Vol 65, No 1
February 2015
Pages 23-35

Comparative Medicine
Copyright 2015
by the American Association for Laboratory Animal Science

Original Research

Pathology, Organ Distribution, and Immune
Response after Single and Repeated Intravenous
Injection of Rats with Clinical-Grade Parvovirus H1
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Barbara Leuchs,® Mandy Roscher,’ Constance Hoefer,® Karin Jochims,” Michael Dahm,® Bernard Huber,® Jean Rommelaere,’
Ottheinz Krebs,® and Jacek Hajda*

Parvovirus H1 (H1PV) is an autonomous parvovirus that is transmitted in rodent populations. Its natural host is rats. HIPV
infection is nonpathogenic except in rat and hamster fetuses and newborns. HIPV infection of human cancer cells caused strong
oncolytic effects in preclinical models. For a clinical trial of HIPV in patients with brain tumors, clinical-grade H1PV was pro-
duced according to Good Manufacturing Practices. This report focuses on results obtained after a single high-dose intravenous
injection of highly purified HIPV in 30 rats and multiple (1 = 17) intravenous injections at 3 dose levels in 223 rats. In both studies,
no virus-related mortality or macroscopic organ changes related to HIPV occurred. Histopathology after multiple virus injections
revealed minimal diffuse bile duct hyperplasia in livers of animals of the highest dose group and germinal center development in
spleens of animals from the high-dose group. Liver changes were reversible within a 2-wk recovery period after the last injection.
Hematology, blood chemistry, and coagulation analyses did not reveal significant toxicologic changes due to HIPV. Virus injection
stimulated the production of IgG antibodies but did not alter mononuclear cell function or induce cytokine release. PCR analysis
showed dose-dependent levels of viral genomes in all organs tested. The virus was excreted primarily through feces. These data
provide important information regarding HIPV infection in its natural host. Due to the confirmation of the favorable safety profile

of HIPV in a permissive animal model, a phase I/Ila clinical trial of HIPV in brain tumor patients could be initiated.

Abbreviations: HIPV, parvovirus H1; GMP, Good Manufacturing Practice; NS, nonstructural protein; VG, viral genomes.

Parvovirus H1 (H1PV) is a small nonenveloped virus which
contains a linear single stranded DNA genome of 5.1kb and be-
longs to the family Parvoviridae. The natural host is the rat, but
similar to other related parvoviruses HIPV is able to infect and
replicate in cells of other species. This is known for hamsters and
humans but HIPV is unable to infect mice. However, no system-
atic screening of species for susceptibility to HIPV infection has
been performed.” Because HIPV is transmitted in rodent popula-
tions, laboratory animals are routinely tested for the presence of
antiH1PV antibodies to exclude detrimental effects on research
results®** Typically only animals without previous parvovirus in-
fection are used in experimental research. In the natural host, rats,
as well in hamsters, which can be infected experimentally, HIPV
is pathogenic only for newborns and is embryo- and fetotoxic.
The effects on progeny depend on the age at infection. Although
animals inoculated with H1PV during the ovular preimplantation
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period do not reveal any harm, infection during midgestation
typically results in fetal death. When infected during late gesta-
tion or within the first few days after delivery, progeny frequently
develop so-called ‘osteolytic syndrome,” characterized by dwarf-
ism and some mongoloid-like features.'011819.26

There is no detailed knowledge whether high doses of HIPV
or repeated inoculations with the virus lead to pathologic effects
that are not observed after normal transmission. H1PV infection
in combination with additional factors can lead to aberrant ef-
fects, such as hepatocellular necrosis, in infected rats subjected to
hepatotoxic chemicals and increased virus proliferation in liver
tissue of animals infected with parasites.?* Furthermore, natural
infection with a similar virus, Kilham rat parvovirus (KRV), can
eventually lead to clinical illness.?

As well as being a naturally occurring virus in the rodent popu-
lation, H1PV has oncosuppressive properties, which were dem-
onstrated when it inhibited the formation of spontaneous as well
as chemically or virally induced tumors in laboratory animals.?*
More recent investigations demonstrated the direct oncolytic po-
tential of the virus in a number of cancers.” HIPV infection of tu-
mor cell cultures, including human tumor cells and experimental
tumors in animals, led to efficient cell killing and tumor regres-
sion.>#1314232 The parvoviral cytotoxicity is attributed, at least
in part, to the viral regulatory nonstructural protein NS1, and
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the smaller nonstructural protein NS2 may modulate NS1 cyto-
toxicity. Tumor entities in which H1PV showed strong oncolytic
effects are malignant brain tumors (glioblastomas), lymphoma,
pancreatic ductal adenocarcinoma, and others. The encouraging
rates of complete remissions after intratumoral or intravenous
HIPV injection of rats bearing large intracranial gliomas led to a
clinical trial (ParvOryx01) in patients with recurrent glioblastoma
multiforme.'*"

For clinical use, HIPV had to be produced according to Good
Manufacturing Practice (GMP) standards. To comply with GMP
requirements, the purity, infectivity and stability of the virus
preparation had to be demonstrated by the manufacturer (IDT
Biologica, Dessau, Germany). Prior to use in patients, this med-
ical-grade GMP-produced batch of virus had to undergo exten-
sive toxicology testing in animals. Due to the permissiveness
for HIPV infection and replication, rats were defined as the ap-
propriate and sufficient species to investigate the potential toxic-
ity profile of HI1PV. This species selection was approved by the
regulatory authority (Paul-Ehrlich Institut, Langen, Germany). A
minimal regulatory requirement in repeated toxicology testing for
clinical trials in humans is a 2-wk treatment period. The duration
of the HIPV toxicology study presented here reflects the intended
protocol of the clinical trial in brain tumor patients. However, to
allow for possible other trials in different tumor entities, the treat-
ment protocol here exceeds the minimal period of 2 wk. An ad-
ditional reason for the extension of the study beyond the minimal
duration was that an immunologic response to the injected virus
was not expected to begin before 2 wk after the initial injection.
In consequence, additional virus administrations in weeks 3 and
4 were required to investigate potential adverse effects related to
the activation of the immune system. These considerations and
requirements led to a study protocol that scheduled a total of 17
injections within 28 d (14 injections during the first 14 d, 2 injec-
tions in week 3, and one injection in week 4). In light of the ab-
sence of pathologic side effects after HIPV injection in preclinical
experiments, the investigated doses in this toxicology study were
substantially higher than those intended for the initial treatments
in tumor patients (1 x 10° pfu).

This report focuses on the biology of HIPV infection after in-
travenous injection of rats with a single high virus dose at 2 dose
levels (8.6 x 107 and 8.6 x 10° pfu per rat) or after a total of 17 ad-
ministrations at 3 different dose levels (10°, 107, 10° pfu per injec-
tion). The results of this study were mandatory for the regulatory
approval of a clinical trial (ParvOryx01), which started in October
2011. In addition to providing safety information, the data offer
insights into the biology of HIPV in the natural host including
organ distribution, relative organ concentration, crossing of the
blood-brain barrier, virus shedding, and immunologic reactions.
Because the data were generated with purified virus under highly
regulated test conditions, the results add valuable information to
the understanding of HIPV infection in the natural host. In ad-
dition, the availability of these results likely will help to reduce
the number of future animal experiments in this or related areas
of research.

