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In tro duc tion

Equine viral arteritis (EVA) is an infectious disease caused by the equine arteritis virus (EAV).  While 
it is typically not life-threatening to otherwise healthy adult horses, EVA is a special concern to horse
breeders because it can cause abortion in pregnant mares, death in young foals, and render breeding
stallions permanent carriers of the virus.

Although EVA outbreaks occur infrequently, EAV has been found in horse populations in many
countries.  Horses of any breed can be infected with the virus, but the prevalence of infection has
been reported to be much higher in certain breeds, most notably, Standardbreds.  This may be due to
the large number of carrier stallions being used for breeding.  The number of reported outbreaks of
EVA has increased in recent years due to an increased awareness of the disease, more widely
available diagnostic testing, and as a result of greater international trade in horses.

A number of large-scale outbreaks of EVA occurred in North America in the past 25 years.  The
majority of the outbreaks were at race tracks.  One outbreak involved 41 Thoroughbred breeding
farms in Kentucky in late spring and summer of 1984, and a smaller outbreak occurred at a veterinary 
teaching hospital that same year.

EVA can have economic consequences for both the breeding and performance sectors of the horse
industry.  Direct financial losses resulting from outbreaks of the disease on breeding farms can be
summarized as follows:

• Losses due to abortion and/or disease and death in very young foals,

• Decreased commercial value of stallions that become persistently infected with the virus,

• Reduced demand to breed to carrier stallions because of the added expense and inconvenience 
involved in vaccinating and isolating mares before and after breeding.

• Denied export markets for fillies, mares, colts and geldings, and non-carrier stallions positive
for serum antibodies to the virus. 

• Denied export markets for carrier stallions.

An outbreak of EVA at a racetrack, equestrian event, or horse show can have considerable impact
because of the potential for widespread transmission of EAV among horses closely congregated with
one another.  Such occurrences can result in direct financial losses through disruption of training
schedules, reduced competition entries, and even race meet cancellations.  At the international level,
EVA has significantly affected trade in horses and semen with denied export opportunities for carrier
stallions, EAV infective semen and, in some cases, all categories of horses that are positive for
antibodies to the virus.

Many horses exposed to the virus will develop no signs of disease.  When illness does occur - usually
within 3 to 7 days of exposure - EVA can be difficult to diagnose because it is clinically similar to
several other equine diseases such as equine rhinopneumonitis, influenza, equine infectious anemia
(EIA), hoary allysum intoxication, and purpura hemorrhagica.  The clinical signs vary in range and
severity and can last from 2 to 14 days.  Clinical signs may comprise:
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• Fever

• Swelling, most notably of the legs, scrotum, sheath or mammary glands

• Loss of appetite (anorexia)

• Depression

• Conjunctivitis - inflammation, discharge and swelling above or around the eyes

• Clear to cloudy nasal discharge

• Skin rash or urticaria (hives, frequently localized on the head and neck)

• Abortion in pregnant mares

• Pneumonia and death of young foals

EAV infection can be transmitted among horses in four different ways:

1) Respiratory - an acutely infected horse spreads the virus to other horses via respiratory secretions. 
(Exposure commonly occurs at racetracks, shows, sales, and other events.)

2) Venereal - virus shed in the semen of an infected stallion is transmitted to mares when they are
bred.

3) Indirect contamination - tack and/or equipment shared among horses may serve as a source of
infection.

4) In utero - virus passes across the placenta from an infected mare to her unborn foal (uncommon).

Some stallions infected with EAV may become permanent or long-term carriers of the virus.  Even if
a stallion never shows any signs of disease, the virus may remain in his reproductive tract indefinitely.  
It can be passed to mares via his semen when they are bred - whether live-covered or artificially
inseminated.  However, a carrier stallion’s fertility does not appear to be adversly affected.

The only definite way to diagnose EVA is by means of laboratory testing.  The virus can be detected
in certain tissues and fluids such as nasal secretions, semen, blood, placenta, and a wide range of fetal 
tissues and fluids.  More commonly, a horse’s blood is screened for the presence of antibodies to the
virus.

Sound management practices can help prevent and control EVA.  Methods recommended by the
American Association of Equine Practitioners (AAEP) include:

1)  Isolate all new arrivals (and returning horses) to your farm or ranch for 3 to 5 weeks.

2)  If possible, segregate pregnant mares from other horses.

3)  Blood test all breeding stallions for EAV antibodies.

4)  Check semen of any unvaccinated, antibody positive stallions to identify carriers before breeding.

5)  Once tested negative for EAV antibodies, vaccinate all breeding stallions annually.

6)  Physically isolate any EAV carrier stallions.

7)  Restrict breeding EAV carrier stallions to vaccinated mares or mares which test positive for
naturally acquired antibodies to the virus.

8)  Vaccinate mares against EVA at least 3 weeks prior to breeding to a known carrier stallion.

In tro duc tion
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9)  Isolate mares vaccinated for the first time against EVA for 3 weeks following breeding to an
EAV carrier stallion.  

10)  In breeds or areas with high rates of EAV infection, vaccinate all intact males between 6 to 12
months of age as advised by your veterinarian.

With the exception of abortion or death in very young foals, EVA is rarely fatal.  Most horses that
contract the disease make full and uneventful recoveries.  Treatment, if applied, is directed at
reducing the severity of clinical signs during the course of the illness.

NAHMS Equine ‘98 Study

The Na tional Ani mal Health Moni tor ing Sys tem’s (NAHMS) Equine ’98 Study was de signed to
pro vide both par tici pants and those af fili ated with the equine in dus try with in for ma tion on the
na tion’s equine popu la tion for edu ca tion and re search. NAHMS is spon sored by the USDA:Animal
and Plant Health Inspection Service (APHIS):Vet eri nary Serv ices (VS). 

NAHMS de vel oped study ob jec tives by ex plor ing ex ist ing data sources and con tact ing in dus try
mem bers about their in for ma tional needs and pri ori ties. The ob jec tives are listed in side the back
cover of this re port. 

The US DA’s Na tional Ag ri cul tural Sta tis tics Serv ice (NASS) collabo rated with VS to se lect a
statistically- valid sam ple such that in fer ences can be made to all places with equids (do mes tic horses,
minia ture horses, po nies, don keys/bur ros, mules) and to all equids in the 28 states.  The ini tial sam ple 
in cluded 2,904 par tici pat ing op era tions from 28 states for Equine ‘98 (see map). The 28- state tar get
popu la tion rep re sented 78.2 percent of U.S. horses and po nies and 78.0 per cent of farms with horses
and po nies (see Ap pen dix II).

Parts I and II: Base line Ref er ence of 1998 Equine Health and Man age ment were the first in a se ries
of re leases docu ment ing Equine ‘98 Study re sults.  NASS enu mera tors col lected data on  site from the 
2,904 equine op era tions for these two ini tial re ports via a ques tion naire ad min is tered from March 16,
1998, through April 10, 1998.  In ven tory data from the 133 par tici pat ing race tracks were only
in cluded in Part I. 

The sec ond phase of data col lec tion was done by Fed eral and state Vet eri nary Medi cal Of fi cers
(VMO’s) and Ani mal Health Tech ni cians (AHT’s) in the 28 states.  Data were col lected on  site for
Part III: Management and Health of Horses in the U.S., 1998, from April 20 through June 12, 1998,
from 1,178 par tici pat ing op era tions that had three or more horses pres ent on Janu ary 1, 1998.  Race
 tracks were ex cluded from this phase of the study.  This 28- state tar get popu la tion with three or more
horses pres ent on Janu ary 1, 1998, was es ti mated to rep re sent (based on NAHMS’ pro jec tion):

• 51.6 per cent of op era tions with horses on Janu ary 1, 1998, in the 28 states.

• 83.9 per cent of horses on Janu ary 1, 1998, in the 28 states.

VMO’s and AHT’s also col lected data, including management data related to equine viral arteritis
(EVA),  for Part IV: Ref er ence of Health Man age ment for Horses and Highlighted Dis eases, 1998, in
the same 28 states.  Questionnaire data were col lected on site from June 15 through Sep tem ber 11,
1998, from 1,136 par tici pat ing op era tions with three or more horses pres ent on Janu ary 1, 1998. 

In tro duc tion NAHMS Equine ‘98 Study
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Approximately one-half of the blood samples
were collected during this time period and the
other half were collected from November 11,
1998, through February 26, 1999.  Twenty-five
states participated in the blood collection phase 
of the Equine ‘98 study; Michigan, Montana,
and Oklahoma elected not to participate in this
phase.  (See Section III of this report for
additional information regarding sampling.)  

The population estimates in Section I of this
report were derived from questionnaire data
collected from all 28 Equine ‘98 states. 
Estimates in Section II were derived from
blood collected for serologic testing in 25
states.  

