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ABSTRACT: The African spiny mouse is a premier mammalian model for scarless cutaneous regeneration.
This investigation characterized how its endogenous skin commensals influence acute host immunity, a crucial
determinant of tissue repair outcome. Analysis of the dorsal auricular flora identified dominance by a native
Coagulase Negative-Novobiocin-Sensitive Staphylococcus (CoNS-NSS) strain. Intradermal challenge with this
resident strain elicited an instantaneous, high-magnitude inflammatory response, characterized histologically by
subtle cutaneous small vessel vasculitis and fibrin deposits, features pathognomonic for the Arthus reaction.
This atypical immediate onset compared to other studies we hypothesize that Acomys percivali maintains a
systemic reservoir of high-titer, pre-existing antibodies against staphylococcal antigens, potentially mediated by
commensal superantigens influencing local immunity. Quantitative analysis confirmed an accelerated resolution
program: neutrophils and macrophages peaked at day 1, followed by statistically significant clearance of
macrophages and T-cells by day 14. This rapid inflammatory withdrawal facilitates the complete regression of
transient fibroplasia, establishing that controlled, rapidly resolved immune-complex-mediated inflammation
dictates scarless regeneration in this species.
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INTRODUCTION:

The skin serves as a vital protective interface
against mechanical injury, environmental insults,
and microbial invasion. Structurally, it comprises
the epidermis, dermis, and hypodermis, each
housing distinct cell populations. The epidermis is
dominated by keratinocytes reinforcing the physical
barrier, alongside immune cells such as Langerhans
cells and dendritic epidermal T-cells 2. The
dermis is rich in extracellular matrix, fibroblasts,
mast cells, and both myeloid and lymphoid immune
cellsP®). Extensive crosstalk between epithelial,
stromal, and immune cells regulates skin immunity

and maintains tissue homeostasis/>1.

A diverse microbial community constantly
colonises the skin's surface and appendages,
interacting with host cells to influence local and
systemic immunity!*”, Many of these organisms
are commensals that cause no harm unless the
immune status is compromised®. Studies in
conventional laboratory mice have identified
numerous bacterial genera, with Staphylococci
particularly coagulase-negative species (CoNS)
being predominant®'%,

When the skin barrier is breached by injury or
disease, opportunistic microorganisms initiate a
complex immune cascade involving antigen-
presenting cells such as dendritic cells,
macrophages, and keratinocytes, which activate
innate and adaptive immune effector responses!!'!-
4. This typically recruits neutrophils, monocytes,
and NK cells, followed by T-cell involvement in

antigen neutralisation.

Although skin repair aims to restore normal
structure and function, adult mammals typically
undergo an imperfect process characterised by
chronic inflammation and permanent scar
formation. A notable exception is the genus
Acomys, which possesses the rare mammalian trait
of healing skin wounds rapidly and without
scarring, regenerating all cutaneous structures
including hair follicles and cartilage!'>!'®), The
outcome of wound repair, fibrosis or regeneration is

fundamentally influenced by the immune
responsel!’1?]. Mechanistic studies suggest that
Acomys processes injury differently from non-
regenerating rodents: it demonstrates substantially
lower and more rapidly declining neutrophil levels,
and a reduced release of pro-inflammatory
cytokines such as IL-6, CCL2, and CXCL1[20-2%],
These findings indicate that the temporal regulation
and resolution of inflammation not merely its
magnitude are paramount to achieving scarless
healing.

Intradermal infection studies have further shown
that commensals such as S. epidermidis induce a
distinct, commensal-specific T-cell response
associated with immunoregulation, and that
inflammatory monocytes can respond to
commensal-derived ligands to limit tissue
damage!®*%%. Despite the acknowledged role of
both inflammation and resident microbiota in
shaping repair outcomes, the precise
immunological dynamics elicited by skin
commensals following an intradermal breach

remain poorly defined in regenerative species.

