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ABSTRACT

BACKGROUND

In June 2019, the Bolivian Ministry of Health reported a cluster of cases of hemor-
rhagic fever that started in the municipality of Caranavi and expanded to La Paz.
The cause of these cases was unknown.

METHODS

We obtained samples for next-generation sequencing and virus isolation. Human
and rodent specimens were tested by means of virus-specific real-time quantitative
reverse-transcriptase—polymerase-chain-reaction assays, next-generation sequencing,
and virus isolation.

RESULTS

Nine cases of hemorrhagic fever were identified; four of the patients with this illness
died. The etiologic agent was identified as Mammarenavirus Chapare mammarenavirus, or
Chapare virus (CHAPV), which causes Chapare hemorrhagic fever (CHHF). Probable
nosocomial transmission among health care workers was identified. Some patients
with CHHF had neurologic manifestations, and those who survived had a prolonged
recovery period. CHAPV RNA was detected in a variety of human body fluids (in-
cluding blood; urine; nasopharyngeal, oropharyngeal, and bronchoalveolar-lavage
fluid; conjunctiva; and semen) and in specimens obtained from captured small-
eared pygmy rice rats (Oligoryzomys microtis). In survivors of CHHF, viral RNA was
detected up to 170 days after symptom onset; CHAPV was isolated from a semen
sample obtained 86 days after symptom onset.

CONCLUSIONS

M. Chapare mammarenavirus was identified as the etiologic agent of CHHF. Both
spillover from a zoonotic reservoir and possible person-to-person transmission were
identified. This virus was detected in a rodent species, O. microtis. (Funded by the
Bolivian Ministry of Health and others.)
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HAPARE VIRUS (CHAPV; GENUS MAM-
marenavirus, family Arenaviridae) causes
Chapare hemorrhagic fever (CHHF). Mam-
marenaviruses cause viral hemorrhagic fevers
throughout South America. Surveillance is chal-
lenging because of a lack of diagnostic testing
and because of the clinical similarity between
CHHF and other endemic diseases.® In 1963,
Machupo virus (MACV) was identified as the
cause of Bolivian hemorrhagic fever in the depart-
ment of Beni, Bolivia.*® In 2003, cases of hemor-
rhagic fever were reported in the department of
Cochabamba, approximately 350 km from Beni.
Specimens obtained from one patient who had
died contained a novel arenavirus, CHAPV.® Data
on cases of CHHF have been lacking since then.
Natural transmission of CHAPV to humans
probably occurs through exposure to infected ro-
dents or their excreta, although the reservoir is
unknown.*® Human-to-human transmission of
other mammarenaviruses, but not CHAPV, has
been documented.»*>¢ Lassa virus, an Old World
mammarenavirus, has been detected in urine,
breast milk, semen, and cerebrospinal fluid, and
it may persist after clinical recovery, but such per-
sistence of New World mammarenaviruses is un-
documented.”®
In June 2019, the Bolivian Ministry of Health
reported a cluster of cases of hemorrhagic fever
of unknown cause that started in the municipal-
ity of Caranavi and expanded to La Paz; some
clinical features had been described previously.’
Here, we describe evidence of nosocomial trans-
mission of CHAPV, additional clinical data on
CHHE, the development of new CHAPV diagnos-
tic assays, evidence of a likely rodent reservoir,
complete genome sequencing of the 2019 strains,
and CHAPV persistence in patients who had re-
covered from CHHF.

METHODS

LABORATORY TESTING

Specimens were collected in accordance with the
outbreak response protocols of the Bolivian Min-
istry of Health. At the Bolivian Center for Tropi-
cal Diseases (Centro Nacional de Enfermedades
Tropicales), the specimens tested negative on mo-
lecular assays, serologic assays, or both for hanta-
virus, MACV, dengue virus, yellow fever virus,
chikungunya virus, Zika viruses, and leptospira.
They were then sent to the Centers for Disease

Control and Prevention for further testing in a
biosafety level 4 laboratory. Extracted RNA was
analyzed by means of next-generation sequencing.
Specific real-time quantitative reverse-transcrip-
tase—polymerase-chain-reaction (RT-PCR) assays
targeting the L and S segments of CHAPV were
designed and used to test specimens obtained
from humans and rodents. Virus isolation was
attempted with the use of Vero E6 cells. Serologic
testing was performed with the use of Junin vi-
rus, MACV, and CHAPV antigens.