Terms Used in This Report

Equid: Member of the fam ily Equi dae.  For this study, in cluded only do mes tic horses, minia ture
horses, po nies, mules, and don keys/bur ros. 

Horse: For this study, a do mes tic horse that was at least 14 hands tall when full grown.

N/A: Not ap pli ca ble.

Op era tion: An area of land man aged as a unit by an in di vid ual, part ner ship, or hired man ager.

Per cent horses: The to tal number of horses with a cer tain at trib ute di vided by the to tal number of
horses on all op era tions (or all op era tions within a cer tain cate gory such as size or re gion).

Per cent horses on those operations: The to tal number of horses re sid ing on those op era tions with a
given at trib ute, di vided by the to tal number of horses on all op era tions (or all op era tions within a
cer tain cate gory such as size or re gion). 

Popu la tion es ti mates: Av er ages and pro por tions weighted to rep re sent the
popu la tion. For this re port, the ref er ence popu la tion was all op era tions with three
or more horses pres ent on Janu ary 1, 1998, in the 28 se lected states, ex clud ing
race tracks. Most of the es ti mates in this re port are pro vided with a meas ure of
precision called the stan dard er ror. If the only er ror is sam pling er ror, chances
are 95 out of 100 that the in ter val cre ated by the es ti mate plus or mi nus two
stan dard er rors will con tain the true popu la tion value. In the ex am ple il lus trated at 
right, an es ti mate of 7.5 with a stan dard er ror of 1.0 re sults in a range of 5.5 to 9.5 
(two times the stan dard er ror above and be low the es ti mate). The sec ond es ti mate
of 3.4 shows a stan dard er ror of 0.3 and re sults in a range of 2.8 to 4.0. Simi larly,
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the 90 per cent con fi dence in ter val would be cre ated by mul ti ply ing the stan dard er ror by 1.65 in stead
of two.  Where dif fer ences be tween groups are noted in this re port, the 90 per cent con fi dence
in ter vals do not over lap.  Most es ti mates in this re port are rounded to the near est tenth.  If rounded to
0, the stan dard error was re ported.  If there were no re ports of the event, no stan dard er ror was
reported.

Pre vi ous 12 months: The pe riod of time 12 months prior to the Equine ‘98 in ter views con ducted
from June 15 through September 11, 1998. 

Resi dent horse: A horse that spent or was ex pected to spend more time at the op era tion than at any
other op era tion.  The op era tion was its home base.

Re gions for NAHMS Equine ‘98:
-Western: Cali for nia, Colo rado, Mon tana1, New Mex ico, Ore gon, Wash ing ton, and Wyo ming.
-North east: New Jer sey, New York, Ohio, and Penn syl va nia.
-Southern: Ala bama, Flor ida, Geor gia, Ken tucky, Lou isi ana, Mary land, Okla homa1, Ten nes see,
Texas, and Vir ginia.
-Cen tral: Il li nois, In di ana, Kan sas, Michi gan1, Min ne sota, Mis souri, and Wis con sin. 

Sam ple pro file: In for ma tion that de scribes char ac ter is tics of the op era tions from which Equine ‘98
data were col lected.  The sample (described in Appendix I on page 33) was selected to represent
populations of horse operations and horses.

Size of op era tion: Size group ings based on number of resi dent horses at the time of the ini tial VMO 
in ter view (April 20 - June 12, 1998).  Size of op era tion was cate go rized as 1-5, 6-19, and 20 or more
horses at the time of the in ter view.  Al though op era tions were re quired to have three or more horses
or horse foals on Janu ary 1, 1998, to qual ify for this (sec ond) phase of the study, the horse popu la tion
on the op era tion could have de creased to one horse or horse foal at the time of the in ter view.
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Sec tion I: Popu la tion Es ti mates from In ter view Results

Top ics in this sec tion are based on ques tion naire data col lected from re spon dents with three or more horses pres ent
on Janu ary 1, 1998, in 28 states.  The data were weighted to rep re sent this ref er ence popu la tion.

A.  Management Practices

1.  Famili ar ity

Over all, 59.4 per cent of op era tions had never heard of equine vi ral ar teri tis (EVA), while 13.0 per cent knew
some ba sics or were knowl edge able of the dis ease.  The West ern re gion had the low est per cent age (4.9
per cent) of op era tions that knew some ba sics or were knowl edge able of EVA.

a.  Percent of operations by familiarity with the term equine viral arteritis (EVA) before the Equine ‘98
Study and by region:

Per cent Op era tions by Re gion

South ern North east West ern Cen tral All Op era tions

Level of Fa mili ar ity Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard 

Er ror

Never heard of it
before 53.5  (5.4) 34.1  (8.2) 75.6  (5.0) 65.4  (5.8) 59.4  (3.3)

Recognized name, not
much else 29.0  (5.2) 50.9  (9.4) 19.5  (4.7) 20.3  (4.6) 27.6  (3.0)

Knew some basics or
was knowledgeable    17.5  (3.8)   15.0  (6.3)    4.9  (1.7)   14.3  (3.8)    13.0  (2.0)

Total 100.0  100.0  100.0 100.0 100.0

Equine ‘98 6 USDA:APHIS:VS

A.  Management Practices Sec tion I: Popu la tion Es ti mates from In ter view Results

Percent Operations that Knew Some Basics or were Knowledgeable 
about Equine Viral Arteritis (EVA) by Region

17.5
15

4.9

14.3

Southern Northeast Western Central

Region

0

5

10

15

20

25

Percent Operations

#4099



The per cent age of op era tions that knew some ba sics or were knowl edge able re gard ing EVA in creased
with size of op era tion, from 7.6 per cent of op era tions with one to five horses to 27.3 per cent of
operations with 20 or more horses.

i.  Percent of operations by familiarity with the term equine viral arteritis (EVA) before the Equine ‘98
Study and by size of operation:

Per cent Op era tions by Size of Op era tion 
(Num ber Resi dent Horses)

1-5 6-19 20 or More

Level of Fa mili ar ity Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror

Never heard of it before 62.7  (4.6) 56.5  (4.9) 46.1  (7.5)

Recognized name, not much 
else 29.7 (4.4) 24.2 (4.3) 26.6 (6.8)

Knew some basics or was
knowledgeable    7.6 (2.4)   19.3 (3.8)   27.3 (6.8)

Total 100.0 100.0 100.0
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The per cent ages of op era tions that were fa mil iar with EVA were high est in the rac ing (31.9 per cent) and
breed ing (31.3 per cent) cate go ries of horse use and low est in the farm/ranch cate gory.  Fa mili ar ity with
dis eases is of ten based on need to know, and to date, EVA has pri mar ily im pacted the breed ing and rac ing
in dus tries.

ii.  Percent of operations by familiarity with the term equine viral arteritis (EVA) before the Equine ‘98
Study and by primary use of resident horses:

Per cent Op era tions by Pri mary Use of Resi dent Horses

Pleas ure

Show ing/ 
Com pe ti tion 
(Not Bet ting) Breed ing Rac ing Farm/Ranch Other

Level of Fa mili ar ity Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror

Never heard of it
before 61.9  (4.9) 61.0  (8.3) 41.8  (7.2) 31.6  (15.0) 70.8  (6.6) 85.8  (8.0)

Recognized name,
not much else 27.5  (4.7) 28.0  (6.2) 26.9  (7.3) 36.5  (17.3) 26.9  (6.5) 6.9  (4.4)

Knew some basics
or was
knowledgeable   10.6  (2.7)   11.0  (5.0)   31.3  (7.0)   31.9  (15.9)    2.3  (1.7)    7.3  (4.7)

Total 100.0  100.0  100.0 100.0 100.0 100.0
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Fa mili ar ity with EVA was higher for op era tions with pri mar ily1 Thor ough breds and Stan dard breds
com pared to those with pri mar ily Quar ter Horses or other breeds.

iii.   For operations where resident horses of the following breeds made up at least 50 percent of the
resident horse inventory, percent of operations by familiarity with the term equine viral arteritis (EVA)
before the Equine ‘98 Study and by breed:

Per cent Op era tions by Breed

Stan dard bred/
Thoroughbred Quar ter Horse Other

Level of Fa mili ar ity Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard 

Er ror

Never heard of it
before 30.4  (8.1) 68.3  (4.5) 56.9  (4.6)

Recognized name, not
much else 35.3  (9.3) 20.1  (3.8) 32.7  (4.6)

Knew some basics or
was knowledgeable  34.3  (9.4)   11.6  (3.2)   10.4  (2.5)

Total 100.0  100.0 100.0
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*For operations where resident horses of these breeds made up at least 50% of the resident horse herd 
inventory.

