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Abstract
Recent reports from Japan implicated wild Sika deer (Cervus nippon) in the zoonotic transmission
of hepatitis E to humans. Seroprevalence studies were performed to determine if imported feral
populations of Sika deer in Maryland and Virginia posed a similar risk of transmitting hepatitis E
virus (HEV). Hunters collected blood on filter paper disks from freshly killed deer. The disks were
desiccated and delivered to a collection point. The dried filters were weighed to estimate the amount
of blood absorbed and were eluted and collected in one tube via a novel extraction system. The
procedure was quantified and validated with negative and positive serum and blood samples obtained
from domestic Sika deer before and after immunization with HEV recombinant capsid protein,
respectively. None of the 155 tested samples contained antibody to HEV, suggesting that Sika deer
in these populations, unlike those in Japan, do not pose a significant zoonotic threat for hepatitis E.
However, the new method developed for collecting and eluting the samples should prove useful for
field studies of many other pathogens.
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1. Introduction
Hepatitis E virus (HEV) is a small, non-enveloped virus that is enterically transmitted. In this
respect, it is similar to hepatitis A virus (HAV), although the two viruses belong to different
virus families: HEV has recently been reclassified in its own genus (Hepevirus) and its own
family (Hepeviridae), whereas, HAV is classified in the genus Hepatovirus in the family
Picornaviridae (Emerson et al., 2004; Stanway et al., 2004). Although both viruses are
enterically transmitted, their epidemiology is quite different: HAV, like many other enterically
transmitted viruses, almost universally infects infants and children in developing countries and
causes little disease but infects older children and adults in more “sanitized” industrialized
countries and causes significant morbidity in this age group. In contrast, HEV causes disease
principally in older children and young adults in developing countries whereas the few clinical
cases of hepatitis E in industrialized countries occur mostly in older adults. Also unlike the
situation with HAV, in which virtually 100% of the populations of developing countries have
antibody to HAV (anti-HAV) by age 5 years, the prevalence of antibody to HEV (anti-HEV)
in developing countries is generally quite low in infants and young children, with peak infection
rates in older children and young adults. Furthermore, the prevalence of anti-HEV seldom
exceeds 50% in most developing countries where HEV is endemic and is generally 10–20%
in industrialized countries (Purcell and Emerson, 2001). While some of these differences may
be ascribed to differences in fecal shedding and resistance to inactivation by environmental
factors, it is likely that other epidemiologic factors are responsible.

One of these epidemiologic factors may be modes of transmission. Whereas HAV is transmitted
only from humans to other humans (with the possible exception of transmission from certain
monkey species where humans and wild monkeys overlap), at least 2 of the 4 recognized
genotypes of human HEV naturally infect swine and, on occasion other species (Meng,
2000). Zoonotic spread of HEV has been proposed and, indeed, documented in a few cases.
Thus, several cases of hepatitis E following ingestion of raw or under-cooked pork were
reported from Japan and one instance of a small outbreak of hepatitis E following ingestion of
Sika deer meat was also reported from Japan (Masuda et al., 2005; Matsuda et al., 2003;
Takahashi et al., 2004; Tamada et al., 2004; Tei et al., 2003). Furthermore, anti-HEV was found
in 9% of wild boars and 2% of wild Sika deer in Japan (Sonoda et al., 2004).

HEV is highly endemic in domestic swine herds in North America and transmission from swine
to humans has been suspected on epidemiologic grounds, but not proven in the U.S. (Meng et
al., 2002). Although not native to the United States, Sika deer were introduced into the country
during the past century and local populations have expanded to the point that their numbers
are now controlled by hunting. To determine whether U.S. Sika deer had serologic evidence
of HEV infection and therefore posed a risk of HEV infection to deer hunters during the annual
deer season, hunters were asked to collect blood from freshly killed Sika deer at a hunting site
in the Maryland portion of Assateague Island (Assateague Island National Seashore) and from
another on the Eastern Shore of Maryland (Blackwater National Wildlife Refuge). Hunters
were supplied with kits for the blood collection and the resultant samples were tested for anti-
HEV with a sensitive enzyme-linked solid immunosorbent assay (ELISA) that could detect
antibodies to all recognized mammalian strains of HEV.
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2. Materials and Method
2.1 Sample Collection

