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Arenavirus Attenuation Mechanisms 

 

Publication No._____________ 

 

Ashley Marie Grant, Ph.D. 
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Supervisor: C.J. Peters 

 

Arenaviridae derives from the Latin word ‘arena’ meaning ‘sand’. When 

scientists first looked at arenavirus virions by transmission electron microscopy, they saw 

pleomorphic particles that had a sandy appearance. This sandy appearance was due to 

host ribosomes being incorporated into the virions. Numerous studies were performed in 

the 1970s determining arenavirus structure, assembly, and biophysical properties. Several 

phenomena were noted including the presence of host proteins in the virus particles and a 

large variation in particle size.  Arenavirus research is important because of the nature of 

these viruses as both emerging zoonotic pathogens and the potential 

biowarfare/bioterrorism threat. For example, the Soviet Union produced mass quantities 

of arenaviruses as part of their offensive weapons program (Alibek and Handelman, 

1999).  

Junín virus, the etiological agent of Argentine hemorrhagic fever (AHF), causes 

up to 30% mortality in humans and is considered a National Institute of Allergy and 

Infectious Disease (NIAID) Category A Pathogen (Charrel and de Lamballerie, 2003). 

AHF affects numerous Argentineans each year and has shown potential to infect many 
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more. The geographical distribution of the potential rodent hosts far exceeds the region 

Junín virus is currently localized to. For this and other reasons we must continue to learn 

more about arenaviruses. 

Several features of arenaviruses distinguish them from other viral hemorrhagic 

fevers. For instance, pathogenic arenaviruses can cause significant morbidity and 

mortality in humans with little evidence of cellular damage. In this dissertation we will 

demonstrate that pathogenic arenaviruses can infect cells, cause little cellular damage, 

and effectively replicate going unnoticed by the adaptive immune system. On the other 

hand, attenuated virus infection can cause cellular death and signals the immune system 

for clearance of infected cells. Furthermore, animals infected with the vaccine strain of 

Junín virus appear to have detectable cell death in the spleen, however, it is unclear if 

those cells are productively infected. The virions that bud from cells infected with an 

arenavirus vaccine strain are covered with an indicator of apoptosis, phosphatidylserine. 

We further demonstrate that phosphatidylserine targeting antibodies are ineffective at 

protecting a small animal model against the disease or death due to virulent Junín virus 

infection.  
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Chapter 1: Introduction 

 Arenaviruses cause morbidity and mortality worldwide. Arenavirus phylogeny 

reveals two different complexes of viruses that differ in geographic distribution, genetic 

sequence and pathogenesis. Extensive research has been performed on Argentine 

hemorrhagic fever and the causative agent, Junín virus. The clinical disease in humans 

has been well described but the exact mechanism of pathogenesis is unknown. Junín virus 

has a known rodent host and the epidemiology of the virus has been studied in depth with 

numerous field studies performed in Argentina. The genome of arenaviruses reveals two 

pieces of single stranded RNA capable of causing disease in humans by producing a 

relatively small number of proteins compared to DNA viruses. The encoded proteins are 

processed by the host cells and incorporated into a budding virion through an unknown 

mechanism. Arenaviruses have a large variation of particle size that was noted decades 

earlier but there has been little current research to advance this interesting topic. Junín 

virus is one of the few hemorrhagic fevers that has a safe, effective, live attenuated 

vaccine. Knowledge of the attenuation mechanism would not only strengthen the case of 

vaccine approval in the US but may also lead to the creation of other vaccines through a 

more intelligent design. Arenaviruses exit the cell through a budding process, essentially 

taking a piece of the plasma membrane of the infected cells and using the membrane as a 

viral envelope. Generally, the lipid composition of the virus particles should reflect the 

plasma membrane from which the particles are derived. A therapeutic that targets a lipid 

that may be in high concentration on the membrane of infected cells and in relatively low 

concentration on healthy cells was tested in arenaviruses. There is a lack of knowledge in 

the area of arenavirus attenuation and the role of cell death plays in pathogenic and 

attenuated virus strain infection. The purpose of this study was to investigate different 
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arenavirus attenuation mechanisms and use that knowledge to test a potential therapeutic. 

In this chapter I will discuss the background information of arenaviruses, Junín virus, 

animal models, and phosphatidylserine, as a marker of the early stage of apoptosis. In 

subsequent chapters I will present the results showing increased cell death occurring in 

attenuated arenavirus strains in vitro and in vivo. The reduced amount of cell death 

occurring in virulent strains explains the lack of protection phosphatidylserine targeting 

antibodies in guinea pigs. The conclusion chapter will then summarize the findings and 

present topics that warrant further investigation. 

ARENAVIRUS PHYLOGENY 

Arenaviruses are divided into the Old World and New World (Tacaribe) 

complexes, which differ both geographically and genetically. The Old World complex 

includes two viruses that can infect humans: lymphocytic choriomeningitis virus 

(LCMV) and Lassa virus. The New World complex includes three different clades 

determined through phylogenetic analysis: the “major” clade I (A), “Zarate” clade II (B), 

and “Cordoba” clade III (C) (Garcia et al., 2000). Most of the human pathogens are 

grouped in clade B and include the South American hemorrhagic fever viruses: 

Guanarito, Junín, Machupo and Sabia, the etiological agents of Venezuelan, Argentine, 

Bolivian and Brazilian hemorrhagic fever respectively. Studies in this dissertation will 

use virulent and attenuated arenaviruses from the Old World and New World complexes. 

The arenavirus family includes the etiologic agents of several emerging diseases. 

For example, Chapare virus was isolated in Bolivia and determined by RT-PCR to be a 

new clade B South American hemorrhagic fever virus (Delgado et al., 2008). Lujo, a 

virus that was responsible for an outbreak in Africa, a new member of the Arenaviridae 

with a case fatality rate of 80% (Briese et al., 2009). Figure 1 depicts a phylogenic tree of 
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the arenavirus family. In conclusion, there is a worldwide distribution of arenaviruses and 

urbanization of new areas may continue to cause emergence of new arenaviruses. 

 
 
Figure 1: Phylogenetic tree of the Arenaviridae family. The top half of the figure 
shows the New World arenaviruses and the bottom half shows the Old World 
arenaviruses. The New World arenaviruses are separated into three different clades (A, B, 
and C).  Genetic variation is depicted as distance.  

ARGENTINE HEMORRHAGIC FEVER 

 Argentine hemorrhagic fever (AHF) primarily occurs in male rural agricultural 

workers between the ages of 20 and 50 years old with cases peaking during the months 

between April and July. This peak corresponds to the months of corn harvesting when 

farm workers become more likely to be exposed to rodent excreta. The incubation period 

can extend from six to 14 days after which, many of the Junín virus infections result in 

clinical disease. From the standpoint of the clinical course, the disease is separated into 
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three different phases: prodromal, neurological/hemorrhagic and convalescent (Enria, 

2004). AHF begins with the prodromal phase, characterized by nonspecific symptoms 

such as headache, retroocular pain, dizziness, lymph node enlargement, malaise and 

petechiae in the pharynx. Bleeding occurs occasionally without the appearance of 

vascular lesions. Compared to other hemorrhagic fevers, AHF has a fairly long disease 

course. This long prodromal phase allows the opportunity for diagnosis and treatment. 

The disease then progresses, in the second week, into a very severe 

neurologic/hemorrhagic phase where the outcome is often fatal. The hemorrhagic 

symptoms can include hematuria (bloody urine), epistaxis (bloody nose), hemoptysis 

(blood in lungs), and hematemesis (blood in vomit) (Enria et al., 2008, Harrison et al., 

1999). The neurological symptoms of AHF can include confusion, change in gait, 

irritability, tremors, convulsions and even coma (Enria et al., 2008). The patients who 

survive the neurologic/hemorrhagic phase progress into the convalescent phase of AHF, 

lasting one to three months. During convalescence patients experience irritability, 

memory loss, weakness, asthenia, irritability, memory change, and hair loss with some 

virus shedding (Charrel and de Lamballerie, 2003, Enria et al., 2008, Maiztegui et al., 

1979). 

 Several hematological alterations occur during AHF infection, which can be 

useful as diagnostic indicators. AHF patients experience leucopenia, thrombocytopenia, 

and albuminuria (Rugiero et al., 1964). Lymphoid depletion, lymphocyte apoptosis, 

lymphopenia have been reported in AHF without the infection of lymphocytes (Geisbert 

and Jahrling, 2004). The decrease in lymphocytes without direct infection could be 

evidence of arenavirus immunopathological mechanism. Round cells appear in the urine 

by day two, and detection of these cells by immunofluorescence may be used as an early 

diagnostic tool (Ruggiero et al., 1981). AHF increases partial clotting time of kaolin-
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activated thromboplastin and causes a decrease in factor VII, IX, XI and XII (Molinas et 

al., 1983). It is unclear of the exact mechanism of clotting dysfunction that may occur in 

AHF patients. Six to ten days after onset of symptoms, hemorrhagic, neurologic, clotting, 

cardiac, digestive and renal alterations are frequently observed (Maiztegui et al., 1975). 

Unlike other VHFs, arenaviruses are not normally associated with disseminated 

intravascular coagulation (DIC) (Cummins et al., 1990). DIC has been shown to occur in 

Ebola, Marburg, Rift Valley fever, Crimean-Congo hemorrhagic fever, and Yellow fever 

by either biochemical evidence or fibrin deposits (Geisbert and Jahrling, 2004). However, 

significant alterations of coagulation and fibrinolysis markers (protein C, D-dimers, tissue 

plasminogen activator, and plasminogen activator inhibition-1) have been observed in 

AHF (Heller et al., 1995). In addition, no vascular lesions were found in a series of 12 

fatal AHF cases (Elsner et al., 1973), suggesting that the mechanism of vascular 

alterations may not be caused by direct damage to the vascular endothelium. Junín virus 

may infect endothelial cells leading to vascular permeability without causing cytopathic 

effects or it may not infect them at all. 

Biomarkers of AHF may allow prediction of disease severity once the disease is 

diagnosed. For example, high nitric oxide (NO) levels were observed in AHF patient sera 

(Gomez et al., 2003b), as well as increased levels of IFN-α, IL-8, IL-10, IP-10, and TNF-

α during AHF infection (Geisbert and Jahrling, 2004). G-CSF is a biomarker for severe 

cases of AHF while IL-3, TGF-β, and GM-CSF were normal in the majority of mild 

cases (Marta et al., 2000). Overall, certain cytokines and chemokines, particularly IFN-α 

(Levis et al., 1984), are indicative of severe AHF and could give insight to AHF 

pathogenesis. 
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JUNÍN VIRUS EPIDEMIOLOGY 

AHF is endemic in the pampas of Argentina and is typically spread through the 

aerosolization of Calomys musculinus (dry-lands vesper mouse) excreta. In addition to 

aerosolization of the host Calomys excreta, ingestion of food contaminated with rodent 

excreta, contact with a fomite, or infected material with abraded skin may result in 

transmission of the arenaviruses to humans and subsequent disease (Johnson KM, 1966). 

Accidental laboratory infections with improper containment conditions confirmed that 

the virus can be transmitted to humans by aerosol or contact with abraded skin 

(Weissenbacher et al., 1976). New World arenaviruses have also been associated with 

nosocomial outbreaks (Peters CJ, 1971). Due to the ability of arenaviruses to spread by 

different routes, barrier precautions should be used when interacting with patients 

suspected of having arenavirus infections. In addition, South American hemorrhagic 

fever viruses must be handled under BSL-4 conditions in US laboratories. However, 

when all laboratory personnel are vaccinated, Junín virus can be handled at a lower BSL 

laboratory. 

The Calomys shed Junín virus in their urine, saliva and feces. Although Calomys 

musculinus is the primary reservoir of Junín, the virus is also occasionally isolated from 

Mus musculus, Calomys laucha, Akodon azarae, and Oryzomys flavescens (Sabattini and 

Maiztegui, 1970). Calomys musculinus inoculated intranasally with Junín virus at birth 

remain chronically infected for life and experience increased mortality, lower weight 

gain, and lower reproductive efficiency compared to uninfected animals (Vitullo et al., 

1987). Horizontal transmission can occur and is thought to be the main form of 

dissemination (Sabattini et al., 1977). Calomys musculinus populations have colonized 

fairly recently as shown by the high level of genetic subdivision within geographical 

region (Chiappero and Gardenal, 2003). The expanding geographical distribution of Junín 
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virus could be due to the colonization of Calomys, the virus being able to infect other 

rodent species, the conversion of the pampas to farmland, or an explosion in the Calomys 

population due to pesticide use to control natural plants. Regardless of the reason, the 

expanding geographical distribution of Junín virus put more people at risk to contract the 

virus. 

JUNÍN VIRUS STRUCTURE 

Junín virions are pleomorphic with protruding spikes from the enveloped surface. 

Junín virus particles vary in size with the average being 200 nm in diameter. 

Arenaviruses contain granules observed by transmission electron microscopy that are 

host ribosomes inside the virion (Pfau et al., 1974). Infectious Junín virus particles 

contain host ribosomes that are 20 to 25 nm in diameter (Rawls and Buchmeier, 1975). 

The number, function and location of host ribosomes in arenavirus virions is unknown.   

A large percentage of arenavirus particles are defective interfering (DI) particles 

(Ellenberg et al., 2007, Ellenberg et al., 2004). The DI particles are not able to produce a 

productive infection in cells and may even interfere with intact virions infecting cells. 

Interestingly, DI particles are responsible for the phenomenon where an increase in 

multiplicity of infection does not necessarily lead to increased virus production or 

increased mortality in animals. With LCMV, Rawls and Buchmeier were able to isolate 

less dense DI particles from the standard virus on a sucrose gradient (Rawls and 

Buchmeier, 1975). However, DI particles may play an important role in the infection of 

animals and humans by causing immune responses to viral proteins without being 

infectious. 
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Figure 2: This diagram illustrates a typical pleomorphic-enveloped arenavirus 
structure. The protruding glycoproteins, depicted as the stalk, represent GP-2. The head 
of the stalk represents GP-1. The RNA polymerase is shown in red and the RNA 
segments are shown in green.  The virus also contains host ribosomes in the mature virion 
(shown in purple). 

 

Arenaviruses are pleomorphic-enveloped viruses that contain a bisegmented 

ambisense single stranded RNA genome (Neuman et al., 2005). Cryoelectron microscopy 

studies of arenaviruses revealed various sized particles (40 to 200 nm in diameter) with a 

paracrystalline packing of the nucleoprotein and glycoproteins protruding from the 

bilayer leaflet every nine to ten nm (Neuman et al., 2005). Arenaviruses code for a large 

(L) and a small (S) ambisense RNA segment composed of approximately 7200 and 3400 

nucleotides respectively. The S RNA is translated to form the nucleocapsid (NP) and the 

precursor to the glycoprotein (GPC). The L RNA encodes for the RNA dependent RNA 

polymerase and the zinc binding protein (Z). The Z protein is associated with the inner 
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leaflet of the plasma membrane and is involved in virus budding (Perez et al., 2003).  The 

NP forms a paracrystalline lattice as computed by computed diffraction patterns (Neuman 

et al., 2005). Figure 2 illustrates the typical arenavirus virion structure in a graphic 

format. 

