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Summary

The effect on foals of prophylactic administration of hyperimmune plasma to prevent R. equi infection
was investigated on three farms at which R. equi infection was endemic. Sixteen foals between 10 and 39
days of age were intravenously given 1-21 of hyperimmune plasma. ELISA antibody titres against R. equi
were significantly increased and maintained at high levels for over 30 days in most of the recipient foals.
The prevalence of R. equi infection was 6.3% (1/16) in the foals that received the immune plasma, and
26.3% (5/19) in the control foals not given the immune plasma on the three farms. For 2 years before
and after this field trial on the three farms, 18 of 64 foals (28.1 %) showed clinical signs of respiratory tract
infection and four of them died of R. equi pneumonia. Heavy contamination of horses and their environment
with virulent R. egui was detected by colony blotting, and plasmid profiles also suggested that foals on the
three farms were constantly exposed to virulent R. equi. The results of this field trial support previous
observations by some tesearchers that the administration of hyperimmune plasma to foals in the early days
of life promotes prevention of R. egui infection on endemic farms; however, the mechanism of hyp-
erimmune plasma protection remains unclear.

Introduction

Rhodococcus equi infection in foals causes considerable economic losses on horse-breeding
farms at which infection is endemic. R. equi pneumonia, with or without enteritis, in foals is an
insidious disease and early diagnosis of the disease is not easy; moreover, antimicrobial treatment
is costly and only moderately effective (GIGUERE and PRESCOTT, 1997). R. equi becomes
distributed widely in the environment of horse-breeding farms, but only virulent R. egui, which
expresses virulence-associated antigens and possesses a virulence plasmid, causes the disease in
foals (TAKAT, 1997). Foals are infected via the respiratory and/or alimentary routes with virulent
R. equi, which shows a unique propensity for affecting foals during the first 3 months of life
(PRESCOTT, 1991).

Cell-mediated immunity is thought to play an important role in eliminating the facultative
intracellular pathogen from foals; however, humoral immunity seems to be critically involved
in early protection in young foals (PRESCOTT, 1991; HINES et al., 1997). /u vitro studies by
HIETALA and ARDANS (1987) showed that opsonization of R. equi with antiserum significantly
enhanced killing of R. equi by alveolar macrophages in foals. Recently, passive immunization of
foals has proved highly beneficial and cost effective in preventing the disease on endemically
affected farms (BECU et al., 1997; MADIGAN et al., 1991; MARTENS et al., 1989). MARTENS et
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al. (1989) demonstrated that the survival rate of immunized foals was significantly greater than
that of non-immunized foals in experimental R. egu/ infection. MADIGAN et al. (1991) reported
that the administration of hyperimmune plasma was significantly protective against R. equi in
foals on endemic farms. More recently, BECU et al.,, (1997) evaluated an immunoprophylaxis
programme for R. equi infection of foals on endemic farms using an R. equi vaccine and
hyperimmune plasma, and showed that mare immunization with the vaccine significantly
prevented R. equi pneumonia in foals.

Howevert, little is known about the dynamics of the antibody titres in foals which received
hyperimmune plasma during the first 3 months of life (BECU et al., 1997; MADIGAN et al,,
1991; MARTENS et al., 1989). The purpose of this study was to determine the effect of parenteral
administration of R. equi immune plasma to prevent infection on foals on endemically affected
farms, to detect increase and decay of R. equi-specific antibody following plasma transfusion by
ELISA, and to discuss the optimal age for administrations and the minimum effective dose of
the immune plasma.

Materials and Methods
Hyperimmune plasma

Two clinically healthy thoroughbred mares that were negative for anti-erythrocyte antibodies and the
Coggins test were used to produce hyperimmune plasma against virulent R. equi strains. The horses were
immunized with virulent R. egui strains ATCC 33701 and L1 by repeated inoculations as follows: day 1,
the donors received 10 ml of bacterial suspension, which contained about 10° cells, intravenously; day 14,
the donors received 10 ml, which contained about 10” cells, subcutaneously; day 28, the donors received
10 ml, which contained about 10° cells, subcutaneously (TAKATI et al., 1993). Hyperimmune plasma with
ELISA OD value 0.6-1.3 was harvested 35 and 56 days after immunization. The hyperimmune plasma
was negative for bacterial culture and stored at —80°C until use.

Farms

The three farms studied were located in the Hidaka district, where over 80 % of Japanese thorough-
breds are bred every yeat. These farms are endemically affected and have a history of R. egu/ pneumonia.