Each hunter was given a blood collection kit, which consisted of a 2.3 cm filter paper disc
(Whatman 1003323), plastic forceps (TradeWinds Direct DF8088N) and a desiccant packet
(Control Company 3151) inside a closed zip-lock bag (SKS Plastics 1304M08). Each hunter
was instructed to collect as much fresh blood as the filter paper disc would absorb and to drop
the filter paper disc and the forceps back into the zip-lock plastic bag. Bags were labeled with
the hunter’s registration number and turned into authorities upon hunter check-out. Bags were
collected from both sites and stored at room temperature. Upon receipt in the laboratory, each
filter was logged in and weighed.

2.2 Control samples
Two domestically raised Sika deer were immunized with 20 μg of purified HEV capsid protein
emulsified in Freund’s incomplete adjuvant (Pierce 77145). The immunization was repeated
four weeks later. Blood was collected before immunization and weekly thereafter. The same
antigen was used in the ELISA for antibody to HEV. The National Institutes of Health
guidelines for the humane use of animals were followed during the study.

2.3 Calibration of weight of dried filter paper discs with volume of blood
Control filter paper discs were inoculated with 25–300 μL (in 25 μL increments) of whole
blood from a seronegative human volunteer with a hematocrit of 45% or with 25– 400 μL (in
25 μL increments) of Sika deer blood (hematocrit 43–45%) collected before the immunization
and two weeks after the booster immunization, respectively. Each control filter paper disc was
dried in a zip-lock bag with desiccant for at least five days. Dried filter paper discs were weighed
and an equation was derived from the relationship between the filter’s dry weight and the
amount of whole blood inoculated on the filter paper. This equation was used to estimate the
amount of deer blood absorbed by the sample filter paper discs.

2.4 Elution procedure
Elution of antibody from the dried filter paper discs was accomplished by adding 500 μL of
gelatin solution (0.5% gelatin [BIO-RAD 170-6537], 1% bovine serum albumin (BSA) [KPL
50-61-01], and 0.05% Tween 20 [BIO-RAD 170-6531] in phosphate-buffered saline) to the
dried filter paper discs in the inner compartment of an Ultra Free-CL centrifugal filter device
(Millipore UFC40GV00). The centrifugal filter device was placed in a roller tube drum and
rotated horizontally at room temperature for two hours at a speed of 20 rpm. The tube was then
centrifuged at 3 000 rpm for 10 min. to extract the blood and gelatin solution from the filter
paper.

2.5 ELISA plate preparation
The wells of a polystyrene 96-well plate (Falcon 353228) were coated with 100 μL of HEV
SAR-55 (recombinant truncated (56 kDa) capsid protein, expressed in insect cells from ORF2
of the SAR-55 strain of HEV and purified as described previously (Robinson et al., 1998) at
a concentration of 0.25 μg/mL. Alternatively, the wells of the plate were coated with rabbit
anti-deer IgG (heavy plus light chain specific) (KPL 01-31-06) at a concentration of 1 μg/mL
in carbonate-bicarbonate buffer (Sigma C-3041). The plates were incubated overnight (18–22
hours) at room temperature, washed twice with KPL wash solution (0.02% Tween 20 in 0.002
M imidazole-buffered saline [KPL 50-63-00]), and then blocked with 120 μL of gelatin solution
in PBS before incubation at 37°C for one hour. The blocked plate was washed twice with KPL
wash solution before use.
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2.6 ELISA for deer IgG anti-HEV
Eluates were diluted 1:50 and 1:100 with the gelatin solution and tested against the HEV
SAR-55 antigen. A 1:1 000 dilution of the deer blood eluates was tested against the anti-deer
IgG. One hundred μL of diluted deer serum or eluate was inoculated into assigned wells, the
plate was incubated at 37°C for 30 min., washed four times with the KPL wash solution, and
in wells with diluted deer eluate or serum samples, 100 μL of peroxidase-labeled rabbit anti-
deer IgG was added at a concentration of 1 μg/mL. The plate was incubated at 37°C for 30
min. and washed four times with the KPL wash solution. Color development was initiated by
addition of 100 μL of ABTS substrate (0.3 g of 2,2′-azino-di [2-ethyl-benzthiazoline-6-
sulfonate] per liter with 0.1% H2O2 in glycine-citric acid buffer [KPL 50-66-18]) to each well.
The optical density (OD) was read at 405 nm for forty min. at five-minute intervals.

