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Abstract

The novel coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome
coronavirus 2 (SARS- CoV-2) and has infected more than 650 million people worldwide.
Approximately 23% of these patients developed lasting “long-haul” COVID symptoms, including
fatigue, joint pain, and systemic hyperinflammation. However, the direct clinical impact of SARS-
CoV-2 infection on the skeletal system including bone and joint health has not been deter- mined.
Utilizing a humanized mouse model of COVID-19, this study provides the first direct evidence
that SARS-CoV- 2 infection leads to acute bone loss, increased osteoclast number, and thinner
growth plates. This bone loss could decrease whole-bone mechanical strength and increase the risk
of fragility fractures, particularly in older patients, while thinner growth plates may create growth
disturbances in younger patients. Evaluating skeletal health in patients that have recovered from
COVID-19 will be crucial to identify at-risk populations and develop effective countermeasures.

Graphical Abstract

SARS-CoV-2 infection leads to acute bone loss, and increased osteoclast number. This bone loss
could decrease whole-bone mechanical strength and increase the risk of fractures. Evaluating
skeletal health in patients that have recovered from COVID-19 will therefore be crucial for
diagnosing and treating those at increased risk of fragility fractures and growth abnormalities.
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INTRODUCTION

As of January 2023, the novel coronavirus disease 2019 (COVID-19) has infected more
than 650 million people and killed over 6.7 million people worldwide [1]. COVID-19 is
caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), a coronavirus
that binds to angiotensin-converting enzyme 2 (ACE2) receptors on cells [2]. SARS-CoV-2
infection can cause severe acute respiratory syndrome (SARS) and in severe cases can lead
to systemic hyperinflammation and long-term damage to multiple organs.

Many patients fully recover from COVID-19 within a few weeks, but some continue to
exhibit symptoms for four weeks or more after diagnosis [3]. In a study of approximately

2 million people diagnosed with COVID-19 in 2020 (including mild and asymptomatic
cases), 23% reported having one or more health issues at least 30 days after diagnosis.

The most common symptoms included chronic pain, trouble breathing, high cholesterol,
fatigue, and high blood pressure [4]. Another study of long-COVID patients (those with
symptoms ranging from 14 to 110 days post- infection) reported that approximately 80% of
these infected patients developed one or more long-term symptoms, including fatigue (58%),
difficult or labored breathing (24%), and joint pain (19%) [5].
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Musculoskeletal tissues may also be affected by SARS-CoV-2 infection [6], and long-term
symptoms may increase the risk of osteoporotic fractures or accelerate the progression of
osteoarthritis. Musculoskeletal symptoms such as fatigue, muscle pain, and joint pain are
common in patients with COVID-19 [6]. Systemic inflammation associated with COVID-19
may contribute to bone and joint pathology, and COVID-19 induced hypoxia can further
increase the production of inflammatory cytokines. SARS-CoV-2 infection has been shown
to trigger a hyperinflammatory state characterized by elevation of specific inflammatory
markers, including lymphocyte count, neutrophil count, and C-reactive protein (CRP) [7,
8]. Additionally, COVID patients treated with corticosteroids could experience significant
bone loss during treatment [9], and long-term bed rest and decreased physical ability could
lead to disuse-induced bone loss. Altogether, these findings suggest that bone loss may be a
serious comorbidity associated with COVID-19 that could lead to an increased incidence of
fractures. However, the effect of SARS-CoV-2 infection on musculoskeletal tissues has not
yet been examined.

2| METHODS AND MATERIALS

2.1| Ethics statement

Mouse work was conducted under protocol #21868 approved by the institutional animal
care and use committee (IACUC) at the University of California, Davis. Infectious virus
was handled in certified animal biosafety level 3 laboratory (ABSL-3) spaces in compliance
with approved biological use authorization #R2813. The University of California, Davis, is
accredited by the Association for Assessment and Accreditation of Laboratory Animal Care
(AAALAC). All mouse work adhered to the NIH Guide for the Care and Use of Laboratory
Animals.

2.2| Mice
Equal numbers of male and female transgenic mice expressing the human ACE2 receptor on
a K18 transgene in a C57BI/6J background (B6.Cg.Tg(K18-ACE2)2PrImn/J, ‘hACE2") were
purchased at five weeks of age from Jackson Laboratories (Sacramento, CA). Mice were
co-housed by sex in ABSL-3 conditions with four animals per cage and acclimated for up
to six days at 22-25 °C and a 12:12 hour light: dark cycle. Rodent chow with 18% protein
content and sterile bottled water was provided ad libitum.

