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ANTIGENIC RELATIONSHIPS AMONG TACAIUMA COMPLEX 
VIRUSES OF THE ANOPHELES A SEROGROUP (BUNYAVIRIDAE) 

Charles H. Calisher,l John S. Lazuick,’ David J. Muth,l 
Oscar de Souza Lopes,* George T. Crane,3 Robert E. Elbel,* 
and Robert E. Shope576 

Two viruses in the Anopheles A group were isolated duringfield investigations 
in the United States and Brazil. Their characteristics could have important im- 
plications in terms of what we know about the Bunyaviridae farnib to which 
these viruses belong. 

Introduction 

The Anopheles A (ANA) group of arbo- 
viruses is composed of six members (Calisher 
et al., 1973). Four of these viruses have been 
placed in the ANA complex (Anopheles A, 
Lukuni, and the unnamed CoAr 3624 and 
ColAn57389), and two of them have been 
placed in the Tacaiuma (TCM) complex 
(TCM and the unnamed CoAr 1071). One 
subtype of TCM (SPAr 2317) and one of 
CoAr 1071 (CoAr 3627) are also recognized 
(Calisher et al., 1973). 
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During field investigations of arbovirus 
ecology in northwestern Arizona, a virus later 
identified as a member of the ANA group was 
isolated from Anopheles freeborni mosquitoes 
(Elbel et al., 1977). Independently, a virus 
isolated from a febrile human during an 
epidemic of Rocio (flavivirus) encephalitis in 
Iguape County, SZo Paulo, Brazil, was also 
shown to be a member of the ANA group 
(Lopes et al., 1978a). 

This paper describes these two related 
viruses belonging to the ANA group (family 
Bunyaviridae) and their relationships within 
the TCM complex. We present evidence sug 
gesting that the ANA group viruses are found 
principally in transmission cycles involving 
mammal-feeding mosquitoes throughout 
northern South America and in enzootic foci 
in Central and North America. We also pre- 
sent what we believe is the first evidence that a 
virus which could be classified as a variant of a 
subtype differs from the prototype virus. The 
implications of these findings are discussed in 
terms of their epidemiologic, nomenclatural, 
and genetic significance for the Bunyaviridae. 

Materials and Methods 

The Study Areas 

Beaver Dam Wash, Arizona (113O56’N, 
36O54’W), elevation 57 1.5 m, near the Utah- 
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Nevada border, is in the Lower Sonoran Life 
Zone (Elbel et al., 1977). The 1974 average 
annual temperature was 19’C, with averages 
of 5OC in January and 31% in July, but the 
total annual precipitation was only 157 mm 
(U.S. Department of Commerce, 1974). 
Vegetation such as tamarisk (Tamarii pentan- 
&a), Goodding Willow (Salix gooddingt), cattail 
(Typha latz$olia), mesquite (Prosopis julz~ora), 
cottonwood (Populusfiemontiz), Russian thistle 
(Salsola kale), and arrowweed (Pluchea se&a) is 
plentiful. 

Iguape, SBo Paulo, Brazil (24O45’S, 
47’35’W) (Lopes et al., 1978a) is a coastal 
county with a human population of about 
18,000 living on a sea-level plain. The average 
temperature is 21 ‘C and the mean relative 
humidity is 85 per cent; annual rainfall is 
about 300 cm (Lopes et al., 1978b). The pa- 
tient from whom the virus was isolated lived 
on a rice and banana farm located about 10 
km inland. 

Virus Isolations 

Center for Disease Control (CDC) minia- 
ture light traps supplemented with paper- 
wrapped dry ice were set out from July 
through September, 1974, at Beaver Dam 
Wash in northwestern Arizona. The traps 
were placed approximately 38 meters apart 
along the stream bed, just above its confluence 
with the Virgin River. Captured mosquitoes 
were stored at -6O’C until sorted, pooled by 
species on CDC chill tables, and macerated in 
diluent for virus testing (Elbel et al., 1977). 

Cerebrospinal fluid and human blood col- 
lected by venipuncture in Iguape County, SHo 
Paulo, Brazil, were also held at -6OOC until 
tested for virus (Lopes et al., 1978a). 

Clarified suspensions of mosquitoes and 
whole blood were inoculated without further 
dilution into suckling mice 1 to 4 days old by 
the intracranial (ic) route. Suckling mice 
found dead or with signs of illness within a 
fourteen-day observation period were col- 
lected, and their brain tissues were passed to 

fresh litters of suckling mice to amplify and 
prepare working reagents. 