Four dilutions of an anti-HEV positive secondary standard which were comparable to 0.25,
0.05, 0.01 and 0.002 U/mL of the WHO human anti-HEV standard (Ferguson et al., 2002)
served as a plate control. These controls were tested with peroxidase-labeled goat anti-human
IgG (heavy plus light chain specific) (KPL 074-1006), at a concentration of 1μg/mL instead
of the deer-specific conjugate. Sika deer controls consisted of Sika deer serum and eluates
extracted from filter papers that had been inoculated with 50 μL or 400 μL of blood from an
experimentally immunized Sika deer. These samples were serially diluted in 10-fold
increments and tested in parallel with the field samples.

2.7 Blocking ELISA for deer IgG anti-HEV
A blocking procedure was performed on samples with optical densities greater than 0.200 at
the 1:50 dilution. Equal amounts of HEV SAR-55 antigen (1 μg/mL) or gelatin solution were
incubated with the diluted eluate at 37°C for one hour and tested for anti-HEV. Pre- and post-
immunization eluates and sera from a Sika deer served as negative and positive controls,
respectively, in the blocking test.

2.8 Fractionation of deer IgG
Quantification of deer IgG was preceded by the removal of excessive amounts of hemoglobin
in the filter eluate. Deer IgG was removed from eluates of filters inoculated with 100, 200, 300
or 400 μL of deer blood by passage through ImmunoPure ® Immobilized Protein A/G (Pierce
20422) gel slurry equilibrated with binding buffer (Pierce 54200) in a Handee™ Spin Cup
Column (Pierce 69702). After incubation at room temperature for 30 min., the column was
washed four times with binding buffer. IgG bound to protein A/G was eluted with 400 μL of
the elution buffer (Pierce 21004), and immediately neutralized with 40 μL of 1 M Trizma®-
HCl (Sigma T-2819). The elution step was repeated four times, and electrophoresis was
performed on the protein A/G eluate to assess the performance of the procedure and to quantify
the amount of IgG.

2.9 Electrophoresis
One to five microliters of the protein A/G eluate was added to the reducing sample buffer (60
mM Tris-HCl, pH 6.8, 2% SDS, 10% glycerol, 5 mM DTT and 0.01% bromophenol blue) to
obtain a final volume of 15 μL. In addition, a human IgG standard (Sigma I4506) was tested
at 0.25 to 1 μg per 15 μL volume. Samples were heated at 58°C for 30 min., cooled to room
temperature and centrifuged briefly.

Next, the samples were applied to 8–16% Tris-HCl polyacrylamide gradient gels (BioRad
161-1222). The running buffer consisted of 25 mM Tris, 192 mM glycine, pH 8.3, 0.1% SDS.
Electrophoresis was conducted at 50 V for 30 min. followed by 125 V for 90 min.. The gel
was rinsed in 200 mL of deionized water and stained for approximately 15 hr. in colloidal
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Coomassie Blue (20% methanol, 2% phosphoric acid, 10% ammonium sulfate and 0.1%
Coomassie Brilliant Blue G-250). The gels were de-stained over 6 hours with four 200 mL
changes of de-ionized water. Heavy and light chain bands were quantified, based on the human
IgG standard, in a Molecular Dynamics Personal Densitometer SI.

3. Results
3.1 Sika Deer

Samples from 174 deer were collected for the study. Sixty-nine were from the Assateague
Island National Seashore and 105 were from the Blackwater National Wildlife Refuge. Among
the deer collected from the Assateague Island National Seashore, 31 were males and 38 females.
The males’ estimated field-dressed weights ranged from 16–102 pounds; the females’
estimated field-dressed weights were 16–66 pounds. This information was not available for
the Blackwater deer.

