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I. INTRODUCTION AND OBJECTIVES OF THE STUDY 

Infection of horses with equine rhinopneumonitis virus (ERV) has long 
been associated with respiratory disease in young animals (14,26,59,170). 

and abortion in pregnant mares (26,44,59,170). In recent years, two 

additional syndromes have been described with regard to ERV infection; 

namely a neurologic disorder with various manifestations (20,40,102,103,131, 

132,187) and a condition characterized by death of foals during the early 

neonatal period (14,26,36,57,170). It has been suggested that this latter 

syndrome is the result of infection of the fetus with ERV late in gesta-

tion. Most of the foals so affected die from a variety of bacterial in-
.fections and have underlying pathologic lesions which inc:\.ude destruction 

of the major splen.ic lymphocyte population and .thymus atrophy, or massive 

necrqtic destruction of thymic lymphoid elements, which results in a 

pronounced peripheral lymphopenia (36). Since aborted fetuses also often 

have similar necrotic. lesions in lymphoreticular. tissues (14,44), the sug-
gestion· has been raised that this late gestational infection of equine 

fetuses with ERV 'induces an· immune deficiency state that may prove fatal 

in early neonatal life. Alternately, if the lymphoid des'truction is less 

severe, foals may survive for longer periods before succumbing to the 

effects of ·infection with a variety of microorganisms (36). 

The major goal of this research was to investigate the clinico-. 

pathologic effects of infection with virulent and attenuated ERV and 
to establish whether the virus does indeed possess the potential to in-

duce. an immune deficiency state in young foals. The risk of inducing 

abortion by inoculating pregnant mares with virulent ERV late in gesta-

tion was considered to be too great· to attempt this approach to the 
problem. Instead, the experimentation was conducted on foals soon 

after birth in a~ attempt to mimic the prenatal situation. 

It is well-recognized that adrenal glucocorticosteroids and their 

synthetic analogs have wide ranging effects within the body (23,82,213). 

One such important action is suppression of the normal immune response 

through inhibition of inflammation (30,51,82,213), reduction of the 

number of circulating lymJ?hocytes and eosinophils (6,140,167,205,206), 
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and inhibition. of a number of other impor.tant resistance· mechanisms such 
as. cel-l:cmediated immunity· (79) ·and ·interferon .(81,116)..: These effect,s 
have been noted in--a number of species and· are known .to increase the 
.susceptibility to infections (51,151,213), cause recrudescence of 
latent infections .. (53;192) aild. magnify the severity of pre.,-existing 

infec:tions· (43) •· 

.-In light _oj the above reports, .it, appears likely that_ .c!>ronic_. 
admin:i,stration. of: ;;i. potent glucoco;rticosteroid sue!> as .-dexamethasone 
would suppress the ~ody resis:tance mecf1anisms of newborn foals ;;ind · 
possibly enhance r~plication of in0cul;;i.ted·ERV in.lymphoid tissues. In 
these ·s;i.tes,.,_E\W _could- exert_ a destructive effect .if. it poss.esses_ this 
capability. 

· .Several workers have-evaluated adrenocortical function in adult 
horse_s by me_asuring plasma .lo::<ve_ls of cortisol and other_ glucocorticoids 
(2~, 97, 1_05, 124 •:~29_) , . but investigation ?f the adrenal output_of young !'"oals 
has .not been-well-documented. . ' . . ,As i:oted abov~,. glucocorticost~rqids. _(GCS) 

are .thought to influence; a number 9f body defense mechanisms_.- . ~he;re ,is 
good_ evidence.tha~,endogenous GCS levels are. high in the .neonatal calf 
and may predi~poso::< :this species to infectious disease during early life 
(68). This interaction of adrenal output with immune function may also 
be of significance in neonatal foals. Such an evaluation was approached 
in this investigation by the measurement of plasma cortisol concentra-
tions in young foals along with several markers of cell-mediated and 
humoral immune function. In addition, the influence of exogenous 
glucocorticoids on these indicators of immune function could be de-
termined. 

It is well-documented that the administration of exogenous gluco-
corticosteroids reduces adrenal output in a number of species (18,97, 

105,113,201), and that long-term therapy with these agents may lead to 
the.development of an adrenocortical insufficiency "which becomes manifest 
when such therapy is terminated (88,178). It has been speculated that 

the "Turning out syndrome", which occurs in adult performance horses 
given frequent doses of glucocorticosteroids during the racing season, 
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is a manifestation of this iatrogenic hypoadrenalcorticism (118,164, 
198). However, no controlled quantitative studies of this effect have 
been performed in the ho~se, and thus an additional goal of.this study 
was to determine the influence of chronic DXM administration on the 
adrenal output of yoqng foals. 

The evaluation of.blood samples for such parameters as leucocyte 
count, total protein concentration, and plasma fibrinogen concentration 
is ~requently conducted to assess the nature of disease states affecting 
an animal and the response of the animal to such diseases. Ranges of 
"normal" values have been determined for adult horses (190), but not 
for pony foals. Therefore, it was necessary to establish values for 
these hematological parameters in order to accurately evaluate the 
effects of DXM and ERV treatment on these i!"portant markers of body 
defense in the neonatal equine. 

Juelsgaard (112) reported that foals as young as two weeks of age 
possess very mature humeral immune function and respond well to vaccina-
tion. A further objective of this research was to extend the investi-
gation of the serological responses of foals into the first few days of 
life, and, in addition, evaluate the cell-mediated component of the immune 
system of young.foals. 
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II • LITERATURE REVIEW 

A. Plasma-Adrenal Glucocorticosteroids 

l. Basic physiology 
Cortisol and the dther major· natural glucocorticosteroids (GCS) 

are predominantly secreted by the inner two zones of the adrenal corte;K, 

( namely the zona fasciculata and zona reticularis,,which-contain the 

necessary i'lductive enzymes (84) ·. This secretion is the end result· 

of a complex neuroendocrine pathway which involves the hypothaiamus, 

pituitary and adrenals (84,145,173). 
Neural inputs converge on the medial eminence of the hypothalamus, 

to control the secretion of corticotrophin releasing factor or factors 

(CRF). These inputs may be either inhibitory or excitatory, the latter 

including Various forms of stress SUCh as pain or trali.ma, emotional 

reactions such a:s fright or anxiety, and ·other influences including 

pyrogens and hypoglycemia. It is thought that release of CRF is stimu-

lated by cholinergic fibers .and inhibited by adrenergic neurons. In 

addition, the CNS imposes a diurnal cycle on CRF release, being elevated 

in. the early morning and decreasing to a low in the evening (173). CRF 
passes via the hypophyseal portal vessels directly to the anterior 

pituitary .where it stimulates adrenocorticotrophic hormone (ACTH) 
secretion· (84,113). 

The released ACTH passes directly into the systemic circulation by 

which it reaches the adrenal.cortex where it stimulates production and 

rel.ease of cor.tisol and other glucocorticoids from the zona fascicuiata· 

and_ zona reticularis.-. These areas appear to display a diurnal sensi-

tivity to ACTH in man (84). ACTH is the sole hormone responsible for 
adrenal release of GCS (145) and, in addition to this function, it 

maintains cortical integrity and sensitivity to fm:;ther ACTH i,;timulation 
(84,173). 

rncreased plasma GCS concentrations stimulate a negative feedback 
loop which restricts further release. GCS inhibition is thought to act 
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by suppressing pituitary ACTH secretion (84,173), but now there is good 
evidence to suggest that hypothalamic formation and release of CRF is 
also retarded (173). Furthermore, excitatory neural impulses appear to 
be able to override this normal regulatory mechanism since, in condi-
tions invoking severe stress, high ACTH secretion and cortisol output 

occur in the presence of elevated GCS levels (84). 

2. Assay procedures 
During the last thirty years, a number of assay procedures have been 

developed to measure plasma GCS concentrations in man and aniinals with 
the ·hope of characterizing normal adrenocortical function and deviations 

therefrom. 
The Thorn procedure (210), which measured ACTH-induced depression of 

circulating eosinophil counts, was not quantitative and gave little in-
dication of normal endogenous function but was of some use in the con~ 
firmation of adrenocortical insuff~ciency. Porter and Silber (171) and 
Silber and Porter (194) reported the first quantitative assay of adrenal 
steroids. This method depends on the reaction of 17-hydroxycortico-
steroids with phenylhydrazine in sulfuric acid.to produce a yellow 
color which· cari be measured colorimetrically. This procedure is said 
to be relatively specific for cortisol . (201), but it also measures 
additional 17-hydroxycorticosteroids such as cortisone, 11-deoxy-
cortisol, and others and is subject to interference by contaminants 

C:!-75)·. In addition, the method lacks sensitivity for low .values (194) 
and requires large volumes of plasma and time-consuming extraction steps 
for good results. 

A f;I.uorimetric techni~e developed by Mattingly (144) has. proven 
r.elatively simple and ea"?Y to, perform on small, crudely .extracted, plasma 
samples. The· method depends upon the f;I.uorescence of ll-hydroxy0ortico-

steroi9,s in etha,nol-sulfuric acid and consequently j.t measures both 
cortisol an4 corticosterone (144,156,201) •· This do'es. not pose a problem 
in samples·with low corticosterone concentrations, bµt ~ince the latter 
gives a fluo.rescence two. and one-half times that of ·cortisol, over-

'estimation of cortisol values frequently occurs (90,111,125,156,201). 
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Furthermore, other steroids such as estrogens and cholesterol fluoresce, as 

do nonsteroidal substances in both plasma and the reagents, fu~ther com-
promising. specificity (38,111,175). Quenching can also occur, especially 

in icteric plasma (144), and the interval between mixing of the reagents 
and reading the fluorescence is critical (144). The method also lacks good 

sensitivity for low values (45,125,129,144), a factor which limits its 

use in domestic animals. 
A double isotopic dilution (DID) technique, involving the introduc-

tion of-two radioactive isotopes into the steroid molecule with subse-

quent comparison of their ratios, has been found to be sensitive and 

specific but is too time-consuming and costly for routine use (175,201). 

The majority of cortisol determinations are currently performed using 

radioligand procedures, namely competitive protein binding (CPB) (157) 

and radioirnrnunoassay (RIA) (75). Both depend upon the competitive equili-

bration of cortisol in the sample with added labeled cortisol for binding 

sites on protein molecules. In the case of CPB, this protein is corti-
costeroid binding globulin (CBG) whereas, in RIA, it is a specific anti-

cortisol antibody. The ratio of free to bound labeled steroid is then 
determined by precipitation and separation of the bound fraction followed 

by counting of the associated radioactivity. This ratio can then be 

compared to that of known calibrators on a standard curve and the cortisol 
content of the sample calculated (1). 

The inherently greater specificity of antibody than-CBG for cortisol 

means, in general, that RIA procedures are more sensitive, specific, and 

accurate than CPB assays, but bot~ are superior to the previously outlined 

methods and require only a small reaction volume (111). The major draw-

back with the CPB procedure is that CBG will bind all ll-hy9roxycor):i-

costeroids especially corticosterone (90,1.11,156), as well as other 
natural and synthetic: s;teroids. including progesterone and prednisone (111, 

201), and thus chromatographic or solvent extraction steps are needed to 

increase the assay per_formance. While this was also the case for most 

early RIA methods, recent developments have allowed elimination of the 

time-consuming extraction step without compromising validity (125). 



7 

Many variations of· the basic RIA technique have been reported in · 

recent'years. (32,61,_71,75,113,125,211) and relate mainly to the.method for 
freeing ·cortisol from endogenous CBG, the specificity and affinity of the· 

fi.rst ·antibody, the nature of the radio-tracer and the method used to 
precipitate cortisol-antibody complexes. Detailed examination of thE!se 

. principles is beyond .the scope .of this discussion, but the subject has 

been exceliently reviewed by Abraham (1) and Jeffcoate (106) •. In general, 

however, it i.l? relevant to not.e that antibodies obtained by irnrnilnization ·. · 

of animals with cortisol conjugated to the carrier protein at the 3-
position of the steroid nucleus, are more highly specific than those pro-

duced ·when 21-position conjugates are used (74). In addlti.on, 125I-

labeled tracers appear to be superior to ~hose with 3H. lab~ls (106) and a· 

double antibody prec:lpi.tation pro'cedure has many advantages over charcoal 

absorption and other separation techniques despite the increased expense 
and time involved (106). 

Irrespective of. the assay method used, it is imperative that each in-

vestigator validate his procedure on the basis of sensitivity, specificity, 
precision and accuracy (89). 

3. Nature of plasma steroids 

The first truly quantitative and qualitative study of equine endog-
enous adrenal steroids was performed by Zolovick et al. (229) who found 

cortisol to be the major plasma glucocorticosteroid (GCS); Lesser amolints 

of cortisone, cor.ticosterone and deoxycorticosterone were also present 
such that the cortisol:cortisone:corticosterone ratio was 16:8:0.5. 

Subseqlientiy, plasma -cortisol: corticosterone ratios of 6 to 8 :1 (28) 
and 14:1 (105) were ·reported in domestic horses.and ponies as well as a 

ratio of 168:1 in wild horse stallions (119). The finding of high cortisone 

concentrations in, the initial report (229) has not been confirmed. In 

bovine plasma, cortisol:corticosterone ratios of 1.5 to 4:1 occur, de-

pending on the breed and age (176,219), with cortisone present in lesser 

amounts (185). Similar ratios have been observed in pigs (28) and qogs 

(84,90,111) and cortisol.has been identified.as the major circulating GCS 
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in sheep (15,49,185,207), man (95,113,120), monkeys (147), and guinea pigs 
(52), whilst corticosterone predominates in the rat (64,148). In human 
neonates, umbilical cord and peripheral plasma show reLatively higher con-
centrations of cortisone than cortisol (95,120) with significant amounts 
of corticosterone, cortisone sulfate and 11-deoxycorticostero,ne sulfate 
also present (120). 

4. Resting adult levels 

Plasma GCS concentrations have been measured in ponies and 'domestic 
and wild horses using fluorimetric (105,229), CPB (28,96,97,119,160,182) 
and RIA (124) procedures. Such a diversity of assay techniques makes com-

parison of the results of different investigations difficult, but, with 
the exception of one report (229), published values are relatively 
consistent. 

Zolovick et al. (229) observed a diurnal variation, in the total 
plasma GCS levels of stabled horses, with a 10 am peak of 395.3 µg/dl 
and, a 10 pm· low of 219 µg/dl. A much lower normal range of 3-13 µg/dl 
was quoted by James et al. (105) in ponies, using a similar fluorimetric 
assay procedure. ·cortisol levels remained relatively stable during the 
morning (mean 7 µg/dl) but fell in the afternoon reaching 68% of this level 

at the 9 pm nadir. Short-term oscillations were common but the overall 
trend, of increase during the night with peaks in the morning and a 

fall during the rest o,f the day, was maintained. Marked inte.r-individual 
variations were noted but tended to remain consistent from day to day. 

Hoffsis et al. (9.7) reported mean total plasma GCS levels of 5.1 
µg/dl in resting thoroughbred, standardbred and quarter horses using a 

CPB assay. In spite of marked individual variation from day to day, an 
overall diurnal pattern was evident with maximum and minimum values at 
8 am and 4 pm, respectively. A lower mean daily concentration of 1.37 
µg/dl was observed in mixed-breed ponies in the investigations of Bottoms 
et al. (28). The diurnal pattern was sinusoidal in character, peaking at 
5-10 am, with low values in the evening. Similar levels and trends were 
noted by Nathanielsz et al. (160), employing the ,same CPB technique, in. 
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late gestation Shetland mares. Kumar et al. (124) have.published the only 

RI~-derived equine plasma cortisol values. Ponies maintained on a strict 
twelve hour, 6 am to 6 pm, lighting·schedule showed a diurnal cycle. 
characterized by maximum concentrations at 9 to 11 am (3.2 µg/dl), with 
minimum values·twelve hours later (l.9 µg/dl). 

Kirkpatrick et al. (119) noted mean daily plasma corticoid levels 
of 4.0 µg/dl in captive wild horse stallions, The diurnal trends, how-
ever, differed from those of domesticated animals in that no morning 
peak occurred after the 11 pm nadir; instead it was replaced by a high 

plateau between midnight and 5 pm. 
Cattle appear to have a lower overall range of cortisol values than 

is seen in.horses, although diurnal trends are similar (72,134,220) • 
. Mean daily concentrations of 0.5 µg/dl to 2.0 µg/dl are considered normal 
(47) but levels from 0.5 µg/dl to 7.3 µg/dl have been derived by various 
assay techniques (47,58,134,185,220). In sheep, resting mean daily 
cortisol values of .l µg/dl to 3.8 µg/dl have been noted (15,,45,62,98, 
137,185) and· the·accepted normal range is similar to that of cattle. 
Multiple peaks and troughs of ·secretion have been observed in sheep 
during the hours of daylight but an overall diurnal pattern, similar to 
that seen in the horse, prevails. Very low plasma conc.entrations during 
the period of darkness may indicate that little or no cortisol secretion 
occurs· for up to 2/3 of the twenty-four hour cycle (137,138). 

Normal dogs exhibit a diurnal pattern of cortisol secretion and re-
ported values are 1.6 to 6.8 µg/dl using fluorimetric assays (31,38,90), 
1.3 to 5.0 µg/~l with CPB procedures (84,201) and 1.78 to 2.3 µg/dl for 
cortisol-specific RIA's (19,41,111). The wide range of plasma GCS con-
centrations noted in pigs (28,67,~17,130,215,225) likely refects the 
difficulty in obtaini~g unstressed samples. However, blood collection 
via jugular catheters followed by a CPB assay gives a mean daily range of 

1 to 2 µg/dl with a distinct diurnal variation, equivalent to that seen 
in horses, being evident in young pigs (28,225), sows (117), and boars 
(130). 

Plasma GCS concentrations in primates are, in general, higher than 
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those of domestic animals but equivalent diurnal trends are usually appar-

ent. Colorimetric'determinatioris of corticoids in monkeys have re-

vealed-minimum daily level~ at 9 pm.to be 60% of the peak .daily co,ncen-

tration of 56 µg/dl seen at 6 am (147). Morning plasma GCS levels of 

5-30 µg/dl are recognized as being normal in man and many workers, using 

a variety_ of assay techniques, have reported values within this range 

(39,71,113,129,144,178,194). A great deal of variation within indi-

viduals on the same day and between individuals on different days has 

been reported (91). However, a characteristic diurnal variation with 

morning values _significantly higher than afternoon and evening vallfes is 

the rule (-39,61, 71,80,113,125,126,127 ,129.,145,166,211). Minimum con-

centrations occur during the early hours of sleep with a ·rapid regular 

rise during the remainder of sleep, reaching maximum levels at the time 

of awakening, followed by a fall during the. working day· (166). Evening 

cortisol levels should be less than 50% of the morning value in normal 

subjects (129,145,211). 

Orth et al. .(166) showed that the diurnal pattern observed in man 

was a_ reflection of the habitual sleep-wake cycle rather than, being_ re-

lated to the twenty-four hour day length. Alteration of the cycle for a -

single day_by either prolonging or abruptly terminating sleep, did not 

alter the established diurnal rhythm. However, consistent alterations of 

sleep-wake patterns for seven days gave new diurnal ·periods corresponding 

to the new cycles of 12-, 19, and 33 hours respectively. Another investi-

gator showed that a subject who nabitually slept from 4 am until noon 

showed a shift in the cortisol secretion pattern to match this sleep 

schedule (126). Babies have sleeping cycles much different from those of 

adults and do not have diurnal cortisol rhythms.even at four months of 

·age. Whilst these ·gradually develop they do not equate with the charac-

ter of the adult cycle until children are 1-3 years old, further confirming 

that the aduit diurnal patte_rn is an "acquired, rather than built-in one 
(80). 

In contrast, the ·diurnal rhythm in sheep seems to be related to the 

light/dark cycle, since if sheep are acutely exposed to lighting for an 
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entire twenty-four. hours, the diurnal pattern is lost (137). 

5. Effect of age and sex· 
Hoffsis et al. (97)wereunable to find any age effects on corticoid 

levels in horses between one and seventeen years o1d. A similar situa-

tion appears to exist in cattle, although aging bulls seem to have a re-
duced responsiveness to ACTH and may require higher plasma ACTH levels to 

' maintain a constant plasma GCS concentration (176). No apparent age ef-

fect was observed in.one investigation of cortisol levels in hliman sub-

jects 15-76 years old (144), although others have reported decreasing GCS 

concentrations with. advancing age (25). 
Rossdale et al. (182) demonstrated a significant increase in plasma 

cortisol concentrations, from 6.8 to 8.3 µg/dl, between ten and thirty 
minutes after birth in thoroughbred foals. After remaining stable for 

three hours,- a precipitous drop occurred with levels halved at six hours 

of age. A similar pattern was .found in. newborn pony foals (182). 

Analogous peaking of cortisol levels followed by a rapid fall during the 

first ·twenty-four hours of life has been noted in cattle (47,68,101) and 
sheep (16, 62, 159, 207) • In calves, concentrations continiie to .decline . 

over the first twelve days of life before stabilizing (68,101). Peak 

.cortisol levels immediately after birth in sheep (16,62,207) and 'cattle 

(47,68,101) are higher than those seen in foals (182), probably due to the 

absence of the spectacular late gestation fetal cortisol surge which 
occurs in the· former two species (160). 

Hillman and. Giraud (95) and Klein et al. (120) found cortisone to be' the 

major' circulating GCS iri newborn infants and it was still a significant 

component at two weeks of age. Total GCS levels were three times greater 

in newborns than they were in adults (120) but fell during the first 

two weeks of life, especially in the initial forty~eight hours. One to 
five month old infants had total GCS levels and cortisol:cortisone ratios 
equivalent to those of adults (95), but mature diurnal rhythms were 

absent until one to three years of age (80). 

Premature foals have much lowe'r cortisol levels than those born at 
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full-term and lack the characteristic rise and fall during the early 

postnatal period (160,182). Similarly, premature human infants have 
reduced total GCS concentrations, due largely to lowered cortisone 

levels (120). 
significant sex differences in plasma GCS values have not been evi-

dent in horses (97,105), _pigs (67), dogs (19,31,41,lll), man_ (113,120, 

125), o:i;- monkeys (147). Levels do not appear to be altered during 
pregnancy in horses (160;182) or cattle (134) but pregnant women develop 
cortisol concentrations two to three times higher ·than those of non-
pregnant women (113,125) and a similar pattern is ·seen in gravid rats ·(148). 
This finding is thought to be due to the increased plasma concentrations 
of corticoid binding globulin present during pregnancy, at least in 

man (70). 

6. Effect of exercise, stress and disease 
Racehorses in training develop a 30% increase in cortisol levels 

after a normal exercise gallop (105) and standardbred racehorses 
have higher concentrations .after exercise and before racing than do 
resting horses of simila~ type (97). Young men show a transient elevation 

·of cortisol levels, in the neighborhood of 70%, following heavy bicycle 

exercise but not after lighter work, indicating that less than maximal 
exercise does not severely stress the individual (93). 

de Lacerda et al. (126) showed that irregular increases in human 
plasma cortisol levels during the normal working day were closely re-

lated to psychological stresses such as frustration and anxiety. An 

analogous situation is seen in wild horses (119) and pigs (67,215) which 
exhibit markedly elevated plasma concentrations in response to the 
stres~ of handling and restraint. Similarly, sheep placed in a new 
environment lose their diurnal cortisol rhythms and have elevated 
mean daily values during the period.of adaptation (98,138). 

Untrained sheep experienced a substantial elev~tion in cortisol 
levels due to the stress of venipuncture, but no significant effect was 

noted in samples collected one hour after venipuncture in trained sheep 
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(15). While.venipuncture does not appear to affect cortisol.values in 
horses (97 ,105) or cattle (191) at the time of sampling,. repeated 
jugular bleeding at two hour intervals produced altered concentrations in 
later samples obtained from horses (97). However, the half-life· of 

cortisol in the horse has been estimated to be BO minutes (105) and thus 

the.effect of venipuncture on samples taken twelve to twenty-four hours 

later should be negligible, as it is in man (70). 

James et; al.. (105) reported a marked rise in GCS .levels in horses· 

subjected to surgery, the' greatest increases occurring during the longest 

procedures. Similar observations have been made in pigs (li7), sheep 

(16,45), man (115),. and dogs (19,84). In dogs, ACTH levels rise within 

one minute of the initiation of the surgical procedure and the increase 
in plasma corticoids lags 4 to 5 minutes behind (84). With moderate to 

severe ·surgical stress, canine ACTH levels often exceed those needed for 

maximal adrenal stimulation (84) and a similar situation probably· occurs . . . 
in man (115). After peaking at four to five times resting levels three 

hours into a. surgical procedure, levels fall to near normal by twent~-four 

hours in man (11.5) and also in dogs, irrespective of the duration and 

severity of the procedure (38). In contrast, she~p maintain .elevated 
cortisol levels for·several days following surgery (16). 

Many disease states appear to stimulate increased adrenocortical out-

put with a subsequent elevation in plasma GCS levels. Extremely high 

cortisol concentrations have been noted in premature infants with. 

respiratory _distress syndrome (120) and hyaline membrane disease (174); 

the highest values being seen in fatal rather than benign cases (174). 

Full-term foals exhibiting postnatal convulsions and lactic acidosis 

maintained markedly elevated levels of cortiso_l in spite of pharmacological 

modulation of muscular activity (160,182). Similarly, c.alves which de-
veloped infectious diarrhea had higher concentrations , both before and 

after signs appeared, than did healthy calves (101,133). and those which 

died showed a greater elevation than those which recovered (133). Cortisol 

levels remained elevated up to the time of death indicating that calves ar.e· 

able to respond to the. severe stress of fluid and electrolyte imbalanc~ 
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and diarrhea without terminal adrenocortical failure (133). 
• • •• ..J. - "' 

Hoffsis and Murdick (96) indicated that the pathological conditions 
which produced the most marked adrenal stimulation in horses were acute ill-

nesses such as "fractures, colic, shock and dystocia with levels of up 
to 43 µg/dl occurring in animals with fractures. A similar situation ap-
pears to exist in man where very high cortisol concentrations have been 
observed in patients with unbalanced diabetes, severe cardiac infarction., 
acute bacterial infections, severe trauma, shock, tetanus, meningitis, 
and other acute conditions (104,121,129,180). Human intensive care 
patients subject to prolonged stress experienced pronounced adrenocortical 
stimulation as indicated by markedly increased cortisol secretion rates 
up to double those seen in patients with established Cushing's Disease 

(121). Furthermore, the very high cortisol levels in children with 
meningitis could not be further increased by ACTH administration, indi-

cating that the adrenals were already maximally stimulated (180). Another 

prominent early alteration found in patients with acute-diseases was a 
loss of the normal diurnal rhythm. Morning values were often within 
normal limits but no afternoon decline'occurred (129,180); a further 
change typical of hyperadrenalcorticism (19,23). 

Jacobs and Nabarro (104) suggested that elevation of plasma corticoid 
concentrations was a natural reaction of human patients to the stress of 
infection, and considered ·the adrenal response to be deficient if levels 
remained less than 15 µg/dl. ·They further speculated that elevated values 
represent deficient hepatic metabolism in addition to the increased 
adrenocortical secretion in response to hypothalamus stimulation. The 
fact that human.subjects with chronic or terminal illnesses·have very 
high plasma corti~ol levels (104) seems to support this view. In con-

trast_, horses with chronic debilitating disease conditions may experience 
some degree of adrenal exhaustion, as evidenced by lower than normal 
circulating GCS concentrations (96). 



15 

B. Effect of Exogenous Glucocorticosteroids 
on Adrenal Output 

The increased use of glucocorticosteroids (GCS) in'equine practice in 
recent years has led to the belief that prolonged therapy with such drugs 

is the major cause of secondary adrenocortical insufficiency in the horse 
(118,164) ;. a condition commonly referred to as the "turning out syndrome" 

(197). It is now well-established that administration .of exogenous GCS .can 

suppress endogenous plasma. corticoid levels in normal horses (96,97;105, 

173), man (88,113,125,145,155,162,178,211), dogs (84,90.,111,201), .cattle 

(47), sheep (18,45), and rats (64). However, the chronicity of administra-

tion appears to markedly influence the duration and severity of effects 

observed. ( 88) • 

1. Acute ·administration 

James et .al. (105) noted a steady fall in plasma c6rticoid concen-
trations following intravenous injection of a pony with 'dexamethasone 

· (DXM) • This decline was exponential in character over the first three · 

hours, with a half life of 150 minutes, and levels were still depressed 

twenty-four hours postinjection. Hoffsis et al. (97) further demonstrated 

that even· small doses· of DXM could maximally suppress adrenocortical 
secretion in adult horses. Reduced plasma corticoid levels were evident 

by one'hour after intramuscular administration of two to eighty mg of DXM 

and maximal.suppression, as indicated by values less than 1 µg/dl, 

occurred between twelve and twenty-four'hours, ·followed by a return.to 

normal by seventy-two hours postinjection. A similar duration of sup-

pression was noted by Ray (173) who also showed that short-term DXM 

trea'l;ment, even with high doses, did not depress the adrenal response. 
to exogenous ACTH. 

An equivalent, profound but transient, depression of cort.isol con-

centrations has been observed in sheep (18,45), and Beaven (18) noted 
complete "cessation of 'adrenocortical secretion within one hour of DXM 

injection. Cortisol levels of less than 0.5 µg/dl have been seen in dogs 

within one hour of intravenous DXM trea'l:ment (201) and undetectable values 

I 
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persisted for at least thrity-two hours after a single oral dose (111). 

In canine (90,201) and.human (113,125;145,211) medicine, acute suppression 
of plasma corticoid levels is used as a clinical test to assess the nor-
mality of adrenocortical function. A normal response in human patients 

is indicated by cortisol concentrations of less than 5 µg/dl (2 µg/dl 
using RIA) eight to ten hours after oral administration of DXM (113,125, 

145,211), with return to pretreatment levels within twenty-four to forty-
eight hours (178). 

The inhibitory effects of exogenous GCS on adrenocortical secretion 

may, in some cases, be overridden by various stresses. This effect was 

demonstrated by a delayed depression of cortisol concentrations fol-

lowing surgical stress in dogs maintained on a continuous intravenous DXM 

drip,(84). Similarly, higher doses of DXM were needed to suppress cortisol 

levels in stressed sheep than in unstressed sheep (18). Ganong et al. 
(84) suggested that during stress the inhibitory effect of exogenous 

steroids was balanced.in some way by an increased excitatory input to the 

ACTH-secreting mechanism .. 

These suppressive effects also appear to be influenced by the time 

of DXM administration in relation to the diurnal cycle; the greatest and 

most prolonged inhibition occurring when exogenous steroids are given four 

to eight hours before the expected peak endogenous levels (04,162). It 

has been suggested that once the early· morning peak of ACTH release is 

suppressed, it remains so until the next natural rise the following 
morning, even though no more DXM is given. In addition, the central 

mechanism controlling ACTH release may require higher corticoid levels 

for suppression during the early morning, when secretion is normally 

maximal, than at other times during the day (162). 

2. Chronic administration 

Controlled studies regarding the effects of prolonged GCS administra-

tion on adrenocortical function in the horse are few. Hoffsis and Murdick 

(96) intramuscularly administered 20 mg daily doses of DXM to three 
adult horses for an extended period and observed sustained depression of 
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plasma corticoids. Evaluation of the pattern of r~covery was impeded.by 
the death of. two of the animals but, while one horse developed elevated 
cortisol levels within the normal range prior to death, the other showed 
no such rise despite the severe stress of thrombo-embolic colic. 

Robinson et al. (178) observed complete inhibition of adrenal 
activity in human patients maintained on exogenous steroids for periods of 
one to eighteen months. That the pituitary-adrenal axis did not suffer 

permanent damage was indicated by the rapid rise in cortisol levels ob-
served by twenty-four hours after sudden cessation of treatment. Plasma 
concentrations were normal at forty-eight hours as were cortisol secretion 
rates five days after withdrawal. A similar investigation by Morris and 
Jorgensen (155) indicated that asthmatic children, on steroid therapy for 
a mean period of seven years (minimum six months) .. rapidly recovered from 
the sustained and complete suppressive adrenal effects when treatment was 
discontinued. Reduction of the daiiy prednisone dose was inversely cor-
related with increased adrenocortical responses and within· one to two 
weeks· all patients had responses similar to those of non treated patients. 

