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FASTEEN EQUINE ENCEPHALOMYELITIS IN PANAMA:
THE EPIDEMIOLOGY OF THE 1973 EPIZOOTIC

WILLIAM H. THETE, TRt PEDRD GALINDO, axp KARL M. JOHNSOME
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Abstrace.

Les Late Juenee 1973, a small euthreak of coguine encephalitis caused by eastern

couine encephalomyelitis (R virus eccurred in the Bepublic of Panama, At least 100 horses
were affected by the dizsease and 40 died. More than 1,700 hueman sera were abtained from
arvas of virns activity bl no cerological evidence for infection was found. Four iselates of
EEE virus were recovered, one of which was Tram a small poal of Cuelex LTeRTrEND DS
toes. Serologic studies of infected horses and classification by the short incubation hemagela-
tination-inhilition west revealed that these isolates were Soeth American strains. Chur evidene
supgprests that apother agent virulent Tor horses was active during this authbrealk,

Eastern eqguine encephalomyvelitias (FKFE) virus
inbection was first recoenized in Panamea tn 19360
subsequent recognized outhreaks of the disease
have coeurted aporacdically, most recenlly in 1938
and 1962 (Murnane, T, G., Galinde, P, Craig-
head, J. B, Kodaniche, Y. Johnsor, © and
Shelokov, AL unpubbished data), These epizootics
have had & commen pattern: they invelved small
numihers of harases, usually occurred in eatly rainy
zeason une—July), started aeed ended sudderndy,
woeres recoenieel late, and were of shart duration
Az g conscouence, little 13 known ghoot the epi
demiclogy of this infection in Panama.

The chance abservation of three deacd borses in
asmall area to the northeast of the city of Panama
andd the solation of EREE vicus from the Brain of
v of Lhese animals allowed us o recognize this
eprzootic al its cutset, and permitted a more thor.
ough investigation of it epideminlogy.

MATERIALS AND METHODS

Sera and tizsue suspensions were testod for vi-
rus by intracerchral inorculation of sucklinge mace
{0002 cimpuse), Ten percent suspensions of fissue
were prepared in Tenbrosck grinders, using phos-
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phate buffered saline (pl 7.2 confaining 1095 fe
tal call serume as diluent, Suspensions were clari-
fieel al 2000 % roin a refrigerated centrifuge Tar
30 min, Titers, caleulated by the methord of Reed
and Muench ? Lazed
deaths that bhad occurced T 3 davs. Human sera
were tested in suckling mice, duphicate tubes (0.1

were an the namhber ar

coflubed of African preen mankey kidoey (Vero)
and human dipleid fibreblast (WI-381 cell cul-
tures, After adsorption (or 1 hour, inocula were
washed from cullures aned Trosh mediom contain-
mg 2% heated Cetal calfl serum was added. Cell
cultures and mice were observed for 2 owecks.
Muosguitoes were triturated in Tenbroeck prind-
Grs, Using 3 oo of Sorensen’s buller ipTT 7.4) con-
talning antibiotics amd 23% normal rabhic serom
as diluent. The resulting suspension was clarified
by centrifpgzation, and the supernatant was inoc-
wlated into suckling mice and duplicate Lubes of
Wero cell culueres as deseribud,

When deaths cceurred in suckling mice, (0%
suspensians of suckling mouse brain antizens weee
prepared and tvped Dy complement-fixation (O F)
fesls, using group- and virozs-specilie moose as-
citic fluid reagents, The identification of each is0-
late was reconfirined by means of plague reduc-
ton west performed with the same antisera in
Af-well Vero pancls. For the latter test, tissue cul-
fure tsolates ar tissue paszaped virus was used di-
rectly, Each isolate was reisolated in suckling
mice.

