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Detecting and assessing declines in elusive or rare 
species can be difficult. Early identification of 

populations in decline can help accelerate interven-
tion strategies and reduce the likelihood of genetic 
bottlenecks, population extirpation, and trophic dis-
turbances of ecologically important species (1). Snake 
fungal disease (SFD) is caused by the fungal patho-
gen Ophidiomyces ophidiicola and affects a broad range 
of snake species (2), causing skin lesions as the fun-
gus invades tissues, sometimes leading to impaired 
movement, anorexia, and even death (3). Research-
ers have documented population impacts from SFD 
in 2 snake species (4,5), but the extent of mortality 
across snake species is likely underestimated due to 
the cryptic nature of snakes. We describe a multiyear 
mortality event associated with SFD in a rare species, 
the rainbow snake (Farancia erytrogramma), in Virgin-
ia and North Carolina, USA.

In spring 2019, regional biologists from the 
Back Bay region of North Carolina and Virginia re-
ported 6 deceased rainbow snakes. In spring of 2020, 
we found an additional 6 snakes in the same area  
(Figure 1, panel A). After those events, we gath-
ered additional records of dead rainbow snakes 
(Appendix Table 1, https://wwwnc.cdc.gov/EID 

1These authors contributed equally to this article.

We report mortality in rainbow snakes in Virginia and 
North Carolina, USA, linked to snake fungal disease 
caused by Ophidiomyces ophidiicola. During 2013–
2023, we observed 46 dead rainbow snakes with le-
sions indicative of snake fungal disease, noted elevated 
disease severity compared with other species, and re-
corded fewer live snakes over time.
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article/31/11/25-0547-App1.pdf) from the region 
and began regular surveys and sampling of rainbow 
snakes and other species for O. ophidiicola in 2020–
2023 (Appendix).

We captured and swabbed snakes in accordance 
with previously published protocols (6) and used 

sterile procedures for disinfecting equipment (Ap-
pendix). We extracted DNA from and tested samples 
using quantitative PCR (qPCR) to determine the pres-
ence of O. ophidiicola, according to established meth-
ods (6,7). To quantify lesion severity for all live-cap-
tured snakes, we used an approach integrating snake 

Figure 1. Encounters with dead and live snakes over time from a study of a mortality event in rainbow snakes linked to SFD, United 
States. A) Map of locations where dead Farancia erytrogramma rainbow snakes were observed during 2013–2023. Exact locations 
were jittered to obscure sensitive habitat. B) Stacked bar plot showing dead rainbow snakes found per kilometer in the Back Bay region 
of Virginia and North Carolina. Dead snakes characterized based on strength of evidence that they died from SFD: suspected, snakes 
with characteristic SFD lesions in photographs but no screening for Ophidiomyces ophidiicola performed; presumptive, snakes with 
characteristic SFD lesions, detection of O. ophidiicola, but no necropsies performed; confirmed, snakes with characteristic SFD lesions, 
detection of O. ophidiicola, and characteristic histologic lesions confirmed through histology; O. ophidiicola detected, snakes with no 
apparent lesions but tested positive for O. ophidiicola; no lesions, snakes with no apparent lesions in photographs and not tested for O. 
ophidiicola; unknown, snakes with no photographs of the dorsal and ventral sides. C) Number of live rainbow snakes encountered in the 
field per kilometer of transect surveyed with an incorporated 20-coverboard array during 2020–2023 (n = 19; zero-inflated Poisson log-
scale year coefficient = −0.482 ± 0.226; p = 0.033) (Appendix Table 3, https://wwwnc.cdc.gov/EID/article/31/11/25-0547-App1.pdf). Total 
kilometers surveyed per year represented above survey data points. Color shading corresponds to mean infection severity (red is more 
severe than orange) during sampling event when the species was detected. Gray indicates sampling events without live rainbow snakes 
detected. SFD, snake fungal disease.
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size, lesion size, and lesion progression (Appendix 
Table 2, Figure 1).

All dead rainbow snakes screened by qPCR (n = 
9) were positive for O. ophidiicola and had skin lesions 
characteristic of SFD (Figure 1, panel B). Necropsies on 
a subsample (n = 6) indicated all snakes examined had 
lesions consistent with O. ophidiicola infection, includ-
ing thickening of the epidermis by eosinophilic necrot-
ic cellular debris containing fungal hyphae. Snakes also 
had invasion by hyphae in deeper tissue, including the 
dermis (6/6) (Appendix Figure 2, panel A), underlying 
skeletal muscle (3/6), and in oral and nasal epithelium 
and tooth pulp (1/6). We also observed hyphae or fi-

brin thrombi within blood vessels in the dermis (5/6). 
Most snakes (4/6) were in good body condition, had 
large amounts of fat, and showed no signs of other se-
rious pathologic processes. We considered SFD as the 
ultimate cause of death in all 6 snakes. 

We also examined the number of live rainbow 
snakes captured over time using sampling data from 
standardized surveys conducted in 2020–2023 to as-
sess preliminary trends while accounting for effort 
(Figure 1, panel C). We found a general decrease 
in the probability of detecting live rainbow snakes 
over time (log-scale year coefficient = −0.482 ± 0.226;  
p = 0.033) (Figure 1, panel C; Appendix Tables 3, 4).

