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Abstract
Emerging infectious diseases are a global threat. In countries like Brazil, where biodiversity is high and public health conditions 
in terms of infrastructure and medical care are often precarious, emerging diseases are particularly worrisome. The lack of 
monitoring strategies to identify pathogens with the potential to cause outbreaks or epidemics is another problem in Brazil and 
other developing countries. In this article, we present the history of the Sabiá virus (SABV), a pathogen that was described in 
the 1990s in Brazil. Several aspects of the biology and ecology of the SABV remain unknown. The SABV has the potential to 
cause hemorrhagic fever in humans. To date, four cases of human infections have been reported worldwide; two were naturally 
acquired (both in Brazil), whereas the other two were linked to occupational exposure in the laboratory environment (one in 
Brazil and one in the USA). In this review, we summarize the basic biological and ecological characteristics of the SABV. This 
is the first work to gather all available data on the historical aspects involving the cases of SABV infection along with an update 
on its characteristic features.
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INTRODUCTION

Brazil has abundant biodiversity. Brazilian ecosystems 
likely hide many pathogens that can cause infectious diseases 
in humans. This is relevant for public health as these pathogens 
could cause diseases with unknown characteristics. When 
pathogens are newly introduced into the human population, this 
poses significant challenges and dangers as the population is 
not immunized against these organisms. Potential vaccines have 
yet to be developed, which typically requires a time-consuming 
process. Moreover, the lack of knowledge on the biology and 
ecology of these infectious agents represents an obstacle to 
prevention and containment strategies of potential epidemics.

In this review, we are highlighting the Sabiá virus (SABV), 
which, although described in the 1990s, has not been well 
studied. Briefly, it is known that this arenavirus circulates in 
Brazil and can cause hemorrhagic fever in humans. However, 
little is known about the virus’ biology and ecology.

Considering the paucity of information on this pathogen, the 
aims of this article were to gather available information on the 
SABV and to describe the four reported cases of SABV infection 
within a historical perspective. Some aspects of SABV ecology 
and biology will also briefly be discussed.

METHODOLOGY

This study is a narrative review. We consulted the following 
regional and international databases: Biblioteca Virtual em 
Saúde (BVS; http://bvsalud.org/), MEDLINE (via PubMed; 
https://www.ncbi.nlm.nih.gov/pubmed), and The Scientific 
Electronic Library Online (SciELO; http://www.scielo.org/). 
Keywords used to search for articles on the SABV included 
sabia virus and SABV. Using the search term sabia virus, we 
found 622, 788, and 9 articles in the BVS, MEDLINE, and 
SciELO, respectively. The search term SABV uncovered 3 
articles in the BVS, 10 in MEDLINE, and none in SciELO. 
After we analyzed the articles through their abstracts or full texts 
regarding its relevance, 24 of them were selected to be included 
in our review. When necessary, reference lists of previously 
published studies were consulted to select and locate articles. 
Eight works discussing topics such as arenavirus, emerging 
virus, and viral ecology were also included in this review aiming 
to complement our discussion on these topics.

Basic aspects of the Sabiá virus

Classification and geographic distribution of the Sabiá 
virus and other arenaviruses - The SABV belongs to the family 
Arenaviridae, and within these arenaviruses to the Tacaribe or 
New World complex. Arenaviruses are enveloped negative-
stranded RNA viruses1-3. In addition to the SABV, the New 
World complex includes the following 17 viruses: Allpahuayo 
(Peru), Amapari (Brazil), Bear Canyon (California, USA) 
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Chapare (Bolivia), Cupixi (Brazil), Flexal (Brazil), Guanarito 
(Venezuela), Junin (Argentina), Latino (Bolivia), Machupo 
(Bolivia), Oliveros (Argentina), Parana (Paraguay), Pichinde 
(Colombia), Pirital (Venezuela), Tacaribe (Trinidad), Tamiami 
(Florida, USA), and Whitewater Arroyo (Southwestern USA.). 
It seems that Brazil is the natural place of occurrence of the 
SABV (reviewed in Radoshitzky et al.4).

