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STUDIES ON THE SEROLOGICAL DIAGNOSIS OF
EQUINE PARATYPHOID.
ESPECIALLY ON THE PRECIPITIN REACTION WITH

THE BACTERIAL POLYSACCHARIDE ANTIGEN
OF SALMONELLA ABORTUS-EQUL

Karsusuicnr Hiraro, Kiuenr Survizu and Giger Sarto

(From the Laboratory of Veterinary Hygiene and Microbiology, Faculty
of Veterinary Medicine, Hokkaido University, Sapporo)

Toxiva Iton

{From the Laboratory of Veterinary Chemistry, Faculty of
Veterinary Medicine, Hokkaido University, Sapporo.)
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Fig. 1. Isolation of the Carbohydrate Fraction.
Moist culture of S. abortus-equi (about 213 gms.)
v

Defat by the mixture of equal volume of alcohol and ether,

| and then by chloroform.
| :

Extract by Aqua dest. (3 days at 37°C)
i
Remove the protein by trichloracetic acid.

(add to the concentration of 5 per cent and shaking for
about 16 hrs.)

Cent;if:qgfti.on
}r \‘ ~
Supernatant fluid Deposit
Add ihe 5 volumes of acetone.
De%)osit (raw carbohydratg fraction)

Purification by trichloracetic azid and acetone.

l (Resolving the deposit in Aqua dest., and then add trichl-

oracetic acid in various concentrations. After removing

! of the deposit, pour acetone. This procedure is repeated
several times.)

Y
Dialysis (4 days in tap water and 3 days in Aqua dest.)
d

Wash with acetone, ether and then dry.

v

Carbohydrate fraction (about 2.5 gms.)
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Table 1. Chemical Characters and Analyses of the Fractionated Carbobydrate Substance.
Yellowish grey white powder, weak alkali soluble
Precipitation Tests (for weak alkali solution)
With With .
Hydrochloric acid .............................. — Nitric ac]d ...... s eetestevetreansacacannasanane —_—
CuS0s _ Ph-acetate --r--trorerrerrieraerinniiiieaei —
'Basic Pb-acetate .............................. _— Acetic K-ferrocyanide ..................... -+
Hydrochloric phosphotungstic acid ----- + Trichloracetic acid ««--rreerorrreriienninnns +
SulfosaIYOy]ic acid ........................... -+ Acetic tannic a‘cid ........................... -+
Esbach’s reagent .............................. - Saturated ammonium sulfate ............ -+
Color Reactions

Orcine reaction ................................. ++ ' Phloro;{]ucine reaction ..................... ++
Seliwanoff’s (Resorcine) 7 «e-eeeeeeeeeees + Molis=h’s RN Ht
Ny}ander’s 2 et etertertascaana, —_ Benedict’s D i tereeetieraaeaenaaaas —
Jod-Jodkalium P — Biuret L P +
Xanthoprotein 2 e et -+ Minon’s D et iee i ceeiecesaaaaas -}~
Sakaguch i's et ieiiet it -+ Pauli’s B e teetentarteetentianens -+
Adamkiewicz-Hopkins's 7 +xooeneeeeee + Liebermann’s P e 4
Neubauer;Rhode’s 2 e ierectarrassacans 4 Acree-Rosenheim’s 2 i iitcevasseeracsane B
Na—nitroprussi de e eeiereitenraeeaaraae —_ Pb-sulfide D it etiietirirereieaaraas —_
p—Quinone D eeireetreraneearan f— Ninhydrine 2 it ertserarecernsarenans —
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Chemical Analyses

WAL+t eerreree it i e e cre e 14.2%
Total N i e ittt et e e, 57 ¥
Protein-IN  ccrcreeitiii it i e e e e 0.29
NON-Protein-N  --creve evmemmmmmmmmiiiiiieii e 5.4
Ether extractable N «cceeerrerrormiiiiiiiiii i, 0.16
Reducing Substances (calcurated as glucose after ---------
hydrolysed with 1 N HCI)  ceooerevvrererrineiieinnnnna. 24.5
Ether extract -« oo e 10.6
F NS} T LR L N 3.1
[0 R LR TR L O 1.6
I e eer e rer et e e 0.7
Total P ocore e e 1.53
Ether extractable P ccccvreiveiii e 0.64
Ether unextractable P coveeveeerrrmenemimmieiieeeieneennnnn 0.89

* Percentage in Andydride

Paper Ohromatography with 1 N HCl-hydrolysate

Following components were found in one dimendional paper chromatogram.