Field trial

Field trials were conducted on the three farms for 2 years between 1994 and 1995.
Hyperimmune plasma was administered to four of seven foals born in 1994 and three of seven
foals born in 1995 on farm A, and four of 11 foals born in 1994 on farm B. On farm C, five
foals born earlier in 1995 showed clinical signs of respiratory tract disease, and four of them
were diagnosed as having R. e¢gui pneumonia by ELISA and culture of R. egui from tracheal
aspirates. Subsequently, five foals born later were given hyperimmune plasma.

Sixteen foals were administered 1-21 of hyperimmune plasma at 10-39 days of age (average
25 days), and 19 foals were observed as non-treated controls (Table 1). For 2 years before and
after the field trials (1993 and 1996), the medical records of all foals kept at the three farms
were also examined. A total of 99 foals were surveyed at the three farms for a period of 4 years
(Table 2).

Clinical observation and sample collection

Complete blood counts, fibrinogen concentrations, globulin concentrations and R. egui ELISA OD
values were examined in foals 1 day before and after the plasma transfusion, and tests were continued at
2-week intervals up to 3—4 months of age. All the foals, with or without immune plasma, were observed
daily by farm manage, and they were examined physically by veterinarians at the sample collections.
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Table 1. Volume of hyperimmune plasma and age at administration for foals used in this study

Administration of Age at
Year of hyperimmune plasma administration
Farm Foal No. birth ) (days)
A 1 1994 2.0 34
2 1994 1.5 34
3 1994 2.0 31
4 1994 2.0 33
5 1994 —
6 1994 —
7 1994 —
19 1995 1.0 28
20 1995 1.0 23
21 1995 1.0 21
22 1995 —
23 1995 —
24 1995 —
25 1995 —
B 8 1994 2.0 37
9 1994 2.0 39
10 1994 2.0 22
11 1994 2.0 23
12 1994 —
13 1994 —
14 1994 —
15 1994 —
16 1994 —
17 1994 —
18 1994 —
C 26 1995 1.0 20
27 1995 1.0 19
28 1995 1.0 14
29 1995 1.0 10
30 1995 1.0 11
31 1995 —
32 1995 —
33 1995 —
34 1995 —
35 1995 —

ELISA for detection of anti-R. equi antibody

ELISA antigen was prepared from R. equi ATCC 6939 as described previously (TAKATI et al., 1985).
Briefly, strain ATCC 6939 was grown on brain heart infusion agar. Bacteria were harvested after 5 days of
incubation at 38°C. R. equi (2 g wet weight) was suspended in 10 ml of 0.0125 M sodium phosphate buffer
(pH 7.4) containing 0.1 % (wt/vol) Tween 20, incubated at 37°C for 90 min in a water bath with agitation
and centrifuged at 20 000 g for 30 min at 4°C. The supernatant was used as the antigen, which was adjusted
to 1.0g of protein/ml in carbonate-bicarbonate buffer (pH 9.6). ELISA was performed as described
previously: the positive limit was set at OD 0.3, which is the average OD of healthy foals plus 3 standard
deviations (TAKAT et al., 1985; SANADA et al., 1992).

Isolation and identification of virulent R. equi from faeces of foals and soil samples

Fifty-three faecal samples were collected from foals on each farm during the study. Seventy-three soil
samples were collected from five to 10 sites in small paddocks that were used for housing a mare and her
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Table 2. Number of foals with R. equi infection with and without administration of hyperimmune
plasma on farms A, B and C in years 1993-96

Administration
of hyperimmune
Farm plasma 1993 1994 1995 1996 Total
A + — 0/4 0/3 — 0/7
— 3/14 0/3 0/4 ND 3/21
B + — 0/4 — — 0/4
— 4/12 1/7 2/9 2/11 9/39
C + — — 1/5 — 1/5
ND 1/7 4/5 6/11 11/33
All three farms + — 0/7 1/9 — 1/16
(O (11.1) 6.3)
— 7/26 2/17 6/18 8/22 23/83

(26.9) (11.8) (33.3) (36.4) 27.7)

“Number of foals with R. equi infection/number of foals in each group.
bop,

foal. Soil was scraped from the surface with a small spoon and placed in sterile tubes. One gram of faeces
or soil was diluted serially with a 10-fold volume of sterile saline (0.9 % NaCl) solution. Each dilution was
inoculated onto two plates containing R. equi-selective media, and the plates were incubated at 30°C for 2
or 3 days. All suspected colonies of R. egui were counted, and the number of viable organisms per gram
of faeces or soil was calculated. Two to 10 colonies per specimen were subcultured, identified in our
laboratory and examined for virulence-associated antigens and virulence plasmids (TAKATI et al., 1994).