1 At least 50 percent of the resident horse inventory.



2.  Vac ci na tion against EVA

Over all, only 1.6 per cent of op era tions had a pol icy of vac ci nat ing some or all resi dent horses against EVA. 
The West ern re gion had the low est per cent age (0.1 per cent) of op era tions that re ported a pol icy of vac ci nat ing 
against EVA.  Vac ci na tion prac tices were operator- reported and not veri fied by vet eri nary cer tifi cates or
rec ords.

a.  Percent of operations that had a policy of vaccinating some or all resident horses against equine viral
arteritis (EVA) by region:

Per cent Op era tions by Re gion

South ern North east West ern Cen tral All Op era tions

Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard

Er ror

1.1  (0.6) 2.7  (2.2) 0.1  (0.1) 3.5  (2.2) 1.6  (0.6)

The pol icy for just over 2 per cent of op era tions with fewer than 20 horses was to vac ci nate some or all
resident horses against EVA com pared to 7.5 per cent of op era tions with 20 or more horses. 

i.  Percent of operations that had a policy of vaccinating some or all resident horses  against equine
viral arteritis (EVA) by size of operation:

Per cent Op era tions by Size of Op era tion (Num ber Resi dent Horses)

1-5 6-19 20 or More All Op era tions

Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard 

Er ror

1.2  (0.8) 1.1  (0.7) 7.5  (4.4) 1.6  (0.6)

The larg est per cent ages of op era tions with a pol icy of vac ci nat ing against EVA were those where the pri mary
use of horses was for breed ing (7.0 per cent) and rac ing (5.4 per cent).  Horses housed at race tracks were not
in cluded in this phase of the study.  The low est per cent age (0.1 per cent) was for those op era tions where the
pri mary use of horses was farm ing or ranch ing.

ii.  Percent of operations that had a policy of vaccinating some or all resident horses against equine
viral arteritis (EVA) by primary use of resident horses:

Per cent Op era tions by Pri mary Use of Resi dent Horses

Pleas ure

Show ing/ 
Com pe ti tion 
(Not Bet ting) Breed ing Rac ing Farm/Ranch Other

Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard

Er ror

0.6  (0.5) 0.6  (0.3) 7.0  (3.6) 5.4  (4.8) 0.1  (0.1) 0.2  (0.2)
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Larger per cent ages of op era tions where Stan dard breds and Thor ough breds made up at least 50 per cent of
the resi dent horses vac ci nated against EVA com pared to those with pri mar ily Quar ter Horses or other
breeds.

iii.  For operations where resident horses of the following breeds made up at least 50 percent of the
resident horse inventory, percent of operations that had a policy of vaccinating some or all resident
horses against equine viral arteritis (EVA) by breed:

Per cent Op era tions by Breed

Stan dard bred/
Thoroughbred Quar ter Horse Other

Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard 

Er ror

10.1  (5.1) 0.8  (0.7) 0.8  (0.6)

Note:  Es ti mates in the ta ble be low were de rived from 1.6 per cent of all op era tions.  Stan dard er rors are
large due to this small sam ple size.

iv.  For operations that vaccinated any resident horses against equine viral arteritis (1.6 percent of all
operations), per cent of op era tions by equine viral arteritis (EVA) vaccination practice:

Prac tice
Per cent

Op era tions
Stan dard

Er ror

Vaccinate all horses 35.9  (13.9)

Vaccinate all breeding horses only 38.8  (16.5)

Vaccinate all breeding stallions only 4.1  (2.9)

Vaccinate specific horses only   21.2  (15.4)

Total 100.0
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3.  Test ing for EVA - Op era tions

Over all, only 0.9 per cent of op era tions in di cated they had tested any horses for EVA in the pre vi ous 12
months.  The high est per cent age (1.9 per cent) of op era tions that tested was in the South ern re gion.  

a.  Percent of operations that reported testing any horses for equine viral arteritis (EVA) in the previous 12
months1 by region:

Per cent Op era tions by Re gion

South ern North east West ern Cen tral All Op era tions

Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard

Er ror

1.9  (1.7) 0.5  (0.4) 0.1  (0.1) 0.2  (0.1) 0.9  (0.6)
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The per cent age of op era tions that tested any horses for EVA in the pre vi ous 12 months in creased with
size of op era tion.

i.  Percent of operations that tested any horses for equine viral arteritis (EVA) in the previous 12
months1 by size of operation:

Per cent Op era tions by Size of Op era tion 
(Num ber Resi dent Horses)

1-5 6-19 20 or More

Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror

0.0  (0.0) 1.9  (1.8) 2.7  (0.9)

The larg est per cent age (5.3 per cent) of op era tions that tested any horses for EVA were those op era tions
that pri mar ily used horses for breed ing.  How ever, tak ing the stan dard er rors into ac count, the
per cent ages were not de tecta bly dif fer ent.

ii.  Percent of operations that tested any horses for equine viral arteritis (EVA) in the previous 12
months1 by primary use of resident horses:

Per cent Op era tions by Pri mary Use of Resi dent Horses

Pleas ure

Show ing/ 
Com pe ti tion 
(Not Bet ting) Breed ing Rac ing Farm/Ranch Other

Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard

Er ror

0.1  (0.0) 0.3  (0.1) 5.3  (4.4) 0.3  (0.2) 0.0  (--) 0.0  (--)

Operations that had pre domi nantly Stan dard bred or Thor ough bred horses had the larg est per cent age that
tested for EVA.  How ever tak ing the stan dard er rors of the es ti mates into ac count, the per cent ages were
not detectably dif fer ent across breeds.

iii.  For operations where the following breeds made up at least 50 percent of the resident horse herd,
percent of operations that tested any horses for equine viral arteritis (EVA) in the previous 12 months1

by breed:

Per cent Op era tions by Breed

Stan dard bred/
Thor ough bred Quar ter Horse Other

Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard 

Er ror

9.0  (7.1) 0.0  (0.0) 0.2  (0.0)
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Ap proxi mately one- third of all op era tions had resi dent stal lions.  How ever, not all of these op era tions used
stal lions for breed ing pur poses.

b.  Percent of operations that had resident stallions in the previous 12 months1:

Per cent
Op era tions

Stan dard
Er ror

32.7  (3.0)

Of the operations with stal lions, just un der one- half (47.6 per cent) used one or more of these stal lions for
breed ing pur poses in the pre vi ous 12 months.  The number of mares bred per stal lion was not de ter mined.

i.  For operations that had resident stallions in the previous 12 months1, percent of operations that used
any resident stallions for breeding:

Per cent
Op era tions

Stan dard
Er ror

47.6  (5.1)

Of the op era tions that used stal lions for breed ing in the pre vi ous 12 months, only 3.0 per cent shipped se men
within the U.S. and 0.1 per cent shipped se men in ter na tion ally.  Just over 1 per cent of op era tions with
breed ing stal lions in di cated they tested all of these stal lions for equine vi ral ar teri tis (EVA). Two states have
EVA pro grams (New York and Ken tucky), and 0.4 per cent of op era tions had stal lions en rolled in one of these 
programs.

ii.  For operations that used resident stallions for breeding in the previous 12 months1, percent of
operations that:

Prac tice
Per cent

Op era tions
Stan dard

Er ror

Shipped equine semen within the U.S. 3.0  (1.4)

Shipped equine semen outside of the U.S. 0.1  (0.0)

Had all breeding stallions tested for EVA 1.2  (0.6)

Had any of these stallions enrolled in a
state EVA control program 0.4  (0.4)
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Over all, 88.4 per cent of op era tions had resi dent mares in the pre vi ous 12 months.  Not all of these
op era tions used these mares for breed ing pur poses.

c.  Percent of operations that had resident mares in the previous 12 months1

Per cent
Op era tions

Stan dard
Er ror

88.4  (2.0)

For op era tions with mares, 42.3 per cent used one or more of these mares for breed ing pur poses in the
pre vi ous 12 months.

i.  For operations that had intact mares in the previous 12 months1, percent of operations where any
resident mares were bred whether or not they became pregnant:

Per cent
Op era tions

Stan dard
Er ror

42.3  (3.3)
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Only 5.5 per cent of op era tions that bred one or more resi dent mares some times or al ways re quired the stal lion 
to be tested or vac ci nated against equine vi ral ar teri tis (EVA). 

ii.  For operations that bred any resident mares in the previous 12 months1, percent of operations by
equine viral arteritis (EVA) testing or vaccination requirements for stallions breeding these mares either 
by natural service or artificial insemination:

Prac tice
Per cent

Op era tions
Stan dard

Er ror

Always test for EVA or always require stallions to be vaccinated against EVA 3.8  (1.9)

Sometimes test for EVA or sometimes require stallions to be vaccinated against EVA 1.7  (0.9)

Never test for EVA or never require stallions to be vaccinated against EVA   94.5  (2.1)

Total 100.0

Less than 1 per cent of mares that aborted or had still born foals were tested for EVA.  As re ported in Equine
‘98 Part I: Base line Ref er ence of 1998 Equine Health and Man age ment, 0.7 per cent of mares aborted or had
foals  born dead dur ing 1997. 

iii.  Percent of mares that aborted or had stillborn foals that were tested for EVA:

Per cent
Mares

Stan dard
Er ror

0.7  (0.3)
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Sec tion II: Popu la tion Es ti mates from Se ro logic Re sults

Top ics in this sec tion are based on labo ra tory test re sults and spe cific in for ma tion col lected for each horse tested (as
re ported by re spon dents on op era tions with three or more horses pres ent on Janu ary 1, 1998, in the 25 par tici pat ing
states).  Data were weighted to rep re sent this ref er ence popu la tion.