Serologi2 Techniques 

For hemagglutination and complement- 
fixation (CF) testing, the reagent preparation 
was done according to the method of Clarke 
and Casals (1958). Serum-dilution plaque- 
reduction neutralization (N) tests were per- 
formed in the manner described previously for 
the California group (Lindsey et al., 1976). 

Sensitivity to Sodium Deoxycholate 

To determine the sensitivity of isolates to 
the delipidizing effects of sodium deoxycholate 
(SDC), we used the method of Theiler.(1957). 
Briefly, equal 0.2 ml volumes of 10 per cent 
infected suckling mouse brain and 1: 500 SDC 
were mixed and incubated for 1 hour at 37OC. 
The mixture was then serially diluted ten-fold 
and titrated in suckling mice inoculated by the 
intracranial (ic) route. 

Viruses and Immune Fluids Used for Comparative 
Serology 

Table 1 lists the viruses used for neutraliza- 
tion test cross-comparisons. All the immune 
reagents used were hyperimmune mouse 
ascitic fluids prepared by the method of Tikas- 
ingh et al. (1966). Seed viruses were prepared 
from infected suckling mouse brain suspen- 
sions, pretitrated in cell cultures, and used for 
neutralization tests at dilutions containing ap- 
proximately 100 plaque-forming units per 0.1 
ml. 

Results 

Virus Isolation and Characteriiation 

Three virus strains were isolated from An. 
freeborni mosquitoes collected in northwestern 
Arizona (Elbel et al., 1977). Two of the 
isolates were Main Drain virus (Bunyamwera 
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Table 1. Anopheles A group prototype viruses used for cross-comparisons 
in neutralization tests. 

Virus 

Anopheles A 

(Unnamed) 

Lukuni 

(Unnamed) 

Tacaiuma 
Tacaiuma 
(Unnamed) 

Strain 
(subtype) 

Original 

CoAr 3624 

TR 10076 

CoL4n 57389 

BeAn 73 
(SPAr 2317) 
CoAr 1071 

Lmation 
Passage level 

in suckling mice 

Anopheles 
boliviemis 

Anophsles 
neiuai 

Aedes 
SCapUlaTiS 

Equus 
a&w 

Cebus apella 
Anopheles 
Wyeomyia sp. 

Colombia 

Colombia 

Trinidad 

Colombia 

Brazil 
Brazil 
Colombia 

S”9 

S”6 

P?SMla 

S”5 

SMII 

S”6 
S”8 

aP? = Passage level at receipt unknown. 

serogroup); but the third, not readily iden- 
tified as an indigenous virus, belonged to the 
ANA group of bunyaviruses. This strain, 
designated 743-366, was isolated from a pool 
of 40 female An. freeborni collected on 12 
September 1974. It was reisolated from 
original material, and the reisolate was also 
shown to be in the ANA group. Precipitin 
testing of engorged mosquito specimens, 
which were removed before virus testing, in- 
dicated that these mosquitoes had fed on rab- 
bits (Elbel et al., 1977). Suckling mice in- 
oculated with this virus were paralyzed or died 
9 to 10 days after infection. By the fourth 
passage, suckling mice survived only 6 days; 
the virus titered 6.1 dex in suckling mice in- 
oculated ic, 6.4 dex in three-week-old mice in- 
oculated intraperitoneally, 5.0 dex in Vero 
cells, 5.8 dex in PS-2 cells, 4.7 dex in PK-15 
cells, and x3.0 dex in L-929 and primary 
Pekin duck embryo cells. (The term “dex” 
means the decimal exponent per ml in the in- 
dicated host-LDsO for suckling mice, 
plaque-forming units for cell cultures. See 
Haldane, 1960.) 

Unfortunately, neutralization tests were not 
easily performed or repeatable with fourth 
suckling mouse brain passage (SMJ mate- 
rial. When virus was held at 37’C for 1 hour 
and 4OC for 22 hours, the titers decreased 1.2 
and 0.4 dex, respectively. Two additional 

passages in Vero cells (SM4V2) were 
used to make new seed-virus preparations. 
Suckling mice inoculated with SM4V2 seed 
died in 9 to 11 days, and suckling hamsters 
(SH) inoculated with SM4V2 seed died in 6 
days. The latter preparation titered 7.7 dex; 
and when held at 37’C for 1 hour and 4’C for 
22 hours, the titers decreased only 0.3 and 0.2 
dex, respectively. Therefore, all subsequent 
testing with strain 743-366 was done with 
SM+V@H 1 material. 

