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Des recherches ont été effectuées pour mettre au point un vaccin 
inactivé contre la peste équine au moyen de I’éthyléneimine binaire. 
Le processus d’inactivation de la souche virulente type 9 en utilisant 
ce produit, montre une inactivation complète du virus au bout de 18, 
48 et 84 h avec des concentrations de 0,004,0,003 et O,002M, respecti- 
vement, sans détection virale résiduelle. Une concentration de 0,003M 
en inactivateur est recommandée et aucun changement dans les pro- 
priétés antigéniques virales n’est constaté dans le test de fixation du 
complément. Les paramètres physiques propres au vaccin avec 
l’adjuvant de Freund ont été étudiés. Une durée d’émulsification de 
25 secondes est suffisante pour obtenir un produit émulsifié à 
100 p. 100, de consistance crémeuse, avec un temps d’écoulement de 
2,2 secondes/O,l ml. Le vaccin est stable pendant six mois à la tempé- 
rature de conservation de 4 “C et pendant 15 jours à 37 “C. 
Expérimenté sur deux chevaux, avec un rappel au bout de deux mois 
en employant le même vaccin, il a conféré une immunité acceptable 
pendant une période d’observation de six mois, au cours de laquelle 
la baisse maximale du taux d’anticorps a été de 0,2 logl0 à la fin de 
cette période. Deux mois après la vaccination, l’inoculation des ani- 
maux avec la souche virulente de référence n’a provoqué l’apparition 
d’aucun signe clinique. Mots clés : Peste équine - Vaccin inactivé - 
Ethyléneimine binaire Immunité Egypte. 

INTRODUCTION 

African horsesickness (AHS), an endemic disease in 
Africa affecting solipeds has recently been reported in 
Saudi Arabia (1, 9) and Qatar (7). Its expansion has 
directed the attention to the need for adequate and effec- 
tive methods for control and eradication. 

Vaccination is one of the major steps in controlling AHS, 
especially in the endemic areas. Although the attenuated 
AHS virus vaccines are widely used in endemic countries, 
use of inactivated vaccines is still preferred in non-ende- 
mit countries. 

Formalin-inactivated vaccine belongs to the latter catego- 
ry, but it is of poor quality (5). Consequently, inactivants 
which act directly on the viral nucleic acids leaving antige- 
nie viral proteins unimpaired, are now preferred. Such 
inactivants are aziridine derivatives, a group with some 
disadvantages including instability at room temperature, a 
high toxicity and special precautions in handling to avoid 
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skin contact (3). For these reasons a binary-ethyleneimi- 
ne inactivant using 2-bromoethylamine hydrobromide has 
been developed in foot-and-mouth disease vaccine (2, 5). 
This paper describes the application of inactivated African 
horsesickness vaccine using binary ethyleneimine. 

MATERIALS AND METHODS 

Virus 

Lyophilized virulent strain of AHS type 9 (T9) was obtai- 
ned from Plum Island Lab, Ministry of Agriculture, USA. 
The virus was propagated in the brain of suckling mice 
and then adaptated to Vero cells for 2 to 4 passages until 
a virus titer of Log 106.8 TCIDs0/ml was reached. 

Binary ethyleneimine inactivant (BEI) 

This was formed through cycling O.lM 2-bromoethylami- 
ne hydrobromide in previously warmed 0.15N sodium 
hydroxide (NaOH) at 37 “C. This gave 0.5 % ethyleneimi- 
ne which was kept at room temperature (25 “C) until used 
(5). 

Virus inactivation 

Concentrations of 0.002, 0.003 and 0.004 M were obtai- 
ned from O.lM BEI. Equal volumes of virus suspension 
were added separately onto each BEI concentration. The 
pH of the mixtures was adjusted to 7.4 and the flasks 
were then incubated in a water bath at 37 “C. Volumes of 
3.6 ml of the mixtures were collected at intervals in vials 
containing 0.4 ml of 20 % sodium’thiosulfate. A control 
virus without inactivant was collected at the same inter- 
vals. Samples were then assayed ‘for virus infectivity in 
Vero cell cultures and virus inactivation rates were calcu- 
lated. A safety test was performed according to STELL- 
MANN et a/ (10) in tissue cultures and mice for detection 
of residual virus activity. The antigenic properties of the 
inactivated virus were checked against type-9 reference 
AHS serum using the complement fixation test (CFT). 
Briefly, 2-fold dilutions (up to 1/64) of both inactivated and 
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uninactivated viruses were tested against reference type- 
9 antiserum. Complement fixing reactions between the 
antigens and the serum were read. 

