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Abstract
Background Rift Valley fever (RVF) is a zoonotic viral disease of increasing intensity among humans in Africa and the 
Arabian Peninsula. In Uganda, cases reported prior to 2016 were mild or not fully documented. We report in this paper 
on the severe morbidity and hospital-based mortality of human cases in Uganda.

Methods Between November 2017 and March 2020 human cases reported to the Uganda Virus Research Institute 
(UVRI) were confirmed by polymerase chain reaction (PCR). Ethical and regulatory approvals were obtained to enrol 
survivors into a one-year follow-up study. Data were collected on socio-demographics, medical history, laboratory 
tests, potential risk factors, and analysed using Stata software.

Results Overall, 40 cases were confirmed with acute RVF during this period. Cases were not geographically clustered 
and nearly all were male (39/40; 98%), median age 32 (range 11–63). The median definitive diagnosis time was 7 
days and a delay of three days between presumptive and definitive diagnosis. Most patients (31/40; 78%) presented 
with fever and bleeding at case detection. Twenty-eight (70%) cases were hospitalised, out of whom 18 (64%) died. 
Mortality was highest among admissions in regional referral (11/16; 69%) and district (4/5; 80%) hospitals, hospitalized 
patients with bleeding at case detection (17/27; 63%), and patients older than 44 years (9/9; 100%). Survivors mostly 
manifested a mild gastro-intestinal syndrome with nausea (83%), anorexia (75%), vomiting (75%), abdominal pain 
(50%), and diarrhoea (42%), and prolonged symptoms of severe disease including jaundice (67%), visual difficulties 
(67%), epistaxis (50%), haemoptysis (42%), and dysentery (25%). Symptom duration varied between two to 120 days.

Conclusion RVF is associated with high hospital-based mortality, severe and prolonged morbidity among humans 
that present to the health care system and are confirmed by PCR. One-health composite interventions should be 
developed to improve environmental and livestock surveillance, prevent infections, promptly detect outbreaks, and 
improve patient outcomes.
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Background
Rift Valley fever (RVF) is caused by the Rift Valley 
fever virus (RVFV) which is an enveloped phlebo-
virus that infects animals and humans [1] causing a 
spectrum of disease manifestations. Before 2000, out-
breaks were infrequent and cases were mostly mild, 
but over the last two decades the disease has occurred 
with increased intensity. Cases characterised by hepa-
titis, blindness, abortions, encephalitis, haemorrhage, 
renal failure, and death are increasingly reported [2]. 
Between 1931 and 1974 a single fatal case of RVF was 
reported in humans [3]. In 2015, a systematic review 
by Nanyingi et al. reported a mortality of 0.3 to 5.9% 
between 1975 and 1999, and 27.7–44.7% between 
2000 and 2012 [4]. In Uganda, the virus was first iso-
lated from mosquitoes in 1944 [5] and human field 
outbreaks were first reported between 1960 and 1968 
when 16 cases from three outbreaks were diagnosed 
from villages near the then Yellow Fever Research 
Institute in Entebbe, currently the Uganda Virus 
Research Institute (UVRI) [6]. For nearly 50 years till 
2016, there were no cases reported in the country. In 
2016, an outbreak involving three people occurred in 
the South-Western district of Kabale, and in all these 
outbreaks no human mortality was reported [7]. Since 
2017 the country has experienced several outbreaks 
of RVF in humans. Cases have been reported as pre-
senting with the general febrile/flu-like, gastrointes-
tinal, and haemorrhagic symptoms and a case fatality 
rate of 42%, however, there was no data on hospitali-
sation, duration of symptoms, where and in whom the 
mortality occurred, thus difficult to fully evaluate the 
intensity of the disease [8]. In this paper, we provide 
detailed information on the hospital-based mortality, 
prolonged and severe morbidity, and long-term recov-
ery of survivors from RVF in Uganda.

Methods
Study design and settings
This study collected cross-sectional and prospective 
cohort data from patients. Between November 2017 
and March 2020, alerts of human cases of febrile ill-
ness were reported to the Uganda Ministry of Health 
from several health facilities and districts in Uganda 
[9]. Using the national case definition for RVF (Addi-
tional file 1) [10], cases were identified by the National 
Rapid Response Teams (NRRT) and UVRI. This study 
report is limited to March 2020 when recruitment 
to the long-term follow up study was stopped due to 
cost, yet more cases (not included in this report) have 
been documented beyond this date. We defined severe 
morbidity based on whether the patient’s condition 
required hospitalisation [11].

Collection of UVRI and NRRT surveillance data
Blood specimens were obtained from suspected cases 
by the health workers or the UVRI surveillance team 
and sent to the UVRI for laboratory confirmation. 
The UVRI is the national reference laboratory for the 
diagnosis of viral haemorrhagic fevers (VHFs). The 
specimens were tested for VHF viruses using Enzyme 
Linked Immunosorbent Assay Immunoglobulin M 
(ELISA IgM), ELISA IgG, and polymerase chain reac-
tion (PCR) tests and found to be positive only for RVF. 
ELISA IgM/IgG and PCR tests were conducted as 
previously described and adapted for RVF in human 
samples [12, 13]. Briefly, for RVF IgG testing, 96-well 
Microtiter plates (Thermo Electron Corporation, Mil-
ford, MA) were coated overnight at 4oC with an RVF 
antigen in the upper half and a mock antigen in the 
lower half, followed by addition of heat and detergent 
inactivated human sera prediluted to 1:100, 1:400, 
1:1600 and 1:6400, including the negative and positive 
controls. Plates were incubated for 1 h in a humidified 
chamber at 37oC, washed 3 times with 250  µl of buf-
fer (PBS containing 0.1% Tween-20 v/v), and 100 µl of 
a mouse anti-human IgG (Accurate Chemicals, NY, 
USA) in a 1:1000 dilution added with further incuba-
tion for 1  h at 37  °C. Plates were washed, incubated 
for 30  min at 37  °C with 100 µL/well of 2,2′-azino-
bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) 
substrate (KPL, Gaithersburg, MD), and read spec-
trophotometrically at 490  nm. A sum optical density 
(ODSum) for each test serum was obtained by adding 
the differences between the OD values of the control 
antigen-coated wells from their corresponding RVF-
antigen-coated wells. A positive diagnosis for RVF IgG 
in the respective test serum was scored if its ODSum 
was ≥ 1.00.

