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Five New World (NW) arenaviruses cause human hemorrhagic fevers. Four of these arenaviruses are known to enter cells by
binding human transferrin receptor 1 (hTfR1). Here we show that the fifth arenavirus, Chapare virus, similarly uses hTfR1. We
also identify an anti-hTfR1 antibody, ch128.1, which efficiently inhibits entry mediated by the glycoproteins of all five viruses, as
well as replication of infectious Junín virus. Our data indicate that all NW hemorrhagic fever arenaviruses utilize a common
hTfR1 apical-domain epitope and suggest that therapeutic agents targeting this epitope, including ch128.1 itself, can be broadly
effective in treating South American hemorrhagic fevers.

New World (NW) arenaviruses are responsible for recurrent
hemorrhagic fever outbreaks in South America: Junín virus

(JUNV), Machupo virus (MACV), Guanarito virus (GTOV), and
Sabiá virus (SABV) are the etiological agents of Argentine, Boliv-
ian, Venezuelan, and Brazilian hemorrhagic fevers, respectively
(4, 6, 21), while Chapare virus (CHAV) was isolated from a recent
case of hemorrhagic fever in Bolivia (7). These viruses establish
persistent infections in their host species, wild rodents, which act
as natural reservoirs from which viruses spill over into human
populations. Hemorrhagic fever outbreaks are thus confined
mostly to these rodents’ habitats and are promoted by human-
rodent contacts.

We and others have previously shown that JUNV, MACV,
GTOV, and SABV use human transferrin receptor 1 (hTfR1) to
enter human cells (11, 22). Here we show that this is also the case
for CHAV. CHO-K1 hamster cells expressing hTfR1, but not
those expressing a control receptor, became highly permissive to
CHAV envelope glycoprotein-bearing murine leukemia virus
(MLV) pseudotypes (Fig. 1A), whereas entry of severe acute respi-
ratory syndrome (SARS) coronavirus or Lassa virus (LASV) pseu-
doviruses was not affected. Consistent with this observation,
CHAV pseudovirus entry into human HEK293T cells was effi-
ciently inhibited by an anti-hTfR1 antibody (Fig. 1B). These data
establish that all known pathogenic NW arenaviruses use hTfR1 as
their major cellular receptor.

While the total number of cases is low, South American hem-
orrhagic fevers typically have a high case-fatality rate (10 to 35%)
when untreated (8, 16). Except for a clinically well-supported live
attenuated JUNV vaccine (18), the options to combat South
American hemorrhagic fevers are limited. Passive immunother-
apy with convalescent patient sera is currently the only treatment
with demonstrated success (10, 17) but has practical disadvan-
tages, including limited supply and the possible transmission of
blood-borne pathogens. Another option may be the nucleoside
analog ribavirin (9), although this drug was only moderately ef-

fective when tested against JUNV in primate models (19, 26). Fi-
nally, the recently developed small molecules (3, 13, 14) remain
unproven in vivo.

As all pathogenic NW arenaviruses use hTfR1, targeting hTfR1
may provide a common treatment against all South American
hemorrhagic fevers. A number of anti-hTfR1 antibodies have
been developed for cancer therapy, most of which compete with
transferrin for binding to hTfR1, resulting in cell growth inhibi-
tion. To avoid this undesirable property, we investigated an anti-
body, ch128.1 (previously known as anti-hTfR IgG3), that does
not compete with transferrin (20). Ch128.1 was constructed by
fusing the variable chains of the murine monoclonal anti-hTfR1
antibody 128.1 (27) to the constant chains of human IgG3 (20).

We first assessed ch128.1 for its ability to block the entry of
pathogenic NW arenaviruses. As shown in Fig. 1B, the entry of
MLV pseudotyped with the envelope glycoproteins (GP) of JUNV,
GTOV, CHAV, SABV, and MACV was efficiently inhibited
(85 to 98%) by ch128.1 at 50 nM while that of LASV, which uses
�-dystroglycan as a receptor (5), was not affected. This inhibition
was ch128.1 specific, since a control antibody (anti-HLA) did not
inhibit any of the pseudoviruses tested. We then determined the
50% inhibitory concentration (IC50) of ch128.1 for these pseudo-
viruses in HEK293T cells. Under conditions in which 20 to 35% of
the cells were infected in the absence of ch128.1, the IC50 of
ch128.1 was subnanomolar for all NW hemorrhagic fever arena-
viruses (Fig. 1C). We further investigated whether ch128.1 could
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antagonize replication-competent JUNV. In an experiment with
human A549 lung epithelial cells, where multiple rounds of infec-
tion with JUNV (attenuated strain IV445) were allowed, 200 nM
ch128.1 strongly inhibited the infection while purified human IgG
(hIgG) did not (Fig. 1D). Similar levels of inhibition by ch128.1
were also obtained when NH4Cl was added to cells 4 h postinfec-
tion to ensure a single round of infection (data not shown). These
data indicate that ch128.1 can efficiently inhibit all five known
pathogenic NW arenaviruses and suggest that it may be useful in
the treatment of South American hemorrhagic fevers.