A.  All Horses and Operations

It is logi cal that a larger per cent age of horses that were re port edly vac ci nated against EVA at any time in
their lives were se ro posi tive, based on se rum neu trali za tion (SN) test to de tect an ti body to the equine
ar teri tis vi rus, than horses that were not vac ci nated.  Not all horses with a his tory of vac ci na tion were
an ti body posi tive which may have been be cause there was a pro longed pe riod be tween vac ci na tion and
the time of test ing, these horses may have failed to de velop an ti body in re sponse to vac ci na tion, or the
own ers/op era tors had false im pres sions as to what the horses had been vac ci nated against, e.g., “We
vac ci nate against eve ry thing.”  All vac ci na tion his tory was owner/operator- reported and not vali dated via 
vet eri nary medi cal rec ords.  It is also pos si ble that a horse had been vac ci nated against EVA with out
owner/op era tor knowl edge.

Over all, 2.0 per cent of horses lack ing a his tory of vac ci na tion against EVA were se ro posi tive to the vi rus.
Note: Es ti mates in Sec tion II were de rived from data col lected in 25 of the Equine ‘98 states (see map
below).

1.  Se ro logic re sults by vac ci na tion status
a.  Percent of horses positive for serum neutralizating antibodies to equine arteritis virus (EAV) by
vaccination status against EVA:

Horse Vac ci na tion Status
Per cent

Horses Positive
Stan dard

Er ror

Vaccinated 25.3 7.9

Not vaccinated 2.0 0.4

POSI TIVE:  
Se rum neu trali za tion (SN) titer of

1:4 or greater to EAV.
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The per cent age of op era tions with at least one horse se ro posi tive to EAV in creased with vac ci na tion use. 
How ever due to the very small number (1.6 per cent) of op era tions that vac ci nated, these es ti mates are
im pre cise (large stan dard er rors).  Over one- half (53.7 per cent) of op era tions where all the tested horses were
re port edly vac ci nated against EVA had one or more horses se ro posi tive to EAV.  A to tal of 28.8 per cent of
op era tions where some of the horses tested were re port edly vac ci nated had one or more se ro posi tive horses. 
A to tal of 8.4 per cent of op era tions where none of the horses tested were re port edly vac ci nated had one or
more horses se ro posi tive to EAV. 

b.  Percent of operations that had at least one horse positive for serum neutralizing antibodies to equine 
arteritis virus (EAV) by vaccination status against EVA:

Op era tion
Vac ci na tion Status

Per cent Op era tions with
Posi tive Horses

Stan dard 
Er ror

All vaccinated 53.7 (30.7)

Some vaccinated 28.8 (22.8)

None vaccinated 8.4 (2.0)

B.  Unvaccinated Horses Only

NOTE: Es ti mates in Sec tion II.B.1 ex clude op era tions that vac ci nated all horses against EVA.  For op era tions 
that vac ci nated some horses and not oth ers, status of the op era tion as posi tive or nega tive was based on test
re sults from un vac ci nated horses only. 

Larger per cent ages of op era tions in the North east and Cen tral re gions had one or more horses test posi tive for
an ti bodies to EAV.  How ever, de tect able dif fer ences were not noted be tween the South ern, North east, and
Cen tral re gions when stan dard er rors were taken into con sid era tion.  Dif fer ences were noted be tween the
North east and West ern re gions and the Cen tral and West ern re gions with the West ern re gion hav ing the
low est (2.1 per cent) per cent age of op era tions with one or more se ro posi tive horses.

1.  Op era tion- level ser ol ogic results
a.  Percent of operations that had at least one unvaccinated horse positive for serum neutralizing antibodies
to equine arteritis virus (EAV) in the previous 12 months1 by region:

Per cent Op era tions by Re gion

South ern North east West ern Cen tral All Op era tions

Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard

Er ror

5.9  (3.3) 19.3  (7.1) 2.1  (1.1) 11.8  (4.2) 8.3  (1.9)

POSI TIVE OP ERA TION:  
One or more un vac ci nated horses
had a se rum neu trali za tion (SN)
titer of 1:4 or greater to EAV.
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There was a trend for the per cent age of op era tions with at least one un vac ci nated horse posi tive for
an ti bod ies to EAV to in crease with size of op era tion. 

b.  Percent of operations that had at least one unvaccinated horse positive for serum neutralizing antibodies
to equine arteritis virus (EAV) in the previous 12 months1 by size of operation:

Per cent Op era tions by Size of Op era tion 
(Num ber Resi dent Horses)

Less than 6 6-19 20 or More

Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror

4.7  (1.9) 11.9  (4.3) 18.5  (6.9)

Higher per cent ages of op era tions that were pri mar ily board ing/train ing fa cili ties (27.3 per cent) and
breed ing farms (20.5 per cent) had at least one un vac ci nated horse posi tive for an ti bod ies to EAV than
op era tions that were pri mar ily farms/ranches (3.2 per cent) or resi dences with horses for per sonal use (2.6
per cent).

c.  Percent of operations that had at least one unvaccinated horse positive for serum neutralizing antibodies
to equine arteritis virus (EAV) by primary function of operation:

Per cent Op era tions by Pri mary Func tion of Opera tion

Board ing/Train ing
Facility Breed ing Farm Farm/Ranch

Resi dence
(Per sonal Use) Other

Percent
Standard

Error Percent
Standard

Error Percent
Standard

Error Percent
Standard

Error Percent
Standard

Error

27.3  (10.9) 20.5  (7.5) 3.2  (2.6) 2.6  (1.7) 22.0  (11.5)

POSI TIVE OP ERA TION:  
One or more un vac ci nated horses
had a se rum neu trali za tion (SN)
titer of 1:4 or greater to EAV.
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A lower per cent age (2.9 per cent) of op era tions that had pri mar ily horses for pleas ure were posi tive for
an ti bod ies to EAV than op era tions with horses used pri mar ily for breed ing (24.7 per cent) and those
op era tions in the Other (56.5 per cent) cate gory. 

d.  Percent of operations that had at least one unvaccinated horse positive for serum neutralizing antibodies
to equine arteritis virus (EAV) by primary use of resident horses:

Per cent Op era tions by Pri mary Use of Resi dent Horses

Pleas ure

Show ing/ 
Com pe ti tion 
(Not Bet ting) Breed ing Rac ing Farm/Ranch Other

Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard

Er ror

2.9  (1.4) 8.9  (4.1) 24.7  (9.1) 40.6  (21.5) 8.3  (6.1) 56.5  (23.5)

POSI TIVE OP ERA TION:  
One or more un vac ci nated horses
had a se rum neu trali za tion (SN)
titer of 1:4 or greater to EAV.
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A larger per cent age (26.0 per cent) of op era tions on which the owner/op era tor knew some ba sics or was
knowl ed ga ble about EVA had at least one un vac ci nated horse posi tive for an ti bod ies to EAV than on
op era tions where the owner/op era tor was less knowl edge able.  It is pos si ble that op era tors would know
more about the dis ease on op era tions where EVA had oc curred or where horses were more likely to be
ex posed to EAV.  NOTE: These se rol ogy re sults are for horses with no his tory of vac ci na tion.

e.  Percent of operations that had at least one unvaccinated horse positive for serum neutralizing antibodies
to equine arteritis virus (EAV) by familiarity with the term equine viral arteritis (EVA) before the Equine
‘98 Study:

Level of Fa mili ar ity
Per cent

Operations
Stan dard

Er ror

Never heard of it before 5.9  (1.9)

Recognized name, not much else 5.1 (2.7)

Knew some basics or was knowledgeable  26.0 (9.7)

Per cent ages of op era tions with one or more un vac ci nated horses with a titer to EAV was higher (17.4
per cent) on op era tions which had taken a horse out side of the state within the pre vi ous 12 months than on 
those op era tions that did not take horses out of the state (5.4 per cent).

f.  Percent of operations that had at least one unvaccinated horse positive for serum neutralizing antibodies
to equine ar teri tis vi rus (EAV) by transportation of any equid on the operation outside of the state, but
within the United States:

Trans ported Out side State/
Within United States

Per cent
Operations

Stan dard
Er ror

Yes 17.4  (5.6)

No  5.4 (1.7)

POSI TIVE OP ERA TION:  
One or more un vac ci nated horses
had a se rum neu trali za tion (SN)
titer of 1:4 or greater to EAV.
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NOTE: Es ti mates in Sec tion II.B.2 exc lude horses that had a his tory of ever be ing vac ci nated against EVA.