Good evidence remains, however, that some patients suffer adreno~ 
cortical insufficiency states following cessation of chronic GCS therapy. 
Robinson et al. (178) demonstrated a failure of recovery of plasma corti-
coid levels to normal, along with signs of acute adrenocortical in-
sufficiency, in one patient after abrupt termination of a continuous three 
and one-half year course of steroid treatment. Graber et al.. (88) ob-
served similar effects after steroid withdrawal in patients which had 
experienced supraphysiological levels for one to ten years as a result of 
exogenous administration or functional adrenal tumors. Recovery_ of 

normal function followed a definite pattern characterized by four 
distinct phases. During the first month ·clinical symptoms of adrenal in-

sufficiency were noted and both plasma GCS and ACTH· concentrations were 
subnormal as was the response to exogenous ACTH, a pattern characteristic 
of hypopituitarism. ACTH levels rose to above normal during the next 

four months but plasma corticoids and adrenal responses to ACTH remained 
subnormal, indicating that the pituitary response to low GCS levels-was 
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now intact'but the adrenal response to released ACTH was still deficient. 
The sixth to ninth months of convalescence were charac.terized by normal 

plasma corticoid. levels, but the elevated ACTH concentrations remaining 

in some patients was evidence of continued depression of adrenal 
responsiveness. Adrenal responses to ACTH subsequently returned to 

!}ormal. 
Other workers have observed defective pituitary release of ACTH 

(155,178) and reduced pituitary levels of ACTH during and after pro-
longed GCS therapy in man (99). Furthermore, reduced adrenal responsive-

ness to ACTH has been noted in horses '(96,173) and in sheep (18) whose 

adrenal secretion was completely suppressed with DXM. However, normal 

responses were seen in sheep which were incompletely suppressed sugges'ting 

that basal levels of ACTH are needed to "prime" this response (18). It 

also appears that humans (88) and rats (64) subjected to prolonged high 
circulating GCS concentrations develop true adrenal atrophy resulting.in 

further reduction of the cortisol secreting capacity (155). 

The above studies provide good evidence that pituitary ACTH release 

in response to low plasma corticoid levels and the adrenal response to 
released ACTH are both inhibited by prolonged GCS therapy. The finding 

of histological lesions in both limbs of this system (2_1) adds further 

credence to this conclusion. 

1. General 

C. Effect of Glucocorticosteroids on 
Immune Responses 

The recognition of the physiological importance of the adrenal 

cortex over 100 years ago led to the early therapeutic use of crude 

adrenal extracts. Later, hormones contained in these extracts were 

classified as either glucocorticoids, mineralocorticoids or -adrenal sex 

hormones based on their functional characteristics (213). The structures 
of the naturally occurring adrenal steroids have now been elucidated and 

the synthesis of analogues with selected pharmacological properties 
achieved (213). 
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This review considers the naturally occurring and synthetic gluco-
corticosteroids (GCS) which are now in widespread clinical use for the 
treatment of a great variety of conditions (79), ·based on their effects 
on a wide range of body functions (23,82,213). These agents are of 
particular importance in treating inflammatory and immunologically 
mediated diseases due to their many actions on these systems (43,79, 
230). These same actions are responsible for some of the adverse effects 
encountered following GCS therapy. 

The early recognition that infections are more severe in patients 
with untreated Addison's or Cushing's Disease (114) has led to the 
belief that the eucorticoid state confers maximal host resistance to in-
fection (23). Recently it has been noted that prolonged sy~temic use·· 
of synthetic GCS render treated subjects more susceptible to a variety of 
infections (51,151,213). In addition, GCS treatment can cause recrudes-

cence of latent viral infections (53,192) and their use in the face of 
preexisting infection may lead to increased severity of the condition 
(43). 

2. Influencing variables 

a. The agent It is widely believed that the various GCS prepara-
tion differ mainly in their relative potency and duration of action rather 
than in their fundamental effects on the immune system (43). However, 
so callE'.d "equipotent" anti-inflammatory doses of various GCS have been 

shown to cause qualitative differentiaf effects on lymphocyte populationsi 
dexarnethasone (DXM) clearly showing the greatest irnrnunosuppression (78). 
Thus a degree of caution is needed when comparing results of investi-
gations using different steroid preparations. 

b. · Dosage rate and chronicity of administration The dosage rate 

of a particular GCS agent used can markedly affect the immunosuppressive 
effects observed (30,76,167) and the dosages used in experimental studies 
often greatly exceed therapeutic recommendations. Similarly, the concen-

trations of ·GCS used in in vitro studies are often very high and are seldom 
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reached by in vivo administration of these agents. These factors may 
partially explain. qualitative and quantitative variations in immuno-
suppressive effects observed in different studies (140). 

However, there does ·appear to be a maximal degree of suppression 

possible, at least in the case of peripheral lymphopenia, beyond which in-

creased dosage rates do not.cause increased effects (78). The duration 
of administration of a GCS drug is a factor of major importance in de-
termining the effects observed; chronic treatment giving a wider range 
and greater degree of immunosuppressive effects than a single dose (11). 

c. The species Marked species differences in the immunosup-

pressive action of GCS exist (43), a factor that has given rise to a great 
deal of confusion in this regard. These species differences, where rele-

vant, are noted during this review. 

3. Effect 6n blood leukocyte counts 
GGS induce a relatively consistent pattern of alteration in the 

leukograms.of a number of species.· A leukocytosis with absolute neutro-

philia, lymphopenia and eosinopenia is also accompanied by a monocyto-
penia in some species, including man, but not the horse. 

Archer (6) found a pronounced neutrophilia and lymphopenia in horses 

within four to five hours after administration of a combined dose of ACTH 
and hydrocortisone. The effect was maximal twenty-four hours after the 

initial dosage but tended to return towards normal by forty-eight hours 
despite continued dosing at twelve hour intervals. Peripheral eosinophil 

counts.fell more gradually, reaching their minimum levels forty-eight hours 
after ·the first dose before starting to rise again twenty-four.hours after 
the last dose. A transient rise to supra-normal counts was followed by 
a return to normal at ninety-six hours. Alexander and Ash (2) reported 
a similar effect after ACTH administration in the horse. 

Osbaldiston and Johnson (167) reported that ACTH, DXM, and flumetha-
sone all rapidly induced a significant neutrophilic leukocytosis ac-
companied by lymphopenia in horses. ACTH and DXM also caused an eosino-
penia but none of the agents affected blood monocyte counts·. The effects 
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of flumethasone were generally of lesser magnitude and shorter duration 
than those of DXM which, in doses of 10-20 mg, produced an increase in 
neutrophil counts of 96-185% lasting 10-17 hours accompanied by a 41-72% 
reduction in lymphocyte counts lasting 14-16 hours after a single intra-
muscular dose.. Similar, but more prolonged, effects were noted by 
Targowski (205) in ponies given a higher (2 mg/Kg) intravenous dose of 
DXM. Effects were seen at two hours and lymphocyte counts showed a 
maximal depression of more than 50% between seven and twenty-four hours 
postinjection. Neutrophil counts showed a three-fold increase peaking at 

the seventh hour. Maximal eosinopenia extended up to forty-eight hours 
at which time a transient monocytosis occurred, neutrophil and lymphocyte 
counts having returned to normal • 

. Tarr.and Olsen (206) showed the above leukogram changes to persist 
in adult horses during a four day course of DXM treatment at a lower dosage 
level (approximately .08-.16.mg/Kg). Monocyte counts were unaffected and 
the persistent neutrophilia, lymphocytopenia and eosinopenia were resolved 
by thirty-six hours· after the last treatment. The results of Magnuson· 
et al. (140), who. treated ponies with nine daily intravenous 1 mg/Kg 
doses of DXM, conflict slightly with the above. After an initial marked 
increase following the first dose, neutrophil counts fell to below baseline 
values on the third treatment day, at which time band forms were the pre-
dominant ceil type. A persistent lymphopenia and slight monocytosis was 
followed by a return to normal counts by twenty-four hours after ·the last 
dose of DXM. 

In man, the major leukogram changes, i.e.1 leukocytosis, neutro-
philia, lymphopenia and eosinopenia, are equivalent to those describeq _in 
the horse. Maximal neutrophilia and lymphopenia occur four to six hours 
after.oral adrninist~ation of prednisone and DXM (78,228) or intravenous_ 
treatment with various doses of hydrocortisonc (76). Counts return to 
normal within 24 hours after a single dose of these agents (76,78,228), the 
return being slightly faster at lower hydrocortisone dosage rates. In 
contrast to findings in the horse, however, monocytopenia is a consistent 
GCS-induced leukogram change observed in man, being even more marked than 
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the lymphopenia (228). Yu et al. (228) observed an 88% reduction in 
rnonocyte counts four hours after oral administration of prednisone, whereas 
a maximal lymphocyte suppression of 68% was recorded at six hours. A 
slight rebound in monocyte counts to supra-normal levels has also been noted 
in man twenty-four hours after GCS administration (78,168). The transient 

leukogram changes noted above, with return to normal counts by twenty-
four hours after GCS administration, have also been observed in patients 
on alternate day steroid therapy for as long as several years. In this 
.situation the lymphopenia is not cumulative, the kinetics being strictly 

related to each GCS dose (79). 
The pattern of leukogram changes observed in guinea pigs after a 

single dose of hydrocortisone or methylpredisolone is essentially identical 
to that observed in man (11,77). The maximal degree of lymphopenia ob-
served during a chronic (seven day) course of cortisone acetate treatment 
is no greater than that following a single intravenous dose of hydro-
cortisone (77). However, a lymphopenia persisting at least two weeks 
after a course· of cortisone acetate treatment has been noted, the lympho-
cyte counts correlating inversely with elevated plasma GCS levels (11). 

4. Specific effects on lymphocyte populations 
The lymphocyte plays a central role in the specific immune response 

to antigens (230). It is thought that differentiation of multipotential 
bone marrow stem cells produces lymphoid stem cells which are processed 

by either the thymus or bursa equivaient tissues (the primary lymphoid 
organs). Seeding, via the peripheral circulation, of the resulting lymphoid 
cells results in pop11lation of specific areas of peripheral lymphoid 
organs such as the spleen, tonsil, lymph nodes and Peyers Patches. The 
cells initially processed by the thymus are termed "T" cells (small 
lymphocytes) which, after antigen stimulation, initiate the effector arm 
of cell-mediated immune reactions (216). The cells processed by the bursal 

equivalent organs ("B" cells) transform after antigen contact to become 
plasma cells which produce antibodies, the effector of the humeral immune 
response (48). The T-cells may also play a role in the humeral response 
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by active cooperation with B-cells allowing production of antibodies 

against T-cell dependent antigens (230). 
T- and B-lymphocytes and subpopulations of each are differentiated 

on the basis of physical and functional properties, surface markers and 
their in vitro response to certain plant mitogens, antigens and other 
agents (76,77,78,140,168,205,206,228). This heterogeneity of lymphocyte 
populations may account for their differential responses to GCS (43). 

The marked species differences in susceptibility to glucocortico-
steroids have led to the broad classification of mammals into either 
steroid-sensitive or steroid-resistant groups (43). The mouse, rat, 
hamster and rabbit are considered steroid-sensitive and GCS administra-
tion in these species results in a rapid decrease in thymic weight 
associated with intrathymic cell death, primarily of cortical cells (87). 
In addition, shrinkage of the spleen and lymph nodes and an associated 
profound lymphopenia is, in part, due to the lysis of certain lymphocyte 

subpopulations. _ 
Steroid resistant species include the ferret, monkey, guinea pig, 

man (43) and probably the horse (139,140). In these species, central 
and peripheral lymphoid cells are not lysed and are generally less af-
fected by GCS. given in vivo or in vitro (43). Extrapolation from studies 
in different species has led to much confusion, therefore this review 
will concentrate on steroid-resistant species. 

GCS administration causes a marked transient lymphopenia in the 
horse (6,140,167,205,206), Magnuson et al. (140) quantitated circulating 
B-lymphocytes by fluorescent antibody staining of surface immunoglobulin 
and also employed an opsonized SRBC rosette assay for c3 receptor-bearing 
cells. They found that DXM administration in vivo depleted both B and T-
cells,_ with a proportionately greater effect on T-cells, as indicated by 
a relative increase in the percentage of lg-bearing and c3 receptor-
bearing cells remaining in the circulation. The T:B-cell ratio returned to 
normal within forty-eight hours of the last of a series of DXM treatments. 
In addition, no. decrea_se in lymphocyte viability, as determined by trypan 
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blue exclusion and 51cr release, was found after in vitro incubation with 
various doses of prednisolone (139,140). It is thus believed that,.in the 

horse, GCS cause redistribution of circulating lymphocytes (139,140,205) 

and that mature lymphocytes from the spleen and bone marrow repopulate the 
ci:r:culating pool after cessation of steroid treatment (139,140). 

Similar studies .in man (76,78,168,228) and in guinea pigs (77) 

have shown that all lymphocyte subpop,ulations are reduced by GCS, the 
effect on T-cells again being more marked than the effect on B-cells. 
Furthermore, Parrillo and Fauci (168) showed that the relative decrease 

in cells bearing Fe receptors {so called K-cells) was much less than that 

induced in other lymphocyte subpopulations. 

In guinea pigs, it has been conclusively shown that GCS induce re-

distribution of circulating lymphocytes to the bone marrow (77). A 

similar situation ·probably exists in man, since there is no evidence for a· 

lytic effect of GCS on lymphocytes of either species (76,228). The 
lymphocytes which redistribute to other body compartments under Gcs· in-

fluence are probably the _same cells that migrate freely ~der normal 

circumstances, namely.recirculating, primarily long-lived.cells which 

comprise about two-thirds of the lymphocytes in the intra vascular space .• 

The remaining intravascular lymphocytes live out their life in that space, 

a:r:e nonrec_irculating and appear to be affected very little,. if at all, by 

GCS (79).· Alteration of ly'mphocyte distribution may be due to the effects 

of· GCS on the vascular endothelium and/or surface changes_ on the lympho-
cytes themselves (79). 

5. Effect on lymPhocyte proliferation 

Certain ~lant mitogens induce blastogenic transformation of lympho-

cytes (43,50). Phytohemagglutinin (PHA) selectively activates T-cells. 

(43,50,193) while Pokeweed mitogen (PWM) stimulates both T- and B-cells 
(50,193) and concanavalin· A· (con A) stimulates column-adherent T-cells 
(27) • 

. Targowski (205) measured the in vitro inco:r:poration ~f [3H] thymidine 

into the DNA of pony lYmphocytes cultured with PHA.and found no significant 
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difference between control animals and those treated with a single 2 mg/Kg 
intravenous dose of DXM: Conflicting ·results were reported by Tarr and Olsen 
(206) who showed a 48% depression of PllA·responses during a four .day c::ourse 
of DXM treatment in adult horses. Con A stimulation ·was depressed;43%. 
and PWM stimulation reduced 29% indicating preferential suppression of T-
cell proliferation. Responses returned to normal within thirty-six hours 
after the last dose of steroid. These workers concluded that GCS 
administered in commonly used dosages could suppress cell-mediated immune 
responses of·horses. 

In contrast, no suppression of PHA responses was noted by Magnuson 
et al. (140) during a nine day course of DXM treatment (1 mg/Kg) of ponies. 
However, in vitro incubation of lymphocytes with prednisone inhibited PHA 
stimulatio.n in a dose-dependent manner. without inducing cell lysi.s. 
Lymphocytes from DXM treated ponies showed similar inhibition when 
prednisone w·as· acj.ded to the culture medium indicating selection of GCS 
resistant T-lymphocytes does not occur during in vivo treatment. They 
advanced several possible-explanations for these findings in the.light of 
the.more marked reduction of.T-cell than B-cell numbers induced by DXM. 
Firstly, they suggested normally unresponsive B-cells may be responding to. 
PHA.under the· stress of GCS treatment. Alternatively the effect could. 
result from reduced numbers of circulating suppressor T-cells or thirdly, 
PHA-responsive lymphocytes may be less sensitive to GCS than other lympho-
cy.te populations, a conclusion in agreement with that of Targ'owski (205). 

Studies _in calves conducted by Muscoplat et al. (158) showed markecj. 
depression of lymphocyte r~sponses to PHA two to three days after initia-
tion of a daily course of DXM administr;i.tion (0,5 mg/Kg). However,-PHA. 
respon~es returned to normal during the.treatment regimen leading these . . . . . 
workers to conclude that a. population of_ PHA responsive,. stero-id_:resistant 

lymphocytes had been SE!lected. This conclusion is in direct c_onflict with 
the ab<;>ve views expressed for the case in the horse (140). 

In human subjects, Fauci and Dale (76) were unable to demonstrate·any 
effect cif in vivo doses' .of_ 100 mg or 400 mg of hydrocortisone on subsequent 
in· vitro !ltimulation with PHA. In coptrast, the response to Con A was 
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markedly suppressed as was PWM stimulation at the higher hydrocortisone 

dosage level. In a later study by Fauci (78) it was shown that hydro-
cortisone and prednisone caused only a slight depression of PHA responses, 
but this could be reversed by higher PHA concentrations. However, DXM 
caused a marked suppression of PHA res]?onses at all concentrations of PHA 
used and also markedly reduced FHA-induced cellular cytotoxicity against 
labelled chicken erythrocytes. These findings were remarkable in that 
all three GCS agents caused an identical degree of lymphopenia. Whether 
the effects were due to the prolonged half life of DXM or a 1;rue quali-

tative difference from the other agents is not known (78). 
Neither acute nor chronic hydrocortisone or cortisone acetate dosing 

of guinea pigs inhibits in vitro lymphocyte responses to PHA, PWM or 
Con A (11, 77) despite a profound lymphopenia. It .thus appears that in 
this species all functional lymphocyte. subpopulations are equally depressed 
and their relative proportions· are unchanged (11). In man, however, there 
is good evidence that Gcs·cause selective depletion of certain lymphocyte 
subpopulations (78,79,163). 

This very confusing picture is made more so when in vitro ~espons.es 
to specific antigens are considered. In man (76) and in guinea pigs (11) 

GCS ~ppear to inhibit antigen-induced blastogenesis more easily than that 
induced by mitogens. However, Targowski (205) showed no effect of in vivo 
DXM treatment .of streptokinase-streptodornase sensitive ponies on the 
in vitro ·response of lymphocytes to the same antigen. Similarly, Magnuson 
et al. (140) showed chronic DXM treatment did not affect the in vitro 

response of lymphocytes from Keyhole Li~pet Hemocyanin sensitive ponies 
to homologous .antigen. 

A possible explanation for this species disparity may lie, in the 
fact that monocytes are thought to interact significantly in .an.tigen-
induced blastogenesis, at least in man (76,165). GCS induce a profound 
monocy,topenia in .man (76, 78,168,228) but not the horse (140,167 ,205,206). 
Differential sensitivity of lymphocyte· subpopulations to GCS administration, 

or selective sequ.estration of certain f)lnctional subpopulations from the cir-
culation, may· account for the finding that antigen-induced blastogenesis is 
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more easily suppressed than mitog'en responses in man and guinea pigs 

(79) : 

Fauci et.al. (79) concluded that much of the conflicting evidence 

on the effects of GCS on lymphocyte proliferation may be due to dif-

fe~ences in culture methods ~nd assay systems and that it is unlikely' that 

direct suppression of lymphocyte proliferation is a major inechanism .. of 

action of glucoco.rticosteroids. 

6. Effect of monocyte/macrophag'e and other CMI functions 

Phagocytosis is an' extr~mely important function of macrophages since it 

allows propagation of the immune response by early processing of antigens 

and later.' clearing of debris from areas of inflammation (2 3.0) . Macrophages 

are also active in some forms of cell-mediated cytotoxicity (168) and are 

important effectors of delayed hypersensitivity (223,224). In addition to 

a marked ·circulating monocytopenia in man (76, 78,168,228), GCS also cause 

depletion of macrophages at sites·of induction of delayed hypersensitivity, 

reactions (223). These effects are thought to be due to inhibition of pi:o-

monocytes in the bone marrow' loss of mature monocytes from the peripheral 

circulation and diininished influx of monocytes from the peripheral circu-
' ' 

lation into areas of inflammation (208). 

Chemotaxis of monocytes in response to serum, ~· coli fi'itrate ·and 

lymphocyte chemotactic factor is inhibited by hydrocortisone in vitro 

(177)·. Giucocortico"?teroids have been shown to block phagocytosis and 

reticu.loendothelial clearance of opsonized and nonopsonized materials. 

in vivo (7). Electron microscope studies have shown that this effect 

may be due, to. blocking of the earliest phase of phagocytosis' that .is 

the adherence of foreign particles to the cell membrane (221),. The ef-

fec't of GCS on phagocytosis may, however, be biphasic; small doses· 

b,eing stimulatory (128) and large doses depressant (230). 

The ability of macrophages to break down ingested material such as 

tubercle bacilli and heterologous erythrocytes.was reduced in GCS-treated 

rabbits . (128). .In addition, GCS mediated depression of bac.tericidal and 

fungicidal .activity.of macrophages has been noted in in vitro studies 

(177). Whether 'this. effect is mediated through the known stabilizing 
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effect of steroids on lysosomal membranes (54) or through intracellular 
metabolic or enzymic effects on the killing mechanism is not known. 

From the above evidence, it has been suggested that GCS may suppress 
cellular immunity by directly interfering with the antigen-processing 
functions of macrophages (230), thus limiting access of antigen to 
immunologically competent cells (lymphocytes) (30). In addition, GCS 
may indirectly alter this process by limiting the access of macrophages 
themselves to sites where the antigen is initially deposited (79). 

After activation by specific antigens or mitogens, T-lymphocytes 
secrete ·Soluble products which perpetuate cellular immunity by recruitment. 
of other cell types, especially macrophages. These soluble mediators 
include macrophage migration inhibitory factor (MIF), macrophage aggre-
gating factor (MAF), monocyte chemotactic factor (MCF), skin reactive 
factor (SRF) and lymphotoxin (79). In vitro studies have shown GCS do not 
inhibit lymphocyte production of MIF (10), MAF (224) or SRF (169); but 

they do directly antagonize the effects of MIF and MAF on effector macro-. 
phages (79,223,224). These effects, coupled with those noted above, would 
explain the inhibition of delayed hypersensitivity skin reactions to 
tubercle bacilli seen in GCS treated guinea pigs in which a proportionally 
greater reduction of macrophage than lymphocyte numbers at the.injection 
site is seen (223). 

Direct cell-mediated cytotoxicity against particular target cells 
is a further function ascribed to certain T-lymphocytes (79). Cortisol 

has been shown to inhibit the cytotoxicity of mouse spleen cells for 
homologous target cells (179) and of rat lymphocytes for mouse target 
cells (46). It seems that GCS protect target cells from T-lymphocyte 
killer activity but do not alter the functional capacity of GCS-treated 
killer cells later tested without the drug (179). 

The actions of glucocorticoids on isolated lymphocytes and on cell-
mediated immune responses are summarized in Tables 1 and 2. In general, 
the available evidence presented above, suggests that the immunological 
processes dependent on T-lymphocytes are relatively resistant to the direct 

effects of GCS, but rather the functional alterations seen in the intact 



Table 1. Effects of glucocortocosteroids on isolated lymphoid cells (Fauci et al. (79)) 

Cell type 

A. Monocytes and 
macrophages 

B. Lymphocytes 

1. 

2. 

3. 

4. 

1. 

2. 

Recognized effects 

Decreased release from marrow 
Decreased numbers in circulation 
Decreased endocytosis and reticule-
endothelial system clearance 

Decreased bactericidal and fungicidal 
capacity 

Decreased numbers in the circula-
ti on 

Altered migration patterns 

Controversial ef·fe.cts 

1. Lysosomal stabilization 
2. Decreased responses to 

chemotactic factors 

1. Lymphocytolysis and decreased 
viability 

2. Altered cellular metabolism· 
.., 
ID 



Table 2. Effects of glui::ocortidosteroids ·on cell-mediated immunologic proce.sses (Fauci et al. 
(79)) 

Process Recognized Effects 

A. Delayed hypersensitivity Decreased expression of lymphocyte 
function 

B. Antigen processing 

c. Lymphocyte activation 

Decreased lymphoid cell access to 
antige~ in inflammatory'sites 
Normal lymphocyte sensitization 

D. Lymphocyte proliferation Decreased antigen-induced 
blastogenesis 

E. Mediator production a Normal release of MIF , 
and SRFe 

F. Response to mediators Decreased effect of MIF , and 
MAF on macrophages 

G. Cell-mediated cyto-
toxicity 

Target cell protection 

~crophage migration inhibitory factor. 
b . Macrophage aggregating factor. 
cLymphotoxin. 
~onocyte. ch~llK)tactic factor. 
eSkin re~ctive factor. 

Controversial Effects 

Macrophage processing per se 

Mitogen blastogenesis 

Release of LT,c MCTFd 

Effect on activity of LT and 
MCTF 
Killer lymphocyte function. 

w 
0 
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animal are compatible with drug-induced changes in lymphocyte circulation 
patterns. In contrast,:several properties of macrophages are directly 
and indirectly affected including their circulation kinetics and access 
to sites of potential.immunological reactions. Further, reduction in 
their ability to respond to soluble products released by activated 
lymphocytes results in. marked suppression of cell-mediated immune 
responses ( 79) • 

7. Effect on B-cells and antibody production 
The effects of GCS treatment on antibody production have· not been 

fully elucidated. Many studies in man have failed to show any steroid 
induced suppression, perhaps due to the low doses used (230). How-
ever, Butler and Rossen. (37) showed a significant reduction in Ig G 
concentrations in human volunteers thirty days and, in some cases, up to 
ninety days after a three to five day course of high dosage methyl-
prednisolone therapy. Other antibody classes were also reduced in some 

patients •. ',rhe plasma survival, plasma clearance and urinary excretion of 
Ig G were unaltered but there was a reduced entry of Ig G into the circu-
lation as a result of inhibited antibody synthesis. High in vitro steroid 
concentrations have also been shown to reduce antibody production by iso-
lated lymph node fragments from rabbits immunized against BSA and diph-
theria toxoid (4). 

Depression of in vivo antibody responses seems to depend upon 

when the GCS is administered· in relation to antibody challenge. The 
hemagglutinin response of rabbits to SRBC is maximally suppressed 
by giving cortisone acetate twelve hours before antigen administration, 
an effect which may be due to inhibition of "helper" T-cells (63). 
Other. studies have confirmed that the earliest phases of the antibody 
response are ritore vulnerable to the effects of GCS than the later phases 
and that the primary response is more easily inhibited than the anarnnestic 
response (30,230). At least in the mouse, the steroid sensitive cell ap-
pears to be the peripheral unactivated B-lyrnphocyte (43) since if GCS are 
withheld until this B-ce·11, underthe influnece of antigen, has matured in-

to a plasma cell, the latter is found to be steroid resistant (150). It is 
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generally assumed that the ability of GCS to depress the humeral response 
lies in their destructive effects on lymphocytes and inhibition of protein 
synthesis and thus this effect is less marked in steroid resistant 
species (230). 

Gabrielsen and Good (83) reported that, in addition to suppressing 
antibody synthesis, GCS can inhibit antibody mediated hypersensitivities 
such as local and systemic anaphylaxis and the Arthus reaction in'actively 
or passively sensitized animals. Many variables affect ·thes·e actions in-

cluding the' species of the animal, the agent used, the.dose, route and 
time of administration and the amount of antibody present. 

8. Effect on neutrophil and eosinophil function 
The pronounced neutrophilic leukocytosis induced in many species 

by GCS is thought to be.due to accelerated release of neutrophils from 
the mature bone marrow pool and their reduced egress from the blood to 
inflammatory sites (24). In addition, release of mature neutrophils from 
the niarginated pool, which normally comprises more than 50% of the intra-
vascular neutrophil population, may also play a part (205). The in-
creased proportion of band forms seen during chronic GCS administration 

'in the horse (140) may also indicate release of immature neutrophils from 
the bone marrow. 

The markedly reduced accumulati.on of neutrophils at sites of .in-
flammation is thought -to be the major .neutrophil deficiency induced . 
by GCS and may, in pa;i:t, be due to inhibition of their ch.emotaxis, a· 
finding that has been quantitated by many methods in several species. A 
single dose of· hydrocortisone reduced chemotactic accumulation of mC>no-
cytes and neutrophils in a Rebuck skin window assay (24). In addition, 
GCS reduce granulocyte margination and adherence to vascular endothelium 
in response to inflammatory stimuli (69). Steroid induced inhibition of 
chemotaxis is curre11tly thought to be due to alteration of the·granulocyte 
surface rather .than reduction of the host capacity to generate chemotactic 
factors (79). 

Several studies have shown that GCS reduce·phagocytic (49) and 
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bactericidal: capabilities of neutrophils in· vitro (49,142,177). Mandell 

et al. (142) showed a steroid-induced inhibition of NADH oxidase, an 
essential step in ·the intracellular production of hydrogen peroxide,· which 
is a critical component of 'the normal oxidative.killing mechariism. The 
GCS concentrations used in these in vitro studies is higher than can· be . 
achieved in vivo. Nevertheless, therapeutic doses of GCS have been shown 
to inhibit-nitre blue tetrazolium dye reduction in human patients (42, 
149), a defect similar to that seen in chronic granulomatous disease • 

. GCS have also been shown to reduce in vitro pyrogen production by 
leukocytes which may account for the steroid-induced suppression of fever 

seen in vivo (55). 
The pronounced eosinopenia induced by GCS in a number of species 

is thought to result from redistribution of cells out of th.e circulating 
compartment (5). Archer (6) could find no evidence that hydrocortisone 

induced eosinophil lysis .in the horse. 

9. Effect on the complement system 

The· nine-component serum complement system plays a very important 
role in inflanmiatory processes. After activation by reaction of anti-
body with antigen, products are released by the complement cascade and are 
active as anaphylatoxins, chemotaxins for neutrophils, and opsonizing 
agents. Final assembly of the terminal components leads to cell J;ysis 

.which further augments the inflammatory response. The activity of comple-
ment components on .Hageman Factor can activate the kinin system, yet 
another mediator of· inflammation (230). 

Atkinson an.d Frank (7) showed a marked dose-dependent effect· of 
cortisone acetate on ·.the complement system of guinea pigs in vivo. 

Low dosage levels caused a significant elevation of whole complement 
activity, a striking rise in Cl and rninim~l ·increases· in other components. 
Higher dosages led to a marked fall in overall .. activity and of all 

.components.except Cl and C9. Two weeks of therapy were required to give 
· maximal effects and a simi_lar period was l'leeded for re'covery of activity 
after dosing had ceased. This effect may be related to the fact that most 
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c• components are synthesized by macrophages which are known to be func-

tionally inhibited by GCS, whereas Cl is produced by gut ep.ithelial cells. 
Gewurz et al. (86) showed hydrocortisone and prednisone inhibited 

immune hemolysis of SRBC by both guinea pig and human complement in vitro. 
This dose-dependent effect was thought to be due to inhibition of activity 
of all the major fluid phase components including Cl rather than a direct 
effect on the SRBC membrane. Other workers have indicated .that hydro-
cortisone-induced inhibition of imm)lile hemolysis may result from pre-
vention of the attachment to the RBC surface of one or more complement 
component (110)~ That GCS inhibit this reaction by altering and 
stabilizing the target cell membrane has also been suggested (204). 

10. Effect on interferon 
Interferon is synthesized and released by leukocytes in response to 

certain viral infections and is thought to interfere with further infection 
by induction of synthesis of secondary new cellular proteins that prevent 
the replication of viral RNA (13). The effect of GCS on interferon is the 
subject of considerable debate. Kilbourne et al. (116) showed that 
cortisone inhibited the action of preformed interferon an~ its~~ 
synthesis and release in chicken embryos inoculated with influenza 
virus. Fulton and Rosenquist (81) showed IBR virus to be a good inducer 
of interferon production by bovine tissues. Hydrocortisone decreased 

this production by bovine fetal spleen and peripheral blood leukocyte 

cultures but not alveolar macrophages. 
In addition, Mendelson and Finland (146) have reported increased 

interferon production by mouse peritoneal leukocytes after large doses of 
GCS. Furthermore, Rosenquist (181) showed calves given doses of IBR virus 
and hydrocortisone had higher and more sustained interferon titers than 
those given IBR virus alone. This may be explained by the postulation of 

Smart and Kilbourne (195) that early inhibition of interf~ron synthesis 
by hydrocortisone allows additional viral replication and the increased 
amounts of virus stimulate further interferon synthesis. 
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D. Equine Viral Rhinopneumonitis 

l. Introduction 
The disease syndromes caused by equine rhinopneurnonitis virus (ERV) 

have been given considerable attention since the condition was first 
described in 1933 (56). At that time, Dimock and Edwards (56) :recognized 
the contagious nature of equine abortion and suggested that a filterable 
virus, equine abortion virus, was responsible. Manninger and Csontos 
(143) found that mares inoculated with equine abortion virus developed a 
transient respiratory syndrome similar to equine influenza and .they thus 
proposed that virus abortions were a manifestation of infection of pregnant 
mares by the influenza virus. Similar conclusions were recorded by Kress 

(122,123) who observed bronchopneumonia among horses in contact with aborting 
mares and involvement of the respiratory tract of aborted fetuses. Hansen 
and Holst (92) reported the occurrence of virus abortions which were pre~ 
ceded in the same herd by an outbreak of respiratory disease with clinical 
manifestations of equine influenza. The studies of Doll et al. (59) 
confirmed that equine ·abortion virus was indeed capable of producing an 
influenza-like syndrome in experimentally inoculated horses, but this· 
agent was distinct from equine influenza virus. 

