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Yellow fever virus, transmitted by infected Aedes spp.
mosquitoes, causes an acute viral hemorrhagic disease.
During October 2021-February 2022, a yellow fever
outbreak in some communities in Ghana resulted in 70
confirmed cases with 35 deaths (case-fatality rate 50%).
The outbreak started in a predominantly unvaccinated
nomadic community in the Savannah region, from which
65% of the cases came. The molecular amplification
methods we used for diagnosis produced full-length DNA
sequences from 3 confirmed cases. Phylogenetic analysis
characterized the 3 sequences within West Africa genotype
II; strains shared a close homology with sequences from
Cote d’lvoire and Senegal. We deployed more sensitive
advanced molecular diagnostic techniques, which
enabled earlier detection, helped control spread, and
improved case management. We urge increased efforts
from health authorities to vaccinate vulnerable groups in
difficult-to-access areas and to educate the population
about potential risks for yellow fever infections.

ellow fever virus (YFV), transmitted by infected

Aedes spp. mosquitoes, causes a viral hemorrhagic
disease, typically acute, with case-fatality rates up to
50%. The disease remains a major public health prob-
lem, especially in West Africa, where outbreaks occur
every year. In Ghana, yellow fever outbreaks have
been observed in 5-year cycles over the past 20 years.
However, increased recorded incidence and death dur-
ing these outbreaks can be partially attributed to im-
proved diagnostic efforts from laboratory investigations.

Initial ~influenza-like signs and symptoms
from yellow fever typically improve within 5 days;
however, 15%-25% of infected persons progress to
complications, including liver damage, which increases
risk for bleeding and kidney problems (1). YFV (strain
Asibi), a mosquito-borne flavivirus, was first isolated
in 1927 from a patient in Ghana (2). Despite having an
effective vaccine, 17D strain, with >500 million doses
administered to humans (3), YFV infection remains
a public health threat in certain regions of the world
(1); ~1 billion persons are estimated to live in regions
endemic for yellow fever. In 2013 alone, YFV caused
~127,000 severe infections and 45,000 deaths globally
(1); #90% of deaths occur in Africa (4).

Yellow fever has been endemic in Ghana since
it was first documented (5). Major outbreaks have
occurred, notably in the 1970s and 1980s (6). One
recent outbreak, which occurred in the West Gonja
district in the Savannah region of Ghana in 2015,
resulted in 3 deaths from 12 confirmed cases (7).
Additional sporadic cases have been rumored or
confirmed since the 2015 outbreak.

Little is known about the genetic diversity and
evolutionary dynamics of YFV, mainly because few
genomic sequences from wild virus isolates have
been identified. For this outbreak investigation, we
aimed to use molecular assays to rapidly detect and
confirm or disprove presence of YFV among case-
patients. We also sought to characterize virus strains
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in clinical specimens from YFV-positive case-patients
from the most affected communities to discover the
molecular epidemiology of the outbreak within the
identified regions. The institutional review board of
the Noguchi Memorial Institute for Medical Research
(NMIMR) approved experimental protocols for
molecular detection of viral hemorrhagic fevers
(VHFs), including YFV (NMIMR-IRB-003/07-08).

The Ghana Health Service determined this epi-
demiologic surveillance and outbreak response as a
research activity not involving human subjects and
thus exempt from further ethics consideration. The
Naval Medical Research Center Institutional Review
Board Office of Research Administration (NAMRU3-
PJT-22-01) also determined this activity as non-hu-
man subjects research.

