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Antiviral, antibacterial, and antiparasitic drugs and vaccines are essential to maintaining
the health of humans and animals. Yet, their production can be slow and expensive, and
efficacy lost once pathogens mount resistance. Chicken immunoglobulin Y (IgY) is a highly
conserved homolog of human immunoglobulin G (IgG) that has shown benefits and a
favorable safety profile, primarily in animal models of human infectious diseases. IgY is
fast-acting, easy to produce, and low cost. IgY antibodies can readily be generated in
large quantities with minimal environmental harm or infrastructure investment by using
egg-laying hens. We summarize a variety of IgY uses, focusing on their potential for the
detection, prevention, and treatment of human and animal infections.
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INTRODUCTION

Immunoglobulin Y (IgY) is the main class of serum antibodies found in birds, amphibians, and
reptiles (1). IgY, the avian homolog of immunoglobulin G (IgG) in humans (2), is the evolutionary
ancestor of IgG (1) and shows significant sequence conservation (3). IgG and IgY are composed of
two heavy and two light chains, each with constant and variable regions. The variable regions are
critical for antigen recognition, whereas the constant regions provide the effector function. IgG and
IgY are responsible for similar immune response functions (Figure 1) (1). Compared with IgG, IgY
has a higher molecular weight (180 kDa vs. 150 kDa) and contains a larger heavy chain (65-68 kDa
vs. 50 kDa) (1). In addition, IgY contains more carbohydrate sidechains (2 vs. 1), is more
hydrophobic especially in the longer Fc portion of the molecule (3 constant domains in IgY vs. 2
Abbreviations: AE, adverse event; BLV, bovine leukemia virus; CD, Clostridium difficile; COVID-19, coronavirus disease
2019; ELISA, enzyme-linked immunosorbent assay; IgG, immunoglobulin G; IgY, immunoglobulin Y; HBV, hepatitis B virus;
HPS, hantavirus pulmonary syndrome; HPU, H. pylori urease; IBDV, infectious bursal disease virus; MERS, Middle East
Respiratory Syndrome; MERS-CoV, Middle East respiratory syndrome coronavirus; MBTC, Mycobacterium tuberculosis;
SARS, Severe Acute Respiratory Syndrome; SARS-CoV, SARS-associated coronavirus; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2.
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FIGURE 1 | Biological Function of Different Immunoglobulins. In mammals, immunoglobulin G (IgG) is the main antibody in the circulating bloodstream. IgG
antibodies are characterized by two antigen recognition sites that act as crucial components of the immune system. These sites are involved in the detection and
subsequent elimination of foreign invaders that may also be circulating in the bloodstream. Mammalians also produce immunoglobulin M (IgM) antibodies, which are
found in blood and lymph fluid and the first antibodies to appear in response to antigen exposure. Immunoglobulin A (IgA) antibodies are the main immunoglobulins
found in milk, tears, saliva, and mucosa. IgA is characterized by a unique dimer structure and released to the outer mucosa surface. Immunoglobulin Y (IgY) is the
main antibody found in birds, reptiles, and amphibians. Because of their unique structures, IgY antibodies are particularly resistant to low pH, high temperatures, and
proteolysis. IgY can be effectively administered prophylactically and therapeutically to detect and neutralize pathogens without activating the host’s native
immune system.
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in IgG), and is more resistant to proteolysis than its mammalian
counterparts (4). IgY also retains 40% of its activity after
incubation with trypsin or chymotrypsin for 8 hours (5).

In healthy humans, serum half-life is approximately 23 days
for IgG, 5 days for IgM, and 6 days for IgA (6). Although the
precise in vivo half-life of IgY is not well characterized in
humans, active IgY antibodies were still present in the saliva of
patients with cystic fibrosis in the morning after gargling with an
anti-P. aeruginosa IgY solution the previous evening (7). In
suckling pigs, IgY had a half-life of 1.85 days in the sera and
1.73 hours in the gastrointestinal tract (8). Similar to IgG, IgY is
involved in opsonization, complement system activation, and
most effector functions in the chicken (9). However, IgY is
unable to bind to or activate the mammalian complement
system, Fc receptors, and rheumatoid factors (10, 11).

IgY may provide a low cost (only a few cents to produce an
oral or nasal dose), safe (due to its molecular structure, see
below), and fast approach (produced in 5-8 weeks, including the
time required for immunogen preparation) for rapid prophylaxis
and therapeutic development against a variety of pathogens. In
particular, passive immunoprophylaxis by surface treatment
with IgY (e.g. via nasal spray, lozenges, etc.) may be an
effective method of capturing pathogens before they enter the
body. This approach may be especially attractive in limited-
resource countries where vaccination is unavailable, where new
viral variants may evade immunity produced by vaccines or
previous infection, or where immediate immunity is required
(such as an outbreak in a nursing home).
Frontiers in Immunology | www.frontiersin.org 2
Antiviral drug and vaccine development is lengthy and costly.
For example, the estimated mean duration of clinical
development was 6.4 years for 48 new antiviral drugs licensed
for use in the United Kingdom between 1981 and 2014 (12).
Because of the accelerated research, development, and
Emergency Use Authorization during the coronavirus disease
2019 (COVID-19) pandemic, pharmaceutical companies have
been able to obtain approval for therapeutics and vaccines within
a dramatically shorter time and at a lower cost. Typically, scaling
up the production of antiviral therapeutics is difficult, even for
costs to manufacture new COVID-19 treatments (13). This is
especially challenging in resource-limited-income countries
due to the costly infrastructure required to develop, distribute,
and store antiviral agents and vaccines. In contrast, IgY
production may take as little as 2 months and occur on a
community level through the inoculation of laying hens. These
hens can produce eggs containing protective IgY antibodies that
can be easily processed into a long-lasting and easy-to-store
lyophilized product.

IgY used as prophylaxis can also be tailored to be highly
specific and is not dependent on the host immune response
(Figure 1). This latter feature may enable its clinical application
for protecting a wide range of especially vulnerable patients,
including the elderly, immunocompromised, and young children
(14). In addition, in animals raised for conventional antibody
production, IgG is the main serum antibody collected. In
contrast, IgY antibodies can be easily harvested and used in
diagnostic assays, with lower background and cross-reactivity
June 2021 | Volume 12 | Article 696003
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compared with current industry standards using IgG in animals
raised for conventional antibody production (Figure 2).

Here we provide a comprehensive overview of previous
clinical applications of IgY in both humans and animals,
including viral, bacterial, fungal, and parasitic infections.
DIAGNOSIS AND TREATMENT OF VIRAL
INFECTIONS

Detection and Neutralization of
Coronaviruses: Severe Acute Respiratory
Syndrome (SARS) Coronavirus and Middle
East Respiratory Syndrome
(MERS) Coronavirus
Severe Acute Respiratory Syndrome (SARS) is caused by SARS-
associated coronavirus (SARS-CoV) and characterized by fever,
chills, cough, pneumonia, and high infectivity. SARS was first
identified in southern China in 2003 but quickly spread to over
30 countries, resulting in greater than 8000 cases and an
estimated mortality rate of 15% (15). Middle East Respiratory
Syndrome (MERS) is also caused by a coronavirus (MERS-CoV)
and was first identified in humans in the Middle East in 2012;
individuals infected with MERS showed similar clinical features
to those infected with SARS (16). Because of the high infectivity
and mortality caused by coronaviruses, prophylaxis to capture
Frontiers in Immunology | www.frontiersin.org 3
and neutralize the virus before it enters the nasopharynx using
IgY against SARS-CoV or MERS-CoV could provide a means to
curb the transmission and severity of disease. IgY against SARS-
CoV or its spike protein neutralized the virus in infected Vero E6
cells (17, 18). Similarly, anti-MERS-CoV IgY neutralized MERS-
CoV in infected Vero E6 cells, inhibited viral replication in vitro,
and conferred protection when injected intraperitoneally to mice
challenged with MERS-CoV (19). IgY against the nucleocapsid
protein of SARS-CoV, which is shed in high amounts during the
first week after infection, was found to be highly sensitive and
capable of detecting the virus in serum and nasopharyngeal
aspirate (20), indicating the potential for IgY-based diagnostic
tools. When faced with highly contagious infectious diseases,
such as those caused by coronaviruses, there may be several
advantages to using IgY as a diagnostic tool (Figure 2) in
addition to combating community transmission or providing
passive immunization to exposed individuals.

IgY Against SARS-CoV-2
Besides regulatory authorizations or approvals of COVID-19
vaccines, antivirals, and neutralizing antibodies in various
countries, there remains a global need to develop additional safe,
effective, easy-to-produce, and inexpensive treatments to prevent
or reduce the risk of acquiring severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection (21, 22). This need is of
heightened importance for health care and other at-risk service
workers in regions where new variants of SARS-CoV-2 may
FIGURE 2 | Immunoglobulin Y and Immunoglobulin G Antibody Development and Use in Diagnostic Assays. In animals raised for conventional antibody production,
immunoglobulin G (IgG) is the main serum antibody collected. The amount of antibody that can be harvested from the blood in one setting is comparable to the
amount of immunoglobulin Y (IgY) produced in the eggs of a commercial laying hen over a year. However, production of these conventional antibodies usually
requires 2-6 months, and harvesting through bleeding is distressing to the animal. Currently, mammalian monoclonal antibodies are considered the gold standard for
use in diagnostic assays, although they are prone to exhibit cross-reactivity and are costly to produce. In contrast, after inoculation with the desired antigen, hens
produce specific antibodies in their eggs within 4-6 weeks. These IgY antibodies can be easily harvested and used in diagnostic assays, with lower background and
cross-reactivity compared with current industry standards.
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increase contagiousness or evade immunity produced by vaccines
or previous infection (23, 24) or where COVID-19 vaccination is
unavailable. Despite the use of personal protective equipment and
recommended practices, these groups are also vulnerable during
the immediate period after active vaccination due to continued
close contact with both asymptomatic and symptomatic
individuals infected with SARS-CoV-2 (25).

Active vaccination requires the induction of an immune
response that takes time to develop and varies depending on the
vaccine and recipient. In contrast, passive antibody administration
may provide immediate immunity to susceptible persons.
However, passive immunization via parenteral administration
with sera from recovered patients infected with SARS-CoV-2
requires the availability of a population of donors who have
recovered from the disease and can donate convalescent serum,
blood banking facilities to process the serum, assays to detect
SARS-CoV-2 in serum, assays to measure viral neutralization, and
virology laboratory support to perform these assays (26). Passive
immunization with anti-SARS-CoV-2 IgY given topically may
offer another passive immunization with several advantages: the
known safety profile of IgY, applicability to a wide array of
individuals, high yield per egg, and rapid mass production at a
low cost given the large production of eggs for human
consumption (27, 28) (Figure 3). In addition, anti-SARS-CoV-2
IgY applied superficially would not be expected to elicit antibody-
dependent enhancement of infection due to its topical application.