It is pos si ble that some horses were pre vi ously vac ci nated with out the cur rent owner/op era tor’s knowl edge. 
The per cent age of horses with a posi tive an ti body titer to EAV was lower in the West ern re gion (0.7 per cent)
than in the North east (4.3 per cent) and Cen tral (3.3 per cent) re gions.  Sig nifi cant dif fer ences were not
de tected across the North east, Cen tral, and South ern re gions when stan dard er rors were taken into ac count. 
These re gional es ti mates do not ac count for fac tors such as certain breeds of horses be ing more common in
the re gion. 

2.  Horse- level se rol ogic results
a.  Percent of unvacccinated horses positive for serum neutralizing antibodies to equine ar teri tis vi rus
(EAV) by region:

Per cent Horses by Re gion

South ern North east West ern Cen tral All Horses

Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard

Er ror

1.2  (0.6) 4.3  (1.6) 0.7  (0.3) 3.3  (1.0) 2.0  (0.4)

The per cent age of horses with a de tect able titer to EAV was higher for horses 5 years or older than for the
horses 6 months to 5 years old.  De tect able titer to EAV in horses of less than 6 months of age could have
been due to maternally ac quired an ti body.  Data re gard ing vac ci na tion his tory of dams were not col lected.

b.  Percent of unvacccinated horses positive for serum neutralizing antibodies to equine ar teri tis vi rus
(EAV) by age group:

Per cent Horses by Age Group

Less than 6 Months
6 - Less than 

18 Months
18 Months - Less

than 5 Years
5 - Less than 

20 Years 20 or More Years

Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard

Er ror

2.5  (2.5) 0.0  (0.0) 0.6  (0.4) 2.7  (0.6) 2.3  (1.0)

POSI TIVE:  
Se rum neu trali za tion (SN) titer of

1:4 or greater to EAV.
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A larger per cent age of fe male horses was se ro posi tive to EAV (3.4 per cent) than cas trated males. 
Al though the es ti mate for fe males posi tive for an ti bodies to EAV was higher than those for in tact males,
sig nifi cant dif fer ences were not de tected when stan dard er rors were taken into ac count.

c.  Percent of unvaccinated horses 18 months and older positive for serum neutralizing antibodies to equine
ar teri tis vi rus (EAV) by gender:

Per cent Horses 18 Months and Older by Gender

In tact Male Cas trated Male
Fe male 

(In tact or Spayed) All Horses

Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard

Er ror

1.0  (0.7) 1.2  (0.3) 3.4  (0.8) 2.2 (0.4)

A higher per cent age of horses 18 months and older were posi tive for an ti bodies to equine ar teri tis vi rus
(EAV) for horses pri mar ily used for breed ing (5.6 per cent) than for horses pri mar ily used for show ing or
com pe ti tion (1.8 per cent), pleas ure (1.2 per cent), and farm or ranch use (0.9 per cent).

d.  Percent of unvaccinated horses 18 months and older positive for serum neutralizing antibodies to equine
ar teri tis vi rus (EAV) by primary use:

Per cent Horses 18 Months and Older by Pri mary Use of Resi dent Horses

Pleas ure

Show ing/ 
Com pe ti tion 
(Not Bet ting) Breed ing Rac ing Farm/Ranch Other All Horses

Per cent
Stand.
Er ror Per cent

Stand.
Er ror Per cent

Stand.
Er ror Per cent

Stand.
Er ror Per cent

Stand.
Er ror Per cent

Stand.
Er ror Per cent

Stand.
Er ror

1.2  (0.4) 1.8  (0.6) 5.6  (1.7) 2.1  (1.0) 0.9  (0.9) 8.2  (4.6) 2.2 (0.4)

POSI TIVE:  
Se rum neu trali za tion (SN) titer of

1:4 or greater to EAV.
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The per cent age of horses of the Stan dard bred breed with a posi tive EAV titer was higher (23.9 per cent) than
per cent ages for any other breed cate gory shown in the ta ble be low.  The per cent age of Thor ough breds
posi tive for an ti bodies to EAV was higher (4.5 per cent) than for Quar ter Horses (0.6 per cent) and other
breeds combined (1.3 per cent).  Horses in cluded in the Other cate gory were non- registered horses and those
of reg is tered breeds that are not shown.  Re sults in clude only horses with no his tory of vac ci na tion against
EVA.

e.  Percent of unvaccinated horses positive for serum neutralizing antibodies to equine ar teri tis vi rus (EAV)
by breed:

Per cent Horses by Breed

Standardbred Thoroughbred Quar ter Horse Warmblood Other

Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard

Er ror

23.9  (4.9) 4.5  (1.5) 0.6  (0.2) 3.6  (2.6) 1.3  (0.4)

No sig nifi cant dif fer ences were de tected in per cent of horses posi tive for an ti bodies to EAV  by size of
op era tion when stan dard er rors were taken into ac count.

f.  Percent of unvaccinated horses positive for serum neutralizing antibodies to equine ar teri tis vi rus (EAV)
by size of operation:

Per cent Horses by Size of Operation

1-5 6-19 20 or More

Per cent
Stan dard

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard 

Er ror

1.4  (0.6) 2.5  (0.8) 2.0  (0.5)

POSI TIVE:  
Se rum neu trali za tion (SN) titer of

1:4 or greater to EAV.
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The per cent ages of horses with an EAV titer were higher on op era tions with pri mary func tions of
board ing/train ing (3.9 per cent) and breed ing (3.8 per cent) than on op era tions with pri mary func tions of
farm ing/ranch ing (0.9 per cent) and resi dence with horses for per sonal use (0.6 per cent).   

g.  Percent of unvaccinated horses positive for serum neutralizing antibodies to equine ar teri tis vi rus (EAV)
by primary function of operation:

Per cent Horses by Pri mary Func tion of Opera tion

Board ing/Train ing
Facility Breed ing Farm Farm/Ranch

Resi dence
(Per sonal Use) Other

Percent
Standard 

Error Percent
Standard

Error Percent
Standard

Error Percent
Standard

Error Percent
Standard

Error

3.9  (1.0) 3.8  (1.4) 0.9  (0.8) 0.6  (0.3) 2.2  (1.1)

Op era tions that were fa mil iar with EVA had a higher per cent age of horses with an EAV titer (4.5
per cent) than op era tions that had never heard of the dis ease (1.5 per cent) or just rec og nized the name (1.1 
per cent).

h.  Percent of unvaccinated horses positive for serum neutralizing antibodies to equine ar teri tis vi rus (EAV)
by operation familiarity with the term equine vi ral ar teri tis (EVA) before the Equine ‘98 Study:

Level of Fa mili ar ity
Per cent
Horses

Stan dard
Er ror

Never heard of it before 1.5  (0.5)

Recognized name, not much else 1.1  (0.4)

Knew some basics or was knowledgeable 4.5  (1.3)

POSI TIVE:  
Se rum neu trali za tion (SN) titer of

1:4 or greater to EAV.
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Sec tion III: Meth od ol ogy

A.  Early Planning

Early plan ning was the key to suc cess in pro vid ing equine sta tis tics.  In 1996, two USDA Agen cies,
APHIS and NASS, com mit ted to pro vide equine health statistics via the Equine ’98 Study (first re port 
dis semi nated in August 1998, fol lowed by a number of re ports through 1999) and demo graphic sta tis -
tics (January 1, 1998, and Janu ary 1, 1999, equine invento ries pub lished by NASS in March 1999).

B.  Sampling and Estimation Details

1.  NASS sam pling frames - area frame
The sam pling phase for pro vid ing equine sta tis tics be gan in early 1997.  USDA/NASS live stock es ti -
mates were his tori cally based on a multiple frame sam pling tech nique which in cor po rates the bene fits 
of sam pling from both a list and area frame.  The NASS area frame within each of the 48 con ti nen tal
states was based on a land use strati fi ca tion such as in ten sively cul ti vated land, range land, urban land 
ar eas, and land in cit ies.  The sam pling units were ac tual land ar eas and were ap proxi mately the same
size within each stra tum.  These sam pling units are called seg ments which vary in size from stra tum
to stra tum.  For ex am ple, in the in ten sively cul tivated or crop pro duc tion stra tum, the seg ment size
was one square mile, whereas in the agricul tural and mixed ur ban strata, the size could be as small as
one- fourth square mile.  Since equids are more of ten lo cated in fringe ar eas around towns or cit ies
such as found in the ag ri cul ture/ur ban strata com pared to other live stock, ad di tional seg ments from
these strata were al lo cated to the sample. 