Materials and Methods

H1PV production, virus formulations, and virus administra-
tion. The clinical HIPV stock was manufactured to GMP stan-
dards by IDT Biologika (Dessau, Germany). HIPV production
was performed according to a modified standard protocol that
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was adapted to GMP requirements and large-scale production.
In brief, HIPV was propagated in human newborn kidney cells
(NB-324K) and purified by iodixanol density gradient centrifu-
gation.® Infective particles were quantified by plaque-forming
assay.

The test item formulation for single dose was prepared freshly
on the day of administration. All test item formulations for re-
peated dosage were prepared as stock solutions and stored as
aliquots at less than —70 °C until use. Repeated freezing—thawing
of the aliquots was avoided.

For the acute intravenous study, HIPV was diluted with
48% iodixanol in Ringer solution (batch no. 09120900079, IDT
Biologika, Dessau-Rousslau, Germany). For the repeated-dose
study, HIPV was diluted by using 10% iodixanol in Ringer solu-
tion (batch no. 290410, 48% Visipaque, IDT Biologika; batch nos.
1004270086, 1006080006, and 1001040005; Ringers solution, IDT
Biologika). The iodixanol concentration for multiple dosing was
reduced from 48% to 10% to avoid possible nephrotoxic effects.

Stability of virus dilutions stored at =70 °C was proven until
day 42. To this end, HIPV formulations were tested weekly for
the concentration of viral genomes (VG) by PCR* and for pfu
by plaque assay. All injection doses were stable during that time,
confirming full infectivity. The ratio of VG:pfu was approximately
10%1.

All administrations of the test item were performed as slow
single or repeated intravenous injections in the tail vein at a vol-
ume of 750 UL per injection. All rats were conscious and kept in
a restrainer. Animals in the repeated toxicity study received a
total of 17 injections. During the first 2 wk of treatment, the rats
received daily administrations (days 1 through 14); in the third
week of treatment, they received 2 administrations (days 17 and
21); and in the last week, they received only one injection (day 28).

The doses of HIPV for single-dose injection (acute toxicology)
were 8.6 x 107 and 8.6 x 10° pfu. For multiple dosing (1 = 17), rats
received single injections (3 dose levels) of 1x 10° (high dose), 1 x
107 (intermediate dose), and 1 x 10° (low dose) pfu.

Animal experiments. For all tests, female, nonpregnant, nullipa-
rous and male SPF Wistar rats (Crl: WI[Han]) were obtained from
a controlled full-barrier breeding system (Charles River, Sulzfeld,
Germany) and tested against viruses, including H1 parvovirus,
bacteria and parasites (complete list: http:/ /www.criver.com/
HealthData/de/H64W090R.pdf). At the beginning of the study,
rats were 8 to 12 wk old. All rats were bred for experimental pur-
poses according to Article 9.2, Number 7 of the German Act on
Animal Welfare.®

The studies were conducted by BSL Bioservice (Munich, Ger-
many). All experiments complied with the German Acts on
Animal Welfare (Tierschutzgesetz, July 2009), Good Laboratory
Practices, and Infection Protection (Infektionsschutzgesetz, Janu-
ary 2001).5%° BSL Bioservice licenses to handle HIPV and conduct
acute and repeated-dose toxicity studies were granted by the gov-
ernment of Upper Bavaria, Munich, Germany.

Animals were kept under full-barrier conditions in an air-con-
ditioned room (10 air change hourly) at 22 + 3 °C, relative humid-
ity of 55% *10%, and a 12:12-h light-dark cycle. All rats were kept
in individually ventilated cages (type III H, polysulfone cages
with wood-fiber bedding and tunnels as enrichment) to avoid
cross-infection between animals. Cages were changed weekly.
An adequate acclimation period (at least 5 d) was allowed prior
to initiating animal experiments. Animals had free access to a



maintenance diet for rats and mice (no. 1324, Altromin, Biele-
feld, Eastern Westphalia, Germany) and to tap water, which was
sulfur-acidified to a pH of approximately 2.8.

Number, sex, and allocation of rats. Acute toxicity study. Thirty
rats (15 of each sex) were divided in 3 groups of 10 (5 of each
sex). The control group received a single intravenous injection
of vehicle only (48% iodixanol in Ringer solution), dose group 1
received a single injection of 8.6 x 107 pfu HIPV per animal, and
dose group 2 received a single injection of 8.6 x 10° pfu HI1PV per
animal. The injection volume was 750 pL in all rats.

Repeated toxicity study. The 223 rats (112 female, 111 male) were
allocated into 5 groups of different sizes. All animals received a
total of 17 injections. Control group 1 received vehicle only (10%
iodixanol in Ringer solution), control group 2 received Ringer
solution. Two control groups were included because injection
with Ringer solution was unlikely to cause toxic effects, whereas
repeated injections of iodixanol could result in toxicity. Rats in
groups 3, 4, and 5 each received 17 injections, each of which con-
tained 10° pfu H1PV (low dose, group 3), 10" pfu H1PV (interme-
diate dose, group 4), or 10° pfu HIPV (high dose, group 5). The
allocation of rats and the respective examinations are shown in
Table 1. The animals were euthanized either on day 29 (24 h after
the last administration) or after a recovery period of 14 d (day 43)
after the last administration.

Clinical examinations. The observation period was 14 d for
animals in the acute toxicity study, 28 d for rats in the main re-
peated-dose study, and 42 d for animals in the recovery group
(repeated-dose study only). The rats were checked twice daily
for clinical symptoms or death. Any sign of illness before, during,
and after administration or reaction to treatment were recorded
for each animal. Local tolerance at the injection site was exam-
ined. A behavioral examination according to the IRWIN screen
and an ophthalmologic examination was performed in rats in the
repeated-dose groups.'>* Rats euthanized on day 29 were exam-
ined before virus injection and approximately 24 h after the 16th
administration (day 21), and animals euthanized on day 43 were
tested before the first and approximately 24 h after the 17th (day
28) administration.

In both studies, body weight was measured before the admin-
istration of HIPV and weekly thereafter until completion of the
study. Rats in the repeated-dose study were assigned to groups
according to their initial body weight to achieve similar body
weight distribution. Food consumption was measured weekly by
calculating the difference between the weight of input food and
leftover food; water consumption was monitored daily by visual
inspection.

Laboratory examinations performed after repeated-dose treat-
ment. After rats had been fasted overnight, blood was sampled at
from the abdominal aorta from a subset of animals in each group
(Table 1) at euthanasia (day 29 or 43). The rats were anesthetized
by using ketamine (100 mg/kg IP) and xylazine (10 mg/kg IP) and
euthanized by exsanguination. Blood was collected in uncoated,
EDTA-coated, and citrate-coated tubes. The following hematologic
parameters were analyzed (ADVIA120, Siemens, Deerfield, IL;
ACL 7000 (IL Instrumentation Laboratory, Bedford, MA): Hct, Hgb,
RBC, MCV, MCH, MCHC, reticulocytes, platelets, WBC, neutro-
phils, lymphocytes, monocytes, eosinophils, basophils, prothrom-
bin time, and activated partial thromboplastin time.