In 1996, phylogenetic analyses (of a portion of the nucleocapsid 
gene) resulted in the classification of the SABV as a unique member 
of the clade B of the New World arenaviruses2. Previous studies 
that had evaluated the complete glycoprotein precursor, complete 
nucleoprotein, and polymerase genes as well as the phylogenetic 
relationships among New World arenaviruses had resulted in 
the same classification5-7. According to Radoshitzky et al.4, eight 
arenaviruses belong to the clade B: Amapari, Chapare, Cupixi, 
Guanarito, Junin, Machupo, Sabiá, and Tacaribe. Non-genetic 
factors such as geographical regions of occurrence, hosts, or the 
potential to cause epidemics are not good indicators to correlate  
different groups of arenaviruses5.

Viral host and route of infection - Commonly, naturally 
acquired human infections by arenaviruses are caused by viruses 
with rodent hosts8. Rodents are likely also reservoirs for the 
SABV. Recently, Bisordi et al.9 identified arenavirus sequences 
in 5 of 55 vesper mice (Calomys tener) that were caught in the 
area where the second naturally acquired infection with the 
SABV was identified (Espírito Santo do Pinhal, São Paulo State, 
Brazil); however, all sequences were different from those that 
had been described for the SABV. Notably, their study resulted 
in the identification of a new arenavirus, the Pinhal virus9.

Generally, arenaviruses are transmitted through contact with 
contaminated rodent urine10. Thus, inhalation of dust mixed with 
rodent urine is the probable route of infection by the SABV in 
nature. Future studies should aim at identifying the presence of 
the virus in samples of excreta and biological fluids of rodents.

Clinical implications and pathogenesis of Sabiá virus 
infections - Arenaviruses found in the Americas that are 
pathogenic in humans include Chapare, Flexal, Junin, Pichinde, 
Guanarito, Machupo, Tacaribe, and the SABV. The potential 
of the Allpahuayo, Amapari, Cupixi, Parana, Pirital, Latino, 
and Oliveros viruses to cause diseases in humans is unknown 
(reviewed in Koma et al.11).

In general, symptoms caused by the SABV are abdominal 
and epigastric pain, bleeding gums, conjunctival petechiae, 
conjunctivitis, cough, diarrhea, difficulty walking, fever, 
headache, hematemesis, hemorrhage, leukopenia, malaise, 
myalgia, nausea, somnolence, sore throat, tonic-clonic seizures, 
tremors, vomiting, weakness, and shock1,12.

An in vitro study performed by Radoshitzky et al.13 indicated 
that the SABV infects host cells through the transferrin receptor 
1 (TfR1) as virus replication was halted by administering an 
anti-TfR1 antibody. Based on these data, it is plausible that 
the hemorrhagic fever caused by the SABV is related to the 
virus’ capacity to bind to human TfR1. Other study in vitro 
also shown that the SABV Z protein interacts with the retinoic 
acid-inducible gene I product (RIG-I) and downregulates the 
cellular beta interferon response14.

The SABV is considered a dangerous pathogen as it can induce 
a severe hemorrhagic fever that can rapidly progress to the death 
of the infected individual15.There is no specific treatment for the 
disease or immunoprophylaxis for the virus. One might ask, Why, 
almost 30 years after the first report of human SABV infection, is 
knowledge on SABV biology and pathogenesis still so limited? 
Similarly, considering that the last case of naturally acquired 
human infection was reported in 1999, How can the absence of 
new cases within the last 17 years be explained? Some potential 
answers might be: I) New human infections are occurring but are 
not being reported due to the similarity of the clinical symptoms 
with those of other viral infections; II) The habitat of the reservoir 
species is not conducive to human interaction, which could hinder 
the infection of humans by the virus; and III) The transmission 
capacity of the virus from natural reservoir species to humans is 
low. However, it is important to identify the reservoir species of 
the SABV. Once the reservoir species is known, experimental 
studies aimed at elucidating the pathophysiological aspects of 
SABV infection should be conducted.

Viral detection and potential anti-viral strategies - Detection 
of the SABV in humans remains a clinical and methodological 
challenge. Machado et al.16 report the need for developing 
techniques to detect the SABV without having to manipulate 
infectious viral samples. Currently, there is a well-described 
reverse transcription polymerase chain reaction (RT-PCR) assay 
for the rapid detection of the SABV17.

