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Summary. During approximately 35 years, investigators in various laboratories 
studying arbovirus ecology and epidemiology accumulated many 'virus isolates, 
more than 60 of which were not characterized or placed in taxa. By a combi- 
nation of electron microscopic and antigenic studies we collected information 
sufficient to provisionally classify 60 isolates. Electron microscopic observations 
suggest that 20 are members of the virus family Bunyaviridae, 20 Rhabdoviridae, 
14 Reoviridae, one Togaviridae, one Pararnyxoviridae (Mapuera virus, from a 
bat), and one Poxviridae (Yoka virus, from mosquitoes). Serologic studies 
provided evidence sufficient to place some of these viruses in recognized an- 
tigenic groups, within families and genera, and to establish new antigenic groups 
and taxa for others. 

Three viruses were found to have morphologic and morphogenetic char- 
acteristics consistent with those of members of the family Arenaviridae: Quar- 
anfil virus, a human pathogen, Johnston Atoll virus, isolated from birds and 
ticks, and Araguari  virus, isolated from an opossum. 

This, the first in a series of three papers, described methods used for these 
investigations and also presents descriptions of viruses provisionally placed in 
the families Arenaviridae, Paramyxoviridae, or Poxviridae. Descriptions of vi- 

* Formerly: Pasteur Institute, Cayenne, French Guiana. Present address: Pasteur Institute, 
BP 220, Dakar, Senegal. 
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ruses provisionally placed in families Bunyaviridae and  Reoviridae are published 
in the second and third papers,  respectively. Viruses of  the family Rhabdoviridae 
have been described separately. 

Introduction 

Of  504 viruses registered in the International Catalogue of Arboviruses, definitive 
family placements  have been m a d e  for 379 [1]. Seventy-one others  have been 
provisionally assigned: 38 Rhabdoviridae, 31 Bunyaviridae, and  one each Toga- 
viridae and Flaviviridae; the remaining 54 entries were considered unclassified. 
Unclassified viruses could be t rue arboviruses and  recognized or  unrecognized 
h u m a n  or animal  pa thogens  but  could also represent  unrecognized  virus fam- 
ilies, duplicate registrations,  or  microbial  contaminants .  We a t t empted  to place 
in taxa these and other  unclassified viruses b rough t  to our  at tent ion.  In  a series 
o f  three papers we repor t  the results o f  these studies and propose  t axonomic  
p lacement  for some viruses. This paper  presents evidence for classifying some 
of  these viruses in the families Arenaviridae, Paramyxoviridae, or Poxviridae. 
The second and  third papers cover the viruses that  appear  to belong in the 
families Bunyaviridae and  Reoviridae, respectively. A four th  paper,  published 
separately, details the Rhabdoviridae [9]. 

Materials and methods 

Viruses used in these studies are listed in Table 1, except for the viruses described in the 
other papers [37, 38]. Most of the viruses were accumulated over many years and were 
available in our laboratories. Those not on hand were kindly provided by collaborating 
investigators; these viruses were Jos [24], Kasokero [21], and an unnamed strain DakArK 
7292. Toure virus, which had been tenuously placed with the arenaviruses because of weak 
immunofluorescence, also was included. (Mention of unpublished viruses is for convenience 
only and is not intended to constitute priority of publication.) When available, antibody 
to these viruses was obtained from the laboratory of the investigators who originally isolated 
the virus; in this way we obtained some assurance that the virus with which we were working 
was related or identical to the original isolate. Other than empirical observation of plaque 
size and morphology, no attempt was made to determine, by plaque purification or other 
methods, whether the isolates with which we were working contained mixtures of viruses. 
Antibodies prepared in the laboratories of the authors were tested at least for homologous 
titer by one or more of a number of standard procedures, such as hemagglutination- 
inhibition, complement-fixation, or neutralization tests, and often tested more extensively 
by these and other tests for antibodies to heterologous (related and unrelated) viruses. 

All viruses were obtained as suspensions of brains from infected suckling (2- to 4-day- 
old) Ha/ICR albino mice (SM). The method used to classify these viruses was as follows: 
(t) determine the optimal cell culture system in which the virus replicates, causes cytopathic 
effects (CPE), forms plaques, or forms inclusions detected by immunofluorescence; (2) use 
electron microscopy to visualize the virus in infected cells; (3) determine antigenic rela- 
tionships among unclassified viruses and between unclassified and classified viruses. An- 
tibody preparations were made by the method of Brandt et al. [6] or were generously 
provided as mouse or rabbit immune sera by the person from whom we received stock 
virus; most antibody preparations were hyperimmune mouse ascitic fluids. 