Equine abortion virus, now known as equine rhinopneurnonitis virus 
(ERV) and equine herpes virus l, is currently recognized as a major cause 

of disease in horses (14,170) with a high incidence throughout the world 
(14,26,44,66,161). Abortion in mares and interruption of training and 

performance caused by the respiratory form of the disease contribute to 

considerable economic loss (14,170). Recently, ERV infection has been 
associated with two further disease syndromes; namely the birth of weak, 
nonviable foals (14, 36, 5 7, 66, l 70) and a paretic condition in older 
horses (40,102,103,131,132,200). 
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2. Etiology and pathogenesis 
All isolates of ERV are considered to be antigenically identical 

(14), although it has been suggested that two biological subtypes may 
exist (26). This view is based on the finding that, although the 
respiratory· form of the disease is ubiquitous, abortion and other mani-

·festations of infection are rarely encountered in some countries (26). 
The virus is infective by contact exposure or by inoculation via the. 

nasal, oral, tracheal, conjunctival or parenteral routes (102). The 
work of Bryans (35) has shed considerable light on the pathogenesis of 
ERV infection. Natural exposure and inhalation of the virus is followed 
by invasion of the superficial tissues of the nasopharynx with rapid 
viral proliferation. A barrier to infection at that site is thought to 

·be a reflection of the serum virus neutralizing antibody titer which, 
if high enough, can block viral penetration. Lower levels of antibody 
permit proportionately limited infection. Local tissue destruction re-
sulting from viral proliferation stimulates infiltration of phagocytic 
cells which ingest and. become infected by the virus. Passage of these 
phagocytes into the circulation results in a viremia associated with 
mononuclear cells of the huffy coat (65). The virus is.thus seeded to 
distant organs, including. the pregnant uterus and central nervous system 

·(CNS), being protected from circulating antibody by virtue of its intra-
cellular location. (35). Direct.cell to cell viral spread (35) allows 
invasion of the fetus where maternal antibodies are absent due to the 
placental barrier (14,65). 

A similar mechanism for viral infection of the CNS has been postu-
lated in light of the.finding that endothelial cells of vessels are the 
first to become infected and from which centrifugal infection of the 
parenchyma occurs (103). 

3. Epidemiology 

ERV occurs most frequently in areas of concentrated horse breeding 
and at locations of transient contact such as shows or sales (14). The 
latter allows spread to other farms in different locations. That 
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infection is widespread was revealed by a recent survey which indicated 
that eighty-three percent of Australian horses had been exposed (9). On 
many farms, in certain geographical locations, infection is enzootic 
and outbreaks occur annually in the fall and winter (14). At this time, 
the foals' colostral antibody titers have waned to unprotective levels and 

because they are grouped together at weaning, the risk of infection is in-
creased. Eighty percent of young horses (mainly weanlings or those 

experiencing their first exposure) on some unprotected farms will show 

respiratory symptoms ·at this time (60) and eighty-one to one hundred per-

cent will show seroconversion indicating infection (59) • 

Infected weanlings appear to be the principal reservoir of infection 

for- in-contact adult horses (14,59) which generally do not show marked 

evi_dence of disease due to the immunizing influence of multiple prior in-

fections "(59) • However, infection of pregnant mares may, depending on 

their immune status, result in viral invasion of the fetus which is not 

protected by maternal antibody. After an incubation period of thrE!e to 

twelve weeks, "the infected fetus is aborted, usually in the latter stages 

of pregnancy (14), alld a further focus for viral dissemination is 

created. 

4. Clinical disease syndromes 

a. Respiratory disease In 1954, Doll et al. (59) provided an 

excellent documentation of the clinical signs produced by intranasal and 

intravenous inoculation of weanling horses with virulent ERV. The 

experimen_tal' and naturally-occurring disease syndromes have since been 

further described (14,26,170). 

After an incubation period of two to ten days (14) or even up·to 

twenty days (26), young horses which have not been previously exposE!d 
develop serous nasal and. ocular discharges with congestion of the con-

jtlnctival and nasal mucosae. A fever, which is often biphasic with 

higher.afternoon temperatures, develops ·and may range up to 105°F; it 

can persist for one to seven days. General depression and loss of appetite 

may occur but are usually of limited degree in horses with uncomplicated 

I 
I 
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infections, especially if they are rested. Slight enlargement of the 
mandibular lymph nodes and edema of the distal limbs may be present. 
A leukopenia, persisting for up to· thirteen days after experimental inocu-
lation, is also observed in natural cases and is due to a marked de-
pression of neutrophil.counts, other blood elements remaining relatively 

stable (59). 
In the uncomplicated disease, recovery is complete within one to two 

weeks but complications such as mucopurulent rhinitis, pharyngitis and 
coughing are common and generally due to secondary bacterial invasion. 
Pneumonia is rare but can develop in young foals (26). Animals rarely die 
as a result of ERV infections and, indeed, inapparent infections are com-
mon especially in older, previously exposed horses (26). 

Pathologic lesions in uncomplicated cases are confined to the upper 

respiratory mucosa which exhibits edema, congestion, and petechial 
hemorrhages (14). 

b. Neurologic disease In 1966, Saxegaard (187) reported a 

neurologic syndrome occurring during an outbreak of ERV abortion in horses 

in Norway. This condition has since been recorded in association with 
natural cases of respiratory disease and abortion (40,131,200) and fol-
lowing inoculation of virulent (102,103) and vaccinal virus (132). 

Sprinkle (200) observed six cases in a single stable beginning ten 
days after an adjacent mare aborted a nine month fetus. The animals, 
mainly geldings, at no time.showed evidence of depression, anorexia or 
respiratory disease but all had fevers up to 106.2°F one to twelve 
days prior to the development of neurological signs. One horse had complete 
hemiparesis and another was unable to defecate. The predominant signs, how-
ever, were inability to urinate and posterior ataxia which progressed to 
total posterior paralysis and recumbency necessitating euthanasia in one 
horse. Mo.st of .the cases recovered over a period ranging' from a few 

.hours to eight months. The same author reported transient signs of 
posterior weakness and loss of bladder control in another group of horses 
which showed concomitant signs of respiratory disease. Many in-contact 
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. horses demonstrated transient posterior ataxia during the outbreak (200). 
Other signs observed during the course of this disease include 

lethargy, and edema of the hind limbs (40), stiffness and reluctance to 
move (102), urinary incontinence (131,132), sensory nerve deficits· (132), 
and total paralysis, except for the head, without loss of pain sensation 
or anal reflexes (131). Elevated protein levels in the CSF have been 
consistEmtly observed in some investi9ations (102,103,132). 

Experimental studies using the Army-183 strain of virus showed that 
a high percentage of pregnant .mares developed neurological signs six to 

eight days after subcutaneous inoculation, but this was related to the ,, 
stage of gestation. Nonpregnant mares did not develop signs, whereas 
all the mares which were three to nine .months pregnant did. Mares which 
were ten months in foal at the time of inoculation showed no neurological . . 
signs but some aborted (103). Neurological. and abortigenic symptoms can 

occur together in a single mare but generally do not. This may be re-
lated to the differences in the incubation periods of the virus in the 
two syndromes or may reflect· variations in the host response (40). 

Pathologic lesions reflect a nonsuppurative disseminated meningo-
encephalomyelitis involving the.brain and spinal cord and are well-

described (40,102,103,13+,132). Necrotizing vasculitis, being most 
prominent along the meningeal surface of the brain and cord (1.03), gives 
rise to focal areas of malacia (40,132). Axonal swelling and peri-

·vascular mononuclear cuffs are consistent lesions and the grey and white 
matter are equally affected (102,103). Trigeminal ganglioneuritis was 
evident in many cases and peripheral neuritis was seen in three horses 
with unilateral lameness in one study (131). The inciting vasculitis 
generally.involves the smaller arteries and veins (103,i32). 

ERV has been isolated from nervous tissues of some clinical cases 
(40,131,187), ·but this is ncit easily accomplished. Similarly, typical 
intranuclear inclusion bodies have not been reported in the CNS of the 
affected animals (40). Jackson and Kendrick (102) found severely af-
fected mares all had preinfection neutralizing antibody titers and showed 
a more rapid titer rise than less severely affected mares. The above 
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findings, taken together, led to the suggestion that an immunological reac-
tion may be involved in the production of.vascular lesions (102). Evi-
dence for direct viral invasion of the neural blood vessels is, however, 
equally strong (103). 

c. Abortion The pathogenesis of this syndrome is not well-

understood even though ERV has been shown to be the most common cause of 
equine abortion in some areas ·(170) . Abortigenic infection can be induced 
in mares with high virus neutralizing antibody titers, but conversely 

low antibody titers are not necessarily synonymous with susceptibility 
(35). ERV-induced abortion.can occur in the same mare in successive 

years indicating immunity is short-lived (59) •. 
Infection of pregnant mares is generally not accompanied by 

respiratory symptoms of the disease (14,26,59), but rather an incubation 
period of three to sixteen weeks (26) is followed by spontaneous abortion 
occurring without warning (14,26,59). The mares may or may not have 
mammary development before going into labor, the fresh fetus is rapidly 
eXPelled, and the placenta soon follows. Future breeding performance is 
generally unimpaired (14). .Most aborting mares do so in the last thir.d 
of pregnancy, partic.ularly in the eight to ten month period, but some 
abortions do occur as early as the fifth month (26). 

Jackson et al. (103) found vasculitis in the vessels· of the endo-
metrium to·be a consistent lesion in eXPerimentally infected mares. 
These workers also observed placental lesions consisting of congestion 
and hemorrhage in the chorio-allantois. Local edema of the feto-
maternal junction with separation of the chorio-allantois from the endo-
metrium is also commonly encountered (26). 

Patholo.gic lesions in aborted fetuses have been well-documented 
(14,26,44,103,170,222). Gross changes include icteric discoloration of 

the foot pads, intense inflammation of the turbinates, excessive fluid 
in the pleural and peritoneal cavities, edema and atalectasis o·f the 
lungs, ·and subcutaneous edema. Hemorrhages are often seen on the upper 
respiratory mucosa and pericardium, in the oral cavity and digestive 
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tract arid other organs throughout the body. Focal necrosis of the liver 

is a prominent feature, ·but similar lesions occur in the lung, spleen, 

lymph nodes, thymus and other organs. 
Histological examination reveals eosinophilic intranuclear inclusion. 

bodies in hepatic cells and in the alveolar and bronchiolar epithelium •. 

Viral antigen in these and other locations is noted by immunofluorescence 

staining and virus isolation. Focal necrosis in many organs is the 

basic pathologic process associated with ERV infection, but vascular 
compromise, as indicated by widespread exudation of plasma protein, is 

also prominent' (103). Viral inclusions have been found in all blood 

vessel components including the adventitiai cells (222). 

ERV-infected fetuses may lack gross lesions, but microscopic· an~ 

immunofluorescence examinations ·will usually confirm the diagnosis (44). 

d. Early neonatal death syndrome There are a number of reports of 

disease during. the early neonatal period related to the in utero infection · 

of the fetus late in gestation (14,26,36,57,170). Typically, foals are 

born at ·or near full-term but are weak, unable to stand,. and exh;ibit 
severe respiratory distress and susceptibility to second~ry infection. 

Death may occur shortly after birth or three to four days· later (14). 

Dixon et al. (57) reported histopathological and virological evi-

dence that twenty-nine of forty-three foal deaths, on a single Australian 

farm which foaled one hundred and forty-five mares, were attributable to 

ERV.infection. Saine of the foals were stillborn· or died very quickly, 

while·~thers were weak, depressed and unable to stand or nurse and died 

within twenty-four hours. Some had raised rectal temperatures, and all 

had markedly elevated.heart and respiratory rates with increased bronchial 
sounds and sibilant rales on auscultation. A third group of, foals were es-

sentially normal from birth until eighteen to twenty-four hours of age, at 

which time they developed severe respiratory distress along with signs simi-

lar to the preceding group and died by twenty-four to seventy-two hours 

despite intensive treatment. All foals showed a severe le~opt;!nia and 

neutropenia and most were hypogammaglobulinemic. An absolute lymphopenia 

I 

I 

I 
I 
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was seen in some foals. 
The major pathologic lesions included. acute focal necrotizing bron-

' 
chiolitis, _pulmonary edema with accumulation of fluid and froth in the 
airways, and hydrothorax. · Liver lesions," as seen in aborted fetuses, were 
not a prominent feature. Petechiae were found in a number of organ.s in-
cluding the heart, adrenals, spleen and mesenteric lymph nodes which were 
also frequently enlarged and edematous. Eosinophilic intranuclear in~ 
clusions could be demonstrated in bronchiolar epithelial cells and ERV 
was isolated from the lungs and sometimes other organs. In addition, one-
third of the foals showed evidence of antemortem septicemia. 

Bryans (36) recently reported on a series of nine foals which pre-
sented c11nical signs similar to those in the above investigation. 
However, the majority were normal at birth, becoming ill during the 
first week of life. Diarrhea and intensely reddened conjuctival and 
buccal membranes were prominent abnormalities in addition to those thus 
far described. Hypogammaglobulinemia was seen in those foals tested but, 
in contrast to the hemogram findings.of Dixon et al. (57), lymphopenia was 
a marked feature with a neutrophilic leukocytosis developing during. the 
course of the disease which lasted from a few days up to two weeks before 
death. All foals showed pathologic changes referable to secondary in-
fection with a variety of bacteria. Other universal lesions included 
interstiti~l pneumonia, adrenal hyperplasia with focal cortical hemor-
rhages, hypoplasia of the thymus and spleen with marked depletion of 
splenic lymphocytes, and massive necrosis of all elements of the 
thymus. Viral inclusions were not seen in any of the tissues examined· 
but ERV _was isolated from three of the foals. 

These workers provided histological evidence that the spleen of the 
fetal .and neonatal foal contains the majority of the total lymphocyte 
population. They thus concluded. that destructi,on of this compartment, 
as well as the thymus, by ERV severely compromises the foal's ability 
to combat bacterial infections. The ability of the animal to recover from 
the disea.se would depend upon its escape from unresolvable thymic damage . 
and its ummunological compensation for damage to the spleen. These 
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workers further speculated that a fatal case of inununodeficiency in a year-
ling thoroughbred colt (136) was related to intrauterine ERV infection 
with subsequent inability to reconstitute its inunune capability. 

5. The inunune response to ERV. 
Extensive investigation of the inunune responses of horses to virulent 

and vaccinal ERV have shown them to be complex and no clear understanding 
has been gained (14,35,59,65,66,85,l02,l61,l70,209,226,227). 

Doll et al. (59) intranasally inoculated 6-9 month old weanlings with 

virulent virus and demonstrated the development of complement fixing 

(~) antibodies by the eleventh or twelfth day. Titers peaked, at be-
tween 1:64 and 1:256, fourteen to twenty days postinoculation and re-· 
mained elevated·at sixty days. In studies employing a modified live virus 

. l 
(MI.V) vaccine, Bass et al. (14) showed that young ponies with prevaccinai 
serum neutralizing (SN) antibody titers of less than 1:4 developed an 
eight to sixteen-fold titer rise by four weeks after a single intramuscular 
dose. A rapid further rise was seen after virulent challenge, titers 
being higher than those of nonvaccinated control ponies. In addition, 
booster vaccination of unchallenged ponies forty days after the primary 

dose resulted in a further three-fold SN titer rise. Similarly, pregnant 
mares with mean antibody titers of 1:12 developed a four-fold rise fol-
lowing a two dose vaccination series. An investigation by Piersen (170) 
using the same vaccine demonstrated a significant (three-fold) titer 
rise in yearlings after primary vaccination but no anamnestic response in 

samples taken eight weeks after a booster dose. ~· 

SN antibodies generally begin to appear se~en to ten days after in-
fection in normal horses (227) but the situation seems somewhat different 
in gnotobiotes which did not demonstrate an appreciable response until 

three weeks postinfection in the studies of Thomson and Mumford (209). 
Peak titers were not attained until the fifth to seventh week, whereas con-
ventional foals displayed a peak at two-to-three weeks with lower overall 
antibody levels. Thus gnotobiotes seem to display a delayed and pro-
longed humoral response to infection (209). 

lRh. R d. inomune , Nor en Laboratories Inc., Lincoln, Nebraska. 
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Absorption of specific colostral antibodies by nursing foals 
furnbhes them with anti-ERV titers equivalent to those of their dams by 
twenty-four hours after birth. Levels are decreased, but still signifi-
cant, in two month old foals but have waned to low levels by three-to-

. four months of age (66,161). 
Furthermorei the ability of horses to mount endogenous humeral 

responses varies greatly depending on their age when vaccinated or 
challenged (66,85,161). Dutta and Shipley (66) found a negligible SN 
antibody response in one-to-four month old foals to either primary or 
booster doses of MLV vaccine, 1 irrespective of the preexisting antibody 
titer or exact age of the foal~ A similar effect was observed by Neely 
and Hawkins (161) in two-to-seven month old foals subjected to either 
vaccination or ~atural challenge. rn contrast, mares in their study.de-
veloped a very rapidl one-to-five-fold titer increase indicative of .an 
anamnesti.c response. In addition, Gerber et al. (85) reported that, 
whereas pregnant mares and eighteen-to-twenty-one month old horses. de-
veloped a four-to-sixty-four-fold titer increase beginning one week after . 
vaccination, six-to-eight month old horses showed little or no serological 
response to either the· primary or booster dose. These effects may 'indi-

,• 
cate a-lack.of maturity in the humeral immune system of the .Young horse 
but more likely ;i:-eflect. their lack of previous exposure to the viru.!1· 
(85,16i1. 

Preexisting SN antibody titers also appear to affect the response •\ 

to vaccination or challenge (35,161). ·.·Neely and Hawkin~ (161) observed 
. diminished serological responses in horses of all ages with pre.vaccinal 
titers of ·more than. 1 :64; titers of tliis magnitude being protective 

_again~t b.~~h respiratory and abc>rtigenic infection,- Similarly, Bryans 
(35) found that animals with· SN titers of more than 1:100 failed to· de-
velop anamnestic antibody responses, viremia, or clinical infection when 
challenged. .In addition, titers wer.,, generally higher in those animals 
from which the virus could not be isolated than in those· having a 
viremia. Bryans ~hus .concluded that resistance to infection is a re-
flection of the serum neutralizing antibody titer and is mediated via the 

1RhinomuneR, Norden Laboratories Inc., Lincoln, Nebraska. 
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bairier·it creates on or iri the mucosa of ·the nasopharynx and related 

structures ( 35 J • 
Resistance to the respiratory form of ERV infe?tion is, however, 

short-lived in yoilng horses (14); being in the order of f'ou'r-to-six months 
after vaccination (66,161) and probably of similar duration following 
natural challenge (14,35). In olde.r horses, antibodies are regularly 

formed and persist longer than in foals due to the additive effects 
of repeated exposure (35). However, titers are transient, even after 
natural exposure in pregnant mares, and without reexposure will: fall 
appreciably within four .months of infection (161). 

In spite of the protective role ascribed to humeral mechanisms, it 
has become increasingly obvious in recent years that resistance to ERV 

infection is not adequately explained by the production of SN antibodies 
alone (85,226,227). Mares have aborted in the presence of high tiers 
(35,66) and similar titers have been seen in normal foaling and aborting 

mares (66). Animals which develop the paralytic syndrome can have sig-
nificant titers which become markedly elevated following infection (102). 
'Furthermore, viremia can occur i_n the presence of neutralizing antibody 
(35) but, in contrast, foals develop a poor humeral response to ERV but 

can still remain free of symptoms for up to six months (66,161). These 
f'ind_ings have led to the suggestion that cell-mediated iminune (CMI) 
mechanisms may be involved in resis.tance to this_ disease (65,66,85,209, 

·226,227). Wilks and Coggins (226).noted that CMI plays a major role in 

recovery fromthoseviral infections .in which plasma viremia is not im-
portant and infected cells bear virus~specific antigens on their surface, 
as is the case with ERV. 

· In vitro lymphocyte blastogenesis in response to PHA (65,209,226) 
or ERV antigen (65,85.,209,226) and in vitro cytotoxicity assays (227), 

have been used to quantitate CMI responses following sensitization with 
ERV. Live ERV has, however, been shown to suppress the proliferative 
response of nonimmune lymphocytes to both PHA (209) and ERV (85), but 
not the response of immune lymphocytes from vaccinated horses (85). 
This may reflect an inhibition.by live virus of the metabolic processes 
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involved in 3H-thymidine uptake (209). Gerber et al. (85) reported 
equivalent sti'!'ulation induced in immune lymphocytes by both live and 
heat-inactivated ERV antigen whereas Thompson and Mumford (209) showed 
heat and u.v.-inactivated virus gave much better responses than 
lhre virus. ·These discrepancies may reflect the different culture methods 
used, but most investigators now use inactivated virus .(65,226). Auto-
logous serilm appears to inhibit responses to viral antigen, but not to 
PHA, in some systems (226). 

Lymphocytes from two week old foals demonstrated appreciable PHA-
induced stimulation indicating that foals are competent with regard to 
their CMI responses from a young age (209). However, individual horses 
tend to show marked variability in PHA responses making interpretation 
of results difficult (226). 

The development of l'.;mphocyte sensitivity following vaccination or 
infection seems to be negatively correlated with the appearance of SN 
antibody. Wilks and Coggins (226) showed lymphocyte sensitivity developed 
as.early as two days and peaked at seven-to-fifteen days following inocu-
lation of ponies with virulent virus. The decline in responsiveness 

·after this peak was associated with increasing SN antibody titers. Gnoto-
biotes became sensitized more slowly with responsiveness appearing·one-to-
two weeks postinoculation (209). A peak at four weeks was followed by a 
decline as SN titers became maximal and as these waned a second peak of 
responsiveness appeared at eight weeks and was still significant ten weeks 
postinoculation. Gnotobiotic foals inoculated with attenuated virus 
developed poorer lymphocyte sensitization than those given virulent 
virus and showed no ~amnestic CMI response when given a booster dose, at 
which time SN titers became elevated (209). Conventional foals i.n this 
study showed·a·markedly different response, attaining a single peak of 
sensitization, much lower than that of gnotobiotes, two-to-three weeks 
postinoculation. · 

In contrast to their poor humeral responses, young (six-to-eight 
month· old) horses developed markedly increased CMI responses following 
administration of a MLV vaccine1 in the studies of. Gerber et al.. (85). 

lRh. R inomune , Norden Laboratories Inc., Lincoln, Nebraska. 
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Stimulation indices peaked thirteen weeks postvaccination and were still 
evident at twenty-one weeks. Eighteen-to-twenty-one month old horses 

developed a rapid humeral response but lacked lymphocyte responsiveness 
until eight weeks after a booster vaccination, at which time SN titers 
fell precipitously. These workers suggested that the mechanism of anti-
body production may be less well-developed than that of the cellular 
response in young horses. They also hypothesized that the apparent in-
hibition of CMI responses by antibody may be due to blockage of the anti-
genic determinants on T-cells by antibody. These two resistance mechanisms 
may be regulated by the cellular interaction of amplifying and suppressor 
T-cells, B-cells, and free as well as cell-associated antigen (85). 

The exact duration of the CMI response to ERV infection is not 
. known. Wilks and Coggins (226) suggested that the lack of blastogenic 
response of lymphocytes from four ponies having serological evidence of 
prior infection may have been due to the more rapid waning of cellular 
than humeral immunity. Similarly, the susceptibility of horses with SN 
titers to infection may reflect their inability to mount an initial CMI 
response or, the waning of induced CMI responses to below protective levels. 

Gerber et al. (BS) have.demonstrated significant suppression of 
blastogenic responses to ERV during pregnancy (especially the latter· 
stages), but humeral responses remained unimpaired as indicated by a 
sixteen-fold. increase in SN titers following virulent challenge late in 

gestation. The steroid environment of pregnancy or lymphocyte turnover 
may have been responsible for this effect which could allow the dissemina-

tion of virus and abortion, in the presence of antibodies, late in ges-

tation. However, Dutta and Campbell (65), were unable to find signifi-
cant differences in stimulation or any correlation between the antibody 
titers and stimulation indices in any of the mares studied. 

The possibility of a role for cytotoxic reactions in recovery from 
ERV infection was recently introduced by Wilks and Coggins (227). They 

showed that in vitro cytotoxicity of leukocytes and serum, alone or in 
combination, for labeled ERV-infected cells appeared as early as one day 
postinfection. These effects peaked at five days, returned to normal between 
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seven and ten days as SN antibody appeared, and showed a second peak at 
fifteen days. Lysis of virus-infected cells by this mechanism could ex-
pose this cell-associated virus to the neutralizing effects of antibody 
in vivo. However, viral antigens are late to appear on the cell surface 
so that cells capable of inducing lysis would not be able to recognize in-· 
fected cells .. until late in the· infection. In addition, neutralizing anti-
bodies do not appear until at least seiyen days postinfection, thus early 
release of virus would not be in the best interests of the host and 
could even aid in viral spread (227). 

The relative significance of the various cellular and humeral 

mechanisms in recovery and future protection of horses against ERV in-
fection remains unclear. That both responses do occur is now well-
established and it·is likely that they act in concert, to a greater or 
lesser extent, in different·situations. 
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III. MATERIALS AND METHODS 

A. Experimental Animals 

Twenty-one pregnant pony mares; comprising twenty Shetland and 

Shetland cross and one Welsh type; were inaintained on pasture and observed 
twice daily for signs of impending parturition. The mares had been 

pasture bred. by Shetland stallions the previous spring and summer,. and had 
been individually identified by freeze branding during a previous study. 

Their foals were given the same number as the mare plus the suffix "77" 

to indicate th.eir darn and year of birth (1977) • Soon a.fter foaling, the 

mares and foals were individually housed indoors in pens approximately ten 

feet by ten feet and fed twice daily a diet of hay and corn with water 

being available ad libiturn. The birth weight, markings and sex of the 

foals was noted and they were included in the study at between twelve 

and twenty-four hours of.age (day 1) depending on their time .of birth. At 

this time the· foals were randomly assigned to one of four experimental 
groups. The major portion of the study concerned investig~tion of the 

effects of. dexarnethasone and rhinopneurnonitis virus on immune r_esponses 

and cortisol levels in these foals and thus group· assignments were as 
follows: 

,Group .1 

Group 2 

Group 3 

Group 4 

- Control - no dexarnethasone, no ERV 

- Virus control - dexarnethasone, ·no ERV 

- ·Experimental - dexarnethasone and ERV 

- Dexarnethasone control - no dexarnethasone, ERV· 

During the first t;welve days of investigation, the ERV-ino':'ulated 
groups were .individually h0used in a se\parate area from the noninoculated 

groups. While the noninoculated groups remained in individual pens 

until the twenty second study day, the ERV-inoculated groups were com-

munally housed in a large shed after the twelfth day. Foals in all four 

groups were turned out into a large wooded pasture and allowed to mix 

freely when they reached twenty-two days of age. Sampling during this 

period. was performed in a corral in one corner of the pastur~. 
- . 

The remaining part of the study involved comparison of the plasma 
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cortisol concentrations of adult ponies and horses.with those of the young 
foals. Group 5 consisted of five Shetland ponies ih a group of about ten, 
owned by the Department of Veterinary Clinical Sciences, Iowa State Uni-
versity, which were sampled prior to their use in the surgical laboratory. 
These ponies had been purchased at local sales and housed together in a 
large pen for at least ten days prior to the start of the study. They 

were maintained on a ration of hay with a small amount of grain.fed twice 

. daily. 
Group 6 comprised eight nongravid adult mares of the quarter horse 

(5), Arabian (2), and Thoroughbred (1) breeds and owned by the Department 

of Veterinary Clinical Sciences, Iowa State University. These mares 

were housed in individual tie stalls and fed hay and a grain mixture 

twice daily during the study. 

B. Immunizing Agents Used 

1. Equine rhinopneumonitis virus 
The virulent rhinopneumonitis virus used in the study was the Army 

challenge strain #183' with a titer of approximately 107 infective par-
ticles per ml·. This virus was kindly donated by Norden Laboratories, 
Inc., Lincoln, Nebraska. 

2. Modified live virus 

- Modified live rhinopneumonitis virus was prepared just prior to use 

by aseptic rehydration of a commercially available lyophilized equine cell 
line origin modified live virus1 .with 2 ml of the sterile diluent supplied 
with the preparation. This dilution produced a release titer of 106/ml. 
For booster vaccination, 2 ml of this vaccine was aseptically injected 

intramuscularly according to the manufacturer's directions. In initial 
challenge studies, either 6 ml or 10 ml of this preparation was 

aseptically injected intravenously into the jugular vein using a l" 18G 
needle. 

aRh. . R d . 1nomune , Nor en Laboratories, Inc., Lincoln, Nebraska. 
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3. Brucella antigen 
Brucel.la antige.n was produced from a commercial· preparation of lyo-

philized live Brucella abortus strain 19 cells1 reconstituted to 25 ml 
'with the s.terile diluent supplied, giving an average concentration of 

10 . . 10 . 2xl0 organisms per l ml (range l-3xl0 ). The bacteria were killed by 

.heating in a water bath at 65°C for one hour. This inactivated bacterin · 

was then stored· in capped vials at 4 °C until used. · 

4. Sheep red blood cell antigen 

Sheep·red blood cell antigen was prepared fresh before use from a 

stock suspension of sheep blood which had been collected aseptically into an 

equal volume of sterile Alsever' .s solution. Approximately l5 ml of this sus-

pension was then aseptically transferred to sterile 16xl25 mm screw capped 

glass tubes and centrifuged at 350xg for 10 minutes. After aspiration 

of the supernatant plasma, the cells were resuspended in sterile normal 

saline solution (NSS), by gentle rotation of the tube, and centrifuged 

as above. The supernatant was aspirated and the cells washed three 

times in NSS, followed by addition of NSS to make a 10% suspension. 

C. Experimental Protocol 

l. ·Foals 

'A printed sampling protocol sheet was prepared for each group and 

used to record sampling information separately for each .foal; Group 

assignment$ are shown in Table 3 .. The foals in' all four groups were 

Table 3. Group assignments 

Group l Group 2 Group 3 Group 4 

EB177 977 677 3477 
477 1377 877 5877 

·.TGC77 '2977 577 377· 
JP77 1177 5777 1777 

1977 277 2377 
DD77 3077 

1 .. 
Brucella Abortu~· Vaccine, Jensen-Salsbery Laboratories, Kansas 

City, Missouri. 
I 
I 

I 
I 
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subjected to the treatment and sampling procedures which follow: 
(i) Brucella antigen was administered on day three by sub-

cutaneous injection in the .neck using al", 20G needle. 
(ii) Lymph node biopsies were collected from the right submandibular 

l~ph node between days twelve and nineteen, but in most cases on day 

th·irteen or fou:rteen. 
Anesthesia was.induced·by intravenous administration of xylazine1 

at the dose of .5 mg per pound followed in five minutes by intravenous 
ketamine hydrochloride 2 at the rate of . 8 mg per pound. Foals were 

positioned in dorsal recumbency and the area over the right submandibular 

lymph node was clipped and prepared by two washes with a povidone-iodine 
3 scrub followed by the application of alcohol. A 2 cm skin incision 

was made directly over· the lymph node which was then exposed by blunt 

dissection of surrounding tissues. A portion of the node was then re-

seated and placed in 1'0% normal balanced formalin in lab<;>led jars for 

fixation prio.r to histological examination. Bleeding was usually miniinal 

duririg this procedure, put, if necessary, vessels were ligated using 00 
4 chromic catgut. The subcutaneous tissues were closed using a simple 

continuous suture·of 00 chromic catgut, 4 and the skin was closed using 
5 a continuous interlocking suture of O monofilament nylon. The whole 

procedure usually lasted ten to twelve minutes and by fifteen to twenty. 

minutes after anesthetic induction, the foals were standing and could 

be returned to their stalls. 

(iii) Blood samples -for hemotological examination were collected 

on days one, four, seven, twelve, and twenty-two, by jugular veni-

puncture with a l", 20G. needle., blood being drawn into 7 ml evacuated 

l R .. . . Rompun , Haver-Lockhart, BayVet Division, Cuttler Laboratories, Irie., 
Shawnee, Kansas. 

2KetasetR, Bristol Laboratories, Bristol-Myers Co., Syracuse, New York. 
3Betadip.e Surgical Scrub1 The Purdue Frederick Cc°., Yonkers, New York. 
4 . R Ethicon, Ethicon, Inc., Somerville, New·Jersey. 
5 h.l R th' Et 1 on, E icon, Inc., Somerville, New Jersey. 
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tubes containing EDTA as an anticoagulant1 These samples were submitted 

to the Clinical Pathology Section, Department of Pathology, College of 

Veter~nary Medicine, Iowa State University for evaluatiop of hemoglobin 
concentration, packed cell volume (PCV), total white blood cell count 
and plasma protein and fibrinogen concentrations. Blood smears were 

prepared and stained with Wright-Giel!ISa Stain2 and stored dry for later 

evaluation of white and red blood cell morphology and differential white 
blood cell counts. All slides were examined by the investigator under 

the oil-immersion objective of a microscope. Two hundred leukocytes 

were coiinted to determine differential counts, from which absolute 

leukocyte counts were calculated. 

