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Abstract

Purpose of Review The aim of this study was to compile all cases of yellow fever (YF) recorded in the Guiana Shield (GS),
aregion located on the northeastern shore of South America.

Recent Findings Yellow fever causes several deaths in French Guiana during the last years. In this context, we wanted to
know if it was due to a lack of vaccination or a reemergence of YF as in Brazil and if it was the same trouble in the neigh-
borhood countries.

Summary People living in or returning from the GS with YF-compatible symptoms confirmed by reverse transcriptase polymer-
ase chain reaction between 1990 and 2022 were included. In French Guiana (FG), patients were identified through results from
the National Reference Center for Arboviruses at the Pasteur Institute in FG and hospital medical charts. For the other countries,
medical literature and the WHO database were reviewed. Public health and infectious diseases specialists were solicited to identify
unknown and unpublished cases. Nine patients were identified in the study period: five in FG, two in Venezuela, one in Suriname,
one in Brazil, including six autochthonous people, Guiana Shield native, and three tourists. The case fatality rate was 7/9 (78%)
within 8 days (range: 7-11 days). The M/F sex ratio was 6/3 (2). They had severe liver involvement progressing to multivisceral
failure in 89% of cases. Only the two native Amerindian patients in FG had previously benefited from a YF vaccination in child-
hood and/or for more than 10 years. In conclusion, the sylvatic cycle of the YF virus is likely to persist in this region. Absence of
vaccination or unknown immunization status was documented in most patients (78%). The mortality rate of this case series was
high thus highlighting the need to strengthen vaccination coverage for the population and travelers to the GS.

Keywords Yellow fever - Guiana Shield - French Guyana - Zoonosis - Arbovirus

Abbreviations SD standard deviation

ALT alanine aminotransferase YF yellow fever

AST aspartate aminotransferase

COVID-19 coronavirus disease 2019

FG French Guiana Introduction

GS Guiana Shied

LMICs low- and middle-income countries Yellow fever (YF) is the most severe arbovirus circulat-

SARS-CoV-2 severe acute respiratory syndrome corona- ing in Latin America [1]. The World Health Organization
virus 2 (WHO) reports about 200,000 annual cases and 30,000 YF-

RT-PCR reverse transcription polymerase chain related deaths worldwide, with 95% of these cases occur-
reaction ring in Africa [2]. YF is an RNA flavivirus that occurs in
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the intertropical regions of South America and Africa, and
is transmitted to humans by the bite of infected vectors:
Haemagogus sp. and Sabethes sp. participate in the sylvatic
cycle, while Aedes aegypti is part of the peri-urban cycle [3,
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4]. YF infection may cause severe acute disease with hemor-
rhagic hepatorenal syndrome. The enzootic YF scenario in
Latin America is very complex, and many of its ecological
and biological aspects are not yet fully understood. Inad-
equate entomological and animal surveillance, especially in
ecotones near urban areas, constitutes a risk to non-human
primates (NHP) and people [5].

An outbreak of YF occurred in Brazil (Sao Paulo, Minas
Gerais, Espiritu Santo, and Rio de Janeiro states), from
December 2016 to May 2018 causing 2154 confirmed cases
and 745 deaths, being the largest YF outbreak recorded in
Latin America [3, 6-8]. Afterwards, from 2018 to 2019, 12
confirmed human cases of YF including six deaths were
reported in the same region, and from July 2020 and June
2021, 9 cases were reported [9]. These epidemics occurred
in areas previously unaffected by YF, outside the Amazon
basin. At that time, those areas were not considered at risk
and no YF vaccine was required. YF has been the subject
of numerous WHO alerts on the web since 2008, each time
requiring the deployment of a massive vaccination campaign
to prevent the spread of the disease [7, 9, 10]. This disease
remains a public health problem. YF outbreak was recently
reported affecting 11 people in Monagas state, Venezuela in
September 2021, where the vaccination rate was only 11%
[5,9, 11].

