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Introduction

Hemorrhagic fever with renal syndrome (HFRS) is a zoonotic disease caused by various
species of hantaviruses. Puumala orthohantavirus (PUUV) is the most common species
detected in France, transmitted by the rodent Myodes glareolus (bank vole) [1]. Clinical
presentation is often benign, although half of cases require hospitalization [2]. An epidemic
of HFRS occurred in the southern Jura Mountains (France) in 2021. The aim of our study was

to accurately describe this outbreak.

Method

We included all laboratory-confirmed HFRS cases reported during the epidemic period from
April to September 2021 in the three hospitals with emergency services located in the cities

of Lons-le-Saunier, Pontarlier, and Saint Claude.

Laboratory-confirmed HFRS cases were suspected HFRS cases firstly tested positive using the
rapid tests Reascan and Reagena POC Puumala IgM (Reagena, Finland; performed at the
hospital), and secondarily tested positive for both IgM and IgG using enzyme-linked
immunosorbent assays (ELISA) and immunofluorescence assay (IF), and/or tested positive
using real-time RT-PCR detecting PUUV (performed at the French National Reference Center

for Hantavirus - Hantavirus NRC, Institut Pasteur, Paris).

Patients were interviewed by telephone. Clinical and biological information were
retrospectively collected from the medical record. We assessed the differences between
hospitalized and non-hospitalized patient using Fisher’s exact test for qualitative variables
and Mann-Whitney test for continuous variables, as appropriate. All patients gave informed
consent before participation. Parental consent was requested for minor patients. The study
was approved by the Ethics Committee of Bourgogne Franche-Comté university (CERUBFC-
2021-034).

Results



During the epidemic period, 112 patients had a positive or equivocal rapid test (performed in
hospital laboratories), of which 110 were secondarily confirmed by the French NRC. Among
these patients, 75 were hospitalized (hospitalization rate: 68.2%). Two hospitalized cases
and 18 cases among the 35 non-hospitalized cases were excluded due to non-consent.
Lastly, 90 patients were enrolled in the study: 73 hospitalized and 17 non-hospitalized
patients. Exposure factors to rodent excreta reported by patients were activities in
uninhabited premises (barns, cottages, attics) for 35 patients (38.9%), activity in the forest

for 31 patients (34.4%), and rodent contact for 11 patients (12.2%).

Median age of the 90 patients was 43.5 years, ranging from 3 to 89 years, and 68.9% were
males. Symptoms were fever for 77 patients (85.6%), myalgia for 63 patients (70%),
headaches for 49 patients (54.4%), abdominal pain for 43 patients (47.8%), and transient
myopia for 18 patients (20%). Forty-one (45.6%) patients had a combination of fever,
elevated serum creatinine value (>100 umol/L), and thrombocytopenia (platelet count <150

G/L) at the time of hantavirus serology testing.

The detailed clinical and laboratory characteristics of hospitalized and non-hospitalized
patients are shown in Table 1. Hospitalized patients were older than non-hospitalized
patients (median age of 47.0 [35.0; 64.0] years vs. 36.0 [31.0; 41.0] years, respectively,
p=0.046), and more frequently had at least one pre-existing comorbidity (31.5% vs. 11.8%,

p=0.14). Transient myopia was only reported in hospitalized patients (20% vs. 0%, p=0.02).

The mean duration of hospitalization was 6.48 days (range 1-23). Indications for
hospitalization were acute renal failure whether or not combined with fever for 46 patients
(63.0%), isolated fever without diagnosis for 20 patients (27.4%), abdominal pain or
headache refractory to analgesics for five patients (6.8%), and symptomatic bradycardia for

two patients (2.7%). Some patients had multiple indications for hospitalization.

Forty (44.4%) patients underwent medical imaging before hantavirus diagnosis. An
abdominal computed tomography (CT) scan or abdominal ultrasound was performed for
kidney injury or/and abdominal pain for 25 and 17 patients, respectively. Cerebral CT scan
and cerebral magnetic resonance imaging were also carried out for severe headache in 10

and 3 patients, respectively. Moreover, lumbar puncture was performed for febrile



headache in three patients. Finally, CT scan, abdominal ultrasound, cerebral magnetic

resonance imaging, and lumbar puncture showed no abnormality related to the symptoms.