To investigate toxic effects in tissues, particularly kidney
and liver, the following biochemistry parameters were analyzed

High-dose parvovirus H1 infection in rat

(Synchron Cx 5, Beckman Coulter, Pasadena, CA): ALT, AST, ALP,
creatinine, total protein, albumin, urea, total bilirubin, total cho-
lesterol, triglycerides, glucose, total globulin (calculated as total
protein minus albumin), albumin:globulin ratio, sodium, potas-
sium, calcium.

Urinalysis was performed either on day 29 or 43 in a subset of
animals (10 male and 10 female rats of the main and recovery pe-
riods, except for the Ringer or vehicle only groups, for which only
5 animals per sex were sampled) by cystocentesis after euthanize.
The following parameters were measured by using qualitative
indicators of analyte concentration (Henry Schein, Urispec Plus,
Melville, NY): specific gravity, nitrite, pH, protein, glucose, ke-
tone bodies, urobilinogen, bilirubin, RBC, and leukocytes.

Measurement of antivirus antibodies by IgG-specific H1PV ELI-
SA. Preimmune and immune sera were collected for analysis at
baseline (before the first administration), after 1 wk of treatment
(on day 8), after 2 wk of treatment (on day 15) and at terminal
euthanizes. Blood samples of at least 450 UL were sampled from
the jugular vein under general anesthesia (either via inhalation of
isoflurane (2%) or via intraperitoneal injection of ketamine (100
mg/kg) and xylazine (10 mg/kg)) and immediately transferred
into polypropylene tubes. The tubes stayed at room temperature
to allow clotting and were then centrifuged for 15 min at 1700 x g.
The serum samples were stored at or below —70 °C until analysis.
Only baseline and day 29 samples were analyzed in 15 male and
15 female rats per group.

ELISA microplates (C96 Maxisorp, Nalge Nunc, Rochester, NY)
were coated with 100 pL positive antigen (dilution, 1: 1000; cell
lysate from H1PV-infected NB-324 K cells in VTE buffer with a
total protein concentration of 0.45 mg/mL, provided by B Leuchs,
German Cancer Research Center, Heidelberg, Germany) and in-
cubated overnight (18 =2 h) at 5+ 3 °C. Microplates were washed
5 times with 300 uL washing buffer (R and D Systems, Minne-
apolis, MN), blocked with 200 puL of reagent diluent (R and D
Systems), and incubated for 1 h at 37 °C. Quality control samples
with high, medium, and low concentrations were prepared by
spiking with positive rat serum (IgG concentration, 1.09 mg/mL);
the final total IgG concentrations were 436, 218, and 109 ng/mL.
Serum samples from study animals were thawed and diluted 1:50
(minimal required dilution) in reagent diluent; 100 uL of each
sample was incubated for 1 h at 37 °C. All tests were carried out
in duplicates. After washing, 100 uL goat—antirat IgG peroxidase
conjugate (dilution 1:10; BioCat, Troy, VA) were added to each
well, microplates were sealed and incubated for 1 h at 37 °C. After
washing 100 uL substrate solution (R and D Systems) were added
and plates were incubated for 20 min in the dark at room tem-
perature. The reaction was stopped by adding 75 uL of stop solu-
tion per well (R and D Systems). Microplates were sealed, and
absorbance was read at 450 nm (measurement wavelength) and
595 nm (reference wavelength) in a microplate reader. For each
well, optical density at the reference wavelength was subtracted
from that at the measurement wavelength to obtain the difference
data. Difference data of the blank sample were subtracted from
the difference data of all quality-control and serum samples to
obtain blank reduction.

Pathology. Acute toxicity study. At the end of the observation
period (14 d after virus injection), rats were euthanized by using
an overdose of pentobarbital (800 mg/kg IP). All rats underwent
a detailed gross necropsy, with careful examination of the external
surface of the body; all orifices; and the cranial, thoracic, and ab-
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Table 1. Group definition and allocation of rats

Euthanized at day 29 Euthanized at day 43
Hematology
Clinical Hematology Hematology
biochemistry Clinical biochemistry Clinical biochemistry
HI1PV dose Urinalysis Urinalysis Urinalysis
(pfu) Histopathology RT-PCR Toxicokinetics Histopathology RT-PCR
Vehicle? 0 10 male 5 male 5 male 7 male® 5 male
10 female 5 female 5 female 6 female® 5 female
Ringer 0 5male none 5 male none
5 female none 5 female none
H1PV 100 10 male 5 male 5 male none none
10 female 5 female 5 female none none
H1PV 107 10 male 5 male 5 male none none
10 female 5 female 5 female none none
HI1PV 108 10 male 5 male 5 male 5 male 5 male
10 female 5 female 5 female 5 female 5 female

All rats received 750 pL per injection.
“The vehicle comprised 10% iodixanol in Ringer solution

"2 additional male and one additional female rats were included, because 3 animals had to be euthanized prematurely (2 at day 15 and 1 at day 18) due
to deteriorated health status unrelated to the vehicle administration. These additional animals were handled according to the same protocol as for the

other rats in this group and received a total of 17 injections over 28 d.

dominal cavities and their contents. All gross pathologic changes
were recorded.

Repeated-dose toxicology study. On study days 29 (main study
animals) or 43 (recovery animals), 10 male and 10 female animals
per group (except 5 male and 5 female rats that were used for
Ringer only control groups) from the main study and 5 male and 5
female rats from the recovery groups underwent a detailed gross
necropsy as described earlier. The following organs were weighed:
liver, kidneys, thymus, adrenals, spleen, brain, heart, testes, epidid-
ymides, uterus with cervix, and ovaries. All rats found moribund
or intercurrently deceased underwent a gross necropsy, and the
organs were preserved for histopathologic examination.

The pathologic examination was performed without blinding
of the pathologist to the treatment groups.

Histopathology (repeated toxicology study). All rats in the vehi-
cle control, Ringer solution control, and HIPV high-dose groups
in the main study (day 29) and recovery animals (day 43) under-
went histologic evaluation without blinding of the pathologist to
the allocation of animals. The following organs were examined
after preparation of paraffin sections and hematoxylin and eosin
staining: lung, brain (cerebrum, cerebellum, and pons), trachea,
spinal cord, aorta, pituitary gland, uterus with cervix, thyroid—
parathyroid glands, ovaries, thymus, vagina, esophagus, testes,
salivary glands, epididymides, stomach, prostate, duodenum, je-
junum, ileum with Peyer patches, cecum, colon, rectum, skin with
mammary gland, liver, urinary bladder, pancreas, lymph nodes
(mesenteric and axillary), kidneys, peripheral nerve (for example,
sciatic nerve) with skeletal muscle, adrenal glands, sternal bone
with bone marrow, spleen, eyes with optic nerves and Harde-
rian glands, heart, seminal vesicles, coagulating glands, ureters,
knee joint with femur, larynx, Zymbal glands, and injection site.
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These examinations were extended to rats in all other dose groups
(day 29) that had organs with possible treatment-related changes.
Histologic processing of tissues was performed at the histology
contract laboratory (Propath UK, Willow Court, Hereford, Great
Britain). Histopathologic evaluation was performed at Kaleidis
(Saint Louis, France). Blocking, embedding, cutting, staining, and
scientific slide evaluation were performed according to the cor-
responding standard operating procedures of the test sites.