For IgM testing, procedures such as sample and 
reagent volumes, washing and incubation steps, were 
performed as for the IgG testing procedure above, 
except in this case, plates were precoated with a goat 
anti-human IgM capture antibody (Sera care Life Sci-
ences, MA, USA), followed by an overnight incuba-
tion at 4oC, before the addition of human sera, positive 
and negative control samples (also prediluted as in the 
case of IgG testing above). After a 1-hour incubation 
period at 37oC in a humidified chamber, and a wash-
ing step, an RVF antigen was added in the upper part 
of the plate and a mock antigen in the lower part, 
which was then followed by the addition of a mouse 
anti-human RVF IgM antibody (Thermo Scientific, IL, 
USA) followed by the ABTS substrate (KPL, Gaithers-
burg, MD) and read spectrophotometrically at 490 nm. 
Unlike for IgG, positive IgM samples were those with 
ODSum ≥ 0.45.
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Quantitative real time PCR (qrtPCR) was conducted 
as previously described [7, 13]. In summary, viral RNA 
was isolated using MagMax magnetic bead kit (Life 
Technologies, Carlsbad, CA) according to the manu-
facturers protocol. qrtPCR was conducted with estab-
lished primer and probe sets for the RVFV L segment.

The UVRI and NRRT collected information on 
socio-demographics such as age, sex, residence (dis-
trict, subcounty, parish, village), and occupation; 
medical data on symptoms, dates of (illness onset, 
case report, laboratory specimen reception, and test-
ing), hospitalisation, disease outcome (alive or died), 
and laboratory test results; and risk of contact with 
livestock. The case record lists from the UVRI and 
NRRT were merged for the period between Novem-
ber 2017 and March 2020. Survivors were contacted 
after full recovery from the acute illness, consented, 
and enrolled into a 1-year follow-up study at the MRC/
UVRI and LSHTM Uganda Research Unit clinic in 
Masaka, Southwestern Uganda.

Enrolment and follow up of survivors
At enrolment participant demographics, exposure to 
RVF risk factors, medical history and physical exami-
nation, blood specimens for full blood count (FBC) and 
liver function tests (LFTs), serum, plasma, and periph-
eral blood mononuclear cells (PBMCs) were obtained. 
Participants were followed monthly to obtain clinical 
information, whereas FBC, LFTs, serum, plasma and 
PBMCs were done every three months.

Study data were captured on case record forms and 
entered into OpenClinica database. The data from the 
combined UVRI/NRRT log was further merged with 
the data from the OpenClinica database. Data were 
analyzed using Stata statistical software version 17.0. 
We excluded patients with positive anti-RVF IgG and 
negative IgM or PCR results. Time to ascertainment 
of diagnosis was calculated as median number of days, 
and occurrence of events/outcomes (clinical signs and 
symptom, risk factors, hospitalization, and/or death) 
presented as proportions. We investigated whether the 
distribution of assessed parameters overlapped among 
survivors and non-survivors using the Mann-Whitney 
test, and the association between age-group and mor-
tality using a Fisher’s exact test. Haematological and 
biochemistry parameters were summarized descrip-
tively using box plots.

Results
Study schema
The flow diagram of cases in this study is shown in 
Fig. 1. Forty-eight (48) suspected acute RVF cases were 
reported to the UVRI/NRRT between November 2017 
and March 2020. Eight cases were RVF IgG positive 

but PCR and IgM negative and were excluded. Forty 
(40) confirmed acute cases were eligible for this anal-
ysis. Twenty-eight (70%) eligible cases were hospital-
ised, out of whom 18 (64%) died and 10 survived. Nine 
out of the ten hospitalised survivors were enrolled 
into long-term follow. Six eligible cases were survivors 
without a history of hospitalisation and three of them 
were enrolled in the long-term follow up. The hospi-
talisation status of six eligible cases was not recorded, 
and of these three died and three survived, and none 
was enrolled in the long-term follow up study. The 
spatial-temporal distribution of cases in this outbreak 
is published in a paper by Nyakarahuka et al. 2023 [8].

Epidemiological clustering of cases
The epidemiological cluster tree in Fig.  2 shows that 
cases occurred in four temporal clusters: November 
2017 to January 2018, June 2018 to October 2018, Feb-
ruary 2019 to May 2019, and November 2019 to March 
2020. Generally, no clear spatial clustering of cases 
is seen at village, parish, and subcounty units. Only 
three villages (V3, V4 and V8) had more than one case 
reported indicating no clustering at small geographical 
units (villages). One parish (P13) had cases reported 
from two villages and one subcounty (S19) from two 
different parishes. One district (D4) had cases in sev-
eral sub counties during the same outbreak cluster 
whereas ten districts (D3, D7, D9, D10, D11, D12, D13, 
D14, D16, D17) reported a single case each. Three dis-
tricts (D2 (black & red), D6 (black & yellow), D15 (red 
& green)) had cases reported from two different out-
break clusters which are distinguished by the different 
colour codes.

Demographic and clinical characteristics
Most suspected cases were male (44/48; 92%) (Table 1). 
The median age of all suspected cases was 32 (range 
10–67) years, higher among non-survivors than survivors 
(36 versus 29 years, p = 0.01 on a Mann-Whitney test). 
The median presumptive case diagnostic time was 4 days, 
definitive diagnosis time 7 days, laboratory sample deliv-
ery time 3 days, and laboratory turnaround time < 1 day. 
There was a delay of three days between presumptive and 
definitive diagnosis. This delay was higher among survi-
vors than non-survivors (4 days versus 1 day, p = 0.005 on 
a Mann-Whitney test). The definitions of presumptive 
and definitive diagnostic time are indicated in the legend 
section of Table 1.

Eighty-three percent (40/48; 83%) of cases were con-
firmed with acute RVFV infection and more than half 
(21/40; 53%) died. The mortality was highest in regional 
referral (RRH) (11/16; 69%) and district (4/5; 80%) hos-
pitals. Fever and bleeding were the commonest mani-
festation at case detection in 96% (27/28) of hospitalised 
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patients and more than half (17/27; 63%) of the hospital-
ised patients that presented with bleeding died.

Using the broader medical subject heading (MeSH) age 
categories (Fig. 3), the trend in mortality increased with 
age-group. Mortality was lowest (2/9; 22%) among the 
young (children, adolescents, and young adults), higher 
(10/22; 46%) in adults 25–44 years, and all patients (9/9; 
100%) above 44 years died. There was a statistically sig-
nificant association between age-group and mortality 
(Fisher’s exact test; two-sided p = 0.002).