(Solvent :

Water saturated phenol, Ascending method, at 23°C for 24 hrs)

Glucose, Frustose, Galactose, Arabinose, Rhamnoss, Glucosamine, Tyrosine,
Arginine, Histidine, Leucine, Valine, Alanine, Glutamic acid, Some peptides.
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Table 2.
Preventive Inoculation with | Test Infection | s L.
Foal Equine Paratypho'd Vaccine | with S. abortus-| Day ir?;psed éf 0;?)2:?32_2()%
Number| &€ (Subcutaneous) equr | Infection to | in the infected Remarks
Date } : Dose Date ‘ Dose** | Slaughter Animals
8mg Heat- Positive
. Dec. 2, 1950 Killed 1o, 05 | 73 blood-
3 E3] : . ) . —
! months £ ., 20 ., Vaccine 1950 million 71 (c)gltJ\;::
13, 49 { 7, 16.
Dec. 1, ” 20 7 in a mesenterial
2 7 » 6, ” 60 7 03222?,? e » ” 57 lymph nodule,
13, 7 1207 Kidney *
4 7 S.am e as above » ” 59 | in. a mesenterial
” - . lymph nodule *
‘ I
9 ]9 - ERd ” » 50 -
. . |
6 ‘Died of Sepsis
3 2 Control ” ” }12 days after | generally spread
| Infection .
e 1
! ‘ Positive
7 : blood-
5 » ” ” ” 64 — culture
on Deec.
j 31,Jan.1.
. , i
7 7 ’ 9 ’ 17} 59 : .
10 T, ” ” . 7.5 months —
Note :  * The bacilli were detected by enrichment culture.
*% The numbear of tha2 abortion ba:illi in a gastric content of an aborted fetus was
calculated, then used as a challenge dose.
Temp.
Infection @ @
*39.5 -k
38.5 | —
37.5
36.5
22%]6 C.F.T. Prec,
3200 128 320
1600 64 160 —— M
800 32 80 N 0
400 16 40 _‘_.-.—-—-—-‘-—-—-—4\ -‘“'““t--------v-----—o.\‘
200 8 20 Ao - i
100 4 10 s
50 2 S
o o0 o© PR

Time, in Days.

Fig. 2. Rise and Fall of Agglutining; Precipitins and Complement-fixinz

Antibodies in Blood of Foal No. 5 after Infection with S. abortus-equi.



