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ARTICLE INFO ABSTRACT

Article history: In 2020, a new 0.5 mL presentation of PUREVAX® RCP FeLV was registered and introduced in Europe.
Received 21 March 2023 The objectives of this study were to investigate the local safety of this non-adjuvanted vaccine at
Received in revised form 7 June 2023 reduced volume by classical methods (clinical examination, histopathology) and to evaluate the suitabil-
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Available online 23 June 2023 ity of an alternative non-invasive methodology, the computed tomography (CT). For this purpose, the

course of local reactions was assessed for 3 months after subcutaneous injection of PUREVAX® RCP
FeLV 0.5 mL and compared to an adjuvanted vaccine, LEUCOFELIGEN® FeLV/RCP 1.0 mL.

Injection site reactions consisted mainly of swelling reactions, which were more frequent, more pro-
nounced and long-lasting in the adjuvanted vaccine group. Microscopically, in this group, moderate to
severe inflammatory reactions were observed on day 7 (D7) and D21 post-injection and still present
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Adjuvanted on D84, while mild inflammatory lesions were observed in the non-adjuvanted vaccine group only on
Computed tomography D7 and D21. With the adjuvanted vaccine, inflamed areas were measurable by CT scan in all cats on
Inflammation D7 and D21, whereas they were detected only on D7 and only in 20 % of cats from the non-adjuvanted

vaccine group. Besides the higher frequency, the mean inflamed volume was nearly 300 times larger
in adjuvanted vaccine group on D7.

Using different methodologies, the favorable safety profile of PUREVAX® RCP FeLV 0.5 mL was con-
firmed. Furthermore, the vaccine is aligned with current vaccination guidelines by inducing less inflam-
matory reactions, being adjuvant-free and injectable under a reduced volume, thus improving the
convenience of administration in recommended sites (eg, legs).

CT scan proved to be a suitable non-invasive method for the experimental follow-up of injection site
reactions, yielding results consistent with clinical assessment and histopathology on D7 and D21. CT scan
substantiated large differences between the investigated vaccines with a more prominent inflammatory
reaction after injection of an adjuvanted vaccine.
© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Abbreviations: CT, computed tomography; D, day; FCV, feline calicivirus; FeLV, feline leukemia virus; FHV-1, feline herpesvirus-1; FPV, feline parvovirus; FISS, feline
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1. Introduction

Vaccination is essential for the prevention of many infectious
diseases in cats and recommendations have been made in World
Small Animal Veterinary Association (WSAVA) [1], American Ani-
mal Hospital Association/American Association of Feline Practi-
tioners (AAHA/AAFP) [2], and European Advisory Board on Cat
Diseases (ABCD) feline vaccination guidelines [3,4]. Cats are usu-
ally vaccinated against the major feline viral pathogens, such as
feline parvovirus (FPV), feline «calicivirus (FCV), feline
herpesvirus-1 (FHV-1), and particularly kittens and young adults
often receive vaccines against feline leukemia virus (FeLV).

Adverse reactions after vaccine injection are considered rare [5].
In a large survey conducted in the United States between 2002 and
2005 involving nearly 500,000 cats, 52 adverse reactions (of any
kind, including very minor reactions) per 10,000 cats were
reported within 30 days of vaccination [6]. The most serious
adverse reactions are feline injection site sarcomas (FISS), which
are malignant tumors of mesenchymal origin developing at sites
of previous vaccination or injection. FISS are highly locally invasive,
fast growing, may metastasize to remote sites, and require aggres-
sive and radical surgical resection, due to a high rate of local tumor
recurrence [7-9]. Current estimates of the incidence are low and
vary by country, depending on which vaccines are used (types
and pathogens) and population susceptibility [2]. Reported preva-
lence of FISS was 1 FISS per 5000-12,500 vaccination visits in the
United Kingdom [10], 0.63 FISS per 10,000 vaccinated cats in the
United States and Canada [11], and 16 out of 10,000 cats for a gen-
eral veterinary practice in Poland [12].

The pathogenesis of FISS is still unclear and etiology likely
multifactorial, but the most widely accepted hypothesis is that,
in predisposed cats, a chronic inflammatory reaction at the injec-
tion site is the triggering factor for malignant transformation of
mesenchymal cells [1,7-9,13-15]. Adjuvanted vaccines were
shown to induce a more intense local inflammation than non-
adjuvanted ones [14,16]. Some epidemiological studies report
an association between the administration of inactivated adju-
vanted vaccines and subsequent development of FISS [17-20],
others did not [21,22]. To address the risk of FISS, current feline
vaccination guidelines recommend vaccinating in the lower dis-
tal limb or lateral abdominal skin (to facilitate amputation/exci-
sion in the event of FISS), avoiding over-vaccination, and
monitoring vaccination sites using the 3-2-1 rule [1,2,9,23]. This
rule advises to biopsy any mass at a vaccination site if the mass
is still present 3 months after vaccination, is growing >2 cm in
diameter, or is increasing in size 1 month after vaccination [9].
In addition, the WSAVA and the ABCD guidelines recommend
the use of non-adjuvanted vaccines, whenever possible, and
reducing local inflammation by avoiding the administration of
any irritating substance [1,9,23].