Clinical manifestations of RVF among survivors
Among survivors (Table  2), gastro-intestinal manifesta-
tions including nausea (83%), anorexia (75%), vomiting 
(75%), abdominal pain (50%), and diarrhoea (41.7%) were 
the most common presentation. Patients reported symp-
toms of severe disease including jaundice (67%), visual 

impairment (67%), epistaxis (50%), haemoptysis (42%), 
haematemesis (42%), bleeding gums (25%), and dysen-
tery (25%). Neurological manifestations including loss of 
consciousness (33%), convulsions (17%), and neck pain 
(8%) were the least common. Symptom duration varied 
between two to 120 days.

Survivors were enrolled three months following a 
definitive diagnosis of RVF by the UVRI and by this time 
the total white blood cell counts, and differential cell 
counts (neutrophils, lymphocytes, eosinophils, baso-
phils, monocytes, and platelets), haemoglobin/haemato-
crit (Fig.  4), liver enzymes (alkaline phosphatase (ALP), 
aspartate aminotransferase (AST), and alanine amino 
transferase (ALT)), total bilirubin, and albumin levels 
(Fig.  5), had returned to normal range, and were main-
tained till month 12.

Fig. 1 Flow diagram of RVF cases between November 2017 and March 2020
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RVF risk factors among survivors
Only men were enrolled in the long-term follow up study 
(Table  3). The consumption of animal products (milk, 
ghee, and meat) was the most common (10/12; 83%) 
potential risk factor reported. One survivor reported 
consumption of a fetus delivered following caesarean 
section on a cow and another consumption of wild game 
meat (squirrel). Two (17%) patients reported sleeping 
near or shared shelter with animals (Fig.  3a), there was 
low mosquito net use (2/12; 17%), and residences were 
remotely located with poor access by road (Fig. 3b – d) or 
close (median 1.5, range (0.5 to 10) kilometres) to perma-
nent water bodies which are mosquito breeding habitats.

Discussion
In this study, we investigated the mortality and morbidity 
among RVF confirmed cases reported to the UVRI and 
NRRT. Slightly more than half (53%) of all the confirmed 
acute cases between November 2017 and March 2020 
died, a stark contrast to the absence of mortality among 
cases diagnosed in the country in 2016 and the 1960s. 
This mortality is higher than that reported by Nanyingi 
and colleagues [4], and more than two-fold higher than 
estimated in a recent meta-analysis [2]. Similarly, the pro-
portion of RVF patients that required hospitalisation, the 
basis on which we defined severe disease [11] was 70%, 
out of whom 64% succumbed to the illness. The mortality 
was higher in district (80%) and regional referral hospi-
tals (69%) compared to private hospitals (33%) and health 
care centre level III (50%). This severity of disease should 

concern us all as it is atypical of most RVF outbreaks. 
A review by Baba et al. in 2015 reported an increasing 
severity of RVF disease in endemic areas [14].

Patients die due to a delay in seeking health care, slow 
referral mechanisms, and initiating hospital based sup-
portive care [15]. As illustrated in Fig.  6a - d, patients 
lived in remote locations some inaccessible by road 
during the rainy seasons when RVF outbreaks occur. In 
this study there was a delay of 7 days between onset of 
symptoms and laboratory confirmation of RVF despite 
a laboratory turn-around time of 24  hours. Such delays 
would have been avoided if rapid point-of-care diagnos-
tics were readily available [16]. Nearly all (96%) hospital-
ised patients presented with pyrexia and haemorrhage at 
admission, out of whom 63% died. Haemorrhagic mani-
festations accounted for nearly 50% of death among RVF 
patients in some parts of Saudi Arabia [17], and domi-
nated in Sudan [18] and Madagascar [19] outbreaks.

In this study, all patients who were above 44 years 
died. These findings contrast with those reported in 
Kenya where death occurred in patients much younger 
(21–30-year) and possibly related to greater exposure 
through male mandated pastoral duties with the ani-
mals [20]. The relationship between advanced age and 
mortality has been well characterised with viral infec-
tions and thought to be related to reduced adaptive 
immune responses as a result of natural age related 
involution of the thymus [21] as well as other comor-
bidities that affect the integrity of the immune system. 
In other RVF studies, mortality was associated with 

Fig. 2 Epidemiological cluster tree for November 2017 to March 2020 RVF outbreak in Uganda

 



Page 6 of 13Anywaine et al. Virology Journal          (2024) 21:104 

hospitalisation [20], HIV positive status [22], and RVF 
viral loads greater than 2.1 × 104 viral particles/ml [23] 
during the first week since onset of symptoms. The 
high mortality in males mirrors the dominancy of the 
same gender in domestic animal care duties, trade, and 
veterinary service delivery. In this outbreak over 90% of 
RVF cases were males and the only sex enrolled in the 
follow-up study. Other potentially risky occupations 

included herding, farming, assisting animal birth, 
touching sick and dead animals, slaughtering animals, 
nursing febrile patients, and death of family mem-
bers from febrile illness. Most survivors self-reported 
consumption of milk, meat, and ghee, although two 
patients independently reported consumption of wild 
game (squirrel) and an animal fetus delivered by cae-
sarean section. We did not ascertain the RVF infection 

Table 1 Study population characteristics
Characteristic Category Parameter estimate

Survivors Non-survivors Overall/Total
All RVF 
suspected 
cases reported 
between No-
vember 2017 
and March 
2020
(n = 48)

Age Median (range), years 29 (10–67) 36 (18–63) 32 (10–67)
Sex Male, n (%) 24 (55) 20 (45) 44 (100)

Female, n (%) 3 (75) 1 (25) 4 (100)
Presumptive case 
diagnostic time

Median (range), days 8.5 (0–32) 2.5 (0–14) 4 (0–32)

Laboratory sample 
delivery time

Median (range), days 4 (1-7) 1 (0–8) 3 (0–8)

Laboratory turnaround 
time

Median (range), days 0 (0–1) 0 (0–1) 0 (0–1)

Definitive case diag-
nostic time

Median (range), days 13 (3-36) 6 (1-15) 7 (1-36)

Presumptive to De-
finitive case diagnostic 
time

Median (range), days 4 (1-7) 1 (0–8) 3 (0–8)

IgG positive Yes, n (%) 14 (100) 0 (0) 14 (100)
PCR/IgM positive Yes, n (%) 19 (48) 21 (52) 40 (100)

No, n (%) 8 (100) 0 (0) 8 (100)
RVF confirmed 
positive cases 
between No-
vember 2017 
and March 
2020
(n = 40)

Age Median (range), years 27 (11-41) 36 (18–63) 32 (11–63)
Age group < 25 years, n (%) 7 (78) 2 (22) 9 (100)

25–44 years, n (%) 12 (55) 10 (45) 22 (100)
> 44 years, n (%) 0 (0) 9 (100) 9 (100)