The precursor to the glycoprotein is processed in the cell to form several different 

proteins that are integral to virus function. Unlike other VHFs that are cleaved by furin, 

GPC is cleaved by subtilisin-kexinisozyme 1 (SKI-1), to yield GP-1 (42 k-Da), GP-2 (38 

k-Da) (two glycoproteins of arenaviruses) and a 58-amino-acid stable signal peptide 

(SSP). The SSP spans the membrane twice with both termini localized in the cytosol and 

the SSP is responsible for modulating the response of GPC to acidic pH (Agnihothram et 

al., 2007). The ectodomain loop of SSP is integral for controlling the pH-induced 

activation of GPC-mediated membrane fusion (York and Nunberg, 2009). SKI-1 is 

localized to the cisternae of the Golgi and the GPC is cleaved at this location (Lenz et al., 

2001). A reverse genetic system for Junín virus showed cleavage of SKI-1 is required for 

the release of infectious particles (Albarino et al., 2009).  

GP-1 is involved in receptor binding while GP-2 is responsible for viral fusion 

(ICTVdB Management, 2006). GP-1 and GP-2 are both linked together by a non-covalent 

interaction and GPC is required for assembly and release of virions (York et al., 2004). 

The club shaped glycoprotein is comprised of a tetramer globular head of GP-1. The stalk 

is made of a GP-2 tetramer that is an extended α helix, which interacts with the 

nucleocapsid. The non-covalent bond between GP-1 and GP-2 can be disrupted at low pH 

or with detergent. The cytoplasmic domain of GP-2 has been shown to be important in 

endoplasmic reticulum localization and SSP binding (Agnihothram et al., 2006). 

Conserved cysteine and histidine residues in the cytoplasmic domain region of G2 are 

required for SSP incorporation in GP-C and required for zinc binding activity (York and 
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Nunberg, 2007). Synthetic peptides were used to show a five residue sequence in GP-C 

(amino acids 370-378), located in the GP-2 segment, are conserved among most 

arenaviruses (Weber and Buchmeier, 1988). GP-2 contains a fusion unit with two 

hydrophobic heptad-repeats that form a six-helix bundle is a class I viral fusion protein 

(York et al., 2005). This disassociation of GP-1 from GP-2 typically occurs in a low-pH 

endosome where GP-2 is able to fuse with the host cell and release the RNA contents. 

JUNÍN VACCINE 

Candid#1, the vaccine strain of Junín virus, is a live attenuated vaccine produced 

by serial passages of the parental XJ strain. The prototype strain, Junín virus XJ, was 

isolated in Junín city from a human AHF patient. XJ was passaged twice in guinea pigs 

followed by 43 passages in mouse brain and a single amplification in mouse brain to 

create the XJ44 strain. The XJ44 strain was then passaged 12 times in FRhL-2 cells to 

create Candid#1. Candid#1 differs from both XJ and XJ44 in the hydrophobic region of 

GP-2 where an isoleucine at amino acid 473 changes to phenylalanine and a serine at 

amino acid 492 changes to tyrosine, causing the loss of four β turns in the predicted 

structure (Albarino et al., 1997). Candid#1 also has a missense mutation in the 

nucleocapsid protein where a glutamic acid is changed to a valine to cause the loss of 2 β 

turns at the amino terminal region of the nucleocapsid protein (Albarino et al., 1997).  

Overall, several different mutations distinguish Candid#1 from the virulent XJ strain. 

XJ13 Junín virus strain is a wild type prototype strain with a high virulence rate in 

mice when given i.c. while, attenuated in non-human primates and guinea pigs. There are 

12 nucleotide changes in the L gene between Candid#1 and XJ13, six of which result in 

amino acid substitutions “(H76→Y; V415→A; D462→N; L936→P; R1156→K and I1883→V; 

indicated as XJ residue→Candid#1 residue)” (Goni et al., 2006). Six amino acid 

substitutions occur in the GPC region between XJ and Candid#1, and no differences 
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occur in the Z protein or the completely conserved intergenic regions (Goni et al., 2006). 

Experiments using recombinant viruses showed that mutation responsible for virus 

attenuation in mice when inoculated i.c. is controlled by a single amino acid substitution 

in the transmembrane domain of GP-2 (Albarino et al., 2011). However, a section of this 

introduction will discuss Junín virus infection in mice and illustrate the difference in 

virus pathogenesis compared with guinea pigs and humans. Despite the knowledge that 

the major attenuating mutation in mice is located in GP-2 the mechanism of attenuation 

may be different in humans.  

JUNÍN VIRUS CELLULAR PATHOGENESIS 

Junín virus enters the cell by attaching onto a cellular receptor followed by the 

cell engulfing the virus into an endosome and finally fusing to release the virus contents 

into the cytoplasm. Transferrin receptor 1 (TfR1) is one of the cellular receptors for Junín 

virus and other clade B New World arenaviruses (Radoshitzky et al., 2007). The 

identification of TfR1 as the cellular receptor for New World arenaviruses suggests that 

the mechanism of entry is different from Old World arenaviruses, which are known to 

utilize α-dystroglycan. TfR1 orthologs demonstrate the apical domain of transferrin, 

especially tyrosine 211, is essential for efficient entry of New World arenaviruses 

(Radoshitzky et al., 2008). Junín virus enters the cell by receptor-mediated endocytosis 

into clathrin-coated vesicles (Martinez et al., 2007). Arenavirus fusion in late endosomes 

is pH dependent (Castilla et al., 1994). New World arenaviruses differ from Old World 

arenavirses because they have different cellular receptors and required proteins for 

endocytosis. 
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B  
 
Figure 3: Junín virions budding from cellular membrane. TEM of ultra-thin section 
Vero E6 cells infected with Candid#1 at 72 hours post infection. Micrograph taken at 
45,000x magnification. Red arrows show virions budding from the plasma membrane of 
Vero cells. Green arrows illustrate the accumulation of host ribosomes at the virion 
budding site. Blue arrows demonstrate mature virions. 
 

 Junín virus buds from the plasma membrane taking a piece of the cellular plasma 

membrane as the virus envelope. Figure 3 shows the plasma membrane at the site of 

virus budding becoming more electron dense, accumulation of the spike proteins at site of 

budding (shown with red arrows in Figure 3), and the movement of host ribosome to the 

proximal site of budding. Figure 3 also demonstrates the drastic variation in shape and 

size of mature Junín virions.  
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Junín virus causes limited cytopathic effects (CPE) in cell culture and when CPE 

does occur it is late in the course of the infection. HeLa cells experienced rounding and 

granulation five-to-seven days after infection with Junín virus, and 50-90% of cells are 

destroyed three weeks after infection (Buckley, 1965). CPE in HeLa cells can be 

completely neutralized by the addition of serum containing antibodies to Junín XJ strain 

to the culture medium (Rapp and Buckley, 1962). Rhesus monkey kidney (RhMK) cells 

survive Junín virus infection without observable CPE. This cell line usually shows a peak 

in virus production at day two and experiences no CPE after 12 days in culture 

(Henderson and Downs, 1965). Historically, the majority of cell lines tested Junín virus 

does not cause overt damage in vitro. 

Resistance to superinfection in different Vero cell lines (V3 and V7) is mediated 

by a “cell associated factor” complexing with a Junín virus nucleoprotein (Ellenberg et 

al., 2002, Ellenberg et al., 2004). BHK-21 cells persistently infected with Junín virus are 

able to exclude superinfection of the related virus, Tacaribe, but arenaviruses more 

distant in the phylogenetic tree, LCMV and Pichinde virus, are able to replicate normally 

(Ellenberg et al., 2007). LCMV was superinfected in L cells and showed decrease protein 

synthesis in the presence of a resistant factor produce by cells that are previously infected 

(Weber et al., 1983) 

Confocal and immunogold electron microscopy have revealed that Junín virus 

GPC is not associated with lipid rafts (Agnihothram et al., 2009). Junín virus enters and 

releases from the apical membrane of epithelial cells (Vero C1008 and A549) (Cordo et 

al., 2005). Treatment of cells with acrylamide, a chemical that disrupts intermediate 

filaments, reduces Junín proteins and decreases Junín virus production (Cordo and 

Candurra, 2003). New World and Old World arenaviruses enter the cell with a different 

receptor and require different cellular protein for entry. Therefore, mechanisms and 
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treatment regiments that are effective against Old World arenaviruses may not hold true 

for New World arenaviruses. 

JUNIN VIRUS PATHOGENESIS 

Inhalation of Junín virus particles following aerosolization likely results in uptake 

by alveolar macrophages and is followed by migration of infected macrophages to 

draining lymph nodes. As the virus replicates, it disseminates through the vascular system 

to the kidney, adrenal, lungs, vascular endothelium, central nervous system, and 

lymphoid organs. Lethal human infection of these organs shows an absence of extensive 

morphological lesions. 

Macrophages are critical cellular targets in arenavirus infection (McKee et al., 

1987). In a published case series, macrophages from seven fatal cases of AHF showed 

cytopathic effects, virions were observed budding from the plasma membrane, and viral 

antigen was demonstrated by immunofluorescence (Gonzalez et al., 1980). Splenic white 

pulp and lymph node destruction was also observed in fatal AHF cases, clearly 

illustrating viral tropism for lymphatic tissue (Gonzalez et al., 1980). Macrophage 

tropism of Junín virus could be an important mechanism of immune system evasion and 

play a role in the fatal shock syndrome that occurs in some patients with AHF.  Previous 

studies have shown that virulent Pichinde and Lassa infection do not result in activation 

of macrophages; however, cells are still the main targets of the infection (Fennewald et 

al., 2002, Baize et al., 2004). Survival following Lassa infection is correlated with the 

presence of interleukin (IL)-8 and interferon-inducible protein (IP)-10 in the plasma 

(Mahanty et al., 2001). Lassa virus is non-cytopathic in vitro compared to a lytic 

infection such as the one observed with Rift Valley fever virus and many other viruses 

(Peters et al., 1989). Lassa virus replicates in primary endothelial cells as well as human 

macrophages and monocytes without overt cellular damage (Lukashevich et al., 1999). 
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Likewise, infection of Schwann cells with Lassa virus failed to result in apoptosis or 

cytopathic effects (Rambukkana et al., 2003). The major tropism of pathogenic 

arenaviruses is macrophages yet it appears the infection is not lytic unlike other VHFs. 

This dissertation will reiterate this concept and illustrate how this non-lytic feature is 

important for the virulence of arenaviruses. 

New World arenavirus clearance appears to be primarily mediated via a humoral 

immune response while a cellular response seems to be required for protection against 

Old World arenaviruses (Enria et al., 1984). Due to the minimal CPE in different tissue 

culture monolayers, inflammatory mediators from macrophages are thought to be the 

effectors of the disease outcomes in New World arenaviruses (Peters CJ, 1989). Non-

human primates infected with arenaviruses showed detectable infectious virus in almost 

all visceral tissues, but the infection was accompanied by minimal histological damage 

(Jahrling PB, 1980). The majority of hemorrhaging during AHF appears to be due to 

inhibition of platelet aggregation and thrombocytopenia. However, almost no hemorrhage 

occurs with Lassa virus infection. 

JUNÍN IMMUNOLOGY 

There are several members of the arenavirus family in clade B are closely related 

to Junín. For example, there is a slight cross reaction between Tacaribe immune serum 

and Junín virus by plaque reduction neutralization test (PRNT) occurred in cell culture, 

but was not demonstrated in vivo (Wiebenga, 1965). Although monoclonal antibodies can 

be produced against all the Junín structural proteins, the only neutralizing antibodies are 

made against the GP-1 (Sanchez et al., 1989). Cross-reactivity of monoclonal antibodies 

to other arenaviruses (Machupo, Tacaribe, Amapari, Latino, Tamiami, Pichinde, and 

Parana) during the studies by Sanchez et al. was restricted to antibodies produced against 

the nucleocapsid protein. Patients that had preexisting antibodies to Junín virus had a 
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significant increase in neutralizing antibody titer when given Candid#1, while those with 

previous exposure to LCMV were equivalent to individuals without detectable pre-

infection with arenaviruses (Ambrosio et al., 2006). These early studies indicate the 

glycoprotein, specifically GP-1, of the individual viruses is important for virus 

neutralization and clearance. The cross-reactivity of the antibodies against the 

nucleocapsid protein points to its conservation across arenaviruses.  

Complement is necessary for neutralization of the virulent strain of Junín and acts 

through the classical pathway, but is not necessary for neutralization of the attenuated 

strain in vitro (Kenyon and Peters, 1989). Complement is important for host resistance 

and the ability to activate complement results in the attenuation of some strains. 

Complement is also necessary for efficient neutralization of virulent strains of Junín. In 

AHF patients with severe to moderate disease, total serum levels of C2, C3, and C5 are 

reduced while the level of C4 is increased (de Bracco et al., 1978). C2 is part of the 

classical pathway that is cleaved by C1 to form C2a and C2b. C3 contributes to innate 

immunity through activation of the complement system by either the classical or 

alternative pathway. C5 is cleaved to form C5a, an important factor in chemotakis, and 

C5b, which plays a role in the formation of membrane attack complexes.  Complement is 

an important part of Junín virus pathogenesis and additional research studies should be 

conducted to elucidate its role in AHF immunopathology. 

There are high levels of cytokines found in peripheral blood that could be 

important in the pathogenesis of Junín virus infection. The highest levels of circulating 

IFN correlated with adverse outcome of disease. The NP of LCMV, an Old World 

arenavirus, is an antagonist of type I IFN and inhibits the activation of IFN-β, interferon 

regulatory factor (IRF)-3, and IRF-3 nuclear translocation (Martinez-Sobrido et al., 

2007). IRF-3 activation pathway is blocked early and prevents production of IFN-α/β.  
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The role of IFN-α/β and IRF-3 in Junín infection is still unknown.  High levels of TNF-α 

have also been observed in patients with AHF. Arenaviruses are surprisingly resistant to 

the anti-viral effects of IFN in vitro and in vivo (Canonico et al., 1984). The exact 

ramification of this resistance and its impact on disease pathogenesis is unknown. 

JUNIN VIRUS IN ENDOTHELIAL CELLS 

The endothelium is intact barrier and is poised for inflammatory gene expression.  

