE L W
IBVWEEFELTWIZ ENBITFLN 5,

PCRIEWSELISA L & ) BB ESEN TV L H
H& LTiE, BB BRAEY O fEIRE
\2 & T, B.gibsoni (/253 A M HLEM D EFH 1%
ONBWVT EDEZ LA, EBEIC B.gibsoni 12347
BB R IE B AR IR ERET, BEY
B3 CIZ BLISA 12 & 2 ikl TR T AR & 72
BIBEDE W (5], DT EIXELISA I PCR
15E1Z, B.gibsoni DIEGMEATH - THLZMTREL B
ekt Ebhs, o TPCRIEIZEERETD
% 7o DIEFERTH > TdDZEDRESFTDERID W
THRELEBZ LD LFRINT, RIFFRICL > TN

N TREDHEEIRCEM % 2 L 722w Tk
F 21T\, PCR OFHMEIFEZE I iz,

A2

(1) B

e 1225, PCREDVRIEEZZBHIT5 L TH
BEPOHBEEN L HETH L LIRENLD, FOF
B M CEMEEI CIER 72— ICEERID A s h
TRV, 22 THI%E2 Tid, O M.haemofelis I
e B L KD B.gibsoni &G D PCRZETIZB W T,
DNA Q48 LICEMA SHEEPCR 2179 2 & %
A, HERDDNA DS D PCR & FBEHFERDE S
N5 0 E ) PRE L7z,

(2) A&

K B.gibsoni G D LM T, Eko 7o ra—nu
WCHETHREZIMNMZ TPCR 2477% o 72 (Fig 2)0 X5
&, ERRIEIR 2> & B.gibsoni B h gk i 72K 19 EHI
TH o720 I D Mhaemofelis FBEIE D ZHTIZ
ToREBNE, B, ERIRAER, MEeAs X MR
AT R 2 5 M. haemofelis &G 3B 72 18 FEBITH -
Too R, DEEE S PG L72HETITo72 (2),
M.haemaofelis \21%, Ohio-Florida/Oklahoma #k (OF/OK)
& California/Birmingham #8 (CA/BM) »SFET 5 2
EFMOLNTEY, ZNENDRD 16S IRNA DIf
FEF 2 EIEA DR REWICERL D 2R
TIAT—%ER L7, 251, 16S IRNAD
M.haemofelis F3 BH) 72 BFIRO W EERHICED &
TyFeUATIA—2 B, BE5N7-DNA %
$FAEIE L TPCR B ZAT o720 KB LD MM 1
~2ml A BEHELEB ) DNA ZHith L7223 o ofbic,
DNAHIE 2iTHh T HEMBEZ 25w 288 L LCTH
W CFEFEIZ PCR R % 4T 2 72 (Fig2).

(3) R

B.gibsoni YL N2 K CIISHRAMER L O
DNA DWFRIZBWT D, 19614 1481 (74 %) i
PSR DSRED b, ZORRIITRT—FHLTWw
7z (Table 2)o ¥ 72 M.haemofelis FEGe S 8e b N 12T
HHERMPTMEEB L TCDNAVWTRS, 18614 94
(50 %) WCBEMWIDARBO BN, FORKEDLTT
—F L T/ (Table 3), MHIEEIL, B.gibsoni Tl
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) Normal PCR
: 501

lysozyme

‘ ; 204 1 proteinase K (10 mg/ml)
10011 10% SDS
~65°C,_ 10 min
100z 1 5M NaCl

Extraction
of DNA

65°C, 10 min

12,000 rpm, 15 min centrifuge

supernatant

phenol/chloroform extraction

Ethanol precipitation

RNase A

%11 -

160 2 1 5% hexadecyltrimethylammonium bromide

12% 2005 4F

. . Direct PCR method
Exraction kit for
DNA Uning only 2.5
of blood
Uning only 300u1
of blood

(About for 1 te 2 hours)

———»Genome DNA \\_’

PCR reaction

Fig. 2 The Methods of normal PCR and Direct PCR

Table 2 Detection of B. gibsoni infection by direct PCR

Age Ht Parasitemia PCR
Case No (Years) Sex Sympton (%) (%) Blood DNA
1 1.2 M2 Inappetence 19.9 4 +d +
2 8 F>  Anemia, Vomiting 18.2 0.67 + +
3 6 M  Anemia, Fever 16.3 8 + +
4 39 M Anemia 28.2 1.25 + +
5 18 M  Anemia 16.6 UKe + +
6 3 F  Inappetence 33 UK + +
7 57 F  Inappetence, Anemia 19.7 7 + +
8 9 F  Inappetence, Anemia 24.7 1.5 + +
9 6 M  Inappetence, Hemoglobinuria 9.7 15 + +
10 17 F  Weakness, Anemia 16.7 1.5 + +
11 9 M  Inappetence, Anemia 9.3 14 + +
12 8 M  Inappetence, Anemia 29 3 + +
13 6 F  Anemia, Hemoglobinuria 8.2 13.8 + +
14 0.5 M Inappetence, Weakness 21.9 2.5 + +
15 9 F  Weakness 31.2 —e - -
16 7 M  Inappetence, Jaundice 13 — — —_
17 3 F Inappetence, Weakness 10 — — —
18 13 M  Inappetence, Jaundice 24 - - -
19 12 F Weakness, Anemia 18 — — -
a; male, b; female, c;unknown, d; positive, e; negative
0.08 % ZF £ TIX, M.haemofelis D CA ¥RIEG: Tl 5 %
i