Sex Male, n (%) 19 (49) 20 (51) 39 (100)
Female, n (%) 0 (0) 1 (100) 1 (100)

Hospitalisation status 
of positive cases

Yes, n (%) 10 (36) 18 (64) 28 (100)
No, n (%) 6 (100) 0 (0) 6 (100)
Unknown, n (%) 3 (50) 3 (50) 6 (100)

Health facility Regional referral hospitals, n (%) 5 (31) 11 (69) 16 (100)
District hospitals, n (%) 1 (20) 4 (80) 5 (100)
Private hospitals, n (%) 2 (67) 1 (33) 3 (100)
Health Centre IIIs, n (%) 2(50) 2 (50) 4 (100)
Community case, n (%) 6 (100) 0 (0) 6 (100)
Unknown hospitalisation status, n (%) 3 (50) 3 (50) 6 (100)

Bleeding at time of 
case detection among 
hospitalized

Yes, n (%) 10 (37) 17 (63) 27 (100)
No, n (%) 0 (0) 0 (0) 0 (0)
Unknown, n (%) 0 (0) 1 (100) 1 (100)

Fever at time of case 
detection among 
hospitalized

Yes, n (%) 10 (37) 17 (63) 27 (100)
No, n (%) 0 (0) 0 (0) 0 (0)
Unknown, n (%) 0 (0) 1 (100) 1 (100)

Presumptive case diagnostic time - refers to time between symptom onset and clinical diagnosis; Laboratory sample delivery time - refers to time between clinical 
diagnosis to delivery of samples in the laboratory for testing; Laboratory turnaround time – refers to time between reception of sample in the laboratory and 
communication of test results to the health worker/facility; Definitive case diagnostic time – refers to time between symptom onset and laboratory case confirmation 
including communication of results to health worker/facility; Presumptive to Definitive case diagnostic time – refers to time between making a presumptive case 
diagnosis and definitive case diagnosis

Regional referral hospitals- include Arua and Mbarara hospitals; District hospitals – include Kawolo, Kiboga, Kilembe, Moyo and Nagulu hospitals; Private hospitals 
– include Ibanda, Mengo and Nakasero hospitals; Health Centre (HC)III – include Bijubuli, Bussi, Rwebisengo and Sanga HCIIIs
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status for the fetus, cow or other consumed products 
through the laboratory. Another study undertaken in 
animals from RVF outbreak areas will provide insight 
on the possible correlation between human and animal 
cases [8]. Fetuses potentially have high viral loads and 
patients who acquire infections as a result of assisting 
animal births and disposal of fetuses are likely to pres-
ent with severe disease [24].

In Uganda, cases of RVF in the 1960s were mild 
and none required hospital admission [6]. The cases 
were detected in a village whose inhabitants did not 
keep livestock and near the location of the UVRI in 
Entebbe, then Mpigi district. This area is geographi-
cally distant from the current RVF outbreak locations. 
It is possible that earlier RVF virus studies with labora-
tory animals in the 1940s could have posed a risk to 
the surrounding communities through mosquito trans-
mission, as there is evidence of accidental infections 
among laboratory workers at the time [25]. There was 
no reported human disease for nearly 50 years till 2016 
when three cases occurred in the southwestern dis-
trict of Kabale [26]. These presented features of severe 
disease such as hepatitis, haemorrhage, and hospi-
talisation but there was no death. Between November 
2017 and March 2020, over 50% of the cases died, 70% 

hospitalised, and presented with hepatic, renal, visual, 
haemorrhage, the severe forms of disease. It is possi-
ble that this increase in cases and disease severity is 
apparent due to increased awareness, surveillance and 
detection, and access to health care. Conversely, the 
increase in cases could be related to changes in cli-
matic conditions such as heavy rains and flooding with 
subsequently increased breeding of different mosquito 
vectors, and/or from increased human activity that 
link the sylvatic and domestic RVF transmission cycles 
such as grazing cattle in gazetted wild game reserves. 
The communities of three districts from which con-
firmed cases were identified share an unfenced border 
with the Lake Mburo game park. In addition, the high 
human death from RVF could be related to unknown 
underlying co-morbidities in patients, and/or depict 
a trend of possibly worsening disease presentation 
over the years. Some phylogenetic studies have shown 
evolutionary changes in the RVF genome that mirror 
the virulence and severity of disease in humans [14]. 
Using next generation sequencing, two viral lineages: 
the Kenya 2 and the K/E lineages caused this outbreak 
[8]. The S-segment sequences for the K/E lineage had 
homology with the Beijing strain isolated in a patient 
from Angola in 2016. The Beijing-Angola patient 

Fig. 3 Frequency distribution of RVF survival status per age category
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Table 2 Clinical manifestations of RVF among survivors enrolled in the long-term follow-up study
Clinical syndrome/symptoms Number (%) Duration of symptom; median (range), days

Overall N = 12
General febrile/influenza-like syndrome
Fever 8 (67) 18 (2–99)
Headache 8 (67) 26 (7–120)
Muscle pains 5 (42) 21 (3–120)
Joint pains 6 (50) 7 (3–120)
Gastro-intestinal syndrome
Anorexia 9 (75) 7 (3-42)
Nausea 10 (83) 7 (2-42)
Vomiting 9 (75) 6 (2-42)
Abdominal pain 6 (50) 22 (8–120)
Diarrhoea 5 (42) 26 (4–62)
Constipation 2 (17) 7 (7-7)
Hepatic syndrome
Jaundice 8 (67) 15 (5–60)
Visual syndrome
Visual difficulties 8 (67) 14 (3–60)
Neurological syndrome
Neck pain 1 (8) 2 (2-2)
Convulsions 2 (17) 3 (1-4)
Loss of consciousness 4 (33) 4 (2-7)
Haemorrhagic syndrome
Bleeding from gums 3 (25) 7 (3-7)
Haemoptysis 5 (42) 7 (2-30)
Haematemesis 5 (42) 14 (7-14)
Epistaxis 6 (50) 14 (4–90)
Dysentery 3 (25) 7 (3-30)