ECOLOGIC INVESTIGATION

Samples from small mammals (rodents and a
marmoset) were obtained in the municipalities
of Caranavi and Guanay, where the index case
patient (Patient S1-1) lived and farmed (Fig. 1).
Rodent trapping and specimen collection were
conducted from July 7 through July 9, 2019, in
accordance with standard published methods.?
Protocols for the testing of animals were approved
by the Bolivian Ministry of Health.

Research involving human subjects was ap-
proved by the Bolivian Ministry of Health and
adhered to outbreak response protocols. Detailed
methods are provided in the Supplementary Ap-
pendix, available with the full text of this article
at NEJM.org.

RESULTS

CLINICAL FEATURES OF CHHF AND NOSOCOMIAL
TRANSMISSION

Between April 24 and June 18, 2019, viral hemor-
rhagic fever-like syndromes developed in five per-
sons, and they were hospitalized. Clinical and epi-
demiologic data are summarized in Table 1 and
Figure 2; detailed case summaries are provided
in the Supplemental Results section in the Sup-
plementary Appendix. The suspected sequence
associated with possible nosocomial transmission
is shown in Figure S1 in the Supplementary Ap-
pendix.

On April 24, 2019, symptoms developed in
the index case patient, Patient S1-1, a 65-year-old
male agricultural worker in Guanay Municipal-
ity (Fig. 1). He presented twice to hospitals in
Caranavi Province with persistent fever, myalgia,
retro-orbital pain, headache, nausea, and ab-
dominal and lumbar pain. He received a clinical
diagnosis of dengue and was not admitted to the
hospital during either visit. On May 7, he pre-
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Figure 1. Chapare Virus in Bolivia.
hemorrhagic fever (CHHF) and the locations of CHAPV transmission in 2019.

This map of South America shows the location of Bolivia and the distribution of the possible rodent reservoir of Chapare virus (CHAPV),
small-eared pygmy rice rats (Oligoryzomys microtis). The inset shows the history of transmission of Bolivian hemorrhagic fever and Chapare

sented again and was admitted to the hospital with
worsening symptoms and gingival hemorrhage,
and he remained hospitalized until he died on
May 12. No specimens were obtained for diagnos-
tic testing; therefore, this case was categorized as
probable CHHF.

Patient S1-2, a 25-year-old female medical in-
tern in a hospital in Caranavi Province, was in
direct contact with Patient S1-1 on May 11. Nine
days later (on May 20), she had nausea, vomiting,
fever, headaches, myalgia, arthralgia, abdominal
pain, lumbar pain, and generalized malaise that
worsened over the next week. Subsequent gingival
and vaginal hemorrhage, generalized seizure, and
hemorrhagic shock, developed, and she was ad-

N ENGL ) MED 386;24

mitted to a local hospital on May 27 and trans-
ferred to a tertiary care hospital in La Paz on
June 2. She died on June 4 with a clinical diag-
nosis of dengue.

Patient S1-3, a 25-year-old male agricultural
worker in Guanay, shared a home with Patient
S1-1 while the patient was ill and was in direct
contact with him during his hospitalization on
May 11. On May 30, at 19 days after his last ex-
posure to Patient S1-1, Patient S1-3 became ill
and was admitted to a hospital in Caranavi. He
was then transferred to a tertiary care hospital
in La Paz, where he recovered.

Patient S1-4, a 48-year-old male physician, as-
sisted with the ambulance transfer of Patient S1-2
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Figure 2. Transmission Chains Indicating Epidemiologic Linkages of Probable

and Confirmed CHHF Cases in 2019.

from Caranavi to La Paz on June 2 and had direct
exposure to her body fluids. Sixteen days after this
exposure (on June 18), symptoms developed, and
he was subsequently hospitalized and recovered.

Patient S1-5, a 42-year-old male gastroenterolo-
gist in La Paz, performed an endoscopy for Patient
$1-2 on June 4. Symptoms developed in Patient S1-5
a total of 14 days later (on June 18). He was hos-
pitalized, and he died on July 10.