(iv) Blood samples for anti-ERV antibody titer evaluation were 
collected into evacuated tubes, 1 as described above, on days one, four, 

twelve, twenty-two, thirty-five and on the day of ERV vaccination (day 
forty). Further samples were collected ten and seventeen days later (days 

fifty and fifty-seven, respectively) to assess the serologic response to 

vaccination. These samples were maintained at room temperature for about 
four hours before centrifugation at lOOOxg for ten minutes. The serum 

was harvested and stored in 12x75 mm capped plastic tubes3 at -20°C. 

Rhinopneumonitis titers were determined.by Norden Laboratories Inc., 

Lincoln, Nebraska, employing a serum-neutralization procedure in a 

microtiter system using the constant virus, varying serum method. Serum 

samples fr.om the dams, collected prior to foaling or soon thereafter., 

were also evaluated for ERV titers. 

(v) Plasma samples for cortisol determination were collected 

twice daily at between 7:45 am and 8:30 am and again between 5 pm and 

5:30 pm on days one through twelve and on days seventeen and twenty-two. 

Blood was collected by direct jugular venipuncture under minimal restraint 
1B-D Vacutainer, Becton, Dickinson and Co., Rutherford, New Jersey. 
2wright-Giemsa Stain, Diagnostic Division, Fisher Scientific Co., 

Orangeburg, New York. 
3 tm 2058 tube, Falcon Division, Becton, Dickinson and Co., Ruther-

ford, New Jersey. 
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' 1 
into 7 ml evacuated EDTA tubes. Every attempt was· made to_ minimally 
excite and stress the foals .and in all instances sample collection was 
accomplished within one to two minutes of initially approaching the 
animal. Samples were centrifuged at lOOOxg for five minutes within 
thirty minutes of collection, and the plasma was then harvested into 

' 2 
12~75-mm capped plastic tubes and immediately frozen and stored at 

-20°c. 
(vi) Samples for anti-brucella an_tibody titer determination were 

collected on the morning of days one, three, four, twelve, seventeen, 
and twenty-two. Some samples were of plasma and others of serum, col-

lected as described above and stored at -20°C. Samples from the dam 
collected prior to or shortly after foaling were also evaluated for 
brucella titer. 

(vii) 2 ml of 10% sheep red blood cell antigen (SRBC) was 
administered intravenously using a l" 20G needle at between day thirteen 
and seventeen, usually day fourteen. 

(viii) Serum samples were collected as previously ?ascribed on 
days twelve, _twenty-two and thirty-five and stored at -20°C for anti-

SRBC antibody titer determination. 
(ix) 35 ml of blood was coll~cted for harvesting of lymphocytes 

for in vitro studies on days four, twelve and seventeen. After as_eptic 
jugular venipuncture using a 16G lY." needle, blood was aspirated into a 

sterile 125 ml Erlenmeyer flask using a sterile suction device. Several 

applicator sticks had been attached together in the shape of a cone in 
the middle of the Erlenmeyer flasks prior to sterilization. These 
sticks facilitated defibrination of the blood by gentle swirling of the 
flasks during and immediately after blood collection. 

(x) Throughout the course of the investigation up to day twenty-
two, the foals' rectal temperatures were measured _and recorded along with 
any abnormal clinical signs. 

(xi) Superimposed upon the above sampling and treatment regimen, 

lB . . . -D Vacutainer, Becton, Dickinson and Co., Rutherford, New.Jersey. 
2AziumR, Schering Corporation, Kenilworth, New Jersey. 
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foals in groups 2 and 3 received daily intramuscular injections 

of 4 mg (2 cc) of a commercial dexamethasone (DXM) preparation1 from 

day one to day six. The dose was then reduced over the next three 
days so that the foals received 3 mg of DXM on day seven, 2 mg 

on day eight, and one mg on day nine. 
(xii) On day four, foals in groups 3 and 4 received intravenous 

doses of either 5 ml of the virulent ERV preparation or either 6 ml or 

10 ml of the modified live ERV preparation. Use of modified live 
virus was necessitated by the death of two foals following administration 

of the virulent virus. Table 4 summarizes the virus challenges ad-

ministered. 

Table 4. Virus challenges administered 

Foal 

677 
877 
577 

5777 
277 

3077 

Group 3 
# Treatment 

a 
MLx5b 
MLx3 
MLx5 
v 
MLx3 
v 

~5 = 10 ml. Rhinomune R. 
bMLx3 = 6 ml RhinomuneR. 
cv =virulent ERV. 

Foal. # 

3477 
5877 

377 
1777 
2377 

Group 4 
Treatment 

MLx3 
MLx3 
vc 
MLx5 
v 

Table 5 summarizes the experimental protocol used in this investi-
gation. 

1AziumR, Schering Corporation, Kenilworth, New Jersey. 
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Table 5 . Experimental protocola 

Day 

1 

2 

3 

4 

5 

6 

7 

Group 1 Group 2 Group 3 Group 4 

A, C,E,H,R A, C,04,E,H,R A,C, 04,E,H,R A, C,E,H,R 

C,R C,04,R C,04,R C,R 

B, C,E,R B,C,04,E,R B,C,04,E,R B, C,E,R 

A,C,E,H,I,R A,C,04,E ,H,I, R A, C,04,E,H,I,R,V A, C,E,H,I , R,V 

C,R C,04,R C,04,R C, R 

C,R C,04,R C,04,R C, R 

C,H,R C,03,H,R C,03,H,R C,H, R 

a Key : A - Anti-ERV neutralizing antibody titer determination, 

B - Brucella antigen inoculation, 

c - am and pm plasma cortisol determination, 

04- dexamethasone (4 mg) administration, 

03- dexame thasone (3 mg) administration, 

02- dexamethasone (2 mg) administration, 

Dl- dexamethasone (1 mg) administration, 

E - anti-brucella antibody determination, 

H - hematology, plasma protein and fibrinogen determination, 

I - in vitro lymphocyte studies, 

L - lymph node biopsy collection, 

R - rectal temperature and general clinical evaluation, 

S - sheep red blood cell innoculation, 

T - anti-sheep red blood antibody titer determination, 

V - Equine Rhinopneumonitis Virus (ERV) innoculation, 
R X - Rhinomune secondary vaccination. 



57 

Table 5 (Continued) 

Day Group 1 Group 2 Group 3 Group 4 

B C,R C,D2,R C,D2,R C,R 

9 C,R C,Dl,R C,Dl,R C,R 

10 C,R C,R C,R C,R 

11 C,R C,R C,R C,R 

12 A,C,E,H,I,R,T A,C,-E,H,I,R,T A,C,E,H,I,R,T A,C,E,H, I,R,T 

13 R R R R 

14 L,R,S L,R,S L,R,S L,R,S 

15 R R R R 

16 R R R R 

17 C,E,H,I,R C,E,H,I,R C,E,H,I,R C,E,H,I,R 

18 R R R R 

19 R R R R 

20 R R R R 

21 R R R R 

22 A,C,E,H,R,T A,C,E,H,R,T A,C,E,H,R,T A,C,E,H,R,T 

35 A,T A,T A,T A,T 

40 A,X A,X A,X A,X 

50 A A A A 

57 A A A A 

DAM A,E A,E A,E A,E 
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2. Mares 
Adult ponies and horses in experimental groups 5 and 6, respectively 

were sampled between. 7: 45 and 8: 30 am and again between 5 and 5: 30 pm 
for four-to-six days. Plasma samples were collected, processed and 
stored at -20°c as described previously, and later evaluated for corti?ol 
levels; 

D. Serological Testing 

1. Brucella 
The macroscopic tube agglutination test (199) was used·to titrate 

agglutinating antibody to Brucella abortus. Brucella antigen1 was 

diluted 1:100 in 0.5 percent phenolized NSS. The serum or plasma 
samples were thawed in a 37°C water bath and then vortexed to ensure 
even·mixing. Borosilicate glass tubes2 (12x75 mm) were set up in rows 
of eleven tubes in test tube racks and numbered. NSS (0.6 ml). was 
pip~tted into the first tube in each row and 0.5 ml in every other tube. 
Serum (0.4 ml) was added to the first tube and after thorough mixing, 
serial two-fold dilutions of serum were made by transferring 0.5 ml. 

The last tube in each row had no serum added and thus acted as a nega-
tive control. A high titer positive control bovine serum was included 
in each run. Serum dilutions of 1 : 5 through 1: 2560 were achieved by 
the dilution process. Prepared tube antigen (0.5 ml) was added to each 

tube and mixed by gentle shaking,. followed by overnight incubation in 
a 37°C water bath. A positive test was indicated by a visible agglutinate 

present at the bottom of the tube. The titer was expressed as the recipro-
cal of the highest dilution giving a positive reaction. 

1Brucella Antigen (Tube), United States Department of Agriculture, 
Animal and Plant Health Inspection Service, Veterinary Services Lab., 
Diagnostic Reagents, NADC, Ames, Iowa. 

2diSPoR culture tubes, Kimble Division, American Hospital Supply 
Corp., McGaw Park, Illinois. 
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2. SRBC titers 
A direct liemagglutination test employing the Microtiter technique1 

was used for titration of antibodies to sheep red blood cells (SRBC). 
Sheep blood was collected aseptically into an equal volume of Alsever's 
solution and stored at 4°C. A 3-4 ml aliquot of this suspension was 

washed three times in NSS, as previously described, before each assay. 

The washed cells were resuspended in NSS and adjusted to a final con-

centration of approximately .5% for use in the assay. 
The sera to be tested were thawed in a 37°C water bath, followed 

by vortexing to ensure good mixing. Serial two-fold dilutions in a 

.05 ml volume of NSS were made· in microtiter plates starting with a 1:2 

dilution and progressing to a 1:2056 dilution. The final well in each 

row had no serum added and served as a negative control. One drop 

(0.05 ml) of the SRBC suspension was added to each well and mixing was 

accomplished by scratching the bottom of the plates. The plates were 

incubated at room temperature for one hour before being read. A positive 

test was indicated by a diffuse mat of cells covering the bottom of the 
microtiter plate well and a negative test by aggregation of the cells 

into a dense button at the bottom of the well. .The titer was expressed 

as the reciprqcal of the highest dilution giving a positive reaction. 

E. In Vitro Lymphocyte Studies 

1. Lymphocyte separation 

Lymphocyte separation was accomplished using a modification of the 

method of Boyum (29). Ficoll-Hypaque was prepared by mixing 80 ml of 3 
a 10% solution of Fico112 in distilled water with 30 ml of 50% HypaqueR 

The specific gravity of the mixture was adjusted to 1.081 with distilled 

water using a hydrometer, followed by sterilization of this solution by 

1 . . R k Microtiter, Coo e Engineering Co., Alexandria, Virginia. 
2F" llR " h " ico. , Sigma C ernical Co., St. Louis, Missouri. 
3H R . th ypaque, Win rop Laboratories, Division of Stirling Drug Inc., 

New York, New York. 
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filtration. 

Hank's balanced salt solution (HBSS) was prepared by making a 1:10 

dilution of commercially available concentrated HBSS (without calcium, 
magnesium, and sodium bicarbonate) 1 in distilled water, followed by the 

addi tion of 0.35 g per liter of tissue culture grade sodium bicarbonate2 . 

Defibrinated blood, collected as previously described, was 

asepti cally transferred to s t erile screw-capped 50 ml culture tubes 

which were then placed at a 45° angle in a 37°C water bath for about 

20 minutes. Further settling of erythrocytes was achieved by positioning 

the tubes vertically for an additional 15-20 minutes. Lymphocyte-rich 

serum (8-10 ml) was then harvested and layered onto 3 ml of Ficoll-
3 Hypaque in sterile screw-capped 16xl25 mm polystyrene culture tubes 

followed by centrifugation at approximately 250xg for 20 minutes . 

The lymphocyte band was then harvested from each tube, using a glass 

pipette and pro-pipette , and transferred to 50 ml tissue culture tubes 

to which 40 ml of warm HBSS was added. After centrifugation at 200xg 

for 10-15 minutes, the supernatant was decanted and the washed lympho-

cytes resuspended in l ml of warm HBSS. A 0.1 ml aliquot of this 

suspension was removed for counting on a hemocytometer. 

2. Lymphocyte culturing 

The tissue culture medium (TCM) was prepared by addition of 25 m 
4 moles of Hepes and 2.2 g per liter of TC grade sodium bicarbonate to 

medium 199 with Earl's salts and L-Glutarnine. 5 To 100 ml of this medium 

was added 20 ml of normal horse serum and l ml of an antimicrobial 
. 6 . preparation. Mitogen preparations were obtained from commercial sources 

1 
Hank's balanced salt solution (10 x concentration), Grand Island 

Biological Co., Grand Island , New York . 
2

sodium bicarbonate, Grand Island Biological Co., Grand Island , 
New York. 

3
corning 25200 Tissue Culture Tube, Corning Glass Works, Corning , 

New York. 
4 

Hepes, Grand Island Biological Co., Grand Island, New York. 
5

Medium 199, Grand Island Biological Co., Grand Island, New York . 
6
Antibiotic-Antimycotic Mixture , Grand Island Biological Co., 

Grand Island, New York . 
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and diluted with HBSS. Ppkeweed mitogen (PWMJ 1 was used in a 1:10 
dilution, Concanavalin A (Con A) 2 in a 1:100 dilution (.5 mg/ml) and 
Phytohemagglutinin (PHAi 3 in a 1:200 dilution. PHA dilutions of 1:50, 
1:100, .and 1:400 were also employed in.some of the initial studies, 
but the 1:200 dilution was used from then on since it was found·to 
give optimal stimulation •. · An anti-globulin preparation, obtained from 
rabbits immunized with equine gamma globulin, was titrated for optimal 
activity and used in a 1:10 dilution. ERV antigen for use in lympho-
cyte· cultures was prepared by high speed centrifugation of the medium 
from rabbit kidney cells infected with the Army 183 strain of ERV, 
followed.by heating at 56°C for one hour to inactivate the virus. After 
further centrifugation, the ERV antigen was resuspended in HBSS to an . 
optimal concentration for stimulation of equine lymphocytes and O.l'ml 

was added to the cultures.· 
After counting,:· the washed lymphocytes were standardized to a 

concentration of io6 cells/ml in TCM. This suspension (1 ml) was then 

·transferred to 16xlOO·imn disposable glass culture tubes4 with Morton 
closures. Volumes. (0 .• 1 ml) of the mitogen, antiglobulin ·or virus 
preparations were added to the respective experimental cultures, while 
the r.emaining tubes served as controls with nothing added. ·virus, 
tubes were run in.triplicate .and incubated in a 37°C incubator with a 
5% (::02 enriche.d atniosphere for four days. Mitogen and antiglobulin 
stimulated cultures were run in duplicate or triplicate, depending' on 
the lymphocyte yield, and incubated as above for . . ,, 

was .followed by the addition of 0.1. ml (1 µc) of 

tube and further incubation for t~enty hours. 

48 hours .•.. ·Incubation · 
3 . . 5 
H-thymidine· to each 

· 1Pokeweed mitogeri, Grand Island Biological Co., Grand Island·, .New York. 
2concanavalin A, Miles-Yeda, Ltd., Miles Laboratories, Kankakee, Ill. 
3Phyt:ohemagglutininp, Difcp Laboratories, Detroit, 'Michigan. 
4~-DR, RTU Techniglas, B~c~on Dickinson and Co., Rutherford, New 

Jersey. 
53 Th 'd·. H- ymi ine, New England Nuclear, Boston, Mass. 
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· 3 •. Harvesting and :counting 
Three ml of tissue culture PBS was added to each tube followed by 

centrifugation at lOOOxg for 10 minutes in a refrigerated centrifuge. The 

supernatant fluid was asj:>ira.ted and the pellet frozen in a -20°c freezer. 
One drop of normal bovine serum.was added to each tube after removal 
from the freezer and they were prep.ared for counting by two precipi-, · 

tations with 5% trichloroacetic acid followed by drying in a 72°C 
oven. The pellets were resolubilized in .5 ml SolueneR 3501 ar:d fr ml 

of scintilla~ion fluid2 was added to 'each tube. The contents were 

transferred toiabele? scintillation vials and"the tubes washed with .a 
further 6 ml of scintillation fluid. The vials were counted. in .·a· 

liquid scintillation counter3 and the total counts per minute (cpm) 

recorded. Net counts per minute were calculated by subtraction of the· 
.cpm for unstimulated cultures (background) from the cpm of stimulated 

cultures. The stimulation index (SI) was derived by division of :the· 
total cpm by the background'cpm. 

F. Cortisol Determination 

Plasma ·cortisol determinations were made using a commercially avail-

able c125I) radioimmunoassay (RIA) kit procedure4 designed for use on 

·human plasma or serum. A slight. modifica.tion in the manufacturer's 

protocol was necessary· since equine cortisol levels, es.pecially ·in 
animals. suppressed with DXM, were. found to be lower than those re-

ported in man (93,174,194). This kit procedure was chosen from many 

currently available on the basis of the following: 

(i) Only a small volume (100-200'µ1) of plasma was needed in the 
assay. 

(ii) The reaction conditions (pH 5.1) caused .denaturation of 

cortisol binding globulin and sodium salicylate contained in the reaction 

l . . 
Packard Instrument Company Inc., Downers Grove, Illinois. 

2 . R · 
Permaflour , .Packard Instrument Co. , Inc. , Downers Grove, Illin0is. 

3 . . . . . 
. Packard Tri·-carb, Liquid Scintillation Spectrometer, Packard 

Instrument Co. Inc., Downers Grove, Illinois. ' · 
4

c
125

I) Cortisol RIA PREMIX Kit, Diagziostic Products Corporation; 
Los Angeles, California. 
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buffer blocked binding by albumin, alleviating the need for time:-consuming· 
heat denaturation, organic solve'nt extraction, or.chromatographic iso-

lation steps. 
(iii) Use of the "Premix" method minimized the potenti·a1' technical· 

error by· reducing the number of crucial pipetting steps and also cut 
down on the.time needed for the assay. 

(iv) · The vendors had thoroughly validated the kit for precision, 

specificity, sensitivity, and effects of interfering proteins and the 
1 results ·,were reported in the assay protocol. Excellent within and 

between-run precision had been established over a wide .range of values. 
There was no observable end of run effect and no effect due either 
to hemolysis· of samples or their plasma protein content. 1 

(v) The.assay was shown to be ve:rY specific for cortisol with 
extremely .low cross-reactivity Mith other naturally occurring .steroids 
or DXM. 1 

1. Preparation of reagents 

Ail reagen.ts were prepared at least thirty minutes before use and 
stored at 4°C. 

(i) Citrate buffer was reconstituted with 500 ml of .. distilled 

water in a glass flask and dissolved with the aid.of a magnetic stirrer. 
The pH of the diluted buffer was approximately 5.1. 

(ii) Six vials containing Sigma grade lyophilized hydrocortis6ne2 

were reconstituted with 1 ml of distilled water to produce calibrators 
representing· re.spectively O, 1, 5, 10, 20, and 50 µg of cortisol/dl. 

. . ' . . ' 
An additional O. 5 µg/dl calibrator was prepared as needed by mixing equal 
volumes of the 0 and 1 µg/dl solutions. 

(iii) A soiu:tion of polyethylene glycol (PEG) was prepared by· dis-
solving one .15 g vial of PEG, as supplied, in 250 ml NSS followed 

by magnetic stirring in a glass flask. 

1 <12.5ri cortisol RIA 
Los Angeles, California. 

PREMIX Kit, Diagnostic Products Corporation, 

2sigma Chemical Company, ·St. Louis, Missouri. 

.. 
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(iv) The lyophilized c125rJ cortisol supplied had been prepared 

by radio-iodination at the 3-pcsition of the steroid molecule using the 

chloramine-T method. ·This preparation was reconstituted in the vials 
provided· by addition Of 11 ml of citrate buffer followed by gentle 

swirling to dissolve the contents. 
(v) Lyophilized anti-cortisol antiserum was reconstituted with. 10 

ml of.Citrate buffer as above, the final solution containing 0.05% 
.sodium azide to suppress.bacterial growth. This antiserum had been 

raised in rabbits against cortisol conjugated with a carrier protein at 

the 3-position of the steroid nucleus. 
(vi) Lyophilized salt-precipitated and purified goat anti-rabbit 

gamma globulin was dissolved in 11 ml of Citrate buffer· in the vials 

suppli~d. 

2. · "Premix" method for preparation of the calibration curve 

(i) Plasma samples were thawed in a 37°C water bath and thoroughly 

vortexed to dissolve any plasma clots. 
. ' . 1 

· ,Ciir' 12x75 mm glass culture tubes. were placed in test .tube racks 

·and labeled in duplicate Sl to S6, MB (maximum ·binding), B (blank), and 

T (total counts).. Additional tubes for control and unknown samples 

were also appropriately labeled. 

(iii) Th~ seven cal.ibrator and control samples (apart from the· 

pcole~ suppressed control) were diluted 1:31 by addition of 100 µl of 

sample to 3 ml of citrate buffer in 16xl00 mm glass tubes. Unknown 

samples and the pooled suppressed equine control were diluted 2: 31 (200 

µl sample in 2.9 ml buffer). Pipetting was achieved using· an automatic 
' 2 
pipette with a clean disposable plastic tip3 for each s~ple. 

1diSPoR Culture Tubes, Kimble Division, American Hospital Supply 
Corp., McGaw Park, Illinois. 

2MLA "Selectable" Precision Pipette, Medical Laboratory Automation 
Inc., Mount Vernon, New York. 

3MLA 'Disposable Pipette Tips, Medical Laboratory Automation Inc., 
Mount Vernon, New York. 

., 
I 
' 
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(iv) 100 ml of the O µg/dl calibrator was pipetted into the MB 

and B tubes and the remaining tubes Sl to 56 were set up by adding 100 
µl of the 50, 20, 10, s .• l, and .5 µg calibrators, respectively. 100 µl 

of diluted control and.experimental samples were similarly pipetted 
into their respective tubes. 

(v) 100 µl of reconstituted c125I) cortisol was added to the T-

and B-tubes and 100 µl of the goat anti-rabbit gamma globulin was added 

to the B-tubes only. 
(vi) The "Premix" was then prepared by combining equal parts of the 

labeled cortisol, cortisol antibody and the second antibody solutions 

and stored at 4°C. Before and during use, this premix was thoroughly 
stirred using a rnagneti~ stirrer at room temperature since it tended to 

turn cloudy on storage. 

(vii) An automatic pipette1 with disposable plastic tips2 was 

used to add 300 µl of the Premix to all tubes except the B- and T-
tubes. After incubation in a 37°C water bath for one hour, the tubes 

were allowed to stand at room temperature for fifteen minutes. 2 ml 

of ice cold 6% PEG saline solution was then added to each tube (except 

T-tubes) to aid precipitation of the immune complexes, followed by. 

centrifugation at l,500xg for twenty minutes in a refrigerated centrifuge. 3 

(viii) The supernatant fluid was decanted and the rim of the tube· 
4 carefully blotted prior to counting for two minutes in a gamma counter. 

(ix) ~esults were tabulated and duplicate determinations averaged 

to give average counts per minute (cpm). Subtraction of blank tube 

counts gave net cpm. The percentage bound radioactivity was calculated 

by dividing the respective sample net cpm by the net cpm of the maximum 

binding (MB) tubes. A standard curve was plotted using calculated 

1Quickpette; Helena Laboratories, Beaumont, Texas. 
2 Cole Palmer Instrument Co., Chicago, Illinois. 
3

IEC PR-600, Damon/IEC Division, International Equip. Co., Boston, 
Mass. 

4
Iodine-125 Biogamma II, Beckman.Instruments, Fullerton, California. 
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calibrator values on the logit-log paper provided; percentage bound 
being the ordinate and µg/dl cortisol being the abscissa. Control and 
sample values were then read from this curve and the results halved 
for those samples with a initial dilution of 2:31 rather than 1:31. 

The kit was validated for equine use by comparing values for dichloro-
methane (DCM)-extracted and untreated equine plasma, by spiking and 
recovery studies, and by evaluation of parallelism between values from 
different dilutions of a given plasma sample. Control equine plasma 
samples and coll11llercially available controls1 were run with each assay 
to determine the inter-assay variability. 

3. Solvent' extraction procedure 
(i) 200 µ1 of plasma was vortexed with 3 ml DCM in 16xl00 1l1lll glass 

tubes for one minute followed by the addition of 1 ml of distilled water 
and vortexing for one further minute. 

(ii) Tubes were incubated at 37°C for five minutes followed by 
centrifugation at lOOOxg for ten minutes in a refrigerated centrifuge. 

(iii) The ·upper aqueous layer was aspirated and the solvent 
layer washed with 2 ml NSS, vortexed, centrifuged, and the aqueous layer 
aspirated as.above. 

(iv) The DCM solvent.layer was dried in a stream of air and the 
solute redissolved in 3.1 ml of citrate buffer by thorough vortexing. 

(v) 100 µ1 of this solution was then assayed along with diluted· 
unextracted plasma. and the results compared. 

4. Spiking experiments 

Two spiking experiments were performed to investigate the accuracy 
of the test procedure ·and its sensitivity for added cortisol (1). In 
the first experiment, 100 µ1 of the 20 µg cortisol calibrator was added 
to five diluted equine control plasma samples containing 100 µl of the 
sample in 2.9 ml .of citrate buffer. Aliquots (100 µl) of these 

1
DadeR Chemistry Control, Dade Division, American Hospital Supply 

Corporation, Miami, Florida. 
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spiked samples were assayed along with unspiked controls and the per-
centage recovery calculated by dividing the assayed value by the ex-
pected combined value determined by summation of the ·assayed raw 
value +20 µg. . 

In- a second 
Dade III,cortisol 

above. 

experiment, 
.. l 

standard,. 

5. Parallelism experiment 

equine plasma samples were spiked with a 
otherwise the procedure was as described 

The following experiment was designed to investigate the effects ·of 
equine plasma proteins on the assay. Seven equine plasma samples were 
assayed in tnree dilutions: 1:31, 1:16, and 1:11 by diluting 100, 200, 
and 300 µl, respectively, of plasma in 3 ml of citrate ·buffer during· 
the initial dilution stage. Assayed values for the concentrated 
samples were divided by the value expected based on the assayed values 
of the unconcentrated samples and the degree of dilution, the results 
being expressed as percentage recovery. 

G. Lymph Node Biopsy Evaluation 

sections _oi formalin.,-fixed lymph nodes were stained with either 
hematoxylin-eosin or.methyl green-pyronine-Y for histological examina-

tion·. Attempts were made to quantitate the· activity in the. lymph nodes· 
as follows : . 

1) Blast forms - an estimate of the number of immature lymphoid 
cells in the cortical and paracortical areas: 

+ = 15-20% 
++ = 20-35% 

+++ = 35-50% 
++++ = above 50% 
2) Follicle nuinbe·rs - the number of primary or secondary lymphoid 

follicles visible in a typical cortical view as seen with a 10 x objec-
tive. 

l · R . 
·Dade Chemistry Control, Dade Division, American Hospital Supply 

Corp.; Miami, Florida. 
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3) General - general observations of the lymph node and .an estimate 
of mitotic figures in follicular and paracortical areas (reported as 
mitotic figures per high power field). 

H. Clinical Treatments and Postmortem 
Examinations 

With the exception of foal 3077., none of the foals received any 
treatment during the course of the investigation, even though some 
became ill. Foal 3077 was given milk by stomach tube and two million 
units of procaine penicillin G along with 2,500 mg dihydrostrepto-
mycin1 by intramuscular injection the day before it died. 

The three animals which died during the study (JP77, 3077, 2377) 
were subjected to a routine postmortem examination and the following 
tissues were collected for histological examination; brain, liver, 
kidney, adrenal, spleen, thymus, turbinate, trachea; lung, intestine, 
esophagus, mandibular lymph node, bronchial lymph node, mesenteric 
lymph node and popiteal lymph node. Affected organs were sampled for 
bacterial and viral isolation. 

I. Statistical Methods 

The data accumulated during the course of this investigation were 
examined to determine trends with increasing age·, and the effects of 
dexamethasone and equine rhinopneumonitis virus treatment on the various 
parameters studied. In general, for each comparison made, two of the 
four groups served as control animals. The values for·control animals 
were averaged' and a mean and standard error of the mean were calculated 
for each time period studied. Similarly, mean values and standard 
errors of the mean's were calculated for experimental.animals. An 
analysis of variance procedure (196) was then performed to determine the 
level of significance of differences between control and experimental 
foals so that the influence of the above treatments on the parameters 
studied could be determined. 

lcombioticR, .Pfizer Inc., New York, New York. 
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The effect of age on cortisol concentrations and certain hematologic 

values was determined by comparing mean values for control foals of 
different ages using the analysis of variarice procedure (196). In some 

cases, the values on a number of days were averaged and the mean com-
pared to the mean pooled value for another age group. 
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IV. RESULTS 

A. Validation of the Cortisol 
Assay Procedure 

The kit procedure used for cortisol determinations had previously 
been validated by the vendor, on the basis of sensitivity, specificity, 
accuracy and precision, for use on hlllllan plasma·. It had also been 
shown that plasma proteins did not significantly interfere with the 
assay, eliminating the need for extraction of the cortisol from the 
sample prior to assay. 1 To further evaluate the suitability of the 

kit for use on equine plasma, four validation experiments were per-

formed. 

1. Extraction experiment 
One human and four equine control plasma samples were extracted 

with dichloromethane and assayed in the same run as the corresponding 
rionextracted samples. The recovery percentages were calculated by 
dividing the values for assayed concentrations of extracted samples by 

those of the ·respective nonextracted samples (Table 6). The mean re-
covery rate for equine samples was 95%, indicating that·this kit pro-

cedure is·well-suited for use on equine plasma samples without the 
need for prior solvent extraction. 

Table 6. Effect of solvent extraction on plasma cortisol concentrations 

Sarnpl~ 

source 

Human 
Equine 
Equine 
Equine 
Equine 

Sample # 

·lllS 
OB 16 
PS 
OB 14 
OB 17 

.cortisol concentration (µg/dl) Recovery 
Nonextracted Extracted (%) 

4.8 5.5 114.6 
3.8 3.6 94.7 
0.8 0.65 81.3 
4.9 5.8 118.4 
6.8 5.8 85.3 

MEAN (Equine samples) 94.93 
MEAN (All samples) 98.86 

1 125 Assay Protocol, [ I] Cortisol RIA "Premix" Kit, Diagnostic 
Products Corp.,. Los Angeles, CA. 
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2. Spiking and recovery experiments 
Two experiments were conducted to asses.s the accuracy of the assay 

procedure, over a range of cortisol concentrations, by determining the 
recovery of added cortisol. In the first experiment (A), three equine 
plasma samples were "spiked" with an equal quantity of the lllS human 
control and the reaction volumes adjusted accordingly. "Spiked" and 
corresponding "nonspiked" samples were· quantitated during a single assay 
run and the percentage recovery of added cortisol was calculated as · 
shown in Table 7. 

Table 7. Evaluation of assay accuracy - experiment 
Cortisol concentration (µcu'. dl) 

Sample ·Assayed Assayed Expected 
nonspiked spiked spiked 

OB 16 3.8 7.6 8.6 
OB 14 4.9 12.0 9.7 
OB 17 6.8 12.8 11.6 
lllS 4.8 

MEAN 

aAssayed concentration 
Expected concentration x 100%. 

A 

Recovery 
(%)a 

88.4 
123.7 
110.4 

107.5 

In the second experiment (B), five equine samples were "spiked" 

with a 20 µg/dl cortisol standard; otherwise the procedure was as 
described in experiment A. Results are shown in Table 8. 

When the recovery percentages for the individual samples quanti-
tated in experiments A and B were combined, the mean was 99.3%. 
These results indic~ted that this assay procedure possessed a high 
degree of accuracy over the wide range of cortisol concentrations 

examined. There was, however, a slight tendency to underestimate values 
at the high end of the calibration curve and to overestimate values at 
the low end of the curve. 
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Table 8. Evaluation of assay accuracy 
Cortisol concentration 

Sample Assayed Assayed 
nonspiked spiked 

Pooled Eq. 6.0 25.0 
Billy .4. 7 24.0 
OB 13 5.2 25.0 

OB 16 5.0 21.0 

OB 257 7.2 26.0 

aAssayed concentration 
Extracted concentration x 100%. 

