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A new Rabies virus variant, with no close antigenic or genetic relationship to
any known rabies variants found in bats or terrestrial mammals in the Americas, was identified in association with human rabies cases reported from
the state of Ceará, Brazil, from 1991 to 1998. The marmoset, Callithrix jacchus jacchus , was determined to be the source of exposure.
Canine rabies has been controlled in southern Brazil,
and cases have declined in the rest of the country (1). Under
these new epidemiologic conditions, the existence of rabies in
other species, until now eclipsed by the rabies cycle in dogs,
has become evident (2-4).
In the state of Ceará, for example, 13 human deaths due
to rabies transmitted by wildlife were reported from 1991 to
1998 (Figure 1). Surveillance data indicated that these
deaths were the consequence of exposure to bats (four
deaths), a crab-eating raccoon (Procyon cancrivorous [guaximín]; one death), and the white-tufted-ear marmoset (Callithrix jacchus jacchus [sagüí]; eight deaths). These last
eight cases constitute the first report in which one species of
the order Primate is a primary source of rabies infection for
humans in a restricted geographic area.
The marmoset, C. j. jacchus or sagüí, is a small diurnal
primate that feeds on insects, fruits, and tree exudates (5).
Members of this species are commonly captured to keep as
pets in Ceará, as other marmosets are in the rest of the country (6) (Figure 2). The sagüí is also present in the neighboring states of Piauí and Pernambuco (Figure 1) (5). These
marmosets are highly adaptable to different habitats and
can be found on plantations and in urban parks (5,7).
In one of the eight human rabies cases associated with
C. jacchus, the animal approached the house and attacked
the owner. In another case, the marmoset was raised as a
pet. In the other cases, the exposure occurred during
attempts to capture the animals (4). Seven of these cases
occurred in the coastal region, where the sagüí is more abundant (4). Epidemiologic investigations and surveillance data
suggested the emergence of a rabies cycle in which this marmoset was the main transmitter. The public health importance of this situation is reflected not only in reported
human deaths, but also in the fact that in Ceará an average
of 25 persons per month seek rabies postexposure prophylaxis for marmoset and other primate bites (4).
To better understand the underlying factors that could
be responsible for the emergence of these unusual
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epidemiologic events and to help identify a possible reservoir
of this Rabies virus (RABV) circulating in Ceará, three
rabies field isolates—two obtained from humans, each bitten
by a different sagüí (Brhm4097 and Brhm4108), and one
from a rabid sagüí (Brsg4138) in 1998—were antigenically
and genetically characterized.

Figure 1. Map of Brazil indicating the location of Ceará State.
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Figure 2. A pet marmoset with its owner.

The Study

Case Brhm4097 was in a 31-year-old woman who died
with a clinical diagnosis of rabies, later confirmed by a direct
immunofluorescence-antibody (DIF) test. Interviews with
the patient and her relatives indicated that she had been
attacked and bitten on the leg by a sagüí near her house.
Case Brhm4108 was in a 17-year-old woman who was hospitalized with a presumptive case of meningitis. Upon evaluation, a clinical diagnosis of rabies was made and later
confirmed with a DIF test. Interviews with the patient and
family members revealed that she had been bitten on one ear
by a sagüí captured in the forest 4 days earlier. In both
cases, those bitten did not request postexposure prophylaxis
because they were not aware of any potential risk for rabies
transmission by this animal. Case Brsg4138 was a C. j. jacchus kept as a pet, which was brought to health authorities
because it exhibited behavioral changes. This marmoset was
euthanized and sent to the laboratory to be tested for rabies;
RABV antigen was identified in its brain with a DIF test.
These three isolates were compared with RABV variants
circulating among dogs in Latin America, with other RABV
variants maintained by sylvatic terrestrial reservoirs in the
United States (north-central skunk, south-central skunk
[Mephitis mephitis], Arizona and Texas fox [Urocyon cineroargenteus], California skunk [M. mephitis], Texas coyote
[Canis latrans], and raccoon [Procyon lotor]) and with isolates obtained from terrestrial wildlife in Latin America in
which the reservoirs were either unknown, e.g., a fox in Peru
and a cat in Venezuela, or unconfirmed, e.g., skunks in Mexico. The three Brazilian viruses were further analyzed and
compared with RABV from endemic cycles maintained in
migratory bats (red bat [Lasiurus cinereus], free-tailed bats
[Tadarida brasiliensis], nonmigratory insectivorous bats (big
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brown bat [Eptesicus fuscus], and California myotis [Myotis
californicus]) in the United States. South American RABV
isolates obtained from vampire bats (Desmodus rotundus),
vampire bat-related cases, and insectivorous bat species that
are known rabies reservoirs (lasiurine species and free-tailed
bats) or unconfirmed reservoirs were also included in this
comparison (8-12).
Antigenic characterization was conducted with a panel
of eight monoclonal antibodies (MAbs) elicited against the
viral nucleoprotein (8). Primary isolations were made by
mouse intracranial inoculation. Acetone-fixed touch impressions of infected mouse brain material were reacted with the
MAbs by indirect immunofluorescence techniques (13,14).
Antigenic characterization of the three isolates revealed
only one reaction pattern. The isolates reacted positively
with MAb C9 and C10 and negatively with the other six
MAbs. Comparison of this reaction pattern with those that
characterize RABV variants in known reservoirs in the
Americas (13,14) indicated that the antigenic profile of these
three viruses has not been previously identified.
Genetic analysis of the samples was performed by
sequencing part of the nucleoprotein gene (from position
1,157 to position 1,476, as compared with RABV SADB19
[15]), then comparing its phylogenetic relationship with the
RABV variants described above (8,12).
For the sequencing studies, viral RNA was extracted
from the infected tissues with TRIzol (Invitrogen, San Diego,
CA). The cDNA was obtained by reverse transcription-polymerase chain reaction techniques by using primers 10g and
304, as described (8,16). The cDNA was sequenced with
primer 304 by using the Taq Big Dye Terminator Cycle
Sequencing Ready Reaction Kit (Applied Biosystems Inc.,
Foster City, CA) on an Applied Biosystems 377 DNA automated sequencer (Applied Biosystems), as reported (8).
For phylogenetic analyses, the PileUp program of the
Wisconsin Package Version 10.1 (Genetic Computer Group,
Madison, WI) (17) was used to construct the alignment of
viral sequences. Further analyses were carried out with distance matrix methods, as implemented in the PHYLIP Package, Version 3.5 (18), using the programs DNADIST
(Kimura-two parameter method) and NEIGHBOR (neighbor-joining method). The confidence value for each node (100
replicates) was assessed with the SEQBOOT program, and
the consensus tree was obtained with the CONSENSE program of the same package. Trees were constructed with the
TREEVIEW program (19).
Comparative phylogenetic analyses by the distance
matrix methods yielded a tree in which all viruses segregated into two main groups, identified as A (bootstrap value
57%) and B (bootstrap value 99%) (Figure 3). The Ceará
viruses were segregated in group A, which included RABV
genetic variants circulating in hematophagous and nonhematophagous bats in the Americas and viruses of raccoon
and south-central skunk cycles in the United States. The
topologic association between RABV genetic variants circulating in well-recognized terrestrial reservoirs and variants
maintained by bat species has been previously described
(20). Group B was formed by viruses circulating in dogs and
terrestrial wildlife in the Americas.
In group A the Brazilian isolates clustered together,
forming a discrete clade A1 (bootstrap 100%) demonstrating
their distinct nature (Figure 3). Viruses Brsg4108 and
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Figure 3. Neighbor-joining tree of the comparison of the Ceará samples with isolates obtained from domestic and wild animals from the
Americas. Bootstrap values obtained from 100 resamplings of the
data using distance matrix methods are shown at the corresponding
nodes. Only bootstrap values >50% are shown at branching points.
Bar in left corner indicates 0.1 nucleotide substitutions per site. Significance of letter designations at the nodes are discussed in the text.
a: North America; b: south central USA; c: South America; d:
unknown reservoir; e: north central USA.