PUREVAX® is a fully adjuvant-free feline vaccine range, which
received marketing authorization in Europe in 2005. The multi-
component concept allows the combination of various lyophilized
vaccines (against FHV-1, FCV, FPV, or Chlamydia felis) (“RCPCh”)
with a liquid vaccine component (against FeLV or rabies) or a dilu-
ent at a final volume of 1 mL. A kinetic study of histopathological
changes in the subcutis of cats after vaccine injection showed that
PUREVAX® RCPCh FeLV induced significantly less severe and less
sustained local tissue inflammation than adjuvanted vaccines
[16]. In order to provide a faster injection experience for the cats
as well as improve the easiness of administration of the vaccine
in alternative sites with less loose skin, a new presentation of
PUREVAX® RCPCh FelLV with unchanged antigen content but a
reduced volume (0.5 mL) was developed. A laboratory study and
a randomized controlled field trial showed that the 0.5 mL presen-
tation of PUREVAX® RCPCh FeLV was well tolerated, induced even
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less injection site reactions than the 1 mL dose and remained as
immunogenic [24].

In 2020, the 0.5 mL presentation was centrally registered by the
European Medicines Agency and launched in Europe. The objec-
tives of this study were to investigate the local safety of this new
presentation of a non-adjuvanted vaccine at reduced volume by
classical methods (clinical examination, histopathology), using an
adjuvanted vaccine as benchmark, and to introduce computed
tomography (CT) as an alternative non-invasive methodology for
injection site monitoring. For this purpose, the course of local reac-
tions after the subcutaneous injection of PUREVAX® RCP FelLV
0.5 mL was assessed for 3 months and compared to an adjuvanted
vaccine, LEUCOFELIGEN® FeLV/RCP 1.0 mL in young adult cats.

2. Material and methods
2.1. Vaccines

PUREVAX® RCP FeLV (Boehringer Ingelheim, France) is a multi-
component non-adjuvanted vaccine composed of a lyophilizate
containing two inactivated calicivirus strains (FCV 431, FCV G1),
and modified live feline rhinotracheitis (FHV F2) and panleukope-
nia (FPV PLI IV) viruses (PUREVAX® RCP, Boehringer Ingelheim,
France), reconstituted with 0.5 mL of a liquid recombinant
canarypox-FeLV vaccine (PUREVAX® FeLV, Boehringer Ingelheim,
France).

LEUCOFELIGEN® FeLV/RCP (Virbac, France) is a multi-
component vaccine composed of a lyophilizate containing modi-
fied live attenuated feline calicivirus (FCV F9), feline rhinotra-
cheitis virus (FHV F2), and panleukopenia virus (FPV LR 72),
reconstituted with 1 mL of a liquid FeLV subunit vaccine adju-
vanted with aluminum hydroxide and Quillaja saponaria (AIOH/
Quil A).

A sterile saline solution (0.9 % NaCl) (Osalia, France) was used as
negative control for each vaccine.

2.2. Animals

Fifteen female and 15 male specific pathogen free cats (Hill
Grove strain, Centre Lago, France) were used in this study. On aver-
age, they were aged 1 year (range: 10-32 months) and weighed
4 kg (range: 2.6-6.2 kg) at inclusion. Cats were randomly assigned
according to their sex and weight to two treatment groups of 15
cats each. Randomization included the time point of biopsy collec-
tion. Females and males were housed in two separated rooms, and
treatment groups intermingled in each room.

2.3. Study design

Before vaccination, the injection sites were shaved with an elec-
tric clipper, then at regular intervals during the study, and a mar-
ker pen was used to precisely delineate the injection site.

On day 0 (DO0), all cats received one of the vaccines into the right
hindlimb and saline solution into the left hindlimb. Injections were
administered subcutaneously in the proximal lateral part of the
hindlimb, caudal to the femoral bone, using a 26G needle. Cats
from group 1 (8 males, 7 females) received LEUCOFELIGEN®
FeLV/RCP and 1 mL saline, cats from group 2 (7 males, 8 females)
received PUREVAX® RCP FeLV and 0.5 mL saline. Group 1 was ref-
erenced as adjuvanted vaccine group, and group 2 as non-
adjuvanted vaccine group.

The schedule of clinical monitoring, CT scans, and biopsies for
histopathological examinations is summarized in Fig. 1. In addi-
tion, body weights were measured weekly. For vaccine administra-
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Treatments

Saline solution 0.9% Vaccine

Group1:1.0mL
Group 2: 0.5 mL

Group 1: LEUCOFELIGEN® FeLV/RCP 1.0 mL
Group 2: PUREVAX® RCP FelV 0.5 mL

End of study

CT scan => inflamed volume

Biopsy collection (5 cats / group / day)

=> histopathology*

¢ o

14 21 42 82/84

Scoring of local injection site reactions (injection site score), body temperature

* Biopsied cats were removed from study as local reaction monitoring was no longer possible after biopsy collection.