Intranasal antibody prophylaxis is an especially effective means
against multiple viral pathogens (29–32). Further, key
characteristics of the mechanism of action of anti-SARS- CoV-2
IgY may be ideal for effective transient immunization while
awaiting global COVID-19 vaccination: a) anti-spike-S1 IgY can
neutralize or bind SARS-CoV-2 in vitro (33–35), b) superficially
administered anti-SARS-CoV-2 IgY may bind to the spike protein
on the surface of the virus, competing with the binding of the viral
spike protein to the human angiotensin-converting enzyme 2
receptor to prevent cell entry and infection, c) anti-SARS-CoV-2
IgY may also agglutinate SARS-CoV-2 on the surface of the
mucosa, thus preventing viral lateral motility and entry across
the mucosa, and d) intranasal administration can deliver anti-
SARS-CoV-2 IgY to the nasal passage and throat mucosa (through
mucociliary clearance), the main routes of viral entry and
replication. This approach may be especially valuable for
immediate and short-lived protection in health care and other
at-risk service workers in regions where new variants of SARS-
CoV-2 may evade immunity produced by vaccines or where
COVID-19 vaccination is unavailable.

Detection and Treatment of
Influenza Viruses
Influenza is a highly contagious infection of the respiratory tract
that is caused by the influenza family of viruses. There are four
types of influenza viruses, but types A and B most commonly
cause seasonal influenza pandemics. Influenza is generally a self-
limited illness but is a significant global concern due to
complications such as pneumonia and organ failure that can
lead to death, especially in vulnerable patients (36). Although
novel seasonal influenza vaccines are developed annually,
Frontiers in Immunology | www.frontiersin.org 4
influenza viruses are extremely prone to antigenic drift and
effective vaccines reduce the risk of flu illness by only about
50% (37, 38). Because of the limitations of vaccination and
antiviral drugs, anti-influenza IgY may be an inexpensive and
rapid prophylaxis that can be given via intranasal spray or drops
to bind to numerous epitopes on the virus and thus prevent viral
entry into the body (39). This approach may be practical for
those where vaccination is unavailable or as a temporary measure
(such as during travel) before or to supplement vaccination.

IgY developed against various influenza strains was effective in
neutralizing the virus and protecting against infection. In vitro, IgY
anti-H1N1 inhibited hemagglutination (39, 40) and infection of
Madin-Darby canine kidney cells by binding specifically to virus
neuraminidase and hemagglutinin (39, 41). In a mouse model of
H1N1 infection, intranasally administered anti-H1N1 IgY reduced
the viral titer and minimized damage to the lung tissue while
conferring significant protection comparable to oseltamivir (39), a
neuraminidase inhibitor approved to treat acute uncomplicated
influenza and for prophylaxis of influenza. Similar results were
also observed using IgY developed against inactivated H3N2,
H5N1, and influenza B viruses; these neutralized the virus in vitro
and protected challenged mice when administered intranasally at
(42–44). In addition, anti-H1N1 and anti-H5N1 IgY exhibited
cross-reactivity to other influenza A strains (40, 41, 43).

IgY has also been developed against specific influenza proteins.
For example, IgY has been designed to target the influenza matrix
2 protein, which is secreted in high concentrations during
infection and can be used in the diagnosis and treatment of
influenza. In immunoassays, IgY anti- matrix 2 protein were
specifically bound to the influenza virus and caused aggregation
when coupled to a latex nanoparticle (45). IgY generated against
the highly conserved nucleoprotein of influenza A strains bound
specifically to the viral protein and virus in infected Madin-Darby
canine kidney cells (46). Therefore, IgY may prove useful for
diagnosis and prophylaxis against various circulating or novel
strains of human, avian, or swine influenza viruses.

Treatment of Hepatitis B
Hepatitis B viruses have a narrow range of host specificity (47).
Similar to the human hepatitis B virus (HBV), duck HBV infection
can lead to chronic hepatitis, fibrosis, cirrhosis, and hepatocellular
carcinoma (48). In eggs laid by ducks that were immunized against
duck HBV, significant titers of specific IgY were found in the yolk
(49, 50). Also, uninfected treated ducks were protected against the
virus, and treated carriers had decreased serum and liver levels of
duck HBV (51, 52). Despite the availability of an effective vaccine,
rates of vaccination in humans are poor and immunotherapies
may be unavailable in resource-limited settings, or not tolerated.
IgY may also warrant evaluation as a therapeutic for the treatment
of postexposure HBV infection in humans where standard
treatments are not readily available.

Treatment of Rotavirus Group A
Rotaviruses cause gastrointestinal and diarrheal diseases,
resulting in high rates of mortality in various animal species
and severe watery diarrhea and vomiting in infants and young
children (53). Although vaccines and symptomatic treatments
June 2021 | Volume 12 | Article 696003
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are available, there is a special need for effective control strategies
to eliminate rotavirus infections in animal settings to protect
herds (54); IgY against the bovine Group A Rotavirus VP8 capsid
protein may be one such avenue (55, 56). In challenged calves,
specific IgY against bovine rotavirus, combined with milk
formula or distilled water, increased the response of the
mucosal antibody-secreting cells, reduced viral shedding,
decreased the severity and duration of diarrhea, and minimized
body weight loss (44, 57–60). Furthermore, an orally
administered solution of specific IgY against the MO strain
conferred complete or significant protection against strains of
rotavirus in later infected BALB/c mice (61, 62). With
combination IgY treatment against the G1, G4, and G9
serotypes, protection was also observed in infected mice
administered feed containing specific IgY, as well as a marked
reduction in viral load, histopathological damage, and diarrhea
(63). Decreases in duration and extent of diarrhea were observed
in infected mice treated with an orally administered solution of
specific IgY (4), a Rotamix IgY treatment (64), or feed containing
IgY in phosphate-buffered saline (65). In a neonatal gnotobiotic
piglet disease model, a 4.8% milk solution supplemented with
anti-human rotavirus IgY increased IgG and IgM antibody
response against the virus, decreased viral shedding, and
protected against diarrhea (66).
Frontiers in Immunology | www.frontiersin.org 5
Rotavirus is the most common cause of severe diarrhea in
children and outbreaks can occur in both vaccinated and
unvaccinated children (67). When administered to pediatric
patients who tested positive for rotavirus infection, orally
administered treatments of 20% IgY sachets (64) or 4 doses of
10 g of IgY powder (68) significantly reduced the time for viral
clearance in the feces, volume and duration of oral rehydration,
intravenous fluid administration, duration of diarrhea, and
recovery time. Wang et al. (69) conducted a meta-analysis
involving 2626 infants with rotavirus diarrhea from 17
randomized clinical trials. Among these infants, 1347 received
anti-rotavirus IgY taken orally and 1279 received conventional
treatment. Anti-rotavirus IgY treatment was significantly more
effective than conventional treatment. These preliminary data
demonstrate the utility of IgY as an antiviral therapy for infantile
rotavirus enteritis.

Treatment of Zika Virus
In 2016, a global health emergency was declared by the World
Health Organization after the observation of hundreds of
thousands of infections by the Zika virus. Zika virus is
transmitted by Aedes mosquitoes (70). The illness is
characterized by fever, rash, arthritis (71), and less commonly,
Guillain-Barré syndrome (72). In pregnant women, Zika virus
FIGURE 3 | Applications of Immunoglobulin Y against SARS-CoV-2 to Inhibit COVID-19. IgY can be easily produced by inoculating egg-laying hens with
recombinant SARS-CoV-2 antigens such as the spike protein on the viral envelope. Following a second inoculation, the yolk of the eggs laid by commercial hens
contains 50-100 mg IgY per egg; up to 500 mg IgY per egg can be obtained from naïve, specific-pathogen-free hens. After harvesting the IgY from the egg yolks,
the efficacy of IgY antibodies can be tested for neutralization activity before purification and processing into a lyophilized product to be evaluated in controlled trials
as a potential (prophylactic) COVID-19 passive immunization.
June 2021 | Volume 12 | Article 696003
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infection may cause severe birth defects including microcephaly
(73, 74). There is no effective drug or vaccine for Zika virus
infection in part because of antibody-dependent enhancement, a
phenomenon in which prior infection results in virus-specific
antibodies enhancing replication of virus into monocytes/
macrophages and granulocytic cells through interaction with Fc
or complement receptors (75). IgY against the Zika virus was able
to neutralize the virus in vitro at a concentration of 25 µg/mL (76).
Furthermore, intraperitoneal injection with 1 mg of specific IgY
protected 3-week-old IFNAR−/− mice that received a lethal
challenge of Zika virus without inducing antibody-dependent
enhancement (76). Zika virus-specific IgY may warrant further
evaluation as passive immunotherapy, with caution for the
potential to elicit an allergic response.

Detection and Treatment of Dengue Fever
Dengue fever, dengue hemorrhagic fever, and dengue shock
syndrome are tropical, mosquito-borne diseases that are caused
by infection with one of four dengue virus serotypes (77). In the
last 50 years, dengue virus-associated diseases have re-emerged,
causing millions of infected cases and tens of thousands of deaths
annually (78). Although there is a commercially available vaccine
to treat dengue fever, the World Health Organization
recommends only vaccinating seropositive individuals who have
a history of dengue virus infection, or by age 9 years in areas where
the infection is prevalent (79). Currently, IgG-coupled enzyme-
linked immunosorbent assays (ELISAs) are used for serological
testing for dengue virus infection (79), suggesting that IgY can also
be used in a diagnostic test for this disease.

Specific IgY has been developed against nonstructural protein
1, which is secreted by the dengue virus during infection and is
detectable for up to 9 days after infection (80, 81). IgY anti-
nonstructural protein 1 that is highly specific can neutralize the
virus in immunoassays (82–84). Specific IgY generated against
dengue virus serotype 2 also demonstrated a similar ability to
neutralize the virus (85). In vivo, IgY antibodies given at a dose of
150 mg (82) or 1 mg through intraperitoneal injection (85)
protected mice lethally challenged with dengue virus,
suggesting that specific IgY may be used as a treatment of
dengue virus-associated diseases in humans provided that a
severe immune response (e.g., anaphylactic shock) to the IgY
will not be generated (86). IgY antibodies are not likely to lead to
immune amplification of dengue virus infection, unlike IgG
where enhanced viral uptake via IgG-bound dengue virus
enters into monocytes/macrophages via Fc receptors (87).

Treatment of Hantavirus
Pulmonary Syndrome
Hantavirus Pulmonary Syndrome (HPS) is a rare, severe, and
potentially fatal respiratory disease caused by infection with
hantaviruses (most commonly, Andes virus) (88, 89). Infection
is believed to occur primarily through inhalation or ingestion of
rodent feces, urine, and saliva, or by rodent bites. Person-to-
person transmission is also recognized. The mortality rate is
estimated at 38% (90). There are no current immunotherapies,
antiviral treatments, or vaccines to treat HPS (91). Specific IgY
Frontiers in Immunology | www.frontiersin.org 6
developed after immunization of ducks with Andes virus
neutralized the virus in vitro (92, 93) and protected Syrian
hamsters administered a dose of 12,000 neutralizing antibody
units/kg through intranasal delivery (92) or 20,000 neutralizing
antibody units/kg through subcutaneous injection (93) after
receiving intramuscular and intranasal challenge. This suggests
that IgY may warrant evaluation as a treatment following
infection with the Andes virus to prevent the onset of HPS,
especially in settings of clustering of cases.

Treatment of Ebola Virus Infection
Ebola virus infection is rare but results in high mortality rates in
humans and nonhuman primates (94). Ebola virus also can
persist in survivors and relapse has been documented. In
addition to supported care, two monoclonal antibody
treatments and a vaccine have been approved (94).