Guiana Shield (GS) region, a geographical area located
in the extreme northeastern of South America that included
French Guiana (FG), may also be facing a resurgence of YF
cases. Between 1902 and 1998, no human case had been
reported in the GS; however, the outbreaks in Brazil and
repeated cases of YF in FG suggest a risk of YF to the peo-
ple that living in or traveling to GS. Therefore, the main
objective of this study was to identify and describe all YF
cases reported in the GS in the last three decades and to
assess the risks of YF spread in this region.

Methods
Study Design and Population

A descriptive, retrospective, multicentric study was con-
ducted. The study population was people living in or trave-
ling to the GS with YF-compatible symptoms (https:/www.
cdc.gov/yellowfever/) and had YF-molecular confirmation
by reverse transcription polymerase chain reaction (RT-
PCR) in blood or liver samples between January 1, 1990 and
December 31, 2022. The RT-PCR method was used accord-
ing to Weidmann et al. [12] published in 2010. It is specific
of YF and no other flavivirus, and it has been elaborated
from a common sequence between the African virus and the
South American one.

Study Sites

The GS is a region located on the extreme northeastern
of South America, covered by the Amazon rainforest and
including, from west to east, the Bolivar and Amazonas
states of eastern Venezuela, Guyana, Suriname, FG, and the
Brazilian states of Amapa and Paré (Fig. 1). In total, this
includes 10,567,000 inhabitants, for a total area of 840,000
km?. The climate is described as tropical, with a long rainy
season from May to August, then a long sunny season from
August to November, a little rainy season from December to
January, and a little sunny season from February to March
[13].

Inclusion Criteria, Case Definition, and Case Search

For FG, results from the National Arbovirus Reference
Center at the Pasteur Institute of FG were examined. Posi-
tive YF medical records concerned only Cayenne hospital.
Medical records of patients were studied, and demographic,
clinical, biological, and outcome variables were collected.
For FG and the other countries, a literature review was per-
formed in the web databases ProMED®, PubMed®, Google
Scholar®, and ScienceDirect® using the keywords South
America, yellow fever, outbreak, and animal reservoir in
English, French, Spanish, and Portuguese during the study
period. Several public health and infectious diseases spe-
cialists from countries in the study sites were solicited for
information on possible unpublished cases. The WHO list
of YF alerts published on the official WHO website was also
screened to be certain no cases were overlooked [14].

Data Collection and Analysis

Several variables such as age, sex, country of birth, coun-
try of current residence, concomitant infection with another
pathogen agent, presumed site of infection, duration before
admission, time to death, and YF vaccination status were
collected and analyzed. Continuous variables were summa-
rized by median, interquartile range, and range. Categorical
variables were summarized by frequency and percentage.
Statistical analysis was performed using Microsoft® Excel®
version 2019 (Microsoft, Redmond, WA, USA). All figure
and tables are original.

Results
During the study period, nine cases were identified in the

GS: five reported in FG (one in 1998, one in 2017, one
in 2018, and two in 2020); two linked to Venezuela, one
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Fig. 1 Map of the Guiana Shield, limited by the spotted dots
reported in a US traveler returning from Venezuela (1999) Discussion

and one autochthonous case in Bolivar state of Venezuela
(2019); one case reported in a Dutch traveler returning
from Suriname (2017); and one autochthonous case in
Amap4i (2021). All cases are summarized in Table 1 and
detailed in Supplementary Data 1.

Patient characteristics are presented in Tables 2 and
3. The median age was 40 years (range = 14-48; IQR
27-46). The M/F sex ratio was 2. 7/9 (78%) went to ICU.
The median duration between the symptoms onset and
admission was 5 days (range = 2—12). The median dura-
tion of intensive care unit (ICU) care was 5.5 days (range
= 4-7) and time to death was 8 days (range = 7-13). The
median diagnosis delay was 16 days (range = 6-60). There
were one Swiss citizen, one Venezuelan, one American,
and one Dutch. Three patients were Brazilian and worked
in the region as gold miners and two were French Amer-
indians of the Wayana ethnic group. One of them received
a liver transplant. Finally, 2/9 patients were vaccinated
against YF (22%) and 7/9 (78%) were considered unvac-
cinated (4/9 really unvaccinated and 3/9 unknown). The
median mortality rate was 7/9 (78%).