Table 3. Titre of Agglutinin, Precipitin and Complement-Fixing Antibody after
Preventive Inoculation and Test Infection into Foals.
8%, | | | |
Sl280 .8 Dec. | | Jan. } Feb. i Mar.
55|58 §E8% 1 | 23 |25, 2 |31 2 4 6 | 8 | 10 | 13 | 16 | 19 27 1 6 | 10 | 15 20 |24|271] 6
RZ&EE<S o | | |
; : | | l ' 5 ! i |
P A 1200 b~ 12800 6400| 12800+ 12800+, 6400i 6400+ 1600 | 16023411600 320023200 3200 }3‘200 “3200| 1600 Mar. 6
1 -0 11002 o 12800 3200 3200 6400 3200 1600 800 800411600 320011600 132001 ,1600 l600i 800
l P - £ A ++ ++ o o+ ++ ++ + ++ + 4 ++ 4+ ]+ + K
| c| - ‘3 A4 e e T+ Tt Tt + ++ ++ ++ +t ++ |t ++ >
— - s — - —
= > ; , 1
-2 A | 200 | 25600 3200 12800 12800 6400 L 3200 | 1600 | 1600,%!1600 1600-1(1600 11602=:| 800 |Feb.
+ 4 |
o & | 0[200:5 | 25600 5 | 1600|1280 6400 | 1600 | 800 | 400 (1600 |1600 1600 | 800-L| 800:| 20
2 P — Bwm W | m 1 ++ T+ ++ -+ + + + ++ =+ T K
S |C| - IS 2o | B o+ ++ ++ Lo ++ +* ++ ++ it ++ ++ ++
I H I T O'U e - 5 | 1 f i T
o | A | 400 Y| 512000 2151200 [102400 51200 102400 25600 |12800- 128001 6400 64003200 |6400+| Feeb.
4 8 O | 200 ~w| 51200 B | 25600 51200 12800 | 12800 25600 | 6400 | 6400 6400 6400 13200 3200 15
s P~ (Be| b e H + ‘ . +HE ‘ HE it ++ +t ++ ++ ++ K
% | C — 8% w B w o+ 1k S i HE Tk + + o ®
s o e _'g ‘ j ‘ j
A = 2 1 ; |
A | 400+ *§ 51 51200 g ‘25600‘ !25500 1 12800 | 6400 | 3200 1600 16001 800 ;400 | 800 | Feb.
eS| | i \
9 O | 2005 8&| 51200 ® | 25600 6400 6400 i 3200 | 800 800 400--| 800 | 400 | 200 13
P — 2T 2 HE HE ST S ++ + + o — — K
C — e 8| e 2 it ++ o + 1 Tt ++ -+ +t + + ¢
i ' L 1 | ]
T T o T T oy | [ ‘ { [ - 77-—! T
A 200 §~ 2000 1600 [1600 | 3200 -'3200--'3200 6400 |1600--, 1600+ 1600~ | 800 [1600-:3200 |16001 1600 | 830 830 Feb.
5 O 109 j,‘: 200, 800111600+ 1600211600 1600 [1600 1600 1600 1600 | 800 |1600-=| 800+| 400 | 400 | 400: 200 22
P - 3 b — - ++ HE ++ 4t itk H ++ + + ++ + S Bt Bl
C -5 | — - A — + - + + + + + + + A S
— - = !
i o ‘
L= A 200 8 200{ 800 | 800 800 1600 1600 (1600 1600 16004} 800-+] 800 | 800 | 800 [1600 800 ‘Feb"
S |
7 B O 100| X 100, 200 | 400 400 | 400 | 400 | 800 1600+ 1600-| 800 | 800 | 800 | 400|400 | 400 | 22
g P —| g - + +F + + + + ++ + ++ - — — — K
o | C —| & —| = + - | & — £ + + + o+ ]+ S
N 2 , | , | | |
A 100 “g 100; 200 k| 200 200 | 400 | 800 | 800+ 800 4004:| 400-:| 200! 400-+| 400+=| 200 | 200 100|Aug.
10 6] 50 : 50| 200+ 100 200 | 200 | 200 | 800 | 800 200 400! 200-| 200 | 200+ 200=| 100 1§ 100} 9
P —| @ — 4 =4 - 4 + ++ =+ — -+ - + — — — —
C e N - ¥ |+ F | B e e
Note: A, O, P, C means Widal, O-Agglutinin, Precipitin and Complement-Fixing Antibody respectively.
P, —,or = indicates negative or doubtful precipitate at 1:5 dilution of antigen.
-+, ++, # indicates positive precipitate at 1:5~ 1:20, 1:40 ~ 1:80, 1: 160 dilution of antigen respectively.
C, —,or = indicates complete or 752 hemolysis at 1:2 dilution of sera. :
4, +, 4+ indicates positive complement fixation at 1:2 ~1:4, 1:8 ~ 1:16 1:32 dilution of sera respectively,



54 BB & W %

SARHRIZHA X b slicith T 15 fTHIBL, Bl L7, Hlidipuikix 2 Bl 217 1L
PR i LT 34 N Thesic i E L 7. 220U THBMEE R L ciBE B,

DO FRFREEEIR 2 MR & B U kRS Ik b st DAE 2 o> X 5 i JEH T fi dd THE ISR i3 L
TR oM e, Ytk 23 AT TR LG 72 b DIEPURD 7 28 b FE 72 1455 T HIBRR RN i
SARTH (AL 7, HlIfPURIZA4 R 2 5 FRE L AT DM DB % (Tab. 3, Fig. 3\, (L% 2
I 00 PERFSRI St b Te 3Bt BUE 00T 7, BRALE P TIR BTN b0 5 F, e lic i 7
HRIE E O TFRARTE T &0 TRYRTO T T« fiilsh FrEkess, ikt B it L cmmis s 2 &
L\ (Fig 2, AiEH % 2,