Materials and Methods

Setting and Study Design

Elevated yellow fever incidence during October 2021-
February 2022 led to an outbreak being declared in
Ghana. We collected clinical specimens of serum from
patients in health facilities in the outbreak areas, pre-
dominantly Damongo, Busunu, and Kawankura com-
munities in West Gonja district and Daboya and Kagbal
communities in North Gonja district, which constitute
2/6 districts of the Savannah region in Ghana (Figure
1). We collected additional specimens from health fa-
cilities in adjoining districts and regions, including
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Sawla-Tuna-Kalba district and Bono East region. We
submitted 188 clinical specimens from patients with
suspected YFV to NMIMR for molecular diagnosis.
Nucleic acid amplification testing of the specimens
confirmed 70 yellow fever cases from communities in
4 regions (Savannah, Upper West, Bono, and Oti) in
northern Ghana. Because of 35 recorded deaths and a
case-fatality ratio of 50%, public health interventions
were swiftly initiated among the nomadic populations
most affected. Those populations live in forested areas,
including in the immediate vicinity of a forest reserve
in the Savannah region. We placed all patients with
suspected yellow fever based on case definitions in
isolation or holding rooms and used requisite infection
prevention and control precautions to manage cases.
Public health and laboratory staff using appropriate
personal protective equipment collected clinical speci-
mens and recorded demographic and health history
information, including age, sex, travel history, vacci-
nation status, date of hospital admission, and residen-
tial location. We sent the 188 clinical specimens taken
during the outbreak period to laboratories for further
investigation, including characterizing virus strains.
Age range of case-patients was 4 months to 70 years;
most exhibited signs/symptoms such as body pain, fe-
ver, abdominal pain, vomiting, jaundice, and bleeding
from the gums. Slightly more case-patients were male
(54%) than female (46%).

Background Observations

Figure 1. Distribution of suspected
yellow fever cases among the

16 regions of Ghana, January
2021-February 2022. Callout map
at left shows the high-incidence
Savannah region containing 2
districts, North and West Gonja,
that had the highest numbers of
cases among the 6 districts in

the region. Map created using
QGIS version 3.26.1-Buenos Aires
(https://qgis.org); Ghana boundary
coordinates obtained from the
Ghana Statistical Service.
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An activity for passive surveillance of VHFs, estab-
lished in 2016 in response to the 2014-2016 Ebola vi-
rus disease outbreak in some West Africa countries,
provided routine reports on suspected yellow fever
cases submitted from health facilities (§). From that
surveillance activity, 12 suspected cases were re-
ported, and the patients were screened. All 12 reports
were submitted during February-September 2021,
before the YFV outbreak began, and patients tested
negative for all VHFs on the panel of viruses (Table
1): Ebola, Marburg, Lassa, dengue, chikungunya, and
yellow fever (Figure 2).

Real-Time Reverse Transcription PCR Assays

We extracted viral nucleic acid from 140 uL of serum
using the QIAamp viral RNA kit (QIAGEN, https://
www.qiagen.com). We performed all PCR assays in
25 uL of Master Mix with 2.5 uLL or 5 uL nucleic acid
extract as a template (Table 1). We used real-time re-
verse transcription PCR (rRT-PCR) for Lassa virus (9),
YFV (10), and filoviruses including Ebola and Marburg
viruses (10,11) and a Trioplex rRT-PCR (12) for quali-
tative detection and differentiation of dengue, chikun-
gunya, and Zika virus RNA in the clinical specimens
taken from the suspected case-patients. We performed
amplifications using the Applied Biosystems 7500
Fast/Standard Dx Real-Time PCR instrument (Ther-
moFisher Scientific, https:/ / www.thermofisher.com).

Trioplex rRT-PCR

The Trioplex assay, designed for research purposes
only (12), was created to test simultaneously for the
presence of dengue, chikungunya, and Zika viruses

using primers and dual-labeled probes and a reverse
transcription step to produce copy DNA (cDNA) from
RNA in the sample. The probe binds to the target DNA
between the 2 unlabeled PCR primers. During the PCR
extension process, the polymerase extends the unla-
beled primers using the template strand as a guide. The
rRT-PCR instrumentation detects fluorescence; with
each successive PCR cycle, fluorescence increases in
proportion to the amount of target nucleic acid present.
This assay identifies Zika, chikungunya, and dengue
virus RNA during the acute phase of infection and up
to 14 days after onset of signs/symptoms (12).

