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Abstract

Two patients with Lassa fever are described who are the first human cases treated with a
combination of ribavirin and favipiravir. Both patients survived but developed transaminitis and
had prolonged detectable virus RNA in blood and semen, suggesting that the possibility of sexual
transmission of Lassa virus should be considered.
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Lassa fever (LF), a disease endemic to West Africa caused by infection with Lassa virus
(family Arenaviridae), causes an estimated 100 000-300 000 human cases annually [1].
Most cases are caused by infection from ingestion, inhalation, or direct contact with the
environmental reservoir, Mastomys natalensis rodents; human-to-human spread is
uncommon [2, 3]. Mortality among hospitalized patients ranges from 15% to 20% [1].
Treatment with ribavirin during the first 6 days of illness decreases mortality rates to 5% [4].
Favipiravir, a novel antiviral agent with broad-spectrum activity against RNA viruses,
decreases levels of Lassa viremia and increases survival in animal models [5, 6]. We
describe 2 cases of LF acquired via secondary spread from the same index case who
survived after treatment with ribavirin and favipiravir.

The index patient was a medical worker employed at a missionary institution in Oti District,
Togo. The index patient was medically evacuated to Cologne, Germany, after 2 weeks of
fevers, but died approximately 10 hours after admission despite intensive care. LF was
diagnosed postmortem by reverse-transcription polymerase chain reaction (RT-PCR) from a
liver biopsy (Gerd Fatkenheuer, submitted).
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CLINICAL COURSE AND TREATMENT

Patient E

Patient F

Patient E is a previously healthy 33-year-old man who provided 7 days of nursing care to the
index patient in Togo and developed fevers 9 days after his last contact with the index
patient. A thick blood smear was positive for malaria and he received 3 days of artemether/
lumefantrine. LF was suspected when his fevers persisted and he developed sore throat,
retro-orbital headache, intermittent diminished hearing, diarrhea, malaise, and generalized
weakness. Laboratory testing in Togo revealed leukopenia with a nadir of 1 x 109 cells/L,
thrombocytopenia of 50 x 109 cells/L, mild transaminitis (aspartate aminotransferase 131
U/L, alanine aminotransferase 77 U/L), and creatinine of 2.3 mg/dL. Patient E received
ribavirin 2 g orally once followed by 1 g every 8 hours as intravenous ribavirin was not
immediately available. He was medically evacuated to the Serious Communicable Diseases
Unit at Emory University Hospital in Atlanta, Georgia, on day 8. An admission blood
specimen was positive for Lassa virus infection by conventional RT-PCR and retrospective
quantitative (q) RT-PCR (using laboratory-developed primers LV-Tog2 F
(TCACAACTCATCGCCTCATAC) and LV-Tog2 R (AATCTGTATGACCACGCACTC) and
of probe LV-Tog2 P (56-FAM/TCCATCTGT/ZEN/CCATCCCAAACTTCAACC/3IABKFQ)
with a cycle threshold value (Ct) of 23.4 (Figure 1A). On admission, intravenous ribavirin
16 mg/kg every 6 hours and oral favipiravir 2000 mg once followed by 1000 mg every 12
hours were administered after emergency investigational new drug approval was obtained
from the US Food and Drug Administration. On day 12, favipiravir was discontinued and
ribavirin was decreased to 8 mg/kg every 8 hours as per protocol from the manufacturer. He
completed his ribavirin regimen on day 15.

Initial vital signs included temperature 37.1°C, heart rate 50 beats/minute, respiratory rate 24
breaths/minute, and blood pressure 140/91 mm Hg. Examination revealed a thin, ill-
appearing male with mild conjunctival pallor, oral thrush, a soft precordial systolic murmur,
and mild bladder distension with suprapubic tenderness. Tests for Ebola virus, human
immunodeficiency virus (HIV), and malaria were negative. The patient had fevers to a
maximum of 40.4°C, which resolved on day 12, and intermittent headaches. He developed
nausea, which he attributed to favipiravir. His appetite improved and his sore throat resolved
on day 14. He developed painful diffuse lymphadenopathy on day 14, epididymitis between
days 19 and 21 (which later correlated to semen culture positivity for Lassa), and night
sweats on day 22. He was discharged on day 25. His hearing slowly improved, although
subjective right-sided decreased hearing persisted for 4 months despite normal audiological
testing.

Patient F is a mortician who prepared the index patient’s corpse for repatriation 11 days after
the patient’s death. He was ill with mild upper respiratory tract symptoms prior to contact
with the deceased patient, making the first day of symptoms due to LF difficult to clarify.
Qualitative PCR for LF was ordered by the health authorities 2 days after contact with the
corpse due to temperatures between 37.5°C and 38.0°C (illness day 1) with an inconclusive
result (1 faint band in 1 of 3 parallel assays). His condition deteriorated over 3 days with
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fevers to 38.2°C, pronounced generalized weakness, myalgia, arthralgias, headache, and
nausea. Repeat RT-PCR testing 4 days later was positive (Ct 31.0; Figure 1B), and he was
transferred to the Frankfurt University High-Level Isolation unit.

Initial vital signs were temperature 38.9°C, blood pressure 145/75 mm Hg, and heart rate 77
beats/minute. Examination revealed dry mucous membranes, pharyngeal erythema with
patchy white exudates, conjunctival injection, a faint macular rash on the epigastrium, and
slowed rapport and speech. Diagnostic testing was negative for HIV, hepatitis B and C,
influenza, and group A Streptococcus pharyngitis. His fevers resolved on day 7 and his
myalgias and arthralgias gradually improved. He developed nonproductive coughing without
chest radiographic abnormalities. His pharyngitis worsened during the first week and
resolved during week 3. He was discharged on day 39 after his symptoms resolved.