Junín virus was first demonstrated to have a productive infection in cultured rabbit and 

human endothelial cells with maximal titer of 4x104 PFU/mL five days post infection 

(Andrews et al., 1978).  Preliminary results in our laboratory has showed that Junín virus 

does not cause overt damage of endothelium cells but does cause changes in adherence 

junction. Perturbation in adherens junctions during Junín virus infection leads to vascular 

permeability, the leakage of endothelial cells in vitro by transwell assay and electric cell 

impedance sensing (ECIS). In vivo, vascular permeability could lead to plasma leakage 

and edema. This may begin to explain the pathogenesis of Junín virus and be the reason 

why many AHF patients often develop pulmonary edema. Although, AHF pathogenesis 

may be linked with thrombocyte absence or reduced thrombocyte function rather than 

endothelial cell infection. 

Human umbilical vein endothelial cells (HUVECs) infected with a virulent Junín 

virus (P3441) and a attenuated Junín virus (XJ-44) showed no CPE or apoptosis but had 

increase level in ICAM-I, and VCAM-I, while von Williebrand factor (VWF) was down 

regulated (Gomez et al., 2003a). Nitric oxide (NO), endothelial nitric oxide synthase 

(eNOS), prostacyclin (PGI2), and decay accelerating factor (DAF) were released in 

greater concentration in virulent Junín virus infection of HUVECs compared to an 

attenuated strain of Junín (Gomez et al., 2003a). The interaction of Junín virus with 
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endothelial cells may provide an explanation of the disease pathogenesis that occurs in 

humans and animal models. 

THERAPUETICS 

Treatment with immune plasma from previously infected patients is the standard 

treatment available against AHF. Published case series have shown up to 16% mortality 

in untreated patients compared to 1-2% mortality in patients that were administered 

immune plasma within eight days of the onset of clinical illness (Maiztegui et al., 1979).  

Eight to 10% of patients treated with immune plasma develop late neurologic syndrome 

(LNS), which may include ataxia, nystagmus, cerebellar tremors, fever, cerebellar, 

cranial nerve palsies and gait laterization (changes in walking patterns). Interestingly, 

there are no known cases of LNS to date in patients with AHF who recovered without 

treatment (Maiztegui et al., 1979). The exact mechanism and cause of LNS remains 

unknown. 

The ability of purified IgG to protect from adverse outcome in vitro and in vivo 

was studied to determine the exact protection mechanism of immune serum. IgG1,2,4, 

IgG1,2,3,4 and F(ab’)2 could neutralize Junín virus in vitro but F(ab’)2 failed to protect 

guinea pigs from death when administered 6000 therapeutic units (TU)1, and IgG1,2,3,4  

was able to protect guinea pigs when administered an equivalent dose (Kenyon et al., 

1990). The failure of purified F(ab’)2 to protect animals despite its ability to neutralize 

virus in vitro shows that virus neutralization is not sufficient to protect animals. This data 

suggests that clearance of infected cells is very important mechanism in protection. 

There are several reasons to develop alternative therapies for AHF including the 

lack of efficacy of immune plasma beyond the first eight days post onset of symptoms, 
                                                
1 TU (therapeutic unit)=((mL antiserum)x(1/PRNT))/body weight (kg) 
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the risk of transfusion-borne diseases, the possibility of developing LNS, and the 

practical difficulties of finding immune serum donors (Enria et al., 2008).The only 

approved treatment for arenaviruses in the US is 1-β-D-ribofuranosyl-1,2,4-triazole-3-

carboxamide, Ribavirin, a nucleoside analog that has been shown effective as an antiviral 

against different diseases (Parker, 2005). Non-human primate testing using rhesus 

macaques showed that clinical disease can be prevented if Ribavirin is given at the time 

of challenge but if treatment is begun at six-days post infection it only results in a delay 

of time of death (McKee et al., 1988). Ribavirin has also shown to be beneficial for 

treatment of Bolivian hemorrhagic fever in nonhuman primates (Stephen, 1980). 

Ribavirin has been used to treat several patients including a laboratory exposure of 

arenaviruses (Kilgore et al., 1997, Barry et al., 1995). Ribavirin has also been shown to 

be effective at treatment of Argentine hemorrhagic fever and Bolivian hemorrhagic fever 

if given to patients early in the course of the disease (Kilgore et al., 1997, Weissenbacher 

et al., 1987). Studies in the guinea pig model have shown that Ribavirin, an antiviral 

effective against several different viruses, can increase the mean time until death and 

delay viral replication when administered subcutaneously. Ultimately however, animals 

succumbed to the disease despite antiviral therapy, regardless of the route of infection 

(Kenyon et al., 1986a). Recent studies have shown that a high dose of Ribavirin over a 

long period of time is able to statistically increase survival of guinea pigs (Salazar M, 

2012). 

Despite the treatment options available for AHF patients it is clear that 

alternatives are desperately needed. 

JUNÍN INFECTION IN MICE 

In mice, high titer of Junín virus does not necessarily correlate with increase in 

disease manifestations. The disease in mice is not due to overt tissue damage from the 
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virus, but to an indirect mechanism induced by Junín virus. Adult mice infected i.c. with 

Junín virus have high virus titers in the brain for over two weeks but do not show 

symptomatic disease. Adult C3H/HeJ mice, a mouse strain lacking toll like receptor 

(TLR)-4, are susceptible to Junín XJ strain when infected intracranially, causing a high 

mortality rate within 13 days with no neutralizing antibodies and apparent delayed-type 

hypersensitivity reaction. This strain is not susceptible to other routes of infection outside 

the CNS (Campetella et al., 1988b). TLR-4 is responsible for pathogen recognition and 

activation of the innate immune system. TLR-4 knockout mice susceptibility shows the 

importance of the innate immune system activation in Junín virus mouse model infection.   

Newborn mice experience a lethal meningoencephilitis induced by delayed type 

hypersensitivity (DTH) and adult mice are susceptible when treated with 

cyclophosphamide resulting in immunosuppresion (Campetella et al., 1988a).  Newborn 

athymic nude mice with intracranial injection of 1000 TCID50 of Junín XJ 24 to 48 hours 

after birth survive, while control mice show a mortality rate of 92%. Both sets of mice 

have 7-8 logs of virus in the brain at seven days post infection. Thus, viral load in the 

CNS does not determine outcome to infection, but the stage of development of the animal 

has a significant impact on disease outcome (Weissenbacher et al., 1983). This suggests 

that an immune mechanism may modulate disease outcome and Junín virus is 

lymphotropic in the murine model because of the results of adoptive transfer and 

experiments where lymphocytes are removed. Mice that have been thymectomized at two 

to 24 hours after birth have 100% survival after Junín challenge and have 107 TCID50 

virus in the brain (Weissenbacher et al., 1969).  Treatment with Corynebacterium parvum 

given simultaneously with Junín virus in mice increased survival time and the number of 

survivors (Budzko et al., 1978). C. parvum treatment could result in activation of 

macrophages, adjuncvanticity, depression of T cell function or increase in production of 
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IFN. This finding supports the idea that Junín virus infection in mice acts through an 

indirect alteration mechanism rather than direct damage by the virus. Interestingly, 

passive immunity conferred to suckling mice by natural (mainly through mother’s milk) 

or artificial means confer resistant to Junín virus infection (Nejamkis et al., 1975).  

Junín studies in mice has shown T lymphocytes are essential for inducing 

neurological signs, lethality, antibody production, and the elimination of the virus. Fatal 

encephalitis is immunopathological and is not due to the direct action of the virus (Nota 

et al., 1976). This is further illustrated when splenocytes from persistently infected 

immunocompetent mice were transferred into athymic mice and produced no signs of 

disease (Rabinovich et al., 1988). However, athymic mice infused with spenocytes from 

early in infection (6 to 30 days) experienced significant mortality (Rabinovich et al., 

1988). Not only do immune T lymphocytes fail to effectively mediate Junín virus 

clearance in mice, they also appeared to mediate pathogenesis. T-cell mediated 

immunopathogenesis is hypothesized to occur in mice but not in other species, including 

humans. In humans there is an increase in antibody titers when viremia decreases and 

neutralizing antibodies confer protection. However, the same does not hold true with 

mice. Susceptible mouse strains infected intracranially induced a DTH reaction: in 

contrast, adult resistant BALB/c mice induced contrasuppressor cells (CS) to suppress 

DTH (Campetella et al., 1990). From the studies in mice we can see how T-cells may act 

in a pathogenic or protective manner in mice. However, these findings may not translate 

well to human disease.  

JUNÍN INFECTION IN GUINEA PIGS 

The guinea pig animal model closely mimics the human disease AHF without the 

complications of T-cell mediated pathogenesis as seen in mice (Carballal et al., 1981, 

Elsner et al., 1976, Maiztegui et al., 1975). There is a linear dose-response for guinea 
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pigs, mortality is based upon the dose administered to the animal (Parodi et al., 1966). 

However, strain dependent differences of Junín virus show a range of virulence in guinea 

pigs from a fatal hemorrhagic syndrome to a neurological disease to a mild clinical 

disease (Kenyon et al., 1988). Virus can be detected in the spleen and lymph nodes of 

guinea pigs independent of virulent virus strain at four-to-six days post infection (Kenyon 

et al., 1988). However, the vaccine strain did not have detectable virus in any of the 

organs analyzed. The Kenyon study also revealed increasing virus titers in visceral 

organs in virulent strains of Junín while other strains were neurotropic later in 

experimental infection and the animals exhibited neurological signs characterized by hind 

leg paralysis. Romero strain is virulent in inbred (Strain 13) and outbred guinea pigs 

(Hartley) but a passaged XJ strain is attenuated (Yun et al., 2008). The XJ strain passaged 

several times in guinea pigs shows a neurotropism when administered i.m. (Oubina and 

Carballal, 1985). Guinea pigs infected with an attenuated strain of Junín virus, XJCl3, 

had a 16% mortality rate with evidence of pancreatitis and meningoencephalitis (Laguens 

et al., 1983). 

JUNÍN INFECTION IN NON-HUMAN PRIMATES 

Junín virus has been shown to produce a fatal disease in non-human primates that 

imitates natural infection in humans. The Callithrix jacchus (marmoset) has a completely 

lethal Junín virus infection with primates succumbing to disease after the third week of 

infection with hemorrhagic and neurologic manifestations (Weissenbacher et al., 1979). 

Treatment of non-human primates with immune serum significantly reduces mortality but 

produces a late neurologic syndrome similar to humans. There is a synergistic effect 

when Ribavirin is combined with immune plasma treatment in Junín virus infected 

Callithrix jacchus (Weissenbacher et al., 1986). Cross-protection of Tacaribe infected 

Callithrix jacchus was shown to confer protection to Junín virus when challenged 60 
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days after initial Tacaribe infection (Weissenbacher et al., 1982). The cross-protection of 

Tacaribe infection was demonstrated through different routes of inoculations as well as 

long-term protection against virulent Junín virus infection (Samoilovich et al., 1988, 

Samoilovich et al., 1984). The safety, immunogenicity, and efficacy of Candid#1 was 

demonstrated in rhesus monkeys (McKee et al., 1993, McKee et al., 1992). 

PHOSPHATIDYLSERINE 

Phosphatidylserine is an anionic phospholipid that is usually present on the inner 

portion of the plasma membrane in mammalian cells (Williamson and Schlegel, 1994).  

Translocation of phosphatidylserine to the outer membrane can occur in response to a 

number of stimuli, including direct cell injury, inflammatory cytokines, acidity, thrombin, 

ischemia or reperfusion, apoptosis, reactive oxygen species (ROS), malignant 

transformation and cell activation (Balasubramanian and Schroit, 2003, Ran et al., 2002). 

Phosphatidylserine is transported from the outer to the inner membrane through an ATP-

dependent amino phospholipid translocase (Devaux, 1992). Phosphatidylserine 

translocation to the outer membrane of cells is an early indicator of apoptosis and is 

known to be a signal for the immune system for cellular uptake by phagocytic cells. The 

externalization of phosphatidylserine has been shown in vitro to be required for 

phagocytosis of apoptotic cells by macrophages and fibroblasts (Fadok et al., 2001). 

Furthermore, phosphatidylserine exposure on apoptotic cells has been shown to induce an 

anti-inflammatory response (TGF-β release) in vivo (Hoffmann et al., 2005) and in vitro 

(Fadok et al., 1998).  

PHOSPHATIDYLSERINE AND PATHOGENS 

Phosphatidylserine is known to be present on the surface of some viruses and not 

present on the outer membrane of others.  For example, fowl plague virus (FPV) has 
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phosphatidylethanolamine and phosphatidylserine on the envelope while vesicular 

stomatitis virus (VSV) is covered with phosphatidylcholine, sphingomyelin and 

phosphatidylinositol when grown in Madin-Darby canine kidney (MDCK) cells 

(Meerson et al., 2000). Previous studies have shown that even viruses from the same 

family can have significantly different amounts of phosphatidylserine present on their 

surface (Quigley et al., 1972, Klenk and Choppin, 1969). Coronaviruses are known to 

have low amounts of PS (1% of total phospholipids); paramyxoviruses and rhabdoviruses 

have a larger amount of PS at close to 20% of phospholipids being comprised of PS 

(Patzer et al., 1979). The amount of phosphatidylserine on the surface of arenavirus 

virions is unknown. 

The envelope of the virus reflects phospholipid composition of the plasma 

membrane of the host cell (Pessin and Glaser, 1980). However, the virus lipid 

composition can vary from the cellular membrane. Viruses can bud from the plasma 

membrane, endoplasmic reticulum (ER), or from the inner layer of the nuclear 

membrane. For example, rhabdoviruses, paramyxoviruses, myxoviruses, arenaviruses, 

togoviruses, bunyaviruses, cornaviruses, and oncoviruses are known to bud from the 

plasma membrane domain of cells. In contrast, poxviruses, iridoviruses, herpesviruses, 

and mycoplasmaviruses do not bud from the plasma membrane.  

Phopshatidylserine has been implicated in the evasion of the immune system in a 

variety of different pathogens. Many different viruses use a variety of mechanisms to 

evade apoptosis (Benedict et al., 2002). For example, herpes simplex virus (HSV), an 

enveloped DNA virus, undergoes early apoptotic events, including the translocation of 

phosphatidylserine, only to counteract apoptosis through viral proteins (Gautier et al., 

2003). Vaccinia virus (VACV) uses apoptotic mimicry, including the expression of 

phosphatidylserine on the outside of virions, to gain entry into macrophages and evade 
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immune system (Laliberte and Moss, 2009, Mercer and Helenius, 2008). By entering the 

cells using phosphatidylserine, a similar mechanism used for the uptake of apoptotic 

cells, VAVC enters macrophages without the signaling the immune system for the release 

of proinflammatory cytokines. VAVC and Cowpox virus (CPXV) activate the PI3K/Akt 

pathway, which is required for host survival and viral replication (Soares et al., 2009). 