Working seed virus was prepared in SM inoculated intracranially with 0.02 ml of a 
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Table 1. Viruses used in these studies, listed by strain, source, location, and date of original 
isolation 

Virus Strain Source Location Date of 
original 
isolation 

Araguari BeAn 174214 Philander opossum Brazil 11/14/69 
(marsupial) 

Johnston Atoll Original Ornithodoros Johnston Atoll 05/??/64 
eapensis (tick) 

Jos IbAn 17854 Bos taurus Nigeria 04/07/67 
(bovine) 

Mapuera BeAn 370284 Sturnira lilium Brazil 09/21/79 
(bat) 

Nyamanini SAAn-2526 Bubuleus ibis South Africa 11/26/57 
(bird) 

Quaranfil AR 1113 Argas arboreus Egypt 12/10/53 
(tick) 

Sakpa AnB 1 3 9 8  Mastomys sp. Central African 03/22/72 
(rat) Republic 

Sebokele AnB 1 2 2 7  Hylomyscus sp. Central African 03/07/72 
(rodent) Republic 

Slovakia 265 Argas persicus Czechoslovakia 09/01/76 
(tick) 

Somone DakArD 4499 Amblyomma Senegal 08/02/68 
variegatum (tick) 

Toure DakAnD 4611 Tatera kempi Senegal 08/23/68 
(rodent) 

Yoka DakArB 4268 Aedes simpsoni Central African 12/15/72 
(mosquito) Republic 

Zingilamo DakAnB 1245 Bycanistes sharpei Central African 09/21/70 
(bird) Republic 

1 : 100 dilution of stock virus. Mice were observed daily for 14 to 21 days. When signs of 
illness were observed the mice were frozen at - 7 0  °C. As convenient, mice were thawed; 
the carcasses were washed twice in 70% ethanol, and their brains were removed by aspiration 
using a 3-ml syringe fitted with an 18-gauge needle. Aliquots of clarified 10% suspensions 
of brain in phosphate-buffered saline (PBS), pH 7.2, containing 8% bovine albumin Fraction 
V were stored at - 7 0  °C. Cell cultures were used to prepare working seed for viruses not 
pathogenic for mice. 

For passage in cell cultures, 0.1 ml of a 1 : 100 dilution of stock virus was dropped on 
the center of a confluent monolayer of serially propagated Yero (African green monkey 
kidney), LLC-MK 2 (rhesus monkey kidney), PS (porcine kidney), CER (hamster kidney), 
BHK-21 (hamster kidney), C6/36 (cloned Aedes albopictus mosquito), and AP-61 (Ae. 
pseudoscutellaris mosquito) cells grown in 25 cm 2 plastic flasks; primary Pekin duck embryo 
cell cultures were used for Quaranfil, Johnston Atoll, and Araguari viruses. After 45 min 
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for adsorption of virus, cells were given appropriate maintenance medium and incubated 
at 37 °C (28 °C for C 6/36 and AP-61 cells). Monolayers were examined daily until either 
CPE were observed in inoculated cultures or controls degenerated. When CPE were ob- 
served, infected cells and supernatant fluids were frozen at -70  °C, clarified by low-speed 
centrifugation (900 x g for 30 min), and aliquots stored at -70  °C with 20% fetal bovine 
serum added as a stabilizing agent. 

For electron microscopy, monolayer cultures of cells were inoculated with about 1,000 
to 10,000 plaque-forming units or a 1 : 100 dilution of stock virus. When CPE involved 
approximately 50% of the cells or when screening by immunofluorescence showed that 
75% of the cells were infected, cells were sequentially fixed in 4% glutaraldehyde (in 0.1 M 
cacodylate buffer, pH 7.3) and 1% osmium tetroxide. Fixed cell pellets were dehydrated 
in a graded ethanol series and propylene oxide and embedded in Polybed 812 (Polysciences, 
Inc., Warrington, PA)*. Thin sections were stained with uranyl acetate and lead citrate 
and examined with a Philips 410 transmission electron microscope (Philips Co., Eindhoven, 
The Netherlands). Brain tissues from infected SM also were examined by electron mi- 
croscopy. Tissues removed by low-pressure aspiration were washed once in PBS, fixed in 
glutaraldehyde overnight at 4 °C, and processed as were the pelleted cells. 

Sucrose-acetone extracted antigens [12] were prepared from the brains of infected SM 
and used for hemagglutination, hemagglutination-inhibition (HI), and complement-fixation 
(CF) tests. In several instances CF antigens were prepared from 10 X freeze-thawed extracts 
of infected cell cultures [30]. HI and CF tests were done by the method of Clarke and 
Casals [12] and of Casey [11], respectively, and hemadsorption was done by a modification 
of the method of Hsiung [ 17]. Mapuera virus hemagglutinin was prepared as a polyethylene 
glycol concentrate of supernatant fluid from infected Vero cell cultures and was extracted 
with acetone [16]. For hemadsorption, Vero cells grown in 25 cm 2 flasks were infected with 
500 plaque-forming units of stock virus. When CPE were observed, medium was removed 
from infected cells and from uninfected control cells, and 0.2 ml of 0.5% washed guinea 
pig erythrocytes in PBS, pH 7.2, was added to each flask. Flasks were incubated 20 min 
at 4, 20, or 37 °C. Unadsorbed erythrocytes were removed by gently rinsing the Vero cell 
monolayer with cold (4 °C) PBS. Monolayers were examined by light microscopy for he- 
madsorption. 