Next, we investigated the mechanism of inhibition by ch128.1
and determined its affinity and binding site. As shown in Fig. 2A,
the association of MACVRBD-mIgG (MACV GP receptor binding
domain [RBD] residues E87 to E258 fused to murine IgG2a
[mIgG]) with HEK293T cells was potently inhibited by ch128.1
but not by hIgG, suggesting that ch128.1 inhibits entry by block-
ing the viruses’ hTfR1 binding site. Surface plasmon resonance
assays confirmed that ch128.1 has a high affinity for hTfR1, since
the equilibrium dissociation constant (KD) for ch128.1 binding to
the soluble ectodomain of hTfR1 was 5.7 nM (Fig. 2B). To map the
ch128.1 binding region of hTfR1, CHO-K1 cells were transfected
with previously characterized human-mouse TfR1 chimeric con-
structs (23, 25) (Fig. 2C), as well as with wild-type hTfR1, which
supports NW hemorrhagic fever arenavirus entry, and with
mouse TfR1 (mTfR1), which does not (23). Ch128.1 bound TfR1
chimeras 1, 7, 8, 9, and 10 comparably to wild-type hTfR1. In
contrast, like mTfR1, chimeras 3 and 5 did not bind ch128.1 (Fig.

2D). These results narrow the ch128.1 binding site to the hTfR1
apical domain between Ser 324 and Ser 368, a region that overlaps
with regions known to be essential for MACV GP1 binding and
pseudovirus entry (1, 23) (Fig. 2E).

Because the preclinical evaluation of therapeutic candidates
requires animal studies, we further assessed whether nonhuman
primates could be used to evaluate the efficacy of ch128.1. Estab-
lished primate models for South American hemorrhagic fevers
include rhesus macaques (Macaca mulatta), African green mon-
keys (Cercopithecus aethiops), and common marmosets (Callithrix
jacchus) (12). Another primate model commonly used in research
is the owl monkey, Aotus trivirgatus. We first cloned the TfR1
orthologs from these four species by using the cell lines sMAGI,
Vero, CJ, and OMK, respectively. As the sequences in Fig. 3A
indicate, the ch128.1 binding region shows an overall higher de-
gree of conservation than the binding region of another anti-
hTfR1 antibody (clone L01.1; BD Biosciences) that also blocks
NW arenavirus entry into human cells (22). As expected based on
the sequence data, ch128.1 was able to bind to all nonhuman pri-
mate cells (Fig. 3B) while L01.1 was not. Nevertheless, 200 nM
ch128.1 was able to block JUNV pseudovirus entry only in sMAGI
and Vero cells (Fig. 3C), i.e., the cells derived from the Old World
primates M. mulatta and C. aethiops, but not in the New World
primate cells OMK and CJ (data not shown). Together these data
suggest that the in vivo evaluation of ch128.1-type antibodies is
feasible in M. mulatta and C. aethiops.

In addition to the five known NW hemorrhagic fever viruses,

FIG 1 All NW hemorrhagic fever arenaviruses use hTfR1 and their entry is efficiently inhibited by the anti-hTfR1 antibody ch128.1. (A) Like the other NW
hemorrhagic fever arenaviruses, CHAV uses hTfR1 as a receptor. CHO-K1 (ATCC CCL-61) cells were transfected with empty vector (mock) or plasmids
expressing hTfR1 or human angiotensin converting enzyme 2 (hACE2), the receptor for SARS coronavirus (15). Two days later, cells were infected with MLV
pseudoviruses expressing a green fluorescent protein (GFP) reporter and bearing the envelope GP of the indicated viruses, as described previously (2). Infection
levels were assessed the following day by flow cytometry. Depicted are means � standard deviations (SD) from two duplicated experiments. m.f.i., mean
fluorescence intensity. (B) HEK293T cells were preincubated for 30 min with ch128.1, the control antibody anti-HLA ABC, or medium alone (mock), and then
MLV pseudoviruses were added and incubation continued overnight. Infection levels were assessed as described for panel A, and m.f.i. values were normalized
to those for mock-treated cells. Shown are means � SD from two duplicated experiments. (C) HEK293T cells were preincubated with ch128.1, the indicated
pseudoviruses were added, and incubation continued overnight. Infection levels were assessed as described for panel A and normalized to those in the absence
of ch128.1. Data represent means � SD from two duplicated experiments. (D) A549 cells (ATCC CCL-185) were preincubated with 200 nM ch128.1, hIgG, or
medium alone (no Ab) and infected with replication-competent JUNV at a multiplicity of infection (MOI) of 1. Viruses were replaced 1 h later with the respective
antibody-supplemented medium or medium alone. Total JUNV production over 24 h in A549 cell supernatants was measured using a PFU assay in Vero cells.
Depicted are means � SD from two duplicated experiments.
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there are a number of related viruses that have the potential to
emerge as human pathogens. Because outbreaks are in most cases
limited, it is not feasible to develop therapeutics specific to each
virus. Here we show that all five NW hemorrhagic fever arenavi-