He received 1000 mg of intravenous ribavirin followed by 1000 mg every 6 hours for 4 days
followed by 500 mg intravenously every 8 hours for another 6 days per the World Health
Organization protocol [7]. Oral favipiravir 2000-mg loading dose was administered followed
by 1200 mg twice daily for 4 days. He developed atrial fibrillation 2.5 hours after initiation
of favipiravir and 10.5 hours after ribavirin. Therapeutic heparin treatment was administered.
Four hours after discontinuation of favipiravir and 14 hours after ribavirin dose reduction, he
converted to sinus rhythm.

LABORATORY STUDIES

For both patients, clinical laboratory support was provided as described in Supplementary
Data 1 and initial molecular testing was performed as previously described [8, 9]. Patient-
specific qRT-PCR assays were developed, designated LV-Tog?2 for patient E and LV-Tog1 for
patient F (Supplementary Data 1). Pertinent laboratory results for both patients are shown in
Figures 2A and 2B, respectively. Lassa immunoglobulin M (IgM) antibodies were detected
on day 13 in patient E and immunoglobulin G (1gG) antibodies were detected on day 46 in
patient E and day 38 in patient F. IgM was not tested in patient F.

Cell culture by Vero cell culture for Lassa virus was positive from whole blood specimens
from patient E on days 8, 9, and 11 and patient F on day 5. Lassa virus nucleic acid was
detected in blood samples by gRT-PCR in patient E through day 59 (Figure 1A) with 1
exception and in patient F through day 28 (Figure 1B). Patient E had 6 positive RT-PCR
assays from urine samples but virus was not isolated from urine by cell culture. Urine testing
on patient F yielded 1 positive RT-PCR on day 22. Saliva RT-PCRs were intermittently
positive from patient E through day 46 and pharyngeal swab RT-PCRs from patient F were
positive through day 28. Three semen samples from patient E (days 15, 20, and 48) and 4
samples from patient F (days 35, 46, 82, and 103) all had detectable Lassa virus RNA by
gPCR. Culture yielded Lassa virus in 1 semen sample from patient E on day 20.

DISCUSSION

We report 2 epidemiologically linked patients with LF secondarily acquired from the same
index case treated with favipiravir and ribavirin and who made full recovery. Ribavirin, the
only previously described anti-LF therapy associated with reduced mortality in humans, was
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initiated on day 6 (patient E) and day 5 (patient F). Favipiravir is licensed for influenza
treatment in Japan and may reduce mortality in other RNA virus infections, including Ebola
virus disease [10]. Favipiravir was started on day 8 (patient E) and day 5 (patient F) but was
discontinued after 5 days of treatment in both patients due to nausea and worsening
transaminitis. Transaminitis has been described in LF in both untreated and ribavirin-treated
patients [4, 11], so it was unclear if the patients’ transaminitis was due to their underlying
disease vs a drug effect. In both patients, aminotransferase levels declined shortly after
discontinuation of favipiravir and decreases in the ribavirin dose. Both patients also showed
a decline in hemoglobin (Figure 2A and 2B) with an elevated lactate dehydrogenase and
bilirubin in patient F, which may partially be explained by a toxic effect of ribavirin and
metamizole. Viral copy number values declined on therapy, although given the lack of
comparator patients or sufficient historical data using PCR methods, it remains unclear
whether this was due to an effect of combined antiviral therapy or the normal course of
Lassa viremia. The utility of combined ribavirin and favipiravir treatment for LF should be
evaluated in further clinical studies.

Viral nucleic acid was detected for a prolonged period in both patients in blood (days 27 and
62) and semen (days 48 and 103). The long-term persistence of viable virus in convalescent
patients in immune-privileged compartments has been described for Ebola virus in ocular
and seminal fluid [12—14]. Arenavirus escape attributed to evasion of immune system
antigen presentation has been shown to contribute to long-term virus excretion in natural and
dead-end hosts [15]. Well-documented longitudinal molecular detection of Lassa virus in
semen has not been previously published, raising the possibility that Lassa virus could be
sexually transmitted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Patient E (A) and patient F (B8): Symbols represent different samples taken from different

body fluids. Filled symbols represent body fluid samples from which a viral isolate was

recovered. Positive culture results and positive qualitative polymerase chain reaction (PCR)
results are indicated by cycle threshold values ranging from 10 to 15. Symbols below the red
bar indicate body fluid samples testing negative by PCR. The presence of immunoglobulin
G, immunoglobulin M, duration of treatment, duration of symptoms, and duration of clinical

examination findings are indicated by the bars underneath. Abbreviations: A. Fib, atrial
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fibrillation; Dim. Hearing, diminished hearing; 1gG, immunoglobulin G; IgM,
immunoglobulin M; LAD, painful lymphadenopathy; PCR, polymerase chain reaction.
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A, White blood cell (WBC) count, hemoglobin (HgB), and platelet (PIt) counts for patient E
(triangles) and patient F (circles). B, Aspartate aminotransferase (AST), alanine
aminotransferase (ALT), total bilirubin, lactate dehydrogenase, and creatinine values for
patient E (triangles) and patient F (circles).
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