Once a seg ment was se lected, maps and/or pho to graphs were pre pared for a field in ter view.  The en -
tire land area of each seg ment was re viewed through site vis its so that all land was as so ciated with an
op era tor (per son re spon si ble for the day-to-day de ci sions).  Each seg ment was thus sub- divided into
smaller land ar eas called tracts.  The tract op era tor’s name is very impor tant in cre at ing the mul ti ple
frame es ti mates to avoid du pli ca tion with the list.  There were 7,122 seg ments se lected in all 48
states.  NASS col lected data for the Fall Area Sur vey dur ing December 1997.  Re spon dents re ported
the number of equids ex pected to be on hand Janu ary 1,1998, on the total acres op er ated in clud ing
acres op er ated out side the tract.  The es ti mate for an Area Frame op era tion such as for to tal equids is
then pro rated back to the tract by the ratio of the op era tion’s acres within the tract di vided by the op -
era tion’s to tal acres.

2.  NASS sam ple frames - list frame
Since NASS did not previ ously have a list frame for equids, one had to be built.  The goal was to
compile names of op erators/opera tions with large num bers of equids not nor mally con sid ered to qual -
ify as a farm (since farms would be es ti mated based on the area frame).  A farm was de fined as any
place that pro duced and sold $1,000 or more in ag ri cul tural prod ucts or had five or more horses.
Therefore, list build ing con cen trated on larger places with horses, such as serv ice pro vid ers, that
would gen er ally not have other ag ri cul ture in ter ests.  Such op era tions in cluded board ing sta bles, rid -
ing and train ing fa cilities breed ing op era tions, and race tracks. These large, non- farm op era tions were
rare and would not be ac cu rately meas ured by the Area Frame.  This list de vel op ment oc curred dur ing 
sum mer and fall of 1997.  From Janu ary 1 through Janu ary 15, 1998, all list names in all 48 states
were con tacted by tele phone or per sonal in ter view and asked for their equine in ven tory on Janu ary 1,
1998.

3.  Mul ti ple frame esti ma tion
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The Area Frame sam ple data and the List Frame sam ple data were then com bined.  The List Frame
names were matched against the Area Frame names to as sure ac count ing of all equids while avoid ing
du pli ca tion.  When ever a match oc curred, the Area Frame data were not used, i.e., if an op era tion was 
on the list, it was rep re sented by us ing the List Frame data.  The mul ti ple frame es ti mate was there -
fore com prised of an area es ti mate of the list in com plete ness plus the list es ti mate.  NASS con sid ers
mul ti ple frame es ti ma tion to be most ef fi cient for a given cost and to yield more pre cise es ti mates for
live stock than other Area Frame es ti ma tors.  This es ti ma tor was used in pro vid ing both the demo -
graphic and health sta tis tics. 

4.  Popu la tion in fer ences
The in verse of the prob abil ity of se lec tion was used as the ini tial weight and then ad justed for the
vari ous phases of se lec tion and non- response.  Weights were fur ther ad justed to ac count for op era tion
in ven tory ver sus number of ani mals tested.  For both the demo graphic and the health statistics, the re -
ference popu la tion was any place/op era tion with one or more equid on January 1,1998.  The NASS
es ti mates of equine in ven tory in the U.S. for Janu ary 1, 1998, was pub lished in March 1999 along
with the Janu ary 1, 1999, in ven tory es ti mates.  The reference popu la tion for equine in ven tory (NASS
es ti mates) is 48 states, and the ref er ence popu la tion for health sta tis tics pro vided in Equine ‘98’s Parts 
I and II is lim ited to 28 states.  The ref er ence popu la tion for sub se quent health re ports (Equine ‘98’s
Parts III and IV) is lim ited to op era tions with three or more horses pres ent on Janu ary 1, 1998, in the
28 states.  (For the EAV se ro logic re sults, the ref er ence popu la tion was 25 states; see the dis cus sion
on page 4.) 

C.  Equine ’98 Methods

1.  Iden ti fy ing in dus try in for ma tional needs
Prepa ra tion for Equine ‘98 be gan with a proj ect to iden tify all of the ex ist ing sources of in for ma tion
for moni tor ing equine health.  A Cata log of Op por tu ni ties for Equine Health Moni tor ing was com -
piled and dis tributed in June 1995.  Sec ond, a needs as sess ment was un der taken to iden tify in dus try
in for ma tional needs.  Next, ob jec tives (shown on the in side back cover of this re port) were de vel oped 
for the Equine ’98 Study from in put via a number of fo cus groups.  These fo cus groups in cluded in -
dus try rep re sen ta tives, re search ers, and state and Fed eral ani mal health of fi cials.  In ad di tion, web site 
and 1-800 tele phone call- in sur veys were con ducted from Janu ary 1 through March 15, 1997, to pro -
vide needs as sess ment in put.  This col lec tive feed back formed the ba sis for the study ob jec tives.

2.  Ma te ri als de vel op ment
Spe cific es ti mates for in for ma tion needed to meet the ob jec tives were iden ti fied via a mockup of the
re port with out any data.  Ques tion naire de sign then be gan, fol lowed by pre- testing in Septem ber and
October 1997.  The ini tial train ing school for NAHMS Co or di na tors (one from each of 28 par tici pat -
ing states) took place in Janu ary 1998 in Fort Col lins, Colorado.  Sub se quent  train ing schools were
held for NASS enu mera tors and APHIS VMO’s (Vet eri nary Medi cal Of fi cers) and AHT’s (Ani mal
Health Technicians) in each state.  

3.  Se lec tion of states
A goal for all NAHMS na tional studies is to in clude states that ac count for at least 70 per cent of the
ani mal and pro ducer/owner popu la tions in the U.S.  Budget con straints be yond this level of cov er age
were an im por tant con sid era tion.  The most re cent data avail able on which to base the se lec tion of
states to be in cluded in Equine ’98 Study was the 1992 Cen sus of Ag ri cul ture data for horses and po -
nies (shown in Ap pen dix II for states se lected).  Use of these data is lim ited in that the data
rep re sented horses and po nies on farms only.   For the pur pose of the Census, a farm is de fined as any 
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place with $1,000 or more sales of ag ri cul ture prod ucts dur ing the year or having at least five horses.
Based on this defi ni tion, a large number of horses and op era tions with horses were not in cluded in the 
Cen sus of Ag ri cul ture data.  These data were the best avail able for choosing states to be in the study.

Each state’s con tri bu tion to the U.S. to tal for number of horses and po nies and number of farms re -
port ing horses or po nies was cal cu lated.  The ani mal contribu tion was given a weight of 0.6 and the
number of farms a weight of 0.4.  This weighted con tri bu tion (sin gle number for per cent of to tal) was
a key de ter mi nant in se lect ing the states.  Every state that ac counted for 2 per cent or more of the U.S.
to tal horses and po nies was in cluded in the study ex cept for Iowa and Idaho which were ex cluded due 
to ex pected re source con flicts with a then pro posed NAHMS cat tle on feed study.  Thus, 21 states
were ini tially se lected based on this cri te rion.  In ad di tion, seven states were in cluded that in di vidu -
ally con trib uted less than 2 per cent.  Geor gia, Mary land, and New Jer sey were in cluded due to a high
level of state equine in dus try in ter est, and Ala bama, Louisi ana, New Mexico, and Wyo ming were in -
cluded to im prove geographi cal rep re sentation.  A to tal of 28 states were even tu ally in cluded in the
Equine ’98 Study which ac counted for 78.2 per cent of the U.S. 1992 Cen sus horses and po nies and
78.0 per cent of the farms with horses and po nies.

4.  Se lec tion of the sam ple
The com bined NASS Area and List data set (demo graphic sam ple) which pro vided es ti mates for the
Janu ary 1, 1998, in ven tory for all states in the U.S. then be came the ba sis for se lect ing the sam ple for
the Equine ’98 Study for the 28 tar get states.  The Equine ’98 sam ple se lec tion is there fore a sub-
 sample of the NASS Fall 1997 Area Sur vey and Janu ary 1998 Equine Sur vey re spon dents that re -
ported one or more equid on hand on Janu ary 1, 1998.  The sub- sampling was done within size
groups based on to tal number of equids for list and area sepa rately.  Dis tri bu tion of the sam ple to in di -
vid ual states was based pri mar ily on the U.S. 1992 Cen sus size in di ca tor (pre viously dis cussed).  

The fol low ing ta ble is pro vided to fa cili tate fur ther un der stand ing of the Equine ‘98 sam pling pro -
cess.  NASS enu mera tors ini tially col lected data from the sam ple (4,311) from March 16 through
April 10, 1998.  The sam ple for sub se quent data col lec tions was a sub set of par tici pants from the ini -
tial sam ple who had three or more horses pres ent on Janu ary 1, 1998, and who wanted to par tici pate
in fur ther phases of the study. 