Results
Dynamics of antibody levels in foals with and without hyperimmune plasma

ELISA was used to evaluate the dynamics of antibody levels against R. egu/ in foals with
and without hyperimmune plasma. Before the administration of hyperimmune plasma, almost
all foals showed ELISA OD values below 0.2. Hyperimmune plasma was administered to foals
at 10-39 days of age (typical results on farm A are shown in Fig. 1), and they showed a significant
increase in ELISA OD values ranging from 0.3 to 1.4 (mean 0.85 % 0.32). The half-life of the
R. equi antibodies was 30-35 days, and the majority of foals having 21 of hyperimmune plasma
were maintaining an ELISA OD value above 0.3 by 90 days of age. On the other hand, foals
that received only 11 of hyperimmune plasma could not maintain the antibody titres above 0.3
by 60 days of age. Some foals showed transitory trembling during the infusion of hyperimmune
plasma; however, no foals showed side-effects except during and after the intravenous admin-
istration of hyperimmune plasma.

Clinical findings

On farm A, no foals showed clinical signs of R. equi pneumonia in 1994 and 1995, and
seven control foals had low R. egui ELISA OD values during the observation period (Table 2,
Fig. 1). However, in 1993, 1 year before this field trial, three of 14 foals showed clinical signs
of respiratory tract infection and then died of R. equi pneumonia.

Farm B was also endemically affected, and four of 12 foals born in 1993 showed clinical
signs of respiratory tract infection (Table 2). At this farm, hyperimmune plasma was administered
to four of 11 foals born in 1994, and none of these four foals showed any clinical signs of
respiratory tract disease. On the other hand, the seven remaining control foals showed slight
tachypnea and moderate fever in mid-August, and they were diagnosed with heat stroke by
clinical symptoms. One of the seven foals had an ELISA OD value of 0.6 and was diagnosed
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Fig. 1. ELISA titres against R. equi ATCC 6939 antigens in the seven foal sera obtained after the admini-
stration of hyperimmune plasma and in the four control foal sera on farm A. Symbols: [l foal 1, @ foal
2, A foal 3, W foal 4, @ foal 19, x foal 20, * foal 21, O foal 22, A foal 23, \/ foal 24, < foal 25.

with R. egui pneumonia. During the following 2 years, two of nine foals born in 1995 and two
of 11 foals born in 1996 showed clinical signs of respiratory tract disease and were diagnosed
as having R. equi pneumonia by ELISA and bacteriological culture of tracheal aspirates. These
foals had inflammatory characteristics, such as increases in WBC counts and a-globulin and
fibrinogen concentrations.

On farm C, five foals born in February and March of 1995 showed febrile and respiratory
symptoms at 29—46 days of age, and four of them were definitively diagnosed with R. equi
pneumonia by ELISA and bacteriological culture of tracheal aspirates. These four foals showed
high ELISA OD values above 0.3 (Fig. 2). Next, hyperimmune plasma was administered to five
newborn foals born in April and May of 1995. However, one of the foals, to which hyperimmune
plasma was administered at 19 days of age, showed febrile and respiratory symptoms at 31 days
old and was diagnosed with R. egu#/ pneumonia by bacteriological culture of tracheal aspirates.
The ELISA OD value of the foal showing clinical signs increased just after administration of
the immune plasma at 19 days old, and then it increased at 30 days of age (Fig.2). No
hyperimmune plasma was administered to foals born in 1996; in this year, six of 11 foals showed
clinical signs of respiratory tract disease and were diagnosed as having R. equi pneumonia
by ELISA and bacteriological culture of tracheal aspirates. These foals had inflammatory
characteristics, such as increases in WBC counts and a-globulin and fibrinogen concentrations.

In conclusion, one (6.7 %) of 16 foals to which hyperimmune plasma was administered
was diagnosed with R. ez pneumonia; however, five (26.3 %) of 19 foals without hyperimmune
plasma administration and 18 (28.1 %) of 64 foals for 2 years before and after this field trial on
the three farms were diagnosed with R. equi pneumonia by ELISA and bacteriological culture
of tracheal aspirates during the 4-year observation period. The differences observed were not
statistically significant between the two groups of foals; those given hyperimmune plasma
(1/16) and those not given hyperimmune plasma (5/19).