Nosocomial transmission was suspected in at
least three of these five patients (Patients S1-2,
S1-4, and S1-5). These three patients were health
care workers with no known risk factors for
CHAPV exposure other than contact with an ill
patient in a health care setting. Two patients
(Patients S1-1 and S1-3) were agricultural work-
ers; environmental exposure was suspected in
Patient S1-1. Patient S1-3 had contact with Pa-
tient S1-1 while the latter patient was symptom-

2288 N ENGL J MED 386;24

atic; however, an environmental exposure can-
not be ruled out (Table 1). All five patients were
previously healthy, with no known underlying
conditions; three had initial suspected diagnoses
of dengue, one of postinfectious encephalomy-
elitis, and one of viral myopathy or Guillain—
Barré syndrome. All initially reported persistent
myalgia and arthralgia. Four of the five patients
were persistently febrile throughout their illness;
Patient S1-4 had no documented fever. Gingival
hemorrhage for which transfusion support was
warranted developed in all five patients. Of the
four patients with available laboratory data,
three had anemia, and all four had leukopenia,
thrombocytopenia, and elevated aminotransfer-
ase levels during hospitalization (Section S2.1 in
the Supplementary Appendix).

Neurologic manifestations developed in four
of the five patients, and they received mechanical
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ventilation for airway protection. Patient S1-2 had
no neurologic symptoms on initial presentation
but had one generalized seizure 10 days after
symptom onset. Patient S1-3 had psychomotor ex-
citation and altered mental status on initial presen-
tation, complicated by one generalized seizure and
hemiparesis on the left side of his body. His al-
tered mentation persisted for several months after
discharge. Patient S1-4 had bilateral paraparesis
on presentation (with deep-tendon reflexes that
remained intact); this presentation prompted sus-
picion of viral myopathy or Guillain—Barré syn-
drome. The paraparesis persisted for several
months after discharge. Confusion, agitation, and
hyporeflexia of the legs developed in Patient S1-5,
and he had one generalized seizure 8 days after
symptom onset.

Three of the five patients died during hospi-
talization. Patient S1-3 was discharged 31 days af-
ter symptom onset, and Patient S1-4 was dis-
charged 161 days after symptom onset. The
incubation period ranged from 9 to 16 days in
the three health care workers (Patients S1-2, S1-4,
and S1-5) with known dates of exposure.

IDENTIFICATION OF CHAPV AND DEVELOPMENT

OF NEW DIAGNOSTIC TESTS

With the use of next-generation sequencing and
pathogen-discovery pipelines, CHAPV sequences
were consistently identified in complementary
DNA libraries prepared from specimens and vi-
ral isolates, but not in mock RNA extraction or
mock infection controls. No other pathogen se-
quences were consistently identified by next-
generation sequencing in the patient specimens
or viral isolates that were analyzed. Specific
quantitative RT-PCR assays were developed. Mul-
tiple independent viral isolates were obtained
and identified as arenaviruses with the use of an
indirect immunofluorescence assay and electron
microscopy and confirmed as CHAPV by means
of quantitative RT-PCR (Fig. 3 and Sections S1.3
and S1.7).

DETECTION OF ADDITIONAL CASES OF CHHF

With improved laboratory and surveillance ca-
pacity, four additional cases of CHHF were pro-
spectively detected in 2019 and 2020 (Table 1
and Fig. 2). Clinical details were largely unavail-
able; additional data for Patient S2-1 are provid-
ed in the Supplementary Appendix. Patient S2-1
was a 29-year-old pregnant (16 weeks’ gestation)

N ENGL ) MED 386;24

Positive

Anti-CHAPV
Hyperimmune
Mouse Ascitic Fluid

Normal Mouse
Ascitic Fluid

Mock

and Electron Microscopy.

Figure 3. Detection of CHAPV by an Indirect Inmunofluorescence Assay

In Panel A, an indirect immunofluorescence assay shows CHAPV Bolivia
2019 isolate obtained from Patient S1-2 (passage 1 in Vero E6 cells, 7 days
after inoculation). In Panel B, electron microscopy of CHAPV Bolivia 2019
isolate shows typical arenavirus morphologic features with pleomorphic
virions containing ribosomes. The virus isolate was obtained from Patient
S1-4 (passage 2 in Vero E6 cells, 7 days after inoculation). The arrow indi-
cates a budding viral particle. The scale bar represents 200 nm.

agricultural worker from Palos Blancos Munici-
pality (Fig. 1). Fever and diarrhea developed in
this patient on July 9. On July 15, she presented
to a local hospital with fever, headache, myalgia,
lethargy, retro-orbital pain, abdominal pain, vom-
iting, diarrhea, and gingival hemorrhage. She died
on July 18.