This study addressed that gap using wild-caught A.
percivali to investigate host-commensal
interactions using the animal's native flora. The
objectives were to isolate and phenotypically
identify the predominant resident bacteria of the
dorsal auricular skin, and to characterise the spatio-
temporal kinetics of the immune response
specifically neutrophils, macrophages, and T-cells
following intradermal inoculation with the
dominant Coagulase Negative-Novobiocin-
Sensitive Staphylococcus (CoNS-NSS) strain.

MATERIALS AND METHODS:

Experimental Animals and Ethical Compliance

African spiny mice (4. percivali) were captured
live using Sherman traps baited with peanut butter
and oats at the Mpala Ranch in Laikipia County,
Kenya. Trapping was conducted under the authority
of Kenya Wildlife Services (KWS) license
reference No. KWS/BRM/5001. A total of 90
animals were used for initial microbiological
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sampling. Trapped animals were subsequently
housed in steel wire mesh cages in the Department
of Veterinary Anatomy and Physiology at the
University of Nairobi. Housing conditions were
designed to simulate the natural environment,
maintaining a 12/12h light-dark cycle at room
temperature, with food and water provided ad
libitum. All animals were allowed a minimum 14-
day acclimatization period before the initiation of
infection studies.

All animal procedures adhered to protocols
approved by the University of Nairobi, Faculty of
Veterinary Medicine, Biosafety, Animal Care and
Use and Ethics Committee. This research was
authorized by National Commission for Science,
Technology and Innovation (NACOSTI) under
license number: NACOSTI/P/25/4182558.

Microbiological Sample Collection, Isolation and
Colony counts

Microbiological transport swab (IMPROSWAB,
Guangzhou improve Medical Instruments Co. Ltd)
were opened aseptically. Skin swabs were collected
aseptically from the dorsal pinnae (ear skin) of the
90 animals immediately post-trapping, ensuring
samples were taken from non-overlapping areas.
Swabs were immediately placed in transport media
(Stuart media, Guangzhou improve Medical
Instruments Co. Ltd) and refrigerated in a cool box
for transport to the microbiology laboratory. Upon
arrival, the swabs were vortexed in Tryptone Soy
Broth (TSB) and incubated at 37°C for 12 hours.
Isolates from the TSB were then serially diluted up
to a 107 dilution and seeded onto petri dishes
containing Plate Count Agar (PCA) and Blood
Agar to facilitate the identification of different
colonial morphologies. The seeded petri dishes
were further incubated at 37°C for 12 hours.

Phenotypic Identification of Staphylococcus spp.
Identification began with Gram staining of selected
colonies to evaluate purity and classify cellular
morphology. Isolates were classified into Gram
positive cocci, Gram positive rods, and Gram-
negative rods. The most abundant group, Gram
positive cocci, was then subjected to specific
biochemical characterization tests necessary to

differentiate Coagulase Positive Staphylococci
(CoPS, such as Staphylococcus aureus) from
Coagulase Negative Staphylococci (CoNS). The
differentiation battery included the tube Catalase
test, Mannitol Salt Agar (MSA) Test, DNase test,
the gold standard Coagulase Test, and the
Novobiocin Test as documented in diagnostic
microbiology 2728

Inoculum  Preparation and Intradermal
Inoculation

A single strain belonging to the majority group,
identified phenotypically as Coagulase Negative-
Novobiocin Sensitive Staphylococci, was chosen
for the inoculation phase of the study. The
concentration of bacteria was quantified by
assessing Colony-Forming Units (CFUs) via serial
dilutions and standard plate count methods. Based
on pre-testing, an infective dose of 1 x 10° CFU
was calculated.

Before conducting the actual infection study a
pretest was run for a month. For the infection study,
five A. percivali mice were allocated to each of the
four time points: Day 1, Day 3, Day 7, and Day 14.
Anesthesia was induced using 5% (v/v) isoflurane
in an induction chamber, which was sterilized
between  inoculations to  prevent  cross-
contamination. The middle of the right pinna was
inoculated intradermally with 10 pl containing the
1 x 10° CFU strain, adjusted in Phosphate Buffer
Saline (PBS, pH 7.2). The middle of the left pinna
received a 10 pl injection of PBS alone to serve as
the control.