Almost half of the patients had proven co-infection with
another infectious agent: Plasmodium falciparum, SARS-
CoV-2, Escherichia coli, and Aspergillus sp. (Table 1). All
presented particularly severe forms, and all died. A summary
of the serological status of each of the patients (Table 4)
shows that the two vaccinated patients, case 1 and case 7,
did not have anti-YF IgG. Only case 8 had IgG. 5/7 patients
had positive IgM.

@ Springer

This study describes a case series of nine cases with YF in
the GS from 1990 to 2022. Most of the cases were described
in FG: one from Suriname (traveler), two from Venezuela,
and one from Amap4i (Brazil). No cases have been reported
in Guyana, and no autochthonous case in Suriname.

Case-Fatality Rate

With a 78% case-fatality rate, the results of the present
study differ significantly from other results in the literature
in South America [14, 15]. Indeed, pre-existing studies
mentioned a case-fatality rate of 20% in Africa and 33%
during the Brazilian epidemic [4, 16]. However, the small
number of patients included in this study and the severity of
their clinical state on arrival may affect the relevance of the
result obtained. Moreover, there is no systematic biological
research of YF against any undocumented infectious disease
case, so the real incidence may be underestimated, mainly
in FG wedged between countries that have recently experi-
enced epidemics.

Co-infections

In this case series, almost half of the patients had a co-infec-
tion with another pathogen. This differs sensibly from what
is described in the literature [17]. Co-infection with yellow
fever is rare, but has been described in the literature. Dengue
serotype 2 an YF co-infection was reported during the YF
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Table2 Continuous variables — ypiqple Median Quartile 25-75 Mini-
analysis for patient with —
Gutana Sield betwen 1990 maximum
and 2022 Age (years) 40 27-46 1448
Delay before hospitalization (days) 5 3-7 2-12
Delay before admission in ICU (days) 5.5 4.5-7 4-7
Delay until death (days) 8 7-11 7-13
Delay until diagnosis (days) 16 13.25-18 6-60

Table 3 Analysis of categorical variables of patients with confirmed
diagnosis of YF on the Guiana Shield between 1998 and 2021

N Percentage

Nationality

France 2 22%

Switzerland 1 11%

Brazil 3 33%

The Netherlands 1 11%

Venezuela 1 11%

American 1 11%
Gender

Female 3 33%

Male 6 66%
Medical history: survival 2/9 22%
Confirmed concomitant infection 4/9 44%
Confirmed alternative diagnosis 4/9 44%
Liver transplantation 1/9 11%
Vaccination 2/9 22%
Death 7/9 78%

Table4 Summary of positive PCRs and serologic statuses of differ-
ent patients

Sample type PCR IgM YF IgG
Case 1 Liver + + -
Case 2 Liver + - -
Case 3 Blood + + -
Case 4 Blood + + -
Case 5 Blood + + -
Case 6 Blood + Unknown Unknown
Case 7 Blood + - -
Case 8 Blood + + +
Case 9 Blood + Unknown Unknown

performed on YF virus circulation in primates in the GS,
it has previously been strongly associated with infection of
red howler monkeys (Alouatta seniculus) [28]. Monkeys are
particularly susceptible to the disease and act as a reservoir
[3]. Nevertheless, even though the virus is currently circu-
lating in forest habitats, anthropogenic activities increase

@ Springer

the risk of transmission. Deforestation, especially for agri-
culture and cattle grazing, is associated with the emergence
of YF outbreaks [27]. Host density is also a crucial factor
of transmission rates. These environmental changes, such
as immigration and economic development responsible for
increased population density, may create new foci of trans-
mission or new sources of zoonotic infections [27]. Finally,
during the global COVID-19 pandemic, many preventive
programs, such as YF vaccination, have been delayed for
several months. This disruption may participate in increas-
ing the risk of YF emergence [30, 31].