Patient S3-1, a 47-year-old male agricultural
worker from Alto Beni Municipality, was admit-
ted to a local hospital on December 3 with head-
ache, retro-orbital pain, arthralgia, myalgia, neu-

NEJM.ORG JUNE 16, 2022

The New England Journal of Medicine
Downloaded from nejm.org on March 29, 2023. For personal use only. No other uses without permission.
Copyright © 2022 Massachusetts Medical Society. All rights reserved.

2289



The NEW ENGLAND JOURNAL of MEDICINE

S00°0

(9062££ZIN) 610T ‘8T PUe $Z ABIN ‘INBURIED ‘T-TS Ul

86

(#06Z££ZIN) 6T0T ‘8T PUE T ABIN ‘IABUEBIED ‘Z-TS JUdlIEd
00T

(0162££ZIN) 6T0T ‘LT 2un( ‘zed €7 ‘p-TS Judlted

(Tz62L£ZIN) 6TOT AIn[ ‘AeuenS ‘S/Z S0 O

0

(€z62247N) 6102 Anf *Aeueno ‘00¢ sHowIwi O \\

(9162££ZIN) 610Z AIn[ ‘sodue|g sojed ‘T-ZS IuaNed é
Ooﬁx_
(¥1622££ZN) 610 AInf ‘sodue|g SOfed ‘T-S IUBlRd

00T

(816Z££ZIN) 6T0T ‘€T 22 ‘ludg O3y T-€S JuUdiled

(9062££ZIN) 610T ‘82 PUE ¥Z kBN ‘INEUBIED ‘T-TS JUdlIEd g
QomNRN«s 6107 ‘8% PUE pZ AB| ‘IneuBIE) ‘Z-TS JUalEd QT
0T62£LZIN) 6107 /T dun[ ‘Zed 7 ‘4TS 1udlied
(Tz62LL7N) 6107 ANf ‘Aeuens 'S/ si20191ul "0 o1
(€z6z££ZN) 6107 AInf “Aeuens ‘Qo¢ sizosiul "0
MmaNRN_\,_ 610 LT AInf‘sodue|g sojeq '1-z uaned | 00T
V162LLZIN) 6T0Z ‘LT An[ ‘sodue|g sofed ‘T-ZS jualied
(8162££ZIN) 6107 ‘€1 29 ‘1U3g O}y ‘T-€S 3uded
¥97092N3 ‘€00C SnJIA 2.edeys
T67£TEIN ‘SN 910dy
SLYTOSN[ ‘sniin giges
68EVZEAY ‘SNIIA Jledewy
VZO8SEAY ‘SMIIA OIEUEND
6TS9TZAY ‘SnuIA ixidn)
ZZ08SEAY ‘Snai ujun(
ZY96TIAV ‘Sniin odnyoey
0vEYO[ ‘sniin aquede |

LLS9L6DIN ‘sniiA Lindex
Z19£79N3 ‘snaiA oune
YTS9TCAY "SMUIA SOI2AIO

No@ﬁm& ‘snuiA okenyed)|y

8v/8LEN( ‘SndiA spuiydld

SOSOTZAY ‘SNUIA [E3UId

£6EVTOAY ‘SNUIA IWBIWE]
S6EYTOAY ‘SNIIA 0A0LIY J21BMIIIYM
06EVZ6AY ,m_\:_> :QACNU Jeag
119£29N3 ‘SnuIA [ex3|4
€19£79N7 ‘SNJIA eukleqd

€ 9pe|D
00T

J°pe]D

v apepd

jawdas

. . J S00°0
(8062££ZIN) 610 ‘87 aun( ‘zed e ‘p-TS Jualied

(6062££ZIN) 6T0T ‘LT 3un[ ‘zed B ‘p-TS Iudl1Ed
(TT62££ZIN) 610T ‘€T 8Ny ‘INeURIED ‘¢-TS JUBlIEd
(£062£LZIN) 6107 ‘8T Pue ¥ KB ‘INBUEBIED ‘Z-TS JUBIIE]
(S062££ZIN) 610T ‘8T PUE $T ABIN ‘INBURIED ‘T-TS JUBl1E]