3.2 Evaluation of filter paper discs
Of the 174 filters collected, 9 (all from Assateague) were placed in bags without desiccant
packets; these were deleted from the study. The weights of usable filters ranged from 0.080–
0.216 grams with a mean, median and mode of 0.112, 0.110 and 0.093 grams, respectively,
(data not shown).

3.3 Determination of the amount of blood absorbed by the filters
An equation was derived from the dry weights of filters that were inoculated with known
volumes of whole blood from a human volunteer. The equation was linear with an intercept
close to the mean weight of the clean filter paper discs (0.107 ± 0.0212): y equals 0.000222 x
plus 0.0730, where y is the weight (grams) of the dried filter paper disc and x is the amount
(μL) of blood absorbed by the filter. The hematocrit of all the deer in this study was assumed
to be 45%. From this equation, the volume of Sika deer blood absorbed by the filter paper discs
ranged from 32–643 μL, with a mean, median and mode of 175, 167 and 91 μL, respectively
(data not shown).

On average, the percent of fluid recovered from the rehydrated filter paper discs was over 80%
(greater than 410 μL) and, with a few exceptions, the color of the filter paper disc after elution
was white to light red, indicating successful removal of blood from the dried filter. The eluate
was grossly hemolyzed (Figure 1).

3.4 Sika deer controls
The two immunized Sika deer seroconverted 2 weeks after the first immunization and,
following a booster immunization at week 4, blood and sera were collected at week 6, when
both deer had anti-HEV titers of approximately 1:10 000. Filter paper discs inoculated with
pre-immunization and post-immunization blood from the Sika deer had comparable weights.
Based on the equation for conversion of filter paper weights to volume of blood, the average
calculated blood volume was greater than 90% of the actual volume. In addition, serial dilutions
of post-immunization deer serum and eluate (from a filter that had been inoculated with 50
μL of post-immunization deer blood) had comparable and parallel optical densities that were
linear from approximately OD 0.5–2.6 (Figure 2). The linear range of an eluate from a filter
that had been inoculated with 400 μL of post-immunization deer blood had a linear OD range
that was slightly less but the differences were not significant (Figure 2).
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3.5 Primate Controls
Since the ELISA for IgG anti-HEV was optimized for primate samples, the same optimization
criteria were used to evaluate the performance of the assay when comparing serum with eluates
of blood-impregnated filters. The slope and the intercept of the secondary standards
(corresponding to 0.25, 0.05, 0.01 and 0.002 U/mL of the WHO standard (Ferguson et al.,
2002)) were used to determine the optimal reading time within the 40 minute kinetic-reading
timeframe, as described previously (Engle et al., 2002). Optical density readings after 15 and
20 min. were used in this study.

3.6 Quantification of total deer IgG
The amount of deer IgG on four filters with different amounts of deer blood was measured by
fractionating the IgG on a protein A/G affinity matrix. After washing and eluting, the IgG was
electrophoretically separated into its heavy and light chain components, which were well
separated from residual hemoglobin and other proteins such as transferrin that non-specifically
bound to protein A/G; hemoglobin migrated in parallel with the 15 kDa marker, while the deer
IgG heavy and light chains migrated near the 50 kDa and 25 kDa markers, respectively. In
addition, both heavy and light chains migrated similarly to human IgG heavy and light chains,
and the bands were quantified based on the human IgG standard; filters inoculated with 100,
200, 300 and 400 μL of deer whole blood contained 320, 779, 1139, and 1638 μg of total deer
IgG, respectively (Figure 3). The same four eluates that were used for electrophoretic
quantification of deer IgG were tested by ELISA for total deer IgG and the OD of each was
1.015, 1.144, 1.327 and 1.544, respectively. Thus, the ELISA for deer IgG was linear over the
range of 320–1638 ng per 100 μL (Figure 3).