Isolation and mitogenic stimulation of PBMC. At the time of
necropsy on day 29, PBMC were isolated from 5 male and 5 fe-
male rats per group and evaluated in vitro. Blood was collected
in EDTA tubes. PBMC were isolated by density-gradient centrifu-
gation (Optiprep, Sigma—Aldrich, St Louis, MO) at 700 x g for 20
min at room temperature. The isolated PBMC were frozen (CTL-
Cryo ABC Freezing Kit, Cellular Technology Laboratories, Shaker
Heights, OH) and stored at or below —70 °C until analysis.

For mitogenic stimulation, all experiments were done in tripli-
cate. After thawing, 220 000 cells were seeded in individual wells
of 96-well microplates and stimulated with phorbol myristate
acetate (10 ng/mL) and ionomycin (0.4 pg/mL). Proliferation
was measured by MTT assay (catalog no. A2231.0001, Thiazolyl-
blau-Tetrazoliumbromid BioChemica, AppliChem, Darmstadt,
Germany) at 0 and 48 h after stimulation.

Analysis of cytokine levels. Blood samples of at least 800 pL
were collected for analysis after 1 wk of treatment (day 8, isoflu-
rane anesthesia, jugular vein sampling) and on day 29 at terminal
euthanasia. Blood was sampled from all rats assigned to undergo
toxicokinetics (5 male and 5 female rats per dose group). After
blood collection, the tubes were left at room temperature for 75
min and then centrifuged for 10 min at 1000 x g. Serum samples
were stored at or below —70 °C until analysis by ELISA.



Serum samples were analyzed for IL6, TNFo, and IFN by ELI-
SA according to the manufacturer’s instructions (IL6: Quantikine
Rat IL6 Immunoassay, R and D Systems; TNFo.: Quantikine Rat
TNFo Immunoassay, R and D Systems; IFNf: ELISA Kit for Rat
Interferon, Usen Life Science, Wuhan, Hubai, People’s Republic
of China). Handling and preparation of all reagents as well as
the analysis of cytokine production were performed according to
the manufacturer’s instructions provided with the commercially
available ELISA Kkits.

Rat IL6, TNFo, and IFNP ELISA are based on binding of the
respective rat cytokine to 2 antibodies. One antibody was im-
mobilized on the microplate. The other antibody was either con-
jugated directly to an enzyme or conjugated to avidin, which was
subsequently bound by streptavidin conjugated to an enzyme.
Absorbance was measured at 450 nm by using an ELISA micro-
plate reader (Infinite M200, Tecan Austria, Salzburg, Austria). The
concentrations of IL6, TNFo, and IFNP in samples and positive
controls were calculated from a standard curve of the respective
cytokine that was generated by using the 4-parameter Marquardt
curve-fitting algorithm (Magellan Tracker version 6.4, Tecan Aus-
tria).

Due to technical problems, no reliable results for serum concen-
tration of IFNP, a marker for a specific response to viral infection
could be obtained.

Toxicokinetic evaluation. Toxicokinetic profiles were performed
after the first administration (day 1) and after the last of 17 admin-
istrations of HIPV on day 28 in 5 female and 5 male rats. Each
animal was anesthetized with isoflurane (2%), and approximately
150 pL blood was sampled from the jugular vein at 15 min, 1 h, 2
h, 6 h, 24 h after virus injection (prior to next administration) and
collected in heparin-lithium tubes. The samples were stored at or
below —70 °C until real-time PCR analysis.

Quantitative real-time PCR analysis of organs and body fluids.
Organs (brain, lung, liver, spleen, kidney, heart, pancreas, pros-
tate, mammary, and bone marrow), urine, saliva, and feces were
sampled for real-time PCR evaluation at terminal euthanasia (day
29 or day 43) from 5 male and 5 female rats per group in the re-
peated-dose toxicity study. Shortly before euthanasia, saliva was
collected from anesthetized (ketamine, 100 mg/kg; xylazine, 10
mg/kg) rats by using cotton swabs (Catch-All Sample Collection
Swabs, Epicentre, Madison, WI). Blood, urine, feces, and all tis-
sues were stored at or below —70 °C, and saliva swabs were stored
at or below —20 °C until processing and analysis.

Blood, urine, and feces samples were thawed; blood and urine
samples were resuspended separately after thawing. The required
amounts of organs and feces were weighed out and cut into small
pieces. Saliva swabs were cut off the applicators.

DNA was extracted by using different kits from Qiagen (Venlo,
Limberg, Netherlands) and Quick Extract DNA Extraction Solu-
tion (Epicentre) with minor modifications: QlAamp DNA Mini
Kit (with Qiagen protease) was used for blood samples (DNA
extraction from whole blood) and tissue samples, QLTAamp DNA
Stool Kit was used for feces samples, QlAamp Viral RNA Mini
Kit was used for urine samples (without DNAse treatment),
and Quick Extract DNA Extraction Solution was used for saliva
swabs. A validation study of the kits was performed. The refer-
ence virus suspension was diluted in 10 mM Tris HCl buffer, pH
7.5, before it was used to spike the calibration and quality-control
samples, if necessary. Each calibration curve consisted of 2 nega-
tive control samples and 7 samples in duplicate corresponding to
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target concentrations of 5 x 107 (1.25 x 107 for saliva), 5x 10°, 5 x
105, 5 x 10%, 5x 10% 5 x 10> VG per PCR reaction and 3x 10? to 5x
10" VG per PCR reaction, depending on the validated method for
each tissue type.

The master mix per 20-pL reaction (final volume) was prepared
as follows: 3.35 uL PCR grade H,O; 10 uL LightCycler 480 Probes
Master 2x (Roche Diagnostics, Indianapolis, IN), 0.55 uL FW-H1
(40%, 10 uM; 5" GCG CGG CAG AAT TCA AAC T 3’), 0.55 uL Rev-
H1 (40%, 10 uM; 5" CCA CCT GGT TGA GCC ATC AT 3'), 0.55 uL
Probe H1 [40x 10 uM; 5"-6-FAM-ATG C5*G CC5* G5*C 5*GT TA
TAMRAZ3’ [asterisk indicates locked nucleic acid witha 2’ O, 4’ C
methylene bridge]). Each well of a Light Cycler multiwall plate
contained 0.15 pL master mix and 5 uL DNA extract. PCR reaction
parameters were 95 °C for 10 min; 45 cycles of 95 °C for 15 s and
60 °C for 60 s; followed by 40 °C for 10 min.