Fig. 1. Study design (main parameters).

tion, CT acquisitions and biopsies, cats were anesthetized using a
mixture of isoflurane and oxygen.

Tissue samples of injection sites were collected from 5 cats of
each group on D7, D21 and D82/D84 (2 different dates due to logis-
tical constraints). After biopsy collection, cats were removed from
the study and clinical follow-up was performed until complete
recovery from surgery. Thus, CT scans were performed for all 30
cats on DO and D7, 20 cats on D21 (10 per group), and 10 cats on
D82/84 (5 per group).

The in-life phase and CT scans were performed at Voxcan (Dom-
martin, France). Histopathological analyses were done at VetDiag-
nostics (Charbonniéres-les-Bains, France). This study was carried
out in accordance with the EU Directive 2010/63/EU for animal
experiments and the National Research Council’s Guide for the
Care and Use of Laboratory Animals. The study was approved by
the Voxcan ethical committee and the French authorities (Ministry
of Higher Education, Research and Innovation, approval number
APAFIS #33905-2021111211107009 v5).

2.4. Clinical monitoring

All cats were observed for about 15 min after vaccine injection
for any immediate adverse event, and then daily for general health
throughout the study. Body temperature was recorded daily for
14 days following vaccination in awake cats via a thermo-chip (All-
flex®, France), which was subcutaneously implanted in the inter-
scapular region. Body weight was measured weekly throughout
the study.

Clinical assessment of injection sites was performed daily for at
least 14 days after injection in all cats; and if reactions were still
persisting thereafter, daily assessment was continued until 3 days
after complete resolution. Injection sites were also examined in all
cats on D42 and D82/D84. The scoring scheme for the injection site
reactions (swelling, redness, pain and pruritus) is presented in
Table 1. When injection site reactions were examined on anes-
thetized cats, pain and pruritus could not be assessed.

2.5. CT scan

CT acquisitions were performed before vaccination on DO, then
on D7, D21 and D82/D84 covering the regions of interest (lateral
aspects of the hindlimbs) using a GE Brightspeed 16 CT Scanner
(General Electric Healthcare, United Kingdom). For CT acquisition,
the cats were positioned in ventral recumbency (Fig. 2). An effort
was made to avoid any pressure on the skin for all injection sites.
One acquisition was done per cat and time point with no contrast
agent.

Scanning parameters were axial resolution of 187 pm, slice
thickness of 310 pum after reconstruction, acceleration voltage of
120 kV, intensity of 150 mA, gantry rotation time of 800 ms and
beam pitch of 0.938 or 0.562. Image reconstruction was performed
using the STANDARD algorithm. CT acquisitions and image analy-
ses were performed using the software Avizo 2021.1, by manual
segmentation. On several adjacent consecutive image slices, a
manual image segmentation process was used to identify the
voxels corresponding to the subcutaneous inflamed area with

Table 1
Scoring scheme for injection site reactions.
Score  Swelling Redness Pain Pruritus
0 Absent Absent Absent Absent
1 Mild* (5-10 mm) Mild (5-10 mm)  Mild (no reaction when touched, mild sensitive reaction only with palpation) Present (cat scratches itself during
examination)
2 Moderate* (11- Moderate (11- Moderate (marked sensitive reaction with palpation and/or mild sensitive -
15 mm) 15 mm) reaction with touching)
3 Severe* (>16 mm) Severe (>16 mm) - -

* If swelling was present, the type of swelling was recorded as “soft” (edema-like) or “firm” (nodule-like).
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Fig. 2. Cat during CT scanning and examples of CT images (transverse sections of
hind limbs). (a) For CT acquisition, the cats were positioned in ventral recumbency.
(b) and (c) the inflamed area (subcutaneous area in different grayscale lateral on
right hind limb) was determined by manual delineation in adjacent consecutive
image slices (blue coloration in (c) for better visualization), then the volume was
calculated via an interpolation procedure. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)

associated darker gray borders. The volume of the inflamed zone

(in mm?) was obtained via an interpolation procedure. When no

inflamed area was visible, no segmentation was performed.
Examples of CT imaging and evaluation are shown in Fig. 2.

2.6. Biopsies and histopathologic examinations

Punch biopsies were taken from the vaccine and saline injection
sites of 5 cats per group on D7, D21, and D82/D84. One tissue sam-
ple containing skin, subcutaneous tissue, sometimes muscle was
collected at the center of each injection site using a sterile biopsy
punch (8 mm diameter) and fixed in 4 % formaldehyde solution.
For processing, each biopsy was longitudinally cut in halves and
both halves embedded in paraffin. From each paraffin block, one
hematoxylin-eosin-stained slide was prepared and analyzed using
a light microscope by a board-certified pathologist. A morphologi-
cal diagnosis was provided for each biopsy.