3.7 Sika Deer Field Samples
Because the volume of blood absorbed to the individual filters could be estimated from weight
as described above, filter paper eluates from the wild Sika deer were adjusted to standard
dilutions of 1:50 and 1:100 for determinations of IgG-HEV and to 1:1 000 for determinations
of total deer IgG. As seen in Table 1 and Figure 4, the range of OD values for total deer IgG,
measured at a 1:1 000 dilution, was 0.401–1.787. Ten outlying samples with OD less than
0.700 were deleted from the study because the total deer IgG in these samples appeared to be
abnormally low. When the remaining 155 samples were tested for Sika deer IgG anti-HEV at
dilutions of 1:50 and 1:100, the range of OD values was 0.548–0.061 and 0.339–0.057,
respectively (Table 1). The average OD at both dilutions was approximately 0.100 and all ODs
were below 0.200 except for five samples, which had ODs of 0.215, 0.223, 0.223, 0.252 and
0.548 at the 1:50 dilution. For these samples, the total deer IgG OD values at the 1:1 000 dilution
were 1.733, 1.429, 1.145, 1.627 and 1.611, respectively. Thus, all but one of these had total
IgG OD values greater than the mean, median and mode for all of the samples (Table 1).

3.8 Competition Assay
To determine if the above samples with high (but negative) values for Sika deer anti-HEV were
the result of a high background of OD or whether they contained low levels of authentic anti-
HEV, sera and filter eluates from one of the immunized Sika deer and the five eluates from
wild Sika deer that had OD values greater than 0.200 were diluted to 1:50 and incubated with
either 1 μg/mL of the hepatitis E recombinant antigen used for the anti-HEV assay or with the
gelatin dilution solution before testing in the standard ELISA for Sika deer anti-HEV. Serum
and eluate collected from the immunized Sika deer before immunization showed less than 5%
reduction in OD when tested at a 1:50 dilution. In contrast, the OD of serum and eluate obtained
from the Sika deer after immunization, and diluted (1:10 000) to an OD comparable to that of
the eluates from the five wild Sika deer was reduced by greater than 60% (Table 2). The eluates
from all five Sika deer with higher than average OD values demonstrated less than 10%
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reduction in OD when they were incubated with HEV antigen and compared with results
obtained after incubation with diluent (Table 2). Thus, there was no evidence that any of the
155 Sika deer examined in this study had been exposed to HEV (less than 0.6% prevalence of
antibody).

Discussion
Sika deer (Cervus nippon) are native to Japan, Taiwan and Eastern Asia. In the early 1900s,
Clement Henry, a resident of Cambridge, Maryland, released five or six imported Sika deer
onto Assateague Island, and the deer reproduced and expanded into contiguous parts of
Maryland and Virginia (Eyler, 2003). Sika deer now inhabit much of the lower Eastern Shore,
including Assateaque Island National Seashore, in Maryland, and Chincoteague National
Wildlife Refuge in the Virginia part of the island, which is approximately 57 kilometers long
and approximately 2.5 kilometers wide. They live mostly in the western forested and salt marsh
regions of the island and, on occasion, they forage east into the dunes bordering the Atlantic
Ocean. They share the island with numerous wildlife, including the native white-tailed deer
and the famous Chincoteague ponies. To control the burgeoning Sika deer population, annual
hunts are scheduled. Following the 2004 hunting season in the Maryland portion of the island,
the Sika deer population was estimated to be approximately 10–15 animals per square
kilometer. There are campgrounds on the island and the deer come into relatively close contact
with humans but they would be unlikely to have contact with HEV through exposure to human
waste.

Sika deer also inhabit approximately 1/3 of the Blackwater National Wildlife Refuge on the
Chesapeake side of the Eastern Shore of Maryland. The 26 000 acre refuge is composed of
approximately 1/3 forest land, 1/3 marsh lands and 1/3 water. Population studies of Sika deer
in the refuge have not been performed. There are no campgrounds in the Blackwater National
Wildlife Refuge and little contact between humans and deer.

The current study was designed to evaluate the prevalence of anti-HEV in the two Sika deer
populations residing on opposite sides of the Eastern Shore of Maryland. Hunters participating
in the controlled hunts at the two sites cooperated by collecting blood from freshly-killed Sika
deer and returning the collection kits to officials when registering their kills.