Analgesic treatment, parenteral hydration, and biological monitoring were the only
treatments performed in 69 (94.5%) of the hospitalized patients. During hospitalization, 21
patients (28.8%) presented a severe acute kidney injury (AKl) (plasma creatinine >353.6
umol/L), but no patient developed severe hyperkalemia (serum potassium level >6.0
mmol/L) or severe metabolic acidosis (arterial blood pH <7.20). The median of the maximum
plasma creatinine among patients with severe AKI was 549 (interquartile range: 397-621
umol/L). Only one patient was dialyzed for two days. He had severe AKI with plasma

creatinine at 550 umol/L, but no major metabolic disorder or congestive heart failure.

Among hospitalized patient with thrombocytopenia the median platelet count was 77 G/L
(interquartile range: 62-106). Three patients had severe thrombocytopenia (platelet count
<30 G/L), and two of them received platelet transfusions for bleeding prevention. Among
them, a 78-year-old patient with a history of congestive heart disease and atrial fibrillation
treated with direct anticoagulation presented sudden death after 3 days of hospitalization.
Another 78-year-old patient presented lipothymia caused by atrioventricular blocks.
Cardiovascular implantable electronic device was implanted before diagnosis of HFRS. In
total, 23 patients had a severe form of HFRS or presented complications: 21 patients had
severe AKl, one patient was hospitalized in the cardiologic intensive care unit for
bradycardia, and one patient died. Of note, 11 of the 25 hospitalized patients (44%) with a
Hentzien score =20 at admission developed a severe disease and 33of the 45 hospitalized
patients (73%) with a Hentzien score <20 developed a benign disease [3]. At the end of the
epidemic period, our infectious diseases team proposed an algorithm, which has yet to be
validated in a prospective study, to assist the ambulatory management of patients with HFRS

for the next epidemic (Figure 1).

Discussion

The hantavirus epidemic in the Jura Mountains led to a high number of hospitalizations. The
clinical presentation and the clinical course of our patients were comparable to those of

other studies: the prominent clinical findings were the combination of fever with widespread



pain (abdominal pain, myalgia, headaches) [3-5]. Transient myopia was present in 20% of
patients and was only present in hospitalized patients. Myopia has already been reported as
a risk factor for a severe form of HFRS probably because it reflected higher tissue
permeability [3,6,7]. In our study, 23% of all patients presented severe AKI but only one
patient was dialyzed. No patient presented severe metabolic disorder. In literature, the
fatality rate of HFRS caused by PUUV is relatively low (<1%) and 4-6% of hospitalized patients

needed transient dialysis treatment [8,9]

In France, the national health insurance does not cover hantavirus laboratory diagnosis.
Moreover, the wide clinical spectrum of HFRS make diagnosis challenging. In our cohort, the
triad of fever, elevation of creatinine, and thrombocytopenia was present in less than half of
the cases at the time of the first consultation in hospital. This might explain the CT scan,
abdominal ultrasound, and lumbar puncture performed before diagnosis. Performing CT
scans with injection of contrast media may promote the development of severe AKI in this
context [3]. During an epidemic period and in high-risk areas, rapid tests detecting Puumala
IgM could be performed in patients presenting fever associated with abdominal disorder or
headache in the absence of other diagnoses. Excellent performances have been reported for
these tests, with analytical sensitivity and specificity reaching 100% and 99%, respectively
[10] . Performing this rapid test could avoid unnecessary radiological and biological

investigations.

Hentzien et al. reported a score to identify patients at high risk of severe HFRS at hospital
admission [3]. In this study, nephrotoxic drug exposure, visual disorders, microscopic or
macroscopic hematuria, leukocyte count >10 G /L and thrombocytopenia <90 G/L were
predictive factors of severe HFRS. In hospitalized patients, the use of the bioclinical score to
predict severe acute kidney injury could be useful in reducing the length of hospitalization. In
our study, the positive predictive value of this score seemed low. However, the retrospective

nature of our study and the sample size do not enable us to assess this score.

In our cohort, most hospitalized patients only received parenteral hydration and analgesic
treatments. Most of these patients could have benefited from ambulatory monitoring alone.

Ambulatory medical management could include analgesic treatment, oral hydration,



discontinuation of nephrotoxic and anticoagulant treatments. Ambulatory laboratory
monitoring could include bi-weekly platelet count, plasma creatinine level and a daily
diuresis. As specific treatments are lacking, hospitalization could be limited to severe HFRS
or to patients with severe comorbidities such as patients on diuretics, anticoagulant

treatments, and/or bradycardia treatment.

