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Andes virus, an orthohantavirus endemic to South Amer-
ica, causes severe hantavirus cardiopulmonary syn-
drome associated with human-to-human transmission.
No approved treatments or vaccines against this virus
are available. We show that a combined treatment with 2
monoclonal antibodies protected Syrian hamsters when
administered at midstage or late-stage disease.

Hantavirus cardiopulmonary syndrome (HCPS) is
a severe disease caused by infection with patho-
genic New World orthohantaviruses, including An-
des virus (ANDV). ANDV is transmitted to humans
via the aerosolized excrement of the rodent reservoir
and vector, the Oligoryzomys longicaudatus long-tailed
pygmy rice rat (1). Unlike other orthohantaviruses,
ANDV has been associated with human-to-human
transmission and is associated with a high case fa-
tality rate of 35%-40% (2-5). The large 2018 ANDV
outbreak in the Austral Patagonian region at Epuyén
village (Chubut Province, Argentina) reemphasized
the probability of person-to-person transmission,
highlighting the urgent need for specific therapies
and vaccines (5).

ANDYV infection has a long incubation period of
2-3 weeks, followed by a 3- to 5-day prodrome phase
characterized by fever, headache and gastrointesti-
nal symptoms. HCPS develops over a 2-7 day period
characterized by falling blood pressure, lung edema
or failure, cardiac shock, and death in a substantial
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number of patients (6). As of August 2021, treatment
for HCPS remains supportive, requiring interven-
tions such as oxygenation, mechanical ventilation,
extracorporeal membrane oxygenation, and fluid bal-
ancing (6). No licensed specific treatment options or
vaccine are available. In HCPS patients, high hantavi-
rus-specific neutralizing antibodies correlate strongly
with survival, milder disease outcomes, and faster re-
covery (7,8). Passive transfusion of specific monoclo-
nal antibodies (mAbs) protected animals from ANDV
challenge in the lethal Syrian hamster disease model
(9-11). All of these data suggest an important role for
neutralizing antibodies in controlling orthohantavi-
rus infections in vivo.

Our group has previously reported that mAbs
isolated from HCPS survivors (clones JL16 and
MIB22) protected hamsters from lethal ANDV chal-
lenge when mAb treatment was initiated early postin-
fection, suggesting potent postexposure efficacy (11).
We sought to develop a late-stage disease treatment
schedule for mAb treatment in the Syrian hamster
model of ANDV disease.

The Study

The Syrian hamster model of lethal ANDV infec-
tion has been well established as the only animal
model recapitulating many characteristics of HCPS
(12,13). All infectious ANDV work was conducted
in the Biosafety Level 4 facility at Rocky Mountain
Laboratories (National Institutes for Health, Na-
tional Institute of Allergy and Infectious Disease,
Hamilton, MT, USA), according to standard oper-
ating protocols approved by the Institutional Bio-
safety Committee. All animal experiments were
approved by the institutional Animal Care and
Use Committee.
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We inoculated hamsters intranasally with 200
focus-forming units of ANDV (Chile-9717869) and
administered mAbs (MIB22 + JL16) directed against
ANDYV glycoprotein (11) twice by the intraperitoneal
route as a cocktail therapy. The study comprised 2
sets of experiments addressing treatment at midstage
and late-stage disease. Both sets included control and
treatment groups. The treatment group (n = 18) re-
ceived an injection of the 2 mAbs (25 mg/kg of each
mAD), and the control group (n = 18) received an
isotype control mAb (50 mg/kg). To determine dif-
ferences in ANDV replication, we euthanized 6 ani-
mals of each group at a predetermined time point (10
days postinfection [dpi]) and kept 12 animals in each
group to monitor survival.

First, we determined the efficacy of the mAb
cocktail administered at 5 and 9 days dpi (5+9) to a
treatment group (n = 12), compared with a control
group (n = 12) treated with isotype antibody (Fig-
ure 1, panel A). The control animals had a median
time to death of 13 dpi, as previously observed (12).
We monitored the animals and performed weight
and physical examinations daily until euthanasia or
until no clinical signs of illness were observed for
2 consecutive days (treatment group; day 18) (Fig-
ure 1, panel B). Human mAD cocktail treatment was
well tolerated and resulted in 100% protection from
ANDYV challenge (Figure 1, panel C; p<0.0001). We

necropsied 6 animals at 10 dpi to determine lung vi-
ral loads by quantitative reverse transcription PCR
as previously described (11). Results showed that
the group treated with the mAb cocktail had sig-
nificantly reduced lung viral RNA copy numbers
compared with those for the isotype control group
(Figure 1, panel D; p = 0.04). We also measured viral
RNA in animals at 42 dpi. Although we detected vi-
ral RNA in lung tissue, the amount of viral RNA was
significantly lower compared with that in animals
necropsied at 10 dpi (Figure 1, panel D; p = 0.0037);
this finding resembles the pathology seen in humans
in which viral RNA can be detectable even months
after resolution of acute infection. Although detect-
able viral RNA does not translate necessarily into
infectious virus, this finding suggests that disease
manifestation and outcome are not directly associ-
ated with the presence of viral RNA (14).