Figueiredo18 suggested that the vaccine against the Junin 
virus (that is already being used in Argentina) could also induce 
immunity to the SABV. However, his hypothesis needs to be 
confirmed. Recently, Golden et al.19 described a DNA vaccine 
that could be used as a pan-arenavirus immunotherapeutic.

The compounds ST-193 and ST-294 have been shown to 
possess anti-viral activity for arenaviruses20-22. The target of ST-193 
is likely a segment of about 30 amino acids within the envelope of 
the glycoprotein 2 subunit21. ST-294 targets the interaction of the 
transmembrane fusion subunit with the stable signal peptide, and 
then interferes with envelope glycoprotein-mediated membrane 
fusion22. However, these results were primarily derived from 
experiments focused on the Lassa and Junin viruses21,22. Although 
there is no sufficient evidence to confirm that ST-193 and ST-294 
can be used for the SABV, it is possible that these compounds 
also have anti-SABV activity. The similarities in envelope 
composition between the SABV, Lassa, and Junin viruses need to 
be assessed to be able to extrapolate the results21,22 mentioned above.

Clinical and experimental evidence has shown that the 
antiviral drug ribavirin can be used to treat SABV infection23,24. 
As Radoshitzky et al.25 have suggested, antiviral drugs focused 
on viral transcription and replication can work through different 
routes. Because of that, structural studies on arenaviral RNA-
dependent RNA polymerase and nucleoprotein could facilitate 
the development of antiviral drugs that are effective for the 
treatment of New World arenavirus infections. 

Four documented cases of Sabiá virus infection

Only four cases of SABV infection have been reported to 
date (Table 1). Herein, infections that occurred outside the 
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Case Year Location Situation Outcome Reference

First 1990 São Paulo State, Brazil Naturally acquired infection Fatal Coimbra et al.1

Second 1992 Pará State, Brazil Occupational exposure  
(laboratory environment) Non-fatal Vasconcelos et al.27

Third 1994 Yale University, Connecticut (USA) Occupational exposure  
(laboratory environment) Non-fatal CDC28

Fourth 1999 São Paulo State, Brazil Naturally acquired infection Fatal Coimbra et al.12

TABLE 1
Summary of the four cases of Sabiá virus infection.

USA: United States of America; CDC: Centers for Disease Control and Prevention.

laboratory environment will be termed naturally acquired 
infections. Detailed information on the relevant aspects of each 
case are presented below.

First (index) case - The SABV was first isolated in 1990 
from a fatal case of hemorrhagic fever in São Paulo State 
(Southeastern Brazil). This index case was a 25-year-old female 
agricultural engineer who experienced fever, myalgia, headache, 
nausea, vomiting, and weakness for 12 days before seeking 
medical attention. She eventually developed conjunctival 
petechiae, hematemesis, vaginal bleeding, increased sleepiness, 
tremors, difficulty walking, and generalized tonic-clonic 
seizures; she died of the infection on the fourth day of hospital 
admission. The necropsy indicated necrosis of and hemorrhage 
in various organs1.

After a series of tests performed on a blood sample of the 
patient at the Instituto Adolfo Lutz (Brazil), Instituto Evandro 
Chagas (Brazil), Yale Arbovirus Research Unit (USA), and 
U.S. Army Medical Research Institute of Infectious Diseases 
(USA), the causative agent of the disease was identified as 
a new virus of the family Arenaviridae. The pathogen was 
named after the district where the patient lived, Sabiá. Until 
then, only four arenaviruses causing hemorrhagic fevers were 
known: Lassa, Junin, Machupo, and Guaranito1. SABV causes 
the disease now known as Brazilian hemorrhagic fever or  
São Paulo hemorrhagic fever26

Second case - While working on the characterization of 
the SABV in a reference laboratory in Pará State (Brazil), 
a 39-year-old male laboratory technician was infected with 
the virus (probably through aerosol) in 1992. He developed a 
prolonged influenza-like illness. However, this case was not 
fatal, possibly because the patient had sought medical attention 
and received treatment (basically fluid control) soon after the 
first symptoms appeared1,27.

