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Abstract. We describe the clinical parameters and management of nine confirmed cases of hantavirus pulmonary
syndrome reported in French Guiana since 2008. All patients were admitted to Cayenne Hospital. Seven patients were
men and the mean age was 48 years (range, 19–71 years). Two phases characterized the disease. The prodromal phase
was characterized by fever (77.8%), myalgia (66.7%), and gastrointestinal symptoms (vomiting and diarrhea; 55.6%)
starting, on average, 5 days before the illness phase, which was characterized by respiratory failure in all patients. Five
patients died (55.6%) and the length of stay in the intensive care unit was 19 days (range, 11–28 days) for survivors.
Detection of two back-to-back recent cases highlights the reason to screen for hantavirus infection during the nonspe-
cific phase of the disease, in particular when concomitant pulmonary infection and digestive disorders are observed.
Specific longitudinal serological surveys must also be used to identify other potential clinical forms of the disease in
French Guiana.

Hantaviruses are zoonotic negative-strand RNA-envelope
viruses belonging to the genus Orthohantavirus, family Han-
taviridae. In the Americas, they are known as New World
hantaviruses and may cause hantavirus pulmonary syn-
drome (HPS), which can be associated with cardiac failure
leading to hantavirus cardiopulmonary syndrome. Since the
first recognized human case in the United States in 1993,
this disease has become an emerging health concern in
Central and South America, with more than 43 genotypes
reported.1 Nearly half of them are known to be pathogenic
for humans. The natural reservoirs are rodents. The virus is
present in their urine and excreta, and can infect humans
when aerosolized.1 The case fatality rate of New World han-
tavirus varies from 30% to 40%.2

The hantaviral diseases are recognized as occurring in two
clinical phases: the prodromal phase and the illness phase.
The incubation period ranges from 7 to 49 days, depending
on the duration of exposure.3 The prodromal phase is non-
specific. It includes fever, headache, abdominal pain, myal-
gia, dry cough, and dyspnea, which generally last for 5 to
6 days. The following illness phase is characterized by a quick
progression to respiratory and multiorgan failure requiring
intensive care management.4

French Guiana, a French overseas territory located on the
northern coast of South America, presents climatic and geo-
graphic factors favorable to the circulation of a range of zoo-
notic diseases such as malaria, histoplasmosis, Amazonian
toxoplasmosis, Q fever, leptospirosis, yellow fever, Dengue
and Mayaro viruses, and others. These human infections
can present common initial clinical symptoms that can con-
fuse the initial diagnosis. Furthermore, French Guiana is also
favorable to emerging zoonoses. Ecological, environmental,
and changes in human demographics and behavior increase
the risk of contact with reservoirs, and are the main factors
responsible for these emergences.5 The identification of the
first native human case of hantavirus pulmonary syndrome
in 2008 in French Guiana illustrates this phenomenon.6

We describe the clinical presentation and the outcome of
nine confirmed cases of HPS hospitalized in Cayenne Hospital
(the referral hospital in French Guiana) between January 1,
2008 and April 30, 2022. Informed consent was obtained from
all patients or relatives and was reported in the medical file of
the patient. In addition, at admission, all patients or their rela-
tives received a written information stating their data would be
used for research purposes and they had the opportunity to
deny use.
Molecular and serological diagnoses and sequencing were

performed at the National Hantavirus Reference Center, Lab-
oratoire Associ�e, Institut Pasteur de Guyane.6 All patients
tested positive by real-time polymerase chain reaction and
IgM serology. Specific Maripa virus infection was confirmed
by sequencing.
Patient characteristics and clinical parameters recorded at

admission are presented in Table 1. Eight patients were
transferred to the intensive care unit (ICU) and the other died
in the emergency department. Seven patients were men
(77.8%). The mean age was 48 years (range, 19–71 years).
All patients were healthy before the disease and all lived on
the coastal side of French Guiana, where 90% of the popula-
tion is located. No patient had a recent history of travel out-
side the department.
During the prodromal phase, the main observed symp-