The plaques produced by strain 743-366 
were small (3 mm in diameter) and were in- 
distinct even 14-15 days after inoculation. 
Therefore, a double overlay system was used 
for all plaque assays. The cell cultures were in- 
oculated with 0.1 ml of virus dilution and 
overlaid with a medium containing agar but 
no contrast stain. One or two days before the 
expected appearance of plaques (day 12 for 
strain 743-366), a second overlay containing 
1:25,000 neutral red was added. The plates 
were then reincubated until plaques were 
examined. 

A second ANA group isolate, designated 
H-32580, was obtained from a blood sample 
provided by a woman 47 years of age who had 
a mild febrile illness (38.5OC) and strabismus 
at the time she sought medical attention. The 
virus was isolated from both blood and cere- 
brospinal fluid, but the isolate from blood was 
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the one used for identification. The specimens 
were obtained on 4 September 1975 at 
Iguape, Brazil. By the third passage, suckling 
mice survived approximately 5 days and the 
virus titered 6.4 dex in suckling mice in- 
oculated ic, 8.0 dex in Vero cells, 8.5 dex in 
ps-2 cells, 8.0 dex in PS-15 cells, and ~3.0 
dex in L-929, BHK-21, and primary Pekin 
duck embryo cells. 

Because all the ANA group viruses tested 
grew in Vero cells, but only an occasional 
virus grew in one or more of the other cultures 
used, Vero cells were used for all plaque 
assays reported here. Plaques with H-32580 
were 4 mm in diameter and discrete 8 days 
after inoculation. 

Strain H-32580 decreased in titer 3.0 dex 
when held at 37% for 1 hour in the presence 
of normal mouse ascitic fluid. Therefore, alI 
the neutralization test cultures were incubated 
at 4W for 18 hours. None of the other viruses 
used in these tests were labile at 37OC or 
lower, nor were they reduced in titer by the 
presence of normal mouse ascitic fluids. 

Neither 743-366 nor H-32580 produced 
hemagglutinins for male goose cells over a pH 
range of 5.75 to 7.0. Both strains were sen- 

sitive to the action of SDC, 743-366 being 
reduced 23.4 dex and H-32580 by 4.5 dex. 

Neutralization Tests 

Table 2 presents a summary of neutraliza- 
tion test results with strains 743-366 and 
H-32580 and seven other ANA group viruses. 
One-way reactivity was found for both 
743-366 and H-32580 with TCM subtype 
SPAr 2317. Moreover, H-32580 appears to be 
a subtype of TCM virus. However, 743-366 
does not react to titer with either TCM or its 
subtype H-32580. Strain H-32580 crosses one 
way with CoAr 1071 and Lukuni, but 743-366 
does not. On the other hand, 743-366 (but not 
H-32580) is related one way to CoAr 3624. 
Low but significant titer neutralization was 
noted between ANA and H-32580. 

Discussion 

Both serologically and in terms of certain 
laboratory characteristics, isolates 743-366 
and H-32580 resemble the following viruses in 
the TCM complex: prototype TCM, TCM 
subtype SPAr 23 17, and CoAr 1071. AlI five 
produce plaques in Vero, PS-2, and PK-15 
cells after comparatively extended periods of 
incubation. Both 743-366 and H-32580 are 
extremely sensitive to the effects of normal in- 
cubation temperature, and H-32580 is de- 

Table 2. Results of cross-testing strains 743-366, H-32580, and seven viruses or strains in the 
Anopheles A group by neutralization in Vero cells. 

Antibody titer to: 

viis or 
strain (743-366) ‘El;- (H-32580) TCM 

COAr 
1071 c0‘4r LUK 3624 ‘&lAn ANA 57389 

(743-366) 
(SPAr 2317) 
(H-32580) 
Tacaiuma 
COAI 1071 
CoAr 3624 
Lukuni 
CoIAn 57389 
Anopheles A 

40,960 1,280 80 2,560 - 80 80 10 20 
1,280 I, 280 20,480 

10,240 10,240 20,480 81,920 80 10 320 10 80 
5,120 80 40,960 

80 80 80 
- - 160 
- - 640 
- - 2,560 

80 - 320 

--indicates < 10. blank indicates not tested. 
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creased considerably in titer in the presence of 
normal mouse ascitic fluid. Lukuni, ColAn 
57389, and ANA viruses did not form plaques 
in PS-2 or PK-15 cells; the biological signifi- 
cance, if any, of these observations is 
unknown. 