Third case - Similar to the second case, the third case of 
infection with clinical disease caused by the SABV happened 
in 1994. It was an accidental laboratory exposure, likely linked 
to aerosol transmission. During routine work in a biosafety 
level 3 laboratory, a 46-year-old male research scientist at 
Yale University (USA) was infected with the virus after an 
accident involving a bucket centrifuge. After centrifugation 
of approximately 240mL supernatant from a tissue culture 

infected with SABV, the researcher realized that the tube used 
for the centrifugation was broken, and that a large portion of 
container contents (approximately 100mL) had leaked into 
the rotor of the centrifuge. The infection possibly happened 
by a leaking rotor or during the cleaning/opening procedure 
of the centrifuge, although the researcher was not directly 
exposed to the leaked content and used personal protective 
equipment8,23,28,29. Human error was recognized as the principal 
factor causing this incident30.

This patient fell ill but survived after being hospitalized 
and receiving the antiviral drug ribavirin. Based on this case, it 
could be suggested that ribavirin could be used to treat future 
cases of SABV infection23. Supporting this, evidence exists 
that ribavirin can be used to treat Argentine hemorrhagic fever, 
which is caused by the Junin virus24.

Considering that two SABV infections occurred during work 
routines in reference laboratories with biosafety equipment, it 
is likely that the SABV is transmitted through aerosol. Thus, 
additional biosafety precautions should be undertaken when 
handling the virus23. Currently, it is recommended to handle 
the SABV in biosafety level 4 laboratories31.

Fourth case - The fourth case of SABV infection was 
reported in 1999 and was naturally acquired. A 32-year-old 
male coffee-grain machine operator, resident of a rural area 
(Espírito Santo do Pinhal) of the São Paulo State, presented 
with a febrile illness. After hospitalization for seven days, the 
patient died. It was found that the SABV was responsible for 
the pathological condition of the patient12. Similar to the second 
case, little information is available in the literature on this fourth 
case of SABV infection.

Eco-epidemiological aspects of naturally  
acquired Sabiá virus infections

Due to the scarcity of studies on the identification of 
the SABV host species and its circulation among different 
animals, little is known about the eco-epidemiological aspects 
of naturally acquired SABV infections. Similarly, to the best 
of our knowledge, no serological study has been conducted in 
populations living in locations where the two cases of natural 
acquired SABV infections were identified. Serological and 
epidemiological studies are particularly necessary to assess 
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the epidemiology, routes of transmission, and prevalence of 
infection of the virus among humans. Importantly, subclinical 
SABV infections might occur without being identified.

The difference in locations (urban area vs. rural region of São 
Paulo State) of the two naturally acquired infections is worthy of 
further investigation. Due to the typical characteristics (activities 
in open areas, proximity to forest environments, among others) 
of the rural environment that propitiate the closest coexistence 
of humans and wild rodents, infections by arenaviruses are  
quite plausible. Farming activities undertaken by the infected 
man are thought to have facilitated his exposure to rodent 
excreta12. 

The SABV circulation in non-human animals of urban areas 
was little investigated. Recently, Bisordi et al.9 performed a 
serological investigation among rodents that were captured in 
the city (Espirito Santo do Pinhal) where this case was reported 
to identify the host rodent species of the SABV. A total of 412 
rodents of 7 different species (Necromys lasiurus, n = 164; 
Akodon spp., n = 116; Calomys tener, n = 68; Mus musculus, 
n = 55; Oligoryzomys nigripes, n = 7; Bibimys labiosus, n = 1; 
and Rattus rattus, n = 1) were evaluated. However, none of the 
rodents showed evidence of SABV infection.

The factors facilitating SABV infection in an urban 
environment are even less understood. It is only known that 
the index patient worked in an office, had not traveled outside 
São Paulo State two months before becoming sick, and spent 
time in two different cities of São Paulo State with family and 
friends ten days prior to the symptoms. No family member or 
friend got sick1. A study investigating the activities performed 
by the patient a few days before the symptoms might help 
explain the conditions (mainly route of infection and contact 
with potential SABV hosts) that facilitated the infection. 
However, such a retrospective investigation is not feasible. 
Thus, studies investigating the potential host species of the 
SABV and serological studies should be conducted in the urban 
area where the first case of naturally acquired SABV infection 
was identified.