Equine ‘98 Sam pling Proc ess1
NASS

Col lec tion
Equine ‘98

Sam ple

Area Sam pling Frame: Number of segments selected for Fall survey 5,491

Number of tracts reported 38,482

Number of tracts reporting equine 6,125

Number of tracts selected for Equine ‘98 2,244

List Sam pling Frame: Number list records 14,856

Number selected for January survey 14,856

Number reporting equine in January survey 9,032

Number selected for Equine ‘98 (excluding race tracks) 1,904

Number race tracks included in Equine ‘98 (office handling)     163

     Total sample collected for Equine ‘98 4,311
1  For the 28 states, a to tal of 2,244 sam ples were se lected as a sub sample of op era tors with one or more equid re ported on the Fall Area
Sur vey.  Like wise, 1,904 list op era tors were se lected as a subsample of op era tors with one or more equid re ported on the Janu ary 1998
Equine Sur vey (list).  In ventory data (only) from 163 race tracks were in cluded as re ported on the Janu ary 1998 Equine Sur vey.
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5.  Data col lec tion
Ap proxi mately 200 NASS enu mera tors col lected data for the Parts I and II base line health de scrip tive 
re ports via per sonal, on- site in ter views from March 16, 1998, through April 10, 1998.  Ap proxi mately 
150 VMO’s and AHT’s col lected data for sub se quent Equine ’98 health re ports in the 28 states.  The
fol low ing ta ble pro vides a sum mary of the data col lec tion ac tivi ties.

Data Col lec tion Data Col lec tor Ques tion naire Name Ref er ence Re port1 & Date

March 16 - April 19, 1998 NASS Enumerator Equine Management Report Part I, released August 1998 &
Part II, released September 1998

April 20 - June 12, 1998 Federal & State
VMO’s & AHT’s

Initial Visit (horse management 
and health Part III, released January 1999

June 15 - September 11,
1998

Federal & State
VMO’s & AHT’s

Summer Visit (horse
management and health) Part IV, released May 1999

November 2, 1998 -
February 26, 1999

Federal & State
VMO’s & AHT’s Winter Visit (horse health) Part IV, released May 1999

March 1- 31, 1999 Federal & State
VMO’s & AHT’s

Follow Up Phone Call (horse
health)

1 See the inside back cover of this report for a list of additional Equine ‘98 Study products. 

6.  Ed it ing and es ti ma tion
Ini tial data en try and ed it ing for Equine ’98 Parts I and II base line re ports were per formed in each in -
dividual NASS state of fice.   NAHMS per son nel per formed addi tional data ed its on the en tire data set 
af ter data from all states were com bined. 

Data en try and ed it ing for sub se quent re ports (Parts III and IV) were done by the NAHMS na tional
staff in Fort Col lins, Colo rado.  The man ual edit and follow- up with operators were done by VS field
staff.  The na tional staff did all sum ma ri za tion and es ti ma tion. 

7.  Re sponse rates for Parts I & II re ports
The re sponse cate go ries for Parts I and II are shown below.  These data were col lected by NASS Enu -
mera tors from March 16 through April 10, 1998.

Cate gory Num ber Per cent

1 - race track office handling 163  3.8

2 - zero equids on hand January 1, 1998 199 4.6

3 - no resident equids on January 1, 1998 13  0.3

4 - refused 787 18.2

5 - 7 complete 2,758 64.0

8 - out of scope 37 0.9

9 - inaccessible    354    8.2

Total 4,311 100.0

The nu mera tor for the re sponse rate cal cu la tion in cludes the 2,758 com plete ques tion naires, 199 re -
sponses with zero equine, and 13 re sponses with no resi dent equine for a to tal of 2,970 good
re sponses.  The de nomi na tor in cludes 2,970 good re sponses plus 787 re fus als and 354 in ac ces si ble
for a to tal of 4,111.  The re sponse rate was there fore 72.2 per cent.  The two cate go ries ex cluded from
the re sponse rate cal cu la tion were 163 race tracks and 37 out of scope ques tion naires such as prison
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farms and uni ver sity farms.   Race tracks were con tacted for in ven tory data on the Janu ary Equine
Sur vey and were not re-con tacted.  

Data for Parts I and II of the base line health sta tis tics were sum ma rized from 2,904 good re ports.
These re ports were 2,758 com plete re sponses plus 133 race tracks which had some equine in ven tory
on Janu ary 1, 1998, plus 13 re ports with equine pres ent but no resi dent equine on Janu ary 1, 1998.
Non- response ad just ments were made to the ini tial sam pling weights to ac count for those op era tors
not respond ing.  This ad just ment allowed in fer ences to be made to the tar get popu la tion of any place
with one or more equids on Janu ary 1, 1998, in the 28 states.

8.  Re sponse rates for Part III and IV re ports and se ro logic test ing for EAV
The sam ple for this data col lec tion was a sub set of those par tici pants from the first data col lec tion. 
Re spon dents from the March 16 - April 10 data col lec tion had to have three or more horses on hand
Janu ary 1, 1998, to be eli gi ble for the next phase of data col lec tion.  Out of the 2,758 com plete re -
sponses in Phase 1, there were 2,238 (81.1 per cent) op era tions eli gi ble for par tici pa tion in fur ther
com po nents of the study.  Of these op era tions, 1,576 (70.4 per cent) elected to have their names turned 
over to APHIS for VMO con tact about par tici pat ing fur ther in the study.  Nearly three- fourths (74.7
per cent of the op era tions con tacted) of the sam ple turned over for VMO con tact par tici pated in the
sec ond phase of the study (Part III, data col lected from April 10th through June 12th).  Nearly all
(96.4 per cent) of the Part III par tici pants re mained in the study for the June 15 through Sep tem ber 11,
1998, visit (Part IV).

Man age ment data re lated to equine vi ral ar teri tis (EVA) were col lected via ques tion naire dur ing the
June 15 through Sep tem ber 11, 1998, visit.  Michi gan, Mon tana, and Okla homa elected not to par tici -
pate in se ro logic test ing for equine ar teri tis virus (EAV).  Blood serum speci mens were col lected from 
a to tal of 837 (81.8 per cent of 1,023) op era tions in the other par tici pat ing states in two pe ri ods: June
15 through Sep tem ber 11, 1998, and No vem ber 2, 1998, through Feb ru ary 26, 1999.

Com plete re sponses from Phase I col lec tion (March 16 - April 10, 1998; Part I & II re ports) 2,758
Eli gi ble for Phase 2 with three or more horses pres ent Janu ary 1, 1998 2,238
Agreed to have their name turned over to APHIS for VMO con tact 
   (Phase 2 col lec tion, Parts III and IV) 1,576
Com plete re sponses for Part III (April 10 -  June 12, 1998) 1,178
Com plete re sponses for Part IV (June 15 - Sep tem ber 11, 1998) 1,136
Op era tions eli gi ble for EAV se ro logic re sults (ex cludes Michi gan, Mon tana, and Okla homa) 1,023
Com pleted se ro logic test ing for EAV 837

See also Sam ple Pro file in the Ap pen dix I for re sponse rates by type of op era tion, re gion, and number 
of resident horses.

The number of horses tested for antibodies to equine arteritis virus (EAV) per operation was based on
horse inventory and willingness of the owner/operator to allow testing.  VMO’s/AHT’s were
instructed to collect blood samples from resident horses only, based on the following criteria:
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Num ber of 
Resi dent Horses

Num ber of 
Horses Sam pled

Less than 10 All

10 to 19 horses 10

20 to 49 horses 15

50 or more  horses 20

If all horses were not sampled on the operation, horses were randomly selected (by owner/operator or
VMO) that represented the resident horse inventory on the premises in terms of sex, breed, age, and
use.  Foals and stallions were to be included.

The following data were collected for each horse tested: horse ID, age, gender, primary use, breed, if
the horse had direct contact with other horses in the previous 30 days, if the horse had acute upper
respiratory infection in the previous 30 days, the date of the last vaccination against equine viral
arteritis (EVA), the date of the last vaccination against influenza, the number of influenza
vaccinations in the previous 12 months, and date of blood sample collection. 

