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Strand-specific hybridization probes were used in in situ hybridization studies to localize cells containing
mink enteritis virus (MEV) virion DNA or MEV replicative-form DNA and mRNA. Following the experimental
MEV infection of 3-month-old unvaccinated mink, a significant increase in serum antibodies to MEV was
detected at postinfection day (PIDI) 6, 2 days after the onset of fecal shedding of virus. Prior to the appearance
of virus in feces, viral DNA could be detected in the mesenteric lymph node and intestine. The largest
percentage of cells positive for virion DNA was 10% and was detected in the intestine on PID 6. However,
replication of the virus apparently peaked at PID 4. The number of MEV replicative-form DNA and mRNA
molecules was found to be approximately 250,000 copies per infected lymph node cell or crypt epithelial cell.
The localization, levels, and time course of viral replication have important implications for the pathogenesis
of MEV-induced disease. The data presented on MEV are correlated with earlier results on the other mink
parvovirus, Aleutian mink disease parvovirus, and a possible explanation for the remarkable differences in
pathogenesis of disease caused by these two parvoviruses is discussed.

Mink ententis virus (MEV) is an autonomous parvovirus
(14) causing an acute disease in mink. The disease was
initially reported from Canada (33), where it caused a
mortality of up to 80% of infected mink kits. The experimen-
tal infection causes a rapid and transient fecal shedding of
virus (25, 32, 36) and an increase in specific serum antibodies
shortly afterwards (36). Pathological changes in mink with
either naturally occurring (16, 33) or experimental MEV
infection (15, 25, 30) consist of lesions in the intestinal tract,
spleen, and mesenteric lymph node. The degenerative phase
is characterized by destruction of the crypts and villi,
hyperemia, edema, and cell infiltration in lamina propria,
and occasionally balloon cells or viral inclusions are formed.
Spleen and lymph nodes are swollen and hyperemic, with
degeneration of lymphatic cells. The distribution of virus in
mink with MEV infection has not been investigated before,
but the viral distribution during experimental infection of
dogs with the closely related canine parvovirus (CPV) (18)
has been investigated by using isolation in cell culture and
subsequent immunofluorescence (19) or quantitation by
hemagglutination (12). Direct immunofluorescence on cryo-
stat sections of intestine has been employed (17) to deter-
mine the localization of the viral antigen. A plaque titration
assay has been used to investigate the amount of infectious
virus in intestine and lymph node tissues from mink exper-
imentally infected with MEV 5 days prior to sampling (25).
We recently described a novel strategy involving strand-

specific in situ hybridization to define target cells for viral
replication by identifying cells containing specific nucleic
acid intermediates of viral replication (4-6). The purpose of
the study reported here was to study the tissue distribution
of these viral nucleic acids, i.e., single-stranded virion DNA,
double-stranded replicative forms (RFs) of DNA, and virus-
encoded mRNA, and correlate these findings with the clini-
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cal, serological, and histopathological findings during an
experimental MEV infection in mink.

MATERIALS AND METHODS

Animals. A total of 11 15-week-old mink kits not carrying
the Aleutian gene were used in the experiment. At this age,
kits are still susceptible to experimental infection, while the
majority of Danish mink are protected by vaccination pro-
grams. The mink were found free of circulating antibodies to
Aleutian disease virus and MEV when tested by countercur-
rent electrophoresis (1, 13) and hemagglutination inhibition
(HI) (36), respectively. The animals were housed separately
in standard cages.

Viruses. The MEV inoculum was a generous gift from H.
Kammer, United Animal Division, Madison, Wis. It was a
10% homogenate of spleen and intestine from MEV-infected
mink and was identical to the inoculum used in a vaccina-
tion-challenge experiment reported earlier (36). The virus
used in the laboratory test was the MEV-2 Ithaca strain (24)
grown in Norden Laboratory feline kidney cells or in Cran-
dell feline kidney (CRFK) cells, as described earlier (5, 36).

Experimental plan. Two randomly picked animals were
killed before infection, and material from these animals was
collected as control specimens. These mink are referred to
as mink OA and OB. The remaining animals were given 1 ml
of the virus inoculum by the oronasal route, and two animals
were randomly picked and killed on postinfection days
(PIDs) 2, 4, 6, and 8. The animals were labeled by the day
they were killed followed by a letter, i.e., 2A and 2B, etc.
One animal died on PID 6 and is referred to as 6C. The
animals were examined clinically every second day.
Blood samples were collected from the cephalic vein 4

days before virus exposure, as described previously (8), and
at necropsy.