Morphological and Histopathological Analysis

Five adult animals per time point (Days 1, 3, 7, and
14 post-inoculation) were used for histological
processing. Mice were sacrificed after overdosing
with isoflurane at the predetermined time points
(Days 1, 3, 7, and 14 post-inoculation). A pre-test
involved observing for changes in extracellular
matrix, different immune cells types, cell numbers
at the peak of acute inflammation (Days 1-5) daily
in HE sections for with CoNS-NSS-inoculated and
PBS-inoculated sites. Then examining the same
parameters for stalled chronic inflammation and
injury site matrix remodeling on days 7, days 14
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and days 21(29). Animals were exposed to 4%(v/v)
vaporised  isoflurane inhalation  anaesthetic
(ISOTROY 250, manufactured by Troikaa
pharmaceuticals Ltd, Gujarat, India) in a closed
trasparent induction chamber attached to Veterinary
Anaesthesia Machine(Surgivet, Smiths Medical,
ASD, inc. USA) to allow easy monitoring of the
animal and control of isoflurane concentration.
Completely sleep anaethesized animal was
euthenised by cervical dislocation. The infected
(right) and control (left) pinnae were immediately
collected by excision, fixed in 10% Neutral
Buffered Formalin, and subsequently processed for
paraffin embedding. The pinna tissues were cut into
halves along the proximal-distal axis and embedded
in transverse orientation in paraffin blocks.

The tissues were cut at a thickness of 5 pm using a
Leitz Wetzlar, Rotary microtome. The sections were
stained with hematoxylin-eosin (HE) and observed
under a Leica® DMS500 light microscope at
magnifications of x40 and x100 objectives.
Micrographs of histological serial sections captured
in a light microscope were analyzed with the Leica
application suite software (Switzerland). Leica
application suite software (Switzerland) has an
integrated digital measuring tool, and it was used to
affix the scale bars. Adobe Photoshop and
[lustrator were used for image editing and labeling.

Immunohistochemical (IHC) Analysis
Immunohistochemistry was performed to identify
and quantify specific leukocyte populations at the
inoculation sites. The following primary antibodies
from Medaysis, USA were used: Mouse Anti-CD45
(LCA) for total leukocytes; Mouse Anti-CD3 for T-
cells; and Mouse Anti-Macrophage L1 Protein
(Mac387) for macrophages.

The IHC protocol involved standard procedures:
deparaffinization,  rehydration, blocking  of
endogenous peroxidase with 3% H>O, for 10 min,
and enzymatic treatment with 2% trypsin for 10
min. Non-specific binding was mitigated using a
blocking solution (PBS and 10% normal goat
serum). Sections were incubated sequentially with
primary antibodies (30 min) (With the following
dilution rations LCA1:500, CD3 1:500 and L1
Protein1:500), washed, and then incubated with

secondary antibodies diluted 1:1000. Detection was
achieved using EnVision kits (Avidin, Biotinylated
horseradish peroxidase Complex), followed by
application of the substrate, diaminobenzidine tetra
hydrochloride (DAB), for 5-10 minutes. Slides
were lightly counterstained with hematoxylin.
Positive control tissues utilized were T-cell
lymphoma tissue (for CD3) and lymph node tissue
(for CD45 and Mac387). Images of fields were
captured using a digital camera mounted on a Leica
® DM 500 microscope (Switzerland) and analyzed
with the Leica application suite. Leica application
suite software (Switzerland) has an integrated
digital measuring tool, and it was used to affix the
scale bars. Adobe Photoshop and Illustrator were
used for image editing and labeling.