Anti-Ebola virus IgY was harvested from hens immunized with
a recombinant vesicular stomatitis virus vector encoding Ebola
virus glycoproteins. Anti-Ebola virus IgY was then evaluated in
newborn Balb/c mice challenged with a lethal dose of Ebola
pseudovirus 2 or 24 hours after infection (95). Animals
receiving a high dose of anti-Ebola virus IgY showed complete
protection, while the low dose group showed partial protection. All
mice receiving naïve IgY (i.e., from hens not immunized with
Ebola glycoproteins) died. Zhang et al. note that because Ebola
epidemics typically occur in impoverished hot African areas where
electricity and cold-chain storage may be limited, advantages of
low-cost mass production and avoidance of antibody-dependent
enhancement may make anti-Ebola virus IgY an especially novel
approach that warrants further investigation (95).
VIRUSES OF SPECIFIC INTEREST IN
DISEASES OF LIVESTOCK

Treatment of Infectious Bursal Disease
Infectious bursal disease is a highly contagious avian
immunosuppressive illness that is caused by the infectious
bursal disease virus (IBDV). IBDV infection in bursal B cells of
lymphoid organs can lead to cell destruction, suppression of the
immune system, secondary infection, and death (96). Despite the
development of various diagnostic methods as well as a
recombinant DNA-IBDV vaccine to treat this disease (97),
IBD remains a significant problem in the poultry industry due
to the emergence of new variants (98). Anti-IBDV IgY can
protect against infection, with decreased mortality, postmortem
lesions, bursal tissue, and body weight loss in young broiler
chicks lethally challenged with IBDV (99–101). This protective
effect was most significant when specific IgY was combined with
the live intermediate IBDV vaccine (D78) (99).

Detection and Treatment of Reovirus
In poultry, the most frequent reovirus-associated disease is
arthritis with malabsorption syndrome, immunosuppression,
pericarditis, myocarditis, and osteoporosis as other common
features (102, 103). Although several commercial vaccines have
June 2021 | Volume 12 | Article 696003
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been developed against avian reovirus, it is difficult to detect and
treat infected flocks with multiple or novel strains of circulating
reovirus (104). Specific IgY against avian reovirus in infected
birds displayed a high sensitivity to the virus, detected the
presence of the virus in contaminated tissue, and neutralized
the virus in BHK-21 cells without binding to heterologous viral
strains (105). Reovirus is also a growing problem in aquaculture,
causing high mortality rates of swimming crabs. Use of anti-
swimming crab reovirus IgY effectively detected the virus in
contaminated samples with high consistency, suggesting
potential benefit in reovirus-associated disease outbreaks in
aquaculture (106).

Treatment of Bovine Respiratory
Syncytial Virus
Bovine respiratory syncytial virus is a pneumovirus in the
Paramyxovirus family that afflicts young calves and is difficult
to diagnose and treat due to its lability and poor growth in cell
culture (107). However, IgY against bovine respiratory syncytial
virus specifically recognized and neutralized the virus in vitro
when analyzed in dot blot and virus neutralization assays (108).
Because of the success of IgY production and activity in vitro, IgY
may be a novel prophylactic treatment to combat bovine
respiratory disease in infected calves.

Treatment of Bovine Leukemia Virus
Bovine leukemia virus (BLV) is a retrovirus that causes enzootic
bovine leukosis, a chronic and slow-developing disease in cattle
(109). While most infected animals remain asymptomatic, others
can develop lymphosarcoma or persistent lymphocytosis.

BLV can easily be transmitted through birth and contaminated
colostrum, milk, blood, exudates, and tissue (110). Currently,
methods to minimize BLV transmission include careful herd
management (110) given the unavailability of effective antiviral
drugs and vaccines (111). IgY antibodies generated against the
whole virus or the p24 core protein specifically bound to BLV
particles (in an infected cell line), purified p24, and supernatants
from ex vivo cultures of peripheral blood mononuclear cells from
naturally infected animals (111). IgY against BLV may warrant
evaluation as a passive immunization against this virus for
enzootic bovine leukosis.
TREATMENT OF BACTERIAL INFECTIONS

Besides use as therapeutics, IgY used prophylactically may provide
passive immunization to the treated host through neutralization of
bacterial toxins, prevention of adhesion to host cells, and
inhibition or destruction of bacterial enzymes (112). Here we
review the use of IgY as treatments focused on bacteria mainly of
the pulmonary, gastrointestinal, and skin systems.

Lung Infections
Treatment of Pseudomonas aeruginosa
in Cystic Fibrosis
Cystic fibrosis is a common, hereditary, and life-threatening
disease associated with damage to the lungs, pancreas, and male
Frontiers in Immunology | www.frontiersin.org 7
sex organs (113, 114). Patients with cystic fibrosis are especially
prone to debilitating chronic lung infections caused by bacteria
such as Pseudomonas aeruginosa (115). Due to a fear of developing
antibiotic-resistant strains, alternative treatments to chronic
antibiotic therapy have been studied, including the use of IgY
against P. aeruginosa as a method of passive immunization. Anti-
P. aeruginosa IgY significantly increased the neutrophil-mediated
respiratory burst and subsequent bacterial killing of P. aeruginosa
in vitro (116, 117). Anti-P. aeruginosa IgY also inhibited murine
pneumonia when administered intranasally as evidenced by
reduced bacterial burden, inflammatory cytokines, inflammation
of the lung tissue, and clinical symptoms, an effect enhanced by
pretreatment with azithromycin (118). The benefit of specific IgY
anti-P. aeruginosa is believed to be against the flagellin protein
implicated in the motility, adhesion, and inflammation of P.
aeruginosa (119).

In 17 patients with cystic fibrosis, prophylactic continuous
oral treatment (solution gargled for 2 minutes and swallowed in
the evening) with specific IgY against P. aeruginosa to prevent
pulmonary infections for up to 12 years (114 patient-years)
showed significant reduction in P. aeruginosa infections
compared with 23 cystic fibrosis control patients, with no
adverse events (120).

A randomized, double-blind, placebo-controlled Phase 3 trial of
164 patients age 5 and older with cystic fibrosis was conducted at 47
European sites from 2011 to 2015 to evaluate treatment with oral
anti-P. aeruginosa IgY gargling solution (n=83) vs. placebo (n=81).
Study drug was to be gargled and then swallowed once daily in the
evening. Study duration (and primary outcome measure) was until
the next P. aeruginosa infection was diagnosed or 2 years, whichever
came first. There was no significant difference between treatment
groups in time to first recurrence of P. aeruginosa infection (median,
26.3 months for IgY-treated group) or secondary endpoints of
number of exacerbations, number of days of illness, and use of
antibiotics (121). Despite findings of no efficacy, this study provided
an excellent safety database. A total of 1972 adverse events (AEs),
mostly mild in severity, were reported, 989 of which were in the
placebo group and 980 in the IgY group. The incidence of AEs was
also similar between the two groups. The most commonly reported
AEs were abdominal pain, vomiting, pyrexia, nasopharyngitis, and
upper respiratory tract infection. No deaths occurred. Only 5 AEs in
the IgY-treated group and 20 AEs in the placebo group (none
serious) were judged to be related to study drug (121).

Treatment of Mycobacterium Tuberculosis
Mycobacterium tuberculosis (MBTC) is responsible for the
development of tuberculosis, a potentially fatal respiratory
disease that also can cause extrapulmonary disease (e.g., of the
urinary system). MBTC is increasingly becoming more difficult
to treat due to antibiotic resistance (122). In a rat peripheral
blood mononuclear cell model, administration of high
concentrations of IgY anti-MBTC increased interleukin-2 and
interferon expression (123). IgY against MBTC may warrant
evaluation for use in combination with other immunotherapeutic
treatments of tuberculosis (124). In addition, IgY may also be of
interest as a novel treatment of pulmonary nontuberculous
mycobacteria, regarded as more challenging to treat because of
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frequent antimicrobial intolerance, toxicities, resistance, and
drug-drug interactions (125).

Treatment of Acinetobacter baumannii
Acinetobacter baumannii, a gram-negative bacterium, is the
cause of nosocomial infections and outbreaks in hospitals
worldwide, such as sepsis, urinary tract infections, pneumonia,
or surgical wound infections. Due to its resistance to desiccation
and antimicrobial agents, A. baumannii is associated with
significant mortality, costs, and hospital stays, particularly in
vulnerable patients (126). In a mouse model of A. baumannii-
associated pneumonia, intraperitoneal anti-A. baumannii IgY
specific to pan-drug-resistant strains reduced levels of
inflammatory cytokines, lung inflammation, and mortality
(127). Similar results were also seen with intraperitoneal
injections of 40 mg of IgY developed against the inactivated
whole-cell or outer membrane proteins of A. baumannii, which
protected against nasally challenged mice, possibly by inhibiting
bacterial adhesion (128).

Oral and Gastrointestinal Infections
Treatment of Vibrio
The genus Vibrio is responsible for seaborne diseases that can
cause illness in aquatic animals raised for consumption, as well as
foodborne infections and gastroenteritis in humans who
consume raw or undercooked seafood (129). IgY may offer
promise for diagnosing and treating virulent Vibrio-associated
diseases in aquaculture. In the past, Vibrio treatment relied on
vaccination and antibiotics, which may cause unintentional side
effects, antibiotic resistance, and the buildup of toxins (130, 131).

IgY has been tested against Vibrio alginolyticus, which causes
infections and high rates of mortality in abalone (132–134).
When incorporated into the feed, IgY anti-V. alginolyticus
significantly increased the survival of small abalones challenged
by V. alginolyticus (135). Similar results were obtained using IgY
against Vibrio anguillarum in rainbow trout (136), ayu fish (137,
138), half-smooth tongue sole (139), shrimp (140), and
carp (141).

Vibrio parahaemolyticus, which causes acute hepatopancreatic
necrosis and death in white shrimp in aquacultures (142), can
cause serious foodborne illness in humans. Anti-V.
parahaemolyticus IgY inhibited bacterial growth in liquid
media (143, 144), decreased bacterial load, and increased
survival rates in V. parahaemolyticus-challenged white pacific
shrimp (144), suggesting its potential use to prevent foodborne
illness in humans. Another strain, V. harveyi, which decreases
health and survival in white shrimp (145), is inhibited through
agglutinating IgY antibodies (146). Anti-V. harveyi IgY,
incorporated into feed before being challenged with virulent V.
harveyi, also increased levels of jejunioxyhemocyanin,
prophenoloxidase, lysozyme, phagocytosis, and bacterial
agglutinin, as well as augmented coagulase activity and
intracellular superoxide anion production in treated Indian
white shrimp (147). The potential value of anti-V.
paraphaemolyticus IgY to prevent foodborne illness was tested
in mice; 300 µg/ml IgY administered by oral gavage decreased the
levels of bacteria in the feces and increased survival compared to
Frontiers in Immunology | www.frontiersin.org 8
vehicle-treated infected mice or mice treated with non-specific
IgY (148).

Much research has been done to address Vibrio cholerae,
which causes cholera in humans. Cholera is a global and life-
threatening gastrointestinal disease characterized by severe
diarrhea (149). Through the consumption of V. cholerae-
contaminated food and water, hundreds of thousands of
infections occur every year, especially in developing countries
(150). Current treatments of V. cholerae include rehydration and
vaccines, although their efficacy is limited (151). The finding that
orally administered anti-V. cholerae IgY can prevent and treat
cholera in suckling mice (151) and that only 2.5 micrograms
protected against cholera in these animals (152) is encouraging.