Indirect immunofluorescent antibody (IFA) tests were done by the method of Wulff 
and Johnson [35]. When a suitable cell culture system was determined, one in which CPE 
were apparent or in which, in preliminary IFA tests, specific fluorescence was observed 
with homologous antibody, 12-welt Teflon-coated spot slides (Cell-Line Assocs., Inc., New- 
field, NJ) were prepared. These were tested by IFA with a battery of antibody preparations 
(Table 2), including grouping fluids, polyvalent fluids, and antibodies to the unclassified 
viruses. Briefly, the test was done as follows. About 20 gl of 1:10 dilutions of antibody 
were dropped onto the centers of wells containing acetone-fixed, virus-infected cells. Slides 
were incubated at room temperature for 30 min in a hmnidified chamber, rinsed manually 
in a bath containing PBS, pH 7.2, and washed for 10 min in a bath containing PBS stirred 
mechanically. Slides were then rinsed in distilled water and air-dried using an electric blow- 
dryer. About 20 gl of commercially available anti-species antibody conjugated to fluorescein 
isothiocyanate was dropped onto each well: anti-mouse immunoglobulin G for antibodies 
prepared in mice and anti-rabbit immunoglobulin G for antibodies prepared in rabbits. 
After an additional 30 min incubation at room temperature in a humidified chamber, the 
slides were rinsed and washed as mentioned above, and cover slips were mounted on the 
undried slides. 

* Use of trade names and commercial sources is for identification only and does not imply 
endorsement by the Pasteur Institute, Public Health Service, US Department of Health 
and Human Services, or Yale University. 
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Antibody preparations a with which viruses were tested by indirect immuno- 
fluorescence for virus identification 

Grouping fluids: Groups A, B, C, bluetongue, Bunyamwera, California, Capim, Guama, 
Kemerovo, Patois, Phlebotomus fever, Simbu, Tacaribe, vesicular stomatitis. Polyvalent 
fluids: 1 (Bahig, Burg el Arab, EgAn 1398-61, Matruh, Matariya, Tete), 2 (Alajuela, 
Belem, Gamboa, Jurona, Minatitlan), 3 (Bakau, Ketapang, Koongol, Mapputta, Maprik, 
Trubanaman, Wongal), 4 (Grand Arbaud, Nyamanini, Thogoto, Uukuniemi), 5 (Hughes, 
Lone Star, Matucare, Sawgrass, Soldado), 6 (Chaco, Marco, Pacui, Timbo), 7 (Flanders, 
Hart Park, Kern Canyon, Klamath, Mount Elgon bat), 8 (bluetongue, Changuinola, 
Colorado tick fever, epizootic hemorrhagic disease, IbAr22619, Irituia), 9 (Aruac, Na- 
varro, Pacora, Triniti), 10 (Dera Ghazi Khan, Dhori, Upolu, Wanowrie), 11 (Anopheles 
A, Lukuni, Tacaiuma, CoAr 1071, CoAr 3624, Anopheles B, Boraceia, M'Poko, Turlock, 
Umbre), 12 (Bobia, Olifantsvlei, Okola, Tataguine, Witwatersrand), 13 (Bwamba, Er- 
etmapodites 147, Kamese, Mossuril, Nyando, Pongola), 14 (Bhanja, Congo, Dugbe, 
Ganjam, Hazara), 15 (Acado, Corriparta, d'Aguilar, Eubenangee, Kasba, Palyam, Pata, 
Vellore), 16 (Bandia, Johnston Atoll, Kaisodi, Lanjan, Quaranfil, Qalyub, Silverwater), 
17 (rabies, herpes 1, lymphocytic choriomeningitis, Newcastle disease, vaccinia). 

Reoviridae: Orbivirus (Colorado tick fever) Colorado tick fever, Eyach, (Kemerovo) Baku, 
Bauline, Cape Wrath, Great Island, Lipovnik, Nugget, Okhotskiy, Seletar, Sixgun City, 
Yaquina Head, (Changuinola) Gurupi, Ourem, (Palyam) Bunyip Creek, Marrakai, (Um- 
atilla) Umatilla, Llano Seco, (Wallal) Wallal, (Warrego) Warrego, (ungrouped) Ieri, Ife, 
Japanaut, Lebombo, Orungo, Chobar Gorge. 

Bunyaviridae: Bunyavirus (Anopheles A) Las Maloyas, Virgin River, (Bunyamwera) 
Anhembi, Birao, Calovo, Lokern, Main Drain, Northway, Playas, Santa Rosa, Shokwe, 
Tlacotalpan, (Group C) Gumbo Limbo, Restan, Vinces, (California) Inkoo, Jamestown 
Canyon, Jerry Slough, Keystone, La Crosse, San Angelo, snowshoe hare, (Capim) Be- 
nevides, Juan Diaz, Moriche, (Gamboa) Pueblo Viejo, San Juan (75 V-2374), (Guama) 
Ananindeua, Cananeia, Guaratuba, Itimirim, Mahogany Hammock, (Minatitlan) Pa- 
lestina, (Patois) Abras, Pahayokee, (Simbu) Aino, Douglas, Inini, Kaikalur, Mermet, 
Nola, Peaton, Sabo, Sango, Shamonda, Shuni, Thimiri, Tinaroo, (Turlock) Lednice, 
(ungrouped) Kaeng Khoi; Nairovirus (Bhanja) Kismayo, (Hughes) Punta Salinas, (Sak- 
halin) Avalon, Clo Mor, Sakhalin, Taggert, (Upolu) Aransas Bay, (Uukuniemi) Argas 
461, Manawa, Zaliv Terpeniya; Phlebovirus (Phlebotomus fever) Chilibre, Gordil, Rift 
Valley fever, Rio Grande, Toscana; Hantavirus (Hantaan) Haantan, Prospect Hill, Puu- 
mala, Seoul; (bunyavirus-like) Antequera, Bangui, Barranqueras, Belmont, Bobaya, En- 
seada, Erve, Keterah, Kowanyama, Nyando, Resistencia, Sunday Canyon, Yogue. 