3. Parallelism experiment 

- experiment B 

(µg/dl) Recovery Expected (%)a 
spiked 

26.0 96.2 
24.7 97.2 

25.2 99.2 

25.0 84.0 

27.2 95.6 

MEAN 94.4 

This experiment was carried out to determine the ability of the 

assay procedure. to measure the cortisol concentrations of unknown 
samples from different parts of the calibration curve. In addition, the 
effect of increasing plasma protein concentrations on assay performance 

could be assessed. Five samples were assayed in dilutions of 1:31 
(the recorninended dilution), 2:32, and 3:33 and these latter values were 
compared with those expected by extrapolation from the concentration 

found in the 1:31 dilution. These results are shown. in Table 9 and 
dernop.strate.a slight tendency toward increased sensitivity in samples 

assayed at half the recommended plasma dilution (2:32). There was no 
apparent interference due to plasma proteins at the 2:32 dilution but 
such an effect may have occurred at the 3:33 dilution since cortisol 
concentrations were lower than expected in all samples assayed at this 
dilution. 

Based on these.results and the fact that other workers have re-
ported that equine plasma cortisol concentrations are generally less 
than 6 µg/dl (28,97,119,124), it was decided to assay all samples at 

the 2:32 dilution since this appeared to increase accuracy and·sensi-
tivity without apparent interference from plasma proteins. 
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Table 9. Effect of sample dilution on assayed cortisol concentrations 

Sample dilution 
Sample 1:31 2:32 3:33 

Aa Aa Eb A/E% Aa Eb A/E% 

lllS 4.8 11.0 9.9 111.1 15.0 15.3 98.0 

OB 16 3.8 8.0 7.9 101. 9 9.4 12.1 77.7 

PS 0.8 1.6 1.64 97.6 2.5 2.55 98.0 

OB 14 4.9 11.0 10.l 108.9 14.8 15.6 94.9 

OB 17 6.8 14.4 . 14.0 102.9 17.0 21. 7 78.3 

MEAN 104.5 89.4 

aAssayed cortisol concentration (µg/dl). 

b Expected cortisol concentration (µg/dl). 

4. Evaluation of assay prec~sion 
Interassay precision was determined by the inclusion of control 

e.quine and human samples in each assay run, followed by calclllation of 
the· coefficients of·variability for each sample between different runs 
(Table 10). 

The mean coefficient of variability for all samples was 17.42%. 
This value, while still very acceptable, is slightly higher.than the 
ideal and may reflect the fact that most of the control samples used 

had relatively low plasma cortisol concentrations and were thus read 
from near the.bottom of the calibration curve. It has already been 
noted in. the parallelism experiment that the accuracy of the assay 
is slightly reduced at low plasma cortisol levels. In addition, the 
pipetting and dilution stages of the assay procedure are of crucial 
importance in achieving acceptable interassay precision and assume 
even greater significance when samples have low cortisol concentrations. 
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Table 10. Inter assay variability in 

Sample Mean a S.E.M. b 

Billy 4.64 .32 

OB 13 4.20 .24 

OB 16 3.-.96 • 32 

OB 257 7.23 .20 

Pooled 5.91 .24 

1115 4.20 .60 

2115 13.95 .88 

3115 32.50 2.50 

MEAN 

acort;isol .concentration (µg/dl). 
bstandard error of the mean. 
cCoefficient of variability. 
d Nwnber of samples assayed. 

plasma cortisol determinations 

c.v. c d n 

24.03 12 

16.96 9 

24.45 9 

4.86 3 

15.20 14 

20.20 2 

22.80 13 

10.88 2 

17.42 

B. Plasma Cortisol Concentrations in Foals, 
Adult Ponies and.Horses 

Plasma cortisol concentrations were measured in samples drawn twice 
daily at.approximately 8 am and 5 pm, from foals (groups 1, 2, ·3, and 
4), adult ponies (group 5), and adult horses (group 6). Assayed values 
for adult ponies and horses served as a baseline for evaluation of 
age~related changes in the plasma cortisol concentrations of the young 
pony foals. · 

1. Adult ponies and horses 

The overall mean . dai·ly plasma cortisol concentrations were calcu-
lated by averaging morning and afternoon values and it was found that 
levels in adult ponies (2. 74. µg/dl) and adult horses (3.0 µg/dl) were 
not significantly different (Figure 1) •. There was, however, ·considerable 



Figure l. A histogram comparing the mean combined daily plasma cortisol 
concentrations (±_ S.E.M.) of foals over the first twenty-
two days of life (groups l, 2, 3, and 4), adult ponies 
(group 5) and adult horses (group 6). Animals in groups 2 
and 3 received daily intramuscular injections of dexa-
methasone (DXM) between one and nine days of age and those 
in groups 3 and 4 were· inoculated intravenously with equine 
rhinopneumonitis virus (ERV) at four days of age 
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day-to-day and interihdividual variation in both groups; pony values' 
ranged from 0.9 to 7.0 µg/dl and horse' values from ·o.5 to 8.4 µg/dl. 
In addition, both groups displayed significantly higher mean cortisol 
concentration·s in morning plasma samples than in afternoon samples 

. (p<0.005), Afternoon values averaged 63.3% of morning values in ponies 
and 49.7% of morning values in horses. This striking diurrial variation 

is illustrated in Figtire 2. 

2. Foals from one to twenty-two days of age 
Three foals (JP77, 2377, and 3077) died as a result of infectious 

disease during the investigation and thus their cortisol levels were 

not included in the results ·that follow. 
The mean daily _plasma cortisol concentrations in nondexamethasone-

treated control foals are illustrated graphically ih Figures 3 and 4: 
Levels varied considerably from day-to-day and between individuals, 

b.ut there was an overall ·trend of decline during the first two or 
three days of life ·followed by a slow irregular rise.over. the next 

. six or seven days, after which time concentrations'tended to remain 
relatively stable.· Mean daily plasma cortisol levels for vario_us ·time 
periods during the first twenty-two days of life were.compared with those 

of adult ponies to further demonstrate these effects, as 'shown in 
Figure 5. 

Mean levels at one day of age (2.49 µg/dl) were similar to those 
found in adults (2·: 74 µg/dl) but these declined over the' next three or. 

four days so that combined concentrations in two-to-.four-day-old foals 
(1.89 -µg/dl( were sigriificantly lower than adult concentrations 
(p<0.005). Concentrations during the five~to-nine-day-old period 

(2.56 µg/dl) and the te,n-to-eleven-day-old period (2.27 µg/dl) were 
.lower, and levels in twelve-to-twenty-two-day-old .foals ( 2. 98 µg/ dl) 
were higher; than adult levels, but none of these differences were 
statistically significant. 

When morning'arid afternoon plasma cortisol·concentrations were 
plotted separately ori each day (Figures 6 and 7), a distinct diurnal 

·I 



Figure 2. A histogram illustrating the diurnal variation in plasma 
cortisol concentrations of foals (groups 1, 2, 3, and 4), 
adult ponies (group 5) and adult horses (group 6). Foal' 
values are combined means for days 1 to 22. Morning (a) 
and afternoon (p) samples were drawn ,at approximately 8 am 
and 5 pm, respectively. Foals in groups 2 and 3 were 
given daily intramuscular injections of dexamethasone 
during the first nine days of life and those in groups 3 
and 4 were inoculated intravenously with equine rhino-
pneumoni tis virus at four days of age 
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Figure 3. A graph illustrating the effect of age, dexamethasone (DXM), and equine rhino-
pneumonitis virus (ERV) on the mean daily plasma cortisol concentrations of 
foals. Animals in groups 2 and 3 received daily intramuscular injections of 
DXM during the first nine days of life and those in groups 3 and 4 were given 
ERV intravenously at four days of age 
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Figure 4. A graph illustrating the effect of age and.dexamethasone (DXM) therapy on the 
mean daily plasma cortisol concentrations of foals. Treated animals ~ere 
given daily intramuscular injections of DXM during the first nine days of life 
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Figure 5. A histogram illustrating the age-related alterations in the 
plasma cortisol concentrations of foals not given ·dexa-
·methasone (DXM) treatment (groups 1 and 4). Also·shoWn 
is the depression in levels induced by DXM-treatment of 
foals in groups 2 and 3 during the first nine days of life, 
and the pattern of recovery following withdrawal. Cortisol 
concentrations in adult ponies (group 5) and adult horses 
(group 6) are shown for comparison 
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Figure 6. A graph illustrating the effect of age," dexamethasone (DXM), and equine rhino-
pneumonitis virus (ERV) on the diurnal variation in plasma cortisol concentrations 
of foals. Animals in groups 2 and 3 received daily intramuscular injections of 
DXM between one and nine days of age and those in groups 1 and 4 were given ERV 
intravenously at four days old. Morning (a) and afternoon (p) samples were 
drawn at approximately B am and 5 pm, respectively 
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Figure 7. A graph illustrating the effect of age and dexamethasone (DXM) on the diur~al 
variation of plasma cortisol concentrations in foals. Treated animals were given 
daily intramuscular injections of DXM from one to nine days of age. Morning (a) 
and afternoon (p) samples. were drawn at about 8 am and 5 pm, respectively 
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variation was.observed with morning values higher than afternoon values. 
This pattern was already established at one day of age and remained 

relatively consistent throughout the investigation period, although the 

difference between morning and afternoon concentrations tended to.be-
come slightly more marked with increasing age. .When values for all 
days during the first twenty~two days of life were pooled and considered 

together (Figure 2), it was found that control foals not treated with 

DXM had afternoon values which were 60.6% of those found in morning 
samples. This difference was highly significant (p<0.005) and of a 

similar magnitude to that observed in adult ponies. 

Afternoon plasma cortisol concentrations tended to be dependent 

on morning levels in a rather consistent manner and thus the overall 
trends of fluctuation in morning levels with increasing.age were very 

similar to those already described for mean daily concentrations. A 

comparison was made between the mean morning. cortisol levels in one-

day-old foals, twenty-two-day-old foals, and adult ponies (Figure 8). 

It was found that the morning levels at twenty-two days of age were 

significantly higher than those found in adult ponies and in one-day-
old foals (p<0.05), while the values for the latter two groups were not 

significantly different from each other. These results further emphasize 

the trends of gradual.increase in plasma cortisol levels over the 

first twenty-two d.ays of life, followed sometime later by a decline 

to adult levels. Experimentation utilizing older foals would be necessary 

to further elucidate these trends. 

3. Effect of dexamethasone on plasma cortisol concentrations 

Foals in groups 2 and 3 received daily intramuscular injections 

of dexamethasone (DXM) from one-to-nine days of age. The mean daily 

plasma cortisol concentrations (Figures 3 and 4) were greatly. reduced 

by DXM administration, but the maximal effect was not seen until the 

fifth day of this regimen. Mean daily cortisol levels remained below 

.30 µg/dl from the fifth to the ninth day when the last DXM treatment 

was given. The overall mean daily plasma cortisol concentration from the 



Figure 8. A histogram illustrating the effect of age on mean morning 
plasma cortisol concentrations. Foal values represent 
the means of groups 1, 2, 3, and 4 combined 
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second to ninth day of therapy in the DXM-t:reated group (.52 µg/dl) was 
significantly lower (p<0.0001) than that of nontreated foals (2.31 
µg/dl) during the same period, indicating that DXM profoundly inhibits 
endogenous adrenocortical function. 

The pattern of development of adrenal suppression was evaluated by 
comparing treated foals with control animals over various time 
periods (Figure 5). While mean daily cortisol concentrations were not 
appreciably reduced on the first day of therapy, they were significantly 
lower than those of control foals during both the second-to-fourth day 

and the fifth-to-ninth day periods of the DXM treatment regimen (p<0.0001). 
Levels were still depressed when the tenth and eleventh days were 
considered together, but "rebounded" to significantly higher concentra-
tions than found in control animals (p<0.65) during the period twelve~ 
to-twenty-two days after the first dexamethasone injection was given, 
indicating a rapid recovery from the suppressive effects of DXM. 

The diurnal pattern of variation in plasma cortisol concentrations. 
was eliminated by DXM treatment (Figures 6 and. 7) and both morning and 
afternoon values were found to be significantly lower in treated foals· 
than in tintreated controls (p<0.0001). While control foal.s showed .sig~ 
nificantly lower cortisol con~entrations .in afte:rnoon 'samples (p<0.005), 
DXM-treated animals had morning and afternoon levels which were almost 
identical (Table 11). 

The dose of DXM administered to foals was gradually reduced over 
.the seventh, eighth, and ninth days of treatment, but the plasma cortisol 
concentrations remained maximally suppressed during this time. However, 
morning levels had risen by the day after cessation of therapy and 
continued to rise through each successive sampling period for two more 

days, at which time the diurnal· rhythm was re-established (day 12), as 
illustrated in Figures 6 and 7. At twelve and seventeen days of age, 
when mean dai.ly plasma cortisol concentrations showed a "rebound" .to 
supranorrnal levels in. DXM-treated foals (Figure 4), a diurnal rhythm 
was present but of. altered character. .Cortisol levels in afternoon · 
samples were 84% of the morning ievels in treated animals· as compared 
to 55% of morning levels in controls. This finding is further emphasized 
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Table 11. Effect of dexamethasone on the diurnal variation in plasma 
cortisol concentrations of foals from two to nine days of. 
age 

Mean plasma cortisol ·concentration. (µg/dl) 
Gr9up 

Morn~ng Afternoon 

One a 2. i;;s ** 1.52** 
Twob .37 .41 

be Three ' .67 .68 

Four c .2.94** 2.00** 

a· Nontreated controls. 
b . Foals given daily intramuscular injections of DXM from one to 

nine days of age. 
c 1 . Foa s given equine rhinopneumonitis virus intravenously at four 

days of age. 
** . Morning vs. afternoon values p<0.01. 

by the fact that, while. both morning and afternoon values were· higher 
in treated foals at this time, the difference was only significant 

(p <0.01)· for afternoon values (Table 12). This may indicate that, fol-
lowing the morning "cortisol surge", control foals secreted relative"iy 

small amounts of cortisol. during the remainder of the day, whereas 
foals previously treated with DXM maintained a higher level of cortisol 

secretion throughout the day. 

Table 12' Diurnal variation in plasma cortisol concentrations of foals 
during recovery from dexamethasone (DXM) suppression 

Plasma cortisol concentration (µg/dl) - days 12 and 17 
.Mean morning Mean afternoon Mean daily 

Treated foals 

Control foals 

* 

4.51 

3.54 
3.79** 
1. 94** 

Treated vs. control foal values p<0.05. 
** Treated vs. control foal values p<O. 01 .• 

4.15* 

2.74* 
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'Thirteen days after the last DXM injection, i.e .. , day 22, both 
th'e morning and the afternoon plasma cortisol concentrations. in treated 
foals were almost.identical to those of control. animals indicating full 
.recovery from the suppressive effects of DXM (Figure 7) • 

4. Effect of'equine rhinopneumonitis virus on plasma cortisol 
concentrations_ 

A comparison of the mean daily plasma' cortisol concentrations of 
virus-treated and non treated foals is shown in Figtlre 3 •' When values 

from one-to-twenty-two days of age were combined, it wa~ found that 
the mean daily' levels in virus-treated foals (2.14 µg/dl) were sig-
nific@tly higher (p<0.05) than those not given ERV (1.67 µg/dl). 
This statistical comparison was probably invalidated, however, by' the 
fact that the. control group contained proportionately more DXM-treated 
foals than the virus-treated group and it has already been shown that 
DXM profoundly reduces plasma cortisol concentrations. When equiva-
·lent DXM treatment groups were compared, however, higher cortisol 
levels were still found in the virus-treated foals (Figure 1). A simi-
lar ef'.fect was apparent wh,en morning and afternoon values were considered 
separately ('Figures 2 and 6), although none of the differences between 
,virus-:treated and nontreated foals reached a significant level (p>o;o5J •. 

5. Effect of terminal disease states on plasma cortisol concentrations 
The plasma cortisol concentrations of the three foals that died 

during the investigation are .shown in Figure 9. Foal 3077 received, 

both DXM .and ERV (group 3), while.foal 2377 was a member,of the virus 
treatment: group '(group Al. Both ,were given virulent .ERV intraven,ously 
at four days of age and died acutely after showing signs of severe, 
'respiratory distress for one to two days, Foal JP77 was a control 
'animal ~hich became depressed at three days of age and died from 'an 

~· coli septicemia forty-eight hours later. A very marked terminal 
rise in plasma cortisol concentrations, with disruption of the diurnal 
rhythm, was evident· in all three foals; levels approximately eight 

I 



Figure 9. A graph illustrating the terminal rise in t1le plasma cortisol concentrations of 
three foals prior to death. Foal 3077 received.daily intramuscula.r injections of 
dexamethasone (DXM) between one and nine days of age and.was given equine rhino-
pneumonitis virus (ERV) intravenously on day four. Foal 2377 was given ERV 
intravenously on day four, while foal JP77 was a control animal receiving no treat-
ment 
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times higher than those of healthy animals being found in foal JP77 on 

the morning prior to death. 

C. Clinical and Pathologic Findings 

All foals were examined daily for clinical evidence of disease and 

rectal temperatures were recorded between 7:30 and 8 am each morning 

during or after sample collection. 
Of the four foals in the control group (no DXM, no ERV), two showed 

no evidence of clinical disease and had normal rectal temperatures 

(less than 102°F) throughout the course of the investigation. A. third 
foal developed a mild cough and a slightly purulent nasal discharge 

between fifteen and seventeen days of age and a transient diarrhea at 

twenty-two days of age but had a normal rectal temperature thr9ughout 

the entire study. The fourth control foal (JP77) became slightly 

depressed at three days of age and died acutely forty-eight hours later 

after a rapidly progressive period of debilitation and failure to nurse. 
However, pyrexia was not noted during this time. 

No gross lesions were observed on postmortem examination of this 

animal (JP77) and the only histolog.i,cal ·lesions consisted of necrosis 

of the submucosal lymphoid tissues of the small intestine and in-

creased numbers of neutrophils in the small arterioles and capillaries 

of the lung. A dia~os~s of ~· coli septicemia was made on the basis of 

isolation of this organism in pure culture from the liver and lung •. 

This foal had a plasma protein concentration of 5.1 g percent at one 

day of age as compared to a mean value of 6.55 g percent for all the· 

other foals. Furthermore, it was the only animal lacking detectable 
antibodies to·ERV or Brucella abortus at this time. It thus seems likely 

that failure of colostral antibody absorption predisposed this foal to a 
fatal ~· coli infection. 

with 

ERV 

Three foals in the ERV treatment group (group 4) were inoculated 
three-to-five times the 

. 1 vaccine at four days of 
recommended dose of an attenuated live 

age·. None of these animals developed any 
lRh. R .. inomune , Norden Laboratories Inc., Lincoln, Nebraska. 
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temperature elevation or clinical evidence of disease, other than a 
transient diarrhea in one foal related to estrµs in·the darn • 

. The remaining two foals in this group were intravenously inoculated 

with virulent ERV at four days of age. Both became pyretic (rectal 
.temperatures l03°F) forty-eight hours after viral inoculation. Two 
days later, orie of these foals (377) became tachypneic, dyspneic, ·and 

depressed and had harsh vesicular lung sounds along with a rec:tal 

temperature of 103.8°F. These signs persisted for forty-eight hours 

before subsiding and by the eighth postinoculation day the rectal 

temperature 'had .returned to normal and the animal again appeared 
clinically.' healthy. At seventeen days of age (thirteen days post-· 

inoculation) a neurological disturbance became apparent and included 

posterior incoordination with hypermetria, dysmetria and generalized 

tremors. ·Excitement. would sometimes precipitate a clonic convulsion 

·characterized by tremor and marked extensor rigidity of the limbs, 
especially the fore limbs, and dorsiflexion of the neck with the·head 

Ve!ltrally flexed. The convulsive episodes lasted from a few seconds 
to more than. one minute and recovery was. accomp.anied by residual signs 

of incoordination and tremor. These signs were resolved.within two 

days although no treatment was administered. 

The second foal in this group inoculated with virulent ERV (2377) 
developed respiratory signs similar to those described above, b~t fiv;e 

c;lay~ p6stinoculation, the clinical severity was increased. The rectal 

temperature at this time was 104°F .and marked depression· was accompanied 

by. extreme dyspnea, abdominal breathing. and flaring of the. nostrilio. 
Harsh vesicular lung sounds and cardiac muffling were found on 
auscultation.· Death occurred later that day. 

A number of striking lesions were observed on postmortem examination 

of this· animal. The pleural cavity contained approximately. three· liters 

of clear yellow fluid with a· few strands of fibrin adherent to the 

visceral and parietal pleura. Both lungs were of uniformly increased· 

density and their dependent areas displayed interlobular and subpleural 
edema. Similarly, a 'considerable amoilnt of edema fluid was present in 
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the mediastinum and the pulmonary airways contained tenaceous frothy 
mucus with traces of fibrin. The submandibular lymph nodes were con-
gested and· focal radial cortical hemorrhages.were present in both 
kidneys. No other gross lesions were observed. 

Histologically, the brain, liver, kidney, .and adr.enal glands of 
this animal showed evidence of congestion but little inflammatory in-
filtration. Extensive sUbpleural, interlobular and alveolar edema 
and focal areas of atalectasis were present in the lungs. The inter-· 
alveolar septae were thickened due to congestion and edema, and hyper-
trophy of the alveolar lining cells, some of which had sloughed into 
the alveolar.lumen, together with smaller mononuclear cells. Mild · 
degenerative changes were present in the tracheal mucosa and involved 
.either ballooning or shrinkage and pyknosis of epitheli.al cells. The 
germinal centers of the splenic lymphoid follicles showed evidence of 
degeneration and the periarterial lymphoid cuffs in the spleen were 
poorly developed.· The bronchial, mesenteric and peripheral lymph 
nodes. all exhibited ·degrees of congestion, edema, and hemorrhage, wi.i:h 

necrosis of germinai centers and increased numbers of active sinus 
macrophages. ·virus.isolation and fluorescent antibody studies were not 
attempted, .but ,the above clinical signs and pathological lesions, along 

with the detection of eo~inophilic intranuclear inclusion bodies in 
histiocytic cells in the submucosal lymphoid tissues of the small in-
testine' were .taken as sufficient evidence for a. diagnosis of death 
due to virulent ERV infection . 

. The six foals in group 3 were given .daily intramuscular injections 
of DXM from one-to-ni.ne days of age. Of these, two were intravenously 
inoculated with virulent ERV at four days of age, two were i~coulated 

with five times.and two ~ith· three times the recommended dose of an 
attenuated ERV vaccine. 1 None of the foals inoculated with attenuated 

vaccine developed increased teroperatures or clinical signs of disease 
during the investigation• except that one animal developed.a transient 
diarrhea between fifteen and seventeen days of age: one of the foals 

lRh, R . . inomune , Norden Laboratories Inc., Lincoln, Nebraska. 
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inoc;.u_ated ~ith ~irulent ERV became pyretic and slightly depressed one 

day postinoculation. ,This ·pyrexia persisted for six days duri~g which 

time th.e. rec:ta~ temperature fluctuated between 102.2°F and 104°F. 

A bilater.al riasai discharge appeared two days postinoculation and be-' . 

. came more profuse and purulent in character before resolution in about 

one week •. During this time, the stibmandibular lymph nodes were en-

larged and a bilateral con.juctivitis and keratitis were accompanied 

by epiphora. A corneal ulcer developed on one eye and persisted for 
' ' 

ten days but this appeared to be <l.ue to trauma rather than ERV in-

fection, 

The second foal (3077) developed a fever two·days after inoculation 

w.i.th virulent ERV, and this persisted up to the time of death five days 

later. Clinical' signs· during this time consisted of marked depression, 

anorexia, conjunctivit.i.s, bilateral mucopurulent nasal discharge, 

tachypnea and marked hyperpnea. Gross and histological l,esioris were 

almost identical to those described above for foal 2377. In addition, 

very little. thymic tissue could be found and the lymph nodes appea.red 

·smaller than normal. There were also areas of emphysema in .the lung·s. 

The· six 'foals· in· group 2 were treated with DXM .from one to nine days 

of age but were not, inoculated with ERV. One foal deve'l.oped a .mild 

.diarrhea between five and s.even days of age related to the occurrence . 

of estrus in the dam, .otherwise no signs. of disease were clinically · 

. apparent in any of the foals during the period of DXM a~inistration. 

However, a re~arkably consistent pattern of clinical signs. developed 

in.all s_ix foals at'ten days of age cliaracterized by·coughing and 

, mucopurulent ·n.asal <l.ischarges. In. addition, one foal had an audible 

tracheal "rattle" ,and two had enlarged stibmandibular lymph nodes,', orie 

of which abscessed and drained to the iritermandibuiar skin surface. 

These signs PE!rsisted between two and twelve days in different foals, 

but on;I.y _one displayed any pyrexia; this. being mild (l02.6°F) and 
transient. 

It thus ... seems· likely that DXM treatment predisposed ·these foals to 

the pathogenic effects of environmental vi.ral and/or bacteri·a1 agents 
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which produced mild clinical signs of disease after cessation of therapy . 

D. Hematologic Values in Foals 

Blood samples were drawn from foals in the four treatment groups at 

one , four, seven, twelve, seventeen , and twenty-two days of age to 

eval uate the influence of dexarnethasone (DXM) treatment and equine 

rhinopneurnonitis virus (ERV) inoculation on several important hemato-

logical markers of immunocornpetence. These include total white blood 

cell (wbc), total neutrophil , band neutrophil , lymphocyte, monocyte 

and eosinophil counts. In addition, it has been shown that plasma 

fibrinogen concentrations , especially when correlated with total plasma 

protein levels, are a reasonable indicator of ongoing inflammatory 

responses in large domestic animals (190). Therefore, these two 

parameters were measured to assess the effects of DXM and ERV on this 

essential body response . 

It became apparent during the course of this investigation that 

young pony foals had hematological values which were markedly different 

from the accepted normal values for adult horses (190). In addition, 

appreciable changes occurred with increasing age and these tended to 

override the expected effects of DXM and ERV treatment. Consequently, 

the hematology results for all four treatment groups were pooled for 

each sampling day to elucidate these age effects and provide a "base-

line" for evaluation of alterations induced by the treatment regimens. 

In addition, since foals in groups 2 and 3 were given DXM during the 

first nine days of life , values from four-day-old foals in groups 1 and 

4 only were pooled to eliminate any possible interference of DXM during 

this time. A statistical analysis, employing the analysis of variance 

procedure was then performed to compare hematology values for all foals 

at one day of age , before any experimental treatments were given , with 

those of four-day-old non-DXM-treated foals and foals from all four 

groups at 22 days of age. These results are shown in Table 13 . 

The mean total wbc counts rose steadily during the first seventeen 



Table 13. Effect of age on hematological parameters in foals 

Groups 1 and 
Parameter 4 combined 

Day 4 bay 1 
(9) a 

Total wbc b 7001 
Total neutrophilb 5372 

. b 
Band neutrophil 

e;**** 
147 

h . b e,* 
Lymp ocyte 1494. 

b Monocyte - 124 
Eosinophilb 0 

c e,** 
Plasma fibrinogen 433 
Plasma protein d 6.55 

"Number of aniinals. 
b . 3 

Mean counts/mm 
cMean concentration (mg%). 

~ean concentration (g %) • 

(21) a 

5911 f 

f 3876 
25e 

1965e,f 

51 

16 
25.2e' f 

6.67 

Groups 1, 2, 3, and. 4 
Day 4 Day 7 
(20) a · (20) a 

7829 . 8085 

5926 5776 

94 45 
1722 '• 2183 

133 104 
0 13 

315 326 

6.62 6.31 

eDay 1 (all foals) 

fDay 1 (all foals) 
* 

vs. 

vs. 

day 4 (groups 1 and 4 combined). 

day 22 (all foals.). 
p<0.05. 

** p<0.01. 
*** p<0.001. 
**** p<O;OOOl. 

combined 
Day 12 Day 17 Day 22 

(19) a (17) a (18) a 
. f **** 9032 9972 9583 ' 

6654. 7368 f *** 6612 ' 

81 35 56 

2257 2683 f ** 2874 ' 

92 60 57 

24 32· 21 

379 470 f **** 475 ' 

5.86 6.22 '6.23 >-' 
0 
w 
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days of life before values stabilized. Counts at one day of age were 

about 60% of those found in twenty-two-day-old foals (Figure 10) -and the 
difference between these two age groups was highly significant (p<0.0001). 
The total wbc count changes with increasing age are illustrated for 

each foal group. in Figure 11. The total neutrophil counts (Figure 12) 

showed a pattern of increase which was essentially identical to the 
age-related changes observed for total wbc counts and, again, mean 

values in twenty-two-day-old foals were significantly higher (p<0.001) 

than those found in one-day-old foals (Figure 10). 
Lymphocyte counts (Figure 13) fell significantly in untreated foals 

during the first four days of life (p<0.05), but subsequently rose be-

tween each sampling interval._. This increase was not quite as marked as 

the increase in neutrophil counts, but was nevertheless· statistically 

significant (p<0.01); .values at one day of age were about 68% of the 

mean values in twenty-two-day-old foals (Figure 10). 

Band neutrophil, eosinophil, and monocyte counts were generally low 
and did not show consistent trends during the investigation. 

Plasma fibrinogen concentrations (Figure 14) rose very dramatically 

during the first four days of l'ife iri foals not treated with DXM. This 

trend·was masked somewhat by ~XM treatment when values for all f~ur groups 

were combined, but a steady increase in concentrations was still evident 

up to twenty-two .days of age when values were almost double those found 

in one~day-old foals (Figure 10), a difference which was highly signifi-
cant (p<0.0001). 

Plasma protein concentrations did i;iot show significant changes .. during 
the period of investigation, although val~es showed a steady decline 

during the first twelve days of life befor~ increasing again on days 

seventeen and twenty-two. This initial decline probably reflected the 

twice daily collection of blood from the foals during the first twelve 
days. 



Figure 10. )\ histogram illustrating the effect of age on plasma 
fibrinogen concentrations. total blood leukocyte counts" 
total blood neutrophil counts, and blood lymphocyte 
counts. Values shown arE! combined means for groups l, 
2, 3 and 4 on the respective days· 



106 

9 I- I -I • DAY 1 VALUES 

D DAY 22 VALUES 
I I I 

8 
I I I 

500 

I I I ,-,......., I 
7 

mm 
'. I.. I I - I I I I -+ 400 0 6 
0 
0 -r"-1 

>< ~ 

ril 5 i 
~ ~ 

0 300 E3 t) 

-1 4 
G 
~ 
t! 
Ill 
H 

"" 200 ~ 
C/l 

:'S 
ll< 

I - I - I I I - I I 
2 

I - I - I - I - I I 
100 

I - I -· I - I - I I 
1 

TOTAL .TOTAL 
LEUKOCYTE NEUTROPHIL LYMPHOCYTE FIBRINOGEN 



( ' 

Figure 11. A graph illustrating the effects of age, dexamethasone 
(DXM), and equine rhinopneumonitis virus (ERV) on the 
total blood leucocyte counts of foals. Animals in groups 
2 and 3 received daily intramuscular injections of DXM 
from one to nine days of age and those in groups 3 and 4 
were given ERV intravenously on day four 
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Figure 12. A graph illustrating the effects of age, dexarnethasone 
(DXM), and equine rhinopneumonitis virus (ERV) on the 
total blood neutrophil counts of foals. Animals ·in groups 
2 and 3 received daily intramuscular injections of DXM 
from one to nine days of age and those in groups 3 and 4 
were given ERV intrave.nously on ci.ay four 
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Figure 13. A graph illustrating the effects of age,· dexamethasone 
(DXM), and equine rhinopneumonitis virus (ERV) .on the 
blood lymphocyte counts of foals. Animals in groups 
2 and 3 received daily intramuscular injections of DXM 
from one to nine days of age, and those in groups 3 and 
4 were given ERV intravenously on day four 
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Figure 14. A graph illustrating the effects of. age, dexamethasone 
(DXM), and equine rhinopneumonitis virus (ERV) on the 

plasma fibrinogen concentrations of foals. Animals in 
groups 2 and 3 received daily intramuscular injections 
of DXM from one·to nine days of age and those in groups 
3 and 4 were given ERV intravenously on day four 
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1. Effect of dexamethasone 
The ·hematology results of the two DXM-treated groups were pooled, 

.as.were those of the two nontreated groups, in order to evaluate the 
effect of DXM treatment on each sampling day (Table 14).· 

The tota~ wbc, total·neutrophil, and lymphocyte colints on the 
fourth ·and seventh days of DXM administration.were all .slightly higher 
in treated foals, but these trends were subsequently reversed after 
cessation of therapy. Band neutrophil, monocyte, and eosinophil counts 
.were all low and were ·not obviously influenced by DXM administration. 

Plasma fibrinogen concentration was the only.parameter to be 
significantly infiuenced by DXM administr.ation.. The marked ·increase 

· in concentrations that occurred in control foals during the first four 
days of life was not evident in DXM-treated foals and thus values 
were significantly.lower in treated foals than in control foals at both 
four· (p<O. 001) and seven (p<O. 05) days of age. : After cessation of 

DXM therapy, plasma fibrinogen concentrations "rebounded" to levels higher 
than those found in nontreated foals and this difference ·Was found to be 
significant (p<0.05) when values for foals in each group on days twelve, 
seventeen, and twenty-two were pooled and compared. 