Treatment of Helicobacter pylori
Helicobacter pylori (H. pylori) is a bacterial cause of gastritis,
gastric ulcers, and gastric cancer (153). Because of the
development of resistance to antibiotics, treatment of H. pylori
requires the incorporation of multiple antibiotics. H. pylori
exhibits resistance to metronidazole (78%), levofloxacin (56%),
multidrug treatments (53%), and clarithromycin (31%) (154).
Thus, orally administered immunoglobulins, and particularly IgY,
have been suggested as an alternative approach to treat H. pylori-
related infections because they limit the development of antibiotic
resistance. IgY has been developed against H. pylori urease
(HPU), a protein likely required for bacterial adhesion to
mucin or the surface of epithelial cells in the gastric mucosa (155).

In animal models, a chow diet containing 25 mg anti-HPU
IgY/g and 0.16 mg famotidine/g reduced H. pylori activity in
infected Mongolian gerbils and prevented colonization of H.
pylori in the gastrointestinal tracts of uninfected controls (156).
In the Mongolian gerbil model, anti- H. pylori IgY reduced
inflammation, neutrophil and leukocyte infiltration, and gastric
mucosal injury by interfering with the adhesion of H. pylori via
its urease (157). A similar anti-inflammatory effect and reduction
ofH. pylori in the gastric mucosa were also observed in C57BL6/j
mice treated with 60 mg of anti-H. pylori urease C IgY in either
powder form or dissolved in phosphate-buffered saline (158).
Importantly, orally administered IgY (100- 500 mg) in male
C57BL/6 mice were more efficacious in eliminating H. pylori
compared to treatment with the commonly used proton pump
inhibitor pantoprazole (159). IgY against otherH. Pylori antigens
with good efficacy includes IgY against the outer inflammatory
protein (160, 161), the neutrophil-activating protein (162), and
the native or recombinant VacA protein l (163, 164).

An egg yolk powder dietary supplement containing IgY anti-
HPU administered to a cohort of asymptomatic H. pylori-
positive patients reduced the levels of H. pylori and aided the
treatment of H. pylori-associated gastritis, with no side effects
reported (165). In a study of 42

H. pylori-positive subjects, drinkable yogurt fortified with
anti-HPU IgY significantly suppressed H. pylori infection and
was well tolerated with no adverse effects (166).

Treatment of Porphyromonas gingivalis
Porphyromonas gingivalis (P. gingivalis), which causes biofilm on
teeth (167), is quite resistant to the host immune response
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and leads to inflammation and bone loss associated with
periodontitis (168). Anti-P. gingivalis IgY against gingipains, a
protein family released by P. gingivalis, inhibited attachment of
the bacteria in cultured human epithelial cells (169). In addition,
IgY against a 40 kDa outer membrane protein prevented the
aggregation of P.gingivalis with Streptococcus gordonii, another
bacterial strain implicated in periodontitis (170). Furthermore,
IgY-anti-P. gingivalis in dry feed or administered as an ointment
in a dog model reduced biofilm formation and inflammation
(171). Sublingual application of IgY anti-P. gingivalis in five
periodontitis patients reduced the levels of the bacteria and gum
bleeding (172).

Treatment of Prevotella intermedia
Like Porphyromonas gingivalis, Prevotella intermedia also causes
gingivitis and other periodontal diseases (173) and can be
associated in humans with systemic diseases such as diabetes
mellitus (174), respiratory illnesses (175), cardiovascular disease
(176), ischemic stroke (177), osteoporosis (178), and risk of low
birthweight preterm pregnancies (179). In rat models challenged
with P. intermedia on gingivae, IgY anti-P. intermedia treatment
protected against gingivitis by decreasing gingival index, plaque
index, bleeding on probing, white blood cell counts, and local
inflammation typically associated with periodontal disease (180).
Because of the success of anti-P. intermedia IgY in rat models, as
well as the general challenge due to increased resistance to
antibiotics, IgY treatment may provide an alternative in humans.

Treatment of Solobacterium moorei
Solobacterium moorei causes oral halitosis, periodontitis, and
gingivitis (181, 182). S. moorei is susceptible to common
antibiotics such as penicillin, vancomycin, and moxifloxacin
(183). Specific IgY inhibited bacterial growth in liquid media
and biofilm formation in vitro (184). In a mouse model
challenged with S. moorei, 20 to 40 mg/ml of specific IgY
decreased bacterial counts in the oral cavities of treated
animals (184). Benefit in humans has not been determined.

Treatment of Fusobacterium nucleatum
Fusobacterium nucleatum is one of many pathogenic bacterial
strains that contributes to halitosis and periodontitis (185).
Although available treatments include chemical antiseptics,
antimicrobials, and mechanical therapy (186), efficacy is limited
by poor compliance and the development of antibiotic resistance.
IgY anti-F. nucleatum has been suggested as an immunotherapeutic
alternative to mediating the development of F. nucleatum and other
bacteria in the oral cavity. In a periodontitis rat model, IgY anti-F.
nucleatum inhibited the development of volatile sulfurous and
odorous compounds and decreased the malodor index, levels of
anti-inflammatory cytokines, and alveolar bone loss, while aiding
periodontal restoration (186).

Treatment of Streptococcus mutans
Streptococcus mutans (S. mutans) is the main odontopathogen
implicated in the development of dental carries in humans (187).
Although most antibiotic treatments of S. mutans are effective,
resistance to penicillin, erythromycin, amoxicillin, clindamycin,
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and lincomycin is common (188). IgY developed against S. mutans
is highly stable and cross-reacts with other serotypes, including
S. salivarum (189–191). IgY against S. mutans inhibited in vitro
bacterial growth, biofilm development, and binding to bacterial
adhesion proteins, and inducing agglutination of S. mutans (189,
191, 192). Rats exposed to S. mutans and fed a caries-inducing diet
had reduced dental caries when lyophilized anti-S. mutans IgY was
incorporated into their feed (193, 194), topical gel (195), or
chitosan-enriched soy milk (192).

The efficacy of anti-S. mutans IgY in humans has also been
evaluated. IgY anti-S. mutans incorporated into a mouth rinse
significantly reduced levels of S. mutans in saliva within 4 hours,
and in plaque within 7 days (189). In comparison to commercial
toothpaste, anti-S. mutans IgY toothpaste reduced levels of S.
mutansmore quickly and colonization was suppressed as long as
2 weeks after discontinuation (196). Similar results were also
observed with the administration of lozenges containing IgY
against S. mutans glucosyltransferase, which significantly
decreased salivary levels of S. mutans after 5 days (197).

Treatment of Salmonella
The Salmonella species, particularly S. typhimurium and
S. enteritidis, are human and chicken pathogens (198, 199).
Salmonella-specific IgY inhibited bacterial cell growth (200) by
binding to and structurally altering antigens on the surface of the
bacterium (200) or by causing bacterial agglutination (201). In a
human epithelial Caco2 cell model, IgY anti-Salmonella
antibodies also prevented the adhesion of the bacterium to
cells (202).

IgY anti-S. typhimurium and IgY anti-S. enteritidis exhibited
significant cross-reactivity (200) and agglutination (201, 203),
which indicates that IgY against a specific Salmonella serovar
may be useful in treating a broad range of different Salmonella
strains. IgY anti-S. typhimurium reduced immune cell recruitment
and cytokine release in a mouse model infected with these bacteria
(204). A combination treatment of a probiotic with IgY anti-S.
enteritidis also decreased colonization and fecal shedding in
young, market-aged broiler chicks challenged with S. enteritidis
(205), indicating the additional potential benefit of using IgY anti-
Salmonella antibodies in animals consumed as food.

Treatment of Clostridium difficile
Clostridium difficile (CD) is a cause of morbidity due to diarrhea
and mortality due to inflammation of the colon, especially in the
elderly, immunosuppressed, and after chronic antibiotic use. This
serious condition has been increasing in incidence. IgY anti-CD
has shown promise for patients based on animal studies (206). For
example, 0.5 mg of IgY against the CD’s FliD colonization-
associated factor administered by gavage prevented the adhesion
of CD and significantly enhanced survival rates in CD-challenged
Syrian hamsters (207). Oral gavage treatments of 0.6 mg of anti-
CD spore IgY delayed diarrhea onset and reduced spore adhesion
to intestinal cells in mouse models, especially when coupled with
an existing antibiotics treatment such as vancomycin (208). IgY
anti-CD toxin A and B neutralized toxins and prevented recurrent
infections in a hamster model (209). Delivery of IgY anti-CD
toxins to the colon instead of the upper gastrointestinal tract was
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enhanced when IgY was coated on microbeads (210) or
encapsulated in chitosan-Ca pectinate microbeads (211) in a
rat model.

Detection and Treatment of Campylobacter jejuni
The Campylobacter species, in particular Campylobacter jejuni, is
the most common cause of gastroenteritis in humans worldwide
(212). Most human C. jejuni infections are caused by the
consumption of contaminated poultry. However, C. jejuni
seems to have a commensal relationship with chickens while
acting as a pathogen in humans (213). Because of the use of
growth-promoting antibiotics in the meat-producing industry,
there is a rise in antibiotic-resistant Campylobacter strains (214).
IgY against C. jejuni may provide an alternative to antibiotic use
(215, 216). Because of its high specificity and limited cross-
reactivity, IgY anti-C. jejuni also can provide a highly accurate
method to detect food contamination with C. jejuni (217, 218).

To reduce the spread of C. jejuni from poultry to humans, IgY
has been administered as a passive vaccine to chickens. IgY
against C. jejuni has prophylactic and therapeutic effects through
its ability to decrease overall and fecal bacterial levels in C. jejuni-
challenged chickens (219–221). Similar results were also
observed using IgY against C. jejuni adhesins and flagellins,
which significantly reduced caecal colonization by C. jejuni
and initiated the production of C. jejuni specific antibodies,
although these may not play a role in protection (222, 223).
Administration of anti-C. jejuni IgY also resulted in a significant
reduction in transmission of C. jejuni to non-inoculated birds
(220), without altering the microflora of the intestinal tract (221).

Sepsis
Detection and Treatment of Escherichia coli
Escherichia coli is an integral constituent of the mammalian
microflora, with several pathotypes of E. coli implicated in the
development of enteric and extraintestinal diseases such as
diarrhea, sepsis, meningitis, and urinary tract infections (224).
Among the enteric E. coli-associated diseases, there are at least
six different categories: enterotoxigenic E.coli, enteropathogenic
E. coli, enterohemorrhagic E. coli, enteroaggregative E. coli,
enteroinvasive E. coli, and diffusely adherent E. coli (225). Due
to widespread antibiotic resistance of E.coli (226), IgY may serve
as an alternative method to neutralize virulent E. coli in food,
animals, and humans.

The major factor in the pathogenicity of E. coli is production of
Shiga-like toxin. Numerous assays using IgY have been developed to
detect the presence of Shiga-toxin-producing enterohemorrhagic
E.coli. For instance, an ELISA assay involving IgY against E.coli
O157:H7 was able to detect as little as 40 CFU/ml of E. coli O157:
H7, suggesting that such assays can be used for detecting foodborne
pathogens (227). Furthermore, because Shiga-toxin is uniformly
expressed by all enterohemorrhagic E. coli, IgY can be used to detect
different serotypes and variants of Shiga-toxin-producing E. coli
(228). Similarly, toxin-specific IgY has also been used to detect
and neutralize heat-labile toxin produced by enterotoxigenic
E. coli (229).