Brhm4138 showed no nucleotide difference between them
and revealed a genetic distance value of only 1.3% with sample Brhm4097. The remarkable genetic relatedness of the
group A1 members was in clear contrast to the high percentage of genetic distance that they showed with all other
rabies variants. The genetic distances between Group A1
and all other rabies variants ranged from 20% (lasiurine species) to 34% (skunks from Mexico). Although bootstrap analyses highly supported terminal nodes that clearly defined
each of the rabies genetic variants in group A, as in group B
this method did not render significant values in most of the
intermediate nodes; thus, no genetic relationships between
the Ceará viruses and the other variants could be determined.

Conclusions

The high degree of genetic homology among the Ceará
rabies viruses, in conjunction with surveillance data, demonstrated an epidemiologic linkage between the viruses and
confirmed that they represent a unique and independent
rabies endemic cycle.
These findings are also noteworthy because nonhuman
primates have rarely been reported rabid in the wild, and
they have been involved only sporadically in cases of human
exposures to RABV (21-23). Rabies affects wild and domestic
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animals as well as humans. Minor changes in any of these
populations or in their environment can result in the emergence or reemergence of the disease in a geographic area
(24). Several probable factors could have caused the emergence of rabies in the C. j. jacchus population of Ceará. First,
small changes produced by human activities are not necessarily deleterious for survival of C. j. jacchus. Indeed, such
modifications might be beneficial for this species in the long
term and could contribute to an increase in its population
(6). The proximity of this marmoset to urban settlements
and the common practice of capturing and keeping them as
pets are two other contributing factors. Additionally, both
the reduction in rabies incidence among dogs in the state
(1,2) and the improvement of rabies surveillance programs
by incorporating the molecular characterization of rabies isolates contributed to the recognition of this cycle in Ceará.
Wildlife unable to support rabies endemic cycles are sporadically infected (spillover) as a result of their interaction
with rabid animals from sympatric species capable of perpetuating the virus in nature (reservoirs). The infection of C. j.
jacchus with this distinct RABV genetic variant could be the
result of spillover from an unknown reservoir. Until now,
available data did not provide enough evidence to determine
the nature (Chiroptera vs. Carnivora) of this putative reservoir. Although mostly arboreal, C. j. jacchus descends to the
ground to feed on insects or to cross clearings in the forest,
behaviors that may expose them to bats or terrestrial reservoirs. Alternatively, these events could be evidence of C. j.
jacchus acting as a rabies reservoir. To act as a rabies reservoir, a species should be highly susceptible to the virus,
undergo variable incubation periods, excrete the virus in
saliva at the appropriate concentration to infect conspecifics,
and maintain a high population density and turnover (25).
Field studies of Callithrix spp. are limited (7), but some
characteristics of the natural history of this species correspond to those of a typical rabies reservoir. Callitrichids are
some of the most successful species in regard to geographic
distribution, population density, and habitat exploitation
(26). A population of 700 animals per square kilometer was
observed in a 3-Ha forest fragment in Brazil (27). Although
as yet no experimental inoculation studies mimicking the
natural route of infection have been conducted to investigate
the pathobiology of rabies in C. j. jacchus, this animal is
highly susceptible to the intracerebral inoculation of the
virus (28). Improvement in basic surveillance programs for
rabies in wildlife, public education, and determination of
rabies seroprevalence in C. j. jacchus in Ceará would help
elucidate this new epidemiologic puzzle.
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