Fig. 4 Full blood count parameters among RVF survivors followed for one year
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presented with a life-threatening RVFV mediated 
cytokine release syndrome and the virus had reassort-
ment of the L and M segments from Lineage E and the 
S segment from lineage A [27]. Lineage A viruses were 
associated with over 200,000 human cases and 598 
deaths in Egypt in 1977–1979 [4, 28], and are known 
to be highly pathogenic and fatal in Wistar-furth rats, 
thus are a major virulence factor [28]. The Kenya-2 
lineage contained sequences similar to viruses that 
caused outbreaks in Kenya 2006/2007 [8]. Although 
nucleotide sequences belonging to this lineage are 
highly conserved with minimal sequence variation in 
the order of 0.69%, 0.7%, and 0.86% for L, M, and S 
segments respectively, they are known to have under-
gone distinct RNA segment mutations that resulted 
to between 0.15 and 2.2% amino acid substitutions in 
the nucleoprotein, NSm, NSs, Gn, Gc, and RNA poly-
merase proteins [29]. The highest rate and unique-
ness of mutations occurred in the Gn protein which is 
responsible for cell attachment, fusion and entry, and 
is the main target for neutralising antibodies. These 
substitutions, though rare could be responsible for the 
viral virulence of RVF as occurrence of minor changes 

in amino acid sequences of other arboviruses such 
as West Nile virus [30] and Chikungunya [31] have 
resulted in viruses with increased virulence and trans-
mission effectiveness respectively. The occurrence of 
amino acid alterations in the viral strains within this 
outbreak require further evaluation. This could aid our 
understanding of the increased frequency and severity 
of disease as well as designing appropriate interven-
tions. One major challenge that might be encountered 
is the occurrence of outbreaks big enough and per-
sisting for quite a long time to conduct effectiveness 
studies. Our epidemiological cluster tree showed cases 
sparsely distributed over wide geographical areas with 
many villages or districts having a single case. This is 
not typical of case distribution during outbreaks and 
may be due to reporting bias but also, majority of RVF 
cases present with subclinical disease. Therefore epi-
demiological, and interventional studies may need to 
adapt to designs centred around confirmed cases.

Gastro-intestinal (GI) manifestations were the most 
common presentation among survivors. The domi-
nancy of GI syndrome presentation was reported in 
one part of Saudi Arabia [32] and is characterised as 

Fig. 5 Liver function parameters among RVF survivors followed for one year
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Table 3 Potential risk factors to RVF infection among survivors enrolled in long-term follow-up study
Characteristic Category RVF survivors 

included in fol-
low up study
(n = 12)

Age Median (range), years 32.5 (19–48)
Sex Male, n (%) 12 (100)

Female, n (%) 0 (0)
Occupation Farmer, n (%) 7 (58)

Herdsman, n (%) 3 (25)
Trader, n (%) 2 (17)

Activities in month preceding sickness Contact with sick animals, n (%) 5 (42)
Abortions in livestock, n (%) 2 (17)
Assisted animal birth, n (%) 3 (25)
Disposed aborted foetus, n (%) 2 (17)
Touched dead animals, n (%) 3 (25)
Consumed livestock products (milk, ghee and meat including delivered fetuses), 
n (%)

10 (83)

Hunted wild game (Squirrel), n (%) 1 (8)
Nursed patient with febrile illness, n (%) 3 (25)
Death of family member from suspicious illness, n (%) 3 (25)

Animals interacted with Sheep, n (%) 4 (44)
Goats, n (%) 3 (33)
Cattle, n (%) 3 (33)
Chicken, n (%) 2 (22)

Location of residence Sleep near or shared shelter with animals, n (%) 2 (17)
Distance from water body, median (range), kms 1.5 (0.5–10)

Mosquito net use No mosquito net use, n (%) 2 (17)
Travel history Travelled to more than one district, n (%) 5 (42)

Fig. 6 Pictures showing the remote settings from where cases were recruited. Upper left (a) – cattle kraal in the background close to residential house; 
upper right (b) - farm close to where one of the cases was recruited; lower left (c) – foot path to patient’s home that ended on a river in the lower 
right (d) beyond which villages are connected by canoe as the mean of transport
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a mild form of disease [11]. We observed a persistence 
of symptoms such as fever or feverishness, headache, 
muscle pain, joint pains and GI symptoms over 2–4 
months and we believe this is unlikely to be a continu-
ation of the acute illness. RVF symptoms lasting 4 to 
120 days have also been reported in Tanzania [22]. 
This phenomenon has been observed in relation with 
other viral infections including severe acute respi-
ratory syndrome corona virus 2 (SARS-CoV-2) [33, 
34] and described as post viral exhaustion syndrome 
(PVES) [35], a form of chronic fatigue syndrome 
(CFS) or myalgic encephalomyelitis (ME) [36]. The 
occurrence of this syndrome has not been previously 
described in relation with RVF. Studies of CFS/ME fol-
lowing viral infections have provided some compelling 
pathophysiological insight, that the cytokine storm 
[34, 37] and mitochondrial/oxidative stress [38] dur-
ing acute infection mediate the persistence of symp-
toms. The high cytokine milieu causes mitochondrial 
damage, an organelle responsible for 90–95% of body 
energy production [38]. The defects in cellular energy 
production manifest in patients as fatigue, cognitive 
impairment, myalgia, feverishness, or other systemic 
manifestations, against a backdrop of normal full 
blood count (FBC).

Acute RVF causes a pancytopenia characterised by 
leukopenia, anaemia, thrombocytopenia, and neutro-
penia in humans [17, 26, 32]. Long-term haematologi-
cal follow-up studies have not been conducted among 
survivors. We followed up survivors to investigate 
whether haematological parameters were deranged 
in the long-term by the acute infection. Our results 
show that all FBC parameters recovered to normal lev-
els by three months and were maintained during the 
one-year follow-up. The absence of a long-term bone 
marrow suppression is reassuring for survivors and in 
vaccine development. Other viral infections are known 
to impair the reconstitution of long-term hematopoi-
etic stem cells (LT-HSC) [39]. The bone marrow niche 
hosts long lived plasma cells which persistently pro-
duce high affinity antibodies following infection or 
vaccination [40].

Elevation of liver enzymes such as AST, ALT, and ALP 
is a characteristic feature of RVF in humans [17, 32]. The 
liver is the main target organ for RVF, and causes varying 
degrees of hepatic necrosis. Hepatic regeneration starts 
within 5 days post infection in mice [41], however, long-
term liver recovery has not been reported in humans. In 
our study, liver enzymes returned to normal within three 
months and were maintained throughout follow up. This 
study used cross-sectional, retrospective and prospective 
approaches to data collection. Medical history obtained 
months after the acute illness is prone to recall bias. The 
longitudinal follow-up of survivors has provided insight 

into possibilities of RVF associated CFS/ME and assur-
ance that patients regain normal FBC and liver enzyme 
levels in the long-term. We had limited clinical and labo-
ratory data during the acute phase of the illness as hos-
pital records were not accessed, and symptoms of PVES/
CFS/ME were not systematically solicited thus our infer-
ence on PVES is suspected or incidental. The lack of neg-
ative controls or infection status of the potential sources 
of risk limits our inferences on RVF risk factors as these 
could as well be normal levels of exposure to these dis-
ease determinants in the general population. Finally, the 
study had a small sample size and most likely captured 
patients with severe disease that presented to the health 
care system.