2.7. Statistical analyses

A daily injection site score (ISS) was calculated by adding the
clinical scores of swelling, redness, pain and pruritus reactions
per cat and per day. Additionally, weekly total ISSs per cat were
calculated for the study periods D1-D7, D8-D14, and D15-D21 by
adding the individual daily ISSs for the given period. For each per-
iod, the total ISSs were compared between groups using the
Wilcoxon-Mann-Whitney’s test (exact).

The volume of inflamed areas measured by CT scan were com-
pared between groups at each time point (D7, D21, and D82/D84)
using a t-test.

All analyses were conducted using the SAS software (SAS Insti-
tute, Cary, NC; version 9.4).

3. Results
3.1. Clinical examination
3.1.1. Systemic reactions

All cats remained healthy, and no systemic adverse events
related to vaccine injection were reported.

Vaccine 41 (2023) 4752-4761

There was an overall weight gain of all cats during the course of
the study. Single cats showed a mild transient weight loss between
the baseline weighing (D-7/D-4) and D7, which was probably
caused by the various study procedures involving general anesthe-
sia at study start. No hyperthermia (>39.5 °C) was recorded within
2 weeks after vaccine injection in any group (data not shown).

3.1.2. Injection site reactions

No reactions were observed at the sites injected with saline in
both groups, except for 1 cat in the non-adjuvanted vaccine group
which was recorded with a mild swelling on D6.

Within 6 days after injection of the adjuvanted vaccine, all cats
(N = 15) developed mild to severe swelling reactions, which were
visible for 2-32 days. All cats (N = 10) from this group still pre-
sented swelling reactions on D21, and in the 5 cats remaining on
study after D21, swelling lasted until D30 (1 cat), D33 (3 cats),
and D40 (1 cat). Most swellings had a firm consistency and were
more intense during the second and third week after vaccine injec-
tion. In addition, 5 cats from the adjuvanted vaccine group experi-
enced mild to severe redness for 3-6 days.

After injection of the non-adjuvanted vaccine, nine out of 15
cats had transient swelling reactions, which were visible for 1-
4 days and were of mild intensity, except for 2 cats (1 cat experi-
enced moderate swelling for 2 days, and 1 cat experienced severe
swelling for 1 day). Most swellings had a(soft consistency. In the
non-adjuvanted vaccine group, no swellings were observed after
D7, except for 1 cat on D11 and 2 cats on both D12 and D13.
One cat experienced mild redness on a single day (D3).

Neither pain nor pruritus was observed in any group. Weekly
total ISSs were significantly higher in the adjuvanted vaccine group
than in the non-adjuvanted vaccine group during the D1-D7 period
(median [range]: 6.0 [1-18] versus 1.0 [0-4]) (p < 0.0001), the D8-
D14 period (median [range]: 12.5 [3-22] versus 0 [0-4])
(p < 0.0001), and the D15-D21 period (median [range]: 13.5 [8-
17] versus 0 [0-0]) (p < 0.01) (Fig. 3).

Proportion of cats with injection site score >0
15/15 9/15 10/10  3/10 10/10  0/10
25 *okokok

1
20] ;
w A — 1
2] ]
= 15—_
-
> ]
5 107
[} u
=
5] .
01—
1 2 3
Week

[ adjuvanted vaccine group [ ] non-adjuvanted vaccine group

Fig. 3. Weekly total injection site scores per group. Weekly total ISS, clinically
assessed at the vaccine injection site for week 1 (D1-D7), week 2 (D8-D14), and
week 3 (D15-D21) after injection, and proportion of cats with an ISS > 0 per period
and group (** p < 0.01, *** p < 0.0001, Wilcoxon-Mann-Whitney’s test).
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Fig. 4. Hindlimb of a cat 21 days after the injection of the adjuvanted vaccine. A
moderate swelling reaction (score 2) was still present at the injection site 3 weeks
after administration of the adjuvanted vaccine.

An example of a swelling reaction persisting 21 days after injec-
tion of the adjuvanted vaccine is shown in Fig. 4.

3.2. CT scan

Before treatment, there were no discernible subcutaneous alter-
ations at any of the designated injection sites, and all saline
injected sites remained unaltered in all cats until the end of the
study.

One week after injection of the adjuvanted vaccine, inflamed
areas were detected at the vaccination sites of all cats (15/15,
100 %) with a mean volume of 2286.5 mm® (range: 182-
5211 mm?). In contrast, inflamed areas were only visible in 3 cats
(3/15, 20 %) injected with the non-adjuvanted vaccine (9.2, 34.6,
and 75.7 mm?, respectively), resulting in a mean volume of
8 mm? for this group.

Three weeks post vaccine injection, inflammation was still pre-
sent in all cats (10/10, 100 %) from the adjuvanted vaccine group,
with a mean inflamed volume of 1054 mm® (range: 265-
3179 mm?), whereas no inflamed areas were visible in cats from
the non-adjuvanted vaccine group (Fig. 5).