Hepatitis B virus (HBV) protein HBx is both a pro-apoptotic and an anti-apoptotic factor 

(Assrir et al.). Parasites also utilize the system for the removal of apoptotic cells as a 

method to evade the immune system. For example, Toxoplasma gondii (Seabra et al., 

2004), Trypanosoma cruzi (Damatta et al., 2007), and Leishmania amaonensis (de Freitas 

Balanco et al., 2001) use phosphatidylserine exposure as an evasion mechanism of host 

inflammatory response. Specifically, obligate intracellular parasites amastigotes have 

been shown to expose phosphatidylserine when internalized inducing macrophages to 

produce IL-10 and TGF-β, and inhibit NO production thereby allowing for more efficient 

parasite replication (Barcinski et al., 2003). In conclusion, a variety of different viruses 

and parasites use the exposure of phosphatidylserine to evade the inflammatory and 

immune system.   

BAVITUXIMAB 

Bavituximab is a phosphatidylserine targeting antibody that has been approved by 

the FDA for use in humans. Bavituximab is in clinical trials in humans with human 

immunodeficiency virus (HIV), hepatitis C virus (HCV), and solid tumors. Antibodies 

directed against phosphatidylserine significantly improved the ADCC function of 

macrophages from HIV positive patients to human T-cells (Silvestris et al., 1996).  

 Bavituximab divalently binds to domain two of human β2-GP1 (50 kDa GP that 

binds weakly to anionic phospholipids under physiological conditions), which enhances 

the binding of β2-GP1 to exposed phosphatidylserine (Figure 1) by 1000 fold (Luster et 
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al., 2006). Interestingly, antibodies that bind to other domains of β2-GP1 have been 

shown to be responsible for antiphospholipid antibody syndrome (Xie et al., 2010). β2-

GP1 (apoplipoprotein H), a plasma complement control protein, C-terminus binds to 

phospholipids and plays a role in clearance of phosphatidylserine-expressing apoptotic 

cells (Wurm et al., 1984; Steinkasserer et al., 1991). Endogenous β2-GP1 has been shown 

to bind to apoptotic cells in vivo (Balasubramanian et al., 2005). Peregrine 

Pharmaceuticals manufactured a humanized antibody (PGN635) against 

phosphatidylserine conjugated to β2-GP1.  This conjugated antibody against 

phosphatidylserine and β2-GP1 binds to Pichinde virions and infected cells. The 

phosphatidylserine targeting antibody also protects guinea pigs upon lethal challenge 

(Soares et al., 2008).  Pichinde is a clade A New World arenavirus that is not pathogenic 

in humans. Bavituximab, even at doses above the therapeutic range, showed no toxicity 

in animals by physiologic, hematologic and histological examination (Ran et al., 2005). 

 

 
Figure 4: Proposed mechanism of action of phosphatidylserine targeting antibodies. In 
a normal healthy cells phosphatidylserine is located on the inner leaflet of the cellular 
membrane. During virus infection it causes the translocation of phosphatidylserine to the 
outer leaflet of the cellular membrane. The phosphatidylserine targeting antibodies 
should in theory only bind to cells that have flipped phosphatidylserine and not bind to 
healthy cells. Figure from  (Holmes et al., 2009). 
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 The ability of phosphatidylserine targeting antibodies ability to protect guinea 

pigs infected with Junín virus was unknown. The phosphatidylserine antibodies may 

improve ADCC of Junín virus infected cells in animals and lead to protection. In 

previous sections we highlighted the importance of the clearance of virus-infected cells in 

the mechanism of protection when discussing convalescent immune plasma treatment. In 

Pichinde they showed that the primary mechanism of action was targeting infected cells 

rather than virus neutralization. Ideally, the antibodies would not only target cells 

infected with Junín but other viruses that cause the flipping of phosphatidylserine. This 

monoclonal antibody had the potential to be a broad spectrum therapeutic against 

different enveloped viruses specifically, viral hemorrhagic fevers.



   29 

 

Chapter 2: Hypothesis 

At first we hypothesized that Junín virus infection would cause flipping of 

phosphatidylserine to the outer membrane of infected cells and be contained in virions 

that bud from the plasma membrane. Therefore, we hypothesized that phosphatidylserine 

targeting antibodies would be effective at protecting Junín infected animals. However, in 

chapters three and four we see that phosphatidylserine targeting antibodies do not 

improve virulent Junín virus infection in vivo. Our overall hypothesis is that attenuated 

arenaviruses cause more cytopathic effects in infected cells compared to virulent 

arenaviruses. More cytopathic effects has several different consequences including 

signaling the immune system for phagocytosis through a phosphatidylserine “eat me” 

signal. The clearance of infected cell limits the new virus particles being produced. The 

act of phagocytosis of virions and virus infected cells by antigen presenting cells could 

induce the recognition of foreign material by the immune system. Candid#1 and Romero 

both produce an innate immune response by sensing an infection shown by the release of 

interferon. However, we hypothesized that attenuated strains cause cytopathic effects and 

produce virions covered in phosphatidylserine while pathogenic strains do not.  
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Chapter 3: Pharmacokinetics of PS Targeting Antibodies in Guinea Pigs 

 

•Significance: To determine if there are pharmacokinetic differences in 

phosphatidylserine targeting antibody clearance in infected guinea pigs compared to 

uninfected guinea pigs. 

•Hypothesis: We hypothesized that there would a difference in half-life in infected 

animals compared to uninfected animals. 

 

The overarching goal of the studies in the guinea pig model was to evaluate these 

antibodies as a potential prevention and treatment therapy for Junín virus 

infection/disease, a virus that causes severe and often fatal human disease in Argentina. 

Although an effective experimental vaccine is being used to vaccinate those at greatest 

risk of infection in Argentina, there are no FDA-approved treatment approaches for Junín 

disease. The rationale for evaluating phosphatidylserine targeting antibodies PGN401 

(human/mouse chimeria) and PGN635 (fully humanized) as potential therapeutic agents 

derived from the result showing PGN401, also known as Bavituximab, to be effective for 

the treatment of Pichinde virus infection and disease in guinea pigs. However, the 

question of PGN401 effectiveness for the treatment of AHF remained, as Pichinde virus 

does not cause human disease. In this study, guinea pigs were used as an animal model 

because AHF disease in this species is similar to the disease described in humans as 

described in the introduction. Therefore, if this antibody is shown to protect or cure 

guinea pigs from Junín infection and disease, the antibody may be effective as a 

treatment therapy for human disease. 
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For a drug to accomplish maximal effectiveness, a correct treatment regimen must 

be identified. The pharmacokinetics (PK) of a potential drug in uninfected and infected 

animals is crucial for the assessment of absorption, distribution, metabolism, and 

elimination of an experimental therapeutic. Knowledge of PK is necessary for the 

planning of efficacy studies in animals.  

METHODOLOGY 

In this experiment we compared the PK of PGN401 and PGN635 given through 

the intravenous route in guinea pigs infected with Junín virus or uninfected controls. The 

intravenous route is an effective method to administer the phosphatidylserine targeting 

antibodies because it reaches the circulation immediately. Guinea pigs were implanted 

with microchips to monitor body temperature, baseline blood was drawn, temperature 

was recorded, and weights were measured the day after animals arrived. Guinea pigs 

infected with 1000 plaque forming units (PFU) of Junín virus or sterile saline via the 

intraperitoneal route. Two days later, a baseline blood sample was taken, then 3 mg/kg of 

PGN401 or PGN635 was administered via the intravenous (i.v.) route (see Table 1 for 

group breakdown). 50 µL whole blood samples were taken from the lateral meta-tarsal 

vein or from toe-nail clippings at various time intervals after administering the antibody 

(1h, 3h, 8h, 24h, 48h, 72h, 96h, 120h, and 144h). Blood samples were stored at -80°C 

until assayed for level of antibody. Progress of disease was monitored daily by weighing 

the animals and recording clinical signs (body weight is known to be a sensitive and 

objective measure of illness in these models). Animals were euthanized by CO2 

inhalation at 5% when physical signs deteriorated, or at specified time points, if the 

animals remained healthy.  
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Table 1:  Study groups and procedures 

Group 

No. of 

Animals 

Virus 

Inoculums 

Virus 

Route Antibody 

Antibody 

Administration 

Antibody 

Dose 

Antibody 

Route 

1 3 1000 PFU i.p. PGN401 Day 2 3 mg/kg i.v. 

2 3 Saline i.p. PGN401 Day 2 3 mg/kg i.v. 

3 3 1000 PFU i.p. PGN635 Day 2 3 mg/kg i.v. 

4 3 Saline i.p. PGN635 Day 2 3 mg/kg i.v. 

Blood collected at: baseline, 1h, 3h, 8h, 24h, 48h, 72h, 96h, 120h, and 144h, euthanasia 

 

RESULTS 

Guinea pigs were euthanized at day 11 after infection (day 9 of the study). Day 0 

refers to the time that the antibody was administered (48 hours after infection) while day 

-2 was when the guinea pigs were infected with Junín rRomero strain by the 

intraperitoneal route. As expected, we did not observe any deaths during this study 

because our endpoint was before the typical guinea pigs would succumb to Junín virus. 

The goal of this preliminary study was to reveal if there were any drug metabolism 

differences between uninfected and infected animals. Some differences in drug half-life 

were observed during Pichinde infection of guinea pigs. 
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Figure 5: Percent change from baseline temperature in infected and uninfected 
guinea pigs treated with PGN401 or PGN635. 
 

BMDS transponders were implanted into the guinea pigs six days before 

infection. The temperature of animals was assessed through the BMDS transponder 

system. Infected guinea pigs treated with PGN401 two days after treatment started to 

develop a fever four days after infection. The PGN635 infected guinea pigs maintained 

elevated temperatures until the conclusion of the study. Infected guinea pigs treated with 

PGN401 developed fever at a later time than the guinea pigs treated with PGN635.  

 



   34 

 
Figure 6: Percent change from baseline weight of infected and uninfected guinea 
pigs treated with PGN401 or PGN635. 

 

Infected guinea pigs treated with PGN401 or PGN635 experienced weight loss 

compared to uninfected controls as shown in Figure 6. Guinea pigs began to exhibit 

clinical signs such as fever and scruffy coat four days after infection. By nine days after 

infection, all infected guinea pigs had clinical signs of disease (data not shown).  
 

Antibody-treated infected guinea pigs experienced hypoalbuminemia compared to 

Ab-treated uninfected controls (see appendix 1). Alanine transferase levels were 

increased in infected animals, indicating significant hepatic cell damage or necrosis. The 

elevated alanine transferase levels do not indicate the cause or the reversibility of the 

liver damage. An increase in alkaline phosphatase levels in infected animals suggests 

liver dysfunction. The hyperglycemia experienced by infected animals could be due to 
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stress or other undetermined factors. Hyperglobulinemia in infected animals may be due 

to inflammation. Infected guinea pigs treated with PGN401 experienced leucopenia, 

neutropenia, lymphopenia and basophilia (see appendix) while no statistically significant 

differences were seen in the PGN635 treated groups compared to controls. Both treated 

groups of infected guinea pigs experienced thrombocytopenia. Human Argentine 

hemorrhagic fever (AHF) cases also experience thrombocytopenia, proteinuria, and 

slightly elevated aminotransferase levels, similarly to the animals in the guinea pig model 

of the disease (Yun, 2008). Ideally we would have infected untreated animals to compare 

the hematological and blood chemistry values to. However, in this pilot animal study we 

focused on determining the pharmacokinetic differences rather than the efficacy of the 

drug. In the next chapter we will see data comparing infected treated animals to infected 

untreated animals. 

Tissue specimens from brain, liver, lung, kidney, adrenal, and spleen were 

collected from all animals for histopathology examination. Tissues were embedded into 

paraffin, sectioned, and stained with hematoxylin and eosin. No pathologic changes were 

observed in the tissues of uninfected animals treated with either PGN635 or PGN401. 

Macrovesicular steatosis was observed in the liver sections of all infected animals, treated 

with either PGN401 or PGN635, or untreated. Rare foci of centrilobular hepatocyte 

necroapoptosis were observed in about 50% of the sections. Spleen sections showed 

marked lymphoid depletion with disruption of the mantle and marginal zone, 

proliferation of large splenic macrophages filled with cellular debris, and kayorrhexis. 

These finding are consistent with the early stage of disease at the time of euthanasia.  
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Figure 7: Representative photomicrographs showing the pathologic changes observed 
in the spleen (left) and liver (right) tissue sections collected from Guinea pigs infected 
with Junín virus. Hematoxylin and eosin staining, original magnification 10x (left) and 
20x (right). No difference was observed between animals treated with PGN635 or 
PGN401 with regard to the extent and characteristics of the pathologic changes. 

 

The majority of the brain sections examined appeared unremarkable. This is also 

consistent with the earlier stage of disease; in fact, several reports of similar studies in 

animal models show the appearance of neurological disease at a later time after infection. 

 

A three-parameter logistic equation was used to generate a sigmoidal dose 

response curve (see appendix 1) between the logarithm of the concentration and the OD 

values. The sigmoidal dose response curve derived from the standard curve was used to 

calculate the concentration of PS targeting antibodies in serum based on the OD values.  

This equation assumes a variable slope. 
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Figure 8: PGN401 serum levels in infected and uninfected guinea pigs. Values 
represent means ± SEM. 
 

 
Figure 9: PGN635 serum levels in infected and uninfected guinea pigs. Values 
represent means ± SEM. 
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Figure 10:  Pharmacokinetic parameters calculated using GraphPad prism. 

 
 
Figure 11: Pharmacokinetic Parameters for PGN401 and PGN635. 

 

Different calculations of half-life, area under the curve, and other PK parameters 

were obtained when using different software programs. For instance, the following 

reasoning was used to caclculate the PK parameters in Figure 10. The maximum 

concentration (Cmax) is represented as the mean of the logarithm at the time point with the 

highest concentration of antibody in the animal. The time the maximum concentration 

occurred was recorded as the Tmax. The area under the curve (AUC) was calculated using 

GraphPad Prism Version 5. The software program uses the trapezoid rule to ascertain the 

integrative measurement. Subtracting the base level of antibody from the maximum 

concentration and dividing by two calculated the concentration of antibody present at 
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T1/2. A linear regression was performed on each set of data from the Tmax to the time of 

euthanasia. The formula derived from the linear regression was used to calculate the time 

the antibody would reach half the maximum concentration. This figure was subtracted 

from the Tmax to get T1/2. The volume of distribution (Vd) was calculated by first 

averaging the antibody concentration at one hour post administration. The average weight 

of the guinea pigs in each group was used to calculate the concentration. The following 

formula was used to calculate the volume of distribution, Vd=Dose/Concentration. 

The area under the curve (AUC), Tmax and T1/2 were also calculated using PK 

Solutions Pharmacokinetic Software Version 2.0 (by Peregrine Pharmacueticals). The 

software program calculates results using noncompartmental (area) methods (Figure 11). 