Stool samples were collected before exposure and every
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FIG. 1. Summary of the single-stranded RNA hybridization
probes. A 20- to 95-m.u. fragment of the CPV genome was cloned
into the SP6-based transcription vectors pSP64 and pSP65, as

described previously (11). The vector synthesizing the plus-sense
transcript is designated pCPV3N, and the two subclones transcrib-
ing the minus-sense transcripts are designated pCPV95-56 (spans 95
to 56 m.u.) and pCPV56-20 (spans 56 to 20 m.u.). Purified plasmid
DNAs were linearized downstream of the viral sequences at the
BamHI, HindIII, and EcoRI sites and used as templates in in vitro
SP6 transcription reactions (5, 11). The locations of the SP6 pro-
moter and the restriction enzyme sites used in the cloning and probe
preparation procedures are indicated.

second day after exposure. Both stool and serum samples
were frozen and kept at -20°C until assayed.
The animals were killed by exsanguination under pento-

barbital anesthesia. Pieces of heart, lung, liver, spleen,
kidney, mesenteric lymph node, and defined areas of duo-
denum, jejunum, and ileum were immediately fixed in
freshly prepared ice-cold periodate-lysine-paraformalde-
hyde-glutaraldehyde (PLPG) solution as previously de-
scribed (4, 5). Serology only was performed on the animal
found dead on PID 6, because fresh material was required
for hybridizations. Fixed tissues were embedded in paraffin,
and sections were made for in situ hybridizations and
histological examination as described previously (4, 5). The
blood samples were taken in plain tubes to prepare sera. Bile
was collected from the gallbladders of killed animals.

Hybridization probes. All enzymes, isotopes, vectors, and
other chemicals were from sources previously enumerated
(3-6, 11).

Single-stranded sense-specific RNA hybridization probes
were developed by subcloning a 20- to 95-map-unit (m.u.)
fragment of the CPV genome (kindly provided by Colin
Parrish, Cornell University, Ithaca, N.Y.) into a transcrip-
tion vector based on bacteriophage SP6 (5, 11). CPV is more
than 95% related to feline panleukopenia virus and to MEV
at the DNA level (18, 22, 25, 29, 31, 34), and therefore a
probe based on CPV DNA can be used for detection of
CPV-, feline panleukopenia virus-, and MEV-encoded nu-
cleic acids. The vector synthesizing a plus-sense transcript
(pCPV3N) was obtained directly, as schematically repre-
sented in Fig. 1. However, in order to obtain a vector
generating a minus-sense transcript, it was necessary to
generate two subclones by cutting the 20- to 95-m.u. frag-
ment at the PstI site at m.u. 56 (22, 23) and clone the two
pieces into the transcription vector (Fig. 1). Radiolabeled
RNA transcripts from these two clones (pCPV95-56 and
pCPV56-20) were mixed to obtain a representative minus-
sense probe. For details on cloning procedures, see refer-
ences 5 and 11.

Single-stranded RNA probes were transcribed in vitro
under conditions previously detailed (5, 11). For filter blot
hybridizations, the RNA was radiolabeled with [32P]UTP;
for in situ hybridization, the RNA was radiolabeled with
[35S]UTP as detailed previously (5, 11). The sizes of the
transcripts were verified by the electrophoresis of a portion

of the labeled RNAs in a formaldehyde-agarose gel, detec-
tion by autoradiography, and size estimation by comparison
with included standards (5, 11).

Sense specificity of the probes. The sense specificity of the
probes was tested by hybridization to replicate Southern
blots of whole-cell DNA containing a known amount of
MEV DNA or to Northern (RNA) blots of poly(A)-selected
MEV mRNA isolated from MEV-infected CRFK cells, as
described previously (3, 5, 11). The plus-sense probe reacted
with both single-stranded virion DNA and double-stranded
RFs of MEV DNA but did not react with MEV mRNA (data
not shown). In contrast, the minus-sense probe reacted
primarily with the RFs of DNA and also with MEV mRNA.
These findings suggested that the minus-sense probe could
be used preferentially to detect replication of the virus
(presence of RFs of DNA and mRNA), while the plus-sense
probe could be used preferentially to show the mere pres-
ence of virus (virion DNA). For a detailed discussion of
strand-specific probes, the reader is referred to previous
papers (3-6, 9, 11).
The data also showed that the CPV probe, as expected,

cross-hybridized with excellent specificity and sensitivity to
MEV sequences.