Whole Genome Sequencing

We prepared sequencing libraries using Illumina
DNA prep with enrichment (Illumina, https:/ /www.
illumina.com), according to the manufacturer’s in-
structions. We performed viral enrichment using cus-
tom target capture probes (Twist Bioscience, https://
www.twistbioscience.com). We fragmented the ex-
tracted RNA, spiked it with mosquito RNA, and
reverse-transcribed it to cDNA. We achieved dual
indexing of cDNA libraries using IDT unique dual in-
dexes (Integrated DNA Technologies, https:/ /www.
idtdna.com). We enriched libraries by using the 1-plex
pooling strategy following a protocol described else-
where (13). We sequenced barcoded pooled libraries
on an [llumina MiSeq with version 3 reagent Kkits.

Sequence Analysis

We quality filtered demultiplexed raw fastq files
to Phred scores =20, filtered them for minimum
read length of 20 bp, and adaptor trimmed them

Table 1. Details of PCR testing and sequence analysis from study of yellow fever in Ghana, 2021-2022*

Amplicon
Virus Reagent kit Cycles Primer sequences, 5' —> 3’ Target gene  length, bp
Lassa QIAGEN 45 36E2:ACCGGGGATCCTAGGCATTT 5'UTR/GPC 320
virus OneStep RT- LVS-339-rev:GTTCTTTGTGCAGGAMAGGGGCATKGTCAT
PCR
YFV QIAGEN/Ambion 45 RF:AAATCCTGKGTGCTAATTGAGGTGYATTGG
OneStep rRT- RR:ACATDWTCTGGTCARTTCTCTGCTAATCGC
PCR RProbe:
gCAAATCgAgTTgCTAggCAATAAACACATT[BHQATIg[THF]A
[FAMdT] TAATTTTRATCQTTC -Ph
Filovirus QIAGEN Filo 45 FiloA2.2.AAGCCTTTCCTAGCAACATGATGGT L 290
OneStep RT- FiloA2.3:AAGCATTCCCTAGCAACATGATGGT
PCR FiloA2.4:AAGCATTTCCTAGCAATATGATGGT
FiloA2.4:AAGCATTTCCTAGCAATATGATGGT
Filo B-Ra:GTGAGGAGGGCTATAAAAGTCACTGACATG
Trioplex (712)
Dengue Invitrogen 45 NA C 171
CHIKV Superscript 111 E1 208
Zika Platinum NS5 209
OneStep qRT-
PCR

*QIAGEN, http://www.giagen.com; Invitrogen, Thermo Fisher, https://www.thermofisher.com. CHIKV, chikungunya virus; RT-PCR, reverse transcription

PCR; qRT-PCR, quantitative RT-PCR; YFV, yellow fever virus.
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using BBDuk (decontamination wusing kmers;
https:/ /sourceforge.net/ projects/bbmap). We con-
firmed read quality using FastQC tool (https://
sourceforge.net/ projects/fastqc.mirror). We used
the resultant high-quality reads for de novo as-
sembly using the SPAdes assembler version
3.15.2 (https://github.com/ablab/spades) (14).
We used the largest contig from the de novo as-
sembly to query the nonredundant nucleotide
database (GenBank) to obtain the best matching
reference sequence. We employed the retrieved
reference for reference-based assembly using Bow-
tie2 (https://bowtie-bio.sourceforge.net/bowtie2/
index.shtml) (15). To make a consensus call, we re-
quired >3 times read-depth coverage; we treated
positions lacking this depth of coverage as missing
(labeled N).