Data calculation and statistical analysis.

A statistical assessment of the results of body weight (days 1,
28, and 42) and body weight gain (between days 1 and 28 and
days 1 and 42), food consumption (between days 1 and 28 and
days 1 and 42); parameters of hematology, blood coagulation, and
clinical biochemistry; and absolute and relative organ weights
was performed for each sex by using one-way ANOVA and the
posthoc Tukey test to compare the values of the H1PV-treated
groups with rats that received vehicle or Ringer solution only.
Statistics were performed by using Prism software (version 5.01,
GraphPad, San Diego, CA). A P value less than 0.05 was consid-
ered to be statistically significant.

Results

Toxicology and pathology. One aim of this study was to assess
the possible adverse effects which could arise 1) from single-bo-
lus injection of Wistar rats with a high dose of H1PV or 2) from
repeated exposure via intravenous administrations. Repeated
injections were performed over 28 d followed by a 14-d recovery
period, to investigate the reversibility of possible findings. Fur-
thermore, the 14-d treatment-free period aimed at detecting the
occurrence of delayed virus-related effects.

After single intravenous injection of H1PV to the maximal dose
of 8.6 x 10° pfu, none of the male and female Wistar rats displayed
any clinical signs of toxicity or mortality. All rats of both sexes
continued to gain weight throughout the 14-d observation period,
and no differences in weight gain between the control and H1PV-
treated groups occurred (data not shown). Gross pathology after
euthanasia did not reveal any morphologic lesions due to the
virus injection. Therefore, the LD, value exceeded 8.6 x 10° pfu
per rat.

Multiple injections of HIPV (17 injections over 28 d) did not
result in any overt signs of toxicity or preparation-related mortal-
ity to the dose of 10° pfu per rat. The high dose of HIPV led to
transient reduced spontaneous physical activity and increased
prone position compared with those of control animals in all rats
of that dose group, according to cageside clinical evaluation of the
rats during the first hour after administration. No H1PV-related
behavioral changes were noted in the IRWIN screen that was per-
formed later, at approximately 24 h after the administrations on
days 21 or 28.

Compared with the concurrent controls, body weight gain,
food consumption, ophthalmologic examinations, gross pathol-
ogy, and organ weights were similar among all treatment groups
of the repeated-dose toxicity study.
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Histopathology (repeated-dose toxicology study). Only minor
histopathologic findings attributed to the administration of HIPV
occurred. The main treatment-related histopathologic finding
at the end of the treatment period (day 29) was minimal diffuse
bile duct hyperplasia of the liver (Figure 1) in 1 of 10 female rats
after repeated intravenous injection of 107 pfu (intermediate-dose
group) and in 1 of 10 male and 6 of 10 female rats repeatedly
injected with 10® pfu (high-dose group). This minimal hepatic
change was found only in virus-injected rats and therefore is con-
sidered to be related to the repeated intravenous treatment with
HI1PV. The incidence of the liver finding seems to indicate sex-
associated dependence, with female rats being more susceptible
than male rats. However, considering the HIPV dose on a per-
weight basis, relative doses were 30% to 40% higher in female rats
than male rats. Therefore, sex-associated dependence of minimal
diffuse bile duct hyperplasia is considered to be unlikely. This
limited pathologic effect was not noted in any animal of the re-
covery group, indicating complete reversibility within the 2-wk
recovery period.

In the spleens of rats repeatedly treated with the high dose (10
pfu), germinal center development was detected only at the end
of the recovery period at day 43, possibly as a consequence of
an immunologic response after prolonged treatment with HIPV
(Figure 2). This feature was present in 3 of 5 male rats and 2 of 5
female rats treated with the high dose, compared with none of the
rats in either the vehicle-only or Ringer control groups. Groups
treated with the low and intermediate doses of HIPV were not
evaluated histologically after the recovery period.

Several other minor organ changes, including multifocal mini-
mal vacuolation of corticotubular epithelium in the kidney, were
apparent to the same extent in the vehicle- and H1PV-treated
groups at the end of the treatment period (data not shown) and
therefore are not considered to be caused by virus infection. The
changes in kidney remained at the end of the recovery period
and therefore are most likely induced by the iodixanol-containing
vehicle, because these findings were not noted in the negative
control group (Ringer solution).

Toxicokinetics after repeated dosing. Toxicokinetic evaluation
of blood was performed on days 1 and 28. Samples were taken
at 0.25, 1, 2, 6, and 24 h after virus injection. On both days, VG
was highest at the first sampling time point (15 min after injec-
tion), as is expected from an intravenous administration. After 24
h, viral DNA could still be detected in blood of some rats of all
dose groups, indicating that animals were continuously exposed
to H1PV. Dose-dependency could be detected, even though the
data were relatively inhomogeneous between different rats of the
same group. No significant differences between male and female
profiles were seen. The toxicokinetic profile of HIPV in rats on
day 28 after repeated administration was generally characterized
by lower peak levels and lower overall exposure compared with
those after the first administration on day 1. These data indicate
an accelerated elimination rate after multiple dosing (Figure 3).
We surmise that the altered kinetics most likely were due to the
formation of antivirus antibodies. Together, the toxicokinetic data
suggest that there is no appreciable sex-associated difference in
the plasma kinetics of HIPV in rats.

Organ distribution and tissue concentration of H1PV after mul-
tiple intravenous dosing. On day 29 and after 2 wk of recovery (day
43), blood and samples of brain, heart, lung, liver, spleen, kidney,
pancreas, prostate, mammary gland area, and bone marrow were
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collected (5 rats of each sex per group). The samples were pro-
cessed for PCR detection of viral genomes.

After 4 wk of repeated intravenous treatment of rats with 3
different doses (10°, 107, and 10® pfu) of HIPV formulated in 10%
iodixanol in Ringer solution, viral genomes were detected in all
tested organs. In general, the concentrations correlated with the
administered dose. The highest concentrations of viral DNA per
unit genomic DNA were detected in liver and spleen, whereas the
lowest concentrations were in brain, heart, prostate, and mam-
mary gland (Tables 2 and 3). A small number of positive tests in
the vehicle control group (11 positive results among 250 analyzed
control samples) was not correlated with specific animals and
most likely were caused by contamination during DNA sampling
or DNA extraction.

At the end of the 2-wk treatment-free recovery period, all or-
gans continued to test positive for viral DNA. No increase in
the number of VG compared with results of the main study was
appreciable in any organ. In contrast, viral DNA concentrations
decreased slightly in all tissues compared with the samples col-
lected at the end of the treatment period. No difference between
the sexes was detected.