In situ hybridization techniques. The in situ hybridizations
were performed exactly as described previously (4-6), ex-
cept that the CPV probes were used. Quantitation ofgenome
copy numbers was done as described previously (4-6).

Detection of viremia and virus in feces by hybridization.
Serum samples (200 ,ul) diluted 1:1 in TNE (0.15 M NaCl,
0.01 M Tris [pH 7.4], 0.001 M EDTA) and fecal samples (1
ml of a 20% suspension) were supplied with 1 ,ug of sheared
salmon sperm DNA as a carrier. DNA was then isolated by
the sodium dodecyl sulfate-proteinase K digestion method
described previously (10). The DNA was transferred to
nylon membranes (Hybond-N; Amersham Corp., Arlington
Heights, Ill.) by using standard Southern blot or slot blot
techniques. Filters were hybridized with the 32P-radiola-
beled plus-sense CPV RNA probe as described previously
(2-5, 10, 11). As an internal standard, 0.5 ng of purified MEV
RF DNA was applied to the membranes.

Viral antigen determinations. The amount of viral antigen
in stool and urine samples was tested by sandwich enzyme-
linked immunosorbent assay (ELISA), as described previ-
ously (36). A known positive fecal sample was included as an
internal standard. The ELISA values of the positive wells
(wells with rabbit anti-MEV as the catching antibody) minus
the negative wells (wells coated with nonimmune rabbit sera)
were indexed according to the positive control. Samples
containing more than 20% of the standard value were con-
sidered positive for MEV antigen.
Antibody titrations. Antibodies to MEV in serum and bile

samples were tested by HI on African green monkey eryth-
rocytes in barbital acetate-buffered saline (pH 6.2), as de-
scribed previously (36).

RESULTS

Clinical signs and viral excretion. The animals remained
healthy until PID 4, when five of seven mink (4B, 6A, 6B,
6C, and 8A) had diarrhea and stopped eating. Mink 6C was
found dead on PID 6.
The virus antigen content was analyzed in stool samples

from the number of animals still alive on the sampling day.
This means that PID 0 represents samples from 11 animals,
PID 2 represents 9 samples, PID 4 represents 7 samples, PID
6 is 5 samples, and PID 8 is based on 2 samples. Fecal
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FIG. 2 Amount of viral antigen in stool samples measured by
sandwich ELISA as described in Materials and Methods. The means
and standard deviations for the days indicated are presented. The
number of samples tested was as follows: PID 0, 11 samples; PID 2,
9 samples; PID 4, 7 samples; PID 6, 5 samples; and PID 8, 2
samples. All stool samples were indexed to an internal standard of
100%, and the means were calculated from these results.

samples were tested individually and compared with the
internal standard, and the mean and standard deviations
were calculated from the percentages in the individual
samples. The results are shown in Fig. 2.
During the first 2 days following inoculation, none of the

stool samples contained antigen in excess of background
(i.e., >20%). At PID 4, the mean antigen content as a
percentage of the standard was more than 60%, but the
standard deviation was very large, indicating that some of
the animals had more than 100%, and some had not yet
started to excrete virus. All samples taken at PID 6 con-
tained large amounts of antigen. On PID 8, the antigen
content decreased and both samples were near the detection
limit.
The DNA hybridization analysis of fecal samples revealed

almost identical results. By DNA hybridization, four
ELISA-negative samples showed a positive reaction. The
results were concordant in 21 negative and 9 positive sam-
ples, giving an agreement of 88% in the 34 samples.

Antibody titrations. Four days prior to infection, serum
samples were taken from all animals, and all samples were
negative in HI tests (<40). The antibody content in serum
remained below the detection limit until PID 6, when two of
three animals had a slight elevation in antibody titer. On PID
8, both animals had an antibody titer of >320.
The antibody titer in bile was measured by the method

mentioned above. This testing revealed some problems
during the preabsorption of bile samples with monkey eryth-
rocytes, because of the hemolytic effects of bile. During
preabsorption, the erythrocytes were lysed, but the follow-
ing HI test showed no inhibition in bile on PID 0. From PID
2, there was a significant increase in HI titers and the titer in
bile increased at least as fast as it did in serum. The results
of both serum and bile titrations are presented in Fig. 3.