Cleaning activities in uninhabited places, activities in forest, and contact with rodents were
the main sources of exposure identified in our cohort, as described in the literature [11,12].
To date, available data on bank vole population dynamics are insufficient to explain the time
pattern of epidemic peaks [13-15]. As a consequence, for lack of well-designed wildlife
observatories, there is currently no possibility of anticipating epidemics in France, which

makes it difficult to implement strong preventive actions.

Conclusion

The hantavirus epidemic in the Jura Mountains led to numerous hospitalizations, one dialysis
treatment, and one death. Early diagnosis by rapid test could avoid unnecessary radiological

and biological investigations.
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Figure 1. Clinical management proposition for non-hospitalized adult HFSR patients.

IgM hantavirus +
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Daily diuresis monitoring

Biological monitoring 2-3 per week:
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- /

Consider hospital admission in case of:

- Oliguria/anuria

- Severe acute kidney injury (AKIN* stage 3) or acid-base and electrolyte disorders
- Platelets <50 G/L and other bleeding risk factors

- Underlying conditions (chronic kidney disease, heart condition)

- Patient with nephrotoxic drug exposures or anticoagulation

o /

- Stop monitoring if decrease in creatine (twice successively)
- Perform serum creatinine and urine test strip one month after recovery

*AKIN: acute kidney injury Network
Stage 3 : increase in serum creatinine to more than 300% from baseline or serum creatinine >354 umol/L with an increase of at least 44 umol/L
NRC: national reference center



Table 1. Clinical characteristics and laboratory results for 90 patients with acute hantavirus
infection, South Jura Mountains, France, 2021

All Hospitalized Non p value
patients | patients (n=73) | hospitalized
(n=90) patients
(n=17)
Age - median [IQR] 44 [33; 47 [35; 64] 36 [31;41] |p=0.046
60]
Male - n (%) 62 (68.9) 48 (65.8) 14 (82.4) p=0.25
Comorbidity - n (%)
At least 1 comorbidity 25 (27.8) 23 (31.5) 2(11.8) p=0.14
Hypertension 11 (12.2) 11 (15.1) 0 p=0.12
Chronic renal insufficiency 4 (4.4) 4 (5.5) 0 p=1
Chronic cardiac insufficiency 3(3.3) 3(4.1) 0 p=1
Diabetes mellitus 2(2.2) 2(2.7) 0 p=1
Coronary artery disease 1(1.1) 1(1.4) 0 p=1
Cancer 1(1.1) 0 1(5.9) p=0.2
Stroke 1(1.1) 0 1(5.9) p=0.2
Dementia 1(1.1) 1(1.4) 0 p=1
Nephrotoxic drugs* 25 (27.8) 24 (32.9) 1(5.9) p=0.03
Clinical signs and symptoms
Duration of symptoms - median [IQR] days |9 [7; 12] 91[6; 10] 91(7;12] p=0.39
Fever— n (%) 77 (85.6) 62 (84.9) 15 (88.2) p=1
Headache— n (%) 49 (54.4) 40 (54.8) 9 (53) p=1
Intestinal disorder— n (%) 43 (47.8) 37 (50.7) 6 (35.3) p=0.29
Myalgia —n (%) 63 (70) 52 (71.2) 11 (84.6) p=0.57
Transient myopia—n (%) 18 (20) 18 (24.7) 0 p=0.02
Laboratory test
Highest C-reactive protein (mg/L) - median | 52 [25; 60 [37 ; 89] 25[16; 45] |p<0.001
[IQR] 83] 205[105;334] | 88[78;101] |p<0.001
Highest creatinine - median [IQR] 156 [92 ; 94 [68 ; 125] 96 [87; 100] | p=0.84
Lowest platelet count (G/L)- median [IQR] 316] 21(28.8) 0 p=0.009
Plasma creatinine >353.6 umol/L —n (%) 95 [68; 11 (15.1) 0 p=0.12
Platelet count <50 G/L —n (%) 124] 44/70 (63) 3/16 (19) |p=0.001
Hematuria — n (%) ** 21 (23.3)
11 (12.2)
47/86
(54.6)
Triad of fever, low platelet <150 G/L and 39 (43.3) 37 (50.6) 2(11.8) p=0.005

creatinine >100 pumol/L —n (%)




* We considered the following nephrotoxic drug exposures: non-steroidal anti-inflammatory
drugs, iodinated contrast media, diuretics, renin angiotensin aldosterone system inhibitors,
and nephrotoxic antimicrobial drugs (aminoglycosides, glycopeptides).

** Missing data for four patients