Comparing Figure 10 and Figure 11 we can see there are differences in calculations 

based on the person and software used to manipulate the data. I did not have access to PK 

Solutions Phatmacokinetic Software so I could not confirm the calculations performed by 

Peregrine. From both sets of calculations there is a difference in half life of about 14 

hours between uninfected and infected animals treated with PGN401. However, there 

seems to be only a slight differernce between infected and uninfected animals treated 

with PGN635. For this and other reasons we decided to pursue efficacy testing with 

PGN401 rather than PGN635. 
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Figure 12: Organ and serum titers for infected guinea pigs treated with PGN401. 



   41 

 
Figure 13: Organ and serum titers for infected guinea pigs treated with PGN635. 

 

CONCLUSIONS 

Although some differences were seen in the pharmacokinetic parameters between 

uninfected and infected animals, the results indicate that dosing at least twice weekly will 

most likely keep a steady state of antibody in infected animals. Animals that received 

antibody treatment 48 hours after infection started to show clinical signs of disease 

approximately five to six-days post infection. The infected guinea pigs given treatment 

experienced significant weight loss and fever during the study, compared to uninfected 

guinea pigs given treatment. None of the animals died before euthanization occurred. 

Infected guinea pigs had changes in blood chemistry values linked to liver disease at the 

conclusion of the study. Infected guinea pigs also had significantly altered hematological 
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values compared to uninfected controls. Organ and serum virus titers were similar to 

untreated infected guinea pigs as observed in a previous study (Emonet, 2010). 
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Chapter 4: Efficacy Testing of PS Targeting Antibodies in Guinea Pigs 

•Significance: To determine if phosphatidylserine targeting antibodies can protect 

guinea pigs infected with a lethal dose of Junín rRomero. 

•Hypothesis: We hypothesize that phosphatidylserine targeting antibodies will 

protect guinea pigs infected with a lethal dose of Junín rRomero with greater survival rate 

in the group that received the largest amount of antibody. 

 

The efficacy of phosphatidylserine targeting antibodies as a multiple post 

exposure treatment was determined in guinea pigs at various doses. We hypothesized the 

most likely mechanism of action of the phosphatidylserine targeting antibodies would be 

antibody dependent cellular cytotoxicity (ADCC) as seen with Pichinde (Soares et al., 

2008). Therefore, infected cells are the target of antibody binding. It was shown that 

pretreatment with phosphatidylserine targeting antibodies was not effective at protecting 

animals against other hemorrhagic fevers (unpublished data). According to literature it 

was determined that virus dissemination to various internal organs is present by day five 

after infection of guinea pigs with Junín Romero (Kenyon et al., 1988). Consequently, we 

decided that day five would be an ideal treatment starting point for a post exposure 

treatment for Junín Romero infection in guinea pigs for several reasons. First, the 

phosphatidylserine targeting antibodies would have a target of infected cells in organs 

that may translocate phosphatidylserine. Secondly, several studies have shown that 

guinea pigs can be treated with immune plasma up to six-days post infection and after 

day six treatments are not effective. Based on the pharmacokinetic data presented in the 

previous chapter we decided on a treatment course of three times a week by the 

intravenous route. Administration of the phosphatidylserine antibodies in guinea pigs via 
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the intraperitoneal route showed a small amount of the antibody administered actually 

reaches the blood stream. 

METHODOLOGY 

A Bio Medical Data Systems (BMDS) transponder was implanted subcutaneously 

in the dorsal area of each male Hartley guinea pig between the scapulae using a 12 gauge 

trocar provided with the chip to monitor body temperature. Baseline blood sample was 

taken for hematology and blood chemistry analysis. 24 hours later temperature and 

weights was taken from each animal. Animals were transferred to animal biosafety level 

(ABSL)-4 laboratory. On day 0, four groups of 10 guinea pigs were infected with 1000 

plaque forming units (PFU) of Junín rRomero virus in 0.5 mL volume via the 

intraperitoneal route under isoflurane. Progress of disease was monitored daily by 

recording clinical signs and temperature. On Day 5 a 200 µL blood sample was obtained 

from each guinea pig via superior vena cava and then a dose of 0, 0.03, 0.3, or 3 mg/kg of 

PGN401 was administered in 0.2 mL of PBS to the guinea pigs via left jugular catheter. 

The groups were divided as follows Group 1: Placebo, phosphate buffered saline (PBS), 

Group 2: 0.03 mg/kg of PGN401, Group 3: 0.3 mg/kg of PGN401 and Group 4: 3 mg/kg 

of PGN401. 50 uL of whole blood was collected for hematology measurements and 150 

uL of blood was collected for blood chemistry. On days 7, 9, 12, and 14: Blood sampling 

and treatment continued three times a week. Animals were euthanized when physical 

signs deteriorated, or at the end of six weeks post-inoculation, if the animals remained 

healthy.  Animals were euthanized by CO2 inhalation. Organs and tissues were harvested 

from euthanized animals. Virus distribution in organs was also assessed by plaque assay, 

and immunohistochemistry performed on formalin-fixed tissues. Survival curves were 

generated in GraphPad Prism and blood data was analyzed by VetScan Complete 
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Diagnostic panel. Virus distribution in organs was determined by plaque assay and 

immunohistochemistry was performed on tissues samples.  

RESULTS 

Baseline serum showed no viremia or neutralizing antibodies against Junín virus 

(data not shown). Guinea pigs #6 (0.03 mg/kg), 24 (3 mg/kg), 29 (3 mg/kg), 32 (DPBS), 

and 34 (DPBS) did not have viremia at any time point (day 5, 7, 9, 12, 14 and 22). Plaque 

Reduction Neutralization Test (PRNT) showed no neutralizing antibodies in these 

animals at time of euthanasia (day 22). Homogenized organs did not have any detectable 

viremia (day 22). As a result, these animals were censored from analysis since they were 

not infected with Junín rRomero virus. This is most likely due to human error because of 

the large number of animals in the study. 

 Phosphatidylserine targeting antibodies were ineffective at protecting guinea pigs 

infected with Junín as a post exposure treatment. The survival did not vary between the 

treatment groups and non-treatment group. Body weight, temperature, blood chemistry, 

hematology, viremia, and virus in organ did not improve with treatment (Appendix 2, 

Figure 14 to Figure 17).  
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Figure 14: Survival Curve. Differences between groups were not statistically 
significant based on a Log-rank (Mantel-Cox) Test (p-value=0.6276). 

 
Figure 15: Temperatures were measured daily by BMDS transponder. Values represent 
means ± SEM of guinea pigs in each group. 
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Figure 16: Weights were taken on Day 5, 7, 9, 12, and 14. Values represent means ± 
SEM of guinea pigs in each group. Two-way ANOVA analysis revealed an extremely 
significant difference between groups and time with a p-value less than 0.0001. 
 

 A significant difference in weights is shown in Figure 16 with respect to treatment 

and time. We can see at the highest dose (3 mg/kg) animals weighed more and loss 

weight slower than the other groups. However, treatment did not begin until day five post 

infection at that point the guinea pigs in the 3 mg/kg groups were significantly heavier 

than all the other groups before any treatment differences occurred. Ultimately, the 

guinea pigs in the high dose treatment group succumbed to the disease at a similar time as 

the other groups. Therefore, even though Figure 16 shows a significant difference in 

weights, the result is likely not to have clinical relevance. 
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Figure 17: Viremia in guinea pigs taken at different time points. Values represent 
means ±SEM of guinea pigs in each group. 

 

 Formalin fixed tissue was removed from the BSL-4 laboratory 72 hours after it 

was placed in 10% buffered formalin. During this time, fresh formalin was replaced 

every 24 hours. Tissues were then grossed and placed into cassettes in 70% ethanol for 

submission to the histology laboratory and preparation of hematoxylin and eosin stained 

slides.  

Tissue sections from animals in the uninfected controls groups appeared mostly 

normal. Some of the liver sections showed occasional enlargement of the space of Disse, 

accompanied by rare clusters of neutrophils. One of the brain sections showed a cluster of 

intravascular neutrophils (meninges). The remainder of the control tissue sections 

appeared unremarkable. Sections from all Infected-infected groups showed several 

pathologic changes. Liver sections were remarkable for diffuse macrovescicular steatosis 

accompanied by multifocal hemorrhage. Spleen sections from the same groups showed 

lymphoid depletion with almost complete obliteration of lymphoid follicles and 
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multifocal fibrinoid necrosis with hemorrhage. Adrenal gland showed hemorrhage and 

occasional necrotic and apoptotic cells. Hyperemia, and in rare cases focal tubular 

necrosis, was observed in the several kidney sections. Lung sections were remarkable for 

focal congestion, as well as consolidation with recruitment of monocytes and neutrophils 

and karyorrhexis. Alveolar wall thickening was prominent, and neutrophils, as well as 

karyorrhectic debris, were visible in the capillary lumina. Most brain sections appeared 

unremarkable, with a few showing focally hypercellular meninges, but no remarkable 

pathologic changes. The remainder of the specimens were either unremarkable or showed 

minimal and/or likely nonspecific changes. 

The changes described, including hemorrhage, steatosis, lymphoid necrosis, have 

been associated with arenavirus infection in humans in prior case reports. Hepatic 

steatosis appeared slightly less severe in 3 mg/kg dose groups, compared to the lower 

dose groups (0.3 mg/kg and 0.03 mg/kg) and DPBS treated. Observations in the lung 

sections were similar in DPBS treated and the high dose group, and included 

predominantly mild changes including rare foci of congestion and consolidation. There 

was no remarkable neuropathology, which is usually observed at later stages of the 

infection. 

Figure 18 to Figure 21 show representative photomicrographs from the tissue 

sections described above. 
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Figure 18: Representative photomicrographs from liver sections of infected animals. 
Original magnification (clockwise): 10x, 20x, 10x, 40x. 
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Figure 19: Representative photomicrographs from spleen sections of infected animals. 
Original magnification (clockwise): 10x, 10x, 10x, 20x. 
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Figure 20: Representative photomicrographs from adrenal gland and kidney sections of 
infected animals. Original magnification (clockwise): 10x, 10x, 10x, 20x. 
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Figure 21: Representative photomicrographs from lung sections of infected animals. 
Original magnification (clockwise): 4x, 20x, 40x, 40x, 20x, 20x. 
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CONCLUSIONS 

PGN401 at different doses (0.03, 0.3, and 3 mg/kg) does not protect Junín 

rRomero virus-infected guinea pigs when administered intravenously at day 5, 7, 9, 12, 

and 14. Guinea pigs in the 3 mg/kg group showed a less rapid weight loss when 

compared to the other groups. This result, although not as promising as it would be hoped 

for- it is not surprising, and consistent with the finding of absent or minimal 

phosphatidylserine flipping in cells infected with Junín Romero strain. We believe that 

the antibody was ineffective at protecting guinea pigs because Romero virions did not 

contain phosphatidylserine and infected cells did not translocate phosphatidylserine to the 

outer leaflet of their plasma membrane. This result is consistent with our in vitro studies 

and is further evidence that what we are seeing in vitro is occurring in vivo.  

A limitation of this study was the choice of one dosing administration schedule. 

Day five was chosen because published literature showed virus infection of target organs 

in a guinea pig model with Romero infection (Kenyon et al., 1988). Studies with 

convalescent serum in guinea pigs has shown that administration before day six is 

essential for survival (Kenyon et al., 1986b). Treatment with the antibodies three times a 

week was chosen because the dosing schedule was consistent with the pharmacokinetic 

data. However, under a different dosing schedule the antibody may be effective. 

Considered with the in vitro data of this dissertation the result is unlikely. 

This result also has implication on Junín virus pathogenesis. With the knowledge 

that phosphatidylserine antibodies being ineffective at protecting guinea pigs from lethal 

infection we can make the assumption that the majority of infected cells are not 

undergoing apoptosis. Romero infected cells release virions to infect more cells until the 

animals succumb to the disease. Synthesizing these results with previous published 

literature we can conclude that in both Romero and Candid#1 infection an innate immune 
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response is launched. However, Candid#1 causes cell death and signals the immune 

system for clearance of infected cells and perhaps lysis through complement. In Romero 

infection there is an inefficient immune response to the virus to protect animals.  

Retrospectively, it is obvious that the phosphatidylserine targeting antibody 

therapy would not be effective as a treatment of AHF. Although, there is the possibility 

that phosphatidylserine targeting antibodies would be effective against viruses that 

translocate phosphatidylserine during infection. 
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Chapter 5: Virulent and Attenuated Arenavirus Strains cause different 
amounts of Cell Death and Phosphatidylserine Translocation 

•Significance: Cell death may act as an attenuation mechanism for less virulent strains, 

signaling the immune system for cellular destruction.  

•Hypothesis: Attenuated arenavirus strains experience more apoptosis in vitro than 

virulent arenavirus strains.  

 

In virus infected and distressed cells, phosphatidylserine (PS) becomes expressed 

on the outer leaflet of the cellular membrane. Junín virus exits cells via budding, 

essentially removing a piece of the cellular membrane and coating itself with it. Thus, 

both Junín infected cells and virions could possess PS on their outer surface. 

Bavituximab, a chimeric PS targeting antibody, has been shown previously to bind to 

Pichinde Virus (another member of the Arenaviridae family). PS targeting monoclonal 

antibodies have been shown to bind to the same site as Annexin A5, the typical 

diagnostic tool for phosphatidylserine (Ran et al., 2002). For this research PS targeting 

antibodies and Annexin A5 were used as tools to show early indicators of apoptosis.  

The goal of the experiments summarized in this section was to determine whether 

PS targeting antibodies (PGN401 and PGN635-T) bind to Junín infected cells and the 

amount of apoptosis that occurs in different arenavirus strains. Immunofluorescence was 

used to measure the amount of PS targeting antibody binding to infected cells. 

Photomicrographs of live cells were captured sequentially to show different amounts of 

cytopathic effects during infection. Flow cytometry using Annexin V as well as TUNEL 

assay were used to assess apoptosis. Cell viability was measured through a MTT assay. 

We showed that cells infected with attenuated Junín virus strain exhibited greater binding 
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to PS antibody than the uninfected controls. The attenuated strain of Junín also exhibited 

increased levels of apoptosis compared to mock controls and Romero infected cells. 

 

In vitro studies were conducted to assess the binding of PS targeting antibodies to 

Junín infected cells. Immunofluorescence is a technique that labels antibodies with 

fluorescent dyes. This technique was used to determine if Junín infection caused PS to 

move from the inside leaflet of the cellular membrane to the outer leaflet in mammalian 

cells following Junín virus infection. The PS targeting antibodies were detected with 

fluorescently labeled secondary antibodies to determine if cells infected with the virus 

caused an increase in binding to PS targeting antibodies (PGN401 and PGN635-T) 

compared to an isotype control antibody and uninfected cells. An anti-Junín serum was 

included as a positive control to demonstrate a productive infection with the virus. 