Excretion after multiple intravenous dosing. Samples of urine,
feces, and saliva were collected on the same days as were the or-
gan samples (days 29 and 43) and were evaluated by using the
same PCR protocol. Samples of saliva, urine, and feces from rats
treated with 10° to 10® pfu H1PV per dose for 4 wk showed that
the highest concentrations of viral DNA were detected in feces
(day 29). After the 2-wk treatment-free recovery period (day 43),
minor concentrations of VG were still detectable in feces of rats
of the high-dose group. At 24 h after the last intravenous treat-
ment with HIPV, viral DNA was detected in the saliva and urine
samples of some rats, mainly those in the high-dose (10® pfu per
dose) group. However, the amounts of viral DNA were lower in
saliva and urine than in feces. This finding points to a substan-
tial contribution of the hepatobiliary system to virus excretion,
albeit an HIPV infection of the gastrointestinal tract as a source
of fecal VG cannot be excluded. Like blood and tissue samples,
all samples of feces, urine, and saliva showed a dose-dependent
increase of viral genomes (Figure 4).

Because the lower limit of quantification for saliva was higher
than those for feces or urine, it cannot be excluded that viral DNA
was also present in saliva of rats at the low and intermediate dos-
es of HIPV.

Clinical biochemistry. At all dose levels on day 29, albumin
concentrations (decreased), total globulin concentrations (in-
creased) and albumin:globulin ratios (decreased) were slightly
but significantly (P < 0.05) altered in male rats injected with
HIPV. At the end of the 2-wk recovery period, the changes for the
albumin:globulin ratio and albumin were proven to be revers-
ible in male rats repeatedly treated with 10® pfu HIPV per dose
and thus most likely are reversible over the entire dose range.
At the end of the recovery period, the serum total globulin level
was significantly (P < 0.05) higher in female rats given 10® pfu
per dose compared with vehicle or Ringer solution only. These
slight changes did not show a dose-response relationship and
were present only in one sex. In consequence, these findings are
unlikely to be a pathologic effect of HIPV infection.

For the remaining clinical chemical parameters (ALT, AST, ALP,
creatinine, total protein, urea, total bilirubin, total cholesterol,
triglycerides, glucose, sodium, potassium, and calcium), most
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Figure 1. Portal triads in liver at the end of treatment. (A) Normal number and epithelial ‘morphology of bile ducts in female rat treated with
vehicle only. (B) Minimally increased number and minimally activated epithelial cells of bile ducts (arrows) in female rat treated with 10® pfu

HI1PV. Magnification, 40x.
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Figure 2. Germinal centers in spleen at the end of recovery period. (A) Absence of germinal centers in splenic follicles of male rat treated with vehicle
only. (B) Mild germinal center development (arrows) in male rat previously treated with 10° pfu HI1PV. Magnification, 10x.

mean and individual values were within the biologic ranges (data
not shown).

Hematology. The following hematologic parameters and blood
coagulation parameters did not show noteworthy differences
between H1PV-injected and control animals: RBC count, MCYV,
MCH, MCHC, reticulocyte percentage, platelet count, WBC count,
neutrophils, lymphocytes, monocytes, prothrombin time, and acti-
vated partial thromboplastin time. Some observed changes, such
as increased mean Hgb and Hct levels in LD female and HD male
rats, decreased mean basophil percentage in vehicle-only animals,
or lower mean eosinophil percentages in vehicle-only and HIPV
female animals of all dose groups, reached statistical significance.
Because the changes were not dose-related, seen only in one sex, or
noted only in the vehicle-only control group and were still within
the biologic values expected for animals of this strain and age, they
were unrelated to HIPV infection. Parameters indicating inflam-
mation were not affected (data not shown).

Urinalysis. All tested parameters of urinalysis (specific gravity,
nitrite, pH, protein, glucose, ketone bodies, urobilinogen, bilirubin,

RBC, and leukocytes) were unchanged after HIPV infection when
compared with controls (data not shown).

Immunology. Potential effects of HIPV on the immune system
were investigated on days 8 and 29. Blood samples were tested
for cytokine release, antiH1PV antibodies, and the function of
PBMC (only on day 29). Cytokine measurements showed that se-
rum levels of IL6 (a marker of inflammatory response) and TNFo.
(indicator for systemic inflammation) were equivalent between
virus-treated rats and control groups. All serum concentrations
were below the limit of quantitation, irrespective of the virus dose
(data not shown). Due to technical problems, no reliable results
for serum concentration of IFNP, a marker for a specific response
to viral infection could be obtained.

PBMC from rats in the control group and the high-dose were
compared for signs of toxicity and for proliferative potential after
mitogenic stimulation at 2 different time points (0 and 48 h of
stimulation). H1PV had no microscopically visible cytotoxic effect
on isolated PBMC from male or female animals (data not shown).
At baseline (0 h, unstimulated) after incubation with the solvent
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Figure 3. Results of toxicokinetics: day 1, left columns; day 28, right columns; upper panels, female rats; lower panels, male rats. Values are given as
mean + 1 SD. Lower limit of quantification (50 VG/PCR reaction) is equivalent to 20 VG/uL blood. Only values above the lower limit of quantification

(LLOQ) are included in the calculation of mean values.

DMSO, PBMC from H1PV-treated rats showed significantly (P <
0.05) higher OD values than did vehicle-only controls, indicat-
ing a higher percentage of metabolically active PBMC in virus
treated animals. After stimulation at 0 h, there was no difference
between the 2 animal groups at this time point. Proliferative ca-
pacity of PBMC from virus-injected and control rats at 48 h after
stimulation was equivalent among male rats tested individually.
Stimulation with phorbol myristate acetate and ionomycin had
a significant proliferative effect in vehicle-injected rats (P < 0.01)
and H1PV-treated animals (P < 0.05; Figure 5). In female rats,
PBMC from all control and high-dose groups had to be pooled
prior to seeding due to low cell numbers. Pooled samples showed
no proliferation difference between H1PV-injected animals and
controls, ruling out sex-associated differences.

In addition, there was no change in organ weight of thymus,
spleen, and lymph nodes or any morphologic changes of lym-
phatic tissues, such as Peyer patches and bronchus-associated
lymphoid tissue, in rats after 17 injections of as much as 10® pfu/
injection within 28 d.

The presence of antivirus antibodies (IgG isotype) was investi-
gated in serum samples from rats of the 4-wk repeated-dose toxic-
ity study. By using a previously characterized direct ELISA format,
all sera from virus-treated animals scored positive in the HIPV
IgG-specific screening assay in both sexes on day 29 (main study
and toxicokinetic animals) and after a 2-wk recovery period on day
43 (recovery animals of the high-dose group). Signal strength was
generally dose-dependent with increasing OD values (after blank
reduction) from low-dose to high-dose groups (Figure 6).

Discussion
The main purpose of the 2 studies was to assess the potential
toxicity profile of HIPV in rats as the natural host and thereby
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representing a model system that is permissive for virus replica-
tion, possibly enhancing deleterious effects. In both studies, a
total of 253 (126 male and 127 female) rats were investigated. The
virus preparation was administered by single intravenous injec-
tion at 2 different doses or by repeated (1 = 17) intravenous bolus
administrations in graduated doses to different groups of male
and female test animals, one dose level per group. Doses were
8.6 x 107 and 8.6 x 10® pfu in the acute toxicity study and 10° (low
dose), 107 (intermediate dose) and 10° (high dose) pfu per injec-
tion per rat in the repeated-dose toxicity study. Control groups
received 48% or 10% iodixanol in Ringer solution as vehicle or
Ringer solution only. Rats were treated for 4 wk in the repeated-
dose toxicity study.