Preparation and standardization of African 
horsesickness inactivated vaccine 

Three 50 ml samples of the inactivated virus were mixed 
with an equal volume of incomplete Freund’s adjuvant 
(Difco Laboratories, Michigan, USA). The mixtures were 
then dispersed in a homogenizer at a high speed for three 
different periods. The physical properties of these mix- 
tures were tested as follows : drop test according to 
WEIR (ll), emulsion viscosity and stability according to 
CUNLIFE and GRAVES (4) and quality according to 
McKERCHER and GRAVES (8). 

Experimental vaccination of susceptible 
horses 

Two susceptible horses about 3 years old were subcuta- 
neously inoculated with 5 ml/horse of the prepared vacci- 
ne at the base of the lower third of the neck and just ante- 
rior to the shoulder joint. Body temperature was recorded 
twice daily for one month post-vaccination, and inocula- 
tion sites were carefully observed. Each horse was given 
a booster of 5 ml/horse one month later on the other side 
of the neck. 

Two months after the first dose, 2 ml of challenge virus 
containing 104 mouse LD&ml was inoculated into each 
horse. Immune responses of the vaccinated horses were 
traced using the serum neutralizing test (SNT), comple- 
ment fixation (CFT) and passive haemagglutination test 
(PHT) at different intervals. Similarly, the challenge virus 
was inoculated into a third healthy susceptible non-vacci- 
nated animal as a control. 

RESULTS 

The inactivation rates of the virus using BEI are demons- 
trated in figure 1. Complete viral inactivation using a BEI 
concentration of 0.002, 0.003 and 0.004M occurred at 84, 
48 and 18 h respectively post-treatment. The coefficient 
of the virus inactivation rate of each BEI molarity were 
0.09, 0.15 and 0.41 log,c TCID&h and the half-life 
values were 3.3, 2.0 and 0.7 h, respectively. 

Residual virus infectivity test on the inactivated virus 
revealed neither a cytopathic effect (CPE) on tissue cultu- 
re nor nervous signs in suckling mice, following intracere- 
bral inoculation. 
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Fig. 1 : Innctivntion cwve ofhorsesickness Tg ,Gws with different concen- 
tration of 0.004, 0.003 and 0.002M BEI ut 37 “C. 

The results of CFT using reference type-9 antiserum 
against the inactivated and control uninactivated virus, 
showed no changes in the virus antigenic properties. The ~ 
antigenic titer of the inactivated and uninactivated viruses 
were 1/16. 

Table I illustrates the results of the parameters of different 
physical’ properties applied to the three samples of the ~ 
prepared AHS oil adjuvant vaccine using 0.003M BEI. 

The site of vaccine inoculation in horses showed soft wal- 
nut-sized swellings slightly painful to touch. These were 
later indurated, firmed and then disappeared completely 
within a few days post-inoculation. A slight rise in body 
temperature was also observed. 

Antibodies were detected during the first week post-vacci- 
nation using the PHA test (fig. 2). However, complement 
fixing and neutralizing antibodies were first detected 
during the second week post-vaccination. In all three 
tests the antibodies produced reached their peak titres 
between 2 and 3 months post-vaccination. 

The unvaccinated control horse showed typical AHS clini- 
copathological changes following virulent virus inoculation ~ 
and died on day 13 post-inoculation. 

DISCUSSION 

Efficiency of killed virus vaccines depends both on the’ 
type of inactivating agent and on the adjuvant used (12). 

The results concerning the influence of using varying 
molarities of BEI on AHS virus indicate that the concen- 
tration of 0.003M of BEI is the most suitable molarity for’ 
vaccine preparation. This is due to acceptable time requi- 

Retour au menuRetour au menu



VIROLOGIE 

TABLEZ The physical properties of three samples of Aftican horsesickness oil adjuvant vaccine using the chaise concentration 
0.003 il4 BEI. 

r 
Vaccine 
sample 

1 

2 25 

3 

Emulsification 
(in seconds) 
until stable 
drop forms 

15 

Stability test 

45 

100 Creamy 

l i l 

2.2 

100 Thick oily 3.6 

Keeping quality 

at+4c 

Separation 
after 
3 weeks 

Stable for 
six months 

Stable for 
six ‘months 

Separation 
within 
3 days 

Separation 
within 
15 days 

Separation 
within 
45 days 

- CP antibodies 

- HA antibadies 

--------a SN antibcdies 

inactivated vaccine. These properties include complete 
mixing, flow time of 2.2 s per 0.1 ml and stability for 6 
months and 15 days at + 4°C and 37 “C, respectively. 