toms were fever (77.8%), myalgia (66.7%), and digestive dis-
orders (55.6%) that lasted a mean of 5 days (range, 2–6
days). The illness phase started with dry cough (78%) and
dyspnea (66.7%), progressing quickly to respiratory, renal,
and hemodynamic failure (Table 1). No patient presented
with neurological or hepatic manifestations.
Biologic analyses performed at admission showed renal

injury in seven patients, hypoproteinemia in seven, elevated
hematocrit in eight, hyperlactatemia in six, elevated C-reactive
protein in seven, and normal hepatic and muscular enzymes in
all patients (Table 2). Chest X-Ray showed bilateral alveolar
infiltrates in all patients and pleural effusion in seven patients.
Chest computed tomography was performed in only four
patients (44.4%) and showed vessel enlargement, peribron-
chial cuffing, bilateral Kerley lines, alveolar edema, and pleural
effusion. Pleural effusion required drainage in three patients
(33.3%). Transthoracic echocardiography was performed in
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five patients (55.6%) and showed normal left ventricular func-
tion. Echocardiographic and hemodynamic investigations were
consistent with hypovolemia with hyperpermeability syndrome
without cardiac involvement. Eight patients needed mechani-
cal ventilation (MV). All had pink, frothy bronchial aspirates.
The remaining patient received high-flow oxygen for 3 days.
Patients treated with MV received deep sedation, muscle
blockers, norepinephrine, adrenalin (one patient), and dobut-
amine (one patient). Nitric oxide was administered to four
patients without evidence of effectiveness. Two patients
were put in a prone position. No patient received fluid infu-
sion or albumin administration. One patient died �14 hours
after admission to the emergency department and four others
died in the ICU, giving a case fatality rate of 55.6%. The
length of stay in the ICU was 14 days in survivors treated
with MV, and 6 days for the patient who did not receive MV.
In the survivors, MV was needed for 4, 20, and 24 days, and
renal replacement therapy was used for 5 and 7 days.
In French Guiana, the first case of hantavirus was detected

in 2008 in the framework of an epidemiological survey that
started in 2006.6 The genome sequence led to the discovery
of a new genotype, Maripa virus, related closely to Laguna
Negra virus.7 Since then, eight other cases have been diag-
nosed as of this writing. In our study, the prodromal phase
started, on average, 5 days before hospitalization, mainly
with fever, myalgia, headache, and digestive disorders (vom-
iting, diarrhea).2 Although these symptoms are not specific,
the presence of gastrointestinal symptoms can help distin-
guish hantavirus infection from other causes of pulmonary
infection. Thus, in this context, physicians should include
hantavirus in the screening for infectious tropical diseases.8,9

In our study, the appearance of dry cough and dyspnea

progressed quickly to respiratory failure requiring intensive
care, and characterized the beginning of the illness phase.
Chest radiography showed bilateral alveolar and interstitial infil-
trates related to lesional pulmonary edema. Indeed, hantavirus
infects endothelial cells, altering capillary permeability and
leading to capillary leak and acute distress syndrome.10 Hanta-
virus infection induces an inflammatory process with a massive
release of interleukins and a strong immune response that may
be the crucial cause of disruption of the endothelial barrier and
organ dysfunction.4 The most targeted organs are the lungs
and kidneys.11 In our study, all patients presented respiratory
and renal failure. Eight patients needed MV, seven patients pre-
sented hemodynamic failure, and four presented hematological
failure. The mechanisms of the hemodynamic and hematologi-
cal failures are similar to those observed in septic shock.12

Unlike data from South America reporting cardiogenic shock in
fatal cases of HPS, none of our patients presented cardiac
involvement.2,4 All other clinical manifestations are consistent
with Brazilian studies.13–15

The management of HPS is symptomatic, and no available
and approved etiological therapy was documented. It is
based on supplemental oxygen, MV when indicated, fluid
balance regulation, and pressors.16–18

In our study, 55.6% of patients diedwithin the first 24 hours
of hospitalization. The patient who did not need MV left the
ICU after 6 days. The fatality rate is greater than that reported
in South America (30–40% for HPS).2 The main causes of

TABLE 1
Epidemiological and clinical parameters of hantavirus respiratory

syndrome cases

Parameter Values
Time of onset,*

days; mean (range)