METHODOLOGY 
 

Vero E6 cells (African green monkey kidney cells) or A549 cells (human lung 

epithelium carcinoma) were infected with either Junín Candid#1, Junín Romero, 

Pichinde, Guanarito, Lassa, Mopeia or mock infected. Cells were observed daily for 

cytopathic effects and samples were taken daily to show virus kinetics. The binding of 

the PS targeting or control antibodies to the infected cells was performed by incubating 

live cells with antibody followed by removal of unbound antibody by washing with 

DPBS. The cells were then fixed with paraformaldehyde. The localization of the PS 

targeting and control antibodies was determined by incubation with a biotin-conjugated 

secondary antibody followed by incubation with streptavidin. The cells were then 

permeabilized with Triton X-100, the Junín viral proteins were stained with Alexa-594 

(red), mounted with a nuclear stain, and viewed by confocal microscopy. Cells were also 
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stained with Annexin V or TUNEL staining to demonstrate cell death according to 

manufacture’s conditions. MTT cell viability assay was performed daily. Flow cytometry 

was performed with a fixable live/dead cell dye, L10120, that is amide reactive 

fluorescent dye. Cells with compromised membranes the cells react with amide and the 

dead cells stain positive. In live cells the dye does not interact with the amides in the cells 

and therefore remained unstained. 

 

RESULTS 

The following figures show immunofluorescence results for cells infected with 

Junín Candid#1 and Junín Romero strain and stained with PS targeting antibodies and 

anti-Junín antibodies. Minimums of three fields of view were taken for each individual 

condition (one or two are shown below). Uninfected cells (Figure 24, Figure 27) show 

much less live cell staining for PS targeting antibodies compared with Candid#1 infected 

cells (Figure 22, Figure 25) Based on three-dimensional (3D) reconstruction of virus-

infected cells we can conclude that the PS targeting antibodies are being internalized 

during the live cell staining process (results not shown). A plasma membrane stain, wheat 

germ agglutinin (WGA), was used to elucidate the localization of the PS targeting 

antibodies during live-cell staining. We see some co-localization of the membrane stain 

(WGA, magenta) and the PS targeting antibodies (green). However, the membrane stain 

and the PS targeting antibody staining are not mutually exclusive. The PS targeting 

antibodies give a punctuate staining and the majority of the antibody staining largely 

appears to be internalized. 

 

For Romero infected cells (Figure 23, Figure 26), significantly less staining by 

the PS targeting antibodies in the membrane was observed. Therefore, we can conclude 
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that PS targeting antibodies bind to cells infected with Junín Candid#1. On the other 

hand, PS targeting antibodies do not bind to Romero infected cells. 

A          B 

 
 
Figure 22: (A and B) Immunofluorescence of Junín Candid#1 infected Vero E6 cells 
performed according to 4113UTMB Study Protocol C. The pictures show PGN635-T in 
green with live cell staining, Membrane, stained with WGA, is shown in Magenta, Junín 
virus in red and DAPI nuclear staining is shown in blue. Vero E6 cells were infected with 
Candid#1 of MOI 5 and harvested 72 hours post infection.  
 

A             B 

 
 
Figure 23: (A and B) Immunofluorescence of Junín Romero strain infected Vero E6 
cells performed according to 4113UTMB Study Protocol C. The pictures show PGN635-
T in green with live cell staining, Membrane is shown in Magenta, Junín virus in red and 
DAPI nuclear staining is shown in blue. Vero E6 cells were infected with Romero of 
MOI 5 and harvested 72 hours post infection. The pictures were taken at a magnification 
of 63X with a confocal microscope. 
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A            B 

 
 
Figure 24: (A and B) Immunofluorescence of mock infected Vero E6 cells performed 
according to 4113UTMB Study Protocol C. The pictures show PGN635-T in green with 
live cell staining, Membrane is shown in Magenta, Junín virus in red and DAPI nuclear 
staining is shown in blue. Vero E6 cells were mock infected and harvested 72 hours post 
infection. The pictures were taken at a magnification of 63X with a confocal microscope. 

A          B 

 
 
Figure 25: (A and B) Immunofluorescence of Junín Candid#1 virus infected Vero E6 
cells performed according to 4113UTMB Study Protocol C. The pictures show PGN401 
in green with live cell staining, Membrane is shown in Magenta, Junín virus in red and 
DAPI nuclear staining is shown in blue. Vero E6 cells were infected with Candid#1 of 
MOI 5 and harvested 72 hours post infection. These pictures were taken at a 
magnification of 63X with a confocal microscope. 
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A            B 

 
 
Figure 26: (A and B) Immunofluorescence of Junín Romero strain infected Vero E6 
cells performed according to 4113UTMB Study Protocol C. The pictures show PGN401 
in green with live cell staining, Membrane is shown in Magenta, Junín virus in red and 
DAPI nuclear staining is shown in blue. Vero E6 cells were infected with Romero of 
MOI 5 and harvested 72 hours post infection. The pictures were taken at a magnification 
of 63X with a confocal microscope. 

A          B 

 
 
Figure 27: (A and B) Immunofluorescence of mock infected Vero E6 cells performed 
according to 4113UTMB Study Protocol C. The pictures show PGN401 in green with 
live cell staining, Membrane is shown in Magenta, Junín virus in red and DAPI nuclear 
staining is shown in blue. Vero E6 cells were mock infected and harvested 72 hours post 
infection. These pictures were taken at a magnification of 63X with a confocal 
microscope. 
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A                      B 

 
 
Figure 28: (A and B) Immunofluorescence of Junín virus Candid#1 infected Vero E6 
cells performed according to 4113UTMB Study Protocol C. The pictures show Synagis 
in green with live cell staining, Membrane is shown in Magenta, Junín virus in red and 
DAPI nuclear staining is shown in blue. Vero E6 cells were infected with Candid#1 of 
MOI 5 and harvested 72 hours post infection. These pictures were taken at a 
magnification of 63X with a confocal microscope. 

A            B 

 
 
Figure 29: (A and B) Immunofluorescence of Junín Romero strain infected Vero E6 
cells performed according to 4113UTMB Study Protocol C. The pictures show Synagis 
in green with live cell staining, Membrane is shown in Magenta, Junín virus in red and 
DAPI nuclear staining is shown in blue. Vero E6 cells were infected with Romero of 
MOI 5 and harvested 72 hours post infection. These pictures were taken at a 
magnification of 63X with a confocal microscope. 

 

After observing that Candid#1 produced more PS flipping than the virulent 

Romero strain, kinetic experiments were performed to determine when in the course of 

infection this phenomenon occurs. The experiment described below used the 
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immunofluorescence protocol with an MOI of one instead of five. Photomicrographs of 

live cells were captured to show the extent of cytopathic effect at different time points 

during infection. An MTT assay was also performed daily according to manufacture’s 

conditions in a 96-well plate format, to confirm the viability of the cells at different 

points during infection.  Immunofluorescence results were quantitated and imported into 

Image J, a shareware program produced and distributed by the NIH. The percent of cells 

flipping PS was determined and statistical analysis was then performed using the 

software package Graph Pad Prism v. 5 to evaluate two-way ANOVA with a Bonferroni 

post hoc test. 
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Mock         Candid#1          Romero 

 
Figure 30: PS translocation of cells mock, Candid#1, or Romero infected over time. 
Cells were infected at MOI of 1. 
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Figure 31: Quantitation of cells expressing PS overtime as calculated with ImageJ. 
Calculate by dividing the number of cells staining positive for PS divided by the number 
of total cells determined with DAPI stain for each field of view. Five representative 
photos were taken at each time point. FITC and DAPI images were quantities by 
counting fluorescent cells using ImageJ. The values (mean with SEM) above are 
percentage of cells expressing phosphatidylserine.  The values were compared by two-
way ANOVA with a bonferroni post hoc test. 

 
Figure 32: Cell viability of mock, Candid#1, or Romero (MOI of 1) infected cells 
kinetics determined by MTT assay. Infected cells were compared to mock by two-way 
ANOVA analysis with Bonferroni post hoc test. * indicates a significant difference 
between mock infected cells and virus infected cells. 
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Figure 33: Micrographs of Vero Cells mock infected or infected with Junín 
Candid#1, or Junín Romero strain taken at 24 hour intervals. Each photo is a 
representative of three photos taken at 4x original magnification. 
 

In Figure 33 we can clearly see significantly more cytopathic effects in cells 

infected with Candid#1 compared to mock and Romero.  
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B 

 
 
Figure 34: A549 cells were mock infected or infected with Candid#1 or Romero at a 
MOI of one and samples were analyzed daily. (A) Micrographs taken of CPE that 
occurred in A549 cells. (B) One step growth kinetics of Candid#1 and Romero in A549 
cells determined by plaque assay on Vero cells. (C) MTT assay of Mock infected A549 
compared to Candid#1 infected cells. Data represents three replicates. Data represent the 
average of 4 replicates ±SEM. *** and *, P. value <0.001 or <0.05, respectively.  
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Figure 35: A. Quantification of phosphatidylserine flipping in response to JUNV. 
Cells were stained with FITC-Annexin V (Annexin V) and a viability die (L10120) and 
analyzed by FACS. Ai. Representative dot-plots. Annexin+ L10120- cells (alive PS+ 
cells, low right) represent early apoptotic population. Annexin+ L10120+ cells (dead PS+ 
cells, top right) represent apoptotic/dead cells. Increase in percent of early apoptotic  
(Aii) or apoptotic/dead (Aiii) cells following JUNV infection. Data represent the average 
of 3 replicates ±SEM (2 replicates for Romero, 1 day p.i.). 
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Figure 36: B. Quantification of DNA fragmentation in response to JUNV. Cell DNA 
breaks were labeled with BrdUTP, detected with anti-BrdU antibodies conjugated with 
FITC and analyzed by FACS. Bi. Representative histograms. TUNEL-positive cells 
(gated) represent apoptotic population. Bii. Increase in percent of TUNEL- positive cells 
following JUNV infection. Data represent the average of 3 replicates ±SEM (2 replicates 
for Candid#1, 4 day p.i.). *** and * - P. value <0.001 or <0.05, respectively. ND – not 
determined.2 
 

The finding of apoptosis and PS translocation occurring in the attenuated strains 

of Junín virus raised the question of whether this phenomenon was exclusive to Junín 

virus or could this occur in other arenaviruses.  

 

To investigate phosphatidylserine translocation in arenaviruses at large, several 

attenuated arenaviruses (Pichinde, Candid#1, Mopeia) and virulent arenaviruses 

(Romero, Guanarito, and Lassa) were included in the series of experiments reported 

below.  We wanted to determine if other arenaviruses, both Old World and New World, 
                                                
2 This study was performed in collaboration with Dr. Paessler’s laboratory. 
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had similar patterns of phosphatidylserine translocation as Junín virus. We expected that 

attenuated strains would experience more CPE and phosphatidylserine translocation than 

the virulent strains. The approved SOP for these studies is included in this dissertation as 

an appendix. 

          Mock                          Candid#1                  Romero                   Guanarito 

 

   

   
 
Figure 37: Staining for virus antigen using a Junín Candid#1 antibody. From left to 
right shows Mock, Candid#1, Romero, and Guanarito infected vero cells (MOI 1) at 
different times. Top row is 24 hours, middle row is 48 hours and the bottom row is 72 
hours.  
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                                             72hr                 96hr 

Mock      

Junín Candid#1    

Junín Romero     

Guanarito INH-95551   

Mopeia      

Pichinde P19     

Lassa Josiah     
Figure 38: Vero E6 were infected with Mock, Candid#1, Romero, Guanarito, 
Mopeia, Pichinde, or Lassa at MOI 1. Cells were stained with PS antibodies, viral antigen 
and DAPI. These pictures are representative of the five pictures take. Not shown are 
DAPI filter and virus filter. Control antibody (Synagis) was used at each time point and 
showed no staining (not shown).  
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Figure 39: MTT viability data comparing Mock infected Vero cells to arenavirus 
infected cells (MOI of 1) over time. Infected viability was compared to mock by a two-
way ANOVA with a bonferroni post hoc test. * indicates a significant difference when 
compared to mock infected cells. 

 
Figure 40: One step growth curve kinetics were performed by taking 1 mL samples 
daily and storing at -80°C until samples could be assayed. Standard plaque assay was 
performed on samples. Data shows mean with standard error mean at each time interval. 
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We wanted to determine if the translocation and cell death occurring in attenuated 

strains only happened in vitro. The phosphatidylserine translocation could have been a 

cell culture artifact that did not correlate with in vivo experiments. We wanted to look at 

apoptosis in the organs of infected animals. We expected that we would see apoptosis in 

organs that have viral tropism. Hartley guinea pigs were infected with a high dose of 

Candid#1 or PBS by intracardiac inoculation and euthanized at 2, 4, 8, or 15 days post 

infection according to the protocol in appendix 15. Briefly, the lungs, liver, adrenals, 

testes, small and large intestine, brain, liver, stomach, penis, and anus were placed in 10% 

buffered formalin for 48 hours. Tissues were then grossed and placed into cassettes in 

70% ethanol for submission to the histology laboratory and preparation of hematoxylin 

and eosin stained slides. The spleens, liver and kidneys were stained with an ApopTag 

Peroxidase In Situ Apoptosis Detection Kit (Millipore, S7100) according to 

manufacture’s conditions. Please be advised that apoptosis was not quantified by a 

pathologist. Figure 41 illustrates increased apoptosis in spleens of Candid#1 infected 

guinea pigs compared to uninfected animals. 
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Figure 41: TUNEL staining of uninfected (top) and Candid#1 infected (bottom) 
guinea pig spleens. The immunohistochemistry has a methyl green counter stain with 
pictures taken at 40x magnification. 
 

 In Figure 41 we can see increased amount of apoptosis in the spleen of infected 

animals compared to uninfected animals. More experiments and quantification must be 

performed before we can say with certain that attenuated strains experience more 

apoptosis than virulent strains in vivo. 

CONCLUSIONS 

Despite the similar growth kinetics of the different arenaviruses 

phosphatidylserine flipping and cell death appeared more extensive in attenuated 

arenavirus strains compared to virulent strains. It is possible that the extent of cell death 

may represent a signaling pathway to the immune system to elicit a response, and be a 
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mechanism of attenuation of these arenaviruses. The more virulent arenaviruses (Junín 

Romero, Lassa Josiah, and Guanarito INH-95551) caused less cellular cytopathic effects 

and less phosphatidylserine flipping. This phenomenon may allow the virus to replicate 

in the body and remain undetected by the immune system until it is too late for an 

effective immune response to take place. Phosphatidylserine translocation to signal for 

uptake by phagocytes would decrease the amount of infected cells releasing virus. The 

attenuation may be acting through the antigen recognition and presentation in cells 

undergoing apoptosis. These series of experiment taken with the results from chapter 

three and four illustrate why phosphatidylserine targeting antibodies were not effective at 

protecting guinea pigs infected with virulent Junín virus. Romero infected cells are not 

flipping phosphatidylserine and therefore there is no target for the phosphatidylserine 

targeting antibodies to bind to. These experiments also explain why phosphatidylserine 

targeting antibodies protect animals infected Pichinde but not Junín. From these 

experiments we can predict that phosphatidylserine targeting antibodies would not protect 

animals infected with virulent arenaviruses that do not flip phosphatidylserine during 

infection. 