Serum samples were tested for the presence af
hemagehtination-inhibition (HII antbadies by a
micromethod,! uzing a beta-propiolactone reat-
ed® South American strain of EET as antigen,
Many sera were also tested for N oantibocdy by a
previously described micromethod.® Antibiody G-

133



134 DIETE, GATININI, ANI} JOHENSON

O 434Nz}

BAMNAMA

L FES ]
—
KILIETERS

Map of Paramsa showing (e regons stodicd znd the number of animals affected during the 1973
Eastern equing encephalomaelits virus epizootic. Begions are indicated by letters: A Charrera; B Canal Zone,
Facific Side; O Colon; Do Panama Ciey, racetrack, and Club de BEouitacian: B Chepos B Canal Aone, Atlantic
Side; G Capira and Oles Arriba, B Apuadulee, Fractinn indicates pumber of animals infertedinumber Lesied.

Faventhesis shows number of Borse deaths in each arca,

tet was defined as the dilunen af serem wiving
B0 redduction of 30-150 plague-forming units of
viris, Toth Worth and South American straing af
FTOE vivus were incubated under gum traga-
canth™ for 24 howrs prioe o the second overlay,
5t Louis cncephalitis virus (SLED and Califernia
wirus reguired 48 hours of incubation under agar
prior lo the overlay containing neatral red

The prototyvpe steain of Nerth American FEEE
virus was horse brain isolate 644 11 perovided in
1965 by Diro Martin Goldfield of the New Jersev
Department of Health, This strain had been
passed twice in chicks and bwice in suckling mice
in our laboratorsy. The prototvpe stram of South
American EEF virus was g horse brain isolate
fram Panama chitained by Do Thormas Mornane
i 1938, Thiz strain had been passed seven times
i suckling mice.

Diata comparing rates of infection or serocon-
version e KER virns were tested far signilicance
by Chi-zquare, using a 2 % 2 contingency 1ahle,

Descviption af (e outhreak
asd sindy desipn

The cutbreak was first recognized in mid-Tune
1973, whoen one of the authors obscrved three
dead horses inoa celatively small geographic area

to the northeast af the city of Panama, After BEE
viras was izolated rom the brain of one of these
animals, Lhe Mindstry of Health was notificd ard
an nlensive surveillance program was initiatel,
When harse illnesses or deaths were reported,
blood was callected Tfrom borses and humans liv-
ing i or adjacent do the area

During the G-week period from mid-June o
roiel-July, we received reports of approximalely G0
borse deaths, Most of these cases woere in the area
e the east af the capital (Fig 1
sparsely populated rolling savannab with gallers
farests, MNumuerous rivers flow out of Lhe moun-
lains into the lowlands; during heavy rains, these
rivers aften overflow their clianncls, creating larse
numbers of ox-bow lakes and fresh water
swamps. Near Lhe Pacific Ocean, there is signili-
cant tidal Now, and the banks are lined with man-
ETrovils,

Reports of horse deaths ocourred for the lase 2
weeks of June and ceased prior to the last week
in July, shectly before an equine vaccination carm-
paign was begun vzing a combioned formalin in-
avtivated TEE-Western equine coceplalitis O F )
virus vaccine (Fart Doclge, Lol £ 170130

Sera were collecled from 503 horses in areas
where eauine deathk ar encephalitis had cooureed.
Urinr to this epizootic, EEE vitus vaccination wis

This area is



1973 EEE OUTEREAK TN FANAMA

not pracriced routinely in the Eepubiic of Pana-
ma, but vaccination bistories woere alwavs spopht.
An additional groap of 68 horses was bled before
and 1 month after vaccination swith twe intra-
dermal injectiens of 1 oo of the EEE-WEE virus
VACCine.

Elfores woere made to collecl Train £35=ue aed
serum for virns isolation from all dead equines,
and serum from those with symptoms. Brain tis
sue from 16 animals was available for studyv. Sers
for wires isolation swere collected Tram a sample
of 35 pasturemates of sick animals.