EHRIEOR No. 7 KT8 10 13 B2 8% 39°C 7 KET 7T R HH L 7 4 O TS % 48
ROV S S b MIROT I 2 b L e ds, [ ZEE 3 BRI X T 3 FiHARD Fo IR
REARE S NS B FHE L 2 b o TH D TH Do 4 BIFEEIBERTIC X S TRE, MgoTiE
T BOTEINCE LW CRERcz0 X5 1 LD, 4 No. 1 ool & 13 0%y4% 13 KX 21 |
AERIR e & B LA 2 SEBIE £ e AT e T 2 b UL AT P R AR L e, 0T D TR
DEHIRIND, O 2B TIZE o 15 b ki WIEATAL S YT L 72 b D LT 08, MR
O TEER Thers 1:800~1:1600 i 1= % b, Pk FERIFCHARDOATIRIZ RO BALF, K FRE+
1¥ No. TIC Tk etk 9~39 HoMEL, 7 D) o) L 7e, B EIO TRRC M1 D Tt
No. 10 @ > Tk etk 9~44 [ D 55B1E ) 55 b ZOREEF D, hFFEIE No. 9 ol % ) C

Fig. 3. Foal No. 7.
Temp: Infection
39.5
s 1\ . \ k

Aggl. C.F,T, Prec.

3200 64 160
1600 32 80
800 16 40

400 8 20

200 4 10

100 2 5

50 o 0

Time, in Days.

Fig. 4.
Infection

=TT
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Vaccing Vaceine Vaccine
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12800
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Vaccine Vaccino Va.ccine Infecnon
Temp.
39.5
38.5
7.5

36.5

Ag| 1 C.ET. Pec. |
102

51200

25600 512 1280

12800 256 6A0
6400 128 320
3200 64 160
1600 32 80
800 16 40
400 8 20
200 & -

100 2 5

[

ML No. 9 % ¥ No. 1 1Zf&1E* No. 2 & ¢ No. 4 TlX
1, 2 OWRCLES M CRRRES I B A3k Y 2 4L 72 (Fig. 4, 5),

Foal No. 9.

50

Time, in Days.
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Table 4. Correspondence between 3 Reactions observed on Sera of almost all Horses
in Kaminokuni Village Where Equine Paratyphoid is prevalent.
Age Group |R eac- No. of Sera showing positive Reactions at various Agglutinin Titres Total
and others | tions| , . cann |- ) ) . [, . . ot
1:200 | 1:400 | 1:800 |1:16001{1:3200|1: 6400 \ 1: 128001 1:25600 1 .51200\
A 7 24 13 2 5 2 2 2 57
2 C 0 3 2 2 4 2 2 2 17
P 0 0 0 1 5 2 2 2 12
A 1 6 15 9 1 1 1 1 35
3 C 0 1 5 -5 1 1 1 1 15
P 0 0 0 4 1 1 1 1 8
. A 2 6 19 11 3 2 1 44
4 C 0 0 7 6 3 2 1 19
P 0 0 2 3 3 2 1 11
|
’ A | 26 102 106 35 7 2 1 279
5 and over C 1 17 23 21 6 2 1 71
P 0 3 19 26 7 2 1 58
oo | & I 22
Mares
P 0 0 % 12 5 | 2 5 33
Orchitis
Jointill, & > i } :
Fistura of P 5 1 1 2
Withers ete.
: A 1 6 8 9 6 2 1 1 34
Ydaiczélated C 0 9 3 ¢ 5 5 0 0 i
a P 0 0 3 8 6 2 1 1 21
A { 10 69 164 164 67 24 8 10 3 519
Total C ' 0 6 33 53 47 21 8 9 2 179
P | 0 0 5 5 56 24 8 10 3 147
|
Note: A, C, P means Agglutination,Complement Fixation and Precipitation respectively.
Table 5. The Lack of Corraspondence between thz Presence of Precipitins
and Complement-fixing Antibodies at various Agglutinin Titres.
C. F. and Prec. C. F. Positive | C. F. Negative
Agglutinin Titre and and Né)}'(a(:fn-sgga
Both Positive ' Both Negative | Prec. Negative | Prec. Positive
1:3200 46 (68.625) ‘ 6( 9.0%) 3( 4.5%) 12(17.9%) 67
1:1600 33(20.122) 103 (62.8%5 20(12.22) 8( 4.92) 164
1:800 2( 1.2%) l 128 (78.122) 31(18.9%) 3( 1.8%) 164