Detection of viremia by hybridization. Viremia was detect-
able only in animals 2A, 4B, and 6C. The amount of MEV
virion DNA in mink 6C was about 10 ng/ml of serum, or
approximately 5 x 109 viral genomes per ml. The amount of
viral DNA in serum samples from mink 2A and 4B was about
10-fold lower than the amount in the sample from mink 6C.

In situ hybridization analysis of infected cell cultures. In situ
hybridization analysis was performed on control (unin-
fected) and MEV-infected CRFK cells by using the strand-
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FIG. 3. Specific antibody titers in serum and bile measured by
HI analysis of erythrocytes from the African green monkey. Blood
samples were taken from all 11 animals 4 days prior to infection.
After infection, two animals were killed every second day and serum
and bile were obtained at necropsy. The results are presented as the
mean value and standard deviation of the two samples.

specific probes. No grain count over background could be
detected over uninfected cells or cells infected for 6 h by
using either probe. At 10 h postinfection (p.i.), a few grains
over background were found over cells and the number of
grains per cell increased with time and reached maximum
levels at 24 h p.i. At 48 h p.i., the number of grains per cell
was still high, and in addition, a new population of cells
containing fewer grains was found, indicating new cell-
to-cell spreading of the virus infection. At 72 h p.i., up to
50% of the cells were positive for viral sequences.
By using the plus-sense probe, we found that the grains

were located in the nuclei of infected cells in early infection
but that later they became progressively located in the
cytoplasm (Fig. 4). When cells were pretreated with RNase
and hybridized to the minus-sense probe (shows RFs of
DNA), grains were located in the nuclei at all time points,
except for cells falling apart at late time points (Fig. 4). When
cells were not pretreated with RNase, the minus-sense probe
preferentially detects viral mRNA (4, 6) and the location of
the grains at all times was mainly cytoplasmic (Fig. 4). The
number of grains over cells infected for 24 h was counted,
and the number of copies of viral nucleic acid sequences was
estimated as described previously (4-6). On the basis of
these estimations, infected cells contained approximately
50,000 to 100,000 copies of viral single-stranded DNA ge-
nomes and the same amount of double-stranded RFs ofDNA
and, in addition, 250,000 to 300,000 copies of viral mRNA.

In situ hybridization analysis of infected mink tissues.
Sections from all mink killed during the experiments were
hybridized in situ by using the strand-specific probes. Sec-
tions were not pretreated with RNase, and therefore grains
over cells using the minus-sense probe represented viral RFs
of DNA and viral mRNA suggestive of viral replication in
the cell, while grains with the plus-sense probe in tissue
areas negative with the minus-sense probe primarily repre-
sented the mere presence of virion DNA either previously
produced in the cell or just being sequestered at the site.

Sections from control mink consistently gave low levels of
grains diffusely distributed over the whole slide and estab-
lished the background level (Fig. 5). Infected CRFK cells (24
h p.i.) with a known number of MEV genomes per positive
cell were included in each hybridization and served as an
internal standard by which copy numbers could be calcu-
lated (4-6).

J. VIROL.
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FIG. 5. In situ hybridization analysis of sections of ileum from noninfected (control) and MEV-infected mink. (a) In situ hybridization
analysis of ileum section from a normal (control) mink using the plus-sense probe. Only background levels of grains can be detected. (b) In
situ hybridization analysis of ileum section from a mink infected with MEV for 2 days. The section was hybridized with the plus-sense probe.
Heavy grain formation can be observed over a few epithelial cells in the bottom of a crypt. Bars, 20 p.m.
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By using either of the probes, on PID 2 it was observed
that grains in excess of background were formed over cells in
the crypt area of the ileum (Fig. 5) and in the middle of
germinal centers in the mesenteric lymph node. The other
organs and the duodenum and jejunum sections of the
intestine were negative for MEV sequences. At PID 4,
maximum levels of viral replication (i.e., detection of viral
RFs ofDNA and mRNA) were detected in mesenteric lymph
node cells (Fig. 6) and in crypt epithelial cells of the ileum
(Fig. 7) where up to 2 to 5% of the total cell population was
positive with the minus-sense probe. At this time, viral
replication could also be detected in crypt cells of the
duodenum and jejunum. However, fewer cells were affected
in these areas of the intestine. The spleen contained a few
positive cells scattered throughout the parenchyma. The
positive cells of the mesenteric lymph node consisted of a
few scattered single cells in the cortex region and a high
concentration of positive cells in the periphery of the central
zones of lymph node follicles. These cells could not be
identified with certainty, but the location is characteristic of
stimulated B lymphoblasts, although T cells, dendritic cells,
and macrophages may also be found at these sites (28, 37,
38). The other organs were negative for viral replication at
this time (PID 4). However, the plus-sense probe reacted
with a small number of cells in the liver, indicating the mere
presence of virus in this location. The positive cells had a
morphology and localization resembling Kupffer cells. With
this probe, areas around the germinal centers of the mesen-
teric lymph node and around the central arteries of the
spleen were diffusely positive for sequestered viral DNA
sequences. At PID 6, the level of viral replication was
decreased but the level of viral single-stranded DNA had
reached peak values (Fig. 7). At PID 8, viral replication
decreased even further and only a few (approximately 0.1%)
of the cells in the mesenteric lymph node and intestine were
positive for active viral replication, although up to 2% of the
cells still contained single-stranded viral genomes. At this
time, most of the virus was located around germinal centers
of the mesenteric lymph node, while very little of the virus
was located in the lymph node sinuses. In the intestine, most
of the virus was located in desquamated epithelial cells, in
the intestinal lumen, or in the gut-associated lymphoid tissue
of the ileum (Fig. 8).
The quantitative data of the experiments are summarized