Phylogenetic Analysis

We submitted consensus sequences from the fi-
nal assemblies to the Genome Detective virus tool
(https:/ /www.genomedetective.com) for genotyp-
ing. For phylogenetic analysis, we selected complete
genomes covering the 4 major YFV genotypes in ad-
dition to our strains. We conducted genome align-
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ment using MUSCLE (https://www.ebi.ac.uk/
Tools/msa/muscle) and phylogenetic construction
using MEGAX software (16,17). To correct for the
effects of ambiguous alignments because of poly-
morphisms in the 5" and 3" untranslated regions, we
trimmed the sequences to the open reading frames
(ORFs) and conducted all subsequent phylogenetic
analyses on the ORFs. We conducted maximum
likelihood phylogenetic analysis on the sequences
using the generalized time reversible plus gamma
distribution substitution model, which was inferred
as the best fit model for the data in MEGAX. We as-
certained the robustness of each node of the phylo-
genetic tree using the bootstrap method with 1,000
replicates. We used FigTree version 1.4.4 (http://
tree.bio.ed.ac.uk/software/figtree) for tree visual-
ization and annotation.

Accession Numbers

We attempted to sequence all PCR-confirmed positive
samples from the outbreak. However, only 3 positive
samples yielded DNA sequencing data of sufficiently
good quality to be sequenced on the [llumina next-gen-
eration sequencing platform. We deposited those se-
quences into GenBank (accession nos. OM066735-37).
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Results
The outbreak lasted from mid-October 2021 through the
first week of February 2022; a total of 188 clinical speci-
mens of whole blood serum or plasma were submitted
for testing within that period. We submitted one half-
portion of each sample from suspected case-patients
within the identified outbreak regions (Figure 1) to
the virology department of NMIMR, a World Health
Organization-recognized laboratory, for molecular
confirmation of yellow fever (18). We sent the other
half-portion to the National Public Health Reference
Laboratory (NPHRL) in Accra, Ghana, for serologic test-
ing for YFV IgM. After ruling out dengue, West Nile,
and Zika viral infections by differential diagnosis (18),
YFV-positive samples were forwarded to the WHO-des-
ignated regional reference laboratory in Dakar, Senegal.
We determined suspected yellow fever cases on the
basis of location in high-incidence regions and signs/
symptoms associated with YFV infection: muscle and
joint pain, abdominal pain, difficulty swallowing,
difficulty breathing, hiccups, loss of appetite, skin rash,
anorexia, myalgia, dizziness, malaise, agitation, swollen
buttocks, convulsion, chills, runny nose, chest pain,
cough, and lethargy. Yellow fever was less common in
the Central, Greater Accra, and Western regions than
the Savannah region (odds ratio [OR] 0.08, 95% CI 0.01-
0.63) (Table 2) and more common among persons who
exhibited signs/symptoms (OR 2.03, 95% CI 1.11-3.71;
p = 0.022) (Table 2) than those who did not. During the
outbreak, we observed the highest number of confirmed
cases in November 2021 (Figure 2).

Demographic and Virologic Findings
We performed Trioplex screening for qualitative
detection and differentiation of dengue, chikungu-

Table 2. Distributions of patient sex, region, and signs/symptoms
in study of yellow fever in Ghana, 2021-2022

Characteristics Odds ratio (95% ClI) p value

Sex
M Referent 0.079
F 0.58 (0.31-1.07)

Region
Savannah Referent 0.024
Central, Greater Accra, 0.08 (0.01-0.63)

Western
Upper East, Upper West, 0.53 (0.23-1.23)

Northern, North East
Ashanti, Bono East

Signs/symptoms
Fever 1.68 (0.75-3.75) 0.207
Jaundice 0.6 (0.1-3.75) 0.584
Hemorrhage 3.17 (0.89-11.24) 0.074
Other* 2.03 (1.11-3.71) 0.022