2. Effect of equine rhinopneumonitis virus (ERV) treatment 

A comparison was made·between the hematologic values of foals given 
ERV at four days of age, and those not treated with ERV, .in order to 
evaiuate the effect of such .treatment· (Table 15). 

The total wbc, ·total neutrophil, and lymphocyte counts were all 

lower in the ERV.:.treated foals three days postinoculation·, but these 
trends were subsequently reversed so that all three parameters had 
higher values in virus-treated animals at eight, thirteen, and 
eighteen. days post-inoculation. These findings were largely a reflection 
of the.pattern of changes which occurred in the virus-treated foals 

which did not receive DXM (group 4), as illustrated in Figures 10, H, 
·and 12. Foals in group 4 had mean total neutrophil and lymphocyte counts 
which were higher than those of all other groups at eight, thirteen, and 



Table 14. Effect of dexamethasone (DXM) on hematological values in foals 

Treatment 
Age ays 

Parameter 1 4 7 12 17 22 status 

. a (12)b Total wbc DXM 5967 8506 (11) 8375 (12) 8550 (12) 8927 (10) 8309 (11) 
. No DXM 5837 (9) 7001 (9) 7650 (8) 9857 (7) 11614 (7) 10114 (7) 

Total neutrophila DXM 3932 (12) 6379 (11) 6038 (12) 6440 (12) 6827 (10) 6307 (11) 
No DXM 3802 (9) 5372 (9) 5381 (8) 7019 (7) . 8140 (7) 7092 (7) 

Band neutrophila DXM 28 (12) 51* (11) '59 (12) 79 (12) 16 (10) 22 (11) 
No DXM 22 (9) 147* (9) 25 (8) 85 (7) 64 (7) 111 (7) 

Lymphocyte a 
DXM 1946 (12) 1908 (11) 2203 (12) 1954 (12) 2232 (10) 2891 (11) 
No DXM 1962 (9) 1494 (9) 2153 (8) 2774 (7) 3329 (7) 2847 (7) 

Monocyte a DXM 47 (12) 139 (11) 120 (12) 110 (12) 56 (10) 57 (11) 
No DXM 56 (9) 124 (9) 80 (8) 61 (7) 65 (7) 57 (7) 

Eosinophila 
.... 

DXM 17 (12) 0 (11) 4 (12) 34 (12) 40 (12) 29 (11) .... 
"' No DXM 16 (9) 0 (9) 28 (8) 5 (7) 21 (7) 9 (7) 

Plasma DXM 242 (12) 218***(11) 275*(12) 408 (12) 500 (10) 520 (11) 
fibrinogen c 

(7) (6) No DXM 267 (9) 433*** (9) 414* (7) 328 (7) 428 400 

Plasffi'_' d ·oXM 6.68 (12) 6.67 (11) 6.39 (12) 5.93 (12) 6.37 (10) 6. 35 (11) 
12rotein No DXM 6.64 (9) 6.55 (9) 6.15 (7) 5. 75 (7) 6.01 (7) 6.02 (6) 

"Mean 3 counts/mm • 
b . 

Number of foals. 

cMean concentration (mg %) • 

~ean· concentration (g %) • 
*. 

(p<0.05f. DXM-treated vs. nontreated foals 
*** DXM-treated vs. nontreate~ foals (p<O. 001) • 



Table 15. Ef fec~ of equine rhinopneumonitis virus (ERV) treatment on hematologic parameters 

Parameter Treatment A<J:e (days) 
status l 4 7 12 17 22 

Total WBCa ERV 6063 (ll)b 6897 (11) 7673 (ill 10290 (10) -10844 (9) 10344 (9) 
.'•. "°·. 

No ERV 5743 .(10) 8968 (9) 8589 (9) 7366 (9) 9100 (8) 8822 (9) 
Total neutrophila ERV 4000 (11) 4993 (11) 5566 (ll·J 7652 (10) 7790 (9) 7258 (9) 

No ERV 3741 (10) 7066 (9) 6031 (9) 5545 (9) 6894 (8) 5968 (9) 
· Band neutrophil a ERV 9 (11) 77 (11) 35 (11) 56 (10) '29 (9) 83 (9) 

No ERV 43 (10). 109 (9) 5~ (9) 110 (9) 43 (B) 30 (9) 
Lymphocyte a ERV 1995 (11) 1695 (11) 1996 (ill 2498' (10) 2937 (9) 2994 (9) 

No ERV 1932 (10) 1755 (9) 2413 (9) 1989 (9) 2399 (8) 2753 (9) 
a Monocyte ERV 48 (11) 118 (11) 85 (11) 89 (10) 30* (9). SB (9) 

No ERV 53 (10) 151 (9) 127 (9) 89 (9) 93* (8). 56 (9) 
Eosinophila 

I-' 
ERV 21 (11) 0 (11) 10 (11) 32 (10) 50 .(9) 13 (9) 

,_. ..., 
No ERV 11 (10) 0 (9) 17 (9) 14 (9)· 11 (B) 30 (9) 

. Plasma fibrinogen c ERV 218 (11) 309 (11) 320 (10) 367 (10) 444 (9) 422 (9) 
No .ERV . 290 (10) 322 (9) .333 (9) 400 (9) 500 (Bl 414 (7) 

Plasma protein d ERV 6.95 (11) 6.85 (11) 6.42 (10) 5 .• 96 (10) 6.35 (9) 6.59** (9) 
No .. "ERV 6.36 (10) 6.33 (9) 6.18 (9) 5.76 (9) 6.07 (B) 5.76** (7) 

"Mean counts/mm3• 
b Number of foals. 
c··· Mean concentration (mg%). 
dM . ean concentration (g %) • 
*' 

ERV inoculated vs. noninoculated foals (p<0.05). 
** ERV inoculated vs. noninoculated foals (p<0.01). 
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eighteen days postinoculation, and these changes were magnified when 
the total wbc counts were examined over the same period (Figure 10). 

No marked effect of ERV treatment was apparent when band neutrophil, 
eosinophil, and monocyte counts., and plasma fibrinogen concentrations 

in·ERV inoculated foals and noninoculated foals were compared. Inocu-
lated foals did, however, have higher plasma protein concentrations, 
although these results may not represent a true effect of ERV inocula-
tion in that the noninoculated group had appreciably lower values even 

before administration of the virus. 

E. Humeral Response to Antigens 

The inoculation and vaccination procedures, and subsequent sero-
logical evaluations, employed in this investigation permitted an assess-
ment of the ability of young foals to mount humeral responses· to three· 
distinct antigens and the influence of pre-existing colostral anti-
bodies on these responses. Furthermore, the daily administration of 
DXM to half of the foals (groups 2 and 3), during the first nine days 
of life, made possible an evaluation of both the short- and long-term 

effects of this potent glucocorticosteroid on humeral immune function.· 
Foals in groups 3 and 4 were given equine rhinopneumonitis· virus 

(ERV) intravenously at four days of age, and animals in all four groups 
received vaccinal ERV intramuscularly when about forty days old. Serum 

samples were drawn during this period to measure ERV neutralizing anti-
body titers. 

Foals in all four groups had demonstrable anti-ERV antibody titers 
of colostral origin at one day o~ age and,. since these varied widely 
between individuals, the logarithm to the base two (log2) of the titers 

were calculated to aid in the interpretation of results. These results 
are illustrated graphically by group in Figure 15. 

Foals inoculated with ERV at four days of age showed a decline in 
anti-ERV titers during the first twelve days of life and similar trends 
were evident in noninoculated foals (Table 16). This titer decline con-
tinued in the noninoculated group, whereas mean titers increased in the 



Figure 15. A graph illustrating the effects of dexamethasone (DXM) and equine rhino-
pneumonitis virus (ERV) on the anti-ERV antibody titers of foals. Animals 
in groups 2 and 3 were given daily intramuscular injections of DXM from one 
to nine days of age. ERV was administered intravenously to foals in groups 
3 and 4 at folir days of age and all foals were later vaccinated with a modi-
fied live ERV vaccine , , 
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Table 16. - Effect of equine rhinopneumonitis virus (.ERV) inoculation 
on neutralizing antibody titers 

Age 
(days)' 

Log2 ERV,-neutralizing antibody titer.a 

ERV-treated Non treated 

12 

22 

35 

40d 

50 

57 

4.56 + .38 (9)b 

4.2.2 + .36 (9) 

3.44 + .38 

·4.00+ .41 

4. 00 + • 7.5 

4.00 + .75 

4.22 + .66 

4.22 + .60 

:::} 3.81**** (27) 

(9) . 

(9) 

(9 >} 4.22**** (18) 
(9) 

3.89 + .39 

3.33 + .44 

3.11 + .42 

2.33 + .41. 

2.00 + .41 

1.67 + .44 

2 .13 + • 30 

1. 75 + . 25 

aMean + standard error of the mean. 
b - . 

Number of foals. 

cERV inoculation. 

dERV vaccine administration. 
**** ERV-treated vs. nontreated (p<0.0001). 

(9) 

(9) 

(9~ . 
(9) 2.86****(26) 

(8) . . 

(8) 

( 8 ~ 1.94**** (16) (8J .. 

inoculated group by eighteen days after ERV administration and remained 

elevated sevente.en days later. In order to further evaluate this anti-

body response, anti-ERV titers on the eighth, eighteenth, and thirty-

fi.rst postinocula.tion days were pooled and compared with titers in non-

inoculated foals 'of equivalent· age. Titers were found to be signifi-

cantly higher (p<0.0001) in the ERV-inoculated group indicating that 

a primary humoral response to the virus had occurred. 

All foals were vaccinated with an attenuated ERV product1 at 

about forty days of age. A serologic response was rioted in control foals 

as well as those previously inoculated with ERV. However, .postvaccin.al 

titers were significantly higher (p<0.0001),and the rise more sustained, 

in the latter group indicating an anamnestic response took place in 

l . R. 
Rhinomune , Norden Laboratories Inc., Lincoln, Nebraska. 
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foals already sensitized to the virus (Table 16). 

Neither the .development of serological responses to ERV, nor the 

disappearance of antibodies from the circulation, appeared to be in-
fluenced by DXM treatment. 

Brucella abortus bacterin was administered subcutaneously to all 
foals at three days of age to further evaluate the effect of DXM on 

humeral immune functions. Again, matiy foals had significant anti-

brucella agglutinating antibody titers of maternal origin at one day 

of age and these varied considerably in magnitude between individuals. 

The serologic responses were thus expressed in terms of log2 antibody 

titers. 

When the responses of DXM-treated and non-DXM-treated foals. were 
compared (Table 17), it became obvious that DXM treatment at the time 

of vaccination did not· influence the agglutinin response of foals to 

Br.ucella abortus. Both groups developed increased levels of circulating 

anti-brucella antibody within eight days of vaccination, with a further 
titer rise peaking five days later. 

Table 11. Effect of dexamethasone (DXM) on the serological response of 
foals to Brucella abor.tus bacterin 

Age Log2 anti-Brucella agglutinating antibody titera 
(days) DJ{M-treated foals Nontreated foals 

1 6.23 + • 72 (ll)b 5.61 + . 84 (7) 
3c 5.38 + .88 (11) 4.42 + 1.04 (7) 
4 4.45 + .94 (11) 2.90 + 1.16 (7) 

12 5.41 + .41 (11) 4.13 + .84 (7) 
17 7.32 + .47 (11) 6.75 + .43 (7) -
22 6.50 + .62 (11) 6. 75 + .37 (7) 

a Mean .±. standard error of the mean. 
bNumber of animals. 

cBrucella abortus bacterin inoculation. 
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Sheep red blood cell (SRBC) antigen was intravenously administered 

to foals at twelve days of age. None of the animals showed preinocula-

tion titers of more than two, and all developed a positive serologic 

response. As can be seen from Table 18, titers peaked ten days after 

the administration of the SRBC's and this response was unaffected by 

DXM treatment. 

Table 18 

Age (days) 

12b 

22 

35 

Effect of dexamethasone (DXM) on the serological response to 
sheep red blood cell (SRBC) antigen 

Log2 anti-SRBC hemagglutinating antibody titera 

DXM-treated 

.88 + .13 (8)c 

3. 75 + .25 (8) 

2 . 75 + .31 (8) 

Nontreated 

.40 + .24 (5) 

3. 80 + . 3 7 ( 5) 

2.80 + .20 (5) 

aMean + standard error of the mean. 

bSRBC inoculation . 

cNumber of animals. 

F. In Vitro Blastogenic Responses 
of Lymphocytes 

The in vitro blastogenic responses of lymphocytes to antigens and 

certain plant mitogens are frequently used to monitor cell-mediated 

immune (CMI) functions, dependent on T-lymphocytes, in the horse and 

other species (ll,65,78 , 85,158,209,226). Since there are few previous 

reports concerning the assessment of this essential body defense mechanism 

in very young foals, it was decided to investigate this process with 

specific reference to age-related effects and the ability of ERV to 

stimulate T-lymphocytes to mount a specific CMI response. In addition , 

the influence of glucocorticosteroids on CMI responses was investigated by 

administering DXM to half the foals (groups 2 and 3) during the first 



124 

nine days of life. 

Lymphocytes were collected from foals in the four groups at four , 

twelve, and seventeen days of age and cultured in vitro with phyto-

hemagglutinin (PHA), concanavalin A (Con A), pokeweed mitogen (PWM) , 

ERV, and rabbit anti-equine globulin (AG). The latter is thought to 

stimulate predominantly B-lymphocytes (SO) and was used to help in-

vestigate the B-cell component of the immune system, in conjunction with 

the specific antibody responses already reported. 

The blastogenic responses of lymphocytes cultured with the above 

agents were expressed in terms of the net counts per minute (net cpm) , 

the stimulation index (S.I.) , and the logarithm to the base ten of the 

stimulation index (log10 S.I .), to enable a meaningful analysis to 

be carried out. 

Lymphocytes from four-day-old foals showed appreciable blastogenic 

responses to stimulation with PHA , Con A, and PWM. Although there was 

considerable variation between individual animals , mean responses were 

equivalent to those of twelve and seventeen-day-old foals and adult 

pony mares studied concurrently, indicating that this aspect of CMI 

function is highly developed from a very early age in foals . 

The anti-globulin responses were less well-developed in four- day-

old foals, but by the time these foals were twelve and seventeen days 

of age, responses were found to be of similar magnitude to those seen 

in adult pony mares. 

DXM treatment had no appreciable effect on in vitro blastogenic 

responses to PHA but significant reductions were observed in the response 

to Con A (p<0. 01), PWM (p<0.01), and AG (p<0.05), when these were 

expressed in terms of Net cpm (Table 19). 

When S.I. and log10 S . I. were used as criteria for assessment of 

in vitro lymphocyte blastogenesis, only the AG responses were found to 

be significantly reduced by DXM treatment (p<0 . 05). 

At twelve days of age, i.e., three days after the last DXM treatment , 

lymphocyte responses to PHA were significantly higher in the treated 

group than in nontreated controls (p<0.05). In addition, blastogenic 
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responses to Con A and PWM were also increased in previously treated 
foals at this time. These findings may indicate that a population of 
rnitogen res.Po.nsive, sterqid resistant, T-lymphocytes was selected during 
the period of DXM treatment and that these cell's proliferated after 
withdrawal of the drug. This effect was not, however, apparent when 
foals. reached seventeen days of age, at which time animals in both 
treatment groups had equivalent responses to all three mitogens (Table 
19). 

The blastogenic responses of lymphocytes to AG, at twelve and seven-

teen days of age, were still lower in DXM-treated foals than in control 
foals; this effect being statistically significant (p<0.05) at seven~ 
teen days of age when stimulation indices and log10 S.I. were considered. 

·The above results (Tables 19 and 20) indicate that DXM induces a 

much more marked and prolonged suppressive effect on B-cell responses 
than on T-cell responses, suggesting that, in the intact foal, CMI 
mechanisms should be minimally affected, whereas humeral responses to 
antigens may be inhibited by DXM therapy. 

1. ·Effect of equine ·rhinopneurnonitis virus 

Half of the foals in this investigation were inoculated intra-
venously with ERV at four days of age (groups 3 and 4), while the ·re-
maining foals served as controls. The. comparative in vitro responses 
of lymphocytes fron\ inoculated and noninoqulated foals are shown in 
Tables 21 ail.d 22, from which it can be seen that, eight days post-
inoculation, the blastogenic responses to PHA, Con A, and PWM, were all 
significantly depressed in ERV-treated foals when net cpm was used as 
the criterion for blastogenesis (p<0.05). This apparent ERV-ind~ced 
inhibition of CMI responses was not evident when S.I. and log10 S.I. 
were.used to assess blastogenesis. The reason for these rather con-
fusing results is.not known, but such an effect could be observed if 
in vitro blastogenesis in the unstimulated, lymphocytes (background 

counts) was inhibited to· the same degree as blastogenesis in ERV-
stirnulated cells. 



Table 19. Effect of dexamethasone (DXM) on lymphocyte stimulation 
induced by mitogens 

MITOGEN 
Parameter Day Phytohemasglutinin 

DXMa No DXM 

Net counts 4 224g3_:!:.12735b(l2)c 23770+ 5398 (8) 
per minute 12 58237_:!:.13199*(11) 17972+ 5505 * (6) 

17 30569+ 4392 (12) 53550+20073 (7) 

4+12 39588+ 9730 (23) 21285+ 3820 (14) 

Stimulation 4 56.2+ 27.8 (12) 18.2+ 3.0 (8) 
index 12 49.5+ 13.2 (11) 26.8+ 10.6 (6) 

17 35.0+ 8.8 (12) 30.7_:!:. 10,6 (7) 

4+12 53.0+ 15.5 (23) 2L9+ 4.8 (14) 

Log 4 2.61+ .56 (12) 2. 77+ .21 (8) 
stimulation 12 3.35+ .38 (11) 2.71+ .53 (6) index 

17 3.11+ .30 (12) 3.16+ .28 (7) 

4+12 2.96+ .34 (23) 2.74+ .25 (14) 

aAnimals in the treated groups received daily intramuscular in-
jections of DXM from day 1 to day 9. 

b Values shown are means + standard errors of the means. 

cNumber of animals. 

* DXM-treated vs. nontreated foals (p<0.05). 

** DXM-treated vs. nontreated foals (p<0.01). 
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MITOGEN 
Concanavalin A Pokeweed Mitogen 

Dl<Mc No DXM DXMC No DXM 

21045±. 9462**(12) 73583+14270** (8) 10797+ 5054* (9) 51207+10129* (8) 

119380+22067 (11) 58011+13813 (6) 107106+23927 (11) 44267+10878 (6) 

79944+11210 (12) 93989+31856 (7) 66168+10647 (12) 59537+16706 (6) 

68074+15456 (23) 66909+ 9934 (14) 63767+17070 (20) 48233+ 7210 (14) 

47.4.±. 16.9 (12) 65.6+ 15.9 (8) 48.0+ 22.9 (9) 41.l+ 9.3 (8) 

111.2+ 25. 0 (11) 101. O+ 31.2 (6) 82.2+ 15.4 (ll) 82.4+ 32,7 (6) 
97.9+ 30.l (12) 52.4+ 15.7 (7) 69.9+ 20.5 (12) 40.0+ 15.8 (6) 
77.9+ 16.0 (23) so.a+ 16.2 (14) 66.8+ 13.5 (20) 58.8+ 15.4 (14) 

2.73+ .55 (12) 3.95+ .26 (8) 2.48+ .70 (9) 3.53+ .23 (8) 
4.29+ .34 (11) .2.71+ .54 (6) 4.10+ .29 (11) 3.65+ .73 (6) 
3.97+ .36 (12) 3. 75+ .25 (7) 3,65+ .36 (12) 3.32+ • 39 (6) 
3.48+ • 36 (23) 4.05+ .25 (14) 3.37+ .39 (20) 3.58+ • 32 (14) 



Table 20. Effect of dexamethasone (DXM) on lymphocyte stimulation induced by anti-globulin and 
equine rhinopneumonitis virus · 

Parameter Day Anti-globulin 
DXMa' No DXM 

Equine rhinopneumonitis virus 

DXMa No DXM 

Net counts 
per minute 

4 

12 

77+ 69b,* (7)c 2818+1378* (5) "'12.6+ 145 (5) 926 (1) 

3626+1769 (6) 2980+1136 (5) -1402+3206 (9) 3821+2485 (6) 

Stimulation 
index 

Log 
stimulation 
index 

17 4409+2022 

4+12 1715+. 929 

4 

12 

1.22+ .24* 

2.12+ .40 

(6) 8393+2255 (5) 

(13) 2899+ 828 (10) 

(7) 2. 37+ . 34* (5) 

(6) 10.20+5.12 (5) 

'17 2.23+ .47* (6) 4. 74+1.0l* (5) 

4+12 1.63+ .25 (13) 6.29+2. 75 (10) 

4 

12 

17 

4+12 

.11+ .24* 

.64+ .23 

.67+ .25* 

(7) .Bl+ .17* (5) 

(6) 1.69+ .61 (5) 

(6) 1.46+ .23* (5) 

.35+ .15* (13) 1.25+ .33* (10) 

2285+1209 (11) 1410+ 765 (7) 

-905+2026 (14) 3408+2141 (7) 

1.27+ .22 (5) 1.49 (1) 

1.91+ .65 (9) 2.24+ .77 (6) 

1. 79+ .29 (11) 1.51+ .44 (7) 

1.68+ .42 (14) 2.13+ .66 (7) 

.18+ .18 (5) 

.24+ .32 (9) 

.47+ .15 (11) 

.22+ .21 (14) 

. 40 (1) 

.50+ .37 (6) 

.23+ .22 (7) 

.48 + .31 (7) 

aTreated animals received daily intramuscular .injections of DXM from day 1 to day 9. 
b Values shown are means + standard errors of the means. 

cNumber of animals evaluated on each day. 
* DXM-treated vs. non treated foals IP:: O. 05) . 
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Table 21. Effect of equine rhinopneumonitis virus (ERV) .on lymphocyte 
stimulation induced by mitogens 

MITOGEN 
Parameter Day Phatohemagglutinin 

Virus a No virus 

Net counts 4 30616±_1347ob•*c11>c 13700+ 4823 (9) 
12 .23103+ 7221* (9) 67563+15947* (8) 
17 48305+14807 (10) ,.28738+ 1899 (9) 

12+17 36367+ 8801 (19) 47009+ 8763 (17) 

Stimulation 4 58.9+ 30.l (11) 19.3+ 5.8 (9) 
index 12 45.4+ !6.6 (9) 37.0+ 8.8 (8) 

17 34. 7+· 9.7 (10) 32.0+ 9.4 (9) 
12+17 39.8+ 9.2 (19) 34.4+ 6.3 (17) 

Log 4 3.11+ • 39 (11) 2.14+ • 55 (9) 
stimulation 12 2.98+ .51 (9) 3.28+ • 35 (8) index 

17 3.18+ • .29 (10) 3.07+ .33 (9) 
12+17 3.09+ .• 28 (19) 3.17+ .28 (17) 

aAnimals in the treated groups were given ERV intravenously on 
day 4. 

b Values shown are means+ standard errors.of· the means. 

c Number of animals. 

* ERV-inoculated vs .• noninoculated foals (p<0.05). 
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MITOGEN 
Concanavalin A Pokeweed mitogen 

Virus a No virus Virus c No virus 

51254+15533 (11) 30822+10451 (9) 32620+ 9804 (10) 25803.+11608 (7) 

65479+17537* (9) 133992+23862* (8) 53389+14526* (9) 120408±_29168* (8) 

93554+24361. (10) 75747+ 8474 (9) 67596+16615 (9) 60320+ 6869 (9) 

80255+15226 (19) 103156+13750 (17) 60493+10843 (18) 88597+15616 (17) 

58.1+ 18.7 (11) 50.5+ 14.4 (9) 43.9+ 19.6 (10) 45.9+ 14.1 (7) 

128.0+ 29.9 (9) 84.7+21.5 (8) 99.7+ 22.9 (9) 62.6+ 16.2 (8) 

62.3+ 16.0 (lO) 102.0+ 39.9 (9) 49.7+ 17.9 (9) 70.0+ 24.1 (9) 

93.4+ 17 •. 8 (19) 93.9+ 22.4 (17) 74.7+ 15.4 (18) 66.6+ 14.4 (17) 

3.35+ .43 (11) 3.05+ .66 (9) 3.02+ .43 (10) 2.91+ • 79 (7) 

4.46+ .37 (9) 4.03+ .40 (8) 4.05+ .52 (9) 3.82+ .33 (8) 

3.81+ .27 (10) 3.98+ .42 (8) 3.34+ .40 (9) 3.73+ .38 (9) -
4.12+ .23 (19) 4.00+ .28 (17) 3.70+ .33 (18) 3.78+ .25 (17) 



Table 22. Effect of equine rhinopneumonitis virus (ERV) on the .!!l_ vitro stimulation of 
lymphocytes by anti-globulin and ERV 

Parameter Day Anti-globulin Equine rhinopneumonitis virus 

Virus a No virus Virus a No virus 

Net 4 1792+109lb (7) c 417+ 347 (5) 160+ 82 (8) 128+ 431 (3) 
counts 12 2393+1133 (6) 4459+1879 (5) 4074+1885 (9) -4393+4122 (6) 

17 5733+2534 (6) 6804+1897 (5) 3125+1169 (10) 470+ 785 (8) 
12+17 4062+1416 (12) 51532+1318 (10) 3574_±.1058* (19) -1614_±.1853* (14) 

Stimulation 4 1.87+ .39 (7) 1.45+ .28 (5) 1.54+ .22 (3) 1.07+ .24 (3) 
index 12 8.13+4.59 (6) 2.99+ .44 (5) 2.59+ .73 (9) 1.21+ . 37 (6) 

17 2.28+ .54 - (6) 4.68+ .99 (5) 1.98+ .37 (10) 1.32+ .24 (8) 
f-' 12+17 5.20+2.37 (12) 3.84+ .58 (10) 2.27+ .39 (19) 1.27+ .20 (14) w 
f-' 

Log 4 .47+ .24 (7) .31+ .17 (5) .41+ .14 (3) .02+ .24 (3) 
stimulation 12 1.17+ .62 (6) 1.15+ .15 index (5) .62+ • 30 (9) -0.08+ .36 (6) 

17 .67+ .26* (6) 1.45+ .21* (5) .54+ .17 (10) .18+ :16 (8) 
12+17 .92+ • 32 (12) 1.25+ .14 (10) .58+ .16*(19) .07+ .17*(14) 

aTreated animals were given ERV intravenously on day 4. 
_b 

Values shown are means + standard errors of the means. 

cNumber of animals. 

* ERV-inoculated vs. noninoculated foals (p<0.05). 
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Foals inoculated with ERV had better in vitro lymphocyte responses 
to ERV than noninoculated foals 'On the eighth and thirteenth days after 

the virus was administered. When data from these two days were pooled, 
it was found that both the net cpm and log10 S.I. were significantly 

higher in the ERV-treated. group (p<0.05). These findings thus provide 
good evidence that four-day-old foals are capable of mounting CMI 

responses to challenge with ERV and that this virus is, indeed, able 

to sensitize the T-lymphocyte system of the equine. 

G. Peripheral Lymph Node 
Histology 

Histological evaluation of lymph node biopsies, collected from all 

foals at about fourteen days of age, failed to demonstrate any effect of 

dexamethasone or equine rhinopneumonitis virus treatments on peripheral 
lymph node histology. 
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V. DISCUSSION 

A. Plasma Cortisol Concentratio.ns 

Cortisol is the major glucocorticosteroid present in the plasma of . . 
horses (28,105,119,229), cattle (176,185,219), sheep (15,45,185,207), 
pigs (28.), dogs (85,90,111), man (95,113,120), monkeys (147) and guinea 

pigs (52). In these species, measurement of resting plasma cortisol 
concentrations can be a reasonable guide as.to the normality of adreno-
cortical function, especially if adrenal stimulation and suppression 
tests are also employed. 

The mean daily plasma cortisol concentrations of resting adult 
ponies and horses in this study were 2.75 :!:. .18 µg/dl and 3.00 + .18 
µg/dl, respectively, and were not significantly different from each other. 
Both groups exhibited a rather large interindividual and day-to-day 
individual variation in cortisol levels; pony values ranged from .9 
µg/dl to 7.0 µg/dl while horses showed a range of values from .5 µg/dl 
to 8.4 µg/dl. Hoffsis et al. (97) and James et al. (105) have reported 
similar day-to-day and interindividual variability. 

Kumar et al. (124) performed the only published st~dy concerning.the 
use of radioimm:moassays (RIA) to measure cortisol values in ponies and 
found mean daily plasma cortisol concentrations of 2.55 µg/dl, which 
are in very close agr~ement with those observed in the present study. 
Mean daily values of l. 37 µg/dl and l. 59 µg/dl have been recorded in 
adult ponies using .a competitive protein binding (CPB) assay (28, 

160), and Hoffsis et al. (97) reported levels of 5.1 µg/dl in.adult 
horses of various breeds using a similar procedure. James et al. (105) 

used a fluorimetric technique to. derive mean daily plasma cortisol 
concentrations of 6.1 µg/dl in adult horses and ponies, with no sig-
nificant difference between the two. The range of values reported 

in different studies likely reflects the differences between the assay 
procedures used. RIA techniques are considered to be the most specific 
for cortisol with low cross-reactivity from other steroids (75,111) and 
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thus values derived by this method are generally lower and give a 

more valid reflection of circulating cortisol concentrations than do 

those derived by other methods. 
Adult ponies and horses in the present study showed a distinct 

diurnal pattern of variation in plasma cortisol concentrations, with 

morning samples having significantly higher levels than afternoon 

samples. Afternoon values were approximately 63% of morning values in 
ponies and 50% of morning values in horses. Similar diurnal trends 

have been reported previously in ponies (28,105,124) and horses (97, 

105,229). Kumar et al. (124) sampled ponies at two hour intervals and 

found the peak cortisol concentrations occurred between 9 am and 11 am 

(3.17 µg/dl) with the lowest levels twelve hours later (1.96 µg/dl), 

when the animals were maintained on a strict twelve hour, 6 am to 6 pm, 

lighting regimen. Bottoms et al. (28) used a similar sampling schedule 
in pony mares and found that the diurnal rhythm was sinusoidal in 

character; cortisol levels rose during the night to peak at 8 am (2.8 

µg/dl), followed by a progressive decline during the day to reach a 
nadir at 10 pm (.5 µg/dl). Hoffsis et al. (97) observed a similar 

trend in horses sampled at twenty-eight hour intervals to eliminate the 
possible disruption caused by collecting the previous sample. Peak con-

centrations were found at 8 am (4.2 µg/dl) followed by a progressive 

decline during the day to reach minimum levels at 4 pm (1.7 µg/dl). 

The diurnal rhythm reported by Zolovick et al. (229) in adult horses. 
was characterized by having low values at 10 pm which were 65% of ·the 
peak daily values recorded at 10 am. 

In the current investigation, plasma samples were arawn between 

7:45 am and 8 am and again between 5 pm and 5:30 pm. It seems likely, 

in light of the results of the above studies, that these sampling times 

closely approximated the expected occurrence of maximum and minimum 
plasma cortisol concentrations. 

The mechanism governing the diurnal rhythm of cortisol levels in 
the horse has not been investigated. In man, the central nervous 

system appears to impose a diurnal cyclic pattern on the release of 
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corticotrophin releasing factor (CRF) from the medial eminence of the 
hypothalamus. This, in turn, stimulates a morning surge of ACTH re-
lease from the anterior pituitary and subsequent increased adreno-
cortical production and release of cortiso·1 (173). Orth et al. (166) 
showed that, in man, this rhythill is related to the habitual sleep-
wake cycle and can be altered by changing the sleeping habits for 
several days but not by abrupt changes. In contrast, the diurnal 
pattern in sheep seems to be directly governed by the dark-light cycle 
.since if sheep are acutely exposed to light for an entire twenty-four 

hours, the diurnal rhythill is lost (137). 
The plasma cortisol concentrations of foals were measured, beginning 

at twelve to twenty-four hours of age and continuing throughout the first 
twenty-two days of life. Mean cortisol levels on the first day (2.49 
µg/dl) were slightly lower than those of adult ponies (2.74 µg/dl) 
and declining values over the next two or three days resulted in mean 
daily concentrations in foals two-to-four days of age (1.89 µg/dl) that 
were significantly less than those. of adults. Levels subsequently rose 
and, in spite of day-to-day fluctuations, were equivalent to adult con-
centrations at one week of age and were slightly higher than adult 

values between twelve and twenty-two days of age. 
The literature contains no ·reports regarding the plasma cortisol 

concentrations in foals during the time period investigated herein. 
Rossdale et al. (182), however, observed a significant increase in the 
cortisol levels.of thoroughbred foals, from 6.8 µg/dl to 8.3 µg/dl, during 

the first thirty minutes of life. Levels fell precipitously after three 
hours. and at t.welve to twenty-four hours of age averaged 2.4 µg/dl, 

a value which correlates .very well with the concentrations found in 
foals of similar age in this investigation (2.47 µg/dl). A si.milar 
trend has.been.observed in calves (47,68,101), and lambs (16,62,159, 
207) during the first twenty-four hours of life and levels continue to 
decline up tci twelve days of a.ge in cattle (68,101). Total plasma 

GCS concentrations in newborn infants are approximately three times 
higher than those of adults. A marked decline during the.first forty-
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eight hours is followed by a more gradual fall ove;r the next two weeks 

of life but adult values are not attained until one-to-five months of 

age (120). There thus appears to be distinct qualitative and quanti-
tative differences in the pattern of adrenocortical secretion between 
young pony foals and the young of other species. 