Twelve weeks post vaccination, no subcutaneous inflammation
was detected by CT scan in any vaccine injection site of the remain-
ing cats from both groups.

The inflamed volumes measured by CT scan were significantly
higher in the adjuvanted vaccine group than in the non-
adjuvanted vaccine group on D7 (p < 0.0001) and D21 (p < 0.01).

Representative CT scan images from both groups are shown in
Fig. 6.

Overall, CT scan results are consistent with ISSs recorded on the
respective days of CT acquisition (D7 and D21) in terms of fre-
quency, duration, and magnitude. Almost all cats from the adju-
vanted vaccine group presented with injection site reactions, i.e.
ISS>0(14/150nD7,10/10 on D21) and a higher ISS (mean [range]:
1.4 [0-3] on D7, and 2.0 [1-3] on D21) whereas few cats from the
non-adjuvanted vaccine group had local reactions (2/15 on D7,
0/10 on D21) with a low ISS (mean [range]: 0.1 [0-1] on D7, and
0 on D21).

3.3. Histopathological findings

No lesions were observed at any saline injection site at the dif-
ferent time points. At the vaccine-injected sites, microscopic alter-
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Proportion of cats with inflamed volume >0 mm3

15/15 3/15 10/10 0/10 0/5 0/5
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[ adjuvanted vaccine group [ ] non-adjuvanted vaccine group

Fig. 5. Inflamed volume at injection site — CT scan. Inflamed volumes assessed by
CT scan at the vaccine injection site on D7, D21 and D84 and proportion of cats with
a detectable inflamed area per examination day and group (** p < 0.01, ***
p < 0.0001, t-test).

ations were present in all examined cats from both groups on D7
and on D21, while on D82/84, lesions were detected in all cats from
the adjuvanted group and only in 1 cat from the non-adjuvanted
group. Type and severity of microscopic changes were clearly dif-
ferent between the groups.

3.3.1. One week post vaccine injection (D7)

With the adjuvanted vaccine, all 5 injection sites exhibited
moderate to severe areas of necrosis in the subcutaneous adipose
tissue (extending into subcutaneous muscle in 1 cat) associated
with fibrin deposition, edema and hemorrhages, surrounded by
numerous viable and degenerated neutrophils admixed with lym-
phocytes, plasma cells and macrophages. Granular basophilic
material was present in the cytoplasm of macrophages and extra-
cellular in the necrotic center of the lesions in all samples.

In the non-adjuvanted vaccine group, minimal to moderate
perivascular infiltrates of lymphocytes, plasma cells and macro-
phages were present in the subcutaneous adipose tissue (and sub-
cutaneous muscle in 1 cat) in all samples, associated with vascular
congestion and edema.

3.3.2. Three weeks post vaccine injection (D21)

All 5 injection sites with the adjuvanted vaccine exhibited sev-
ere nodular to coalescing accumulations of macrophages, multinu-
cleate giant cells, neutrophils, lymphocytes and plasma cells in the
subcutaneous adipose tissue (extending into subcutaneous muscle
in 1 cat), which were frequently centered around areas of necrosis
and fibrin deposition. Granular basophilic material was present in
the cytoplasm of macrophages and extracellular in the necrotic
center of the lesions in all samples.

All sites injected with the non-adjuvanted vaccine showed min-
imal to moderate perivascular infiltrates in the subcutaneous adi-
pose tissue (and subcutaneous muscle in 2 cats). Infiltrates
consisted of lymphocytes, plasma cells and macrophages, some-
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Fig. 6. Representative CT scan images on D7 and D21. CT scan images illustrating the development of an inflamed zone on D7 and D21 from a cat injected with the adjuvanted
vaccine [(a) and (c)] and from a cat injected with the non-adjuvanted vaccine [(b) and ((d)].

times forming lymphoid nodules, and were associated with fibrob-
last hypertrophy and collagen deposition.

3.3.3. Twelve weeks post vaccine injection (D82/D84)

In the adjuvanted vaccine group, 3 cats showed minimal to
moderate multifocal accumulations of macrophages, lymphocytes
and plasma cells in the subcutaneous adipose tissue, with cytoplas-
mic granular basophilic material in macrophages. One cat exhib-
ited minimal perivascular infiltrates of the same composition
including the granular material. One cat presented only single
macrophages in the subcutis with cytoplasmic granular basophilic
material.

With the non-adjuvanted vaccine, only one cat showed micro-
scopic alterations consisting in a focal perivascular cuff of lympho-
cytes and plasma cells in the subcutis.

Histopathological diagnoses are summarized per group in
Table 2, and representative microscopic images from D7, D21
and D84 are shown in Fig. 7.