0.12 % &4, OHREGTIL0.26 B FEEIZB N
TR TH o720 REITREME, EGHEE, K%
BTHAHZENLLPCRONY M A FTOIGHIZE
R HETHBEEZ SNz, D EOWEEORE R,
5, BREUORBOREATHRETEHELELT
PCREDFHBRE L HETH LI LPHELNE R o7
72 TR, BEREPCREVFERICLIT CO/ELR S
ObI—VD—DTHrbIEIPRINT,

ARXRDNRYTREBIOA D<A 275 X<fE
&, ZNENEMERBEICLBEEMEORETH S,
RKIFTIE, TNEEBORFEMRIIANAXRY TETIE
Babesia. gibsoni (B.gibsoni) T, %A 375 A<ET
& Mycoplasma haemofelis (M.haemofelis) & SN TH
D, ZNENRMOIFKICEFELBEICRIMZEESE
bo WL, FITKRHMIMEEIRICBIT 5 EEFER
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Table 3 Detection of M. haemofelis infection by direct PCR

135

Age Ht Parasitemia PCR
Case No (Years) Sex Sympton (%) (%) Blood DNA
1 2 Fb  Inappetence, Weakness 12.8 26 +d +
2 UK® Me° Anemia, Splenomegary 9.5 23.3 + +
3 2 M  Inappetence, Weakness 13 15 + +
4 9 M  Inappetence, Weakness 11.2 1.2 + +
5 8 F  Weakness 16 UK + +
6 UK F  Anemia UK 55 + +
7 UK M Anemia 8.9 UK + +
8 UK M Anemia 16 4 + +
9 8 M  Anemia 112 12.5 + +
10 9 M Weakness, Vomiting 24.5 —e — —
11 11 M  Fever 26 - - -
12 2.5 F  Inappetence, Weakness 11 - - —
13 3 F  Anemia 10.8 - - -
14 1.5 M  Inappetence 27 — — —
15 7 F  Anemia 12 - - —
16 17 M  Inappetence, Weakness 20 —_ —_ -
17 UK F Inappetence, Weakness 10 — — —
18 8 M Jaundice, Anemia 20.3 — — —

a; unknown, b; female, c; male, d; positive, e; negative

Lo TATHh N TV B A, WiRICFAERDER VKRS
EHEEZH 21T 2 LI LITREETH Y, F7-
IR EDOFMEY L OFEHINTEE L v, A ILHEID
OO EBE 2tk L TPCRIEICERL,
ZOBRRICAHICETAMAEEZT > TE& . M.
haemofelis 121%, Ohio#k (OH) & California #& (CA)
PHEETAILEFHONTEBY, ZRENOKRD
16S tRNA DIERELY % B\l 4 OB % 5 B IR
LIABTIA4<7—%EHL, =4 275 XA<EHEN
DIEF DM 5155 72 DNA %8 & L TPCR
Rt % AT o720 ZOfERIE, MREHREEHTR & T
NT—HL, BU-RERTHLZ EzHmEL TV
5

KFFETIE, 4 XDV THEIZBIT S PCR ED
HRMEFEE S % 729, B.gibsoni BEYDSEEHNIZR
38 EH 12D > T Enzyme-linked immunosorbent assay
(ELISA) 2 X A MMAHUEliDOHEI%E &, Polymerase
chain reaction (PCR) % W/ BETOMEIZL S
RGBT O LBME 21T o 720 DRGSR, ELISA L
TiE38 B 1661 (421 %) PEEBEERLIZO
[ZxF L, PCR #:TIX ELISA Bgi4 16 fl D12 ELISA
BICE Wl Tcho 1181 2E5L 276 (71.1 %)
A L HE SNz, PCRIETHMED 27615 46T
MR L CRE IR TE ar o7, 61T
PCR ¥ T3 0.0003 % DKW EFEFRIMERE % FO AT
LBHTTRETH o 720 LD Z & 55 B.gibsoni HER

BRGGEB DOFBMITIE, PCREDFHELISAESB LT
EBEEHREL)IREREI S Lo/, 20729
B.gibsoni R IC B W CTREFERMEFEOHAETY
PCREIIEH GBEETH B Z EATRBENT,

F 72, WD M.haemofelis BG4t B & VR D B.gibsoni
&Y D PCR ZHTICB VT, DNA D4R L4l
POEREPCR 2475 Z & A, HEHKDDNA DS
D PCR LR GRERPHBONL L) PR L7,
WD M.haemofelis 4B L UK B.gibsoni &G D& 1M
12T, DEiE S Twa 7 b a— VicETH8E
IR WEBEPCR 21T o720 ZORKE, WTho
BRARICB VT D DNA 2868l & § 55EK D PCR & [F]
CHEPBONI, MIBEEIX, B.gibsoni TiX
0.08 % H R, M.haemofelis ? CA BREEG T3 0.12 %
FHER, OHREETIZ0.26 %BFERIZBWVTHRIE
WHETd o 720 RPFEAENME, fHEME, BEHTH
52 L5 PCROBERICHICERLTETH S L&
2oz, DLEDOWIGEDORERN? S, BEERDOERD
FRIEARZ T 5 HEE LT PCRED EBE & ik
THLZENHL P E o ZT TR, EEPCR
EFERICL I COfELRZ 7T a3 —VD—DTdH
b5 EDIRENT,

X
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