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Yellow fever is an infectious disease caused by an 
RNA virus of the genus Orthoflavivirus, family 

Flaviviridae (1). Yellow fever virus (YFV) is transmit-
ted to humans and nonhuman primates, the main 
vertebrate hosts, through bites of mosquitoes from 
genus Aedes in Africa and Haemagogus and Sabethes 
in the Americas. The sylvatic cycle occurs in both re-
gions, where vectors, breeding and living in forests, 
infect nonhuman primates. Human infection is acci-
dental (e.g., when persons enter the forest or stay at 
forest edges). The urban cycle, common in Africa, in-
volves transmission between Ae. aegypti mosquitoes 
and humans. In the Americas, the last urban trans-
mission occurred in the 1940s, when effective mass 
vaccination and vector-control campaigns were im-
plemented in cities (2).

During 2014–2023, Brazil’s main metropolitan re-
gions, including areas with dense, unvaccinated pop-
ulations, were affected by a major yellow fever epi-
demic, raising concerns about disease re-urbanization 
(3). In 2017, genetic studies confirmed a new wave 
spread to areas outside the Amazon rainforest (4).

In São Paulo State, the current yellow fever epi-
demic (2022–2025) has reached 45 municipalities (5). 
The northwest region, which has seasonal climate and 
fragmented forests, reported fewer human cases and 
epizootics than the eastern region (5). YFV circulation 
has been documented repeatedly in 2000, 2008, 2016–
2018, 2020, and 2024–2025 (5). In this northwest re-
gion, virus detection in secondary or potential vector 
species stands out, whereas in more forested regions 
with higher numbers of human cases and epizootics, 
Haemagogus sp. mosquitoes showed greater infectivi-
ty (6). We report results of an entomovirologic survey 
in Ribeirão Preto, São Paulo State, Brazil (≈700,000 
inhabitants), conducted after epizootics occurred in 
nonhuman primates.

On December 25, 2024, four howler monkeys (Al-
ouatta caraya) died in forest fragments on the Univer-
sity of São Paulo (USP) campus in Ribeirão Preto. Six 
days later, 2 more howler monkeys were found dead. 
All tested positive for YFV at the Adolfo Lutz Insti-
tute (São Paulo).

Following Brazil’s Ministry of Health guidelines, 
we conducted entomovirologic surveillance after con-
firmation of human or epizootic cases to characterize  

We detected yellow fever virus by using quantitative 
PCR in Aedes albopictus mosquitoes and isolated the 
virus in C6/36 cells in 4 of 18 pools, including 118 spec-
imens collected in an urban green area in São Paulo 
State, Brazil. Additional monitoring to detect shifts in 
transmission of this species is warranted.
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the eco-epidemiologic context. During January 7–9, 
2025, four trained personnel collected adult mos-
quitoes by using hand nets and suction aspirators at 
ground level and from 10-m canopy platforms within 
forest fragments on the university campus during 9 
AM–4 PM. We cryopreserved samples in liquid nitro-
gen, sent them to the Pasteur Institute (São Paulo) for 
morphologic identification under cold conditions, and 
then pooled them by species. We tested 59 female pools 
(197 mosquitoes from 10 species of Aedini and Sabethi-
ni tribes) (Table) for YFV RNA by quantitative reverse 
transcription PCR (qRT-PCR) by using a broad-range 
flavivirus assay (7) and a YFV-specific assay (8).

Four pools tested positive for YFV and had high 
viral loads (cycle threshold [Ct] 19–22 for YFV pro-
tocol and 23–25 for pan-flavivirus protocol). We 
used Sanger sequencing to analyze all PCR products 
and confirmed YFV by using BLAST (https://blast.
ncbi.nlm.nih.gov/Blast.cgi). All positive pools con-
tained only nonengorged Ae. albopictus mosquitoes,  

collected at ground level with hand nets during Janu-
ary 8–9, 2025 (Table).

To further confirm the virus viability, we per-
formed virus isolation in a Biosafety Level 2 labora-
tory at the USP Institute of Tropical Medicine by us-
ing Ae. albopictus mosquito C6/36 cells (Figure, panel 
A). We cultured cells at 28°C in 5% CO2 in Leibovitz’s 
L-15 medium with 5% fetal bovine serum. We filtered 
YFV RNA–positive pool samples (the entire bodies of 
the insects homogenized in Hanks’ balanced salt solu-
tion; GIBCO-BRL, https://www.thermofisher.com) 
through 0.22-μm membranes and inoculated them 
(100 μL of the filtrate) onto confluent C6/36 mono-
layers in 24-well plates. After 1-hour adsorption, we 
added 1 mL medium with 2% fetal bovine serum, 
1% streptomycin, and amphotericin B. We incubated 
cultures 5 days and then conducted 2 passages (P2, 
P3). We performed daily microscopic monitoring for 
cytopathic effects. We tested supernatants from P1–
P3 for YFV RNA by using qRT-PCR. Virus isolation 
succeeded in all 4 pools. Pool B3693 showed early 
cytopathic effects at P1 (Figure, panel B) and had a 
lower YFV qRT-PCR Ct than the inoculum. The other 
3 pools were positive at P2 (Figure, panel C). We con-
firmed virus isolation by observing cytopathic effects 
and the decreasing Ct values during passages.

Previous detections of YFV RNA in this spe-
cies showed only low viral loads (Ct >35), and no 
virus was cultured (6). Our data suggest that Ae. 
albopictus mosquitoes played a central role in virus 
transmission among nonhuman primates at USP 
Ribeirão Preto, given its high detection rate (4 of 18 
pools), abundance (55.7% of specimens), low Hae-
magogus sp. mosquito density, and no YFV found in 
Sabethes albiprivus mosquitoes (11 pools), a known 
secondary vector (9).

 
Table. Nonengorged adult female mosquitoes collected in 
entomovirologic surveillance for yellow fever virus from an urban 
green area (University of São Paulo, Ribeirão Preto campus), 
São Paulo State, Brazil, January 7–9, 2025 

Species 
No. 

mosquitoes 
Pools 

analyzed 
Positive 

pools 
Aedes albopictus 118 18 4 
Ae. scapularis 25 12 0 
Ae. serratus 11 5 0 
Ae. terrens 2 2 0 
Culex (Culex) spp. 15 0 0 
Haemagogus leucocelaenus 2 2 0 
Limatus durhamii 2 2 0 
Psorophora ferox 3 3 0 
Sabethes albiprivus 30 11 0 
Sa. glaucodaemon 1 1 0 
Sa. gymnothorax 1 1 0 
Sabethes spp. 2 2 0 
Total 212 59 4 

 

Figure. Optical microscopic analysis of C6/36 cell culture infected by yellow fever virus in Aedes albopictus mosquitoes from an urban 
green area (University of São Paulo, Ribeirão Preto campus), São Paulo State, Brazil. A) Mock (uninfected control cells). B) Yellow fever 
virus isolated in passage 1, five days postinfection. C) YFV isolated in passage 2, ≈10 days postinfection. Original magnification × 40.
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The confirmed vector competence of Ae. albopic-
tus mosquitoes for YFV under experimental condi-
tions (10), combined with our findings, highlights its 
potential epidemiologic role at the sylvatic–urban in-
terface. Our findings also underscore the importance 
of enhancing entomological surveillance in urban 
green areas to detect shifts in transmission dynamics 
early and prevent the re-urbanization of yellow fever 
in Brazil.
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