4. Discussion

The main objective of this laboratory study was to investigate
the local safety of the non-adjuvanted vaccine PUREVAX® RCP FeLV
0.5 mL and compare it to an adjuvanted vaccine (LEUCOFELIGEN®
FeLV/RCP) 1.0 mL for 3 months after subcutaneous administration
in young adult cats. Another objective was to evaluate the suitabil-
ity of CT scan as a non-invasive method for assessing subcutaneous
inflammatory reactions and if the results were comparable to clin-
ical examinations and consistent with histopathology.

Two advanced diagnostic imaging techniques, CT scan and
Magnetic resonance imaging (MRI), were considered for the mon-
itoring of injection site reactions. MRI was successfully used in
pigs and sheep for the assessment of local reactions after vaccina-
tion [25-27]. CT scan was reported as a useful tool to detect sub-
cutaneous aluminum hydroxide-induced granulomas in sheep
[28]. CT scan or MRI is recommended to assess the tumor size
of feline fibrosarcoma and determine the extent of invasion, plan
adequate surgical margins, and the area that needs to be included
in the radiation treatment field [7,29,30]. Contrast-enhanced CT
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scans were shown more accurate for determining FISS tumor vol-
ume than physical examination estimates and caliper measure-
ments, and CT measurements tended to be larger than clinical
dimensions [7,31]. We conducted a pilot study comparing CT scan
and MRI after injection of a multi-component adjuvanted vaccine
to cats. MRI images had a higher contrast than CT images; how-
ever, the inflamed tissue presented heterogeneous and sometimes
with an unequivocal hypersignal (from fluid) extending into the
superficial skin. In contrast, CT images appeared homogenous
with a good visualization of the borders of the inflamed tissue
(Supplementary Fig. 1). Moreover, the resolution of the CT scan
was 13 times higher than the MRI. As a result, segmentation
and volume quantification operations were more reproducible
using the CT imaging, which was selected for the assessment of
injection site reactions in the present study. In addition, CT scan
methodology is more convenient than MRI in terms of costs,
availability, time, and animal welfare (quicker examination, possi-
ble use of short volatile anesthesia).

The suitability and accuracy of the CT imaging was evaluated
comparing a non-adjuvanted vaccine and a vaccine adjuvanted
with AIOH/Quil A, as a difference in the type of induced local reac-
tions could be expected. All cats served as their own internal con-
trol by receiving a contralateral injection of 0.5 mL or 1 mL saline
solution, according to the volume of the injected vaccine. CT imag-
ing was also compared to clinical examination of injection sites
and histopathological evaluation, which are classically used to
assess the local safety of vaccines.

Different time points were selected for CT imaging and
histopathological analyses to compare injection site reactions early
after vaccination (D7), at an intermediate period (D21), and during
the late-stage healing phase of the reaction (D82/D84). D7 was the
best compromise to study the maximum injection site reaction,
based on the mentioned pilot study, where the largest inflamed
volumes were measured by CT scan between D7 and D14. D21
was selected to assess the level of a persisting inflammatory reac-
tion at the time of a potential second vaccine injection in a primary
vaccination scheme. D82/D84, approximately 3 months after vacci-
nation, is also the last time point as per the 3/2/1 rule for the mon-
itoring of the injection site after vaccination.
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Table 2
Summary of histopathological findings in punch biopsies from injection sites.

Time of Injection sites with Injection sites with  Control sites
biopsy adjuvanted vaccine non-adjuvanted with saline
collection (Group 1, vaccine (Group 2, solution (Groups
LEUCOFELIGEN) PUREVAX) 1and 2
combined)
D7 5/5: ++ or +++ 5/5: (+) or ++ 10/10:
subacute diffuse subacute multifocal no findings
fibrino-necrotizing perivascular
panniculitis with mononuclear
intrahistiocytic and panniculitis
extracellular 1/5: additional
basophilic granular minimal myositis
material
1/5: additional
myositis
D21 5/5: ++ or +++ chronic  5/5: (+), + or ++ 10/10:
diffuse pyo-/ chronic multifocal no findings
granulomatous perivascular
panniculitis with mononuclear
intrahistiocytic and panniculitis
extracellular 1/5: additional
basophilic granular myositis
material
1/5: additional
myositis
D82/84 3/5: (+), + or ++ 1/5: (+) chronic 10/10:
chronic multifocal multifocal no findings

granulomatous
panniculitis with
intrahistiocytic
basophilic granular
material

1/5: + chronic
perivascular
mononuclear
panniculitis with rare
macrophages with
intracytoplasmic
basophilic granular
material

1/5: Rare
macrophages with
intracytoplasmic
basophilic granular
material

perivascular
mononuclear
panniculitis
4/5: no findings

n/N: proportion of animals with this finding.
(+) minimal, + mild, ++ moderate, +++ severe.

