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DISTINCT ARTHROPOD-BORNE

VIRUSES OF GROUP C IN PANAMA*
ENID DE RODANICHE,f AMELIA PAES DE ANDRADE,l axp PEDRO GALINDO§

In the present report the isolation of two
arthropod-horne viruses both belonging to group
s deseribed, The two viruses are antigenieally
different one from the other but are more elosely
related to Carapara than to any other member
of group © =0 far studied. These apents are of
interesl because they are the first izolates of
group C wviruses from Central America and be-
cause both were recovered from human blood.
The infections from which these agents were
obtained show a number of similarnties, Both
were contracted in the early part of the vear
1961 in & tropical rain forest ares of the Provinee
of Bocas del Toro, near the town of Almirante,
Both personz affected were men emploved to
eapture blood-sucking insects during the course
af investigation into the ecology of arboviruzes
in the area previously mentioned. Both suffered
moderately severe self-limited febrile illnesses
which required hospitalization, and virus was
recovered from each by the injection of suckling
mice with blood drawn during the early acute
febrile phase,

The first isolation was made from Ossa (BT
15207, a Sti-vear-old man, who began work
collecting hematophagous insects in the upper
canopy of the study area on January 5, 1961, His
illness began on January 18, fixing the peried of
ineubation at no more than 13 days. Onset was
sudden with fever, chills, malaise and severe
headache. He was hospitalized on January 19
Physical findings were essentially negative. The
white blood cell count was 5,000 with a differ-
ential count of 629 neutrophils, 37% lympho-
evites and 195 eosinophils, No malaria parasites
were shserved. The fever was diphasic, a tempera-
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ture of 101.8°F being registered on admission,
which soon dropped to normal levels and then
rose again on January 21 reaching s maximum
of 102.5°F in the second hump of the “zaddle-
back.™ Recovery was uneventful and he was
dismizsed from the hospital on January 25.

The second isolation was made from Madrd
(BT 4075), a ab-year-old man, who became
acutely ill on Mareh 2, 1961, approximately two
months after beginning work as 8 moaquito
collector, The principal symptoms were ehills,
fever, severe hendache, prostration and pain in
the right upper quadrant. He was hospitalized
on March 3, when a temperature of 101°F was
recorded. Smears for malaria were negative,
Exvept for a slight pharyngitis there were no
significant physical findings. The fever declined
rapidly and he was dismissed from the hospital
on March 5, Lhree davs alter onsef.

The acute-phase bloosds were forwarded on e
from Almirante to Panama by airplane, Serum
of each was injected into two litters of suckling
mice, one litter by the combined intracerebral
and subcutaneous route and the other by the
combined intracerebral and intraperitoncal route.
Both viruses were reizsolated in suckling mice by
the intracerchral injection of serum stored in
sealed glass ampules in & dry-ice chest. Ossa
virus was also reisolated by the intracerchral
injection of two hamsters. Ossa convalescent
serum showed a neutralization mdex of more
than 3.5 logs as against 0 for seute-phase serum
and Madrid eonvalescent serum of more than 4.6
a2 against (0 for acute-phase serum.

ANIMAL PATHMIENICITY

Ossa BT1820. In suckling mice 2 to 3 days old,
injected intracerebrally with 109 mouse brain
or liver suspensions, the ineubation period =
from 24 to 36 hours. Death Tollows =oon after
symptoma appear, the average survival time
(AST) being sbout 2 days. Titer in infant mouse
brain has varied from 100%2 to 10052 In infant
mcruse serum higher titers, 1077% and 10774, are
aobtained. The incobation period and AST are
essentially the same after intraperitoneal or
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subcutancous injection as after intracerebral
injection. Tesults in weanling mice have been
very variable. After intracerebral injection the
ineubation period has averaged 4 days (shortest
2 daye and longest 5) and the AST has been 5.1
days, 1695 10 839 of the animalz in the diferent
groups being noticeably affected, Hamsters are
very susceptible. Two were sacrificed when pros-
trate 2 days after intracerebral injection with
0.03 ml of the original scute-phase serum and two,
subinoculated with s 109 emulsion of the brains
of these, died in 3 days. Two guinea pigs inocu-
lated intracercbrally with acute-phase serum
remained nsymplomatic but produeed antibodies,

Madrid (BT40?75). The incubation period in
2- to 3-day-old mice injected intracershrally
with 109, mouse brain suspensions is 2 to 4 days,
usually 2. The AST is 2.9 days. After intraperi-
toneal or subcutaneous inoculation the average
incubation period is 3.4 and 3.7 days, respectively.
Titer in infant mouse brain has heen from 1042
to L0-*® and in infant mouse serum, 100%* to
10—**, In weanling mice, as with Ossa wvirus,
results are wvariable, The incubation period
shows an average of 3.6 days and the AST is
4.2 days {limits 2 and 7 days). About 807 of the
weanlings inoeulsted intracerebrally have shown
symptoms. Svmptoms are variable but paralyses
are oot manifest with this or Ossa virus, There
seems little doubt that these viruses could be
adapted successfully to adult mice. Of two
hamsters injected intracerebrally with 0.03 ml
of & 1097 mouse brain suspension, one died at the
end of a 2-day period and the other in 3 days. Two
guinea pigs inoculated intracerebrally with (1.1
ml of a 10% suspension of infected hamster
brain remained well.