A distinct diurnal rhythm was already established at one day of 

age in foals in this investigation and became slightly more pronounced 

up to about one week of age. The mean afternoon plasma cortisol con-

centration during the first twenty-two days of life was 60.6% of that 

found in morning samples. The difference between morning and afternoon 

values.was highly significant and equated very closely with the diurnal 

rhythm of adult ponies. Reports of similar studies in domestic animals 

are lacking, but Franks (80) noted that mature diurnal trends in man 

were n~t present until one-to-three years of age. 
The rapid attainment of plasma cortisol concentrations equivalent 

to those of adult ponies and the rapid establishment of a mature di-
urnal rhythm suggests that the pituitary-adrenal function of foals is-

well-developed from an early age. This adaptation to extra-uterine life 

occurs much more rapidly than in neonatal man and may be a reflection 

of.the obvious differences between these two species with regard to the 
maturity of a number of body functions at birth. 

Plasma cortisol concentrations were significantly depressed and the 

normal diurnal rhythm eliminated by administration of dexamethasone 

(DXM) to foals between one and nine days of age. This effect became 

maximal on the fifth day of treatment and mean cor~isol levels remained 

·below .3 µg/dl from that time until at least ten hours after the last 

dexamethasone injection. Cortisol concentrations continued to be de-

pressed, and in many cases were undetectable, on the seventh, eighth 

and ninth days of therapy despite the progressive reduction in DXM 

dosage from four, to three to two to one milligram during this period. 

This finding agrees well with the observation that even small doses of 

DXM can maximally suppress adrenocortical secretion in the horse (97). 
Plasma cortisol levels began to rise by twenty-four hours after the last 
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DXM injection, but were still lower than those of control animals at 
forty-eight hours. Concentrations continued to rise through each suc-
ceeding sampling interval before the diurnal rhythm was re-established 
three days after cessation of therapy (day 12). 

Samples drawn on the third and eighth days after steroid with-
drawal demonstrated a "rebound" in cortisol levels to significantly 
higher values than were found in control foals. In addition, the di-
urnal rhythm at these times was present but of altered character. 
Afternoon plasma cortisol concentrations in treated foals were 84% 
·of the morning values as compared to 55% of morning values in non-
treated foals. By the thirteenth day after cessation of DXM administra-
tion cortisol levels and diurnal trends in treated animals and controls 
were essentially identical. 

Several workers have demonstrated that even a single dose of DXM 
is capable of depressing plasma cortisol concentrations for more than 

twenty-four hours in adult horses (97,105,173). Hoffsis et al. (97) 
noted that levels were already reduced by one hour after such treatment, 
suppression being maximal at twelve to twenty-four hours, and values did 
not return to normal for seventy-two hours. Acute dexamethasone treat-
ment is also known to produce similar effects in cattle (73), sheep (18, 

45), dogs (90,111,201) and man (113,125,145,211). 
It is not known why DXM-treated foals in this study took five days 

to develop maximal adr~nal suppression and similar studies in young 
animals of other species are not available for comparison. It seems 
unlikely that foals metabolize and excrete dexamethasone more rapidly 
than do adult.horses. It is, however, possible that foals require 

higher circulating DXM levels for adrenal suppression than do adults 
and that successive dosages produce cumulative effects which become 
maximal after five days. This could also explain the fact that cortisol 
levels did not rise at the end of the treatment period despite re-

. duction of the DXM dose. A further consideration·is that DXM was 

administered at 8 am each day, that is, at apout the time of the ex-
pected peak morning ACTH and cortisol surge. Studies in man have 
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demonstrated that the central mechanism controlling ACTH release requires 

higher glucocorticoid levels for suppression at this time than at other 

times of day (162). 
The "rebound" of plasma cortisol concentrations to higher than 

normal levels, after the termination of a chronic course of exogenous 
GCS administration, has not previously been reported. It has been 

demonstrated that pituitary levels and release of ACTH are reduced 

during prolonged GCS therapy in man (155,178), and that the adrenal 

response to exogenous ACTH is also reduced in horses (96,173) and sheep 

(18). In addition, the hypothalamic formation and release of CRF 
may be retarded by GCS (173). It is also possible that the hypothalamic 

sensitivity to circulating GCS levels is reduced during steroid 

therapy and that, after abrupt withdrawal, circulating cortisol levels 

rise in response to pituitary ACTH release. If the threshold at which 

plasma cortisol concentrations negatively feed-back on CRF and ACTH 
release was higher than normal, then elevated cortisol levels would be 

tolerated. Plasma cortisol concentrations could only return to normal 
when normal hypothalamic and pituitary sensitivity were restored. Another 

possibility is that adrenal sensitivity to ACTH is increased immediately 

after steroid withdrawal, but it would be expected that the resulting 

increased plasma cortisol levels would negatively feed-back to reduce 

ACTH secretion if the hypothalamic and pituitary sensitivity to circu-

lating cortisol concentrations was normal. 

The rapid return of foal plasma cortisol concentrations to normal 

or supranormal levels after cessation of dexamethasone administration 

indicates that the pituitary-adrenal secretory mechanism did not suffer 

permanent damage. A similar conclusion has been drawn from the studies 

of asthmatic children whose adrenal function rapidly recovered after 

.termination of a course of steroid therapy lasting a mean of seven 

years (155). Robinson et al. (178) showed that plasma cortisol levels 

returned to normal in most patients within forty-eight hours after the 

last of a series of GCS treatments lasting one-to-eighteen months. 
In contrast, the same workers and Graber et al. (88) showed that a 
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proportion of such patients 'may .require an extended period for re-

covery of normal adrenocortical func.tion and during this time may show 

signs of adrenal insufficiency. Extrapolation from these and similar 

studies has led to the belief that prolonged steroid therapy frequently 

leads tp secondary adrenocortiCal insufficiency· in performance horses 

(118',164), a· condition often referred to·as the "turning out syndrome" 

(197). This assumption has not.been backed by quantitation of plasma 

cortisol concentrations arid is not well-substantiated by the results of 

the current investigation. More prolonged studies in adult horses will 

be required before this hypothesis can be proven. 

·Foals given equine rhinopneumonitis virus at four days of age had 

slightly higher mean daily plasma cortisol concentrations during the 

period of the investigation than did control ,animals, irrespective of. 

their dexarnethasone treatment status. In addition, two foals that died 

after showing signs of severe respiratory distress following ERV in-

fection, and one foal that died from an !· coli septicemia, showed a Il!arked 

terminal rise in plasma cortisol levels prior to death and a· loss of 

the diurnal rhythm. Values in the latter foal on the morning prior to 

death were about eight times higher than those of control foals oh the 

same day;· These results indicate that foals are capable of mounting. 

a substantial glucocorticcdd response to the stress of infection with-

out experiencing terminal adrenocortical failure. 

Nathanielsz et al. (160) and Rossdale et al. (182) note9- a similar 

marked elevation in cortisol levels in full-term foals suffering lactic 

acidosis and postnatal coriVl,llsions shortly after birth. Analogous 

effects have also ,been observed in calves which developed an infectious. 

diarrhea, both before and after signs appeared (101;133). In addition, 

the very high cortisol concentrations found in children with meningitis 

could not be further i~creased by exogenous ACTH administration indi-

cating that the adrenalswere.already maximally stimulated in this 
disease state (180). 

Very high plasma cortisol concentrations have been reported with 

ac'ute medical and surgical illnesses in adult horses (96) and man 
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(104,121,129), the highest levels being found in the most acute condi-

tions. Jacobs and Nabarro (104) considered this to be a natural response 

to stress and concluded that it may be the result of defective hepatic 
metabolism as well as increased adrenocortical secretion of cortisol 

in response to hypothalamic stimulation produced by neural inputs. 

B. Clinocopathologic Findings 

The four pony foals inoculated intravenously with virulent Army 

strain #183 ERV developed a severe clinical disease syndrome after an 

incubation period of twenty-four to forty-eight hours. A period of 

pyrexia was characterized by maximum rectal temperatures of 103.2 to 

104°F on the fifth postinoculation day. One-to-three days after the 
onset of pyrexia, clinical signs of upper respiratory tract disease 

became apparent and rapidly increased in severity. At this. time, there 

was clear evidence of pneumonia and pleural effusion and the resultan~ 

extreme respiratory distress proved fatal to two (50%) of. the animals 

on the fifth and seventh postinoculation days, respectively. Despite 
the severe involvement of the respiratory tract in this disease 

syndrome, coughing was not a major clinical feature. 

The major pathological lesions in these foals were referable to 

involvement of the respiratory tract and lymphoid system. Pulmonary 
lesions included diffuse congestion and edema with focal areas of 

emphysema and edema. In addition, there was a marked effusion of fibrin-

flecked fluid into the pleural cavity. Histiocytic cells in the sub-

mucosal lymphoid tissues of the small intestine of one foal contained 

characteristic eosinophilic inclusion bodies similar to those reported 

in the hepatic, alveolar, and bronchial cells of ERV-infected aborted 

fetuses (l:4,.26,44) and in the bronchial epithelial cells of neonatal 
foals succumbing to ERV infection (57). 

The incubation period, degree of pyrexia, and initial clinical signs 
observed in the four experimental foals inoculated with virulent ERV 

were very similar to those previously described by Doll et al. (59) after 
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inoculation of weanling horses with ERV. However, the later development 

of severe pneumonic signs and hydrothorax was not encountered by Doll 
et al., and other workers agree that pneumonia is a rare occurrence in 
older foals and adults infected with ERV (26). Similarly, the high 
mortality rate (50%) encountered in the current investigation is atypical 
(14,26), since pathological lesions are normally confined to the upper 
respiratory mucosa (14) and the resultant clinical disease is mild 

(14,26,59,170). 
Pnetimonia and death have, however, been reported in young foals 

following natural infection with ERV (26) and a related "early neonatal 
death syndrome" is thought to be due to the in utero infection of the 
fetus late in gestation (14,26,36,57,170). Affected foals were either 
weak at birth, or become so within forty-eight hours, and were soon 

unable to stand or nurse (57). The heart and respiratory rates were 
markedly elevated and harsh vesicular respiratory sounds and sibilant 
rales were heard on auscultation. Marked dyspnea and respiratory 
distress became more severe and death resulted a few hours to three 
days later (57). The pathologic lesions were remarkably similar to those 
observed in the two foals that died in the current investigation, but 
pleural effusion was not a common finding. In addition, eosinophilic 
intranuclear inclusions were found in the bronchiolar epithelium of 
some foals with mild to moderate necrotizing bronchiolar lesions (57). 

Similar lesions are found in fetuses aborted as a result of ERV 
infection of the gestatirig mare (14,26,44,103,170,222) but in this case, 

excessive fluid accumulation in the body cavities, as occurred in the 
experimental foals, is a consistent pathological finding (14,26,44, 
170). Edema of the lungs and other organs and transudation of fluid 
into the body cavities of aborted fetuses is thought to be due to the 
leakage of plasma protein resulting from widespread necrotizing 
vascular lesions (103). A similar mechanism was probably active in the 
four. ERV-inoculated foals in this study since all showed a consistent 
reduqtion in plasma protein concentrations. This feature was most 
marked in one of the foals that died (2377); the plasma protein level 
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falling from 6.9 g·.% on the day of infection to 4.8 g % when death 

occurred five days later. 
The widespread vascular lesions found in aborted fetuses (103) are 

probably responsible for the necrosis, degeneration and hemorrhage seen 
in many organs including the lymphoid tissues (14,44). Degeneration of 

'the germinal centers of the spleen and lymph nodes, and generalized 

lymph node congestion, edema, and hemorrhage were also evident in the 

two foals. which died as a result of ERV inoculation in this study. 

In addition, the thymus of one foal was grossly atrophied. Bryans 

et al. (36) described similar lesions, along with massive necrosis of 
all elements of the thymus, in foals which died after developing signs 

of severe respiratory distress, reddenedmucosae, and diarrhea, with 

rapidly developing lethargy and weakness, during the first week of. life. 

These foals exhibited clinical signs and postmortem lesions referable 

to secondary bacterial infection and, in addition, they developed a 

marked lymphopenia and neutrophilic leukocytosis during the course of 

the disease. ERV was isolated from about 1/3 of these foals which led 

to the suggestion that ERV infection of the fetus late in gestation, by 

invoking destruction of the major lymphocyte populations, increases the 

susceptibility of neonatal foals to a variety of infections. Bryans 

et al. (36) hypothesized that foals which escaped unresolvable thymic 

damage and were able to compensate immunologically for splenic damage 

would survive and develop normally. They further speculated that failure 
of full reconstitution of immunological capability could lead to an 

.immunodeficiency syndrome which could eventually prove fatal. The 

evaluation of both the humeral and cell-mediated immune systems of the 

two foals that survived severe ERV infection in this study do not 

support this latter hypothesis but the fact remains that the two foals 

which died did display degenerative lymphoid lesions. 

One of the ERV-inoc.ulated foals developed a transient neurological 

disturbance thirteen to fifteen days postinoculation, after having 

apparently recovered from the pneumonia form of the disease. Clinical 

signs consisted of posterior incoordination with hypermetria, dysmetria 
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and generalized tremors, Excitement precipitated clonic convulsions, 
characterized by opistotonus and extensor rigidity, followed by recovery 
either within a few seqonds or more than one minute later. Neither 
weakness nor pyrexia were prominent features in this foal. 

A similar clinical .syndrome has not been reported in young foals, 
but neurological disturbances have been observed in older animals in 
association with natural outbreaks of abortion and respiratory disease 
(40,131,187,200) and following experimental inoculation of both virulent 
(102,103) and vaccinal ERV (132). The predominant clinical signs en-
countered in these animals were posterior ataxia, progressing to total 
paresis.in some cases, along with an inability to urinate and defecate 

(200). Other findings have included lethargy and edema of the hind 
limbs (40), stiffness and reluctance to move (102), urinary incontinence 
(131,132), sensory nerve deficits, and total paralysis, except for the 
head, without loss of pain sensation or anal reflexes (131). In some 
animals the signs have been transient, but in ·others progressive deterio-
ration has necessitated euthanasia (200). Elevated protein levels have 
been consistently observed in the CSF (102,103,132) and are compatible 
with the overriding pathological lesion which reflects a nonsupportive 
disseminated meningoenqephalomyelitis involving the brain and spinal 
cord (40,102,103,130,131), secondary to necrotizing vascular lesions 
(103) • 

The survival of the .foal which developed a neurological disturbance 
in this investigation meant that tissues were not available for histo-
pathological evaluation. ·The predominant clinical signs, however, likely 
reflect diffuse CNS lesions with definite involvement of the cerebellum. 
The lack of muscular weakness or paralysis indicate that the spinal 
cor.d was not significantly affected and thus this syndrome appears 
distinct from those reported above. It is also possible that it was not 
related to ERV inoculation. 

None of.the foals inoculated intravenously with three or five times 
the recommended dose of an attenuated live ERV vaccine1 subsequently 

1Rh' R d ab inomune , Nor en L oratories Inc., Lincoln, Nebraska. 
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developed pyretic responses or any clinical disease signs. These results 

indicate that this vacci~e is extremely safe and nonvirulent. Clinical 

trials conducted by other workers (14,26,170) support this view and, in 

addition,it.has been demonstrated that the·attenuated virus is not shed 
by vaccinated horses (14,26), thus avoiding the possibility of re-

establishment of virulence. The vaccine did not induce a leukopenia in 

the foals evaluated here, nor in the animals studied by Bass et al. 

(14), and thus it is unlikely to predispose to bacterial infection. 

The Dllli-treated foals, which were not inoculated with· either at-

tenuated or virulent ERV, -all developed mild to moderate clinical signs of 

an upper respiratory tract infection the day after cessation of DXM treat-

ment. Coughing and a mucopurulent nasal discharge were the predominant 

features. In view of the fact that three of the four control foals, and 

none of the animals inoculated with attenuated ERV, developed similar 

signs, it appears that DXM treatment predisposed these animals to 

bacteriai and/or viral respiratory tract infections. It seems likely 

that these infections· did not become established until after several 

days of DXM treatment and thus did not reach clinical proportions until 

the end of the treatment period. It is now well-documented that pro-

longed GCS therapy can predispose man and animals to a variety of in-

fections (51., 151, 206, 213) , increase the severity of existing infections 

(43, 206), and cause recrudescence of latent and subclinical infections 
(53,192,206) •. 

Correlation of the clinical signs with the results of laboratory 

evaluation of the humeral and cell-mediated immune systems of the DXM-

treated foals will be discussed later. 

One of the control foals used in this investigation died at five days 

of age as a result of an E. coli septicemia. Laboratory studies re-

'!'ealed that this foal had a plasma protein concentration of 5 .1 g .% at 

~ne day of age a~ compared .to a mean value of 6. 55 g .% for all the other 

foals.· Furthermore, this animal was the only one lacking detectable anti-

bodies to either ERV or Brucella abortus at this time. .It thus seems 
likely that failure of colostral antibody absorption predisposed this foal 

I 

I 

I 
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to a fatal E. coli infection. Juelsgaard (112) also found 'that ~· coli 

septicemia was a major problem in colostrum-deprived foals. and these 

results serve to further emphasize the importance of passively-derived 
colostral antibodies in the prevention of bacterial diseases in neo-
natal foals. 

c. Hematologic Findings 

The mean total leucocyte (wbc)' counts of pony foals were low at.one 
. . 3 

day of age (5911 .:!:. 356/mm ), but rose considerably during the first 

seventeen days of life such that values in twenty-two·-day-old foals 
. 3 . 
(9583'.:!:. 833/mm) were significantly higher than those found in one day 

old.animals. Similar studies involving young ponies are not available 

for comparison, but Sato et al. (186) reported on the leucogram changes 

in' five thoroughbred (TB) foals sampled from birth to six months of 
age. Mean total wbc counts at birth (8,640 .:!:. 2710/mm3J were much higher· 

than those. recorded here but still increased slightly up to twenty days 

of age when values (9680 .:!:. 3280/mm3J were very similar to those of 

twenty-two day· old foals in this study. The total wbc counts of TB 
and quarter horse 

similarly high at 
(QH) foals investigated by Schalm et al. 

·3 
birth (9600 .:!:. 3372/mm J but changed very 

(190) were 

little during 

the first month of life. Todd et al. (214) found mean values o'f 8360 · 
3· 

.:!:. 519/mm for TB foals one-to-four weeks of age. 

The mean total neutrophil counts of one day old pony foals were 

low (3876 .:!:. 307/mm3J but increased rapidly during the first twelve to 
seventeen days of life so that values at twenty-two days of age (6612 

+ 660/mm3J were significantly higher than those found at one day of age. 

·These findings differ markedly from those of Schalm et al. (190) who 

reported appreciably higher counts ·in TB and QH foals at birth (6962 

.:!:. 276~/mm3 J and also noted a slight overall decline in values over 

the first month of life. Sato et al.. (186) also reported mean total 

neutrophil.counts in.TB foals at birth which were appreciably higher 

than those of the pony. foals investigated here. An overall increase· 

'in counts over the first ten days of life followed a similar trend· to 



146 

that of ·the pony foals but a marked variability between the individual 

animals made interpretation and extrapolation of results difficult. 

The mean lymphocyte counts of one day old pony foals (1965 + 
138/mm3) were again lower than those observed in newborn TB and QH· 

. 3 foals (2192· ±. 891/mm ) by Schalm et al. (190) and in newborn TB foals 
3 (3223 ±. 737/mm ) by Sato et al. (186). In addition, lymphocyte counts 

tended to remain below those reported in TB and.QH foals throughout the 

first three weeks after birth. A significant decline in lymphocyte. 

counts occurred during the first four days of life in the pony foals 

investigated here, but this was followed by a marked increase so that 
. 3 

the counts in twenty-two day old foals (2874 ±. 313/mm ) were signifi-

cantly higher than those found at one and four days of age. An identical 

trend was found by Sato et al. (186) in TB foals and, while Schalm 

et al. (190) observed a similar general increase in counts with in-

creasing· age, their sampling· times ranged enough to obscure short~ 

lived alterations. 
Pony foals in this study had neutrophil:lymphocyte ratios of. 

approximately 2:1 at birth and the subsequently increased neutrophil 

counts coupled with reduced lymphocyte counts caus·ed this ratio to 

widen to 3.6:1 at four days of age. ·Thereafter, neutrophil counts 

rose more slowly than lymphocyte counts <3;nd thus this ratio became 

narrower at seventeen days of age (2. 7:1) and twenty-two days of age 

(2.3:1). Neutrophil:lymphocyte ratios of 1.6:1 and 2.8:1 huve been 

reported in newborn TB (186) and TB and QH (190) foals, respectively, 

and are similar to that .determined here for pony foals. However, "hot-

blooded" foals show a rapid narrowing of this ratio with age as lympho-

cyte, counts increase at a faster rate than neutrophil counts and thus a 

neutrophil: lymphocyte ratio of approximately l: l, which is characteris-

tic of young adult horses, is attained by one-to-two months of age (186, 
190). 

The above comparisons indicate that these are definite qualitative 

and quantitative differences between the major leukogram values of pony 

foals and foals of the "hot-blooded" breeds. Both the neutrophil and 
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lymphocyte counts of p0ny foals are lower at birth and, while neuerophil 
counts rise rapidly to approximate levels found in "hot-blooded" foals, 
lymphocyte counts rise more slowly. and consequently neutrophil: 
lymphocyte ratios remain appreciably higher than those of "hot-blooded" 
foa1s at three weeks'of age. 

These differences are clinically important in the evaluation· of 
blood, samples obtained from young pony foals since the normal ranges 
quoted by laboratories and textbooks refer to adult rather than foal 
values and values derived from horses rather than ponies.. -A value could 
fall within the normal range for adult horses but be grossly abnormal in a 
pony foal, thus leading to dangerous clinical misinterpretations. 
Furthermore, ponies are frequently used in equine research with the 
results of these· investigations being freely extrapolated to include 
... hot-blooded'' horses on the a:;sumption that both have identical physio-
logical functions. This assumption is likely misguided and thus there 
is a great need, especially in the case of frequently used hematological 
data, to compile accurate ranges of normal values for ponies and to 
provide relevant comparisons with horse values. 

The monocyte and eosinophil counts of pony foals investigate,d here 
were generally low and showed no significant trends with increasing age, 
results which are in good agreement with those reported by other workers 
in foals of TB and QH breeding· (186, 190, 214) • 

The. reported mean plasma ·fibrinogen concentration found in TB foals 
at birth .is 265 mg% with an accepted range of 200-400 mg% (190). This 
agrees very well with the conce~tration found in the one day old pony 
foals studied here (mean 252 + 32 mg%). Pony foals showed a rapid in-
crease in plasma fibrinogen concentrations with age and consequently 
mean levels in twenty-two day old foals (475 ~ 38 mg%) were signifi-
cantly higher than mean levels in one day old foals. Schalm et al. 
(190) noted a similar trend in TB foals, mean values increasing to 
365 mg% at one week of age and 430 mg% at one month of age. It has been 
suggested, however, that this trend likely does not represent a true 
age effe';:,t, but rather indicates. a response to subclinical respiratory 
tract infections causing an inflammati_on-mediated rise in fibrinogen 
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concentrations (190). This may have been the case in the current study 

since a number of the foals developed mild signs of upper respiratory 

disease irrespective of.whether they were inoculated with ERV or not. 

Mean plasma protein concentrations were slightly higher in one day 

old pony foals than those reported in TB foals, but were within the 

accepted normal range (i90). Levels declined somewhat during the first 

twelve days of life, but this was likely related to the frequent (twice 

daily) collection of blood during this period, since this trend was 

l_ater reversed when. sampling became less frequent. Additional evidenc'e 

for this interpretation comes from the fact that TB foals show a general 

increase in plasma protein levels during the first month of life (190). 

The administration of glucocorticosteroids to adult horses and 

ponies causes a relatively consist.ent pattern of leukogram chang<:is 

characterized by leukocytosis with absolute neutrophilia, lymphopenia, 

and·eosinopenia (2,6,140,167,205,206). These alterations have been 

noted within two hours after administration of a single intravenous dose 

of DXM (190,205) and i:he effects are generally maximal between seven 

and twenty-four hours posttreatment (6,190,,205). Counts return. to normal 

within forty"".eight hours (6,205), or less (167,206) ,· dep<O!nding 6n the. 

preparation used, the dose,. and the route of administration. Neutro-

phil counts show a maximal increase of 96-185% (167) up to 300% (190, 

205) and lymphocyte counts are depressed by 4·1 to 72.% (167 ,190,.205). 

Eosihophil counts tend to fall more slowly than lymphocyte counts, 

the f9rrner showing maximal depression at about forty-eight hours with a 

return to normal counts ninety-six hours after DXM administration (6, 

205). 

The leukogram changes noted in man (76,78,228), dogs; cats, and 

cattle (190), and guinea pigs (11,77) following GCS administration are 

very similar to those noted in the horse except that monocytopenia is a 

consisten·t GCS-induced change in the former five species (78,168,190, 

228) but not in the latter (140,167,190,205,206). 

The reported leukogram changes induced by a chronic course of GCS 

administration are generally. similar to those induced by a singl.e 
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injection except that the changes persist throughout the treatment period 

(11,77). The maximal degree of lymphopenia is no greater than that 

observed following a single dose and the kinetics of the lymphopenia do 

not appear to be cumulative but rather are strictly related to each GCS 

dose (77). 
Tarr and Olsen (206) reported that the classic GCS-induced leuko-

gram changes persisted in adult horses throughout a four day course of 

DXM treatment with return to normal counts within thirty-six hours 

after the last injection. Magnuson et al. (140), noted, however, that 

while lymphopenia and eosinopenia persisted throughout a nine day course 

of daily DXM injections, neutrophil counts fell to below baseline values 

after a marked neutrophilia during the initial three days. Similarly, 

Archer (6) reported a return of leukocyte counts towards normal, after 

an initial marked neutrophilia and lymphopenia, despite continued dosing 

with hydrocortisone and ACTH at twelve hour intervals. 

Pony foals in the current investigation were bled at one day of age, 

before any DXM treatments were given, and again on the fourth and seventh 

days of such therapy and after treatment had ceased. Total leukocyte, 

total neutrophil, and lymphocyte counts were not significantly altered 

by DXM administration although all three had slightly higher values in 

treated foals than in nontreated foals. These trends tended to be re-

versed after cessation of therapy. The band neutrophil, rnonocyte, and 

eosinophil counts were all low and no influence of DXM could be detected 

by the methods employed. 

The results of this investigation contrast markedly with similar 

studies performed in adult horses and ponies, and in the other species 

described above. It is possible that foals are inherently more re-

sistant to the effects of DXM on their circulating leukocytes than are 

adult horses, or that the effects of the drug did not last a full 

twenty-four hours. This latter possibility could be very important in 

that samples were collected at about 8 am each day, that is a full 

twenty-four hours after the previous DXM injection. However, this view 

is not supported by the results of plasma cortisol determinations; 
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cortisol concentrations remained markedly depressed during this period 

indicating that the effects of DXM did, indeed, last a full twenty-four 

·hours. In addition,·others have found leukogram changes to be still 
maximal twenty-four hours after administration of DXM in adult horses 

(190,205). 

It is possible, as has already been noted in ·some stud:les ,i.n.·adult 

horses (6.,140), that leucocyte counts were markedly altered during. the 

first· two or three days of DXM treatment and then later returned 

towards baseline values,· in spite of continued therapy, so tJ:iat samples 

collected on the fourth and seventh days failed to reveal. any appreciable. 

effects; Such a .Phenomenon could be related to the development of toler-

ance to high circulating GCS levels, induced by a yet unexplained 

mechanism.-

A further possible· explanation could lie in the fact that DXM ·de-

pressed endogenous cortisol concentrations to .very low levels. The 

dose of DXM. used (4 mg) may have simply acted as replacement for. de-

ficient endogenous cortisol and not increased the total circulating 

GCS levels sufficiently .to alter leucocyte kinetics. Again, .this 

possibility is unlikely in that lower DXM doses, on a mg/kg basis; 

have induced.'profound leukogram alterations in older hoses (167,205, 

206). 

The increased circulating neutrophil counts induced by the ad-

ministration of glucocorticosteroids has been shown to. result from re-

lease of mature neutrophils from the marginated pool contained in small 

blood vessels (190,205) and bone marrow (24) as well as decreased 

migration of neutrophils .into the tissues (24). Neonatal pony foals 

.have relatively low neutrophil counts anq possibly. also a minimal 

marginated n·etitrophil pool from which to draw. If this was the case, 

they wo9ld ri_ot be. capable of. responding to steroid therapy with in-

creased neutrophil counts. 

A major finding in this investigation was the fact that total 

leukocyte, total neutrophil, and lymphocyte counts were all signifi~ 

cantly.lower at birth than at twenty-two days of age arid most of. this 
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increase occurred during the.first week of life. It is very likely 
that the natural stimulus·of increasing age was much stronger than the 
stimulus of DXM treatinent and the former "masked" the effects of DXM. 
"This effect.may have been especially marked in the case of lymphocyte 
counts which were slightly higher in the treated group whereas a re-

duction in counts would have been expected. 
It is not known which of .the above mechanisms were active in the 

DXM-treated foals, but it is not unreasonable to suggest that a combina-
tion of'these were responsible for the observed effects. 

The only significant hematological alteration induced by DXM · 
during the current investigation was a marked reduction in the plasma 
fibrinogen concentration.of foals on both the fourth and seventh treat-
ment days. This effec_t has not been previously investigated in foals 
and no_ similar results have been observed in adult horses (190)-• 

. However, this result might be expected based on the fact that increased 
plasma fibrinogeri levels are the result of inflammatory processes, 
especially those involving the respira_tory_ epithelium (190) and an 
accepted action of glucocorticosteroids is suppression of inflammation 
(43, 79,'213,230). 

'.J.'he increase in plasma fibrinogen concentrations with _increasi.ng 
age noted in ·the co_ntrol foals may, indeed, h_ave been related to miid 

upper respirator~_infections, the inflammatory effects of which were 
suppr_~ss.ed by DXM ,in treated foals, resulting in lower plasma fibrinogen 
'concentrations in this l·atter group. Th_e fact that fibrino9en level,s 

rose rapidly after cessation of DXM therapy, and were indeed higher than· 
those of controi_foals during this time, sµpports the proposed hypothesis. 
An alternative explanation lies in the fact that GCS. exert a catabolic 
action on proteins (190) of which fibrinogen is one. ' ' However, no -simi-
lar reduction in plasma protein levels was noted suggesting that this 
mechanism likely did not play a major role in the depression of.plasma 
fibrinogen 'concentrations. 

Equine rhinopneumonitis virus inoculation did not significantly alter 
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leucocyte counts in the pony foals studied, although the total white 
blood cell, total neutrophil, and lymphocyte counts were all somewhat 
lower i_n virus treated foals three days after inoculation than in control 
animals of equivalent age'. over the next fourteen days, values became 
slightly higher, for all three of these leucogram parameters, in the 
virus treated group than in the control group. 

Doll et al. (59) demonstrated a_ leukopenia, persisting for up to 
thirteen days, in foals inoculated with virulent ERV. This was largely 
due to a marked neutropenia, other blood elements remaining relatively 
unaffected. Similar leukogram changes have been reported in ERV-

infected foals affected by the early neonatal death syndrome (57). 
These effects were more marked than those noted in the present study, 
but· Doll et al. (59) used older foals and again it is likely that the 

natural trends of leukogram alteration with increasing age obscured the 
effects of ERV in this investigation. In addition, Doll et al. (59) 

used an inoculum of virulent ERV whereas most of the pony foals studied 
here were instead given a large intravenous dose of attenuated live 
ERV and, it has been previously demonstrated that this attenuated virus 
does not induce leukopenia (14). All four fo~ls which were inoculated 
with virulent ERV in this study developed severe clinical signs of in~ 
fection and two died, but none of them.demonstrated the characteristic 
leukogram alterations.described by Doll et al. (59), adding further 
credence to the postulation that age changes produced an overriding 
effect. 

The plasma fibrinogen concentrations of foals inoculated with either 
live or attenuated ERV were very similar to those of control animals and 
increased with age during the period of investigation. These results 
are somewhat surprising in view of the above postulated mechanism for 
elevation of plasma fibrinogen levels (190) and the marked respiratory 
signs induced by inoculation of virulent ERV. However, a number of 

control foals showed signs of mild upper respiratory tract disease, and 

many probably had subclinical infections, which may account for this 
apparent paradox. 