Morphometric and Statistical Analysis

From the two paraffin blocks per pinnae (per
animal in a timepoint), 10-15 histological serial
sections were stained. Three images were captured
from each histological serial section using the Leica
Application Suite software (Switzerland). Leica
application suite software (Switzerland) includes an
integrated digital measuring tool. Images taken at
x100 objective magnification and affixed with scale
bar in microns (um) were used for counting cells.
Using [ImageJ count-tool grid, the number of
neutrophils (HE stained) and immunopositive cells
(CD45, CD3, and Mac387) were counted from the
captured images. Raw data of the counts were
entered into an Excel sheet. Descriptive statistics,
means, and Standard Deviation (SD) were
calculated.

Quantitative data were expressed as Mean =
Standard Deviation (SD). Statistical significance of
cell counts at different time points was assessed
using repeated measures Analysis of Variance
(ANOVA). A P-value threshold of 0.05 was
established for statistical significance. Statistical
analysis and graph generation were performed
using Stata/MP 14.2 software.
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RESULTS:

Diversity of Skin-Resident Bacterial
Communities

Analysis of the 90 microbiological samples
collected from the dorsal auricular skin revealed a
predominant Gram-positive flora. Gram positive
cocci were the most frequently isolated group,
followed by Gram positive rods/bacilli, and finally

Gram-negative rods/bacilli (Table 1).

Table 1: Diversity of Skin-Resident Bacterial Isolates
in Acomys percivali (n=90)

Cellular morphology Number of isolates  Frequency (%)
Gram positive cocci 66 733
Gram positive rods/bacilli 36 40.0
Gram negative rods/bacilli 29 322

From the 90 swabs, a swab could contain a combination of Gram-
positive cocci, Gram positive rods/bacilli and Gram-negative
rods/bacilli isolate.

Phenotypic Characterization of Dominant
Staphylococcus Species

Focusing on the 66 Gram positive cocci isolates,
further phenotypic characterization confirmed that
Coagulase-negative Staphylococci (CoNS)
outnumbered Coagulase-positive  Staphylococci
(CoPS), with only 30.3% of isolates testing positive
for the Coagulase Test. The most frequently
isolated and dominant staphylococcal species were
identified as Coagulase-Negative, Novobiocin—
Sensitive Staphylococci (CoNS-NSS), accounting
for 60.61% of the isolates tested for Novobiocin
sensitivity (Table 2). This CoNS-NSS strain was
subsequently  selected for the intradermal
inoculation studies.

Table 2: Phenotypic Characterization of Dominant
Staphylococcus Species Isolates (n=66)

Test conducted Number of Number of Positivity
isolates positive Rate (%)
screened isolates

Catalase Test 66 64 96.6

Yellow colonies in 66 9 133

MSA

Clear zone in 66 11 16.67

DNase Agar

Coagulase Test 66 20 30.3

Novobiocin ~ Test 66 40 60.61

(Diameter Zone >

16)

Histopathological Findings Post-Inoculation
Intradermal inoculation of the resident CoNS-NSS
strain induced a rapid, intense, but temporally
confined immuno-inflammatory response.

At Day 1 post-infection, the histological profile was
characterized by immune-complex-like
inflammation (acute dermatitis). This involved
subtle cutaneous small vessel vasculitis (CSVV),
highlighted by hyperemia (engorgement of blood
vessels), endothelial swelling, and dense
perivascular cuffing predominantly composed of
neutrophils (Fig. 1). Control pinnae injected with
PBS showed only vessel engorgement with little or

no inflammatory infiltrate at day 1(Fig. 1).

CoNS-NSS inoculated PBS inoculated

FIG. 1. Histopathology profiles of skin lesions at site
of Coagulase Negative-Novobiocin-Sensitive
Staphylococcus (CoNS-NSS) innoculation and ears
inoculated with saline (PBS) (control) at D1 and D3.