Chicken or ostrich IgY against E. coli O157:H7 and O78:K80
inhibited bacterial growth in liquid medium (227, 230–232). The
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benefit of IgY given by intramuscular injection as prophylaxis
against E. coli-associated respiratory, enteric, and septicemic
diseases has been demonstrated in young broiler chicks (233).
In piglets infected with enterotoxigenic E. coli, specific IgY
decreased the severity of diarrhea (234) when encapsulated in
chitosan-alginate microcapsules or hydrogel-carbon nanotube
composites (235, 236), suggesting that this approach may be
especially useful to neutralize E. coli IgY in food and
veterinary settings.

A randomized, double-blind, placebo-controlled trial
evaluated 301 Guatemalan children (154 intervention and 147
placebo) with acute non-bloody diarrhea who received PTM202
(combined IgY specifically targets rotavirus, enterotoxigenic E.
coli, Shiga toxin-positive E. coli, and salmonella) or placebo for
3 days (237). PTM202 led to a reduction in duration of diarrhea
among children whose diarrheal stool at enrollment contained
one or more PTM202-targeted organisms. No adverse events
were reported.

Detection and Treatment of Staphylococcus aureus
Staphylococcus aureus is a pathogenic bacterial strain that causes food
poisoning, toxic shock syndrome, endocarditis, sepsis, soft tissue
infections, and in-hospital infections (238, 239). Although S. aureus
is normally found in mammals and 30-50% of humans, it remains a
dangerous pathogen due to its endotoxicity, virulence, invasiveness,
and antibiotic resistance (240). S. aureus has increasingly displayed
resistance to common antibiotic treatments such as methicillin and
vancomycin (241, 242) and antimicrobial-resistant strains are now
detected in the community, not just in healthcare settings (243, 244).
Stronger measures to contain S. aureus infections, as well as
alternative and combination treatments, are now promoted to
combat increasing antibiotic resistance.

S. aureus is commonly found in food samples. IgY has been
employed as amethod to detect the bacterium, as well as its associated
proteins and toxins to prevent S. aureus-induced food poisoning. IgY
against S. aureus or its endotoxins has been used in sandwich ELISAs,
immuncapture polymerase chain reaction ELISAs, lateral flow
devices, immunopillar chips, immunochromatography, and
fluorescence resonance energy transfer assays (245–252). The
success of these approaches is considered due to IgY’s lack of
reactivity with protein A of S.aureus, which often results in false
positives results in other assays (253). In vitro, specific IgY had high
binding specificity and inhibited bacterial growth in culture, possibly
by interrupting interactions with surface antigens (254). IgY
generated against S.aureus also caused agglutination of the
bacterium, and did not show cross-reactivity with other bacterial
strains such as Streptococcus epidermidis, Escherichia coli, and
Pseudomonas aeruginosa that are commonly found in milk (255).

S. aureus is also implicated in ruminant mastitis, which affects
the quality and quantity of milk produced, as well as the health of
infected animals (256). Although there are antibiotic treatments
and vaccines available, they are not fully effective and S. aureus-
associated infections often recur (257). IgY produced against S.
aureus was highly specific to mastitis-causing strains, enhanced
the phagocytic activity of milk macrophages (258), and reduced
bacterial growth in culture (259). In addition, specific IgY
blocked the internalization and infection of bovine mammary
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epithelial cells by S.aureus in vitro (260). At a concentration of 20
mg/ml, IgY anti-S.aureus infused by insertion into the teat canal
decreased somatic cell and bacterial counts, while curing most
experimentally challenged lactating cows (258). Similar cure
rates were also observed in challenged buffaloes with mastitis,
and specific IgY administered through intramammary infusions
at a dose rate of 20 mg/ml improved milk yield (261).

The anterior nare of the nose is the most frequent carriage site
for S. aureus (262). When the nares are treated topically to
eliminate nasal carriage, in most cases the organism also
disappears from other body areas (262). Anti-S. aureus IgY
given intranasally may be of special interest in the treatment of
this pathogen, including for the growing threat of methicillin-
resistant S. aureus (263).

Detection and Treatment of Aeromonas
Aeromonas is commonly found in aquatic environments and the
microflora of animals and humans. However, certain strains of
Aeromonas have been implicated in the development of sepsis
and gastroenteritis in humans (264), as well as fish, other
animals, and environmental reservoirs (265). Notably, almost
all subspecies of Aeromonas express strong resistance to beta-
lactam antibiotics such as penicillin, ampicillin, and carbenicillin,
which has led to the pursuit of alternative and combination
antimicrobial therapies (266).

IgY-specific antibodies have been investigated as an
alternative method to diagnose Aeromonas-diseased aquatic
animals. IgY produced against Aeromonas hydrophila detected
A. hydrophila in tissues and phagocytes in infected Nile tilapia
(267), neutralized bacterial adhesins and toxins released by the
bacteria, promoted agglutination, inhibited bacterial growth, and
enhanced the phagocytic activity of infected Nile tilapia, blunt
snout bream (268, 269), and polyploid gibel carp (269, 270).
When added to rearing water, specific IgY eliminated the
development of skin ulcers, as well as transmission of the
infection between different fish (271).

Skin-Related Infections
Treatment of Propionibacterium
Acne vulgaris is a skin condition that affects most humans at some
time and is thought to be caused by multiple factors, including
increased sebaceous gland sebum production, hormones,
cytokines, nutrition, and bacteria such as Propionibacterium
acnes (272). Because of rising antibiotic resistance, IgY has also
been proposed as a cost-effective alternative to antimicrobial
treatments of acne. IgY anti-P. acnes inhibited growth of
P. acnes colonies as well as biofilm development by preventing
bacterial adhesion (273).
DIAGNOSIS AND TREATMENT OF
FUNGAL INFECTIONS

Treatment of Candida albicans
Typically, Candida albicans is a normal, commensal member of
the human microbiome (274). However, C. albicans can also
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express virulence factors that can cause candidiasis infections of
the mucosal membranes of the oral cavity, esophagus,
gastrointestinal system, vagina, vascular system, and skin, as
well as serious and life-threatening pneumonia and systemic
infections (275). Because of limited antifungal therapeutics,
virulence, and the development of resistance to existing
drugs (276), novel approaches to treatment, such as the use of
IgY antibodies, have been investigated. IgY generated against
C. albicans inhibited biofilm formation and growth in liquid
media (277), as well as adhesion of C. albicans to denture-
based material (272), human oral epithelial cells (277, 278),
and human pharyngeal carcinoma cells (274). In addition,
cross-reactivity to other Candida subspecies such as C. glabrata
was observed, suggesting that anti-C. albicans IgY may also be
used to prevent the dissemination of different Candida strains
(277, 279). In mouse models, orally administered treatments of a
gel containing 0.5 g of IgY against C. albicans (280) or a 20 mg
specific IgY/ml phosphate-buffered saline solution (276)
protected challenged animals and prevented C. albicans
colonization and the subsequent development of kidney and
tongue lesions. Because there was no correlation observed
between drug-resistant strains of C. albicans and the growth-
inhibition ability of anti-C. albicans IgY (278), specific IgY may
warrant evaluation as a novel therapeutic for fungal infections
in humans.
DIAGNOSIS AND TREATMENT
OF PARASITIC DISEASES

Treatment of Trypanosoma
Infection by the protozoan parasite Trypanosoma cruzi results in
Chagas disease, which is transmitted to animals and humans by
insect vectors that are found only in the Americas. Chronic
infection can lead to heart and gastrointestinal disease that can
be life-threatening (281). Vaccines developed against T. cruzi are
only partially protective since defined antigens must be used to
prevent the occurrence of cryptic infections (282). Furthermore,
drugs approved for the treatment of Chagas disease can have
toxic, mutagenic, and other adverse side effects (283). Since no
cytotoxic or proliferative effects were observed on mononuclear
and VERO cells in vitro when treated with IgY against T. cruzi,
specific IgY has been considered as a possible therapeutic for
Chagas disease (284). In a mouse model, anti-T. cruzi IgY
administered prophylactically at 50 mg/kg reduced parasitemia
post-challenge and prevented the development of cardiac lesions
by amastigotes. These same effects were also observed with the
therapeutic administration of 50 mg/kg of IgY, which also
improved the immune response by preventing an increase in
activity of E-NTPDase and E- ADA activities in the splenic
lymphocytes of the animals (285).

Another member of the Trypanosoma family, T. evansi,
infects a wide range of domesticated livestock worldwide (286),
causing anemia (287). One case of T. evansi infection in humans
has also been documented, possibly by blood transmission from
an infected animal (288). Current strategies for controlling the
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dissemination of T. evansi include herd culling (289) and
chemical therapy of infected animals, although this latter
approach has limited use due to high toxicity and the
development of drug-resistant strains (290). In contrast, no
significant cytotoxic or genotypic toxicity was observed when
IgY anti-T. evansi was used to treat peripheral blood samples,
although an increase in cell viability and lymphocyte
proliferation was observed when a concentration of 10 mg/ml
of specific IgY was used (291). In vivo, specific IgY against
T. evansi administered intraperitoneally at a dose of 10 mg/kg
increased the longevity and survival of infected animals (292).

Detection and Treatment of
Cryptosporidiosis
Several members of the Cryptosporidium family are implicated in
the development of cryptosporidiosis, an intestinal infection that
causes diarrhea and, less commonly, pneumonia in humans
(293). There are no therapies to fully treat cryptosporidiosis or
prevent the infection in humans and animals (294) although
hydration and passive immunization through the administration
of monoclonal antibodies (295), nitazoxanide, or hyperimmune
bovine colostrum have limited efficacy (296, 297). IgY has been
explored as a treatment against Cryptosporidium infection. In
vitro, IgY antibodies generated against C. parvum oocyst
antigens were highly specific (298), decreased binding of the
parasite to Caco-2 cells, and blocked the vitality of C. parvum
(299). However, in a severe combined immunodeficiency mouse
model, treatment using feed containing 25% specific IgY powder
and a 20% specific IgY solution was only capable of partially
reducing oocyst shedding in challenged animals, and was unable
to eliminate infection (299). Similarly, IgY against the P23
protein in C. parvum also has high specificity for the parasite
(300, 301). Using a mouse model, the anti-P23 IgY reduced
oocyst shedding by 70% (300). Specific IgY against the GP60
glycoprotein in Cryptosporidium hominis, another strain
implicated in cryptosporidiosis, was also found to specifically
bind to the antigen, as well as the parasite (302). The high
specificity and protective effectiveness of these antibodies suggest
that IgY warrants evaluation as a novel diagnostic test for
cryptosporidiosis and a passive immunization treatment in
immunocompromised individuals.

Treatment of Eimeria
The Eimeria family of parasites is responsible for the development
of avian coccidiosis, a severe intestinal disease with varying rates of
morbidity and mortality (303). Because of the significant economic
effect that coccidiosis has on the poultry industry, coccidiostat drugs
have been undertaken. Unfortunately, numerous Eimeria strains
bear multiple resistance to these anticoccidials (304). Thus, other
measures such as live attenuated vaccines (303) and IgY antibodies
against Eimeria have been explored (305).

Using maternal immunization against the three major species
of Eimeria that cause coccidiosis (E. tenella, E. acervulina, and E.
maxima), Wallach et al. demonstrated that IgY protected
offspring chicks up to 3 weeks of age (306). By strongly
blocking the exponential rise in oocyst numbers, this was
expected to also protect against the pathogenic effects of the
Frontiers in Immunology | www.frontiersin.org 12
disease for their entire 5-7-week growth period. Studies have
occurred on a very large commercial scale where millions of hens
and their offspring chicks were vaccinated on 4 continents (307).
Maternal immunity can also lead to results similar or even better
than that achieved using the best anticoccidial drugs (307).