*Muscle and joint pain, abdominal pain, difficulty swallowing, difficulty
breathing, hiccups, loss of appetite, skin rash, anorexia, myalgia, dizziness,
malaise, agitation, swollen buttocks, convulsions, chills, runny nose, chest
pain, cough, and lethargy
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nya, and Zika viruses and RT-PCR testing for other
VHFs existing in the regions, including Lassa, Ebola,
and Marburg; all samples tested negative for those
viruses. However, rRT-PCR testing confirmed yel-
low fever (Table 1) in 70/188 (37%) patients, 64% of
whom were male (Table 3). Age range of all patients
was 4-24 years; mean age was 7 years for YFV-neg-
ative and 11 years for YFV-positive patients (Table
3). Health facilities in 10/16 regions in Ghana, in the
coastal (Central, Greater Accra, and Western), mid-
lands (Ashanti and Bono East), and northern (Upper
East, Upper West, Northern, and Northeast) areas of
the country and in the Savannah region, submitted
suspected cases for testing (Figure 1). The highest
percentage of total (65%), positive (84%), and negative
(57%) samples submitted came from the Savannah re-
gion (Table 3). Results from the Savannah region, in
northwest Ghana, showed a statistically significant
higher association with yellow fever relative to other
regions, including >2 times as many cases as from
other northern regions combined. Calculating per-
centages of the signs/symptoms of patients screened
(Table 3) indicated fever, jaundice, and hemorrhage
were the predominate clinical signs among both YFV-
negative and -positive patients, although the absolute
numbers were not statistically significant.

Sequence Analysis and Phylogeny

The Genome Detective virus tool grouped all 3 Gha-
na yellow fever strains within West Africa genotype
II. Complete ORF maximum-likelihood phylogeny
showed the 3 yellow fever strains from the outbreak
area in Ghana to be closely related to each other and
to sequences from Senegal and Cote d’Ivoire (Figure
3). Those sequences all clustered within West Africa
genotype 11, which is less heterogeneous than the oth-
er 8 known West Africa genotypes (19).

Discussion
The October 2021-February 2022 yellow fever outbreak
in parts of Ghana renewed calls and highlighted the
need for timely laboratory confirmation of suspected
yellow fever cases as an essential part of effective re-
sponses. The greater sensitivity of advanced molecular
diagnostic techniques deployed for laboratory testing
during outbreak investigations distinguished those
methods from previous serologic assays. The improved
performance of those diagnostic techniques enabled us
to characterize the circulating outbreak strains and de-
posit yellow fever strains from Ghana with GenBank.
Initial outbreak cases were identified at the West
Gonja District Hospital in the West Gonja municipality
of the Savannah region. Three index case-patients from

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 29, No. 9, September 2023



Yellow Fever Outbreak, Ghana

Table 3. Demographics and signs/symptoms of patients in study of yellow fever in Ghana, 2021-2022

Yellow fever test results

Variable Negative, n = 118 Positive, n = 70 p value
Sex 0.078
M 58 (50.4) 44 (63.8)
F 57 (49.6) 25 (36.2)
Median age, y (interquartile range) 7 (4-19) 11 (4-23.5) 0.172
Region
Central, Greater Accra, Western 14 (12.2) 1(1.4) <0.001
Ashanti, Bono East 15 (13.0) 0
Savannah 65 (56.5) 58 (84.1)
Upper East, Upper West, Northern, North East 21(18.3) 10 (14.5)
Unknown 3 1
Signs/symptoms
Fever 62/88 (70.5) 44/55 (70.0) 0.205
Jaundice 3/47 (6.4) 2/51 (3.9) 0.58
Hemorrhage 4/118 (3.4) 7/70 (10.0) 0.062
Othert 39/118 (33.1) 35/70 (50.0) 0.021

*Values are no. (%) except as indicated.

TMuscle and joint pain, abdominal pain, difficulty swallowing, difficulty breathing, hiccups, loss of appetite, skin rash, anorexia, myalgia, dizziness,
malaise, agitation, swollen buttocks, convulsions, chills, runny nose, chest pain, cough, and lethargy

adjoining localities spent an average of 3 days in the
hospital and died before their clinical specimens could
be tested and results released. In addition to necessary
laboratory confirmation, final determination of yellow
fever diagnosis must be made on a case-by-case basis,
in the context of clinical manifestations, epidemiology,
and vaccination history (18,19). Early identification and
diagnosis, leading to prompt response, are essential
for successfully controlling communicable disease
outbreaks and ensuring global health security.