What could have considerable significance 
is the observation that H-32580, a subtype of 
TCM virus that is essentially identical to 
TCM subtype SPAr 2317, is distinguishable 
from strain 743-366. The epidemiologic 
significance of such extensive one-way cross- 
reactivity may be slight; serologic differences 
may be artifacts attributable to laboratory 
manipulations (passage) which result in host 
modifications of antigens. On the other hand, 
little work has been reported on the com- 
parisons of subtypes of members of the family 
Bunyaviridae. The routine practice has been 
to detect subtypes of recognized viruses and to 
store such strains without further testing, 
since the more than 400 registered viruses 
(Berge, 1975) make such extensive testing im- 
practical. 

When Casals originally proposed the Bun- 
yamwera Supergroup (now family Bunya- 
viridae), he suggested that minor groups were 
interrelated through one or more members by 
antigenic commonality (Casals, 1971). 
Recently, Bishop and coworkers and others 
(reviewed in El Said et al., 1979) have shown 
that the segmented genomes of the Bunya- 
viridae members can and do yield multiple 
variants with distinct oligonucleotide patterns. 
Should a particular pattern represent a 
characteristic (stability to certain deleterious 
effects of the environment, altered pathogeni- 
city for a particular host, alteration of 
neutralizability by antibody to the parent 
strain, etc.) that is advantageous to the pro- 
geny, then the strain with that pattern might 
become the major population. 

The study of these viruses belonging to the 
TCM complex may not only reemphasize 
Casals’ classic work but may also strengthen 
his hypothesis. Comparisons of sufficient 
members of subtypes and varieties might, on 
geographic bases, inherently prove that sero- 
relatedness does not occur by chance. In fact, 
biochemical and electron microscopic tech- 
niques have borne out the classification that 
Casals suggested from studies of the barest an- 
tigenic necessities. 

ANA complex viruses have been isolated 
principally from small mammal-feeding 
Anopheles and Aedes mosquitoes in Colombia, 
Trinidad, and northern Brazil (Berge, 1975) 
and from equine animals in Colombia 
(Calisher et al., 1973) and Guatemala 
(GutiCrrez et al., 1975). But TCM complex 
viruses have been isolated from Anopheles and 
Haemagogus mosquitoes and from primates 
(including man) in Brazil (Berge, 1975). 

The isolation of strain 743-366, for which 
we propose the name Virgin River virus, from 
Beaver Dam Wash, Arizona, in the Lower 
Sonoran Life Zone, not only extends the 
known range of distribution of the ANA 
group but poses an interesting question 
related to establishment of a focus of this virus 
in North America. That is, the virus may 
have arisen by antigenic drift resulting from 
geographic (ecologic) isolation. The virus was 
not found again in 1975 (Elbel et al., 1977). 
However, since no virus of the ANA group 
was in the isolation laboratory, and the identi- 
ty of the reisolated virus was confirmed 
independently by one of us (RES), the possi- 
bility of contamination can be discounted. 

We suggest that further studies be con- 
ducted with this group of viruses because of 
their known importance as pathogens for 
humans and for animals of domestic impor- 
tance. 
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SUMMARY 

During unrelated field investigations of arbo- It was also determined that 743-366 and H-32580 
virus ecology in Arizona, U.S.A., and S5o Paulo, are variants of a subtype (SPAr 2317) of TCM. 
Brazil, two viruses in the Anopheles A group were However, 743-366 and H-32580 are distinguishable 
isolated. The Arizona isolate (743-366 obtained from each other. 
from Anopheles freebonti mosquitoes), for which the This article describes the circumstances of these 
name Virgin River virus is proposed, and the Sgo observations and their epidemiologic, 
Paulo isolate (H-32580 from a human) were sero- nomenclatural, and genetic significance with 
logically related within the Tacaiuma (TCM) regard to the virus family Bunyaviridae. 
complex. 
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