(¢162LLZIN) 610T ‘T 1daS ‘ZBd BT ‘p-TS IUaled o1

(£06ZL£ZIN) 6T0T ‘8T 2un( ‘zed €7 ‘S-S Iusned - %

(6162££ZIN) 6T0Z ‘T€ "22@ ‘Ineueie) ‘[-pS Juslied
) ) 00T
(zz62LLZIN) 610T AIn[ ‘Aeuens ‘O0¢ sioiiw -0
(0z6z2£ZIN) 610T AIn[ ‘Keuens ‘s/z siposoiwi O \\

. | 00T
(€162££ZIN) 610Z AIn[ ‘sodue|g sojed ‘T-¢S Jualed

001
(ST62£LZIN) 60T AINf ‘soduE|g SOJE] ‘T-S IURNEY

16
(£162££ZIN) 6T0T ‘€T 22 ‘luag O3y ‘T-€S JUal3ed L

MwomNRNEW 6107 ‘87 2un( ‘zed 7 ‘=TS Iualed
606¢LLZIN) 610 ‘£Z dun[ ‘zed e ‘p-1S Iudiled
(TT62££ZIN) 6T0T ‘€T "8ny ‘IAeUBIED ‘E-TS JUSlEd
(£06Z£LZIN) 6TOT ‘8T PUE 1 ABIN ‘IABUBIED ‘T-TS JUdlIEd
(S062££ZIN) 60T ‘87 PUE $T AB|\ ‘INBURIED ‘T-TS U1
(2162££ZIN) 6TOT ‘T 1d3S ‘Zed B ‘p-TS 3uslzed 00T
ABONRN«,_V 6107 ‘87 dun( ‘zed €7 'S-TS JUdNed gg
(61622/ZIN) 6107 ‘T€ 52 ‘Ineuele) ‘T-yS Judlked o7
AWNmNRN_\s 610¢ An[ ‘keuens ‘oQ¢ snosoii "0
onNTNs_V,ﬂo mﬁ Keuens 'S/ sijoiiw "O
(€162£/ZIN) 610Z ‘LT An[ ‘sodueg SO[ed ‘T-ZS Judled g
(ST62££ZIN) 6102 ‘LT AIn[ 'sodue|g sojed ‘T-ZS Jualied=7¢
(2162427 IN) 6T0T ‘€T 22 ‘lusg O3y ‘T-€S IUdllEd

£9¥09ZN3 ‘£00T SMIA aiedeyd — 0o1
¥LYTOSN( ‘SniiA eiqes H_I_
067LT€4IN ‘SMIA 210dy
9575874V ‘sniin Ledewy
LYT6TZTAY ‘SNJIA OjleUBND)
7€82154V ‘ShuIA IxidnD
€Z08SEAY ‘SNUIA ujunf
€796 TIAY ‘SNIA odnyde |y
¥0EOTIN ‘SNIIA aquiede |

0€8Z1G4Y ‘SnJIA ouneq
8¥ZYEN ‘SNUIA SOIBAIO
8£59/69DIN ‘sniiA undey
2975874y ‘SnIIA [B3LId
LYL8LEN[ ‘SnuIA ppuiLpId
£89ZTOAV ‘s okenyed||y
1925874V ‘SnJiA pueled
TE€8TTISAY ‘SNIIA [exd]4
£908224Y ‘SNJIA 0ouly 191EMINYM
T6EVTOAY ‘SNIIA Uokue)) Jeag
£9768¥4V ‘SNIIA Iwelwe]

00T

00T
g °pep

J9pep

v 3pe|D

jawsdss §

NEJM.ORG JUNE 16, 2022

24

N ENGL ) MED 386

2290

The New England Journal of Medicine
Downloaded from nejm.org on March 29, 2023. For personal use only. No other uses without permission.

Copyright © 2022 Massachusetts Medical Society. All rights reserved.



CHAPARE HEMORRHAGIC FEVER IN BOLIVIA

Figure 4 (facing page). Phylogenetic Analysis of New
World Mammarenaviruses, Including Chapare mam-
marenavirus Species.