Implementing the Global Health Security agenda
(20) developed by health and allied ministries in Ghana
has enhanced capacity for outbreak response. Improving
advanced laboratory testing capacity and establishing
an advanced-level field epidemiology training program
were among other core components contributing to
quicker response time, reduced illness and death, and
controlled risk of spread. Diagnostic specificity was
ensured because the molecular methods deployed in
our laboratory investigations minimized false-positive
test results by targeting the specific molecule of interest.
In addition, turnaround times are shorter for molecular
diagnostic methods than for serologic testing, decreasing
time from specimen receipt to test result reporting.

In disease-endemic areas, outbreaks provide historic
patterns or trends to help guide health workers make
preliminary diagnoses and begin case management
before final diagnoses are laboratory confirmed. The
yellow fever outbreak documented in our study began
in the Savannah region of Ghana, which also recorded
the highest numbers of confirmed cases (70) and 35
deaths (case-fatality rate 50%). In retrospect, analysis
of 2011 and 2015-2016 surveillance data on confirmed
yellow fever in the region indicated a 5-year cycle of
occurrence (21). A 2011 outbreak of yellow fever began in
November in the Northern region (since delineated into
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Savannah and Northern regions) and by February 2012
had spread to 10 additional regions and led to 7 deaths
(21). In comparison, the 2021-2022 outbreak recorded
the worst death counts and rates over the intervening
period. That greater severity might be because initial
cases occurred among Fulani, pastoral nomads who
move about in remote settlements and have substantial
populations of unvaccinated youth (22).

In accordance with the standard algorithm for
viral detection and means of differential diagnosis,
we used RT-PCRs developed for VHF-associated
viruses (10,11) and multiplex assays (12). All 188
clinical specimens of serum or plasma received from
the health facilities during the outbreak, in addition
to the 12 received before the onset of the outbreak,
were screened and tested negative for Lassa fever,
Ebola, Marburg, dengue, chikungunya, and Zika
viral infections. Those findings are consistent with a
previous study in which we established that overall
VHF incidence is low in Ghana and contributes
little to hospital-identified morbidity (23). However,
although yellow fever is classified as a VHF, low
incidence does not extend to that disease, which is
known to be endemic in Ghana.

Using an RT-PCR assay developed to detect YFV
RNA, we confirmed that 70/188 suspected case-
samples submitted to NMIMR during the 2021-2022
outbreak were positive for yellow fever (10). More than
half (102/188, 64%) of the samples received during the
outbreak were from male patients. Combined with the
median age of 11 years (Table 2), that finding suggests
that the outbreak affected younger and working-aged
men and boys engaged in nomadic pastoral lifestyles
more than other demographic groups. This observation
corroborates findings made in farming communities in
other parts of Africa under similar outbreak conditions

1823
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(24). Because persons seeking healthcare, especially
during outbreak conditions, tend to be more severely
affected, the actual number of persons with yellow
fever was likely higher than the number for whom
we submitted samples to NMIMR for testing; persons
with cases of subclinical or mildly symptomatic yellow
fever might not have been sampled, so cases might
have gone undetected. Reflecting the iceberg concept,
which indicates that for each detected case there is
considerable potential for many more undetected
infections, it has been estimated that 1 severe case
of yellow fever might represent an additional 3-20
asymptomatic or mild infections (25).