 

 

 



   76 

Chapter 6: Phosphatidylserine on Junin Virions 

•Significance: Phosphatidylserine on the surface of virions may signal the immune 

system destruction of virions from attenuated strains. 

•Hypothesis: Increased amounts of cell death in attenuated strains cause an increase in 

phosphatidylserine on virions budding from the plasma membrane. 

 

The purpose of the following experiments was to determine the presence of 

phosphatidylserine on arenavirus virions and the differences between virus strains. The 

presence of phosphatidylserine on a virion surface could show the ability of 

phosphatidylserine targeting antibodies to neutralize virions. The presence of 

phosphatidylserine on virion surfaces is used in other virus families as a mechanism of 

cellular entry (Mercer and Helenius, 2008, Laliberte and Moss, 2009). Phosphatidylserine 

on the virion surface could be responsible for immune evasion or immune signaling.  

METHODOLOGY 

Supernatant from Junín infected cells was clarified to remove cellular debris, 

concentrated by precipitation, followed by isolation on a sucrose gradient to minimize the 

levels of contaminating debris, which could affect the results of binding studies. An 

indirect enzyme-linked immunosorbent assay (ELISA) was used to measure the amount 

of phosphatidylserine targeting antibodies that bound to immobilized Junín virus 

particles. The wells of a microtiter plate were coated with a Junín virus preparation, 

blocked with a blocking buffer to remove nonspecific binding sites, and then incubated 

with primary antibody. The addition of an enzyme-conjugated secondary antibody 

revealed the amount of bound primary antibody. The addition of a substrate for the 

enzyme led to a colored reaction product that was measured in a spectrophotometer. The 
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PS targeting antibodies were also bound to magnetic beads to see if removal of the beads 

also removed virions. The percent depletion of virus was calculated by comparison to the 

beads in contact with only the anti-species antibodies. 

Junín virions were first concentrated by polyethylene glycol (PEG) precipitation 

and then purified through a sucrose cushion. The purified virions were then immobilized 

onto a 96-well plate to determine PS targeting antibody binding. However, low levels of 

binding were observed for PS targeting antibodies with the attenuated Junín strain. 

Binding was confirmed by combining magnetic beads conjugated with human antibodies 

to the PS targeting antibodies. The antibody coated magnetic beads were combined with 

purified virions. The magnetic beads were then removed and the amount of virus 

remaining was determined by plaque assay. The percentage of depletion was calculated 

by comparing the depletion with the bead coated with the anti-species antibody with the 

depletion observed with beads conjugated with PS targeting antibodies. With the 

magnetic bead depletion experiment we observed a significant binding of the virions to 

the PS targeting antibody-coated beads compared to the bead coated with the control 

antibodies (Synagis, antibody to RSV). 
 

RESULTS 

Junín virus Candid#1 was purified according to the protocol in the appendix of 

this document by infecting Vero E6 at a low MOI and harvested at six-days post 

infection. The supernatant was collected and purified by a low speed centrifugation to 

eliminate cell debris. The virus was then precipitated with PEG and after centrifuging a 

large pellet appeared in the bottom of the tubes. The virus was then further purified 

through a sucrose cushion. The protein concentration in each sample was determined by 

BCA protein assay standard procedures and equivalent amounts for each sample was 
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loaded onto a plate. A standard curve was made in Microsoft Excel v. 2008 Mac to plot 

amount of protein vs. absorbance at 650 nm. A linear regression was made of this plot 

using y=mx+b.  

 

The equation had a R2-value of .96 which signifies that the data was positively correlated. 

The equation determined by the standard curve was used to calculate the amount of 

protein that was present in the resuspended virus. This purified virus was used in all three 

independent ELISA experiments. 

 

ELISAs were performed with purified Candid#1, Romero and Pichinde virus 

preparation according to approved protocol. Briefly, Junín virus preparation, DPBS, 

hexane or phosphatidylserine controls were immobilized in the 96-well plate bottoms. 

Nonspecific binding was blocked using a protein free blocking buffer in PBS (Thermo 

Scientific) and primary antibodies (PGN401, PGN635-T, or Synagis) were added. The 

source of β2GP1 in this experiment was 10% dialyzed, filtered fetal bovine serum 

(Invitrogen) in DPBS. Recall that PGN401 and PGN635-T bound to the dimer of domain 

II of β2GP1 bound to phosphatidylserine. Unbound primary antibody was removed by 
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washing with DPBS, and isotype-specific peroxidase-conjugated secondary antibody was 

added to bind to the primary antibodies. TMB peroxidase substrate was added to each 

well resulting in a colorimetric reaction with the peroxidase conjugated secondary 

antibody, which was terminated by adding stop solution. The intensity of the color 

change, which is proportional to the amount of antibody binding to virus particles, was 

then read at 450 nm in a spectrophotometer. The data was then entered into Prism 5 

(Graphpad Software, San Deigo, CA) where the log of the antibody concentration was 

plotted against the response in this case, the OD measured at 450 nm. A three parameter 

logistic equation was applied to the data and a sigmodial dose response curve was 

generated using the equation Y=Bottom+((Top-Bottom)/(1+10LogEC
50

-X)) where Bottom 

signifies the lower limit of the data and Top signifies the upper limit of the data. The log 

of EC50 signifies the value inflection point or the effective dose of 50%. This equation 

assumes a standard slope with an increase of 10% to 90% or response over two logs. The 

antibody binding that did not fit a sigmodial dose response curve (non-binding antibodies 

i.e. Synagis) was fit with a linear regression. 
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Figure 42: Binding of PS targeting antibodies (PGN401 and PGN635T) to purified 
Junín Candid#1 virions compared to control antibody, Synagis. 
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Figure 43: Junín mouse ascites fluid binding to purified Junín Candid#1 compared to 
control mouse ascites fluid. 

 
Figure 44: Binding of phosphatidylserine targeting antibodies to immobilized 
phosphatidylserine. This ELISA was performed to ensure that all reagents were working 
properly. 
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Results for ELISAs demonstrating that PS targeting antibodies bind to Junín virus 

preparation are shown in Figure 42. Junín antibodies (Anti-Junín MAF) bind to Junín 

Candid#1 virus preparation in a dose-dependent manner while the IgG2a isotype control 

antibody does not bind to virions (Figure 43). This shows that Junín virus is present on 

the plate and that antibodies specifically targeting the virus remain bound throughout the 

ELISA procedure. Plates coated with purified PS were used as a positive control and 

those plates showed extensive binding to PGN401 and PGN635 in a dose dependent 

fashion (shown in Figure 44). This demonstrates that the PS targeting antibodies are 

functional and bind to a PS coated plate as expected. The negative control antibody 

(Synagis) showed little binding to the PS coated plates (shown in Figure 44).  

 

Since significant, dose dependent binding of the PS targeting antibody to virions 

was not observed with this procedure, magnetic bead depletion was used to look at the 

binding of PS targeting antibodies to Junín virus preparation. In Figure 45 shows PS 

targeting antibodies bind to Candid#1 and Pichinde concentrated supernant preparations. 

We can also see that PS targeting antibodies do not bind to Romero or Mock supernant 

preparations despite controlling for the amount of protein added to the bottom of the 

plate. Previous published studies with Pichinde showed by ELISA that PS targeting 

antibodies bind to Pichinde virions. In this experiment we used Pichinde virions as a 

positive control. This experiment shows that Candid#1 virions contain phosphatidylserine 

while Romero virions do not. This correlates with the data presented in the previous 

chapter. Candid#1 is budding from cells that have translocated phosphatidylserine to the 

outer leaflet of the plasma membrane and would be contained in the virions. On the other 

hand, Romero infected cells are not translocating phosphatidylserine and should not be 

contained in the virions. This result also helps to explain the failure of phosphatidylserine 
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targeting antibodies to protect Junín Romero infected guinea pigs while the antibodies are 

able to protect Pichinde infected animals. 

 

 
 
Figure 45: ELISA looking at the binding of anti-PS antibodies to purified Candid#1, 
Romero, and Pichinde as well as mock culture supernant. Binding of Synagis control 
antibody (anti-RSV) and PGN401.
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Figure 46: Magnetic Bead Depletion:  Purified Candid#1 virus was combined with 
beads coated with anti-human or anti-mouse secondary antibodies. After an incubation 
period primary antibodies were added. The primary antibodies include the PS targeting 
antibodies provided by Peregrine Pharmaceuticals, Synagis (anti-RSV) control and anti-
Junín polyclonal antibody. The beads were then removed with a magnet and the amount 
of remaining infectious virus was determined by standard plaque assay procedure. The 
percent depletion was calculated in compared to the secondary antibody only coated 
beads. * Denotes statistical significance by unpaired two-tailed t-test (P<0.05). Data 
represents percent depletion (n=3) ± s.e.m. 
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 Figure 46 shows the results from the magnetic bead depletion assay for the PS-

targeting antibodies, Synagis and anti-Junín polyclonal antibody. For calculating percent 

depletion, Synagis and the PS targeting antibodies were compared to the anti-human 

coated magnetic beads. The following formula was used to calculate percentage 

depletion: % depletion=100%-((PFU of Virus after removal by PS antibody)/(PFU of 

virus after removal with just anti-species antibodies). There was a statistically significant 

increase in the amount of virus removed by the PGN401 and PGN635-T antibody coated 

beads compared to control antibodies, with p-values of 0.025, and 0.033 respectively by 

unpaired two-tailed t-test. As a positive control for specific depletion of Junín virus, 

magnetic beads coated with antibodies against Junín were compared to anti-mouse coated 

beads to calculate percent depletion.  

 
Figure 47: Immunogold Labeling of virions. (Left) Candid#1 virions labeled with Junín 
antibodies conjugated to 10nm gold. (Middle) Virions labeled with PS targeting 
antibodies conjugated to 6nm gold. (Right) Double stained virions. 

 

 Figure 47 show Candid#1 virions labeled with immungold antibodies conjugated 

to phosphatidylserine targeting antibodies, Junin Candid#1 mouse acietes fluid, or both. 

Synagis, the antibody against RSV, was used for a control of the phosphatidylserine 

targeting antibodies. Normal mouse acietes fluid was used as a control for the Candid#1 

mouse acietes fluid. Immungold antibodies conjugated to control antibodies did not 

attach to purified virions (data not shown). 
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CONCLUSIONS 

 Through our studies we have shown that phosphatidylserine targeting antibodies 

successfully bound to plates coated with phosphatidylserine antigen, proving that the 

assay is effective at showing binding. Plates coated with purified Junín virus preparation 

exhibited binding of Junín antibodies while the isotype control antibody did not bind. 

ELISA showed binding of phosphatidylserine targeting antibodies to Junín Candid#1 and 

Pichinde virus purification preparations. However, mock infected and Junín Romero 

infected concentrated supernatant showed significantly less binding of phosphatidylserine 

targeting antibodies by ELISA. Magnetic bead depletion experiments show that Junín 

Candid#1 virus binds to beads coated with PS targeting antibodies and the coated beads 

are able to deplete the infectious virus. Removal of magnetic beads coated with Synagis 

(anti-RSV antibody) does not deplete significant amounts of virus. Immunogold labeling 

showed antibodies to phosphatidylserine will bind to Junín Candid#1 particles. The exact 

implications of phosphatidylserine on virion surfaces are unknown. The mechanism of 

action for Pichinde virus did not include virus neutralization for phosphatidylserine 

targeting antibodies (Soares et al., 2008). Similarly, phosphatidylserine targeting 

antibodies did not neutralize Junín Candid#1 virus particles in vitro (data not shown). 

Phosphatidylserine on the surface of virions has been shown to assist in cellular entry of 

vaccinia virus (Mercer and Helenius, 2008). Phosphatidylserine has been shown to be 

involved in the clearance of apoptotic cells (Hoffmann et al., 2001). Perhaps, 

phosphatidylserine coated viruses are cleared by the immune system more effectively 

than their non-phosphatidylserine coated counterparts. 
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Chapter 7: Junin Virion Size Differences 

•Significance: Large virions that are not infectious and covered with antigen may lead to 

creation of neutralizing antibodies that would clear infection. 

•Hypothesis: Virions created later in infection are larger and are not infectious. 

 

Historically, arenaviruses have been described as pleomorphic particles that can 

have a wide range in size. Depending on the study design and selection of cell lines, the 

range of the size of the virions is variable. A study reported in the Journal of 

Chromatography used chromatographic runs to assess the size of LCMV particles. The 

experiments revealed peaks at different pore size and they determined that the differences 

in the infectivity distribution as regular interval in sizes was due to particle aggregation 

(Haller et al., 1981). Another group studied the size of different arenaviruses (Pichinde, 

Tacaribe, and LCMV) by cryoelectron microscopy (cryo-EM) and revealed various sized 

particles with a wide range (Neuman et al., 2005) but the virions were only harvested 

from one time point. A recent study revealed that there are numerous copies of the 

genome of Lassa virus for each particle and the majority of the particles do not form 

focus forming units (Weidmann et al.) 
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Figure 48: Thin section EM of vero cell monolayers infected with Candid#1 harvested 
at 24, 48, 72, 96, and 120hrs (only one image is shown at 72 hour timepoint). Budding 
virions and free particles diameter was measured using a computer program (Gatan 
Digital Micrograph Program). 
 



   89 

 

 
 
Figure 49: Quantification of thin section EM diameter size of budding and free 
particles. Linear regression for budding particles, y=.7896x+95.37 (R2=.9881). Particles 
from 30 micrographs at each time points were measured.  
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Figure 50: Cryo Electron Microscopy micrographs of Junín Candid#1 particles. 
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Figure 51: Candid#1 virions concentrated with different sized filters. Candid#1 
supernatant was concentrated on 0.2µM, 0.45µM, or 100nm filters. A standard plaque 
assay was performed on the concentrated supernatant remaining on the top of the filter. 
 