Perspectives on the ecology and surveillance  
of the arenaviruses

Infections linked to occupational exposure can be avoided 
by applying more stringent biosafety measures when handling 
the SABV. However, it is difficult to predict if naturally acquired 
infections will occur, since the ecology of the virus is poorly 
understood.

Taking into consideration the wide Brazilian biodiversity 
and the potential viruses existing within it, studies on viral 
ecology in the Brazilian ecosystem should be performed. This 
is important because only indentifying the pathogens, their 
hosts, and their potential to infect different species, will it be 
possible to prevent and combat new diseases and future potential 

epidemics that might affect humans32. Studies on zoonotic 
diseases may support strategies for controlling the circulation 
of pathogens between human and wild/domestic animals. 
However, studying the ecology of viral zoonoses and broad-
spectrum surveillance are rather expensive because it generally 
involves a great number of professionals from various areas, 
survey of a large number of biological samples from human 
and non-human animals, and different methodologies of viral 
detection. Considering that developing countries are often most 
affected by tropical infectious diseases, conducting these studies 
might not be financially feasible. Thus, to develop public health 
strategies to detect adequately human and veterinary diseases 
and their zoonotic sources is essential. In addition, establishing  
simple and well-structured medical surveillance and reporting 
systems are important for the epidemiological control of viral 
diseases.

CONCLUSION

Figure 1 depicts the main events related to the history 
of the SABV. To date, four cases of SABV infection (two 
naturally acquired and two linked to occupational exposure 
in laboratories) have been reported in the literature. Little is 
known about the ecology of the SABV. In addition, the virus’ 
reservoir species are unknown, although they are likely rodents. 
To date, the available data indicate that SABV is found naturally 
in Brazil; however, its occurrence in other countries cannot be 
ruled out. Current guidelines recommend handling the virus only 
in a biosafety level 4 environment. The antiviral drug ribavirin 
might be useful for the treatment of SABV infection in humans. 
The potential of the virus to cause an outbreak or epidemic is 
not known, but should not be overlooked by the scientific and 
medical communities.

Since many questions on the threat posed by the SABV, 
other viral pathogens, and recent outbreaks involving emerging 
viruses remain, studies on viral ecology (in particular in 
tropical countries) should be encouraged. Moreover, strategies 
to control potential outbreaks must be planned. Specific to the 
SABV, we strongly suggest that it is crucial to: I) identify the 
viral reservoir species; II) investigate the geographic regions of 
occurrence of the host/pathogen; III) identify routes of infection; 
IV) develop or identify antiviral treatments; V) establish rapid 
and accurate methods for diagnosis; VI) establish standards 
and recommendations for scientific research with this pathogen 
to ensure safety of researchers. Due to the scarce number of 
studies focused on SABV, to investigate this virus presents an 
opportunity for the discovery of important aspects of its biology, 
pathogenesis, and ecology.
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FIGURE 1 - Timeline of the main events related to the history of the Sabiá virus. SABV: Sabiá virus.

1990                     1992                     1994                     1996                     1999                    2016

- Index case (naturally

acquired infection in São

Paulo State, Brazil) of

hemorrhagic fever caused

by an unknown virus.

- Virus isolation.

- Report of the fourth case

of hemorrhagic fever

caused by the SABV

(naturally acquired infection

of a rural worker in São

Paulo State, Brazil).

- Description of the first

two cases of SABV

infection was published

in Lancet.

- Third SABV infection

(involving an accident

with a bucket centrifuge

at Yale University,

USA).

- Current recommendations state

that the SABV should be handled in

laboratories with biosafety level 4.

- Little is known about the SABV.

Thus, future studies should

determine the specifics of the virus’

biology and ecology.

- Differentiation of the

SABV from other

arenaviruses using

phylogenetic analyses.

- Second SABV infection

(occupational exposure

in the laboratory

environment, Brazil).
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