At D1 post-infection there was a immune-complexes-like inflammation
(acute dermatitis) denoted by vasculitis highlighted by hyperemia
(engorgement of blood vessels with blood), endothelial swelling and
high cuff-like perivascular accumulation of leucocytes (predominantly
neutrophils), PBS-treated ears only showed engorgement of blood
vessels with little or no inflammatory infiltrate. At D3 post-infection
vasculitis was marked by infiltration of neutrophils, extravasation of
erythrocytes (without hemolysis suggesting an increased vascular
permeability due to reduced endothelial integrity) and fibrin deposits in
the dermis. There was also edema accompanying influx of neutrophils
numbers. E-Epidermis, D-Dermis, Sg-Sebaceous gland, Bv - Blood
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vessel, blue arrowheads- Extravasated Erythrocytes/erthrodiapedesis,
yellow arrowheads-Neutrophils, green arrowheads -Macrophages, Red
arrowheads - Fibroblast Bars =20um

By Day 3 post-infection, the inflammatory response
peaked, exhibiting the characteristic histologic
features of the Arthus reaction. This response was
marked by severe vasculitis, robust infiltration of
neutrophils,  extravasation  of  erythrocytes
(erythrodiapedesis), indicative of compromised
endothelial integrity and increased vascular
permeability), and substantial fibrin deposits within
the dermal layer (Fig. 1).

Following this acute phase, a sharp decline in
inflammatory infiltrate was observed. By Day 7,
the injury site entered a transient phase of
fibroplasia, denoted by the proliferation of
fibroblasts (Fig. 2). Crucially, by Day 14, this
transient fibrosis had regressed completely (Fig. 2).
Cellular proliferation decreased dramatically, and
the infected site was histologically comparable to
the control skin, demonstrating complete resolution
of the inflammation and pathology.

CoNS-NSS inoculated

PBS inoculated

FIG. 2. Histopathology profiles of skin lesions at site
of Coagulase Negative-Novobiocin-Sensitive
Staphylococcus innoculation and ears inoculated with
saline (control) at D7 and D14. The healing of the infection

went through a transient dermal remodeling phase that is marked by
proliferation of fibroblasts as indicated at day 7(D7) post infection.
Laying down of extracellular matrix then regresses and proliferation of
cells decreases and becomes extremely low at day 14(D14) and the
infection site is comparable to PBS-treated skin. E-Epidermis, D-
Dermis, Sg-Sebaceous gland. Red arrowheads - Fibroblast Bars =20pum

Immunohistochemical analysis at the site of
intradermal Innoculation.

The nature of the immuno-inflammatory cell
response at the site of bacterial infection in the ear
pinna was analysed by immunohistochemistry
between days 1 and 14 post-inoculation with
CoNS-NSS strain. Leukocytes were identified by
expression of surface antigen profiles: CD45 (total
leucocytes), CD3  (T-cells) and Mac387
(macrophages) at different times points post
inoculation (Fig. 3, Fig. 4). There was a rapid and
transient increase in macrophage numbers reaching
a peak at day 1 (Fig. 3). There was then a sharp
decline in numbers of macrophages in the
inflammatory infiltrate all the way to day 14(Fig. 4).
Total leukocyte (CD45+) and T-lymphocyte (CD3+)
numbers were highest on day 3 and then showed a
steady decline (Fig. 4).

Mac 387

FIG. 3. Immune response to commensal Coagulase
Negative-Novobiocin-Sensitive Staphylococcus

intradermal infection at days 1 and 3 post-infection.
Leukocytes were identified by immunohistochemistry by expression of
surface antigen profiles (CD45, CD3 and Mac387). There was a rapid
and transient increase in macrophage (Mac387+ cells) numbers
reaching a peak at day 1 post infection. There was an increase in total
leukocytes (CD45™ cells) in the infiltrate at the site of skin inoculation
up to day 3. T-cell (CD3"cells) numbers were highest on day 3 post-
infection. E-Epidermis, D-Dermis,C-Cartilage, Red arrowheads -
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Fibroblast, blue arrowheads-CD45™ cells, white arrowheads-CD3"cells, Macrophages (Mac387+): Macrophages exhibited
yellow arrowheads-Mac387" cells Bars=20 pm the earliest cellular peak, reaching maximum
numbers at Day 1 (15.13 + 3.09). Following this
peak, there was a statistically significant sharp
decline in macrophage presence, persisting through

Day 14 (4.17 + 1.47) (Table 4)

Mac387

Table 4: Spatio-Temporal Kinetics of Leukocyte
Populations Immunopositive Cells/1000x Field).