ruses can be inhibited by a single antibody. This observation sug-
gests that even infections with uncharacterized and newly emerg-
ing viruses could be effectively treated with such an antibody.
Although recently identified small-molecule inhibitors, which

FIG 2 Ch128.1 competes with arenavirus GP for overlapping binding sites on the hTfR1 apical domain. (A) HEK293T cells were preincubated on ice with
increasing concentrations of ch128.1 or hIgG, MACVRBD-mIgG was added to obtain a concentration of 5 �g/ml, and binding was detected by flow cytometry
with a phycoerythrin (PE)-conjugated anti-mouse Fc antibody. Data are means � SD from two duplicated experiments. (B) Surface plasmon resonance assay
results. Increasing concentrations of soluble hTfR1 (residues 117 to 760) were added to ch128.1 immobilized on a CM5 chip (Biacore) by amine coupling. Rate
constants were calculated by fitting the measured data (gray) to a 1:1 Langmuir binding model (black); the association constant (Ka) was 2.85 � 105 M�1s�1, the
dissociation constant (Kd) was 1.61 � 10�3 s�1, and the resulting KD was 5.7 nM. Depicted is one of two sets of values from duplicated measurements with similar
results. (C) Schematic diagram of the human-mouse TfR1 chimeras used as described in the legend to panel D. The protease-like domain is shown in blue, the
apical domain in orange, and the helical domain in green. (D) Ch128.1 binding of TfR1 chimeras. Flag-tagged chimeric TfR1, hTfR1, or mTfR1 (23, 25) was
expressed on CHO-K1 cells. TfR1 expression levels were measured by flow cytometry using an anti-Flag tag antibody. In parallel, aliquots of the same cells were
assessed for ch128.1 binding at 5 �g/ml by flow cytometry followed by anti-hIgG-PE. Depicted are means � SD from a representative experiment performed in
duplicate. (E) Ribbon diagram of TfR1 in complex with MACV GP1 (Protein Data Bank identification no. 3KAS), in pink (1). Previously established hTfR1
determinants for MACV GP1 binding (23) are in green. Surface-exposed residues (S338 to S368) of the putative ch128.1 binding site (S324 to S368) are indicated
in yellow. Note that N348 is part of both the ch128.1 and MACV GP1 binding sites.
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bind the conserved GP2 or stable signal peptide domains of NW
arenavirus GP (3, 13, 14, 28), may similarly block a range of vi-
ruses, antibodies like ch128.1 likely have longer half-lives in se-
rum, lower toxicity, and greater specificity and afford the viruses
little means of escape.

The therapeutic efficacy of ch128.1 in animal models and humans
will critically depend on whether TfR1 is the sole or primary entry
gateway into cells that support NW hemorrhagic fever arenavirus
replication in vivo. This remains unproven, although it is indicated by
circumstantial evidence: for example, the GP of NW hemorrhagic
fever arenaviruses appear to be specifically adapted to the TfR1 or-
thologs in their respective host species, and the ability of the viruses to
cause human diseases strictly correlates with their ability to bind hu-
man TfR1 (2, 23). A second concern is the risk associated with target-

ing an important host protein. However, this risk is mitigated by the
fact that ch128.1 does not compete with the two physiological ligands
of TfR1, transferrin and hereditary hemochromatosis protein (20,
24), and thus should interfere only marginally with known roles of
TfR1. This risk is further reduced by the short duration of treatment
required for these acute, fast-progressing hemorrhagic fevers. Thus,
our data suggest that further development of ch128.1-type antibodies
as therapeutics against South American hemorrhagic fevers is war-
ranted.
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