Unclassified: Araguari, Andasibe, Aride, Arkonam, Batken, Belem, Bocas (an apparent 
strain of mouse hepatitis virus), Estero Real, Fomede, Gomoka (strain AnB 787), Itu- 
piranga, Johnston Atoll, Jos, Kammavanpettai, Kannamangalam, Lake Clarendon, 
Landjia, Malakal, Mapuera, Matucare, Minnal, Mojui dos Campos, Nasoule, Ndelle, 
Ngaingan, Nyamanini (strain EgAr 1304), Odrenisrou, Okola, Ouango, Oyo, Para, 
Picola, Puchong, Quaranfil, Sakpa, Sandjimba, Santarem, Sebokele, Sembalam, Slo- 
vakia, Somone, Tanga, Telok Forest, Tembe, Termeil, Thiafora, Thottapalayam, Toure, 
Venkatapuram, Wongorr, Yacaaba, Yogue, Yoka, and DakArK 7292. 

a Unless otherwise indicated, antibody to the prototype virus [1] was used 
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Test results were recorded on a scale from 0 (no fluorescence) to 4 + (75% to 100% 
of the infected cells fluoresced bright green); a repeatable 2+ or greater reaction was 
considered positive. Antigen-antibody pairs that gave positive IFA tests were confirmed 
by additional IFA tests, using reciprocal antigen-antibody combinations and by CF tests. 
All virus-antibody pairs that gave positive reactions were repeated at least once. Additional 
cultures were inoculated and fixed for electron microscopic examination. Antibody prep- 
arations for all of the viruses also were tested for antibodies to certain Class 4 pathogens 
(Congo-Crimean hemorrhagic fever, Rift Valley fever, Ebola, Lassa, Marburg, and Hantaan 
viruses). 

When a virus was observed to have morphologic characteristics similar to those of 
viruses in recognized families, serologic tests were performed to compare the virus with 
established members of the family (Table 2). Generally, this was done by IFA, using infected 
cells as substrate. When possible, antigen-antibody pairs that gave positive IFA results 
were confirmed by additional IFA tests that used reciprocal antigen-antibody combinations, 
by tests with other reagents, and by CF tests. Viruses that did not react with heterologous 
antibody preparations were tested for sodium deoxycholate sensitivity [8] and pH lability 
[5]. 

Serum dilution-plaque reduction neutralization tests were done as described previously 
[25]. BA-1 diluent (Medium 199 with Earle's salts, penicillin-streptomycin mixture, and 
1% bovine albumin Fraction V) was used for all virus dilutions. 

To eliminate mycoplasma, stock material purported to contain virus was plaque purified 
3 times. Then, infected cells were treated with an antibiotic combination (BM Cycline, 
Boehringer Mannheim Biochemicals, Indianapolis, IN). Appropriate cell cultures grown 
in 25-cm 2 flasks were inoculated with 0.1 ml of 1 : 1,000 dilution of stock virus in BA-1. 
Cells were incubated 1 h at 37 °C, and maintenance medium containing BM Cycline was 
added according to the recommendations of the manufacturer. After 1 week, the medium 
was collected, diluted 1 : t,000, and used to inoculate fresh cells; this was repeated twice 
more. Supernatant fluid was inoculated intracranially into SM for preparation of seed virus 
and into cell cultures for observation of CPE; then spot slides and thin-sections were made 
for IFA and electron microscopy, respectively. The presence of mycoplasma was determined 
by presence of growth in aerobic and anaerobic M 96 broth and M 96 agar cultures, two 
subcultures in each, and by subculturing atiquots from anaerobic cultures into aerobic 
cultures [2]. 

Results 

To be brief, we will not  present  detailed in format ion  about  susceptibility of  cell 
cultures to the viruses used in prel iminary tests. We accumula ted  substantial  
in format ion  abou t  t ime to appearance  o f  CPE or  plaques,  replication wi thout  
obvious CPE or plaques in cell cultures, and  signs o f  illness in suckling mice. 
Tests o f  our  an t ibody prepara t ions  for  an t ibody  to o ther  mur ine  viruses and 
to Cr imean-Congo  hemorrhag ic  fever, Rift  Valley fever, Ebola,  Lassa, and  
M a r b u r g  viruses were negative, which provided some relief f rom the discom- 
fort ing possibility that  we were working  with one o f  these Class 4 viruses. 