SEROLAGICAL RELATIONEHIPS

A peutraligation test was run using Madrid
human convaleseent szerum, Ossa guines pig
hyperimmune serom  and Madrid and Ossa
viruses in suckling mouse brain suspension with
the following results:

Wirus (1
: neutralized)
Antiserum
Madrid | ki
Madrid human convalescent. , . . .| 4.6 | 2.0
Oesa hyperimmune guines pig... .| 0 3.z
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We do not know whether the neutralization of
Ossa virus by Madrid econvalescent serum is the
result of the antigenic relationship hetween the
two viruses or the result of a previous infection
with this or & related virus. As Madrid had been
engaged in colleeting hematophagous insects in
the study area for two months prior to the onset
of the illness, it is quite possible that he may have
suffered a previous subelinical infection with
Ossa virus, Sufficient convaleseent Ossa serum
was not available for a similar eross-neutralization
teat.

Neither virus was found to correspond by neu-
tralization or complement-fixation testing to
yellow fever, 3t, Louis, Ilhéus, Una, EEE, Vesicu-
lar stomatitis, Indiana type, Wyeomyia, Guama,
GGuaros, Melso or Changuinola Valley virus.

Madrid and Ossa hyperimmune mouse sers
were sent to the Belém Virus Laboratory in
Brazil where complement-fivation tests were
negative for eastern equine encephalitis, Mu-
cambo, Mayaro, Tna, and Aura viruses in group
A; yellow fever, Ilhéus, St. Louis, and Bussu-
quaras in group B; Cache Valley, Kair, and
Wyeomyia in the BDunyamwera group; Melao in
the California complex; Guama, Catu, and BE
AN20525 in the Guama group, Oropouche, BE
ANS5S2, BE AN24232, BE AN27639, BE
AN27326, BE H22511, and BE ARS32140. A
relationship was established however with wir-
uszes of group C by both eomplement-fixation and
hemagelutination-inhibition studies.

Definitive serological identification studies were
undertaken by hemagglutination-inhibition test-
ing, eomplement-fixation, and npeutralization
testing. Hemagglutination-inhibition was carried
out by the techniques of Clarke and Casals*
uging antigens made from acetone-extracted baby
mouse sera. Nonspecifie inhibitors of immune
serum  were removed by Kaolin. Goose cells
were added at a final pH of 6.0 at room tempera-
ture, Complement-fixation was done in plastic
trays using 8 microtechnique, with two uniis of
complement and overnight primary incubsation
at 4°C. Grid titrations were carried out. Neu-
tralization testing was done in baby mice by the
intracerebral route. Infected baby mouse serum
was used as virus source. The serum-virus mix-
tures were ineubated for one hour prior to inoeu-
lation. A constant serum_ varying virus dilution
technique was employed.

The most extensive studies were done by
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TABRLE 1
Hemagglutination-inhibition festing of Muadrid and Qssa with group O viruses
Antigens
Sera® ; -

Madrid | Ossa | S2% | apea | Bl | NWTE | taqui | Oriboca | Nepuyo
Madrid BT4075. . ... ... ..., .. f40% ] 164} =0 10 20 [i] ] 20
Oeap BTIBM. ..o v 80 | 1250 164} 40 40 50 0 ] 20
Caraparu BE AN39M ... .......| 40 L0 220 160
Apeu BE AN=48. . ... .._.....[ 40 &0 160 f.40
Marituba BE AN15. ... ... _.| 160 — =340
Murutueu BE ANOTE. ... ... | 0 - 180
ltagui BE ANI27%7. ... ] 8il
Criboea BE ANIT.. 0 — 520
Nepuyo BE AN LT 0 = =340

+ Sern from mice receiving one injection of live virus, or in some cases, two injections of formol-
inactivated virus followed by live wirus., Ossa serum iz hyperimmune,
t Reeiproeal of serum dilution enmpletely inhibiting 8 units of antigen.