In conclusions, RVF causes high mortality, acute and 
long-lasting morbidity in patients that present to the 
health care system with the disease. Patients report late 
for care when the role of antivirals to maintain life would 
be limited, therefore, point-of-care diagnostics, serum 
markers of prognosis and potential biologics should be 
identified to improve patient care. One-health combined 
interventions should be developed to improve environ-
mental and livestock surveillance, prevent infections and 
promptly detect outbreaks. These and more measures 
would be composite in curbing the sparingly known dis-
ability adjusted life years (DALYs) associated with RVF.

Abbreviations
ALP  Alkaline phosphatase
ALT  Alanine aminotransferase
AST  Aspartate aminotransferase
CFS  Chronic fatigue syndrome
D  District
DALYs  Disability Adjusted Life Years
ELISA  Enzyme Linked Immunosorbent Assay
FBC  Full blood count
Gc  glycoprotein ectodomain encoded by carboxy-terminal 

sequences
GI  Gastrointestinal
Gn  glycoprotein ectodomain encoded by amino-terminal 

sequences
IgG  Immunoglobulin G
IgM  Immunoglobulin M
LFTs  Liver function tests
LSHTM  London School of Hygiene and Tropical Medicine
LT-HSC  Long-term hematopoietic stem cells
ME  Myalgic encephalomyelitis
MeSH  Medical subject heading
NRRT  National Rapid Response Teams
NSm  Non-structural protein medium
NSs  Non-structural protein small
P  Parish
PBMCs  Peripheral blood mononuclear cells
PCR  Polymerase chain reaction
PVES  Post viral exhaustion syndrome
RNA  Ribonucleic acid
RRH  Regional referral hospital
RVF  Rift Valley fever virus
RVFV  Rift Valley fever virus
S  subcounty
SARS-CoV-2  Severe acute respiratory syndrome corona virus 2
UK  United Kingdom
UNCST  Uganda National Council for Science and Technology



Page 12 of 13Anywaine et al. Virology Journal          (2024) 21:104 

UVRI  Uganda Virus Research Institute
UVRI REC  Uganda Virus Research Institute Research and Ethics 

committee
V  Village
VHFs  Viral haemorrhagic fevers

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12985-024-02377-z.

Supplementary Material 1. Additional file 1. DOC (Microsoft Word). Stan-
dard case definition for reporting suspected Rift Valley fever cases from the 
health facility to the district health office in Uganda

Acknowledgements
We thank the study participants, study teams, the District Health Officers 
(DHO) and District Health Inspectors (DHI), and the National Rapid Response 
Team (NRRT) Uganda Ministry of Health.

Author contributions
ZA conceived and designed the study; AE, GMW, CH, PK supervised the study; 
ZA, GAM, LN, SB, AAR collected and managed the data; ZA performed data 
analysis, supervised by CH; ZA developed the first draft with input from CH, 
GMW, and AE. All authors contributed to the interpretation of data, critically 
revised the manuscript, and approved the final version.

Funding
This work was supported by the MRC/UVRI and LSHTM Uganda Research Unit, 
Uganda Virus Research Institute, Uganda National Institute of Public Health, 
and the University of Oxford. The MRC/UVRI and LSHTM Uganda Research 
Unit is jointly funded by the UK Medical Research Council (MRC) part of UK 
Research and Innovation (UKRI) and the UK Foreign, Commonwealth and 
Development Office (FCDO) under the MRC/FCDO Concordant agreement 
and is also part of the EDCTP2 programme supported by the European Union. 
The Uganda Virus Research Institute contribution was financed through a 
cooperative agreement between the Uganda Virus Research Institute and 
the United States Centre for Disease Control and Prevention (U.S. CDC). AAR 
was supported by the Uganda National Institute of Public Health, Ministry 
of Health, Kampala-Uganda. This project was funded in part by the UK 
Biotechnology and Biological Sciences Research Council (BBSRC) and the 
Medical Research Council (MRC)/Department of Health, through the UK 
Vaccines Network which is a Government Funding Stream (grant number 
16/107/02). The Oak Foundation fellowship and a Wellcome Trust grant (grant 
number 203077_Z_16_Z) provided support to GMW. The funders had no role 
in the design of the study, collection of data and analysis, decision to publish, 
or preparation of the manuscript.

Data availability
The data that support the findings of this study are not openly available due 
to reasons of sensitivity and are available from the corresponding author upon 
reasonable request. Data are located in controlled access data storage at the 
MRC/UVRI and LSHTM Uganda Research Unit.

Declarations

Ethics approval and consent to participate
Ethical approvals were obtained from the UVRI Research and Ethics committee 
(UVRI REC) and the London School of Hygiene and Tropical Medicine (LSHTM) 
Ethics Committee. Regulatory approval was provided by the Uganda National 
Council for Science and Technology (UNCST). Specifically, a waiver to obtain 
consent for the use of data and samples of the dead subjects was obtained 
from the UVRI REC. Patients (survivors) provided consent by signing an 
informed consent form. Illiterate patients thumb printed the consent form in 
the presence of an impartial witness, while consent from minors was obtained 
from both the child and the parent or guardian.

Consent for publication
Written consent for publication of the image in which a study staff member 
appears was obtained from the staff. A copy of the consent form is available 
for review by the Editor of this journal.

Competing interests
All authors declare that they have no competing interests.

Author details
1Department of Clinical Research, London School of Hygiene and Tropical 
Medicine, London, UK
2Medical Research Council, Uganda Virus Research Institute and London 
School of Hygiene and Tropical Medicine Uganda Research Unit, Plot 51 - 
59 Nakiwogo Road, P. O. Box 49, Entebbe, Uganda
3MRC International Statistics and Epidemiology Group, London School of 
Hygiene and Tropical Medicine, London, UK
4Centre for Tropical Medicine and Global Health, University of Oxford, 
Oxford, UK
5KEMRI-Wellcome Trust Research Programme, Kilifi, Kenya
6Department of Arbovirology, Emerging and Re-emerging Infectious 
Diseases, Uganda Virus Research Institute, Entebbe, Uganda
7Department of Biosecurity, Ecosystems and Veterinary Public Health, 
College of Veterinary Medicine, Animal Resources and Biosecurity, 
Makerere University, Kampala, Uganda
8National Institute of Public Health, Ministry of Health, Kampala, Uganda

Received: 19 January 2024 / Accepted: 26 April 2024

References
1. Calisher CH, Calzolari M. Taxonomy of phleboviruses, emphasizing those that 

are sandfly-borne. Viruses. 2021;13(5):918.
2. Anywaine Z, Lule SA, Hansen C, Warimwe G, Elliott A. Clinical manifestations 

of Rift Valley fever in humans: systematic review and meta-analysis. PLoS Negl 
Trop Dis. 2022;16(3):e0010233.