In general, intravenous injections of GMP-grade H1PV at ei-
ther a single dose of a maximum of 8.6 x 10® pfu/dose or of 17
intravenous doses at 3 dose levels (maximum, 1 x 10% pfu per
injection) were well tolerated in rats. There was no virus-related
mortality, and no toxicologically relevant general signs of pathol-
ogy could be demonstrated. We saw no local intolerability at the
injection sites, no relevant changes in organ weights, no evidence
of late and irreversible toxicities, and no immunotoxicity. In con-
sequence, the intravenous LD50 value of HIPV in rat is higher
than is the test dose (8.6 10° pfu HIPV).

Repeated intravenous injections led to virus distribution to all
tested body organs at all 3 dose levels. Because HIPV is a rep-
lication-competent virus, the organ distribution of HIPV was
determined by qPCR, which allowed for quantification of viral
genomes and comparison with the input dose. However, positive
test results are not equivalent to the presence of active and infec-
tious virus particles. Therefore, one limitation of this study is the
inability to assess the possible production of infectious progeny
viruses in normal tissue. Because the amount of viral DNA in
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Table 2. Virus distribution (log VG/mg [log VG/uL for blood]; mean £ 1 SD) at terminal euthanasia (day 29 or 43) after multiple dosing in female rats

Low-dose Intermediate-dose Recovery
Vehicle H1PV High-dose HIPV  Recovery vehicle high-dose HIPV
Blood Mean LLOQ 2.68 £0.64 3.53+1.18 4.87+0.85 LLOQ 1.66 +0.45
N 5 4(3) 5 5 4(2)
Brain Mean LLOQ LLOQ 3.00+0.24 4.04+0.17 LLOQ 3.22+0.20
5 5 5 5 4
Lung Mean LLOQ 3.56 £0.52 5.51+0.35 6.84 + 2.52 4.34+0.27
n 5 5 5 5(4) 4(3)
Liver Mean LLOQ 6.28 £0.14 7.11+0.11 7.83+£0.15 2.44+0.04 6.16 +£0.29
n 5 5 5(3) 5(2) 4
Spleen Mean LLOQ 711+0.14 7.43+£0.09 8.09£0.16 LLOQ 7.04+£0.29
n 5 5(4) 5 5 4
Kidney Mean LLOQ 3.29+£0.06 4.73 £0.40 5.53+0.15 LLOQ 4.71 £0.40
n 5 5(4) 5 5 4
Heart Mean LLOQ LLOQ 295+0.15 442 +0.32 LLOQ 2.51+0.03
n 5 5 5 5 4(2)
Pancreas Mean 2.75 2.94+0.56 3.25+0.76 6.54+0.22 LLOQ 3.90+0.13
n 5(1) 5(4) 5 5 4(2)
Mammary Mean 3.32 3.35+0.20 3.92+0.12 5.37£1.03 4.04 3.54
n 5 (1) 5(2) 5 5(1) 4(1)
Bone marrow Mean 3.23 3.80+0.73 5.88+0.17 6.30+1.16 LLOQ 476 +£0.33
n 5(1) 5(4) 5 (4) 5 4

The number of analyzed samples is given; the number in parentheses is the number of samples included in the calculation of mean values and standard
deviations. Values below the lower limit of quantification (LLOQ) were not included in the calculation.

tested organs did not exceed the inoculum, virus replication at a
high rate is unlikely. All organs from rats of the recovery group
(high dose only) continued to test positive for viral DNA 14 d
after the last administration, and viral DNA remained present in
feces at the end of the recovery period. Due to the limitation of
the applied methodology of qPCR, whether slow clearance of the
inoculum or replication was the reason for the positive test results
2 wk after the last dose cannot be established. The persistence of
viral DNA after 2 wk of recovery corroborates previously pub-
lished results on rat parvoviruses, which showed that infectious
parvovirus can be recovered from inoculated rats as late as 6 mo
after infection.'®

The main excretion route for HIPV was the digestive tract (via
feces), whereas the excretion of HIPV via urine was negligible.
The saliva data indicate low excretion by this route. However,
they probably do not accurately reflect the amount of HIPV ex-
creted via saliva, because contamination of the oral cavity by fe-
ces (coprophagy) or bedding (ingestion of bedding) cannot be
excluded.

Even though viral DNA was detected in all tested organs after
virus infection, there was no indication of functional impairment

of infected tissues. Histopathology did not reveal any differences
between H1PV-infected and control animals except in 2 organs:
liver and spleen. In liver, one female rat in the MD group and one
male rat and 6 female rats of the high-dose group had minimal
diffuse bile duct hyperplasia; no low-dose or control animals had
this alteration. In consequence, this finding was considered to be
related to the repeated intravenous treatment with H1PV. This
minor effect was completely reversible after the 2-wk recovery
period. The dose-dependent changes in the liver further support
that the main route of clearance of H1PV is via the reticuloendo-
thelial system and digestive tract. This route of viral excretion is
similar to those of other viruses used for oncolytic therapy, such
as adenovirus.*

The alterations in liver tissue were not accompanied by patho-
logic results of blood tests for liver function or by increased serum
levels of liver enzymes as sensitive indicators for cytotoxic effects.
In conclusion, all test results indicate that repeated injections of
high doses of H1PV lead to only minor structural changes in the
liver and that these changes are transient and are not accompa-
nied by cellular damage. The clinical relevance of an isolated min-
imal bile duct hyperplasia that has not been reported as a solitary
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Table 3. Virus distribution (log VG/mg [log VG/uL for blood]; mean * 1 SD) at terminal euthanasia (day 29 or 43) after multiple dosing in male rats

Low-dose Intermediate-dose Recovery
Vehicle H1PV H1PV High-dose HIPV  Recovery vehicle high-dose HIPV
Blood Mean LLOQ 2.08£0.33 3.73£0.69 459 +0.74 LLOQ 2.52 £0.60
n 5 5(4) 5(4) 5 5 5(2)
Brain Mean LLOQ LLOQ 2.94+0.22 3.85+0.18 LLOQ 3.45+0.20
n 5 5 5 5 5 5
Lung Mean 2.50 3.68+0.43 5.50+0.33 5.52£0.17 LLOQ 4.95+0.38
n 5 5 5 5(4) 5 5(4)
Liver Mean LLOQ 5.45+0.58 6.93£0.20 7.71+£0.10 LLOQ 6.14+0.17
n 5 5 5 5 5 5
Spleen Mean 3.00 6.78 £0.16 7.34+0.14 7.89£0.09 LLOQ 6.84 £0.38
n 5(1) 5 5 5 5 5
Kidney Mean LLOQ 3.07£0.18 4.56 £0.36 5.38£0.20 LLOQ 4.70£0.08
n 5 5 5 5 5 5
Heart Mean LLOQ LLOQ 3.12+0.11 3.97+0.16 LLOQ 2.47 +0.05
n 5 5 5 5 5 5(3)
Pancreas Mean 2.76 3.39+0.33 3.21+£0.30 6.05+0.44 LLOQ 442 +1.09
n 5(1) 5(2) 5(4) 5 5 5
Prostate Mean LLOQ 2.52 3.42+0.40 5.43+0.84 LLOQ 3.92+0.29
n 5 5(1) 5 5 5 5
Mammary Mean LLOQ 3.12+0.05 3.97+0.13 4.97 £0.48 3.82+£0.22 3.22
n 5 5(2) 5(2) 5 5 5(1)
Bone marrow Mean LLOQ 3.65+£0.15 5.30 +£0.47 6.30 £0.58 LLOQ 4.59 £0.57
n 5 5 (4) 5 (4) 5 5 5 (4)