In young broiler chicks challenged with E. acervulina oocysts,
specific IgY against multiple strains of Eimeria decreased the
number of oocysts in fecal matter and increased the body weight
of treated animals (308). Similar improvements, as well as
decreased intestinal lesions, were also observed in chicks
challenged with E. tenella or E. maxima that were treated with
Supracox, a commercially available egg yolk powder containing
specific IgY against oocysts of three different Eimeria strains
(309). With an IgY treatment generated against five different
species of Eimeria, chicks challenged with E. tenella had reduced
mortality, increased body weight gain, reduced oocyst shedding,
reduced caecal lesion score, and increased anticoccidial index
(310). IgY generated against a recombinant protein (3-1E)
from E. acervulina merozoites also improved body weight
gain and decreased oocyst production in chickens infected with
E. acervulina or E. tenella (311). The Fc fragments of IgY have
also been coupled to stable transgenic Eimeria mitis, which
decreased oocyst output in challenged animals (312) and
suggests that the method of expressing Fc-fused exogenous
antigens on transgenic Eimeria might be explored as a more
efficient vaccine.
PRINCIPLES REGARDING THE CLINICAL
USE OF IGY

Physicochemical Properties of Chicken
IgY Contribute to Safety
IgY consumed orally is considered to be GRAS (“Generally
Recognized as Safe”) by the U.S. Food and Drug Administration.
At a biochemical level, this may be because IgY, unlike IgG, does
not have a hinge region but contains a short region between the Fa
and Fc segments of the antibody’s stock (313). This short region is
rich in proline and glycine residues, allowing only limited
flexibility of its Fab. Due to this difference, IgY is unable to bind
to mammalian Fc receptors and therefore does not readily cause
T cell activation (314). In addition, because of its unique Fc
characteristics, IgY does not cause the false-positive results or
aggregation in immunoassays often seen with use of monoclonal
and polyclonal mammalian antibodies (5). When used as a
therapeutic, IgY - unlike mammalian antibodies - also cannot
activate the mammalian complement cascade that may cause cell
lysis (314), even after repetitive subcutaneous injections in vivo.
However, IgY used as a repetitive parenteral product is unlikely
due to risk of an adverse immune response.

In humans, controlled clinical trials have shown that IgY has a
favorable safety profile with its known nonparenteral
administration. Continuous prophylactic treatment by a daily
mouth rinse with specific IgY against P. aeruginosa in 17 patients
with cystic fibrosis for up to 12 years (114 patient-years)
significantly reduced pulmonary P. aeruginosa infections
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compared with 23 cystic fibrosis control patients, with no adverse
events (119, 315). Use of oral anti-P. aeruginosa IgY gargling
solution by 83 patients with cystic fibrosis for a median of 26.3
months resulted in a similar number and incidence of adverse
events compared with 81 patients receiving placebo (120).

Additional clinical studies showing favorable safety of IgY
given orally include treatment with a gel containing anti-
Candida IgY (316), treatment with lozenges containing anti-P.
gingivalis IgY (317), ingestion of anti-rotavirus IgY in pediatric
patients with rotavirus diarrhea (63, 67), and ingesting yogurt
containing anti-H. pylori IgY (167). Parenteral administration of
IgY has not been evaluated but may be of value as a single
injection in situations such as the need for antivenom treatment.
IgY-based antivenom given parenterally resulted in complete
protection in animal models of lethal venomous bites and stings
(318–321).

Stability
Due to its physical and biochemical properties, IgY is protected
from inactivation down to pH 3 (8), heat up to 60°C (156), and
proteolytic enzymes (313). At a pH lower than 3, such as in the
gastrointestinal tract, inactivation of IgY is similar to other
immunoglobulins but can be minimized by encapsulation
(322). IgY can also be degraded by stomach protease and
pepsin, thereby reducing IgY’s efficacy in the treatment of
gastrointestinal diseases (4). However, a variety of formulation
ingredients can increase IgY stability. For example, a 50%
solution of sorbitol is a polyol that is commonly used to
improve protein stability. Sorbitol at this concentration is
sufficient to prevent the pH-dependent inactivation of IgY by
strengthening the hydrophobic interactions and by surrounding
and preventing the exposure of its aromatic or carboxylic amino
acids, the sites of pepsin proteolysis (323).

Coupling of polyethylene-glycol improves the heat stability of
IgG, and thereforemay also increase the heat resistance of IgY (324).
High concentrations of sucrose also had a stabilizing effect on IgY:
in a 50% sucrose solution, the activity of IgY was completely
retained even when heated to 80°C (325). Furthermore, the
encapsulation of IgY in liposomes renders IgY resistant to acidic
conditions and pepsin (326, 327). Orally administered chitosan-
alginate microcapsules also protected premature degradation and
improved bioactivity and targeting of IgY to microorganisms in the
lower intestinal tract of neonatal and early-weaned piglets (235).

Production Process
IgY may provide a low-cost and fast method for the development
of prophylactic immunization strategies. The phylogenetic
relationship between birds and mammals not only permits the
adaptation of IgY as an alternative to mammalian antibodies for
clinical use, but also increases sensitivity of IgY to human
antigens for diagnostics. Thus, immunization of laying hens
twice with the antigen of interest is sufficient to produce a
humoral response that results in the production of large
amounts of specific IgY molecules in their eggs for several
months. Typically, older hens produce a higher titer compared
with younger chickens (328). As mentioned previously, IgY
collection does not require bleeding of the immunized laying
Frontiers in Immunology | www.frontiersin.org 13
hens or their progeny, thus reducing animal distress and other
ethical considerations.

A typical egg of an immunized hen contains about 100 mg of
IgY and a single immunized hen lays approximately 325 eggs per
year, resulting in a total production yield of up to 40 g of IgY per
hen per year (329). We estimate that each egg can produce
approximately 10 doses of treatment/person, varying with the
indication. Two to 10% of the IgY found in eggs of immunized
commercial hens is specific to the antigen of interest (330). A
much higher amount, 500 mg of IgY per egg, is produced in
specific pathogen-free hens, hence the percentage of specific
antibodies is likely higher; specific IgY levels can be
maintained without further inoculation of the laying hen for
up to half a year (230). IgY can be purified via a variety of
nontoxic methods, including water dilution and low pH-induced
precipitation, as well as polyethylene glycol-, dextran sulfate- and
xanthan gum-induced precipitations (331) or NaCl extraction
(332). Therefore, in terms of environmental impact, IgY can be
efficiently collected and processed on an industrial scale without
the usage of harsh chemicals and the production of toxic
byproducts (8). Very large quantities of IgY antibodies can be
harvested from the eggs laid by a single immunized hen, and the
overall yield is comparable to the amount that can be collected
from large mammals such as goats and cows, and 18-times
higher than what is collected from rabbits (9).
CONCLUDING REMARKS AND
FUTURE PERSPECTIVES

Use of avian IgY antibodies has important implications for a
wide range of human and veterinary clinical applications. As a
diagnostic tool, the inflexibility of IgY’s structure prevents
binding to rheumatoid factor, which is found in mammalian
samples. Because of this advantage conferred by IgY’s structure,
the use of IgY antibodies in immunoassays may result in less
background noise, fewer false positives, and decreased
aggregation of antibodies, which are common issues observed
with both monoclonal and polyclonal mammalian antibodies.
Furthermore, IgY antibodies have also shown high binding
specificity and low cross-reactivity with other antigens
comparable to current industry standards and may have value
in a variety of applications to detect pathogens.

IgY has been explored as a prophylactic agent with the
potential to neutralize pathogens in vivo. IgY antibodies can be
developed into highly stable and concentrated products that can
be evaluated under controlled settings in human and veterinary
subjects, with the route depending on the intended target of
prophylaxis. Nonparenterally administered IgY products, such as
oral ingestibles, nasal sprays, and nasal drops, may provide
widespread protection against pathogens that can colonize,
infect, or damage the gastrointestinal and respiratory tracts.
Neutralizing IgY antibodies may also warrant evaluation to
target specific pathogens circulating in the bloodstream or
localized in a specific area. Because IgY administration before
infection has been demonstrated to have significant protective
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effects in vivo in animal models, evaluation of its use as
prophylactic therapy in humans may be of special interest,
including for SARS-CoV-2 in context of the current COVID-19
pandemic. Besides use in passive immunotherapy, IgY antibodies
have also shown promise as a potential therapeutic agent for a
wide spectrum of clinical applications. Specific IgY has detected
and neutralized both surface and internal pathogenic antigens
when administered after infection or consumption in multiple
preclinical models. In most of these applications, IgY is not
curative and has a greater therapeutic benefit with greater
protection when used as prophylactic treatment or in
conjunction to supplement existing standard treatments.

Limitations of IgY include possible host anti-IgY antibody
responses. Parenteral administration has potential for serum
sickness, an immune-complex-mediated hypersensitivity
reaction. IgY immunogenicity has been tested in a pig model,
which revealed that an anti-IgY antibody response was induced
upon both local and systemic routes of administration of IgY
(333, 334). Further safety studies are necessary to explore the
potential of an antigenic or allergic response in both human and
veterinary applications of IgY. Because of the phylogenetic
distance between IgY and mammalian immunoglobulins, IgY
is unable to bind to and activate Fc receptors, rheumatoid factors,
and the mammalian complement system. Acute responses
through these mechanisms would be unexpected.

Lack of intellectual property for IgY has hampered the
commercial development of therapeutics by industry. Despite
this, the potential of IgY to address a wide range of common
and fatal diseases in both farm animals and humans is gaining
interest (335–338) and warrants further exploration against
infectious agents, including those associated with pandemics.
For example, the distribution of COVID-19 vaccines with
outstanding safety and efficacy profiles remains limited, with an
Frontiers in Immunology | www.frontiersin.org 14
estimated 5.5% of the world population fully vaccinated as of June
1, 2121 (339). A key bottleneck in mRNA (COVID-19) vaccine
manufacturing is a global shortage of essential components (such
as nucleotides, enzymes, and lipids) (340), which has lessened
production of the estimated 11 billion doses needed to fully
vaccinate 70% of the world’s population – the figure assumed
needed to reach herd immunity. This shortage especially impacts
low- and lower-middle-income countries (340). In contrast, within
6 weeks of identifying an epidemic or pandemic-causing virus,
millions of egg-laying hens immunized throughout the world can
provide billions of doses of drug substance, as each egg can
produce many doses.
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Hantavirus Pulmonary Syndrome Outbreak in Argentina: Molecular
Evidence for Person- to-Person Transmission of Andes Virus. Virology
(1998) 241:323–30. doi: 10.1006/viro.1997.8976

89. Zaki SR, Greer PW, Coffield LM, Goldsmith CS, Nolte KB, Foucar K, et al.
Hantavirus Pulmonary Syndrome. Pathogenesis of an Emerging Infectious
Disease. Am J Pathol (1995) 146:552–9.