Both vaccines were well tolerated in terms of systemic reac-
tions, with no vaccine-related effects on the general condition or
on the body weight, and no hyperthermia. Local reactions were
clearly different between vaccines in terms of frequency, intensity,
and duration. As the two vaccines differ in several characteristics
(adjuvanted/non-adjuvanted, antigen strains, type of FeLV vaccine
component, volume), the results only apply to the comparison of
these two commercially available vaccines. Injection site reactions
consisted mainly of swelling. In the adjuvanted vaccine group,
swellings were more frequent, intense and long-lasting (all 15 cats
affected, still present in all cats on D21, lasting until D40 in 1 cat)
than in the non-adjuvanted group, where swelling reactions were
mainly of mild intensity, and transient (only 9/15 cats affected in
the first week, only 3 cats affected after D7 with the last observa-
tion of swelling on D13). Most swelling reactions were of firm con-
sistency after injection of the adjuvanted vaccine, while they were
soft after injection of the non-adjuvanted vaccine. Swelling was
associated with redness in 33 % of cats receiving the adjuvanted
vaccine. Neither pain nor pruritus was reported in any group. Dif-
ferences between groups were illustrated by the weekly total
injection site score, which was significantly higher during the first,
second and third week after vaccine injection in the adjuvanted
vaccine group. In a previous experimental study, injection site
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reactions were also limited to transient swelling reactions after
administration of PUREVAX® RCPCh FeLV 0.5 mL in the interscapu-
lar region [24].

Examination of the biopsies showed that microscopic alter-
ations were observed in all biopsies from vaccine injected sites,
but not in saline injected control sites. In both groups, early inflam-
matory reactions were present, but they differed clearly in their
pattern and were more transient in the non-adjuvanted vaccine
group. In the adjuvanted vaccine group, lesions basically consisted
of (pyo)granulomatous panniculitis in various phases, presenting
with an acute fibrino-necrotizing component at 1 week after vacci-
nation and a more organized chronic appearance at 12 weeks. All
vaccination sites in this group contained intralesional basophilic
granular material within the cytoplasm of macrophages as well
as extracellularly. The lesion intensity was moderate to severe 1
and 3 weeks post-injection, and inflammation was still present —
though with slightly decreased intensity — in all 5 cats 12 weeks
post-injection. This pattern of microscopic lesions is compatible
with the inflammatory reaction provoked by the presence of poorly
degradable material in the tissue (“foreign body reaction”) such as
alum or mineral oil components of vaccine adjuvants. In vaccina-
tion site samples from the non-adjuvanted vaccine group, only
minimal to moderate perivascular mononuclear panniculitis was
found at 1 and 3 weeks post injection, sometimes with the forma-
tion of lymphoid nodules. Twelve weeks post-injection, only 1 out
of 5 samples from the non-adjuvanted vaccine group still showed
minimal mononuclear inflammation. Similar histopathological
changes were described by Day et al. [16] 7, 21 and 62 days after
the subcutaneous injection of vaccines containing a lipid-based
or AIOH/Quil A as adjuvants, and of a non-adjuvanted vaccine. Sim-
ilar to the results of this study, a significantly less severe and less
sustained local tissue inflammation and a more effective tissue
repair were reported with the non-adjuvanted vaccine versus both
adjuvanted vaccines [16].

CT scan confirmed that inflammatory reactions were detectable
only in the vaccine-injected regions, not in the contralateral limbs
with the saline injection. In the adjuvanted vaccine group, inflamed
areas were measurable in all cats on D7 and D21, whereas in the
non-adjuvanted vaccine group they were detected on D7 only in
3 cats (20 %) and not detectable in any cat on D21. Besides the
higher frequency of measurable reactions, the mean inflamed vol-
ume was nearly 300 times larger in the adjuvanted vaccine group
on D7, and the lowest volume ever measured in this group was still
more than two-fold higher than the highest measured volume in
the non-adjuvanted vaccine group. The difference of mean
inflamed areas was statistically significant between groups on D7
and D21. Overall, inflamed volumes measured by CT scans were
consistent with the injection site scores in terms of frequency,
duration and magnitude on D7 and D21.

CT imaging showed to be a suitable method to assess the local
safety of vaccines under laboratory conditions. CT scan is a non-
invasive technique, has no impact on lesion development allowing
repeated assessments on the same cat, the extent of alterations can
be measured, and the method has a good sensitivity, particularly
for exudative or proliferative lesions (comparable to manual exam-
ination). Thus, CT imaging could be a useful complementary tool
for vaccine development, providing a more accurate and objective
monitoring of the inflammatory reaction at the injection site than
the standard clinical scoring alone. Clinical examination is still
required to assess other signs such as pain, redness and pruritus.
For scientific purposes, CT scan could be associated with biopsies
at the injection sites for histopathology and a detailed morpholog-
ical characterization of exudative inflammation, (pre-)neoplastic
lesions, and immune activation. Collecting tissue samples via biop-
sies is also a more ethical approach than collecting injection sites
at necropsy.
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Non-adjuvanted vaccine