Three  viruses, Sebokele, Slovakia, and  Somone,  killed suckling mice but  did 
no t  appear  to replicate in cell cultures, as de termined by I F A  with homologous  
se rum samples; Jos virus replicated in Veto cells. However ,  these viruses were 
no t  seen by electron microscopy o f  infected SM brains, and  we did not  s tudy 
them further.  
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Fig. 1. Electron micrograph of LLC-MK 2 cell 5 days after infection with Quaranfil virus 
(strain Eg 1095), showing virions (V) budding from the plasma membrane (PM), nucleus 
(N), Golgi apparatus (G), ribosomes (R), and microvillus (M) (x 114,000). Bar = 200 nm 

Observations of Zingilamo virus by electron microscopy indicated that it is 
a member of the Togaviridae; HI tests were performed to determine whether it 
belongs in the genus Alphavirus. HI and neutralization tests showed that the 
virus is a strain of Semliki Forest virus (data not shown). 

In all, ultrastructural examination of cells infected with 60 viruses showed 
virions with morphologic features typical of viruses of the families Arenaviridae, 
Bunyaviridae, Paramyxoviridae, Poxviridae, Reoviridae, RhabdoviHdae, or To- 
gaviridae. Summarized results of studies of rhabdoviruses, bunyaviruses, and 
reoviruses are published separately [-9, 37, 38]. 

Quaranfil and Johnston Atoll viruses appeared by electron microscopy to 
have arenavirus-like morphology and morphogenesis. In LLC-MK 2 cells, 5 
days after infection with Quaranfil virus (Fig. 1), round or oval virions were 
observed budding from the plasma membrane; few were observed in extracel- 
lular spaces. Ten or more granules that resembled ribosomes were seen in mature 
virions, which had a mean diameter of 146 nm (range, 137-156 nm), a bilaminar 
envelope 15 nm thick, and surface projections on the outer layer 4-5 nm long. 
Johnston Atoll virions were essentially as described for those of Quaranfil virus, 
except that Johnston Atoll virions had a mean diameter of 184nm (range, 
165-200 nm). We observed that the 5 nm surface projections on the virion were 
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spaced at regular 5 nm intervals on the outer layer. The envelope of Johnston 
Atoll virus was 12 nm thick, and the internal plasma membrane layer was thinner 
and less dense than that of Quaranfil virus. 

Suckling mice inoculated intracranially with either Quaranfil or Johnston 
Atoll virus died four days later. Quaranfil virus produced CPE 6 and 8 days 
after inoculation of LLC-MK 2 and Vero cells, respectively, whereas Johnston 
Atoll virus produced CPE 3 days after inoculation of these cells. Both viruses 
formed plaques in serially propagated cells (LLC-MK 2, Vero, and PS) and in 
primary duck embryo cell cultures, but neither virus replicated in C 6/36 or AP- 
61 mosquito cell cultures. Both viruses were sensitive to the delipidizing effect 
of sodium deoxycholate and were pH 3.0 labile. 

The IFA titer of antibody to Johnston Atoll virus (homologous titer 80) 
was 40 with Quaranfil virus, the titer of antibody to Quaranfil virus (homologous 
titer 20) was 10 with Johnston Atoll virus, confirming the recognized antigenic 
relationship between them [1]. Both reacted with NIH polyvalent antibody 16, 
which contains antibodies to both of them. However, neither virus reacted by 
IFA with any of the antibody preparations listed in Table 2, nor with hyper- 
immune mouse ascitic fluids containing antibodies to Araguari virus or to 
recognized arenaviruses (Amapari, Flexal, Latino, lymphocytic choriomenin- 
gitis, Parana, Pichinde, Tacaribe, and Tamiami), nor with a human serum 
specimen with a high titer of antibody to Lassa virus, nor with monoclonal 
antibodies to lymphocytic choriomeningitis (glycoprotein-specific and nucleo- 
capsid-specific) or Pichinde (nucleocapsid-specific) viruses [7, 34]. Antibody to 
Ippy virus (homologous titer 1280) fluoresced at a 1:20 dilution with cells 
infected with Quaranfil but not Johnston Atoll virus; that antibody reacted at 
1 : 40 with Latino and Parana viruses. 

Araguari virus also is morphologically and morphogenetically similar to 
arenaviruses. In Vero cells, 2 days after infection with Araguari virus (Fig. 2), 
round or oval virions were observed budding from plasma membranes or were 
seen in extracellular spaces. Virions had a mean diameter of 121 nm (range, 
106-129nm). The viral envelope, 16-18 nm thick, had spikes 3-6nm long at 
regular intervals. Eight or more internal, electron-dense granules, 15-20 nm in 
diameter, morphologically indistinguishable from ribosomes, were present. 
These granules often appeared to be arranged in circular fashion beneath the 
viral envelope. At sites of virion budding, the plasma membrane that formed 
the developing envelope of the virions was thicker than at sites at which no 
budding was observed. This thickening was seen in both layers of the plasma 
membrane and in the width of the intermediary zone. Precursors of Quaranfil, 
Johnston Atoll, and Araguari viruses were not observed in the cytoplasm of 
infected cells. 