in Table 1 and in Fig. 9. Only the data for the ileum are
shown; the kinetics of viral replication in the mesenteric
lymph node were very similar, although fewer cells became
infected.

Histopathology. No significant lesions were found in con-
trol (uninfected) mink or in mink killed on PID 2. On PID 4,
a widespread, irregularly distributed loss of crypt epithelial
cells and moderate-to-severe villous atrophy were conspic-
uous in the duodenum and ileum sections but less severe
in the jejunum sections. Affected crypts were lined by
variably attenuated epithelial cells, many of which contained
intranuclear, eosinophilic, or amphophilic homogeneous or
slightly granular accumulations compatible with viral inclu-
sions. The crypt lumen contained desquamated cells, mucin,
and a few-mainly eosinophilic-granulocytes. Lesions
were also found in the mesenteric lymph node and to a lesser
degree in the spleen. These lesions consisted of cellular
necrosis with nuclear debris and an apparently intercellu-
larly located eosinophilic, proteinaceous material in several
germinal centers. Occasional cells in germinal centers or in
the corona of surrounding lymphocytes in the mesenteric
lymph node contained intranuclear accumulations compati-

ble with viral inclusions. On PID 6, the lesions of the
intestine consisted of patchily distributed loss of crypt
epithelial cells, villous atrophy (Fig. 10), and accumulation
of cellular debris in the crypt lumens as described for PID 4.
In addition, occasional villi and crypts in the duodenum and
ileum had epithelium with voluminous, finely vacuolated
cytoplasm i.e., ballooning change. Several viral inclusions
(Fig. 10) were observed in crypt epithelial cells of the ileum,
and a few inclusions were observed in the jejunum. In the
mesenteric lymph node, many hypocellular germinal centers
had intercellular, eosinophilic, and proteinaceous accumula-
tions. No viral inclusions were observed. At PID 8, lesions
were most severe in the ileum where many irregularly
distributed and often slightly dilated, atrophic crypts were
lined by attenuated or ballooning epithelium. This ballooning
change was also observed in villous epithelium covering
atrophic villi. Occasional viral inclusions were observed in
affected crypts. The lesions of the duodenum and especially
thejejunum were less pronounced and consisted of scattered
crypts with variable dilated lumen and attenuated epithelial
lining and containing cellular debris and a few inflammatory
cells. Viral inclusions were not observed. The lesions of the
mesenteric lymph node were as described for PID 6. No
significant lesions were found in any of the other organs
examined.

DISCUSSION

In this study, the level and cellular localization of virus
replication and sequestration during an experimental MEV
infection of mink were examined by nucleic acid hybridiza-
tion techniques. The data were correlated with the findings
by using conventional serological and histopathological
methods to get a detailed picture of the pathogenesis of acute
MEV-related disease. Moreover, the data are correlated
with information obtained previously from the study of the
other mink parvovirus, Aleutian mink disease parvovirus
(ADV), which causes both acute and chronic disease in mink
(6).
The serological response to MEV infection and the levels

of virus shedding in feces have been investigated before (7,
32, 36). However, the viral distribution during the infection
has been examined only by Parrish et al. (25), who measured
PFUs on PID 5. Therefore, because of the limited number of
reports on MEV pathogenesis, we will base our comparisons
on observations made on the closely related CPV infection in
dogs.
The histopathological changes found in infected mink in

this study were similar to those described by others (7, 15,
21, 33) and will be discussed only in relation to the in situ
hybridization data.
The specific antibody titers in serum resemble those of our

earlier reports (36). Briefly, significant increases in serum
titers can be detected from PID 6 or 8. In addition, bile had
titers at least as high as those of sera. This indicated that
both the systemic and the local intestinal antibody responses
to MEV are fast and may influence the rapid decline in MEV
replication and shedding observed.