The phylogenetic tree shows relatedness between rep-
resentative New World mammarenavirus S segments
(Panels A and B) and L segments (Panels C and D)
from clades A, B, and C, and 2019 Chapare virus se-
quences obtained from seven patients and two rodents
(Oligoryzomys microtis) in the 2019 CHHF outbreak in
Bolivia. The GenBank accession numbers of the se-
quences used in the phylogenetic analysis are listed in
parentheses after the patient number and the location
and date of specimen collection. The GenBank num-
bers of other viruses follow the virus names. The scale
bars denote the genetic distance in nucleotide substitu-
tions per site. The arrows in Panels A and C indicate
the expanded sections shown in Panels B and D.

rologic deterioration, and gingival hemorrhage. He
recovered and was discharged on January 5, 2020.

Patient S4-1, a 27-year-old pregnant (5 weeks’
gestation) agricultural worker from Caranavi, pre-
sented on December 5 with headache, epistaxis,
and malaise. On December 23, fever, headache,
vomiting, and lethargy, followed by gingival hem-
orrhage, developed in Patient S4-2, a 7-year-old son
of Patient S4-1. He was admitted to the hospital
on December 31. Patients S4-1 and S4-2 recovered
and were discharged on December 29, 2019, and
January 10, 2020, respectively. Patient S4-1 later
had an uncomplicated childbirth.

Of these additional patients, only Patient S2-1
died; no nosocomial infections were reported.
Aside from Patients S4-1 and S4-2, no epidemio-
logic links were identified among these patients
or between these patients and any patients in the
initial 2019 cluster.

IDENTIFICATION OF A POTENTIAL RODENT RESERVOIR
CHAPV RNA was detected in samples of tissues
obtained from 9 of 31 rodents (29%). CHADPV-
positive rodent species were identified as small-
eared pygmy rice rats (Oligoryzomys microtis) with
the use of cytochrome b sequences for O. microtis
(GenBank accession number, FJ374766).1* Addi-
tional data are provided in Section S2.2.

PHYLOGENETIC ANALYSIS

Whole-genome sequencing was attempted with
the use of RNA extracted from patients, viral
isolates, and CHAPV-positive rodents. Complete
S segments were generated from seven of eight
patients, and complete L segments were generated

N ENGL ) MED 386;24

from four of eight patients; both segments were
generated from two of nine rodents. Phylogenetic
trees (Fig. 4) show that these sequences are
members of the mammarenavirus genus, New
World lineage, clade B, which is most closely re-
lated to the Chapare virus 2003 strain, which was
originally described in Cochabamba. These new
viruses belong to the Chapare mammarenavirus spe-
cies, and they share more than 89% nucleotide
sequence identity in the S segment, more than 88%
in the L segment, and more than 88% nucleo-
protein amino acid sequence identity with the
Chapare virus 2003 strain.

Phylogenetic clustering (with strong bootstrap
support) showed that a strain of CHAPV circu-
lated within the municipality of Caranavi and that
cases in humans from May through December
2019 were closely related to rodent-derived viral
sequences. Taken together with epidemiologic
evidence, environmental transmission to Patient
$1-1 with subsequent human-to-human transmis-
sion to Patients S1-2, S1-3, S1-4, and S1-5 in May
through June 2019 was supported with a closely
related CHAPV sequence; however, a common
source of environmental exposure in Patients S1-1
and S1-3, both of whom were agricultural work-
ers in Guanay, cannot be ruled out. An additional
unique CHAPV strain that appeared to have been
circulating in the Alto Beni and Palos Blancos
municipalities caused disease in humans in July
and December 2019.

CHAPV DETECTION IN BODY FLUIDS, VIRAL
PERSISTENCE, AND SEROCONVERSION

CHAPV RNA was detected by means of RT-PCR
in whole blood, serum, and urine samples, as well
as in nasopharyngeal and oropharyngeal swabs,
bronchoalveolar-lavage fluid, and conjunctiva
and semen specimens. CHAPV RNA was detect-
able 113 days (in Patient S1-3) and 170 days (in
Patient S1-4) after symptom onset. CHAPV was
isolated from a semen sample obtained from
Patient S1-3 at 86 days after symptom onset.
Anti-CHAPV IgM and IgG seroconversion was
detected in Patients S1-3, S1-4, and S3-1, all of
whom recovered (Table S1). Additional details
are provided in Section S3.1.