Published procedures for extracting dried blood from filter paper have differed greatly and
often have not included quantification of the amount of blood absorbed or retained by the filter
paper (De Swart et al., 2001; Helfand et al., 2001; Jafri et al., 1998; Oppelaar, 1966). Because
of the lack of a standardized procedure for processing blood-impregnated filter paper discs, a
simplified collection and elution procedure was developed for this study. A gelatin solution
was used both for extraction and dilution of samples and reagents. Another component of this
procedure was the use of Millipore Ultrafree-CL centrifugal filter tubes. This tube simplified
the elution procedure because the elution and extraction steps were both carried out in the same
device. Similarly, the HEV-specific antigen used in the ELISA assay was the same antigen
that has been shown to detect all four mammalian genotypes of HEV with a high degree of
sensitivity and to stimulate antibodies that neutralize at least three of the four HEV genotypes
when incorporated into a vaccine (Emerson et al., 2006; Engle et al., 2002; Purcell et al.,
2003; Zhou et al., 2004). Finally, to confirm that the commercial rabbit anti-white-tail deer
IgG secondary antibody employed for this study was sufficiently cross-reactive to detect anti-
HEV in Sika deer, two Sika deer were immunized with HEV antigen and an ELISA was
standardized with pre-immunization and post-immunization sera and filter eluates from these
animals. Serial dilutions of serum and blood eluate (corrected for volume of the dried blood)
from one of the control deer yielded a linear assay over a 100 fold dilution of serum and eluate
(Figure 2). Slight differences were seen in the OD values of one eluate (50 μl) but these
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represented less than a two-fold difference in the titer in the linear range of the assay and less
than a four-fold difference in the nonlinear range. Thus these differences were not significant.

Because a small number of Sika deer blood eluates had a relatively high (but negative) OD
value when compared to controls, a blocking assay was developed to determine if they
contained low levels of specific anti-HEV. Although the blocking assay confirmed the
specificity of the anti-HEV in the immunized Sika deer, it demonstrated that the field samples
were, in fact, negative for anti-HEV. A similar blocking assay was used previously to confirm
the specificity of anti-HEV in sera from Japanese Sika deer (Sonoda et al., 2004)

Previous studies have shown that the prevalence of anti-HEV in several species (humans, swine
and rats) is age-specific and that the peak acquisition of such antibody occurs in juveniles and
young adults (Arankalle et al., 1995; Kabrane-Lazizi et al., 1999; Meng et al., 1997). In order
to determine if the populations of Sika deer that were surveyed had sufficient older animals,
i.e., those most likely to have been exposed to HEV, to draw a valid conclusion about anti-
HEV prevalence, the age of the Sika deer was determined based on their weight. Sika deer are
more closely related to elk than to white-tailed deer and are smaller than the native deer (Eyler,
2003). Data collected by the Department of Natural Resources indicated that the average weight
of a 1.5 year old male Sika deer is 53 pounds, while male deer over 3.5 years of age weigh 80
or more pounds (Hutton, 2002–2003). Females are smaller and a 1.5 year old female has an
average weight of 45 pounds; females older than 3.5 years weigh 60 pounds or more. Sika deer
reach sexual maturity at about 1.3 years and breed during their second year (Eyler, 2003).
Hunters from the Assateague Island National Seashore provided the deer’s field-dressed
weight, which does not include the internal organs of the animal. Thirty percent of the field-
dressed weight was added to the recorded weight to estimate the live weight of the animal.
Among the male deer killed, 17% were estimated to be less than 1.5 years of age, 63% had an
estimated age of 1.5–3.5 years and 20% were estimated to be over 3.5 years of age. Among
the female deer killed, 45% were estimated to be less than 1.5 years of age, 37% between 1.5
and 3.5 years of age and 18% greater than 3.5 years of age. Thus, 83% of the bucks and 55%
of the does were of an age that would be expected to have been exposed to HEV if natural
infection of Sika deer is similar to that of the other animal species studied to date.