Experimental application of oil vacdine on the two horses 
produced a mild local reaction. The slight rise in tempera- 
ture could have been due to a reaction against the other 
foreign proteins included in the vaccine such as trace of 
cells, debris and bovine serum. Results of the immune 
response of the vaccinated horses, indicate that immuni- 
zed horses developed detectable haemagglutination anti- 
bodies by the first week post-vaccination while comple- 
ment fixing and neutralizing antibodies were detected 
during the second week. A remarkable increase in all 
types of detected antibodies was observed four weeks 
alter boosting. Although all the tested antibodies declined 
during the experiment, they still maintained their presence 
at the end of the observation period (6 months) especially 
the neutralizing antibodies which showed a minimum anti- 
body titer drop (0.2 loglo) at the 6-month check. 

i i 6 6 lb 1'2 1'4 1‘6 1'8 2'0 22 24 26 28 

"eeks post vaccination 

Fig. 2 : Mean antibody titres in homes vaccinated with oil adjuvant inacti- 
vated vaccine using BEI. 

red for complete virus inactivation (48 h) preserving a 
minimum virus loss as compared with 0.002M (84 h) and 
preventing a high BEI concentration (0.004M) with short- 
time inactivation (18 h). Similar results were recommen- 
ded by GRAVES (6) using formaline inactivant. 

As for the antigenic changes of the virus during the inacti- 
vation process using different molarities before and after 
vaccination, the results obtained were almost identical. 

Emulsification of the 0.003M BEI inactivated vaccine for 
25 s revealed acceptable physical properties for an oil- 

In conclusion, a new oil adjuvant’ BEI-inactivated AHS 
virus vaccine, that induced a transient local reaction and 
a minimal fever, proved to be anefficient immunogen. 
This type of vaccine would be of great benefit if used in 
countries which are affected for the first time with the 
disease or in those which have the intention of eradica- 
ting the disease without using live vaccines. 
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Investigation studies on inactivated African horsesickness vaccine 
using binary ethyleneimine were conducted. The inactivation process 
of virulent type-9 strain using the above inactivant revealed complete 
virus inactivation at 18, 48 and 84 h post-treatment with inactivant 
concentrations of 0.004, 0.003 and O.O02M, respectively, without 
detection of residual virus. An inactivant concentration of 0.003M is 
recommended and no changes in vira1 antigenic properties were noti- 
ced in complement fixation test. The physical parameters in oil-emul- 
sion vaccine using the incomplete Frennd’s ad.juvant, were studied. 
Emulsiflcation time of 25 s was recommended which resulted in a 
100 % emulsion phase, creamy consistency, tlow time of 2.2 sIO.1 ml 
and a stability at 4 “C and 37 “C for six months and 15 days, respecti- 
vely. An experimental application of the oil vaccine in tvvo horses 
(which was followed by a booster oil vaccine inoculation at 2 months 
post-vaccination) gave an acceptable immunity during the 6-month 
observation period with a maximum decline of the neutralizing anti- 
body titer of 0.2 IoglO at end of this period. Challenge of the vaccina- 
ted horses with the virulent virus strain at 2 months post-vaccinatiorr 
did not bring about any clinical symptoms. Ke! mords : 4frican horse- 
sickness - Inactivated vaccine - Binary ethyleneimine - Prorecrion - 
EwP 

HASSANAIN (M.M.). Hallazgos preliminares para la production de una 
vacuna inactivada contra la peste equina mediante la utilizacion de etilenei- 
mina bina&. Revue Élev. Méd. vét. P~I~S trop., 199245 (3-4) : 23 l-234 