Sera from pver 300 chickens on farms in close
proximity to areas of recognized EEE activity in
horses were cellected for serologic investization.
Because dead and dyving Cormorants (Phalooro-
sorax affvacens) owere observed Lthrooghool Lhe
epizeotic ared during the outhreak, foar sick or
recently expired Cormorants were collected from
Pacherca, an island seabirvd rookery lacated in the
Ferlas Islands appraximately 73 miles aff the
southern coast of Panama. Cne additional il cor-
meoranl was collected in the city of Panamas, Se-
rurm, brain, and g pool of visceral organs (spleen,
liver, kidneyt from each bird was tested separacely
for sirus. =Sera from 235 Medgling Frigate Bieds
(Frepta magndiscens | and JO domestic ducks also
wire pbtaine] from the Perlas Tslands,

Single sera for antibody tests were obtained
from over 1,700 persons living in or close 1o areas
where eouine encephalitis or death occurred,
Acule sera, Lheoat and rectal swabs, and occa-
sionallv wrine and spinal fluids, were collecred for
virls isolation from all human cases of encepha-
Iitis or aseptic meningits in either the Canal Zone
ot the Republic of Panama during the outbreak.
Carvalescent sera collected 2 weeks alter the Ini-
Ll sera were available from moest patients

Far & nighes during the peak of the eploootic,
posguaitoes were callected in Magoon stabile Lraps
baited with horses oegative Tor neutralizing (3
antibedies to five group A arhoviruses (EEE,
WETL, Venecruslan Eqguine Encephalomyvelitis
WEEL Una and Mavarar, Smaller numbers of
mosguitoes were collected from a similar trap
Bailed wilk chickens negative for ITT antibedics
toe BEE viruz, Beth traps were set on a ranch
where several horsez had died of EEE virus in
tection. Mosguiloes were fransported live to the
laharatory where they weree beld al roam Eemper-
ature for 24-4% hours, then chilled, sorted, ol
frocen until thes were processeil for viros jsala-
Liom

RESULTS

Hermagglutination-inhibition antibody titees
from 68 equines vaccinated | montl previously
against KR virus indicated that less than 39 had
EREF-HT titers equal to o greater thun 1:80, Ope
hundred of 303 animals sampled. most without a
history of vaccination, had HI titers & 180 suge-
gesting an attack rate of 129%. Although the prev-
alence of sipnificant HI antibedy titers (=080
ranged from 3-23% in the districls shown (Fig.
11, it was unusual for more than several cazes to
ooy on the same ranch, regardless af the number
of horses present.

Approximately 60 horse deaths woere reported,
We attributed 26 of these deaths to EEE on the
basis af virus salation ar high HT antibedy in the
serum of the infected animal or its pasturemates.
Since 100 animals were infectecd, the case-Tatality
rate of this infection in the equine populalion of
Panama was approximately 205

Morse deaths aceuered in fwo arcas where we
were unable o fod 1T ar N antibody te EEE
virus i sick horses ar stable or pasturemates of
slck animals, At the Panama race toack, three
cases of equine encephalitis were ohserved, oo
of which were fatal. Ooe animal had a sudeden
onset of hyperactivity similar to that cecastonally
eheerved in VEE virus infections, Histopathologic
examingtion of the brain of aoe animal was con
sistent with the diagnesis of arhoviral encephali-
tiz, The second area in which horse deaths could
nat be explained by our criteria was in OHlas Ar-
riba, a village located in an area of prassy savan-
nah Ly the west of the Panarna Canal (Fig, 10, In
Lhis town, approximately 20 horses died of an en
cephalitiz-like ilness within g 2-week period. No
vitus could be iselated from either the serum or
Irain tissue of ane moribund animal that was
killed, Histopathologic examination of the brain
of this animal was negative for Negrt hadies b
light and fluorescent antibady micrascopy. Serum
from this ease and cver 100 additional animals
froem this town and twee neighbaring villages Failed
Loy reveal any HI antibody to EEE.