Marker Day 1 Day 3 Day 7 Day P-
14 value
Mean Mean Mean
+SD +SD +SD Mean
+SD

CD45 (Total  13.40+ 19.80+ 11.22+ 6.67t 0.693
Leukocytes) 1.52 2.77 3.46 2.18

CD3 (T-cells) 7.00+ 1343+ 833+ 6.50% 0.000

3.34 1.90 1.58 2.07

FIG. 4. i 1 C 1 Mac387 1513+ 13.00+ 8.71% 417+ 0.000

. 4. Immune response to commensa oagulase (Macrophages) 309 455 275 1.47
Negative-Novobiocin-Sensitive Staphylococcus
intradermal infection at days 7 and 14 post-infection. Statistical significance of cell counts at different time points was
Leukocytes were identified by immunohistochemistry by expression of assessed using repeated measures Analysis of Variance (ANOVA). A
surface antigen profiles (CD45, CD3 and Mac387). There was a sharp P-value threshold of 0.05 was established for statistical
decline in numbers of macrophages (Mac387+ cells) in the significance.H,:No signicant differences in means across repeated
inflammatory infiltrate through day 14. CD45" cells and CD3"cells Measurement. CD3 (T-cells) and Mac387 (Macrophages) cell counts
remained relatively low at the site of skin inoculation from days 7 to 14. was significantly different across different time points.The assumption
CD45" cells (blue arrowheads) CD3'cells (white arrowheads) is that A.percivali is one species with the same genetic makeup.

Mac387cells (yellow arrowheads) Bars= 20 pm
Total Leukocytes (CD45+) and T-cells (CD3+):

Kinetics of leukocyte infiltration Total leukocytes (CD45+) and T-cells (CD3+)
Quantification of neutrophils from HE-stained peaked slightly later, both reaching their highest
sections showed a rapid influx, peaking at Day 1 recorded numbers at Day 3 post-infection (Table
post-inoculation with CoNS-NSS strain (Table 3). 4). CD45+ cells peaked at 19.80 + 2.77, while
The mean neutrophil count at Day 1 was 19.8 £ 7.8 CD3+ cells peaked at 13.43 + 1.90 (Table 4). The
cells per 100x field (Table 3). This count decreased T-cell population demonstrated a significant
by Day 3 (14.0 £ 5.8) and had nearly vanished by decrease over the subsequent days, falling to 6.50 +
Day 7 (0.7 + 0.7), demonstrating an exceptionally 2.07 by Day 14. CD45+ numbers also showed a
acute and transient innate inflammatory phase steady decline after Day 3, reaching 6.67 + 2.18 by
(Table 3). Day 14 (Table 4).

Table 3: Quantification of Neutrophil Infiltration
Post-Inoculation (Cells/100x Field)

Time Point Mean Count Standard Deviation (SD)

Day 1 19.8 78
Day 3 14.0 5.8
Day 7 0.7 0.7

IHC analysis confirmed distinct kinetics for
macrophages, total leukocytes, and T-cells (Fig. 5).
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25.00 CD 45
20.00 b3
15.00 - Mac 387
E
2 | 10.00 -
(5]
T 5.00 -
g
2 0.00 ‘ :
£ Dayl Day3 Day7 Dayl4

Days post-infection

FIG. 5. Graphical representation of immune cells
counts at different time points post intradermal
infection immune response to commensal Coagulase
Negative-Novobiocin-Sensitive Staphylococcius
intradermal infection at Days 1 and 3 Post-infections.
Leukocytes were identified by immunohistochemistry by expression of
surface antigen profiles (CD45, CD3& Mac387). There was a rapid
and transient increase in macrophages (Mac387+cells) numbers
reaching a peak at day 1 post infection. There was Increase in total
leukocytes (CD45" cells) in the infiltrate at the site of skin inoculation

upto day 3. T-cells (CD3"cells) numbers were highest on Day3 post-
infection.