A larger sample size can further substantiate the absence of hepatitis E antibodies in the Sika
deer populations at the Assateague Island National Seashore and the Blackwater National
Wildlife Refuge, especially if the expected seroprevalence of anti-HEV was only 2 percent, as
seen in Japan (Sonoda, et al., 2004), and presumed specific to certain age groups as described
above. The quantity of filters available for this study was limited by the number of hunters who
agreed to collect the filters and the number of samples that were collected properly. The failure
to detect anti-HEV in the two populations of deer, however, strongly suggests that HEV is not
ecologically important in these populations and that infection of hunters or other wildlife, such
as white-tailed deer in both ecological settings and the feral Chincoteague ponies in the National
Seashore, from Sika deer is very low.

The negative finding was not unexpected since Assateague Island National Seashore and the
Blackwater National Wildlife Refuge are geographically isolated and environmentally
protected and conserved by the National Park Service and the U.S. Fish and Wildlife Service,
respectively. In addition, the marshes and thick forested wetlands in these two regions have
limited the geographic distribution of the Sika deer (Eyler, 2003). In both of these regions,
food and water are available to the animals and their need to leave the area is minimal. In
contrast, Sika deer living in Japan live in close proximity not only to human populations, but
to swine (especially wild boars) that are known to harbor HEV (Sonoda et al., 2004; Takahashi
et al., 2004). It will therefore be useful to study Sika deer (and white-tailed deer) that live in
close proximity to populations of swine that might be infected with HEV. One such diverse
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habitat is in Texas, where Sika deer, white-tailed deer, peccaries and possibly other feral swine
live in close proximity. Such studies might provide important insights to understanding of the
ecology of HEV.
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Figure 1.
Ultra Free-Cl centrifugal filter device. A. Each sample filter was incubated with gelatin solution
in the inner compartment of the filter device. B. Eluate after extraction and centrifugation.
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Figure 2.
Serial dilution of pre-immunization and post-immunization samples from immunized Sika
deer. Two filters, inoculated with 50 μL and 400 μL of deer blood, respectively and a serum
sample were diluted and tested for deer IgG anti-hepatitis E virus in an ELISA as described in
the text.
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Figure 3.
Optical density based on total deer IgG. Eluates from four filters with different amounts of
deer blood were tested at dilutions of 1:1 000 for total deer IgG by ELISA. The amount of total
deer IgG was determined by extrapolating from known concentrations of human IgG standards
run in parallel on a (8–16%) SDS gel.
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Figure 4.
The distribution of total deer IgG in the Sika deer sample eluates based on optical density. Each
eluate was tested for total deer IgG at a 1:1 000 dilution by ELISA (n = 165). Ten samples with
OD values that were less than 0.700 were removed from the study.

Yu et al. Page 14

J Virol Methods. Author manuscript; available in PMC 2009 October 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Yu et al. Page 15

Table 1

Optical density values of Sika deer sample eluatesa

Deer IgG anti-hepatitis E virus Total Deer IgG Control

1:50 dilution 1:100 dilution 1:1000 dilution

MIN 0.061 0.057 0.701
MAX 0.548 0.339 1.787
MEAN 0.116 0.092 1.233
MEDIAN 0.109 0.087 1.238
MODE 0.086 0.076 1.222

a
155 sample filters were included in the analysis.
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Table 2

Blocking EIA for deer IgG anti-hepatitis E virus (anti-HEV)

ODa

Sample Eluate Blocked with HEVb Blocked with gelatin
Percent reduction

in OD Dilution of blocking

HTL 55 0.801 0.700 −14 1:50
HTL 58 0.366 0.353 −4 1:50
HTL 29 0.368 0.406 9 1:50
HTL 7 0.173 0.142 −22 1:50
HTL 128 0.196 0.141 −39 1:50
Negative eluate controlc,d 0.087 0.091 4 1:50
Positive eluate controlc,e 0.199 0.594 66 1:104

Negative serum controld 0.075 0.077 3 1:50
Positive serum controle 0.201 0.848 76 1:104

a
OD is the optical density at 405 nm.

b
Samples and controls were blocked with 1 μg/mL of HEV Sar-55.

c
Filters inoculated with 400 μL of deer blood were used for this study.

d
Baseline eluate and sera were used as negative controls.

e
Positive controls were collected six weeks after the immunization.
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