Adjuvanted vaccine

Fig. 7. Histopathologic images from biopsies collected on D7, D21, and D84 after vaccine injection. (a, b) Injection site biopsies from the non-adjuvanted vaccine group. On
D7, a perivascular to diffuse mononuclear inflammation was observed (a). On D21, scattered mononuclear cell infiltrates and occasional follicular aggregates were present (b).
(c-f) Injection site biopsies from the adjuvanted vaccine group. On D7, necrosis, fibrin exudation, massive influx of neutrophils, and foreign amorphous material were
observed (c). On D21, exudate started to be organized by macrophages, resulting in granuloma with ongoing necrosis and a demarcation by granulation tissue (d) with the
presence of granular material in the cytoplasm of macrophages (e). On D84, chronic multifocal granulomatous panniculitis with basophilic granular material in the cytoplasm
of macrophages was observed (f). Hematoxylin eosin stain (a-f); objective magnification 2x (a, c), 10x (b, d), 20x (f), 40x (e).

In this study, the CT scan documented significant differences
between two types of vaccines, which were consistent with clinical
examination and histopathological findings on D7 and D21. A more
frequent, pronounced and long-lasting inflammatory reaction was
induced by an adjuvanted vaccine as compared to a non-
adjuvanted vaccine. It should be noted that no reaction was detect-
able by CT scan after saline injection, whatever the volume injected
(0.5 or 1 mL). Microscopy corroborated the differences between
the vaccines by revealing different inflammation patterns, resem-
bling a foreign body reaction for the adjuvanted vaccine versus
the recruitment of immunity-mediating mononuclear cells -
which is favorable after vaccination - for the non-adjuvanted vac-
cine. Notably, the inflammatory pattern was independent from the
time after vaccination, ie, alterations at the sites injected with the
adjuvanted vaccine had a necrotic to proliferative component at all
time points which was not present in any of the injection sites of
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the non-adjuvanted vaccine. Moreover, this difference cannot be
attributed solely to the higher injection volume of the adjuvanted
vaccine because the same high volume of saline did not cause com-
parable lesions.

The association between chronic inflammation and neoplastic
transformation is well known for several disease entities in
humans (eg, Helicobacter pylori and gastric cancer, asbestos inhala-
tion and mesothelioma/lung cancer, inflammatory bowel diseases
and colorectal carcinoma) and in animals (eg, Spirocerca lupi and
esophageal cancer in dogs) [15,32]. However, the pathomechanis-
tic role of chronic inflammation and adjuvants, especially
aluminum-based ones, in the triggering of malignant transforma-
tion in some predisposed cats is still unclear. In experimental stud-
ies, no development of fibrosarcoma has ever been reported after
vaccine injection, possibly related to the low prevalence of
fibrosarcoma and long latency period between injection and malig-
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nant transformation (2 months to 10 years) [7]. Similarly in this
study, despite the occurrence of severe post-vaccinal inflammation
in certain cats, pre-/neoplastic alterations were not observed
within the observation period of 3 months.

Several epidemiological studies investigated the incidence of
FISS in correlation with various factors, eg, overall vaccination fre-
quency, the use of particular vaccines, or the introduction of new
vaccine formulations [13,17-22]. However, they gave discordant
results. Regarding potentially involved cellular mechanisms, gran-
ular crystalline foreign material was found in macrophages and
multinucleate giant cells within the inflammatory reaction at the
injection site [16], and later in the transformed fibroblasts of FISS
biopsy samples, which was identified by electron probe X-ray
microanalysis as aluminum and oxygen [13,33,34]. In our study,
similar granular foreign material, likely components of the vaccine,
was still observed in intralesional macrophages 3 months after
injection of the adjuvanted vaccine. It has been suggested that
the persistence of the inflammatory and immunological reactions
associated with the presence of aluminum in the injection sites
predisposes the cat to a derangement of its fibrous connective tis-
sue repair response, eventually leading to neoplasia in some of
these cases [13]. Different mechanisms by which the inflammatory
reaction causes tumor development have been proposed. Overex-
pression of growth factors and transcriptional factors (NF-kB and
STAT3), activation of oncogenes, mutations in the tumor suppres-
sor gene p53 have been found in FISS and may play a role in its
pathogenesis [7,9,35,36]. Further studies with extended monitor-
ing of the cats are needed to investigate both, the long-term evolu-
tion of severe local reactions and the molecular mechanisms
involved.

5. Conclusion

Using different methodologies, this study confirmed the favor-
able safety profile of PUREVAX® RCP FeLV 0.5 mL. Local reactions
were significantly less frequent, less intense and more transient
after administration of this non-adjuvanted vaccine than with an
adjuvanted vaccine. The use of this vaccine is well aligned with
the current vaccination guidelines, since it is adjuvant-free and
induces only mild inflammatory reactions. The reduced volume
also allows convenient administration even at distal sites (eg, legs).

CT scan proved to be a suitable non-invasive method for the
experimental follow-up of injection site reactions, yielding results
consistent with clinical assessment and histopathology on D7 and
D21. CT scan substantiated large differences between the vaccine
types injected.
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