Junín Candid#1 virus particles become larger over time although, the implications 

of this the size variability in terms of virus-host interaction still unknown. It seems that 

these larger particles are non-infectious particles, based on experiments performed with 

filters of different sizes (Figure 51). In this experiment we assumed that the smaller 

virions and debris would pass through the filter and the larger particles would stay on the 

top of the filter. The larger the pore size filters, in theory, would allow smaller virions to 

pass through and larger particles would remain in the filter. There are several problems 

with the experiment detailed in Figure 51 including determining if the decrease in 

number of plaque is due to the larger particles being less infectious or if the loss in 

plaques is due to less particles being in the sample. One of our initial hypotheses was that 

the size differences among virus particles could be a mechanism of Junín virus 
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attenuation. Following that hypothesis, more attenuated strain would be characterized by 

larger aberrant particles covered with the glycoprotein. As mentioned in the introduction, 

the glycoprotein is the main epitope of Junín that elicits the production of neutralizing 

antibodies. One possibility was thus that if there were numerous virus particles covered 

with antigen and unable to replicate this might allow the immune system to produce 

neutralizing antibody and prevent morbidity or mortality. It is a very difficult task to 

devise an experiment that would elucidate the implication of larger aberrant particles. 

Attempts to isolate larger particles were unsuccessful both by stepwise columns, and 

filtration experiments. Even if separation of larger particles was achieved to the point 

where the majority of the virus population was comprised of large particles, it would be a 

challenge to prove that the absence of replicating “normal” particles in the mixture. 

Previous studies have shown that Junín virus can be concentrated in a variety of different 

ways including molecular filtration (Gangemi et al., 1977). In the studies reported here, a 

major challenge was virions adhering to the filter surface. Perhaps in the future new 

technologies will allow further investigations of this interesting subject. 
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Chapter 8: Conclusions and Future Directions 

 

 This thesis research showed that phosphatidylserine differences on infected cells 

and virions of Junín Candid#1 compared to Junín Romero strain. This phenomenon was 

also tested in an assortment of attenuated/virulent Old and New World arenaviruses. 

There is an increased amount of cytopathic effects and cell death in cells infected with 

attenuated arenavirus strains. The exact implication of this phenomenon is unknown.  

 Candid#1 and Romero infection is recognized by the innate immune system 

through the increase in circulating IFN levels (Levis et al., 1984, Dejean et al., 1988, de 

Guerrero et al., 1985). However, the adaptive immune system has an inefficient response 

to Romero infection. In this dissertation I showed that Romero infected cells do not 

undergo apoptosis in vitro and there is evidence that the reason why phospahatidylserine 

antibodies are not effective at protecting guinea pigs is due to the virus not undergoing 

apoptosis in vivo. Therefore, the virus replicates in cells going unnoticed by the adaptive 

immune system. Ultimately, the animals succumb to the virus by experiencing 

hemorrhagic and neurologic manifestations. Candid#1 infected cells undergo apoptosis 

and are cleared by macrophages which, limits virus production. The engulfment of 

apoptotic cells filled with viral proteins by macrophages may lead to the recognition of 

foreign material. These cells will then present the virus antigen to other immune cells 

launching an adaptive immune response to clear the infection. 

Phosphatidylserine targeting antibodies were shown to bind to attenuated 

arenavirus virus particles (Candid#1 and Pichinde (Soares et al., 2008)) preparation and 

bind to infectious virions. The literature showed that LCMV could be neutralized with 



   94 

normal human serum (Welsh, 1977), suggesting an antibody against a host protein is part 

of the virus envelope. 

We showed an increase in virion size over time in Junín Candid#1 infection of 

Vero E6 cells. The large variation of arenavirus size is an interesting topic that has yet to 

be explained. The original hypothesis was that larger particles were not infectious and 

covered with glycoproteins that could lead to production of neutralizing antibodies in 

Candid#1 infection. With current techniques separating “larger” particles from “smaller” 

particles was a very difficult (or impossible) task. Future studies may show the 

architecture of large and small virions. This may lead to insight on the reason why 

arenavirus particles have a large size variation. The literature suggests that there is a large 

size variation in both pathogenic and attenuated arenaviruses (Neuman et al., 2005, 

Murphy et al., 1970, Zaharzevskij and Parodi, 1966, Lascano and Berria, 1974, Lascano 

and Berria, 1969). Perhaps size variation is not a marker of attenuation but a 

characteristic of all arenaviruses. Arenavirus size variation could be due to a variety of 

different mechanisms including: more copies of the nucleocapsid being incorporated to 

form a different conformation, multiple copies of the genome, changes in cell membrane 

integrity, or an unknown mechanism. 

Phosphatidylserine targeting antibodies were shown to have similar 

pharmacokinetics in infected guinea pigs compared to uninfected guinea pigs. 

Phosphatidylserine targeting antibodies were not able to protect or extend mean time until 

death in animals infected with Junín Romero strain.  

Although, phosphatidylserine targeting antibodies were shown not to be effective 

in virulent arenavirus infected it the drug still has a possibility to be effective with viruses 

that translocation phosphatidylserine during infection. Future directions of this project 

included examining the mechanism of differences in cell death that occurs in the 
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attenuated strain compared to the virulent strain of arenaviruses. Another future direction 

is investigating the activation of different proteins in Junín vaccine strain infection. 
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Glossary 

AHF: Argentine hemorrhagic fever 

PS: Phosphatidylserine 

CPE: Cytopathic effects 

RhMK: Rhesus Monkey Kidney 

PRNT: Plaque Reduction Neutralization 

TU: Therapeutic Unit 

XJ: Junín strain isolated from an AHF patient in Junín City 

XJ 44: Junín strain create by 2 passages in guinea pigs followed by 44 passes in mouse 

brain of XJ 

FRhL-2: Fetal Rhesus Lung Diploid Cells 

NIAID: National Institute of Allergy and Infectious Disease 

VHF: Viral Hemorrhagic Fever 

NP: Nucleocapsid 

GP: Glycoprotein 

FPV: Fowl Plague Virus 

VSV: Vesicular Stomatitis Virus 

MDCK: Madin-Darby Canine Kidney 

LCMV: Lymphocytic Choriomeningitis Virus 

ADCC: Antibody Dependent Cellular Cytotoxcity 

KD: Disassociation Constant 

CNS: Central Nervous System 

FBS: Fetal Bovine Serum 

ABSL: Animal Biosafety Level  
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BMDS: BioMedical Data Systems  

PBS: Phosphate Buffered Saline 

PRNT: Plaque Reduction Neutralization Test 

Ab: Antibody 

ELISA: Enzyme-linked immunosorbent assay 

HRP: Horseradish peroxidase 

PK: Pharmacokinetics 

TMB: 3,3’,5,5’ Tetramethyl benzidine  

MOI:  Multiplicity of infection   

mAb: Monoclonal antibody 

DMEM:  Dulbecco’s Minimum Essential Media 

FBS:  Fetal Bovine Serum 

p.i: post infection 

PFBB: protein-free blocking buffer 

BSL: Biosafety Level 

BSC: Class II Biological Safety Cabinet 

PPE: Personal Protective Equipment 

MAF: Mouse ascites fluid 

PFU: Plaque forming units (number of infectious viral particles per unit volume) 

TNE buffer: 0.02 M Tris pH 7.5, 0.25 M NaCl, 0.001 M EDTA 

PEG: Polyethylene glycol 

GAH-HRP: Goat anti-human horseradish peroxidase-conjugated (secondary) antibody 

GAM-HRP: Goat anti-mouse horseradish peroxidase-conjugated (secondary) antibody 

RSV: Respitory Syncicial Virus 

WGA: Wheat Germ Agglutinin 
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PFA: Paraformaldehyde 

i.c.: intracranially 

i.n.: intranasally 

i.p.: intraperioneal 

NO: Nitric Oxide 

DIC: Disseminated Intravascular Coagulation 

HIV: Human immunodeficiency virus 

DAPI: 4',6-diamidino-2-phenylindole 

FITC: Fluorescein isothiocyanate 

FDA: Food and Drug Administration 

HCV: Hepatitis C virus 

MTT: 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

TUNEL: Terminal deoxynucleotidyl transferase dUTP nick end labeling 
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Appendices 

Appendix 1: Hematology and blood chemistry value for pharmacokinetic study 

 
Figure 52: Hematology values of guinea pigs on day 9 of study. Values represent 
means ± SEM of guinea pigs in each group. * Indicates p<0.05 between infected and 
uninfected guinea pigs treated with same antibody by two-tailed unpaired t-test. ** 
Indicates p<0.01. 
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Figure 53: Hematology values of guinea pigs on day 9 of study. Values represent 
means ± SEM of guinea pigs in each group. * Indicates p<0.05 between infected and 
uninfected guinea pigs treated with same antibody by two-tailed unpaired t-test. ** 
Indicates p<0.01. 
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Figure 54: Hematology values of guinea pigs on day 9 of study. Values represent 
means ± SEM of guinea pigs in each group. * Indicates p<0.05 between infected and 
uninfected guinea pigs treated with same antibody by two-tailed unpaired t-test. ** 
Indicates p<0.01. 
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Figure 55: Blood chemistry values of guinea pigs on day 9 of study. Values represent 
means ± SEM of guinea pigs in each group. * Indicates p<0.05 between infected and 
uninfected guinea pigs treated with same antibody by two-tailed unpaired t-test. ** 
Indicates p<0.01. 
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Figure 56: Blood chemistry values of guinea pigs on day 9 of study. Values represent 
means ± SEM of guinea pigs in each group. * Indicates p<0.05 between infected and 
uninfected guinea pigs treated with same antibody by two-tailed unpaired t-test. ** 
Indicates p<0.01. 
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Figure 57: Blood chemistry values of guinea pigs on day 9 of study. Values represent 
means ± SEM of guinea pigs in each group. * Indicates p<0.05 between infected and 
uninfected guinea pigs treated with same antibody by two-tailed unpaired t-test. ** 
Indicates p<0.01.  
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Appendix 2: Hematology and blood chemistry values for efficacy experiment. 

 
Figure 58: White Blood Cell Counts were measured on Day 5, 7, 9, 12, and 14. Values 
represent means ± SEM of guinea pigs in each group. Two-way ANOVA analysis 
revealed a significant difference between groups and time. P-value=0.04. 

 
Figure 59: Hemoglobin was measured on Day 5, 7, 9, 12, and 14. Values represent 
means ± SEM of guinea pigs in each group. Two-way ANOVA analysis revealed a 
significant difference due to time. 
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Figure 60: Red Blood Cell Counts was measured on Day 5, 7, 9, 12, and 14. Values 
represent means ± SEM of guinea pigs in each group. Two-way ANOVA analysis 
revealed a significant difference between groups due to treatment. 

 

 
Figure 61: Hematocrit was measured on Day 5, 7, 9, 12, and 14. Values represent 
means ± SEM of guinea pigs in each group. Two-way ANOVA analysis revealed a 
significant difference between groups and time. 
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Figure 62: Mean Corpuscular Volume was measured on Day 5, 7, 9, 12, and 14. Values 
represent means ± SEM of guinea pigs in each group. Two-way ANOVA analysis 
revealed a significant difference between groups and time. 
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Figure 63: Mean Corpuscular Hemaglobin Concentration was measured on Day 5, 7, 9, 
12, and 14. Values represent means ± SEM of guinea pigs in each group. Two-way 
ANOVA analysis revealed a significant difference due to time. 
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Figure 64: Red Cell Distribution Width was measured on Day 5, 7, 9, 12, and 14. 
Values represent means ± SEM of guinea pigs in each group. Two-way ANOVA analysis 
revealed a significant difference between groups and time. 

 
Figure 65: Platelets were measured on Day 5, 7, 9, 12, and 14. Values represent means 
± SEM of guinea pigs in each group. Two-way ANOVA analysis revealed a significant 
difference due to time. 
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Figure 66: Mean Platelet Volume was measured on Day 5, 7, 9, 12, and 14. Values 
represent means ± SEM of guinea pigs in each group. Two-way ANOVA analysis 
revealed a significant difference due to time. 
 

 
Figure 67: Aspartate Aminotransferase was measured on Day 5, 7, 9, 12, and 14. 
Values represent means ± SEM of guinea pigs in each group. Two-way ANOVA analysis 
revealed no significant difference. 
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Figure 68: Neutrophils counts were measured on Day 5, 7, 9, 12, and 14. Values 
represent means ± SEM of guinea pigs in each group. Two-way ANOVA analysis 
revealed a significant difference due to time. 

 
Figure 69: Lymphocytes counts were measured on Day 5, 7, 9, 12, and 14. Values 
represent means ± SEM of guinea pigs in each group. Two-way ANOVA analysis 
revealed a significant difference due to time. 
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Figure 70: Monocytes counts were measured on Day 5, 7, 9, 12, and 14. Values 
represent means ± SEM of guinea pigs in each group. Two-way ANOVA analysis 
revealed a significant difference due to time. 

 
Figure 71: Eosinophils counts were measured on Day 5, 7, 9, 12, and 14. Values 
represent means ± SEM of guinea pigs in each group. Two-way ANOVA analysis 
revealed a significant difference due to time. 
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Figure 72: Basophils were measured on Day 5, 7, 9, 12, and 14. Values represent 
means ± SEM of guinea pigs in each group. Two-way ANOVA analysis revealed a 
significant difference due to time. 
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Figure 73: Blood chemistry values were measured at baseline and at time of 
euthanasia. Values represent means ± SEM of guinea pigs in each group. No bilirubin 
was detected in any samples. 
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Figure 74: Blood chemistry values were measured at baseline and at time of 
euthanasia. Values represent means ± SEM of guinea pigs in each group. No bilirubin 
was detected in any samples. 
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Figure 75: Blood chemistry values were measured at baseline and at time of euthanasia. 
Values represent means ± SEM of guinea pigs in each group. No bilirubin was detected 
in any samples. 
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Figure 76: Viral titers in several organs at time of euthanasia. Values represent means ± 
SEM of guinea pigs in each group. 
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Appendix 3: PS translocation in Arenavirus-infected Cells Protocol 
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Appendix 4: Preparation of Junín Virus Stock 
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Appendix 1: Immunofluorescence of Infected Cells Protocol. 
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Appendix 2: Junín Virus Plaque Assay Protocol 
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Appendix 3: Junín Virus ELISA Protocol 
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Appendix 4: Single dose pharmacokinetics Study of PGN635 and PGN401 in Junin 
Virus Infected Guinea Pigs Protocol 
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Appendix 5: Characterization of PGN401 and/or PGN635 concentration in serum 
samples. 
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Appendix 6: Anti-phosphayidylserine antibodies as therapeutics for hemorrhagic fevers 
viral infections approved IACUC protocol. 
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Appendix 7: IACUC Approval Amendment Letter 
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Appendix 8: Guinea Pig weights by animal for pharmacokinetic study 
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Appendix 9:  Temperatures of individual guinea pigs for pharmacokinetic study 
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Appendix 10:  Repeat Dose Efficacy Protocol 
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Appendix 11:  Phosphatidylserine targeting antibodies repeat dose efficacy for Junin viru 
infections approved IACUC protocol 
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Appendix 12:  Approved ACURO protocol 
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Appendix 13: Junin virus vaccine strain in guinea pigs approved IACUC Protocol 
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