DISCUSSION:

Laboratory mice, including transgenic and knock-
out strains, are the most commonly used models in
cutaneous biology and wound healing research.
However, most infection studies employ human-
derived bacterial strains in laboratory mice to
which they are foreign. Wild rodent species, though
used infrequently, are valuable because disease
processes occur naturally or can be induced under
realistic conditions?®®. Little is known about the
bacterial species inhabiting the skin of wild mice
across different environments. Since microbial
colonisation can significantly affect study

outcomesl!-3%

, identifying the resident bacterial
populations of murine skin under natural conditions
is important for understanding their influence on

cutaneous research.

This study used wild A. percivali a species capable
of complete skin regeneration including adnexa and
cartilagel'>'%,  to determine the dominant native
skin bacteria and the immune cellular dynamics
that follow intradermal inoculation with those same

bacteria in the ear pinna.

The finding that wild A. percivali skin flora is
overwhelmingly dominated by Gram-positive cocci
(73.3%), specifically Staphylococcus species, is
consistent with established observations in both
laboratory mice and human cutaneous biology!'%%,
These findings mirror those reported for C57BL/6
and heterogeneous intercross line mouse strains.
Gram-negative bacteria, though rarely detected on
normal skin, have been reported as predominant in
some superficial swab studies of in superficial skin
swabs of C57BL/6 and heterogeneous intercross
line mice strains *3% and the inconsistencies
between studies remain unresolved. Differences
observed may reflect variations in sampling
location, host genetic background, or the distinct
environmental conditions of wild 4. percivali.

Further characterisation identified the dominant
strain. as  Coagulase-Negative, Novobiocin-
Sensitive Staphylococci (CoNS-NSS), consistent
with Staphylococcus epidermidis, a ubiquitous
human skin commensal®”. This contrasts with
murine studies identifying Novobiocin-Resistant
CoNS as predominant!®!%. §. epidermidis has been
identified as the majority isolate from 11 wild mice
species P8, The use of wild-caught animals and
their native flora addresses a key methodological
limitation in cutaneous studies, where foreign
pathogens may obscure true host-commensal
interactions. Future genomic sequencing will
provide a more accurate taxonomic profile of A.
percivali skin communities.

Inflammation and immunity fundamentally
influence whether repair results in regeneration or
fibrosis!!”**4% " Intradermal inoculation with the
dominant CoNS-NSS strain produced acute
dermatitis marked by subtle cutaneous small vessel
vasculitis, perivascular neutrophilic  cuffing,
erythrodiapedesis, and dermal fibrin deposits the
definitive histological features of a Type III
hypersensitivity ~ (Arthus)  reaction®***,  This
immune complex-mediated inflammation involves
deposition of Ig-based immune complexes, whose
immunopathogenesis encompasses mechanisms
such as molecular mimicry, Toll-like receptor
activation, and superantigen activity (Cartin-Ceba
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et al., 2010; Muifioz-Grajales and Pineda, 2015). In
Staphylococci-related  vasculitis  specifically,
Staphylococcal protein A (SpA), a B-cell
superantigen, is the primary implicated
mechanism*®4”, immune complexes (ICs)-
activated neutrophils undergo transmigration,
trigger further IC formation, and initiate acute
inflammation characterised by massive neutrophil
influx, oedema, erythrodiapedesis, and vasculitis [**-
391 The deposition of immune complexes (ICs) can
occur on both the luminal and abluminal sides of
blood vessels [!52 Resolution then proceeded
through a transient fibroplasia phase, which
subsequently regressed completely by Day 14,
mediated via apoptosis and macrophage-driven
clearance.