One track for the future would be the use of mosquitoes
infected with Wolbachia, as in the article by Utarini et al.
By infecting Ae. aegypti in Indonesia, they showed a decline
significant dengue-related infections and a decrease in hos-
pitalizations [32].

Vaccination Against YF Virus and Recommendations
on Vaccine and Therapeutic Strategies

In this case series, two patients were vaccinated, three were
not vaccinated, and four had an undetermined status. In FG,
where most cases were recorded, YF vaccination cover-
age was estimated at 95% (95% CI = 93.4-96.2) [33]. This
result was heterogeneous, with the lowest levels near the
border with Suriname [34, 35]. Moreover, the two vacci-
nated patients did not have IgG, reflecting a lack of vaccine
immunity. The first patient got YF 13 years after vaccination,
which was attributed to a poor antibody response, or an inad-
equate vaccine storage, breaking the thermostability chain,
or a deficient immune system. The second patient received
the vaccine before her second birthday, but never received
the recommended booster.

In 2013, WHO advocated that a single dose of vaccine
was sufficient for life, whereas vaccination was reviewed
every previous decade [36]. Justification for the absence of
booster dose in endemic areas is that immunity may be natu-
rally boosted as a result of exposure to the wild-type virus.
Nevertheless, data from the 2016 Brazilian epidemic do not
support this theory, where 3.24% (27/832) of YF patients
had already received vaccination less than 10 years earlier,
and 52% (432/832) had been vaccinated more than 10 years



Current Tropical Medicine Reports (2023) 10:138-145

143

earlier [37, 38]. Amanna and Slifka’s findings argue for a
loss of immunization: antiviral immunization might be lost
in 1-in-3 to 1-in-5 individuals within 5 to 10 years after a
single vaccination. Early vaccination during childhood may
be an increased risk for failure [39]. Thus, the booster dose,
although outside the recommendations, remains controver-
sial in immunocompromised individuals or immunocom-
petent subjects traveling 10 years after their first doses in
endemic areas [40, 41].

The Brazilian Ministry of Health has chosen to maintain
two doses of YF vaccine in the national calendar, whereas
the French health authorities adopted, according to the
Strategic Advisory Group of Experts on Immunization and
the amendments of the International Health Regulations in
February 2016, the use of a single dose of vaccine for resi-
dents and travelers [27]. This is even more relevant given the
shortage of YF vaccines during the 2016 epidemic, where
Brazilians were vaccinated with doses corresponding to 1/5
of the dose usually used, to allow sufficient vaccination cov-
erage. More generally, there is no common YF vaccination
strategy in the GS.

About the limitations of this study, only one hospital
reviewed case histories. We can also add that it relied only
on published cases, and even had to look for experts. The
nature of the study does not allow estimating mortality or
morbidity of the disease in GS, because only the serious
cases are published. Finally, we can affirm we have a prob-
lem of epidemiological surveillance for yellow fever.

Conclusions

With only 9 cases reported over the past 30 years, this series
of cases allows us to conclude that yellow fever remains a
rare disease on the GS. However, this raises some questions
about the actual incidence of the disease in the region and
whether to define a vaccination strategy to adopt: epidemio-
logical surveillance needs to be optimized in at-risk areas
such as where these cases occurred. Seroprevalence stud-
ies and cross-sectional studies in icterohemorrhagic febrile
syndrome are required. Due to the region’s economic devel-
opment and significant population movements and popula-
tion growth, particularly in FG, the risk remains real. We
remember YF outbreaks in Brazil and Venezuela. The fact
that 2 of 9 patients had received a single dose of vaccine is
a preoccupying finding questioning the current single dose
vaccination recommendation. The need for a vaccine booster
remains to be debated in further studies.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40475-023-00289-6.
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