90. Centers for Disease Control and Prevention. (2021). Available at: https://
www.cdc.gov/hantavirus/hps/symptoms.html (Accessed April 15, 2021).
June 2021 | Volume 12 | Article 696003

https://doi.org/10.1128/JVI.78.4.1945-1953.2004
https://doi.org/10.1099/0022-1317-40-1-1
https://doi.org/10.1099/0022-1317-40-1-1
https://doi.org/10.1016/j.rvsc.2015.09.005
https://doi.org/10.1016/j.antiviral.2012.12.011
https://doi.org/10.4149/av_2017_02_03
https://doi.org/10.1007/s007050050123
https://doi.org/10.1007/s007050050123
https://doi.org/10.1016/0378-1135(93)90188-D
https://doi.org/10.5851/kosfa.2017.37.1.1
https://doi.org/10.1016/j.vetimm.2011.05.003
https://doi.org/10.1016/j.vetimm.2011.05.003
https://doi.org/10.1007/978-3-7091-6553-9_23
https://doi.org/10.1111/j.1348-0421.1990.tb01037.x
https://doi.org/10.4236/wjv.2012.22010
https://doi.org/10.1016/j.vaccine.2012.04.091
https://doi.org/10.1016/j.vaccine.2012.04.091
https://doi.org/10.1371/journal.pone.0042788
https://doi.org/10.15585/mmwr.mm6716a3
https://doi.org/10.1097/00005176-200101000-00009
https://doi.org/10.1097/MD.0000000000016100
https://doi.org/10.1016/0035-9203(52)90043-6
https://doi.org/10.1056/NEJMoa0805715
https://doi.org/10.1016/S0140-6736(16)00562-6
https://doi.org/10.1056/NEJMoa1602412
https://doi.org/10.1056/NEJMsr1604338
https://doi.org/10.1089/088282403763635465
https://doi.org/10.1089/088282403763635465
https://doi.org/10.3390/v11030301
https://doi.org/10.3201/eid0102.952004
https://doi.org/10.3201/eid0102.952004
https://doi.org/10.1016/S0140-6736(20)31375-1
https://doi.org/10.1016/j.vaccine.2018.09.063
https://doi.org/10.1128/CVI.00229-06
https://doi.org/10.1016/j.diagmicrobio.2007.11.010
https://doi.org/10.1038/srep07865
https://doi.org/10.1016/j.antiviral.2020.104923
https://doi.org/10.1371/journal.pntd.0005721
https://doi.org/10.1016/j.toxlet.2015.08.1108
https://doi.org/10.1073/pnas.0703498104
https://doi.org/10.1006/viro.1997.8976
https://www.cdc.gov/hantavirus/hps/symptoms.html
https://www.cdc.gov/hantavirus/hps/symptoms.html
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Lee et al. IgY Applications in Infectious Diseases
91. Custer DM, Thompson E, Schmaljohn CS, Ksiazek TG, Hooper JW. Active
and Passive Vaccination Against Hantavirus Pulmonary Syndrome With
Andes Virus M Genome Segment- Based DNA Vaccine. J Virol (2003)
77:9894–905. doi: 10.1128/JVI.77.18.9894-9905.2003

92. Brocato R, Josleyn M, Ballantyne J, Vial P, Hooper JW. Dna Vaccine-
Generated Duck Polyclonal Antibodies as a Postexposure Prophylactic to
Prevent Hantavirus Pulmonary Syndrome (Hps). PloS One (2012) 7:e35996.
doi: 10.1371/journal.pone.0035996

93. Haese N, Brocato RL, Henderson T, Nilles ML, Kwilas SA, Josleyn MD, et al.
Antiviral Biologic Produced in DNA Vaccine/Goose Platform Protects
Hamsters Against Hantavirus Pulmonary Syndrome When Administered
Post-Exposure. PloS Negl Trop Dis (2015) 9:e0003803. doi: 10.1371/
journal.pntd.0003803

94. World Health Organization. Ebola (2021). Available at: https://www.who.
int/health-topics/ebola (Accessed April 15, 2021).

95. Zhang Y, Wei Y, Li Y, Wang X, Liu Y, Tian D, et al. Igy Antibodies Against
Ebola Virus Possess Post-Exposure Protection in a Murine Pseudovirus
Challenge Model and Excellent Thermostability. PloS Negl Trop Dis (2021)
15:e0008403. doi: 10.1371/journal.pntd.0008403

96. Lukert PD, Saif YM. Infectious Bursal Disease. In: YM Saif, JR Glisson,
AM Fadhy, LR McDougal and DE Swayne, eds. Diseases of Poultry, 11th ed.
AMES: Iowa State University Press (2003). p. 161–80.

97. Schijns VEJC, Sharma J. “IAN Practical Aspects of Poultry Vaccination”.
In: F Davison, B Kaspers and KA Schat, editors. Avian Immunology,
London: Academic Press (2008). p. 373–93.

98. Mahgoub HA. An Overview of Infectious Bursal Disease. Arch Virol (2012)
157:2047–57. doi: 10.1007/s00705-012-1377-9

99. El-Ghany WAA. Comparison Between Immunoglobulins Igy and the Vaccine
for Prevention of Infectious Bursal Disease in Chickens.Glob Vet (2011) 6:16–24.

100. Farooq A, Rabbani M, Muhammad K, Akram Z, Ahad A, Fatima Z, et al.
Passive Immunization in Infectious Bursal Disease Virus Infected Birds
Using Chemically Purified Immune Yolk Immunoglobulins (Igy). Afr J
Microbiol Res (2012) 6:2993–8. doi: 10.5897/AJMR12.049

101. Yousif AA, Mohammad WA, Khodeir MH, Zeid AZAA, El-Sanousi AA, MS
S, et al. Oral Administration of Hyperimmune Igy: An Immunoecological.
Approach to Curbing Acute Infectious Bursal Disease Virus Infection. Egypt
J Immunol (2006) 13:85–94.

102. Fahey JE, Crawley JF. Studies on Chronic Respiratory Disease of Chickens Ii.
Isolation of a Virus. Can J Comp Med Vet Sci (1954) 18:13–21.

103. Jones RC. “Reovirus Infections”. In: DE Swayne, editor. Diseases of Poultry,
13th Edition. Hoboken: Wiley-Blackwell (2013). p. 351–73.

104. Sellers HS. Current Limitations in Control of Viral Arthritis and
Tenosynovitis Caused by Avian Reoviruses in Commercial Poultry. Vet
Microbiol (2017) 206:152–6. doi: 10.1016/j.vetmic.2016.12.014

105. Jung KM, Bae EH, Jung YT, Kim JW. Use of Igy Antibody to Recombinant
Avian Reovirus ςc Protein in the Virus Diagnostics. Acta Virol (2014)
58:108–13. doi: 10.4149/av_2014_02_108

106. Zhang L, Li D, Liu L, Zhang G. Rapid Immunochromatographic Test Strip to
Detect Swimming Crab Portunus Trituberculatus Reovirus. Dis Aquat Organ
(2015) 117:21–9. doi: 10.3354/dao02921

107. Larsen LE. Bovine Respiratory Syncytial Virus (Brsv): A Review. Acta Vet
Scand (2000) 41:1–24. doi: 10.1186/BF03549652

108. Ferella A, Bellido D, Chacana P, Wigdorovitz A, Santos MJD, Mozgovoj MV.
Chicken Egg Yolk Antibodies Against Bovine Respiratory Syncytial Virus
Neutralize the Virus In Vitro. Proc Vaccinol (2012) 6:33–8. doi: 10.1016/
j.provac.2012.04.006

109. Ghysdael J, Bruck C, Kettmann R, Burny A. Bovine Leukemia Virus. Curr
Top Microbiol Immunol (1984) 112:1–19. doi: 10.1007/978-3-642-69677-0_1

110. Hopkins SG, DiGiacomo RF. Natural Transmission of Bovine Leukemia
Virus in Dairy and Beef Cattle. Vet Clin North Am Food Anim (1997)
13:107–28. doi: 10.1016/S0749-0720(15)30367-4
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133. Casandra AB, Searcy-Bernal R, Lizárraga-Partida ML. Pathogenic Effects of
Vibrio Alginolyticus on Larvae and Postlarvae of the Red Abalone Haliotis
Rufescens. Dis Aquat Organ (1998) 33:119–22. doi: 10.3354/dao033119

134. Liu PC, Chen YC, Huang CY, Lee KK. Virulence of Vibrio Parahaemolyticus
Isolated From Cultured Small Abalone, Haliotis Diversicolor Supertexta,
With Withering Syndrome. Lett Appl Microbiol (2000) 31:433–7. doi:
10.1046/j.1365-2672.2000.00843.x

135. Wu C-J, Wang H, Chan Y-L, Li T-L. Passive Immune-Protection of Small
Abalone Against Vibrio Alginolyticus Infection by Anti-Vibrio Igy-
Encapsulated Feed. Fish Shellfish Immunol (2011) 30:1042–8. doi: 10.1016/
j.fsi.2011.01.026

136. Arasteh N, Aminirissehei AH, Yousif AN, Albright LJ, Durance TD. Passive
Immunization of Rainbow Trout (Oncorhynchus Mykiss) With Chicken Egg
Yolk Immunoglobulins (Igy). Aquaculture (2004) 231:23–36. doi: 10.1016/
j.aquaculture.2003.11.004

137. Kanno T, Nakai T, Muroga K. Mode of Transmission of Vibriosis Among
Ayu Plecoglossus Altivelis. J Aquat Anim Health (1989) 1:2–6. doi: 10.1577/
1548-8667(1989)001<0002:MOTOVA>2.3.CO;2

138. Li X, Jing K, Wang X, Li Y, Zhang M, Li Z, et al. Protective Effects of Chicken
Egg Yolk Antibody (Igy) Against Experimental Vibrio Splendidus Infection
in the Sea Cucumber (Apostichopus Japonicus). Fish Shellfish Immunol
(2016) 48:105–11. doi: 10.1016/j.fsi.2015.11.024

139. Gao X, Zhang X, Sun J, Du X, Li X, Zhang Y, et al. Passive Protection Effect of
Anti- Vibrio Anguillarum Igy-Encapsulated Feed on Half-Smooth Tongue
Sole (Cynoglossus Semilaevi) Against V. Anguillarum. Fish Shellfish
Immunol (2016) 56:483–8. doi: 10.1016/j.fsi.2016.07.041

140. Keetanon A, Chuchird N, Bae H-D, Won M-K, Kim S-Y, Elahi F. Effects of
Igy Antibody on Growth, Survival, Immune Responses and Protection
Against Vibrio Parahaemolyticus in Pacific White Shrimp. J Fish Environ
(2021) 45:1–6.

141. Gao X, Chen N, Zhang Y, Zhang X, Bing X. Non-O1 Vibrio Cholerae
Pathogen From Cyprinus Carpio and Control With Anti-non-O1 V.
Cholerae Egg Yolk Powder (Igy). Aquaculture (2017) 479:69–74. doi:
10.1016/j.aquaculture.2017.05.015

142. Soto-Rodriguez SA, Gomez-Gil B, Lozano-Olvera R, Betancourt-Lozano M,
Morales- Covarrubias MS. Field and Experimental Evidence of Vibrio
Parahaemolyticus as the Causative Agent of Acute Hepatopancreatic Necrosis
Disease of Cultured Shrimp (Litopenaeus Vannamei) in NorthwesternMexico.
Appl Environ Microbiol (2015) 81:1689–99. doi: 10.1128/AEM.03610-14

143. Kassim N, Mtenga AB, Shim W-B, Chung DH. The In Vitro and In Vivo
Efficacy of Hen Igy Against Vibrio Parahaemolyticus and Vibrio Vulnificus.
J Microbiol Biotechnol (2012) 22:1423–31. doi: 10.4014/jmb.1204.04006

144. Hu B, Yang X, Guo E, Zhou P, Xu D, Qi Z, et al. The Preparation and
Antibacterial Effect of Egg Yolk Immunoglobulin (Igy) Against the Outer
Membrane Proteins of Vibrio Parahaemolyticus. J Sci Food Agric (2019)
99:2565–71. doi: 10.1002/jsfa.9470

145. Soto-Rodriguez SA, Gomez-Gil B, Lozano R, del Rio-Rodrıǵuez R, Diéguez
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la Sociedad Venezolana Microbiologıá (2011) 31:118–23. (article in Spanish).