Fecal shedding of MEV was detectable from PID 4 by
using ELISA and was detectable in a single mink from PID
2 by using nucleic acid hybridization with a 32P-labeled RNA
probe. On PID 8, both mink were positive for MEV nucleic
acid but negative by ELISA, as reported earlier (25, 36).
Together with the antibody data, this suggests to us that the
hybridization technique is more sensitive than ELISA and
that the hybridization technique can detect virus in late

VOL. 64, 1990
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FIG. 6. In situ hybridization analysis of sections of mesenteric lymph node from mink infected with MEV. (a) In situ hybridization analysis
of sections of mesenteric lymph node from a mink infected with MEV for 4 days. The section was hybridized with the minus-sense probe.
Heavy grain production is seen over cells in the periphery of the central zone of a lymph node follicle. Bar, 80 ,um. (b) In situ hybridization
analysis of sections of mesenteric lymph node from mink infected with MEV for 8 days. The section was hybridized with the minus-sense
probe. Only background levels of grains can be observed over a follicle. Bar, 50 ,um. (c) In situ hybridization analysis of sections of mesenteric
lymph node from mink infected with MEV for 8 days. The section was hybridized with the plus-sense probe. Heavy grain production is
observed over scattered single cells in the cortex and over a follicle. Bar, 80 p.m.
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FIG. 7. In situ hybridization analysis of sections of ileum from MEV-infected mink. (a) In situ hybridization using the minus-sense probe
on ileum section from a mink infected with MEV for 4 days. Heavy grain production is observed over epithelial cells in the crypts and on villi.

Bar, 80 ,um. (b and c) In situ hybridization using the plus-sense probe on ileum section from a mink infected with MEV for 6 days. Heavy
grain production is seen in the lumen of the intestine and over focal areas of the crypts and villi. Bars, 230 ,um (b) and 80 p.m (c).
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FIG. 8. In situ hybridization analysis of ileum sections from a mink infected with MEV for 8 days. Sections were hybridized with the
plus-sense probe (a) or the minus-sense probe (b). Grain production is evident with the plus-sense probe and is located over the gut-associated
lymphoid tissue. Bars, 230 ,um.
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TABLE 1. In situ hybridization analysis of ileum The viral sequences on PID 6 were detected mainly in
sections from minka intestinal sections and lymphoid tissue by the plus-sense

% of cells Genomes perb: probe, as a nonreplicating virus. At this time, low levels of
%core poficel sequestered MEV virion DNA were detectable in the liver.scored positive Positive cell Total cell In the other sections examined, no viral sequences could be

RF Virion RF Virion RF Virion detected. At PID 8, the level of viral replication was very
probe probe probe probe probe probe low. However, virion DNA could be detected in up to 2% of
O O <300 <300 ND ND the cells. This indicated that the acute phase of viral repli-
0.1 0.1 50,000 50,000 50 50 cation was over and that the animals were recovering from
5 5 250,000 70,000 12,500 3,500 the infection, even though histological examination still
2 10 250,000 100,0oo 5,000 10,000 revealed tissue lesions. In dogs, CPV is present in all
0.1 2 50,000 100,000 50 2,000 lymphoid, parenchymatous, and intestinal tissues by day 4.

On day 8, infectious virus could no longer be isolated (12).cwere inoculated with a MEV inoculum, and two mink were killed at These data are in accordance with ours. Earlier results on
he indicated times. Zero days indicates uninfected controls. Sections
were processed for in situ hybridization analysis as described in MEV infection on the basis of pathoanatomical features (15)
and Methods. The number of positive cells and number of grains suggested a degenerative phase on PIDs 7 through 11 fol-

h positive cell were recorded for an area containing 20 positive cells lowed by a regenerative phase on PIDs 12 through 21 after
I of at least 10,000 cells. MEV infection in mink. The results of the present study
number of genomes per positive cell and total cell was estimated by infectio in mink. Terresult ofthe presen sion with an included standard of MEV-infected CRFK cells, as suggested that the acute period of active MEV replication isd previously (4-6). ND, Not determined. even shorter than that originally expected, i.e., only PIDs 2

through 6. Thus, lesions seen after this period probably
represent regenerative changes and repair and perhaps des-