DISCUSSION

A total of 16 years after the initial identification
of CHAPV in 2003, we found CHAPV, evidence
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of human-to-human transmission (including nos-
ocomial transmission among health care work-
ers), and a potential rodent reservoir of this vi-
rus. Cases of CHHF were identified with the use
of a combination of RT-PCR (in eight patients),
serologic analysis (in three), and virus isolation
(in five); one case of CHHF (in Patient S1-1) re-
mains probable.

Dengue was the initial suspected diagnosis in
the early cases of CHHF in 2019. An alternative
diagnosis of viral hemorrhagic fever was sus-
pected only after the death of Patient S1-2, the
subsequent illnesses in physicians in Caranavi and
La Paz, and negative diagnostic tests for common
causes of hemorrhagic conditions. Consequent-
ly, early supportive care and infection-prevention
and infection-control protocols were delayed.
CHHEF and Bolivian hemorrhagic fever should be
considered in patients in this geographic area,
particularly in persons with risk factors for en-
vironmental or nosocomial exposure. Dengue,
CHHEF, and Bolivian hemorrhagic fever share
many similarities (notably, fever and nonspecific
symptoms such as myalgia, arthralgia, petechiae,
and ecchymoses), as well as laboratory findings
of leukopenia, thrombocytopenia, and elevated
aminotransferase levels.!*’*> A common unique
feature of dengue is defervescence in the critical
phase before the onset of shock, followed by
organ dysfunction and severe bleeding."® Persis-
tence of fever, myalgia, arthralgia, weakness, or
neurologic symptoms more than 7 days after
symptom onset, with continued hemorrhagic man-
ifestations, may be suggestive of CHHF. Addi-
tional data are needed to further describe the
typical course of CHHF.

The treatment of arenaviruses largely relies
on early diagnosis and involves supportive care.
Data are lacking regarding the use of ribavirin
or other antiviral agents in patients with CHHF;
however, treatment with intravenous ribavirin
early in the course of illness improves outcomes
in patients infected with Junin virus, MACV, and
Lassa virus.'*® The limited availability of riba-
virin in Bolivia poses a challenge for the treat-
ment of acute CHHF and Bolivian hemorrhagic
fever. Argentine hemorrhagic fever has been
successfully treated with convalescent plasma."”
Although CHAPV serologic assays are promis-
ing new tools, further research is needed before
convalescent plasma will be a possible treatment
option for CHHF.

N ENGL ) MED 386;24

The detection of CHAPV RNA in multiple
body fluids obtained from patients with CHHF
highlights the importance of early implementa-
tion of infection-control measures. Our results
suggest that CHAPV may persist in patients for
several months after recovery. Detection of in-
fectious CHAPV in semen obtained from a pa-
tient 86 days after the onset of symptoms sug-
gests the possibility of sexual transmission after
recovery. Although data are lacking regarding
transmission of mammarenaviruses after patients
have recovered from infection, transmission of
other hemorrhagic fever viruses such as Ebola
virus is well documented.”®* Follow-up programs
for patients who have recovered from CHHEF are
important to ensure access to health care and
support, including psychosocial services, because
survivors may have social stigmatization and
long-term health consequences.?* Data on long-
term sequelae of CHHF are lacking, but persis-
tent neurologic, auditory, and ocular deficits have
been reported in persons who have recovered
from Lassa fever.>*2¢

In Guanay, 29% of the rodents captured for
this analysis tested positive for CHAPV. Our data
suggest that O. microtis may be a rodent reservoir
of CHAPV; however, additional investigations are
needed. O. microtis, a habitat generalist that is
well adapted to peridomestic settings, is widely
distributed in this region and the North La Paz
Valley (Fig. 1) and is a reservoir for Rio Mamoré
virus.”* Agricultural activity is common in the
region, so further spillover of CHAPV to humans
may occur.

Since the development of CHAPV-specific
RT-PCR assays and improved laboratory and sur-
veillance capacity in Bolivia, additional confirmed
cases of CHHF have been identified by the Boliv-
ian Ministry of Health. Our findings highlight
the important role of international partnerships
in supporting public health responses and the
need for enhanced surveillance for viral hemor-
rhagic fever and laboratory capacity to look be-
yond dengue in South America.

The opinions expressed by the authors do not necessarily
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