To further assess the efficacy of the mAb cock-
tail against ANDV, we evaluated the mAb cocktail
treatment at an advanced stage of ANDYV infection
by treating the animals at 8 and 10 dpi (8+10) (Fig-
ure 2, panel A) (n = 12). We monitored these ani-
mals and recorded weight changes (Figure 2, panel
B). Eleven of the 12 control-group animals treated
with isotype antibody succumbed to disease or met
the euthanasia criteria. The single surviving control
animal showed clinical signs of disease that scored
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Figure 1. In vivo efficacy of a cocktail of human mAbs specific for ANDV glycoprotein administered at days 5 and 9 postinfection in
the Syrian hamster model of hantavirus cardiopulmonary syndrome. A) Syrian hamsters were inoculated intranasally with 200 FFU of

ANDV and then administered intraperitoneally a cocktail of mAb (JL16 + MIB22, 25 mg/kg each) or isotype control (50 mg/kg) on day 5
and day 9 postinfection. B) Percentage of weight change monitored until 18 days postinfection, represented as the average per group.
Error bars indicate 95% Cls. C) Statistical evaluation of survival by group. Survival was evaluated at p<0.0001 by Mantel-Cox log-rank
test using GraphPad Prism (GraphPad Software, Inc., https://www.graphpad.com); p<0.05 was significant. d5 tx and d9 tx indicate
treatment schedule (5 and 9 days postinfection). D) ANDV RNA copies per milligram of lung tissue on day 10 postinfection (d10) and 42
days postinfection (d42). Samples were compared to a standard curve using an in vitro transcribed ANDV RNA fragment of known small
segment copy number. p values by unpaired t-test using GraphPad Prism. Symbols indicate geometric means; horizontal line indicates
median; error bars indicate 95% Cls. ANDV, Andes virus; FFU, focus-forming units; mAbs, monoclonal antibodies.
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Figure 2. In vivo efficacy of a cocktail of human mAbs specific for ANDV glycoprotein administered at days 8 and 10 postinfection in

the Syrian hamster model of hantavirus cardiopulmonary syndrome. A) Syrian hamsters were inoculated intranasally with 200 FFU of
ANDV and then administered intraperitoneally a cocktail of mAbs (JL16 + MIB22; 25 mg/kg each) or isotype control (50 mg/kg) on day 8
and day 10 postinfection. B) Percentage of weight change monitored until 18 days postinfection, represented as the average per group.
Error bars indicate 95% Cls. C) Statistical evaluation of survival by group. Survival was evaluated at p = 0.123 by Mantel-Cox log-rank
test using GraphPad Prism (GraphPad Software, Inc., https://www.graphpad.com); p<0.05 was significant. d8 tx and d10 tx indicate
treatment schedule (8 and 10 days postinfection). D) ANDV RNA copies per milligram of lung tissue on day 10 (d10) and day 42 (d42)
postinfection. Samples were compared to a standard curve using an in vitro transcribed ANDV RNA fragment of known small segment
copy number. Symbols indicate geometric means; horizontal line indicates median; error bars indicate 95% Cls. ANDV, Andes virus;

FFU, focus-forming units; mAbs, monoclonal antibodies.

just below the euthanasia criteria, which include
signs of moribundity: ataxia, reluctancy to move,
bleeding from any orifice, tachypnea, or paralysis.
The isotype control group showed a median sur-
vival time of 12 dpi. In the mAb cocktail treatment
group, 6 hamsters survived; although our results
(p = 0.123) were not statistically significant (at a
p<0.05 level), the mAb cocktail showed 50% effica-
cy when administered at the time points of 8 and 10
dpi (Figure 2, panel C). As before, we necropsied 6
animals at 10 dpi to determine ANDV RNA loads in
the lungs. We observed no significant differences in
viral RNA loads between the mAb cocktail-treated
group and control groups (Figure 2, panel D). Final-
ly, the 6 surviving hamsters that were necropsied at
42 dpi showed a decrease in lung viral loads, com-
pared with the group that was necropsied at 10 dpi
(Figure 2, panel D). Ultimately, we measured the
concentration of human IgG in serum samples from
animals necropsied at 10 dpi (Appendix Figure 1,
https:/ /wwwnc.cdc.gov/EID/article/27/10/21-
0735-Appl.pdf).

Conclusions

Our results demonstrate that the human mAb cock-
tail containing JL16 and MIB22 is able to completely
or partially protect Syrian hamsters against lethal
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ANDV challenge when administered as a 2-dose
regimen at midstage (5 and 9 dpi) and late-stage (8
and 10 dpi) disease. To date, the Syrian hamster is
the only ANDYV preclinical disease model that is ap-
propriate to evaluate the efficacy of therapeutic and
prophylactic countermeasures. Thus, our antibody
cocktail study meets the Food and Drug Admin-
istration animal rule, which requires evidence of
efficacy of a countermeasure in a well-established
and evaluated animal model indicating potential
benefit for human use (13). Our results highlight
the potential of recombinant human mAbs JL16
and MIB22 to be used as postexposure countermea-
sure, even at later stages of infection. This finding
is supported by a previous study (15) showing that
immune plasma containing neutralizing antibod-
ies decreases the case-fatality rate in HCPS patients
who had mild to severe disease at hospitalization,
highlighting the potential of human antibodies to
alter the clinical outcome.

Fine-tuning the dosing and more effective com-
binations of mAbs will likely extend the therapeutic
window even further. However, the 100% midstage
and 50% late-stage protection observed in these ex-
periments are very encouraging in the endeavor to
find a specific treatment for human HCPS caused by
ANDYV infection.
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