3. Schwentker FF, Rivers TM. Rift Valley fever in man: report of a fatal laboratory 
infection complicated by thrombophlebitis. J Exp Med. 1934;59(3):305–13.

4. Nanyingi MO, Munyua P, Kiama SG, Muchemi GM, Thumbi SM, Bitek AO, Bett 
B, Muriithi RM, Njenga MK. A systematic review of Rift Valley Fever epidemiol-
ogy 1931–2014. Infection ecology & epidemiology 2015, 5(1):28024.

5. Smithburn K, Haddow A, Gillett J. Rift Valley fever. Isolation of the virus from 
wild mosquitoes. Br J Exp Pathol. 1948;29(2):107.

6. Henderson BEM, McCrae AWR, Kirya BG, Ssenkubuge Y, Sempala SDK. Arbovi-
rus epizootics involving man, mosquitoes and vertebrates at Lunyo, Uganda 
1968. Ann Trop Med Parasitol. 1972;66(3):343–55.

7. Shoemaker TR, Nyakarahuka L, Balinandi S, Ojwang J, Tumusiime A, Mulei S, 
Kyondo J, Lubwama B, Sekamatte M, Namutebi A. First laboratory-confirmed 
outbreak of human and animal Rift Valley fever virus in Uganda in 48 years. 
Am J Trop Med Hyg. 2019;100(3):659.

8. Nyakarahuka L, Whitmer S, Klena J, Balinandi S, Talundzic E, Tumusiime A, Kyo-
ndo J, Mulei S, Patel K, Baluku J. Detection of Sporadic Outbreaks of Rift Valley 
Fever in Uganda through the national viral hemorrhagic fever Surveillance 
System, 2017–2020. The American journal of tropical medicine and hygiene 
2023:tpmd220410.

9. Birungi D, Aceng FL, Bulage L, Nkonwa IH, Mirembe BB, Biribawa C, 
Okethwangu D, Opio ND, Monje F, Muwanguzi D. Sporadic Rift Valley Fever 
Outbreaks in Humans and Animals in Uganda, October 2017–January 2018. 
Journal of Environmental and Public Health 2021, 2021.

10. Uganda MoH: National Technical Guidelines for Integrated Disease Surveil-
lance and Response. Third edition. September 2021. Last accessed 09 
January 2023; URL: https://www.afro.who.int/sites/default/files/2021-09/2_
Uganda%203rd%20IDSR%20Tech%20Guideline_PrintVersion_10Sep2021.pdf. 
2021(Third edition).

11. Javelle E, Lesueur A, de Santi VP, de Laval F, Lefebvre T, Holweck G, Durand 
GA, Leparc-Goffart I, Texier G, Simon F. The challenging management of Rift 
Valley Fever in humans: literature review of the clinical disease and algorithm 
proposal. Ann Clin Microbiol Antimicrob. 2020;19(1):4.

12. Ksiazek T, Rollin P, Williams A, Bressler D, Martin M, Swanepoel R, Burt F, Leman 
P, Khan A, Rowe A. Clinical virology of Ebola hemorrhagic fever (EHF): virus, 
virus antigen, and IgG and IgM antibody findings among EHF patients in 

https://doi.org/10.1186/s12985-024-02377-z
https://doi.org/10.1186/s12985-024-02377-z
https://www.afro.who.int/sites/default/files/2021-09/2_Uganda%203rd%20IDSR%20Tech%20Guideline_PrintVersion_10Sep2021.pdf
https://www.afro.who.int/sites/default/files/2021-09/2_Uganda%203rd%20IDSR%20Tech%20Guideline_PrintVersion_10Sep2021.pdf


Page 13 of 13Anywaine et al. Virology Journal          (2024) 21:104 

Kikwit, Democratic Republic of the Congo, 1995. J Infect Dis. 1999;179(Supple
ment1):S177–87.

13. Bird BH, Bawiec DA, Ksiazek TG, Shoemaker TR, Nichol ST. Highly sensi-
tive and broadly reactive quantitative reverse transcription-PCR assay 
for high-throughput detection of Rift Valley fever virus. J Clin Microbiol. 
2007;45(11):3506–13.

14. Baba M, Masiga DK, Sang R, Villinger J. Has Rift Valley fever virus evolved with 
increasing severity in human populations in East Africa? Emerg Microbes 
Infections. 2016;5(6):e58.

15. Boushab BM, Fall-Malick FZ, Ould Baba SEW, Ould Salem ML, Belizaire MRD, 
Ledib H, Ould Baba Ahmed MM, Basco LK, Ba H. Severe human illness 
caused by Rift Valley Fever Virus in Mauritania, 2015. Open Forum Infect Dis. 
2016;3(4):ofw200–200.

16. Cêtre-Sossah C, Pédarrieu A, Juremalm M, Van Jansen P, Brun A, Ould EL, 
Mamy AB, Héraud J-M, Filippone C, Ravalohery J-P, Chaabihi H. Development 
and validation of a pen side test for Rift Valley fever. PLoS Negl Trop Dis. 
2019;13(9):e0007700.

17. Al-Hazmi M, Ayoola EA, Abdurahman M, Banzal S, Ashraf J, El-Bushra A, Hazmi 
A, Abdullah M, Abbo H, Elamin A. Epidemic Rift Valley fever in Saudi Arabia: a 
clinical study of severe illness in humans. Clin Infect Dis. 2003;36(3):245–52.

18. Adam AA, Karsany MS, Adam I. Manifestations of severe Rift Valley fever in 
Sudan: International Journal of Infectious Diseases; 2010. 14(2):e179-e180.; 
2010.

19. Rakotoarivelo R, Andrianasolo R, Razafimahefa S, Randremandranto RNS, 
Randria M. Severe presentations of Rift Valley fever in Madagascar. Méd Mal 
Infect. 2011;41(6):318–21.

20. Nguku PM, Sharif S, Mutonga D, Amwayi S, Omolo J, Mohammed O, Farnon 
EC, Gould LH, Lederman E, Rao C. An investigation of a major outbreak of Rift 
Valley fever in Kenya: 2006–2007. Am J Trop Med Hyg. 2010;83(2Suppl):05–13.