192. Bachtiar EW, Soejoedono RD, Bachtiar BM, Henrietta A, Farhana N,
Yuniastuti M. Effects of Soybean Milk, Chitosan, and Anti-Streptococcus
Mutans Igy in Malnourished Rats’ Dental Biofilm and the Igy Persistency in
Saliva. Interv Med Appl Sci (2015) 7:118–23. doi: 10.1556/1646.7.2015.3.6

193. Otake S, Nishihara Y, Makimura M, Hatta H, Kim M, Yamamoto T, et al.
Protection of Rats Against Dental Caries by Passive Immunization With
Hen-Egg-Yolk Antibody (Igy). J Dent Res (1991) 70:162–6. doi: 10.1177/
00220345910700030101

194. Fan M, Jiang Q, Bian Z. [the Study on Specific Anti-Streptococcus Mutans
Igy Against Dental Caries in Rats]. Hua Xi Kou Qiang Yi Xue Za Zhi (2003)
21:339–41. (article in Chinese).

195. Endang WB, Anggraeni A, Ratna M, Retno DS, Erni P. Effect of Topical
Anti- Streptococcus Mutans Igy Gel on Quantity of s. Mutans on Rats’ Tooth
Surface. Acta Microbio Imm Hung (2016) 63:159–69. doi: 10.1556/
030.63.2016.2.2

196. Chi Z-B, Gao Y-X, Pan Y, Zhang B, Feng X-P. The Inhibitive Effect of Igy
Toothpaste Against Oral Streptococcus Mutans. Shanghai Kou Qiang Yi Xue
(2004) 13:256–8.

197. Nguyen SV, Icatlo FC, Nakano T, Isogai E, Hirose K, Mizugai H, et al. Anti-
Cell-Associated Glucosyltransferase Immunoglobulin Y Suppression of
Salivary Mutans Streptococci in Healthy Young Adults. J Am Dent Assoc
(2011) 142:943–9. doi: 10.14219/jada.archive.2011.0301

198. Haselbeck AH, Panzner U, Im J, Baker S, Meyer CG, Marks F. Current
Perspectives on Invasive Nontyphoidal Salmonella Disease. Curr Opin Infect
Dis (2017) 30:498–503. doi: 10.1097/QCO.0000000000000398

199. Broom LJ, Kogut MH. Deciphering Desirable Immune Responses From
Disease Models With Resistant and Susceptible Chickens. Poult Sci (2019)
98:1634–42. doi: 10.3382/ps/pey535

200. Lee EN, Sunwoo HH, Menninen K, Sim JS. In Vitro Studies of Chicken Egg
Yolk Antibody (Igy) Against Salmonella Enteritidis and Salmonella
Typhimurium. Poult Sci (2002) 81:632–41. doi: 10.1093/ps/81.5.632

201. Mine Y. Separation of Salmonella Enteritidis From Experimentally
Contamina ted Liquid Eggs Us ing a Hen Igy Immobi l i z ed
Immunomagnetic Separation System. J Agric Food Chem (1997) 45:3723–
37. doi: 10.1021/jf9701998

202. Chalghoumi R, Thewis A, Beckers Y, Marcq C, Portetelle D, Schneider Y.
Adhesion and Growth Inhibitory Effect of Chicken Egg Yolk Antibody (Igy)
on Salmonella Enterica Serovars Enteritidis and Typhimurium In Vitro.
Foodborne Pathog Dis (2009) 6:593–604. doi: 10.1089/fpd.2008.0258

203. Terzolo HR, Sandoval VE, Caffer MI, Terragno R, Alcain A. Agglutination of
Hen Egg-Yolk Immunoglobulins (Igy) Against Salmonella Enterica, Serovar
Enteritidis. Rev Argen Microbiol (1998) 30:84–92. (article in Spanish).

204. Li X, Yao Y, Wang X, Zhen Y, Thacker PA, Wang L, et al. Chicken Egg Yolk
Antibodies (Igy) Modulate the Intestinal Mucosal Immune Response in a
Mouse Model of Salmonella Typhimurium Infection. Int Immunopharmacol
(2016) 36:305–14. doi: 10.1016/j.intimp.2016.04.036

205. Rahimi S, Shiraz Z, Salehi T, Karimi Torshizi MA, Grimes J. Prevention of
Salmonella Infection in Poultry by Specific Egg-Derived Antibody. Int J Poult
Sci (2007) 6:230–5. doi: 10.3923/ijps.2007.230.235

206. Khanna S, Pardi DS. Clinical Implications of Antibiotic Impact on
Gastrointestinal Microbiota and Clostridium Difficile Infection. Expert Rev
Gastroenterol Hepatol (2016) 10:1145–52. doi: 10.1586/17474124.2016.
1158097

207. Mulvey G, Dingle T, Fang L, Strecker J, Armstrong G. Therapeutic Potential
of Egg Yolk Antibodies for Treating Clostridium Difficile Infection. J Med
Microbiol (2011) 60:1181–7. doi: 10.1099/jmm.0.029835-0
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333. Torché A-M, Dimna ML, Le Corre P, Mesplède A, Le Gal S, Cariolet R, et al.
Immune Responses After Local Administration of Igy Loaded-Plga
Microspheres in Gut-Associated Lymphoid Tissue in Pigs. Vet Immunol
Immunopathol (2006) 109:209–17. doi: 10.1016/j.vetimm.2005.08.016

334. Vega CG, Bok M, Vlasova AN, Chattha KS, Fernández FM, Wigdorovitz A,
et al. Igy Antibodies Protect Against Human Rotavirus Induced Diarrhea in
the Neonatal Gnotobiotic Piglet Disease Model. PloS One (2012) 7:e42788.
doi: 10.1371/journal.pone.0042788

335. Pereira EPV, van Tilburg MF, Florean EOPT, Guedes MIF. Egg Yolk
Antibodies (Igy) and Their Applications in Human and Veterinary Health:
Frontiers in Immunology | www.frontiersin.org 23
A Review. Int Immunopharmacol (2019) 73:293–303. doi: 10.1016/
j.intimp.2019.05.015

336. Thirumalai D, Ambi SV, Vieira-Pires RS, Xiaoying Z, Sekaran S, Krishnan U.
Chicken Egg Yolk Antibody (Igy) as Diagnostics and Therapeutics in
Parasitic Infections - a Review. Int J Biol Macromol (2019) 136:755–63.
doi: 10.1016/j.ijbiomac.2019.06.118

337. Leiva CL, Gallardo MJ, Casanova N, Terzolo H, Chacana P. Igy-Technology
(Egg Yolk Antibodies) in HumanMedicine: A Review of Patents and Clinical
Trials. Int Immunopharmacol (2020) 81:106269. doi: 10.1016/
j.intimp.2020.106269

338. Hakalehto E. Chicken Igy Antibodies Provide Mucosal Barrier Against
SARS-Cov-2 Virus and Other Pathogens. Isr Med Assoc J (2021) 4:208–11.

339. University of Oxford. Our World in Data. Vaccinations by Location .
Available at: https://www.google.com/search?q=how+many+percentage
+vaccinated+covid+worldwide&ie=UTF-8&oe=UTF-8&hl=en-us&client=
safari (Accessed June 1, 2021).

340. Irwin A. What it Will Take to Vaccinate theWorld Against Covid-19.Nature
(2021) 592:176–8. doi: 10.1038/d41586-021-00727-3

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Lee, Samardzic, Wallach, Frumkin and Mochly-Rosen. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
June 2021 | Volume 12 | Article 696003

https://doi.org/10.3382/japr.2008-00142
https://doi.org/10.3382/japr.2008-00142
https://doi.org/10.3382/ps.2008-00323
https://doi.org/10.3382/ps.2008-00323
https://doi.org/10.1016/0022-1759(93)90380-P
https://doi.org/10.1016/j.vetimm.2005.08.016
https://doi.org/10.1371/journal.pone.0042788
https://doi.org/10.1016/j.intimp.2019.05.015
https://doi.org/10.1016/j.intimp.2019.05.015
https://doi.org/10.1016/j.ijbiomac.2019.06.118
https://doi.org/10.1016/j.intimp.2020.106269
https://doi.org/10.1016/j.intimp.2020.106269
https://www.google.com/search?q=how+many+percentage+vaccinated+covid+worldwide&ie=UTF-8&amp;oe=UTF-8&amp;hl=en-us&amp;client=safari
https://www.google.com/search?q=how+many+percentage+vaccinated+covid+worldwide&ie=UTF-8&amp;oe=UTF-8&amp;hl=en-us&amp;client=safari
https://www.google.com/search?q=how+many+percentage+vaccinated+covid+worldwide&ie=UTF-8&amp;oe=UTF-8&amp;hl=en-us&amp;client=safari
https://doi.org/10.1038/d41586-021-00727-3
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Immunoglobulin Y for Potential Diagnostic and Therapeutic Applications in Infectious Diseases
	Introduction
	Diagnosis and Treatment of Viral Infections
	Detection and Neutralization of Coronaviruses: Severe Acute Respiratory Syndrome (SARS) Coronavirus and Middle East Respiratory Syndrome (MERS) Coronavirus
	IgY Against SARS-CoV-2
	Detection and Treatment of Influenza Viruses
	Treatment of Hepatitis B
	Treatment of Rotavirus Group A
	Treatment of Zika Virus
	Detection and Treatment of Dengue Fever
	Treatment of Hantavirus Pulmonary Syndrome
	Treatment of Ebola Virus Infection

	Viruses of Specific Interest in Diseases of Livestock
	Treatment of Infectious Bursal Disease
	Detection and Treatment of Reovirus
	Treatment of Bovine Respiratory Syncytial Virus
	Treatment of Bovine Leukemia Virus

	Treatment of Bacterial Infections
	Lung Infections
	Treatment of Pseudomonas aeruginosa in Cystic Fibrosis
	Treatment of Mycobacterium Tuberculosis
	Treatment of Acinetobacter baumannii

	Oral and Gastrointestinal Infections
	Treatment of Vibrio
	Treatment of Helicobacter pylori
	Treatment of Porphyromonas gingivalis
	Treatment of Prevotella intermedia
	Treatment of Solobacterium moorei
	Treatment of Fusobacterium nucleatum
	Treatment of Streptococcus mutans
	Treatment of Salmonella
	Treatment of Clostridium difficile
	Detection and Treatment of Campylobacter jejuni

	Sepsis
	Detection and Treatment of Escherichia coli
	Detection and Treatment of Staphylococcus aureus
	Detection and Treatment of Aeromonas

	Skin-Related Infections
	Treatment of Propionibacterium


	Diagnosis and Treatment of Fungal Infections
	Treatment of Candida albicans

	Diagnosis and Treatment of Parasitic Diseases
	Treatment of Trypanosoma
	Detection and Treatment of Cryptosporidiosis
	Treatment of Eimeria

	Principles Regarding the Clinical Use of IgY
	Physicochemical Properties of Chicken IgY Contribute to Safety
	Stability
	Production Process

	Concluding Remarks and Future Perspectives
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