Plasma protein concentrations were significantly higher in virus-
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inoculated foals than in controls and this may have reflected increased 
gamma-globulin concentrations due to the antibody response to the virus. 
This i.s unlikely, however, in that humor al responses were generally 
poor, and, in addition, virus-treated foals had appreciably higher plasma 
pr0tein levels than controls even before viral inoculation. This result 
most probably reflects normal e:Kperimental variation between individuals. 

D. Humeral Immune ·F.unction 

Many of the pony foals investigated here had appreciable anti-ERV 
neutralizing antibody and anti-brucella agglutinating antibody titers at 
one. day of age. Since these closely approximated the titers found in .the 
respective dams, they were assumed to be of colostral origin. It has been 
shown previously that foals lack detectable specific circulating anti-
bodies at birth, but after ingestion of antibody-rich colostrum, titers 
rise and reach levels very similar to those of their dams by one to two 
days of age (3,33,109,112). The intestinal mechanism of colostral 
gamma-globulin absorption is most highly active during the first few 
hours of life, after which time its activity rapidly declines and is 
negligible by 24 to 36 hours of age (34,107,108,112). 

ERV neutralizing antibody titers declined progressively during the 
first. five weeks of life in foals not inoculated with ERV, and this de-
cline· did not appear to be significantly influenced by DXM administra-

tion. Foals inoculated with ERV at four days of age showed a continued 
reduction in mean titers. eight days later. However, titers subse-
·quently rose and, although they did no:t reach preinoculation levels, 
they were significantly higher than those of noninoculated foals indi-
cating that a primary humeral response to the virus had occurred. When 
all the foals were vaccinated with a modified live ERV product1 at between 
35 ·and 40 days of age, titers rose within ten days and remained elevated, 
at a similar level, seven days later. Foals not previously inoculated 

lRh. R inomune , Norden Laboratories Inc., Lincoln, Nebraska. 
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with ERV showed a less marked and less prolonged response to vaccination 

than foals in the ERV-inoculated group. These characteristics indicate 

that.the foals inoculated with ERV at four days of age deve1oped an 

anamnestic respo~se following va~cination whereas the titer rise in 
control foals following vaccination was more characteristic of a pri-

mary humeral response. 
The colostral anti-brucella agglutinin titers of foals varied 

widely but declined preogressively up to three days of age, at which 
time· Brucella abortus bacterin was subcutaneously administered to all 

foals. Eight days lat~r mean titers were elevated and this rise con-
tinued up to seventeen days of age, followed by a leveling off in later 

samples. 
Twelve-day-old foals.had anti-SRBC hemagglutinating titers of 1:2 or 

less at the time of intravenous inoculation of a SRBC suspension. All 

animals deveioped significantly increased titers ten days· later followed 

by a decline to lower levels at thirty-five days of age. 

The above results provide conclusive evidence th~t foals as young 
as three days of age are capable of responding to challenge with a 

variety of antigens by mounting significant humeral antibody responses and 

developing sensitization for subsequent anamnestic responses. These 

findings contrast. markedly with the apparent immunological unresponsive-

ness or hyporesponsiveness of newborn and very young animals of several· 

other·species (198,202'). However, support for the results of this in-

vestigation comes from the work of Juelsgaard (112) who reported that 

both colostrum-fed and colostrum-deprived foals immunized with tetanus 

toxoid, killed Brucella abortus, bovine serum albumen, and killed 

eastern and western equine encephalomyelitis viruses at one or two weeks 

of age, developed marked humeral responses to these antigens. In addi-

tion, B-cell sensitization was evidenced by a more rapid and sustained 

titer rise following booster vaccination four-to-eleven weeks later. 
In the same study, it was noted that there were some age-related 

effects on antibody production. Foals vaccinated for the first time at 

four or eight weeks old tended to show slightly more rapid titer rises 
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and slightly higher peak titers to certain antigens than __ foals vacci-

nated at an earlier age. It seems likely that a number of factors could 

contribute .to this maturation of hurnoral immune responses with increasing 

age. Some workers believe that there is an increase in the "antigen-
sensitive" !!-lymphocyte population with increasing age (141,212). This 

may be related to repeated exposure to homologous or heterologous 

cross-reacting antigens and thus be an acquired a_daptive mechanism· 

(112). It is also possible that the ability to process antigens for 

the development of antibody responses may increase during early neo-

natal life. This ·important function is carried. out by macrophages and 

T-lymphocytes and is especia~ly important in the development of hurnoral 

responses to thymus-dependent antigens such as soluble proteins _(20). 

The Ig M class of antibodies is the first i:o increase following anti-

gen stimulation in young foals (135,183) and in many other-species 

(172). The ability to produce Ig G appears later and more gradually. 

and could further explain the slightly increased antibody producing 

capabilities with aging (112). 

Pre-existing antibodies of colostral origin appeared· to interfer·e 

somewhat with the hurnoral responses of foals in this study al.though this 

effect could not be accurately quanti tated due to the "small number of 

animals available. This effect was, however, quite variable; some foals 

with anti-ERV neutralizing antibody titers of 1:4 or less showed no titer_ 

increase following ERV inoculation, whereas one animal with a titer of 

1: 16 developed an ei,ght~fold increase. Less variability was-apparent in , . 
the case of colostral antibody-induced inhibition of respo~ses to Brucella 

abortus vaccination. Titers rangl:!d from 1: 5 to 1: 1280 _at one day of' 

age and all foals with titers of less than 1:80, when vaccinated with 

killed Brucella abortus bacteria at three days o-f age, subsequently 

developed increased specific antibody levels. Only one foal with a pre-· 

vaccination _titer of 1:160 or more developed a. positive serological 
respons_e. 

In spite of the variation between individual animals it is obvious 

that the presence of colostra1·antibodies inhibited the development of 
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primary humeral responses in foals, the highest titers causing the most 
marked inhibition. This situation has also been observed in calves (94, 
203), lambs (12,17), pigs (100), and foals (3,112,188,189). 

Alexander and Mason (3i noted that foals did not develop humeral 
responses to horsesickness vaccine and were protected from infection 
with virulent virus during, and sometimes after, the period when specific 
colostrum-derived antibodies were pres.ent in their circulation. Simi-
larly, Schiitzler (188,189) reported that foals born of dams hyper-
immunized with tetanus toxoid showed no response when immunized at 
less than three weeks of age. However, a second inoculation of tetanus 

toxoid given a few weeks later resulted in a rapid rise in antitoxin 
titers indicating that sensitization had occurred following the primary 
vaccinal dose. 

Juelsgaard (112) demonstrated that the humeral responses of foals, 
given primary immunizations with a variety of antigens at between one 
and eight weeks of age, were slower developing and weaker the higher the 

level of maternal antibody present at the time of vaccination. While 
the peak response of seronegative ten-week-old foals to killed Brucella 
abortus occurred at one week postvaccination, the presence of maternal 
antibody delayed this peak until the third postimmunization week. Foals 
with high maternal tetanus antitoxin titers showed no response to pri-

mary immunization with tetanus toxoid although some sensitization had 
occurred as indicated by increased titers within one week of a later 
booster dose. Similarly, the higher the antibody titer, the less marked 
was the anamnestic response to booster vaccination. This may have been 
a direct effect of antibody on the secondary responses similar to that 
exerted on the primary response and/or it could also represent a 
restriction of the initial sensitization induced by the primary dose. 
A similar effect was also noted with responses to human serum albumin 
and killed WEE and EEE viruses. 

The above work (112) and that of others (154,184,188,189,218) 
indicates that passive antibody is more effective in inhibiting the primary 

antibody response than the sensitization of the humeral immune system for 



157 

the development of an anamnestic response, although such inhibition has 
been d_elilonstrated (152,153,217). It is probable that less antigen is 
required for sensitization and the elicitation of secondary responses 
than is needed for the development of primary antibody formation. Thus, 
while high levels of passive antibody could bind with and remove the 
requisite amount-of antigen-and prevent development of a primary response, 
a small quantity of antigen could remain to stimulate sensitization of 
immunocompetent B-lymphocytes. These proliferate to produce the so-

called specific "memory cells" which can be_ "recalled" on subsequent 
exposure to the homclo'gous antigen, thereby rapidly initiating an anarn-

nestic humeral response. 
The implications of the above findings with regard to the routine 

immunization of foals will be discussed later. 
The inhibitory effects of pre-existing antibodies are not limited 

to those of passively derived colostral antibodies, since actively pro-
duced immunoglobulins exert a similar effect. In the case of ERV, 
Neely and Hawkins (161) observed diminished responses to.vaccination in 
horses of all ages_ with neutralizing titers of more than 1:64-at the 
time of vaccination.. Similarly, Bryans (35) demonstrated that animals 
with preinfection titers of gre~ter than 1:100 failed to.develop 
anamnestic antibody responses, viremia, or clinical signs of infection 
when challenged. 

The-nature of the immune responses to ERV, especially the age-related 
effects, is not clearly understood, as indicated'previously (literature 
review). In general, young horses and foals mount poor humeral responses, 
irrespecti~e of the pre-existing antibody titer (66,85,161). The 

"findings of this. investigation support this view in that none of the 
foals developed a greater than eight•fold titer increase following ERV 
inoculation or subsequent booster vaccination and many did not develop 
an· antib9dy titer rise in spite of low· preinoculation titers. It is_ 
interesting_ to note that .the two foals which showed the greatest titer 

increases were those given virulent rather than vaccinal virus. 
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Dutta and Shipley (66) noted that one-to-four month old foals developed 

negligible responses to either primary or booster doses of a modified 

live ERV vaccine regardless of their exact age or pre-existing anti-
ERV antibody titers. An analogous pattern. was observed by Neely and 
Hawkins (161) in two-to-seven month old foals subjected either to 

vaccination or natural challenge. In contrast, mares in the same study 
developed very rapid, one-to-five-fold, titer increases indicative of an 

anamnestic response. Furthermore, Gerber et al. (85) were unable to 

demonstrate appreciable serological responses to a two dose ERV vaccina-

tion series given t6 six-to-eight month old foals, whereas pregnant 

mares and eighteen-to-twenty-one month old horses developed four-to-

sixty-four-fold titer increases • 
. The poor humoral responses of foals to inoculation with vaccinal 

ERV more likely reflect a lack of previous exposure to the virus than 

an immaturity of the immune system of the young horse (85,161). The 

apparent low antigenicity of the virus may necessitate multiple exposures 

before appreciable sensitization and good humoral responses are attained. 

An additional consideration is the widespread distribution of ERV 

(14,26,44,66,161) which means that a large proportion of the horse 
population have demonstrable titers (9,59) and consequently most foals 

possess anti-ERV antibodies of colostral origin. It is possible that 

relatively low titers will inhibit the serological responses o.f foals 

to ERV, whereas higher titers are needed to elicit this effect in older 
horses. This hypothesis could only be substantiated by studies using 

Sero-negative animals which are, to say the least, difficult to find. 

The decline in titers of anti-brucella, anti-ERV and anti-SRBC 

antibodies of colostral· or endogenous origin, was not significantly in-

fluenced by DXM administration in the foals studied. These findings 

are in agreement with those of Butler and Rossen (37) who showed that 

the plasma survival, plasma clearance and urinary excretion of at least 

IgG were not altered by even high dose GCS therapy in man. 

The serological responses of foals to ERV, killed Brucella abortus, 
and SRBC were not altered either during or after DXM therapy. Similarly, 
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many.studies in man have failed to demonstrate GCS-induced suppression 
of antibody formation when therapeutic dosage rates were employed (230) . .. 
Howe_ver; administration_ of GCS in high dosages for three-to-five days 
has been shown to significantly reduce serum concentrations of IgG and 
somet_imes other Ig cl'.l~ses in human samples drawn thirty and, in some 
cases, up to ninety days-later (37). In addition, it has been demon-
strated that high in vitro steroid concentrations.will reduce antibody 

prod_uction by isolated lylriph node fragments from rabbits immunized 
against diptheria toxoid and BSA (4). The earliest phases of antibody 

production appear to be mo"re vulnerable than the later stages (30,63,230) 

and the primary response seems to be more influenced than the anarnnestic 
response (30,230). Thus, it has been concluded that these effects are 
mediated via inhibition of peripheral nohactivated B-lymph6cytes (150) 

and possibly also "helper" T-cells (63) and since they are believed to 
be related to destruction of lymphocytes and inhibition of protein 
·synthesis, marked effects would not be expected in steroid-resistant 

species such as the horse. 
The lack of demonstrable DXM-induced alterations in. antibody pro-,_ 

duction by the foals investigated here does ~at rule out this possi-
bil{ty µ,. that animal numbers were small and, in the case of ERV and 
Brucella abortus titers, colostral antibodi_es interfered somewhat wj,th 
the-interpretation of results. 

E. ·Cell-mediated Immune Fiinction 

The in vitro blastogenic responses of lymphocytes to antigens and 
certain.plant rnitogens are frequently used as monitors of cell-mediated 

immune. (CMI) functions in the horse ·and other species (43,65,B5,140, 

i51,205·,209,226i-. Furthermore, the blastogenic transformation of equine 
lymphocytes.in response to ERV antigen has been reported, indicating that 
CMI mechanisms may play a role in resistance to ERV infection (65,85, 

209,226). The proposed effects of glucocorticosteroids on the·CMI 
system remain controversial (79) and relatively few quantitative studies 
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have been performed in the horse (140,20S,206). 

Consequently, it was decided to investigate the ability of you.ng 

foals to mount significant CMI responses and to evaluate the effects 
of ERV inoculation and chronic DXM treatment on these responses. 
Lymphocytes, harvested from foals at four, twelve, and seventeen days 

of age, were cultured in vitro with PHA, PWM, Con A, Anti~globulin 

(AG) and ERV. 
It is generally believed that PHA specifically stimulates T-

lymphocytes (43,S0,193), while PWM stimulates both T- and B-cells (SO, 

193) and Con A induces.proliferation of column-adherent T-cells (27),. 

B-lymphocytes, by virtue of their surface immunoglobulin receptors, 
are the predominant cells stimulated by antiglobulin (SO), while most 

of the current evidence suggests.that antigen-induced blastogenesis 

is a property of T-cells (SO). 
Lymphocytes, collected from foals as young as four days of age, 

showed appreciable blastogenesis in response to PHA, Con A, 

and PWM, while the response to AG was somewhat poorer. Responses 
to the three plant mitogens. showed wide interindividual variation but 

mean values were of a similar magnitude to those of older foals and 

adult. mares eyaluated c0ncurrently (Kaeberle,. M. L., 1977, personal 

communication, Department of Veterinary Microbiology and Preventative 
Medicine, Iowa State University, Ames, Iowa) •.. Similary, the mitogen 

stimulation results agree well with values preyiously reported.for· 

older ponies and horses· (6S,140,20S,206) and two-week-old gnotobiotic· 

foals (209). The antiglobulin responses of four-day-old foals were 
generally poor (mean S.I. less than 2.0) but were improved by the time 

foals were twelve and seventeen days of age, and at that time were 
simi.lar to the mean values for adult pony mares studied concurrently · 

(Kaebe:i;le, M.L., 1977, personal communication, Department of Veterinary 

Microbiology and Preventative Medicine, Iowa State University, Ames, 
Iowa. 

It thus ·appears, based on the above in vitro studies, that the cell-

mediated immune functions of foals are fully active from an early age • 

.''<.' •. ~ ... -, 
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Using similar techniques, Thomson and Mumford reached an identical con-

clusion (209). 
The AG responses at four days of age may indicate a lack of maturity 

of B-cell function at this time, but this conclusion can not be drawn 
on the basis of the above results, since the number of animals studied 

was small and many of them were receiving concurrent DXM treatment which, 
in itself, produced significant effects. 

Lymphocytes collected from foals before ERV inoculation and those 

from noninoculated animals demonstrated negligible in vitro responses to 
·ERV (mean S.I. less than 2.0). Eight and thirteen days postinoculati_on, 

however, lymphocyte responses were increased in terms of all three 

stimulation criteria used. When values from these two sampling days 
were pooled, both the net counts per minute and log10 S.I. were signifi-

cantly higher in ERV-inoculated foals than in controls. These results 

provide very good evidence that young foals are capable of responding 

to ERV infection by mounting a CMI response in addition to the humeral 
response noted previously. 

Thomson and Mumford (209) reported results which were remarkably 

similar to those noted in this investigation, in terms of the magnitude 

of the in vitro responses of lymphocytes from conventional foal,s to 
ERV. No blastogenic response occurred before the foals.were inocu-

lated with low passage ERV at four-to-six months of age. Sensitization 

developed wit;hin one-to-two weeks and peaked two-to-three weeks post-

infection. The stimulation indices were between 1.6 and 3.6 at that 

time but declined to lower levels over the next three to five weeks. 

Two week old gnotobiotic foals, however, showed a more prolonged period 

of sensitization with peak responses many times greater than those of 
conventional foals. This latter result likely reflects more the 

gnotobiotic state of these foals rather than their age and these workers 

speculated that these foals either. exhibited delayed responses or 

experienced prolonged exposure to the virus. The increased magnitude 

and duration of the responses seems to support the latter hypothesis. 

In an investigation attempting to determine the effects of age and 
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pregnancy on the relative magnitudes of the CMI and humeral responses 
of horses, Gerber et al. (85) observed significantly higher stimulation 

indices in ERV-vaccinated, six-to-eight-month-old-foals, than in non-
vaccinated controls. Good responses were already·present one week 
postvaccination but· fell to low levels by five weeks. A more pronounced 
and prolonged response was seen following a booster vaccination, the 
peak occurring at eight weeks. However, the humeral responses of these 
foals were poor as compared to those of eighteen-to-twenty-one-month 
old foals and adults. These latter two groups, on the other hand, 

had poor CMI responses; In general, it appeared that the humeral and 
CMI responses were inversely correlated and animals did not develop 

good CMI and good humeral responses at the same time. Others have 
observed a similar effect (209,226) and this may be due to the blockage 
of antigenic determinants on T-cells by high levels of antibody and may 
serve as a regulatory mechanism (85). 

As noted previously, young horses, in general, do not develop good 
humeral responses following infection or vaccination with ERV (66, 
85,161). It,is unlikely that this indicates an immaturity of the humeral 
immune system because good antibody responses have been noted in very 
young foals to a variety of antigens in this and other investigations 
(112). More likely this reflects the relatively poor antigenicity of 

the virus, a lack of prior exposure to it and probably also the blocking 
effect of colostral antibodies in young foals. This study has con-
clusively demonstrated that foals as young as four days of age 

do develop both humeral and cell-mediated immune responses to 
vaccinal as well as virulent ERV and that the attenuated live virus 
vaccine, 1 ev~n when administered intravenously at very high doses, does 
not induce clinical illness or leukogram changes in very young foals or 
affect their.ability to respond to other antigens. It would seem 
that much could be gained, in terms of protection aginst ERV infection, 
from vaccinating foals at an early age, even immediately after birth, 

rather than waiting until they are two-to-four-months-old as is 

lruiinomuneR, Norden Laboratories Inc., Lincoln, Nebraska. 
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customary. Furthermore, the protection afforded by vaccination should. 
not be gauged in terms of humeral responses alone since this only tells 

part of the story. 
When the stimulation data were expressed in terms of net cpm it was 

found that, eight days post-ERV inoculation, foals had significantly 

poorer blastogenic responses to FHA, Con A; and FWM than did control . 

foals of the same age. .These trends were not evident when the results 

were presented as S·timulation indexes or log10 S.I. and are thus 
probably of doubtful significance. However, it has been reported (209) 

that live ERV inhibits the uptake of 3H-thymidine by unsensitized foal 

lymphocytes cultured with FHA and it is well-known that following in-

fection ERV replicates in, and is carried by, circulating mononuclear 
cells of the intact animal (35). It is possible that eight. days post-

inoculation the virus was still present in circulating lymphocytes and 

that this may .have inhibited the metabolic processes of the lympho-

cytes when ·cultured in vitro -and reduced their uptake of 3H-thymidine·. 

The blastogenic responses of.foal lymphocytes to Con A, FWM, and 
AG were significantly lower in DXM-treated foals than in control animals 

on the fourth day of such therapy, when the results were expressed in 

terms of net cpm. The S.I. and log10 S.I. of AG responses were also 

reduced at this time and remained s~ eight days after the last DXM 

injection. Since AG stimulation is considered to be a measure of B-
cell ·ac.tivity (50), and FWM induces blastogenesis in both T- and B-

cel·ls (50,193), it would appear that B-lymphocyte function was af-

fected to a greater extent than T-lymphocyte function. The lack of 

effects on F!!A~sti.mulation, coupled with a reduction in Con A· stimula-
tion may indicate that only a certain subpopulation of T-cells were 

influenced by DXM treatment. 

These res~lts agree 'Well with those of Targowski (205)· who observed 

that FHA-induced blasto.genesis of. lymphocytes from adult ponies was. un:-

affected by DXM administered in doses slightly lower than those employed 

. in this study. He concluded that FHA-responsive lymphocytes are rela-

tively unaffected by steroids. Magnuson et al. (140) demonstrated that 
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high (l mg/kg) doses of DXM caused a marked reduction in the number of 
circulating.lymphocytes in adult ponies but did not affect the in vitro 
responses of the remaining lymphocytes to PHA. These workers provided 

' 
evidence that most of these remaining lymphocytes bore surface receptors 
for immunoglobulin and c 3 indicating that there was a greater.reduction 
in circulating T-cell numbers than B-cell numbers. In the current in-
vestigation, however, circulating lymphocyte numbers were not reduced 
by DXM treatment and no attempt was made to differentially quantitate 
the T- and B-cell populations. 

Reports concerning the effects of DXM on antiglobulin-induced 
lymphocyte blastogenesis in man and animals are not available but, 
as noted above, it is generally agreed that circulating B-cell numbers 
are proportionally less reduced than T-cell numbers by steroid treat-
ment (76,77,78,140,168,228). If this was the case in the foals studied 
in this investigation then it would appear that DXM either interfered 

with the B-cell antiglobulin receptors or with metabolic processes 

within these cells. An alternative explanation may lie in the fact 
that lymphocyte counts in the foals were low at one day of age and in-
creased gradually to adµlt levels during the first three weeks of life. 
Since T-cells are thou_ght to make up about 80% of the circulating lympho-
cyte pool, even- a marked reduction in B-cell numbers would not greatly 
alter the already low total lymphocyte counts_but would appreciably 
reduce the in vitro B-cell-mediated antiglobulin responses. Differential 
quantitation of B- and T-lymphocytes would be necessary before this 
latter hypothesis could be proven. 

Tarr and Olsen (206) demonstrated that during a four day cou~se of 
daily therapeutic doses of DXM, the in vitro responses of adult horse 
lymphocytes to Con A and PWM were reduced by 43% and 29%, respe_ctively, 
results which agree well with those derived for foals in this study. 
These same workers also showed, however, that PHA responses were reduced 
by 48% during-the same time. This latter finding is in conflict with 
those made here and with those of the other investigations cited above 
(104,205).· Similarly, studies in man (76) have shown that FHA-induced 
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· blastogenesis is relatiyely unaffected by in vitro doses of GCS which 

markedly ·depress Con A and PWM responses, thus indicating selective 

depletion of certain ·lymphocyte subpopulations (78,79). On the other 

hand, .GCS treatment does not appear to influence the in vitro responses 

of gu_inea pig lymphocytes· to PHA, Con A, or PWM in spite of a marked 

lYrnphopenia, which·. suggests that all lymphocyte subpopulations are 

equally depressed (11, 77) •. ·Further confusion is introduced by the 

·report by _Muscoplat et al. (158) who found that DXM caused a marked 

temporary· reduction in the response of .calf lymphocytes to PHA with a 

return to normal responses before cessation of the course of therapy. 

In addition to the obvious species differences in the in vitro lympho-

cyte blastogenic responses noted above, it seems likely that the varia-

tion in culture· methods employed by different. investigators is. responsible 

for at least some of the confusing discrepancies wh_ich have been re-

ported (79). Fauci et al. . (79) concluded that, while glucocortico~ 

steroids do suppress CMI responses, direct suppression of lymphocyte 

proliferat.ipn is unlikely to be the major mechanism involved. Rather, 

decreased access of lyrnphoc_ytes to the sites of antigenic deposition, 

dec.reased effects of soluble mediators on other cell types, and many 

of the other recognized effects of GCS on numerous processes may. be of 

greater importance than their controversial eff~cts on lymphocyte 

blastogenesis. 

It. ·is -tempting to speculate that the increased incidence of ~igns 

of upper respiratory tract.disease seen in the DXM-treated foals was 

due to depression of CMI rather than hurnoral responses in these foals. 

While hurnoral antibody responses of the young foals were not measurably 

.affected by DXM, their in .vitro lymphocyte blastogenic responses to 

antiglobulin were. This may indicate that·B-cell responses were indeed 

suppressed and that the- in vitro studies may have been a more reiiable 

guide t.o this than the measurement of antibody titers which would not 

detect. subtle alterations in B-cell function.. In addition; local· 

secreto~y antibody production may be of prime importance in the pre-

vention of respiratory disease, and if this process were to be inhibited 
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by steroid administration, increased susceptibility to infections could 
result. Na~al secretory antibody titers were not measured in this in-

vestigation and such determinations would be necessary to test this 
hypothesis. 

Furthermore, viral-induced synthesis and release of interferon 

has been shown to be reduced by steroid administration in some species 

(81,116). Interferon is thought to play a significant role in the local 

protection against viral infection (13). The role of interferon, or 
the effects of GCS thereon, have not beeµ investigated in horses to 

determine if these effects are, indeed, of any significance. 
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VI. SUMMARY 

A two-part study was conducted to investigate the effects of 
dexamethasone {DXM) and equine rhinopneumonitis virus {ERV), alone or 
in combination, on the adrenocortical function and immunological 

responsiveness of young pony foals. The ability of young pony foals to 

mount hurnoral and cell-mediated immune responses to antigenic challenge 

was also studied and baseline values established. Similarly, the ,pat-

tern of development of mature adrenocortical function in young foals was 

evaluated by comparison of the cortisol levels of foals with adult pony 

and horse values. 
A radioimmunoassay kit procedure, designed for use on human plasma, 

was used to measure cortisol concentrations in the plasma of adult 

horses and ponies and young pony foals. The results of four validation 

experiments indicated that this kit was well-suited for use, on equine 

plasma after slight modification of the assay protocol. 

The mean daily plasma cortisol concentration observed in adult 

ponies (2.74 µg/dl) was similar to that of adult horses (3.00 µg/dl) and 

equivalent to that previously reported (124). Cortisol levels varied 
considerably from day-to-day and between individuals, but an overall 

Pattern of diurnal variation was very evident with early morning levels 

being much higher than late aft~rnoon levels. The adrenocortical 

functi9n of foals was apparently very mature at birth since concentra-

tions at one day of age were only slightly lower than adult levels and 

showed only a small increase during the first three weeks of life. 

In addition, foals exhibited a well-developed diurnal variation in 

cortisol levels at one day of age and this continued throughout the in-
vest.igation. 

Dexamethasone {DXM) rapidly induced a profound depression in the 

plasma cortisol concentrations, and obscured the normal diurnal rhythm, 
when administered by", daily intramuscular injection to foals during the 

first nine days of life. This suppression persisted throughout the period 

of DXM treatment despite gradual reduction in the dosage used. Levels 
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began to rise within twenty-four hours of the last dose and subsequently 

"rebounded" temporarily to supranormal levels, during which time the 

normal diurnal rhythm· was gradually re-established. There was no evi-. . . . 

dence that chronic DXM treatment induced- persistent adrenocortical in-

sufficiency. 
Foals inoculated with ERV at four days of age dev~loped slightly 

higher·cortisol levels.than noninocul,;ted foals. In addition, three 

foals which.became clinically ill and died during the investigation 

showed a very ·marked .terminal rise in cortisol concent~~tions indicating 

that the pituitary-adrenal axis of young foals is capable of mounting 

a very marked response to the stress of infection, without terminal 

failure. 

The mean total leukocyte, neutr9phil, and lymphocyte counts at one 

day of age were very.much lower than the accepted values for these 

parameters in adult.horses ·(190). Apart from an initial decline in 
lymphocyte counts dliring.the first four·days of life, all three 

parameters showed a significant increase in values with increasing·age, 

before "leveling off" to adult values at seventeen-to-twenty-two days of 

age., There· was a progressive diminution in the neutrophil: lymphocyte 

ratio after the fourth day of life as lymphocyte counts increased more 

slowly, but to a proportionally greater extent, than neutrophil counts. 

Pl.asma fibrinogen concentrations also increased significan_tly as foals 

aged; from a mean of 252 mg% at one day of age to a mean of 475 mg% at 

twenty-two days of age.· This latter increase was attributed to the .es-

tablishment of a flora of microorganisms in the respiratory tracts· of 

these. foals and the concommitant inflammation resulting from mild or 

subclinical infections. 

The in vitro blastogenic responses of foal lymphocytes to the plant 

mitogens, PHA, Con A, arid PWM, ·were equivalent, at four days of age, 

to the responses observed in older foals and adults. This indicates that· 

-the proliferative capabili t.ies of· T-lymphocytes are well-developed in 

ponies ·at a very early age. In addition, young foals developed rapid 

T-cell·sensitization·to ERV antigen, since in vitro blastogenic responses 

i 
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to ERV were increased by eight days post-ERV inoculation. The responses 

of lymphocytes to in vitro. stimulation with AG, a predominantly B-cell 

stimulator, suggests that the humeral immune system was less well-
developed in four-day~old foals than in older foals. However, the good 
serological responses of three-day~old foals to vaccination with killed 
Brucella abortus strain 19 indicates that foals do, indeed, possess 

. relatively mature antibody-forming capabilities at less than one week 

of age. 

The presence of colostral antibodies interfered somewhat with the 

serological responses of foai.s to both Brucella abortus and ERV 

antigens. This inhibition increased as the preexisting titer increased, 

but many foals developed a postinoculation titer rise. In addition, a 

sensitization of the liumoral immune system following ERV inoculation 

was evidenced by a greater and more sustained (anamnestic) response 

following. later booster vaccination. A. further indication of the humoral 

immune competence. of young foals comes from the finding that twelve-

day-old foals showed eight-to-sixteen-fold titer rises following intra-

venous immunization with SRBC at twelve days of age. 
No adverse clinical reactions or leukogram alterations were in-

duced by intravenous inoculation of four-day-old foals with three-to-

five times the recommended dose of an attenuated ERV vaccine, 1 indi-

cating that this product is very safe and reaction free. In addition, 

the sensitization of both the humoral and cell-mediated immune systems 

·following such inoculation demonstrates that very young foals are 

capable of responding immunologically.to ERV vaccination and thus nothing 

is to be gained by delaying primary immunization, unless titers of 
maternal origin are very high. 

In contrast to the lack of clinical signs induced by inoculation 

of foals with attenuated ERV, all four foals inoculated intravenously 

with virulent ERV developed a severe clinical syndrome, characterized 
by fever, depression, rhinitis, pneumonia and fibrinous pleural effusion, 

after an incubation period of twenty-four to forty-eight hours. Two 

lRh. R d . inomune, Nor en Laboratories Inc., Lincoln, Nebraska. 
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of the foals died after a period of severe respiratory distress, and of 
the two that survived, one developed a transient neurological syndrome 
indicative of cerebellar dysfunction. Lymphoid lesions consisting of 
degenerative changes in the lymph node germinal centers were evident 
in the two foals which died. 

Most of the foals which were treated with DXM developed mild 
upper respiratory tract infections, characterized by mucopurulent nasal 

exudates and coughing, within one or two days after cessation of DXM 
therapy. This suggests that suppression of the immune system of the 
foals was i?duced by DXM, allowing infections to become established. 
The in vitro response of B-lymphocytes to AG was suppressed during, and 
for some time after, the period of DXM therapy, which indicates that 

this mechanism may have been responsible for the increased susceptibility 
to infections. The humoral antibody responses to antigens were not, 
however, depressed in DXM-treated foals, but these may not have been as 
subtle a guide to humoral capabilities as the in vitro responses of B-

cells. Furthermore, inhibition of local antibody production in the 
respiratory tract may be of significance in this context, but this aspect 
of immune function was not investigated here. 

Dexamethasone therapy caused only equivocable and temporary inhibi-

tion of some of the in vitro responses of lymphocytes to plant mitogens 
and thus it appears that inhibition of CMI functions is not a major 
action of glucocorticosteroids in young foals. 

DXM did not induce any significant alterations in the major circu-

lating leukocyte populations but did markedly depress plasma fibrinogen 
concentrations which probably· reflects its action in inhibiting in-. 
flammation. 

In 'conclusion, this study failed to demonstrate any persistent sup-
pressive effects of either equine rhinopneumonitis virus or dexamethasone, 
or a combination thereof, on the cell-mediated or humeral immune system 
of pony foals, although degenerative lymphoid lesions were evident in the 
two foals fatally infected with virulent ERV. 
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