Samples were shipped on ice by the day after collection or were spun and refrigerated, then shipped
on ice within 5 days to the National Veterinary Services Laboratories (NVSL).  Samples were tested
at the NVSL Virology Laboratory.  A serum neutralization titer was determined using the following
method:

A vi rus neu trali za tion as say was per formed to de ter mine the pres ence of neu tral iz ing an ti bod ies to
EAV in serum.  This test, also called a se rum neu trali za tion as say, was performed in two stages.  In
the first stage, se rial twofold di lu tions of test se rum were mixed with a stan dard dose of a ref er ence
strain of EAV and the mix ture in cu bated to al low in ter ac tion to oc cur.  In the sec ond stage, the
se rum/vi rus mix tures were tested for vi rus ac tiv ity us ing cul tures of mam mal ian cells sus cep ti ble to
the virus.  If re sid ual vi rus was still pres ent af ter the in cu ba tion period, it in fected the mam mal ian
cells which died.  This result is eas ily detected by ex ami na tion with a light mi cro scope.  Cell death
in di cated that the test se rum did not con tain neu tral iz ing an ti bod ies to EAV.  If the test se rum
con tained neu tral iz ing an ti bod ies to EAV, the vi rus was un avai lable to in fect the cells and the cells
re mained vi able.  Re sults of a VN test are re ported as an an ti body titer, e.g., posi tive at 1:16.  The titer 
re fers to the high est di lu tion of an ti body tested that has de tect able neu tral iz ing ac tiv ity.  The se rum
di lu tions typi cally tested for EAV ranged from 1:4 through 1:512.  If a test se rum does not neu tral ize
vi rus at the low est di lu tion tested, the re sult is re ported as ei ther “nega tive at 1:4” or “less than 1:4.” 
In ter na tion ally, a titer of 1:4 or greater is considered posi tive for neu tral iz ing an ti bod ies to EAV.

9.  Data analy sis meth ods for EAV se rol ogy

This report contains population estimates and not raw sample percentages.  Data were weighted based 
on probability of selection of the operation and adjusted for nonresponse.  Weights were further
adjusted to account for operation inventory versus number of animals tested.  Estimates were
expanded to represent the horse population in the 25 states that participated in sample collection for
serologic testing for equine arteritis virus (EAV).  Population estimates and standard errors of the
estimates were obtained using Sudaan1 software which is able to account for this complex survey
design. 
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1 Sudaan, Version 6.4, 1996. Research Traingle Park, NC.
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Ap pen dix I: Sam ple Pro file

A.  Responding Operations and Number of Tests Performed

1.  Type of op era tion

Num ber Par tici pat ing 
Op era tions

Pri mary Func tion of Op era tion

June 15 - 
Sep tem ber
11, 1998

EAV 
Se ro logic
Testing

Num ber
Tests for

EAV

Boarding/Training facility 368 283 2,889

Breeding farm 194 144 1,370

Farm/Ranch 208 136 798

Residence with equids for personal
use 217 158 711

Other     149    116  1,259

Total 1,136 837 7,027

2.  Re gion

Num ber Par tici pat ing 
Op era tions

Re gion

June 15 -
Sep tem ber
11, 1998

EAV 
Se ro logic
Testing

Num ber
Tests for

EAV

Southern 418 280 2,171

Northeast 153 132 1,208

Western 307 245 2,118

Central    258  180 1,530

Total 1,136 837 7,027

3.  Resi dent horses (whether or not pres ent) at the time of in ter view

Num ber Par tici pat ing 
Op era tions

Num ber

June 15 -
Sep tem ber
11, 1998

EAV 
Se ro logic
Testing

1 - 5 261 199

6 - 19 453 316

20 or more    422    322

Total 1,136 837
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Ap pen dix II: U.S. Equine Popu la tions

Re gion State

Cen sus: Num ber 
Horses and Po nies1 on Farms 

 (Thou sand Head)

Cen sus: Num ber Farms Re port ing
Horses and Po nies1 

(Thou sand Farms)

NASS: Num ber 
Equine2 - All Lo ca tions

(Thou sand Head)

1992 1997 1992 1997 Janu ary 1, 1998

Central Illinois 46.1 51.7 7.3 7.6 99.0

Indiana 48.1 58.6 8.4 9.2 140.0

Kansas 42.9 52.8 9.7 10.6 104.0

Michigan 54.0 66.2 7.8 9.1 130.0

Minnesota 43.1 55.9 7.7 8.8 155.0

Missouri 64.6 85.7 14.2 15.9 140.0

Wisconsin   43.6   52.4    8.1   8.8 115.0

   Total 342.4 423.3 63.2 70.0 883.0

Northeast New Jersey 23.9 22.6 2.5 2.3 45.0

New York 43.3 47.8 6.4 6.5 157.0

Ohio 72.0 76.2 10.9 11.7 155.0

Pennsylvania   58.0   65.1   9.2   9.9 165.0

    Total 197.2 211.7 29.0 30.4 522.0

Southern Alabama 29.7 42.5 5.7 7.4 130.0

Florida 52.0 54.9 6.7 6.8 170.0

Georgia 31.1 35.3 5.6 5.9 69.0

Kentucky 78.1 95.9 12.4 13.4 150.0

Louisiana 28.0 30.1 5.1 5.3 65.0

Maryland 24.3 22.5 2.8 2.6 45.0

Oklahoma 70.0 93.7 14.9 18.4 165.0

Tennessee 61.1 89.0 12.4 15.3 185.0

Texas 209.1 242.0 38.5 44.2 595.0

Virginia   44.0   50.3    7.1    7.5    145.0

    Total 627.4 756.2 111.2 126.8 1,719.0

Western California 124.9 113.1 15.0 13.0 235.0

Colorado 69.4 81.7 9.9 11.2 140.0

Montana 56.4 71.2 8.2 10.2 130.0

New Mexico 41.4 38.8 5.7 5.9 64.0

Oregon 51.9 68.3 9.2 10.7 120.0

Washington 51.1 58.8 7.9 8.1 155.0

Wyoming   40.7   50.6   4.5   5.3   61.0

    Total 435.8 482.5 60.4 64.4 905.0

Total (28 states)
1,602.8

(78.2% of US)
1,873.7

(77.2% of US)
263.8

(78.0% of US)
291.6

(77.7% of US)
4,029.0

(76.7% of US)

Total (25 states:
MI, MT, OK not included)

1,422.4
(69.4% of US)

1,642.6
(67.7%of US)

232.9
(68.8% of US)

253.9
(67.7% of US)

3,604.0
(68.6% of US)

Total U.S. (50 states) 2,049.5 2,427.3 338.3 375.2 5,250.4
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1 Horses and ponies and farms reporting horses and ponies. Source: Census of Agriculture 1992 and 1997.

2 Equine includes horses, ponies, mules, burros, and donkeys.  Equine located on farms totaled 3.20 million head and 2.05 million head
were located on non-farm places.  Source:  National Agricultural Statistics Service (NASS), March 2, 1999.



Com pleted and Ex pected Equine ‘98 Study
Out puts and Re lated Study Ob jec tives

1.  Pro vide base line in for ma tion on equine health.

• Part I: Baseline Reference of 1998 Equine Health and Management, August 1998

• Part II: Baseline Reference of 1998 Equine Health and Management, September 1998

• Equine morbidity and mortality (info sheet), September 1998

2.  Es ti mate uses of equine health- related man age ment prac tices.

• Part II: Baseline Reference of 1998 Equine Health and Management, September 1998

• Part III: Management and Health of Horses in the U.S., 1998, January 1999

• Part IV: Reference of Health Management for Horses and Highlighted Diseases, 1998, May 1999

• Sources of information/use of veterinarian (info sheet), August 1998

• Biosecurity practices on U.S. equine facilities (info sheet), August 1998

• Information sources and use of veterinarians for equine health care, August 1998

• Unique identification methods for U.S. equids (info sheet), May 1999

• Equine management practices (info sheet), January 1999

• Transportation of U.S. equids (info sheet), January 1999

3.  De ter mine type and use of ani mals in the U.S. equine popu la tion by type of op era tion.

• Part I: Baseline Reference of 1998 Equine Health and Management, August 1998

• Composition of the U.S. equine population (info sheet), August 1998

4.  Meas ure the preva lence of spe cific in fec tious agents or fre quency of an ti bod ies to spe cific in fec tious agents.

• Salmonella and the U.S. horse population (info sheet), expected summer 2000

• Internal parasites: strongyles and ascarids (info sheets), April 2000

5.  Gather data re lated to spe cific health prob lems.

• Testing for equine infectious anemia (EIA) in the U.S. (info sheet), September 1998

• Equine Vi ral Ar teri tis (EVA) and the U.S. Horse Industry (interpretive report), April 2000

• Equine Protozoal Myeloencephalitis, EPM (interpretive report), expected summer 2000

• Lameness and Laminitis in U.S. Horses (interpretive report), April 2000

• Colic (info sheet), expected spring 2000

• Respiratory disease (info sheet), expected spring 2000

6.  Feed prob lems.

• Endophytes in U.S. horse pastures (info sheet), April 2000

• Fumonisin toxin B1 in on-farm horse grain/concentrate in the U.S. (info sheet), April 2000



Cen ters for Epi de mi ol ogy and Ani mal Health
USDA:APHIS:VS, attn. NAHMS

2150 Centre Ave., Bldg. B, MS 2E7; Fort Col lins, CO 80526-8117
Tele phone: (970) 494-7000

E-mail: NAHMSweb@usda.gov
World Wide Web: http://www.aphis.usda.gov/vs/ceah/cahm
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