21. Giefing-Kröll C, Berger P, Lepperdinger G, Grubeck‐Loebenstein B. How sex 
and age affect immune responses, susceptibility to infections, and response 
to vaccination. Aging Cell. 2015;14(3):309–21.

22. Mohamed M, Mosha F, Mghamba J, Zaki SR, Shieh WJ, Paweska J, Omulo S, 
Gikundi S, Mmbuji P, Bloland P, Zeidner N, Kalinga R, Breiman RF, Njenga MK. 
Epidemiologic and clinical aspects of a Rift Valley fever outbreak in humans in 
Tanzania, 2007. Am J Trop Med Hygiene. 2010;83(2 Suppl):22–7.

23. Njenga MK, Paweska J, Wanjala R, Rao CY, Weiner M, Omballa V, Luman ET, 
Mutonga D, Sharif S, Panning M. Using a field quantitative real-time PCR 
test to rapidly identify highly viremic Rift Valley fever cases. J Clin Microbiol. 
2009;47(4):1166–71.

24. Anyangu AS, Gould LH, Sharif SK, Nguku PM, Omolo JO, Mutonga D, Rao 
CY, Lederman ER, Schnabel D, Paweska JT, Katz M, Hightower A, Njenga MK, 
Feikin DR, Breiman RF. Risk factors for severe Rift Valley fever infection in 
Kenya, 2007. Am J Trop Med Hygiene. 2010;83(2 Suppl):14–21.

25. Smithburn K, Mahaffy A, Haddow A, Kitchen S, Smith J. Rift Valley fever: acci-
dental infections among laboratory workers. J Immunol. 1949;62(2):213–27.

26. Ad SM, Harmon J, Nyakarahuka L, Balinandi S, Tumusiime A, Kyondo J, Mulei 
S, Namutebi A, Knust B, Shoemaker T, Nichol ST, McElroy AK, Spiropoulou CF. 
Rift Valley fever viral load correlates with the human inflammatory response 
and coagulation pathway abnormalities in humans with hemorrhagic mani-
festations. PLoS Negl Trop Dis 2018, 12(5).

27. Liu J, Sun Y, Shi W, Tan S, Pan Y, Cui S, Zhang Q, Dou X, Lv Y, Li X. The first 
imported case of Rift Valley fever in China reveals a genetic reassortment of 
different viral lineages. Emerg Microbes Infections. 2017;6(1):1–7.

28. Bird BH, Khristova ML, Rollin PE, Ksiazek TG, Nichol ST. Complete genome 
analysis of 33 ecologically and biologically diverse Rift Valley fever virus 
strains reveals widespread virus movement and low genetic diversity due to 
recent common ancestry. J Virol. 2007;81(6):2805–16.

29. Nderitu L, Lee JS, Omolo J, Omulo S, O’Guinn ML, Hightower A, Mosha F, 
Mohamed M, Munyua P, Nganga Z. Sequential Rift Valley fever outbreaks 
in eastern Africa caused by multiple lineages of the virus. J Infect Dis. 
2011;203(5):655–65.

30. Beasley D, Davis C, Whiteman M, Granwehr B, Kinney R, Barrett AD. Molecular 
determinants of virulence of West Nile virus in North America. Springer; 2004.

31. Tsetsarkin KA, Vanlandingham DL, McGee CE, Higgs S. A single mutation in 
Chikungunya virus affects vector specificity and epidemic potential. PLoS 
Pathog. 2007;3(12):e201.

32. Madani TA, Al-Mazrou YY, Al-Jeffri MH, Mishkhas AA, Al-Rabeah AM, Turkistani 
AM, Al-Sayed MO, Abodahish AA, Khan AS, Ksiazek TG. Rift Valley fever epi-
demic in Saudi Arabia: epidemiological, clinical, and laboratory characteris-
tics. Clin Infect Dis. 2003;37(8):1084–92.

33. Katz BZ, Shiraishi Y, Mears CJ, Binns HJ, Taylor R. Chronic fatigue syndrome 
after infectious Mononucleosis in adolescents. Pediatrics. 2009;124(1):189–93.

34. Islam MF, Cotler J, Jason LA. Post-viral fatigue and COVID-19: lessons from 
past epidemics. Fatigue: Biomed Health Behav. 2020;8(2):61–9.

35. Lim E-J, Ahn Y-C, Jang E-S, Lee S-W, Lee S-H, Son C-G. Systematic review 
and meta-analysis of the prevalence of chronic fatigue syndrome/myalgic 
encephalomyelitis (CFS/ME). J Translational Med. 2020;18(1):1–15.

36. Lloyd AR. Fatigue after infection: aetiology and pathophysiology. Microbiol 
Australia. 2013;34(3):142–4.

37. Montoya JG, Holmes TH, Anderson JN, Maecker HT, Rosenberg-Hasson Y, 
Valencia IJ, Chu L, Younger JW, Tato CM, Davis MM. Cytokine signature associ-
ated with disease severity in chronic fatigue syndrome patients. Proc Natl 
Acad Sci. 2017;114(34):E7150–8.

38. Wood E, Hall KH, Tate W. Role of mitochondria, oxidative stress and the 
response to antioxidants in myalgic encephalomyelitis/chronic fatigue 
syndrome: a possible approach to SARS-CoV-2 ‘long-haulers’? Chronic Dis 
Translational Med. 2021;7(1):14–26.

39. Hirche C, Frenz T, Haas SF, Döring M, Borst K, Tegtmeyer P-K, Brizic I, Jordan 
S, Keyser K, Chhatbar C. Systemic virus infections differentially modulate cell 
cycle state and functionality of long-term hematopoietic stem cells in vivo. 
Cell Rep. 2017;19(11):2345–56.

40. Radbruch A, Muehlinghaus G, Luger EO, Inamine A, Smith KG, Dörner T, Hiepe 
F. Competence and competition: the challenge of becoming a long-lived 
plasma cell. Nat Rev Immunol. 2006;6(10):741–50.

41. Smith DR, Steele KE, Shamblin J, Honko A, Johnson J, Reed C, Kennedy M, 
Chapman JL, Hensley LE. The pathogenesis of Rift Valley fever virus in the 
mouse model. Virology. 2010;407(2):256–67.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Severe morbidity and hospital-based mortality from Rift Valley fever disease between November 2017 and March 2020 among humans in Uganda
	Abstract
	Background
	Methods
	Study design and settings
	Collection of UVRI and NRRT surveillance data
	Enrolment and follow up of survivors

	Results
	Study schema
	Epidemiological clustering of cases
	Demographic and clinical characteristics
	Clinical manifestations of RVF among survivors
	RVF risk factors among survivors

	Discussion
	References