Crucially, the classical Arthus reaction requires
pre-existing high-titer circulating antibodies. The
immediate onset of IC-mediated vasculitis in A.
percivali upon the first intradermal injection of its
own resident CoNS-NSS strain is highly unusual
and we hypothesize that the spiny mouse maintains
a significant systemic antibody pool against
staphylococcal antigens. This contrasts with prior
studies where rabbits and mice required intravenous
pre-treatment with human IgG to develop
characteristic Arthus histology*>*¥l. The data
strongly support the hypothesis that the resident
CoNS-NSS  strain  possesses
properties, driving robust antibody production and
rapid IC formation. SAg genes have been

Superantigen

increasingly identified in various CoNS isolates,
and CoNS-derived SAgs have been implicated in

cutaneous leukocytoclastic vasculitis in humans 5%
56]

This rapid, potent inflammatory peak (Days 1-3) is
central to understanding the Acomys regenerative
phenotype. Although inflammation is often viewed
as antagonistic to regeneration, the data reveal that
the intense, localised response is immediately
followed by a steep and statistically significant
decline in all major immune cell populations. The
SAg-driven acute response likely serves as a highly
efficient mechanism for rapid antigen and cellular
debris clearancel®”). By achieving maximum

inflammatory magnitude quickly and then initiating
an accelerated resolution programme, the host
minimises the duration of sustained inflammation
the established prerequisite for fibrosis and
scarring.

The sequential leukocyte kinetics further illuminate
Acomys resolution strategy. Macrophages peaked
concurrently with neutrophils at Day 1, suggesting
timely mobilisation for phagocytic clearance of
immune complexes and apoptotic neutrophils. Total
leukocytes and T-cells peaked slightly later at Day
3, confirming adaptive immune involvement
consistent with commensal-driven T-cell activation
described in other studies!**2%!. Both macrophage
and T-cell populations then showed sharp,
statistically significant declines through Day 14.

This immune withdrawal programme is critical for
tissue fate determination. The transient fibroplasia
observed at Day 7, which resolved completely by
Day 14, provides direct histological evidence of
successful regeneration. Persistent inflammation
prolongs fibroblast activation and extracellular
matrix deposition, leading to fibrosis®®. The
complete regression of fibroplasia correlates
directly with macrophage-mediated immune cell
clearancel®®, demonstrating that controlled kinetics
of inflammatory resolution are the essential
determinant allowing tissue to shift from fibrotic
repair toward regeneration.

CONCLUSIONS:

This study successfully characterized the
indigenous microbiota of wild Acomys percivali
dorsal auricular skin and provided a detailed spatio-
temporal analysis of the acute immune response to
intradermal commensal challenge. The resident
skin flora of A. percivali is dominated by Gram
positive cocci, specifically Coagulase-Negative,
Novobiocin-Sensitive Staphylococci. Intradermal
inoculation of the resident strain triggers a rapid,
high-magnitude, yet highly transient inflammatory
response characterized by the definitive histological
features of an Arthus reaction (immune-complex-
mediated vasculitis). The instantanecous nature of
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this Type III hypersensitivity we hypothesize that
A. percivali maintains high, pre-existing systemic
antibody levels against resident staphylococcal
antigens, providing a state of perpetual immune
preparedness, likely mediated by commensal
Superantigen activity.

The immune response is defined by an
exceptionally rapid acute phase (neutrophil and
macrophage peaks at D1, T-cell peak at D3)
followed by accelerated, statistically significant
immune cell clearance and withdrawal. This rapid
resolution program facilitates the complete
regression of transient fibroplasia observed at D7,
confirming that the tight control over the duration
of inflammation is critical to achieving complete
cutaneous regeneration in Acomys.
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