Se Ilevaron a cabo estudios con el fin de fabricar una vacuna inactiva- 
dd contra la peste equind, gracias al uso de la etileneimina binaria. 
Dicho agente inactivante produjo la inactivacion completa de la cepa 
tipo 9 a las 18,48 y 84 horas post tratamiento, con concentraciones de 
0,004,0,003 y 0,002M respectivamente, sin presencia de virus residual 
detectable. Se recomienda una concentration de O.O03M, la cual no 
produce cambios en las propiedades antigénicas del virus, verificadas 
mediante el test de fijacion de complemento. Se estudiaron 10s para- 
metros fisicos en una emulsion oleosa de la vacuna, gracias a1 uso de 
adjuvante de Freund incompleto. El tiempo de emulsificacion reco- 
mendado es de 25 s, el cual produce una fase de emulsificacion de 
100 p. 100, una consistencia cremosa. nna velocidad de fluido de 
2,2 s/O,l ml y la estahilidad a 4 “C y 37 “C durante seis meses y quinte 
dias respectivamente. La administracion experimental de la vacuna 
oleosa en dos equînos (seguida de nna inoculation de vacuna oleosa 
en “booster” dos meses después de la primera vacunacion), ofrecio un 
grado de înmunidad aceptable durante Los seis meses de observation, 
con una caida de 10s titnlos de anticuerpos neutralizantes de 0,2 IoglO 
hacia el final del periodo. La inoculation de la cepa virulenta en 10s 
equinos, dos meses post-vacunacion, no produjo ninguna sintomato- 
logis clinica. P~lnBru~ cIil~‘~5 : Peste equma - Vacuna inactivada - 
Etileneimina binarra lrnmunrdad Ezipto. 

REFERENCES 

1. ANDERSON (E.C.), MELLOR (P.), HAMBLW (C.). African horsesickness m Saudi Arabta (correspondence‘i. Va. Rec.. 1989, 125 
il 9) : 482. 

2. BAHNEMANN (H.G.). Binary ethyleneimine as an inactivant for FMD virus and its application for vaccme productron. Arche. 
Viral., 1975.47 : 47-56. 

3. BAHNEMANN (H.G.), AGUE DE MELIO (R:I, ABARACON (D.). GOMES (1.). Immunogenicity in cattle of FMD vaccines inac- 
tivated with binary ethyleimme. Bull. Ofl int. Epi:., 1974, 81 (11-12) : 1335-1343. 

4. CUNLIFE (H.R.). GRAVES (J.H.j. Formaline treared FMDV : Comparison of two adjuvants m çattle. C~zn. JI Camp. Med. va Sci.. 
1963, 27 : 193.197. 

5. GIRARD (H.C.): BAYRAMOGLU (0.). EROL (N.), BURGUT (A.). Inactivation of 0. FMD virus by the binary ethyleneimine 
(BEI). Bull. 08 int. Epi~., 1977, 87 (3-4) : 201-217. 

6. GRAVES (J.H.). Formaldehyde inactivation of FMD as applied to vaccine prepararion. Am. J. vet. Rex. 1963. 24 : 1131- 1136. 

7. HASSANAIN (M.M.), AL-AFALEQ (A.I.), SOLIMAN (I.M.A.), ABDULLAH (S.K.). Detection of African horsesickness (AHS) 
in recently vaccinaced horses with inactivated vaccine in Qatar. Revête Elrv. Méd. vét. Pavs trop., 1990, 43 ( 1) : 33-35. 

8. McKERCHER (P.O.), GRAVES (J.H.). A review of the current status of oil adjuvants in FMD vaccines. International symposium 
on FMD, Lyon. Develop. Biol. Stand., 1976, 35 : 107-l 12. 

9. MELLOR (P.S.), HAMBLIN (S.D.), GRAHAM (S.D.). African horsesickness in Saudi Arabia. Va. Rec.. 1990, 127 : 41-42. 

10. STELLMANN (C.), SANTUCCI (J.), GILBERT (H.), FAVRE (H.). A method for control in production of inactivated vaccines for 
African horsesickness. In : Proceedings 2nd Int. Conf. Equine Infectious Diseases. 1969, Paris. France. Pp. 207-211. 

11. WEIR (D.M.). Minera1 oil adjuvants and the immunization of laboratory animais. Application of immunological methods. In : 
Handbook of experiment immunology. Edinburgh, Churchill Livingstone, 1973. 3 p. (AZ.l-A2.14). 

12. WITTMAN (G.). Immunity and immunizarion against FMDV. Berl. Münch. rwarztl. Wschr., 1972. 85 : 28 L-300. 

234 

Retour au menuRetour au menu


	emvt92_3.pdf
	emvt92_1_004.pdf
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60
	61
	62
	63
	64
	65
	66
	67
	68
	69
	70
	71
	72
	73
	74
	75
	76
	77
	78
	79
	80
	81
	82
	83
	84
	85
	86
	87
	88
	89
	90
	91
	92
	93
	94
	95
	96
	97
	98
	99
	100
	101
	102