The number of analyzed samples is given; the number in parentheses is the number of samples included in the calculation of mean values and standard
deviations. Values below the lower limit of quantification (LLOQ) were not included in the calculation.

finding in humans remains unclear. Although unlikely, this fea-
ture could be a relevant safety issue in patients who have previ-
ously been treated with drugs that affect liver function, given the
knowledge that HIPV infection in combination with hepatotoxic
chemicals can lead to hepatocellular necrosis in rats.’* Therefore,
liver function should be monitored closely during experimental
treatment with H1PV. Furthermore, it cannot be ruled out en-
tirely that exposure to even higher doses of HIPV, either by direct
injection or by replication in susceptible tissues such as tumors,
could lead to more pronounced and possibly pathologic changes
of liver tissue or liver function.

In spleen, multiple injections of H1PV led to histologic evidence
of prominent germinal center development at the high dose. In
contrast to the findings in liver, the alterations in spleen were de-
tected only after the recovery period. Because rats from the low-
and intermediate-dose groups were not evaluated at this time
point, whether this observation was dose-dependent remains un-
clear. A likely explanation is the development of a relatively late
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immunogenic reaction that persisted for more than 2 wk after the
last virus injection. Given that the follow-up of rats in this study
was restricted to 43 d, the reversibility of the activation in spleen is
unknown. However, this histopathologic finding was not associ-
ated with clinical abnormalities of the immune system during the
test phase. However, long-term effects, even though unlikely, can-
not be excluded by the current experimental protocol.

Repeated dosing of HIPV led to transient clinical signs such
as reduced spontaneous activity immediately after the last 3 ad-
ministrations of the highest virus dose. In the absence of other
findings, this effect most likely is related to the activation of the
immune system by repeated infections. Cytokine levels, which
could support this explanation, were tested 1 d after the last vi-
rus injection (day 28), when the clinical findings were observed.
By this time, the rats had already recovered; therefore the nega-
tive cytokine test results do not contradict this most likely expla-
nation. However, there are no specific test results that provide
proof for this interpretation. The transient effect of the behavioral
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Figure 4. Mean virus excretion. Concentrations below the lower limit
of quantification (LLOQ) are presented as the LLOQ. (A) Feces (no. of
VG/mg). (B) Saliva (no. of VG/swab). (C) Urine (no. of VG/uL). The
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values are available for samples with a VG concentration below LLOQ.
When all values of a group were lower than the LLOQ, the mean value
is presented as the LLOQ.

changes was further supported by the IRWIN screening, which
was done approximately 24 h after the virus injections on day 21
(16th administration) or day 28 (17th administration) in a subset
of animals. In this test, the reduced spontaneous activity level
which occurred only immediately after virus administration in
the high-dose group and lasted for only 1 h, could no longer be
observed when the examination was conducted.

The determination of clinical chemical parameters revealed
that most mean and individual values were within the biologic
ranges. At all dose levels, albumin (decreased) and total globu-
lin (increased) concentrations and albumin:globulin ratio (de-
creased) were slightly but significantly (P < 0.05) altered in male
rats after HIPV treatment. The changes were reversible for the
albumin:globulin and albumin in high-dose male rats at the end
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Figure 5. Proliferation of PBMC after mitogenic stimulation. Optical
density (OD) was measured at 570 nm at 2 time points (0 and 48 h after
stimulation). Statistical analysis was performed using a 2-way ANOVA
and a Bonferroni post test. *, Value significantly (P < 0.05) different from
those for control groups. Results from male rats, which were analyzed
individually, are shown. PBMC from female rats had to be pooled due
to low cell numbers and showed similar effects to those in male rats
(data not shown).

of the 2-wk recovery period. These slight changes did not show
a dose-response relationship and were noted only in one sex.
Therefore, the findings are not considered to be toxicologically
significant and may in addition reflect the immunogenic potential
of HIPV rather than a toxicologic effect.

The assessment of the hematology and coagulation parameters
did not reveal any toxicologically relevant changes that could be
attributed to H1PV.

The toxicokinetics of HIPV blood levels showed results that
could be expected after intravenous injection. The maximal con-
centrations were measured at the earliest time point after virus
administration (0.25 h), and no sex-associated difference could be
detected. After multiple injections, peak serum levels were lower
compared with those associated with the first dose. This result is
most likely due to an increased rate of elimination.

HIPV administration did not impair the activity of the periph-
eral blood mononuclear cells nor did it lead to systemic release of
cytokines (IL6 and TNFa) on the sampling days. Due to technical
problems with a test kit leading to erroneous values for negative
controls, the measurements for IFNP could not be used for the
study. In consequence it remains unclear whether HIPV infection
leads to interferon release as does Kilham rat virus."” However,
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Figure 6. Measurement of antiH1PV antibodies (IgG) by specific ELI-
SA. Raw data (blank reductions) are shown groupwise for individual
rats; results are shown for female (upper panels) and male (lower pan-
els) rats.

given that the other 2 tested cytokine profiles were negative and
because HIPV (and other parvoviruses) are known to be inef-
ficient inducers of IFN, high serum levels of IFNf after HIPV
infection were considered unlikely, and no further experiments
were performed.”

Finally, HIPV consistently induced production of antivirus IgG
antibodies in all rats analyzed. The antivirus antibodies were still
present at the end of the 2-wk recovery period in all rats previous-
ly treated with HIPV. Concurrently viral DNA was still detect-
able in several tissues and organs in which antivirus antibodies
did not lead to viral clearance. This finding is in line with results
published for rat parvovirus, which showed that in the presence
of antiviral antibodies, active virus could be recovered from 7 wk
until 6 mo after infection.®

All investigations were performed in mature rats. Previous
evaluations showed that HIPV injection is embryo- and feto-
toxic.!01181926 This study did not include animals at these young
developmental stages. The experiments were not designed to elu-
cidate whether HIPV causes toxicity either by direct injection or
by virus replication in noncancerous developing tissue. If HIPV
were considered for the treatment of children or adolescents, the
toxicologic testing of the virus needs to be extended to young rats
at different stages of development.
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