:n where ELISA fails, probably because of coating of quamation of cells damaged at an earlier point of infection.
rions with antibody. In other studies, ELISA was Cell-free viremia (corresponding to approximately 1 ng of
red with DNA hybridization for detection of CPV in MEV virion DNA per ml of serum) was detected in one of
amples from dogs (35). The studies showed a correla- two animals on PIDs 2 and 4. One animal that died on PID 6
73% and concluded, similarly, that the hybridization (6C) had high antibody titers against MEV and a high level of
iue was more sensitive than ELISA. viremia, i.e., about 10 ng of virion DNA per ml of serum. All
mink in this study were inoculated by the oronasal other serum samples collected on PIDs 6 and 8 were negative
By using in situ hybridization, actively replicating for viral sequences. These data suggest that the mink did die
was detected with both probes in the mesenteric from the virus challenge and support previous reports on
node and ileum at PID 2, before histological exami- CPV infection in dogs, in which the magnitude of viremia
revealed any lesions. Typical histological lesions of had a strong positive correlation with the severity of clinical
4EV infection, the peak of viral replication, and the disease (20). The viremia in our study was not apparent by
)f virus shedding in feces coincided and were found in hemagglutination assay (HA) (data not shown). These find-
imals killed on PID 4. Viral replication detected by in ings may indicate that the HA test is not sensitive enough to
'bridization decreased rapidly and was at low levels detect these levels of virus or that the viremic phase is
viral inclusion bodies were abundant (PIDs 6 and 8). accompanied by the production of antibodies that inhibit thenay indicate that the inclusion bodies are residual HA. Data from dogs experimentally infected with CPV
after virus replication and consist of virions, viral suggest a transient viremic phase on PIDs 2 through 4. The

iS or nucleic acids, or cellular components. serum samples were tested by isolation of virus in cell
culture (20), and it is possible that antibodies in serum

6- samples, detected from day 3, neutralized the cell-free virus
A-A RF DNA + RNA in later samples.4- O

.....0 VIRION DNA The viremic state in MEV as in CPV infection is an early
2- A transient phase unless the animal succumbs to the disease.

The fact that the viremic phase on PIDs 2 through 4 iso- / \ . °.observed before the peak of viral replication detected in the
B- / \ tissues may indicate that the oronasal infection is spreading/.\ ~~~~~~froma primary site of infection (most probably lymphoidtissue) via blood or lymph to the sites of infection in lymph

nodes and intestinal epithelial cells. This idea is supported/..° \ .. by similar data on CPV infection in dogs (26).
b In our previous work using in situ hybridization analysis of

/________________________________________\tissue sections from mink infected with the other mink
0 2 4 6 8 10 parvovirus, ADV (4-6), calculations of the amount of ADV-

DAYS AFTER INOCULAflON. specific virion DNA, RFs of DNA, and mRNA present were
made. The amount of ADV RFs of DNA and mRNA in

9. Estimation of genomes per total cell in ileum sections by mesenteric lymph node cells at the peak of infection of adult
ybridization. In situ hybridization was performed on PLPG- mink (PID 10) reached only 10,000 genomes per infected
Lraffin-embedded tissue as described in Materials and Meth- cell, while alveolar type II cells from mink kits neonatallyells containing virion DNA were detected by using the infected with ADV contained up to 400,000 genomes pernse probe, and RF DNA and mRNA were detected by using infected cell. The results presented here suggested that fornus-sense probe on slides not treated with RNase. The Mnfect inThe nults ofesented pe infeted testioof genomes per total cell was calculated by multiplying the MEV infection, the number of genomes per infected intesti-
of genomes per positive single cell by the percentage of nal epithelial cell or lymph node cell is approximately
cells, as described previously (4-6). 250,000, i.e., a level resembling the amount present in the
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permissive ADV lung system. This level of viral replication
in individual infected cells probably has an impact on acute

A.k"a-Au....cellular lesions and development of clinical disease. Adult
mink infected with ADV have no acute clinical or histopath-..a WP-. % * ^- t rYi; : P jn Rological signs of disease, whereas mink kits infected neona-

<t:t,L;it W ,, ili z^19!ti tally develop an acute, fatal, interstitial pneumonia within 10
z*., to 15 days after infection. Three- to five-month-old mink
Si.'~S9.6 ^; . !>< g , gexperimentally infected with MEV have 10 to 20% mortality>" (j*P# ji ^^........%,tq<, <f on PIDs 5 through 10 (36) and do have histopathological
#''t431* #,, #>MzirA' J evidence of acute cellular lesions.