Testing of chickens was not fruicful; only four
af the 426 chickens bled proved to have HI anti-
body 1o KX, and these birds were all lacaled on
the samg chicken farm. Testing of the Pacheca
birds revealed high titers of N oand TTT antibady
fo ELEE virus in two of 23 fledeling frigate hivd
serd. Hemagelutinalion-inhibition antibody was
present in lwo of 13 domestic deck zera, but anly
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one of the tweo sera contained X antibody. Sera
from five Moseovy Ducks and fve Cormorants
condained no M1 ar X antibody to BEE virgs,

Two of 1,700 human sera collected during Lthe
outbreak contained HI but no N antibody (o FKEE
virus, In hoth sera, che HI aptibecly Gler was low
(010 and D20 Nooisolales of KR virus were
tecovered feom any of the clinical specimens fram
bospitalized pdicnis, and nene of their sera con-
tained TIT or M oantibody to EEE virus.

Firus fvelation

Eastern equine encephalemyalitis viros was jzo-
Laled from brain tssue of three of 16 (1090 horses
tested. Dsolation attempts lrom the sera of 35 pas-
taremates of these horses were onsuceessful, Tike-
swise, notsolates were abtained from the acute =era
af any symplamatic animals,

The izalation results from mosquiloss are
shown in Table 150 Louis creephalitis vires was
tecovered from a single pool containing 36 Calex
W mEprifgalpoy mosquitoes, A California-group
cncephalitis vires was cbiained Trom one pool of
A Aedes anpustivittatus and EEE virus was so-
Lated from one pool of eizh! Calex (W) faeniopiss
mnanyilitoes,

Thiree tsolates of 5t Leuis encephalitis virus
also were made i suckling mice from the tissue
af three of the fve sick or dead Cormaerants ested,
The wires was present in dhe brain and viseerg of
ane Cormorant, serum and viscera of one Car
morant and serum only of ane Cormorant.

Movvirus was recovered from any of the human
material bested,

Sewdupic Imvestipations for eavdence af
Californin and SEFE vives Infection

Screening of horses from the race Lrack, Ollas
Arrilsa, the bieds from Pacheca, and the hospital-
seeed patients Tor X oantibody to 3112 virus and the
California-rroup viras iselate failed to reveal any
seralogic pazitives. Three human zera from bas-
pitalized patients contained low titcer N oantilaody
to the California-group vicus dsolate and one of
these also conlaimed low fer CF antibody, Na
suroconversions or Tising titers could be demon-
strated in any human patient.

a ; i 5 :
Sevologie studivs of vouines

Since the capacity of the inactivated EEE virus
vaccing to prodoce N oantbady s unkinown, N
antibody rezponses o vaccinaltion were studied in
Gf harses from the race track and Trom o ricding
of the vac
cinated animals when tested against a MNorth
American strain of EEE virus, bul in only 33%
of the horses when Lested against & South Amer-
ican strain. In both cases, the antibody titer was
low . Ax Table 7 indicares, seroconversion to the
Morth American strain of EEE virus oceurrecd
with a significantly greater Cregquency (ChE-sguare)
i horses with pre-existing neulralizing antibody

club, Seroconversion oocurred o 759

to Venmowelan eoquine encephalitis (VEED virus,

Sera fraom 108 horzes from the epizootic area
were studied to determine whether prior VEE vi-
ris antihady interfered with EEE vieas infection.
Since only 4% af the horees in Lhe vaceine study
developed South American FEI vires neutraliz-
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ek
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ingr antibocy titers equal oo greater Than 1:236,
alel since the vaccination histary Tar many of these
animals was unknewn, anly horses with N anti-
Bocly coual to or greater than 1256 were consid-
ered to bave been infected, Only horses with 1005
plague reduction of the VEE vaccine virus {TC-
2230 in the lowest serum dilution were considered
to have VEL wvirgs antibody, Az shawn in Table
2, the prevalence of EEE virus infection was the
same [Chi-souare), regariless of the presence or
abaernce of VEE antifiady.