No IFA reactivity was detected between Araguari-infected Vero cells and 
antibodies to Amapari, Ippy, lymphocytic choriomeningitis, Pichinde, Tacaribe, 
and Tamiami viruses, with a human serum sample containing antibody to Lassa 
virus, with the monoclonal antibodies mentioned above, nor with the antibodies 
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Fig. 2. Electron micrograph of Vero cell 2 days after infection with Araguari virus (strain 
BeAn 174214), showing virions (V), some of which contain ribosomes, budding from the 

plasma membrane (PM) (x 82,200) 

listed in Table 2. A sucrose-acetone extracted antigen of Araguari virus was 
tested by CF with antibody to Flexal, Amapari, and NIH polyvalent antibody 
16 (AT da Rosa, Evandro Chagas Institute, Belem, Brazil, pers. comm., 1987) 
and with antibody to Pichinde, Tacaribe, and Tamiami viruses, but no evidence 
of an antigenic relationship was detected. Parana and Latino virus-infected 
Vero cells were tested by IFA for reactivity with antibodies to Quaranfil, John- 
ston Atoll, and Araguari viruses, but fluorescence was not observed, although 
a polyvalent Tacaribe grouping fluid and antibody to Tacaribe virus produced 
specific fluorescence with these cells. 

Results of preliminary studies with Quaranfil, Johnston Atoll, and Araguari 
viruses indicated that Quaranfil and Johnston Atoll were similar to each other 
but different from Araguari, with respect to stability during virus purification, 
as well as nucleic acid and protein characteristics. The proteins of Quaranfil 
and Johnston Atoll viruses appeared to be similar to those of the arenavirus 
Junin; however, the RNA migration patterns of both viruses differed noticeably 
from those of Tacaribe and Pichinde arenaviruses. Preliminary molecular anal- 
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Fig. 3. Electron micrograph of Vero cell 3 days after infection with Mapuera virus (strain 
BeAn 370284), showing virions (V) in degenerated cytoplasm (x 57,000) 

yses of Araguari virus demonstrated its uniqueness from those viruses mentioned 
above. Araguari virus was stable during purification using a variety of density 
gradients, unlike Quaranfil, Johnston Atoll, and some arenaviruses. On non- 
denaturing gels, approximately 7-8 bands of RNA were detected from purified 
Araguari virions, while protein gel electrophoreses of purified virus demon- 
strated the presence of 3 prominent proteins (P Repik, J Strizki, The Medical 
College of Pennsylvania, Philadelphia, PA, pers. comm., 1989). 

Mapuera virus caused CPE and formed plaques in Vero, LLC-MK 2, CER, 
PS, and BHK-21 cells, but not C 6/36 or AP-61 cells, and it killed mice within 
four days of intracranial inoculation. Virions similar to those of paramyxovi- 
ruses were seen in Vero cells 3 days after infection with Mapuera virus (Fig. 3). 
Large cytoplasmic inclusions were observed. These contained nucleocapsid fil- 
aments 12-15 nm in diameter and more than 200 nm long. Virions 250 nm (mean, 
190-340nm) long were seen budding from thickened regions of the plasma 
membrane, where nucleocapsids were in linear arrays. 

CPE, including formation of sizeable syncytia involving 50-100 Vero, LLC- 
MK 2, CER, or BHK-21 cells, were observed within two days after infection 
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Fig. 4. Electron micrograph of Vero cell 3 days after infection with Yokel virus (strain 
DakArB 4268), showing double-membrane virions (V) in cytoplasm (>,' 82,200) 

with Mapuera virus. Hemadsorption of guinea pig erythrocytes was detected 
in infected but not in control Vero cells. Antibody to Mapuera virus was tested 
by enzyme-linked immunosorbent assays with human isolates of parainfluenza- 
1, -2, and -3 viruses but no reactivity was detected (J Hierholtzer, Centers for 
Disease Control, Atlanta, GA, pers. comm., 1988). We tested Mapuera virus 
by IFA with antibody to the paramyxoviruses Nariva (Tr 62520), Mossman 
(R-1032) [10], J (prototype) [18], and Newcastle disease and to the ortho- 
myxovirus-like Thogoto and Dhori viruses, but no reactivity was detected. A 
hemagglutinin had a titer of 128 with a 0.4% suspension of guinea pig eryth- 
rocytes at 4 °C; no hemagglutination was detected at ambient temperatures, and 
hemagglutination at 4 °C was rapidly reversed by holding the plates at room 
temperature. We assumed the latter phenomenon was due to the presence of a 
potent neuraminidase. 

Yoka virus caused CPE in Vero, CER, PS, and BHK-21 cells but did not 
form plaques in these or primary duck embryo cells; SM died within six days 
after intracranial inoculation. Virions with poxvirus morphology 'were seen in 
infected Vero cells three days after infection (Fig. 4). Aggregates of complete, 
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Fig. 5. Electron micrograph of the brain cell of a suckling mouse 3 days after infection 
with Sakpa (strain AnB 1398), showing rickettsial (R) bodies in cytoplasm (x 31,500) 

elongate virions 230-260nm long and 145-160 nm wide were seen in the cy- 
toplasm. In other cells, incomplete, spherical virions (mean diameter 290 nm) 
had a membrane envelope surrounding a filamentous matrix. This virus pro- 
duces pocks on chorioallantoic membranes of 12-day-old embryos of domestic 
chickens. It does not react serologicatly with antibodies to variola or vaccinia 
viruses, and it is either an avianpox, orthopox, leporipox, goatpox, or sheeppox 
but not a tanapox or parapox virus (J Esposito, Centers for Disease Control, 
Atlanta, GA, pers. comm., 1988). 