Age, years; mean (range) 48 (19–71) –

Male gender, n (%) 7 (77.8) –

Medical history, n (%)
Arterial hypertension 2 (22.2) –

Diabetes 1 (11.1) –

Coronary disease 1 (11.1) –

Immunodepression 0 (0) –

Prodromes, n (%)
All symptoms – 5 (2–6)
Fever 7 (77.8) 4 (1–6)
Myalgia 6 (66.7) 4 (1–6)
Vomiting 5 (55.6) 3 (1–5)
Diarrhea 4 (44.4) 5 (2–6)
Headache 4 (44.4) 3 (1–6)
Discomfort 3 (33.3) 3 (1–6)
Sweat 3 (33.3) 1 (1–1)
Rhinitis 2 (22.2) 4 (1–6)
Chills 1 (11.1) 1 (1–1)

Parameters at admission
SAPS II, mean (range) 64 (22–84) –

SOFA day 1, mean (range) 11 (5–17) –

Temperature, �C; mean (range) 37.9 (35.1–39.6) –

Respiratory failure, n (%) 9 (100) –

Crackles, n (%) 8 (88.8) –

Shock, n (%) 8 (88.8) –

Renal failure, n (%) 9 (100) –

SAPS II 5 Simplified Acute Physiologic Score II, SOFA 5 sequential organ failure
assessment.
* Time before respiratory failure.

TABLE 2
Biologic parameters recorded at admission

Parameter Normal range Mean (range)

Urea nitrogen, mmol/L 2.8–7.6 11 (6–18)
Creatinine, mmol/L 80–134 158 (93–196)
Calcium, mmol/L 2.1–2.4 1.7 (1.3–2.2)
Serum protein, g/L 63–84 50 (30–69)
Glycemia, mmol/L 3.9–5.84 10 (1–16)
Albumin, g/L 35–52 24 (18–28)
Sodium, mmol/L 136–145 131 (126–135)
Potassium, mmol/L 3.5–5.1 4.2 (3.3–5.5)
Chlorine, mmol/L 98–107 100 (92–109)
Alkaline reserve, mmol/L 22–29 19 6 3 (15–22)
Lactate, mmol/L 1.1–2.5 3.8 (1–8)
Magnesium, mmol/L 0.66–1.07 0.7 (0.6–0.9)
Phosphorus, mmol/L 0.87–1.45 1.5 (1–2.1)
Aspartate aminotransferase, UI/L 0–40 28 (10–52)
Alanine aminotransferase, UI/L 0–41 29 (13–58)
Lactase dehydrogenase, UI/L 135–225 614 (367–868)
Bilirubin, mmol/L 0–21 5 (1–8)
Alkaline phosphatase, UI/L 135–225 45 (22–74)
Gamma glutamyl

transpeptidase, UI/L
0–60 50 (8–244)

Amylase, UI/L 12–100 89 (19–192)
Creatine kinase, UI/L 39–308 180 (95–262)
Troponin, mg/L , 0.014 0.086 (0.014–0.250)
Brain natriuretic peptide, ng/L , 300 5,128 (29–27,535)
C-reactive protein, mg/L 0–5 117 (34–192)
Procalcitonin, mg/L , 0.05 7 (0.4–25.3)
Leukocytes, Giga/L 4–10 16 (10–23)
Neutrophils, Giga/L 1.5–7.75 13 (8–20)
Lymphocytes, Giga/L 1.0–4.5 1 (1–3)
Platelet count, Giga/L 150–450 101 (50–153)
Hemoglobin, g/dL 13–17 16 (13–21)
Hematocrit, % 42–51 49 (36–67)
Prothrombin, % 70–100 75 (49–94)
Partial thromboplastin

time, seconds
0.8–1.2 1.3 (1.1–2.3)

Fibrinogen, g/L 1.6–4 3.6 (2.2–5.3)
D-dimers, ng/mL 0–130 3,266 (481–6,370)
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death are respiratory and hemodynamic failure.16 Most
deaths occur during the first 48 hours of the clinical course.13