TARBLE 2
omparizen by kemagglulination-inkibition testing of five Cavapary straing with Madreid and Desa
I Antigens
Sera” t'.ul.;u—ru
Macdrad Tham o
[ 1 2 3 4 5
MR o oo v =iy sat 0 0 0 a { i}
R oo o m ot ] 40 0 0 0 ] 10
Cerapera Lo icia=ias 0 i &0 20 20 20 40
i d e ] ] 0 i 10 10 20
3. ] 10 Eli] 40 40 40 B0
F i 10 40 HO 80 B0 10 a20
B s 0 40 40 80 B0 B0 180

were bled 12 days after the live inoculation,

* Mice receivid Ltwo formalin-inactivated inceulations followed by live virus intraperitoneally and

t Reciproeal of serum dilution inhibiting equivalent of § antigen unita.

hemagglutination-inhibition as it was this tech-
nique that Casals and Whitman? originally used
as a basis for classification in group C. Both
Madrid and Osssn viruzes crossreacted with
Carapary and Apew viroses, which had been
deseribed by Casals and Whitman® as forming a
pomplex within group C. Table 1 shows results
chosen from several hemagelutination-inhibition
tests to illustrate the eloseness of the relationship
of both Madrid and Osss to Caraparu virus using
mouse immune sera, It iz evident that the Madrid
and Ossa strains are not the same and differ from

each other to about the extent that they differ
from Caraparu.

To establish the sameount of variation among
siraing to be expected in the hemagglutination-
inhibition test, five Caraparu strains, isolated
from humans, arthropods, and sentinel animals
near Belém, Brasil, were compared with each
other and with Madrid and Ossa. The tester did
not know the identity of the strains until after the
preparation of immune sera and lesting were
completed. The resulta of hemagglutination-
inhibition testing (Table 2) established a degree
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of confidence that the observed differences be-
tween the Panamanian and Brazilisn viruses
represent real differences and not technical varia-
tionz, The Carapar strains solated in Beazil
were relatively uniform in resctivity and all were
distinguished from Oszzs and from Madrid.

Noeutralization testing (Table 3) confirmed the
close relationship of Madrid and Ossa to Cara-
paru, and indicated that the newtralization tech-
nique may separate the vimses also.

Complement-fixation testing (Table 4) con-
firmed the close relationship of Madrid and Ossa
Lo Carapan virus.

DISCUSSION

Causey ef ol in 1961 described the first izo-
lations of group C viruses, More than 200 strains
obtained from man, sentinel and wild animals
and mosquitoes were classified in 5 entities by
hemagelutination-inhibition and  neatralization
teats: Oriboea, Marituba, Muratuen, Carapary,
and Apeu. Later two additional members of the

TABLI &

Newtralization festing of Modrid, (ssa,
and (Cgropary riruses

Virus (log oeotralization
inddex)

Guines pig sera diluted 1:18

I:a:a.pa.rul Maclrid | Chza
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group were defined; Ttagui,? and Nepuyo. Casals
and Whitman® in 1961 and Shope and Causeyt
in 1962 established the antigenic interrelation-
ghips between memabers of the group and the
serological criteria for their identification. To
our knowledge group C virnses have been re-
eovered only in Brazil and Trinidad prior to our
isolations in Panama,

These virusez belong to the Caraparu-Apeu
complex of group O, and are most closely related
to Caraparu, The differences among Ossa, Ma-
drid, and prototype Caraparu are sufficient by
hemagglutination-inhibition  testing  that  for
purposes of serological survey, disgnostic, and
epidemiologic studies, they should be considered
diztimet.,

EUMMARY

Isolation of two new group C viruses, for which
the names Madrid and Ossa are suggested, is
reported. They are immunologically distinet from
each other, but both are more closely related to
Caraparu than to any other known group C virus.
Each was obtained from the blood of 4 male
entomological worker in a tropical rain forest in
the Province of Bocas del Toro, R.P,, suffering
from a sell-limited scute febrile illness, These
are the first reported isolations of group C viruses
from Central America.
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TABLE 4
Complement-fivation feating of Madrid and Ossa with group O viruses
Antigens (liver, pucrose-acetone extrcted)
Hyperimmune mowse serd I
Madrid | Chaa | Caraparu | Itaqui | Maritoba Apen Oribacn | Muarutucn | Nepuyo
|

Madrid >3 >33 22 32 i 4 | 0 0 ]
CVBERY ¢ o0y irans | arag gt =32 =52 0 0 0 Q 0
Caraparu. .. .._._..._. -] ] e
L E7 50 T R R I a2 B 52 |
Marituba. ... .0 0 0 >332
Apeu ] 0 b
Oriboca. . ... 0 0 I 18
Murutuen. .. o000 {0 0 | FL
MapUNO. o civ o 0 n | Hij

* Reciproesl of serum dilution giving & or 4 plus fixation at optimal antigen dilution.
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comparison and characterization of these viruses
made possible their identification,
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