Brains of SM infected with Sakpa were found to contain rickettsiae (Fig. 5) 
but not virus. Further work indicated that this rickettsial species is closely 
releated or identical to Coxsiella burnetii (R Regnery, Centers for Disease 
Control, Atlanta, GA, pers. comm., 1988), the etiologic agent of Q fever. 
Information provided on the registration [-1] was consistent with this finding; 
Sakpa was isolated from a multimammate rat in the Central African Republic 
[26]. Additional studies of this isolate will be published separately. 

No antigenic differences were detected by IFA between Egyptian and Indian 
strains of Nyamanini, but both differed antigenically from Toure and the un- 
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Fig. 6. Electron micrograph of a Vero cell 4 days after infection with Nyamanini (strain 
SAAn-2526) containing pleomorphic structures (PS) resembling mycoplasma-like figures 

( x 57,000) 

registered Midway [31], an antigenic relative of  Nyamanin i  (Table 3); cross- 
reaction between Nyamanin i  and Toure  was not  detected by CF  tests. Both 
strains o f  Nyamanin i  were sensitive to the delipidizing effect of  sodium deox- 
ycholate. 

Table 3. Comparison of Nyamanini, Toure, and Midway viruses by indirect immuno- 
fluorescence 

Virus strain Titer of antibody to virus 

NYM TOU Potyvalent 4 ~ 

Nyamanini (EgAr 1304) 
Nyamanini 0-64434) 
Toure (DakAnD 4611) 
Midway (RML 47153) 

160 20 160 
160 20 160 
40 160 20 
20 < 10 20 

a For constituent antibodies see Table 2, polyvalent fluids 
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Particles resembling recognized viruses were not seen by electron microscopic 
observations of these isolates. However, pleomorphic structures resembling 
mycoplasmas (Fig. 6) were seen in preparations containing the Egyptian strain 
of Nyamanini (mean 185 nm; range, 115-330 nm), Midway (mean 310 nm; range, 
210-500 nm), and Toure (mean 255 nm; range, 155 440 nm). Infrequently, we 
observed mycoplasma-like structures apparently budding from the plasma mem- 
brane of infected Vero cells. Antibiotic treatment, intended to eliminate my- 
coplasmas from the reference stock material, did not decrease the infectivity. 
Hoechst stains for mycoplasma were negative, and when M 96, a medium that 
supports the growth of many mycoplasma species, was inoculated with Ny- 
amanini, Midway, and Toure, no growth was observed, even when cell cultures 
for amplification of these entities were maintained for 5 consecutive passages 
without antibiotics. In contrast, stock preparations of Tange virus contained 
mycoplasma as well as bunyavirus-like virus particles. Mycoplasma were elim- 
inated from the Tanga virus stock, leaving the bunyavirus undiminished [37]. 

Discussion 

This is the first comprehensive effort to place unclassified, putative arboviruses 
in taxa since the studies of E1 Mekki et al. [15]. Summarized information for 
many viruses, classified and unclassified, is presented in the International Cat- 
alogue of Arboviruses [1] and should be referred to for detailed information 
not included in our paper. 

This is not the first report that Quaranfil and Johnston Atoll viruses have 
arenavirus-like morphology (FA Murphy, unpubl, data, 1970). Austin [3] re- 
ported that Johnston Atoll virus has an RNA genome and is enveloped. We 
do not consider significant the IFA reaction between antibody to Ippy virus 
and Quaranfil virus-infected cells; extensive genetic and biochemical studies of 
Quaranfil, Johnston Atoll, and Araguari viruses are required before these viruses 
can be placed in a taxon. However, the preliminary observations of Quaranfil 
and Johnston Atoll viruses by Repik and Strizki (vide supra) provide encour- 
agement to those who would pursue the possibility that these viruses are mem- 
bers of the family Arenaviridae. At present, all recognized members of this virus 
family are principally transmitted between rodents (with occasional exceptions) 
by aerosols and fomites and only some are considered as perhaps arthropod- 
borne. Possibly, the molecular differences between Quaranfil and recognized 
arenaviruses will be shown to indicate that Quaranfil is a member (with Johnston 
Atoll) of a second genus within this family. 

Until extensive genetic and biochemical studies are completed, it is difficult 
to speculate on the placement of Araguari virus within any taxon. This virus 
may be the prototype of a third genus within the family Arenaviridae, or it may 
be a member of an as yet unrecognized virus taxon. 

Quaranfil virus has been isolated from the blood of febrile humans; from 
cattle egrets (Bubulcus ibis) and pigeons (Columba livia); from Argas arboreus 
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ticks in Egypt [-1, 32], A. arboreus in Nigeria 1-22], A. arboreus in South Africa 
[1], A. vulgaris in Iran [23], A. hermanni in Afghanistan [33]; and from Hy- 
alomma dromedarii ticks from Kuwait, Iraq, and Yemen [13]. Johnston Atoll 
virus [1] has been isolated from Ornithodoros eapensis ticks in Central Pacific 
islands, Australia [14-I, New Zealand [3], and Hawaii [36]. 