Although all cases of hantavirus infection reported in French
Guiana were severe, we suspect the presence of potential
underdiagnosed mild forms. Indeed, serological surveys
showed IgM and IgG reactive to hantavirus in healthy and
pauci-symptomatic persons in Peru and Brazil.19,20 In Pan-
ama, hantavirus infection was frequent, but resulted rarely in
respiratory illness and hospitalization.21,22 To explore this in
French Guiana, specific longitudinal serological surveys must
be set up for personswith possible exposure to rodents. Close
vigilance and large information to first-line physicians are also
required. These measures will help identify potential asymp-
tomatic forms of hantavirus in FrenchGuiana.
Maripa virus is an emerging virus in French Guiana. The

recent detection of two back-to-back recent human cases
suggests that screening for hantavirus infection must be rein-
forced in patients with concomitant pulmonary infection and
gastrointestinal disorders, especially when biologic analyses
are concordant with capillary leakage. Specific serological sur-
veys must also be set up to identify potential mild forms of the
disease in French Guiana.

Received June 9, 2022. Accepted for publication August 31, 2022.

Published online March 13, 2023.

Authors’ addresses: S�everine Matheus, St�ephanie Houcke, Guy
Roger Lontsi Ngoula, Pablo Lecaros, Nicolas Higel, Absetou Ba, Fab-
rice Cook, Patrick Djahi, and Didier Hommel, Intensive Care Unit,
Cayenne General Hospital, Cayenne, French Guiana, E-mails:
severinematheus@hotmail.com, stephanie.houcke@ch-cayenne.fr, guy.
lontsingoulla@ch-cayenne.fr, pablo.lecaros@ch-cayenne.fr, nicolas.
higel@ch-cayenne.fr, absetou5@yahoo.fr, fabrice.cook@ch-cayenne.
fr, yohou.djahi@ch-cayenne.fr, and didier.hommel@ch-cayenne.fr.
Jean Marc Pujo, Emergency Department, Cayenne General Hospital,
Cayenne, French Guiana, E-mail: jean.pujo@ch-cayenne.fr. Dabor
Resiere, Intensive Care Unit, Martinique University Hospital,
Martinique, E-mail: dabor.resiere@chu-martinique.fr. Anne Lavergne,
National Hantavirus Reference Center, Institut Pasteur de la Guyane,
Laboratoire Associ�e, French Guiana, E-mail: alavergne@pasteur-
cayenne.fr. Hatem Kallel, Intensive Care Unit, Cayenne General
Hospital, Cayenne, French Guiana and Tropical Biome and
Immunopathology, Universit�e de Guyane, Cayenne, French Guiana,
E-mail: hatem.kallel@ch-cayenne.fr.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits unre-
stricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.

REFERENCES

1. Hjelle B, Torres-P�erez F, 2010. Hantaviruses in the Americas
and their role as emerging pathogens. Viruses 2: 2559–2586.

2. Macneil A, Nichol ST, Spiropoulou CF, 2011. Hantavirus pulmo-
nary syndrome. Virus Res 162: 138–147.

3. Vial PA, Valdivieso F, Mertz G, Castillo C, Belmar E, Delgado I,
Tapia M, Ferr�es M, 2006. Incubation period of hantavirus car-
diopulmonary syndrome. Emerg Infect Dis 12: 1271–1273.

4. Figueiredo LTM, Souza WM, de Ferr�es M, Enria DA, 2014. Han-
taviruses and cardiopulmonary syndrome in South America.
Virus Res 187: 43–54.

5. Morse SS, 1995. Factors in the emergence of infectious dis-
eases. Emerg Infect Dis 1: 7–15.

6. Matheus S, Djossou F, Moua D, Bourbigot AM, Hommel D,
Lacoste V, Dussart P, Lavergne A, 2010. Hantavirus pul-
monary syndrome, French Guiana. Emerg Infect Dis 16:
739–741.

7. Matheus S, Lavergne A, de Thoisy B, Dussart P, Lacoste V,
2012. Complete genome sequence of a novel hantavirus vari-
ant of Rio Mamor�e virus, Maripa virus, from French Guiana. J
Virol 86: 5399.

8. Terças-Trettel ACP et al., 2019. Malaria and hantavirus pulmo-
nary syndrome in gold mining in the Amazon region, Brazil. Int
J Environ Res Public Health 16: E1852.