C. F. = Complement fixation.
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Résumé

Equine paratyphoid is still prevalent in Hokkaido. Agglutination Reaction is most widely used method
of diagnosis, however, its interpretation in relation to the titre that may be observed is often difficult
because of frequent presence of animals showing the intermediate titre such as 1:800~1:1600. The
present standard of titre is considered to be positive at 1:1280 and suspicious at 1:640. Owing to
differences in technique, the titre of different laboratories may not be identical. Thus diagnosis by agglu-
tination test is not easy.

The present authors carried out the following described experiments to gain some information on the
present status of the diagnosis of this disease.

Salm. abortus-equi with a dose of 7.3 million bacilli was administered perorally into 8 foals aging 6~7
months (except one foal, 19 months old). All of them were infected and some animals showed typical
symptoms and some slight. One foal died of sepsis 13 days after infection. Throughout the course of
the sickness, initial stage—evolution of disease—, convalescence, the rise and fall of agglutinins, precipitins and .
complement-fixing antibodies were observed. Iurthermore blood samples were taken from almost all
horses in the village of Kaminokuni where equine paratyphoid is prevalent, and the above three serum
reactions were observed on these 519 sera. '

The results may by summarized as follows :

1. At an initail stage of infection precipitin appears a little later or simultaneously with agglutinin

and complement-fixing antibody rises later than the former (Tab. 3, Fig. 2~5).

2. In the developing stage of infection the titres of the three kinds of antibodies rise to a maximum
which is usually attained between the 14th and 25th day after inoculation. However, the amount of
antibody produced in response to infection varies with the slightness or severity of the symptoms. Usually
the titre is low when the symptoms are slight ("T'ab. 3)

3. In the convalescent stage, the antibodies begin to fall. The preciptin falls most rapidly and disappears
very soon. The complement-fixing antibody disappears later than the former or persists with a low titre.
The agglutinin falls: gradually but does not return to the titre of pre-infection (Tab. 3, Fig. 2~5).

4. It should be noted that the abortion bacilli could not be detected from the foals slaughtered when
precipitin titre sunk to zero. On the contrary, the bacilli were detected from a mesenteric lymph nodules
and kidney of two foals out of three which were killed when precipitin still persisted (Tab. 2).

5. The authors carried out the above three tests with 519 sera of horses in Kaminokuni Village
where equine paratyphoid is prevalent. The number of animals that possess agglutinin titre higher than
1:3200 is largest in an age group of 2 years. However, the proportion of the animals that possess in-
termediate titre of 1:800~1:1600 increases with increasing age. At an age group of 5 years and over,
this proportion had risen to 74.6 per cent (Tab. 4.

6. When an agglutinin titre is 1: 6400 or over, the other two serum reactions show also high titre.
In these animals, the infection seems to be still.in active stage (Tab. 4\

7. The discrepancy between the three serum reactions increases with the fall of agglutinin titre. At
a titre of 1:800~1:1600, the majority of horses sera showed negative precipitation and complement
fixation test (Tab. H). ,

From the above mentioned data, a titre of 1:6400 or over is rarely met with except as the result
of an active infection and it is usually regarded as evidence of equine paratyphoid. However, in many
cases possessing low titres iess than 1:3200, the discrepancy between the 3 tests increases with the fall
of agglutinin titre. Because of the lack of acceptable agglutinin titre standard which determines the diagnoses
of active infection, it is impossible to arrive at a diagnosis when an agglutinin titre shows an intermediate
value such as 1:800~1:1600. )

On the other hand, the rise and fall of precipitin reacting with bacterial polysaccharide antigen is very
clear through the course of the disease and it seems very probable, when precipitins ate absent, that the
animal bodies are free from the infecting organism. So that the present authors are inclined to diagnose
that the animals are still in active infection with Salm. abortus-equi when precipitins are present.