Intranasal infection of suckling mice with Quaranfil virus produced signs 
of meningoencephalitis and high mortality [1, 4-1. Principal histologic features 
of the inflammatory process included perivascular cuffing, focal neuronal ne- 
crosis, congestion, edema, petechial hemorrhages, and degeneration of ganglia. 
Infection of immunosuppressed chickens with Quaranfil virus led to prolonged 
viremia and reduction of Quaranfil-specific antibody response [29]. Quaranfil 
virus replicated in and was transmitted to newborn chicks by A. arboreus, A. 
(A.) hermanni, and O. savignyi ticks, replicates in larvae of Plodia interpunctella 
(Indian meal moth), and replicates in cell cultures from various mammals and 
birds [1], and in cells derived from frogs (Rana temporaria) [28]. In experiments 
of transmission of Quaranfil virus in A. arboreus ticks, the apparent principal 
Egyptian vector of this virus, Kaiser [20] found that, while dissemination and 
transstadial transmission of the virus occurred, transovarial transmission did 
not. He suggested that the latter finding might indicate that a vertebrate host 
is necessary for perpetuation of the virus. In addition, Kaiser [19] reported 
that cattle egrets are absent from nesting sites during the winter months but 
return and are readily available hosts for these ticks in the spring. Nymphs of 
O. capensis ticks, infected in the larval stage by feeding on viremic chicks, 
transmitted Johnston Atoll virus to other chicks [1]. 

Araguari virus was isolated from organs of a Philander opossum in Brazil 
[1]. The virus hemagglutinates goose erythrocytes [1]; the presence of a he- 
magglutinin is uncharacteristic of arenaviruses. Prevalence of hemagglutination- 
inhibiting antibody to this virus is high in marsupials but not humans, rodents, 
or other mammals in the area in which this virus was found, but it is low in 
all animals tested outside the area. This may indicate a geographic focality of 
occurrence of Araguari virus, similar to the focality of occurrence of most other 
arenaviruses. Newborn mice inoculated intracerebrally with Araguari virus died 
with focal necrosis of the liver and cerebral edema. In another study, H. G. Zeller 
and C. J. Mitchell (unpublished data, 1988) found that Araguari virus did not 
replicate in C6/36 and AP-61 mosquito cells in vitro or in Toxorhynchites 
amboinensis mosquitoes inoculated intrathoracically. This is the extent of in- 
formation regarding this virus. 

Midway, Toure, and strains of Nyamanini from Egypt (EgAr 1304) and 
India (I 64434) could not be cultivated on M 96 medium, were not sensitive to 
antibiotics known to eliminate mycoplasma, and did not give a positive Hoechst 
stain. Ours is not the first observation that Nyamanini may be a mycoplasma. 
Nyamanini and Midway, previously examined by electron microscopy, were 
found to contain mycoplasma-like structures (FA Murphy, unpubl, data; RE 
Shope, unpubl, data; CE Yunker et al., pers. comm., 1981). Yunker and co- 
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workers extensively tested preparations of Nyamanini and Midway to determine 
whether they contain mycoplasma. They also attempted to isolate mycoplasmas 
or spiroplasmas by inoculation of agar and broth media but were unsuccessful; 
Dienes' stain, DNA fluorochrome stain, and immunofluorescence tests with 
antibody produced against certain common mycoplasmal or spiroplasmal con- 
taminants also were negative. Thus, in the studies of Yunker et al. and in ours, 
whereas only mycoplasma-like figures were observed by electron microscopy 
in specimens containing Nyamanini and Midway, in neither study was additional 
evidence found that would indicate the presence of typical mycoplasma. 

Takahashi et al. [31] reported that Midway infectious units are relatively 
large (220--450 nm), and that both Nyamanini and Midway are sensitive to pH 
3.0, resistant to 5-bromodeoxuridine, and only slightly affected by Actinomycin 
D. It may be that Nyamanini, Midway, and Toure are mycoplasmas, the first 
two from birds and associated ticks and the latter from small mammals. How- 
ever, resistance to antibiotic treatment and absence of growth on media that 
supports the growth of classical mycoplasmas may not be evidence for the 
absence of peculiarly fastidious mycoplasma in Nyamanini and Midway stocks. 

Inadequate information exists about the replication of Johnston Atoll, Ar- 
aguari, Mapuera, and Yoka viruses in arthropods and transmission of these 
viruses to vertebrates. Such data would undoubtedly help us to understand the 
complex ecologies of these viruses. Also, scant information is available about 
the ability of these viruses to cause disease in people, livestock, or wildlife. 
Further studies are needed before the natural history, evolution, and significance 
of these viruses is known. 

From our studies, it appears that Yoka virus, isolated from mosquitoes, is 
the third poxvirus from the Central African Republic. Yoka virus is not an- 
tigenically related to poxviruses Oubangui or Salanga, isolated from mosquitoes 
( Culex guiarti) and rats (Aethomys medicatus, Mastomys erythroleucus, and other 
Mastomys sp.) in the Central African Republic [27] and C6te d'Ivoire. Scant 
information is available regarding the vector biology and disease potential of 
these poxviruses. 
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