Figure 2. Variation in Ophidiomyces ophidiicola infection among snake species from a study of a mortality event in rainbow snakes 
linked to snake fungal disease, United States. Sampling results during spring (January−June) in 2020–2023 in the Back Bay watershed 
in Virginia and North Carolina. Black circles and error bars indicate mean lesion severity with 95% CIs. A) Each colored point represents 
an individual snake sampled and whether it was positive (1) or negative (0) for O. ophidiicola. Data points are slightly jittered for 
visualization purposes. B) Summed lesion severity values accounting for lesion size, lesion progression, and proportion of snake 
affected (Appendix, https://wwwnc.cdc.gov/EID/article/31/11/25-0547-App1.pdf). Snakes without lesions were omitted. 



	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 31, No. 11, November 2025	 2193

RESEARCH LETTERS

A broader comparison of O. ophidiicola preva-
lence and severity of infection among other snakes 
in the community revealed that rainbow snakes 
were among the most infected species (Figure 2): 
O. ophidiicola prevalence was 80.1% (95% CI 62.5%–
92.5%), and  log10 lesion severity was −1.71 (95% 
CI −1.94 to  −1.50) (Appendix). Several other snake 
species also had notably high prevalence of O. 
ophidiicola and did not differ greatly from rainbow 
snakes (Figure 2, panel A) but were not found dead 
as part of the ongoing mortality event. Although 
live rainbow snakes were rare within the broader 
snake community (total live captures 16.4% [95% 
CI 11.3%–23%]; n = 25/153), they were dispropor-
tionately represented among dead snakes (87.5% 
[95% CI 52.9%–97.8%]; n = 7/8) found during the 
same period (2020–2023).

Observing wildlife mortality without obvious 
cause is rare and can indicate a more serious prob-
lem (8). We documented mortality of F. erytrogramma 
snakes using photographic, molecular, and histologic 
evidence, providing support that infection with O. 
ophidiicola are likely responsible. Rainbow snakes are 
considered a species of conservation concern, and al-
though mortality in the species appeared to be ongo-
ing as of 2023, the full extent of population declines 
remains uncertain.

O. ophidiicola was likely introduced to the Unit-
ed States in the early 1900s, although new (and pos-
sibly more virulent) strains have emerged recently 
(9). Increases in rainbow snake mortality could 
be the result of the introduction of more virulent 
strains of O. ophidiicola or shifts in environmental 
conditions since 2014 (10), but it is unclear why 
rainbow snakes appear particularly susceptible to 
infection (Figure 2). Nonetheless, the observed epi-
zootic from a pathogen that has existed in North 
America for decades suggests SFD remains a threat 
to snake populations, which are a critical ecologic 
component of many ecosystems. Further research 
on the potential effects of O. ophidiicola would help 
clarify the impacts and trends of this disease on 
snake populations. Our study highlights the poten-
tial impact of disease-causing fungi such as O. ophi-
diicola on unmonitored, cryptic snake species like 
the rainbow snake.
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Dengue virus (DENV) is transmitted primarily 
by Aedes aegypti mosquitoes and is the most 

widespread arbovirus globally (1). DENV is classi-
fied into 4 serotypes, DENV-1–4, each comprising 
several genotypes and lineages (2). Secondary in-
fection with a heterologous serotype can increase 
disease severity through antibody-dependent en-
hancement (3).

In Africa, DENV incidence has risen sharply 
(4). Although malaria remains the dominant febrile 
illness, climate change might be increasing suit-
ability for Aedes mosquito–borne arboviruses in the 
continent. In Angola, dengue became a notifiable 
disease in 2017. Molecular surveillance has previ-
ously confirmed the circulation of DENV-1 (2013) 
(5), and DENV-2 (2018) (6). In April 2024, four sus-
pected dengue cases in Luanda Province reported 
to Angola’s Ministry of Health prompted an out-
break investigation.

We tested a convenience sample of 136 febrile 
patients (median age 33.5 years, interquartile range 
[IQR] 13–39 years) who visited 3 clinics in Luanda 
Province during April–November 2024. We tested 
residual diagnostic samples for DENV, chikungunya 
virus (CHIKV), and Zika virus (ZIKV) by using real-
time reverse transcription PCR (Taqman Arbovirus 
Triplex Kit; Thermo Fisher Scientific, https://www.
thermofisher.com/us/en/home.html.html) at the 
National Institute for Health Research under Ango-
la’s National Arbovirus Surveillance program and in 
accordance with the National Ethics Committee of the 
Ministry of Health.

Of 136 samples, 16 (11.8%) were positive for 
DENV (Figure; Appendix Figure 1, https://wwwnc.
cdc.gov/EID/article/31/11/25-1079-App1.pdf). 
Median cycle threshold was 29.7 (IQR 26.9–32.1),  
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We detected dengue virus serotype 3 in 11.8% (16/136) 
of febrile patients in Luanda Province, Angola, during 
April and July 2024. Our genetic analyses reveal that 
dengue virus serotype 3 lineage III_B.3.2 probably was 
imported from the Americas into Angola in late 2022 and 
then spread through local transmission.