Prevalence of virnlent R. equi in foal faeces and soil

Prevalence of virulent R. equi in isolates from faeces of foals and soil collected from the
farms was investigated during field trials in 1994 and 1995. R. equi was isolated from almost all
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Fig. 2. ELISA titres against R. equi ATCC 6939 antigens in the five foal sera obtained after the administration
of hyperimmune plasma and in the five control foal sera on farm C. Symbols: [l foal 26, @ foal 27, A
foal 28, W foal 29, @ foal 30, [] foal 31, O foal 32, A foal 33, / foal 34, & foal 35.

of the foal faeces tested and from soil samples obtained from 10 to 10° per gram of sample.
Virulent R. equi appeared in 26.7 (16 of 60 isolates), 5.4 (three of 56 isolates) and 5.1 % (three
of 59 isolates) of soil isolates from farms A, B and C, respectively. On the other hand, virulent
R. equi appeared in 27.5% (41 of 149 isolates) and 19.7% (31 of 157 isolates) of isolates from
the faeces of foals maintained at farms A and C, respectively. Isolates were analysed for virulence
plasmid DNA by agarose-gel electrophoresis to determine the plasmid size, and analysis of
these results confirmed the results of immunoblot tests for the 15-to 17-kDa antigens.

Discussion

The present field study conducted in Japan demonstrated the effectiveness of hyp-
erimmune plasma administration to protect foals from R. equi infection at three farms with
endemic infection, and supported previous observations in the United States and Argentina that
the administration of hyperimmune plasma to foals in the eatly days of life offers prophylactic
protection from infection on endemic farms (BECU et al, 1997; MADIGAN et al., 1991;
MARTENS et al., 1989).

MADIGAN et al. (1991) reported that 68 foals in 1988 and 98 foals in 1989 given
hyperimmune plasma did not develop R. eguni pneumonia on an endemic farm, whereas six of
14 (43 %) non-treated foals in 1989, 90 non-treated foals in 1986 and 92 non-treated foals in
1987 developed the disease. Hyperimmune plasma was administered to foals by 30 days old in
1988, and at 30—60 days old in 1989, since these foals possessed maternal antibodies against R.
egni from vaccinated mares during the first month of life. The optimal days after birth for
administration of hyperimmune plasma to foals has not been examined in detail, but the
majority of foals usually become infected by R. equi very early in life because of heavy
contamination with virulent R. equi on endemic farms (TAKAIL 1997), so the administration of
hyperimmune plasma to foals soon after birth might be more useful on endemic farms. Recently,
similar results of administration of hyperimmune plasma to foals were obtained in the field
studies conducted in Argentina by BECU et al. (1997).

Foals received 1000 ml of hyperimmune plasma in the study by MADIGAN et al. (1991)
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and 600—1200 ml in the study by BECU et al. (1997). In the present study, we administered 1000
or 2000 ml of hyperimmune plasma to foals, which then maintained their ELISA antibody titres
above 0.3 (OD wvalues) for 30 days or more. The minimum effective dose of hyperimmune
plasma to prevent R. equi pneumonia in foals is difficult to determine, since many factors such
as infection dose, host susceptibility, age, sex, weight, etc. may differ in natural infections. The
hyperimmune plasma produced by MADIGAN et al. (1991), BECU et al. (1997) and us contains
specific antibodies against virulence-associated 15- to 17-kDa antigens. Although the role of
these antibodies in the prevention of R. equi pneumonia remains unclear, opsonizing antibodies
might be considered (HINES et al., 1997). The increased opsonization prior to exposure to R.
equi by administration of hyperimmune plasma may play an important role in the first stage of
host defence in foals. The dose used in this study, which increased the ELISA titre to the
established infection level, might be enough to cause the opsonizing effect. On the other hand,
other factors such as fibronectin, complement and cytokines in the hyperimmune plasma might
also play a role (HINES et al., 1997).

Vaccination of mares did not provide protection against R. egu#/ pneumonia despite a
significant increase in colostral specific antibody, and vaccination of mares and their foals with
virulence-associated proteins also did not protect foals (BECU et al., 1997, MARTENS et al,,
1991). These results suggested the presence of important immune factors which do not transfer
to foals through colostrum, and which might be contained in hyperimmune plasma. Further
studies are needed to elucidate which factors in plasma are able to confer immunity.

Morte recently, HIGUCHI et al. (1998) proposed that physical and serologic examinations
of foals at 30 and 45 days of age are useful for early diagnosis of R. egui infection, especially in
foals on endemic farms. However, these protocols are more useful for eatly diagnosis than for
prevention. As a prophylactic measure, however, hyperimmune plasma can help decrease both
the size of infectious challenges and the risk of exposure of susceptible foals to R. equi infection.
The results of the present study demonstrated an appreciable improvement in morbidity and
mortality from the disease on the three endemically affected farms studied over a 2-year period.
In conclusion, on farms endemically affected by R. egui infection, the following prophylactic
and hygienic measures are recommended: (1) putting foals, especially within the first month of
life, in well-ventilated stalls and clean paddocks known to have no contamination with virulent
R. equi; (2) conducting physical and serologic examination of foals at 30 and 45 days old, and
(3) if possible, administrating hyperimmune plasma to newborn foals soon after birth to
compensate for their immature immunity.
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