WS, t~'*~'( X . . X; 4 ! ,J 'The levels ofMEV RFs of DNA and mRNA reached peak
* A *0 levels at PID 4 in this experiment, 2 days before the maximal

'j " t >X 8 ^t~ 'i':, b49amount of virion DNA detected. In cell culture, MEV44i | -ty' sWst it :' * so X 1 w- J infection could be detected already at 10 h p.i. and viral.*
14
\*i*>*Xt 400replication reached maximal levels at 24 h p.i. In contrast,
srid 4Xi~\,t,n,.4t! 8ss *, 1 ^ ^ **t¢ *sADV replication and virus sequestration reach maximal

\'*si % .a *,*f tij*'. > **}'*' 7{: ^ levels at 10 to 14 days after infection of both neonatal and
k *4,,,^s't Af.#!it v,I*' " 't w *,,, adult mink (4-6). In cell culture, ADV replication can be
, > 8'tt%;:' < t^ ,,* ** *g *^ws detectedat24hp.i. but does not reach maximal levels before
*.t'A'>>r*#/*.^2tt : ,96h p.i. (5) even when cultured under the same conditions as

f' ,* ,, *,. MEV (S. Alexandersen and M. E. Bloom, unpublished
*l>nbs>R;;X > t* t itobservations). These data suggest that ADV replication per
.*̂;,;<seisslowerthanMEVreplicationandthatthisdecreasein

speed of replication has an impact on the pathogenesis of,
i ,

*k ^ ' * ,disease observed. We have previously hypothesized that the
w\t*i**^ \ **sft # ^ *S%~ ;%\ Zt\;Wt 3 decreased level ofADV replication seen in adult mink is due

4>:*** * * * t%. \ * s 4F>4^Xt n 2 '*^ to antiviral antibodies (4, 6). Therefore, it is tempting to
,t; ,'.t"'ttX,\I *t \speculate that acute cellular lesions and clinical disease

* e jcaused by mink parvoviruses is linked to either a weak or;\lilt t *^t s' '* 't < * *t st Jt Lf ;slow antibody response, i.e., ADV infection of neonatal
jr ,,;S-t 4 45t % mink kits, or a fast-replicating virus capable of replicating to

* i 4*\* ' high levels before the onset of an antibody response, i.e.,
't*t*5tt& \ wM s * l F w 4 L MEV infection. This would also explain why immunized-v9w**,r;+,,animals are insusceptible to MEV infection and why young
I5;SIt4d' ii mink, with a poorly developed immune response, have a

VZr)**higher mortality rate than older mink when infected with
* MEV. In contrast, ADV infection of adult mink is slow,

.>;-;X allowing sufficient time for a high-level antibody response,
1fsa j~j^ aqXw +t t ^ *1 + resulting in decreased levels of viral replication and thereby
fVisj}g,i**W*<Wpreventing the development of acute lesions. However, the2$ f8.' ^' <4' Xi,

mechanisms for the development of a continued low-level
mX1~4|¢>*o S#* s * '* s S < i *persistent infection in adult ADV-infected mink are still

,\ '7'R!Er$7*f>!; , * t*.¢qqobscure.
Jj7 ' In conclusion, our results stress the remarkable differ-

iR.s§S w ,§ * t;;t St~§ § t - ,^ ' t * iZ ences between the two mink parvovirus infections. In the
~ ~ ,t classical adult ADV infection, the incubation period is much

V j J longer and the maximal number of genomes per infected cell
is severely depressed and is present at PID 10 when no

W,.v< _ ; ^ .-clinical signs of disease are evident. Furthermore, the actual
tissue damage caused by this disease is due to immune

>
; _ _

disorders and appears several months or years after infection
(4, 27). In contrast, in the ADV-induced interstitial pneumo-
nia affecting mink kits and in MEV infection of adult mink,
the high-level peak of viral replication most likely induces
cellular lesions leading to acute clinical disease. Further

iw
4",#>̂{^*.<studies on the molecular pathogenesis of mink parvovirus-

_________________________Iinduced disease are in progress.
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