In a third investizalion, sera from horses with
bigh HI (=180 and N oantibody titers (= 1:256)
ton FTETD wirus were tested for their abilicy w dis-
finguish South from North American steains of
EEE wirus by plages neutralization. Al af the
borses included either had a hztory of recent en
cephalitis or were pasturemates of encephalitic
animals. In every caze, serum N oantibody ikers
were reproducibly higher against the South Amer-
wan straln of EEE viros (Talde 31 Such differ-
ences could nol be demanstrated in the sera of
anintals with lew titers {=21:258) of M antibody to
the: South American strain, por was any animal
found with titers = 1:236 Lo the North American
strain. These data sugeesied Lhal the BEL viras
strain responsible for thiz epizootic was & South
American strain. Classification by the short in-
ubition hemagglatination-inhibition tesr {couar-
tesy of Tir. Chavles Calizher, CIN Vector-Barne
Dhzeases Division, Colorado) indi-

Fort Collins,

EEE virus straxn

Marth Ameran Seuth American

Elansr: mumnlbarr

1 16 1024
1 i Ryl
i G 1054
] L6 256
5 o 156
i 64 R
7 i 1G24
b 4 230
9 fid lo24

(8 G4 236

11 e 254

= Tuers bases) un 20% plague meductinn of 35— 153 Pus

ciated] thal all four of our solates feom Lhis out-
break woere Bouth American strains of FEE virys.

Finallv, sera from nine animals with obzerved
encephalitic sviaploms woere dested for Iy antibad-
ies to VEE virns. Fight of the nine tested shaaed
o eviclenee of VEE virus antilody.

[MSUERI0N

All evidence indicates that EEE virus infection
of equines and man i an end-stage pheromenon
carrelated o the primary
amplification. Central to this concept are data
from experimental® and natoral® infection of
equines which indicate that viremia rarely reaches
the Jevels necessary for mosquite infection. High
viremia also has not been found in human EEE
virus infection.

These abservation: appear to explain the small
number of mosguite isolates of EEE vinws during
privicus epizoctics in Panama,
Trinidad, "% and may account For the low rates
of eguine disease observed in these outhreaks. The
1947 EEE equine epizontic in Louisiana in which
an estimated 5 000 horses died is one of the Tew
EEE virus culbreaks which does not follow this
general pattern 9

The epidemiology of EEE virus contrasts with
that of the clesely related VI virus, High equine
viremias,™ high infection rates of multiple mos-
quito species, " ¥ anel widespread human infec-
tions!™ 2 gecur in VEE epizootics, Equine vi-
remid appears to be the major determinant of the

cwvele ol nalural vires

Braal, "™ apd
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amplification and dizssemination of such out-
hreals =

Eastern equine encephalomvelitis viros infec-
lion of man has been rare in epizontics in Central
and South America, whereas a low but significant
inciclence of human disease is seen frequently dur-
ing similar outbresks in North America. These
differcnces may be attributable 1o the habils of
the respective proven or presumptive arthropod
werters, Adedes solicitans, which are Frequently
infected during Narth American epizootics, fewd
wvoraciously on humans and are divrmally active
Caele (M) daenmiomes, previously incriminated in
EEE wirus transmission in Urinicacd '
il andd Panama (P, Peralta, persenal com
municationt, and pessibly one of the vectors
of the 1973 puthreak, differs 0 its activite. Al-
though this mozguite haz a broad bhost range
it is largely svlvan, breods in swamps, has @ cre
puscular activity cycele, and apparently does nat
enter houses 9 Despite the frequent EEE viras
isolations rmeade Tram this species, its bekavioral

Fira-

characteristics favor its role as an enzoolic vee-
Lor, !

The wirus strain responsilile for the 1973 epi-
zootlc helongeed 10 Lhe antizenic sihgraup of South
American EEE virnz, All previous EEE isolats
from Panama slao have been South American
sleains™ (P Peralta, personal communication),
The 1973 eplzootic, as well as those in 1958 and
1962, oecurted shartly affer the annoal zouth to
natth migration of et bivds, Whethoer these
nputhreaks resulted from the introduction of FEI
virgs by migrating bieds, or whether Souath Amer
ican EEE virus strains are enzootic in Panama,
is not clear, Hovaewer, it is of interest that several
recent epizoctics of BEE virus on islands in the
Caribbean toek place in the [all anmd were of the
North American subtvpe (O, Calisher, personal
communicationy, suepesting that the virus mas
have been intraduced and amplified during the
southward migration of northern bivds.