The highest percentages of clinical specimens — total
(65%), positive (84%), and negative (57%)—came from
the Savannah region (Table 3), which had case numbers
>2 times those recorded from the other northern
regions combined. That finding supports the assertion

[l Ghana strains
[l West African genotype
[ South American genotype II

[ South American genotype I
[ East Africa genotype

\ 100

that the yellow fever outbreak started and peaked in
the region. Past outbreaks in the region have occurred
during the dry season months, October-February, as
did the 2021-2022 outbreak. Water stored in containers
around households provides habitat for mosquitoes
and might increase their populations. In addition, an
upsurge in farming activities during those periods in
preparation for the rainy season might have led to more
frequent exposure to mosquito vectors in remote areas.
However, mosquito species trapped during outbreak
investigations, including Aedes aegypti aegypti (2%), Ae.
aegypti formosus (39%), and Culex spp. (58%), tested
negative for YFV. This finding suggests either low virus
density in the mosquito population sampled or the
contribution of forest-dwelling mosquito species that
mediate vector infection rates in sylvatic outbreaks.
Yellow fever was commonly detected among
symptomatic persons, including those exhibiting
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Figure 3. Phylogenetic analysis of yellow fever virus sequences from 3 confirmed cases in Ghana during January 2021-February 2022
(red text) compared with reference sequences obtained from GenBank in January 2022 (identified by GenBank accession number and
country of origin).). Virus genotypes are indicated with different color nodes on the tree. Some branches with low support values were
collapsed for clarity of presentation. Scale bar indicates substitution per site.
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hemorrhage. Calculated percentages of patients
screened indicated that fever, hemorrhage, and
other signs/symptoms were predominantly
observed for both negative and positive patients,
although we found no statistically significant
association between signs/symptoms and yellow
fever detection (Table 3). Yellow fever is classified a
VHEF because of shared signs/symptoms with other
VHFs, aside from fever among some. Patients with
yellow fever often initially exhibit fever and general
malaise, signs/symptoms common in other tropical
diseases, including malaria and typhoid. Those
similar manifestations make differentiating VHFs,
including yellow fever, from other tropical diseases
more difficult but vital for proper management and
to curtail spread.

The sequences generated from this outbreak
investigation clustered among sequences known
in literature and documented to be circulating in
Ghana. Phylogenetic analysis revealed some close
homology among the sequences from yellow fever-
positive patient samples. Although the strains
circulated in different outbreak communities, they
were closely related to each other and to strains
circulating in Senegal and Cote d’Ivoire; the strains
all clustered within West Africa genotype II. Seven
YFV genotypes have been described (26-30), 2 in
South America and 5 in Africa, namely West Africa
genotype I (Nigeria, Cameroon, and Gabon), West
Africa genotype II (Senegal, Guinea, Ivory Coast, and
Ghana), East and Central Africa genotype (Sudan,
Ethiopia, Central African Republic, and Democratic
Republic of Congo), East Africa genotype (Kenya),
and Angola genotype (Angola). Less homogeneous
outbreaks of yellow fever have been documented
within areas of endemicity (21). Sequences of the 2
West Africa genotypes dominate in outbreaks for
reasons possibly attributable to genetic variability
that might affect the virulence of the virus. Sequences
belonging to West Africa genotype 1 show more
heterogeneity than West Africa Il and East/Central
Africa genotypes (26), which could indicate stronger
evolutionary activity.

In conclusion, in this yellow fever outbreak
in Ghana, a more sensitive pathogen detection
approach  during our laboratory outbreak
investigations enabled us to reduce time between
the outbreak and when first cases were detected,
which proved useful for reducing time between
when the first cases were detected after the actual
beginning of the outbreak and subsequent initiation
of disease control interventions leading to more
effective disease management. Rapid response is
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an essential component in successfully controlling
infectious disease outbreaks and ensuring global
health security interests. Moreover, identifying
full-length sequences of 3 confirmed YFV strains
provided vital genomic surveillance information
about circulating strains and potential risks. On
the basis of our findings, we urge increased efforts
from health authorities to educate and vaccinate
vulnerable groups in difficult-to-access areas to
reduce potential risks for yellow fever infections.
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