9. Kumar A, Krishnamurthy K, Nielsen AL, 2016. Hantavirus
infection among children hospitalized for febrile illness sus-
pected to be dengue in Barbados. J Infect Public Health 9:
81–87.

10. Kallel H, Matheus S, Mayence C, Houcke S, Mathien C, Lavergne
A, Hommel D, 2019. Capillary leak-syndrome triggered by
Maripa virus in French Guiana: case report and implication for
pathogenesis. BMC Infect Dis 5: 260.

11. Manigold T, Vial P, 2014. Human hantavirus infections: epidemi-
ology, clinical features, pathogenesis and immunology. Swiss
Med Wkly 144: w13937.

12. Angus DC, van der Poll T, 2013. Severe sepsis and septic
shock. N Engl J Med 369: 840–851.

13. Campos GM, Borges AA, Badra SJ, Figueiredo GG, Souza
RLM, de Moreli ML, Figueiredo LTM, 2009. Pulmonary and
cardiovascular syndrome due to hantavirus: clinical aspects of
an emerging disease in southeastern Brazil. Rev Soc Bras
Med Trop 42: 282–289.

14. Figueiredo LT, Campos GM, Rodrigues FB, 2001. Hantavirus
pulmonary and cardiovascular syndrome: epidemiology, clini-
cal presentation, laboratory diagnosis and treatment. Rev Soc
Bras Med Trop 34: 13–23.

15. Limongi JE, da Costa FC, Pinto RMC, de Oliveira RC, Bragag-
nolo C, Lemos ERS, de Paula MBC, Pajuaba Neto AA, Ferre-
ira MS, 2009. Cross-sectional survey of hantavirus infection,
Brazil. Emerg Infect Dis 15: 1981–1983.

16. Jonsson CB, Hooper J, Mertz G, 2008. Treatment of hantavirus
pulmonary syndrome. Antiviral Res 78: 162–169.

17. Av�si�c-�Zupanc T, Saksida A, Korva M, 2019. Hantavirus infec-
tions. Clin Microbiol Infect 21: e6–e16.

18. Vial PA et al., 2013. High-dose intravenous methylprednisolone
for hantavirus cardiopulmonary syndrome in Chile: a double-
blind, randomized controlled clinical trial. Clin Infect Dis 57:
943–951.

19. Cordova CMM, de Figueiredo LTM, 2014. Serologic survey on
hantavirus in blood donors from the State of Santa Catarina,
Brazil. Rev Inst Med Trop S~ao Paulo 56: 277–279.

20. Or�e C et al., 2012. Serologic evidence for human hantavirus
infection in Peru. Vector Borne Zoonotic Dis 12: 683–689.

21. Armien B et al., 2013. Hantavirus fever without pulmonary syn-
drome in Panama. Am J Trop Med Hyg 89: 489–494.

22. Armien B et al., 2004. High seroprevalence of hantavirus infec-
tion on the Azuero Peninsula of Panama. Am J Trop Med Hyg
70: 682–687.

MATHEUS AND OTHERS1016

mailto:severinematheus@hotmail.com
mailto:stephanie.houcke@ch-cayenne.fr
mailto:guy.lontsingoulla@ch-cayenne.fr
mailto:guy.lontsingoulla@ch-cayenne.fr
mailto:pablo.lecaros@ch-cayenne.fr
mailto:nicolas.higel@ch-cayenne.fr
mailto:nicolas.higel@ch-cayenne.fr
mailto:absetou5@yahoo.fr
mailto:fabrice.cook@ch-cayenne.fr
mailto:fabrice.cook@ch-cayenne.fr
mailto:yohou.djahi@ch-cayenne.fr
mailto:didier.hommel@ch-cayenne.fr
mailto:jean.pujo@ch-cayenne.fr
mailto:dabor.resiere@chu-martinique.fr
mailto:alavergne@pasteur-cayenne.fr
mailto:alavergne@pasteur-cayenne.fr
mailto:hatem.kallel@ch-cayenne.fr
https://creativecommons.org/licenses/by/4.0/

	TF1
	TF2