The duration of the 1973 epizoolic Lore litile
relation to the vaccination prowram, Conversion
rates arl antibody tiless fellowing vaccination
were low, capecially to the South American ERE
vires subitvpe. The level of W oantibocdy reguired
Lo protect equines from lethal infuction is un-
known, and appropriale challenge experiments
have not been pecformed, Torse deathz had ended
by the stast of the vaccination program and, since
horse infections have little to do with fhe main-

DIETEL, GALINDO, AND JOHNION

tenance of the epizootic, faciers other than vac-
cination were probably responsible,

We also investizatid the possibility that VEE
virng antibody in animals that bad beon vaeci-
natecl or infected with enzootic VER virus strains
might have intetfered with EEF virus infection
ar vaccination. Field observations during the
VEE virus epizoalic in the United States suggest-
ed that prior experience with WEE or EEE w1
ruses bad a significant effeet oo conversion rates
Lo the WEE wvirus vaccine. ™ In addition, prior
VEE vims infection may have interfered wilh
subzequent experimental EEE virus infection in
burres *" We were unable o demenstrate any
aclverse effect of VEE virus immunily en either
conversion Tates after vaccination ar natural in-
fection with EEE virus. Rales of seroconversion
to North American strains of EEE vitus were sig-
mificantly greater in horses with VEE virus anti-
body. However, increased serocanversion rates in
Lhesi: animals may anly represent a seconcdary re-
spomse it animals presiously infected or imme-
nized with the antipenically-related VEL virus, or
even with EEE virus izelf. Although VIEE viras
antibiedy bad no apparent effect on Infection rates,
cur observation that cight of nine ssmplomalic
animals lacked such antibody suggests that VIS
viruz antibody may affect the clinical course of
Sputh American EEE virus infeclion.

Cher data fram the Panama race track and from
Olas Arriba suggest thal another agent virulent
For harses was active during this epizootic. This
hvpothesis is supported by the following: 130 ath-
er Ay reporting equine illeess ar death, serologic
investigation consistently revealed high titers of
Noar HI antibaody in vither symptomatic lorses,
pasturemates or beth: no such evidence was ob-
tained foem these twoe localities despite significant
numbiers of horse deaths and adeguate sampling
ef vouines; 21 the absence of CTF titers o WEE or
VT viruses suggests thal infection with 1hese
viruses was unlikely; in addition, all the race
horses had been vaceinated asainst VEE virus
prioe to the epizoctic; 3) in 1Y73-1974, similar
small uthreaks of equine encephalitis cocureed in
Guatemala and Salvador o wlich no seralogic
evidence could be obfained for VEE, WEEF ar
EEE virus infoction (W, H. Diets, unpublishecd
datai: 41 the brain histopathology of the only race
track horse available for stody was consistent with

arboviral encephalitis. Since it has been shown
that SLE™ and California®™@ " virgses cause
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anly small viremias and no clinical disease after
experimental inoculation of equines, it s unlikely
thal these sgents were rezpanaible for the deaths,
Likewise, all foar ll or moribumd horses from
these areas had neither CF nor N oantibady to
these agents.

Although at least 500 haorse deaths were aterib
uted tooan EEE virns epizootic in 1947, most out-
hreaks in
of animals and have been of zhort deration. The
copuinge population in Panama in 1970 was oreater
than 170.000,% and mast of these animals were
in rural areas. Since the current recommendations
are that animals e revaccinated annuoally against
EEY virus, the expense and logistical difficolties
are considerable when compared to the potential
Toss of unvaccinated animals. In addition, the ef
fectiveness and duration of inmmunity conferred

fanarma have invoelved small numbers

by the North Amuerican EEE vira: vaccine strain
against infection with South American LEF viras
i ounknown, The absence of antibody fo South
American EEE virug in vaccinaled animals, as
well as the v titers of N antibody following vae-
cimaiion, have been demoenstrated in this study.
These dats emphasize the need for a single dose
vaccine capable of producing documented, long-
lasting immunity against both Seuth American
aned North American strain: of EEE virus.
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