2.3| Virus
SARS-CoV-2/human/USA/CA-CZB-59X002/2020 (GenBank #MT394528), which was
isolated from a patient in 2020 in Northern California and passaged once in \ero-E6 cells,
was provided by Dr. Christopher Miller (University of California, Davis). To generate stocks
for this study, SARS-CoV-2 was passaged one additional time in Vero-E6 cells. Single-use
virus aliquots were stored at —80 °C until used in mouse studies.

2.4| SARS-CoV-2 challenge of mice

Six-week-old mice were inoculated with 103 or 104 plaque-forming units (PFU) of a 2020
SARS-CoV-2 strain (GenBank Accession number MT394531) (12 male, 12 female) or
mock-inoculated with phosphate-buffered saline (Control) (4 male, 4 female). Inoculations
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were performed via the intranasal (i.n.) route using a hanging drop applied into the nose
under isoflurane anesthesia. Inocula were back-titrated to confirm the target dose. Mice were
monitored twice daily for changes in weight, ruffled fur, ataxia, and labored breathing for up
to 14 days. On days 1-6, mice were anesthetized with isoflurane, and throats were swabbed
with rayon-tipped swabs (Puritan, Fisher Scientific, Waltham, MA). Mice were euthanized
prior to experimental endpoint if weight loss exceeded 20% of the starting weight or if
animals were deemed moribund as evidenced by limb weakness, ataxia or dragging of limbs,
loss of limb function, or rapid or depressed respiration rate. An adverse event was defined

as any moribund disease signs at any time over the duration of the experiment. Mice were
euthanized by isoflurane overdose and cervical dislocation, then perfused with cold, sterile
PBS.

25| Measurement of viral burden

Swabs were vortexed briefly in 400 s of Dulbecco’s Modified Eagles Medium (DMEM,
Fisher Scientific, Waltham, MA) and frozen at =80 °C. The lung (right inferior lobe) and
brain (left hemisphere) were weighed and homogenized in 1-10 ¢A./mg DMEM with a
sterile glass bead at 30 Hz for 4 minutes using a TissueLyser (Qiagen, Germantown, MD)
automated homogenizer. Homogenates were cleared by centrifugation at 10,000 x g for

4 minutes and the cleared fraction was stored at —80 °C. Titrations by plaque assay to
measure infectious virus were determined from back titrations of inocula, throat swabs, and
homogenates of lungs and brain using established protocols [10, 11].

2.6 | Assessment of bone microstructure in rodents using microCT

To determine systemic bone loss following SARS-CoV-2 infection, lumbar spines (SARS-
CoV-2: n =24 at 7 £ 2.2 days post-infection; Control: n = 8 at 14 days after
mock-inoculation) were scanned with micro-computed tomography (SCANCO uCT 35,
Bruttisellen, Switzerland) with X-ray tube potential = 55 kVp, intensity = 114 pyA, 6 um
isotropic nominal voxel size, integration time = 900 ms. The fifth lumbar (L5) vertebra was
identified, and manual contouring and segmentation were performed on the trabecular region
of the L5 vertebral body by a single experienced operator (BAC). The microstructure of

the trabecular bone region was processed using the standard protocol of SCANCO software
for uCT analysis of trabecular bone. Based on the thresholded trabecular bone image, bone
volume fraction (BV/TV) was determined by dividing the total bone voxel volume (BV) by
the total volume (TV) of interest. Trabecular thickness (Th.Th) was evaluated via a distance
transformation of the 3-D bone image and then determined by the average diameter of the
maximum spheres that fit inside the bone tissue. Trabecular number (Th.N) was determined
as the inverse of the mean distance between the midline of trabecular bone tissue. Bone
surface density (BS/BV) was computed by dividing the trabecular bone surface (BS) by the
trabecular bone volume (BV) [12].

2.7| Immunohistochemistry

Mouse carcasses were extensively fixed in formalin to inactivate the SARS-CoV-2 virus.
The L5 vertebrae, stifle joints, and lung were dissected, bones decalcified, and tissues
processed for immunohistochemistry with antibodies to detect SARS-CoV-2 nucleoprotein
(40143-T62 at 1:2000, Sino Bio), hACE2 (AF93 at 1:2000, R&D Systems), and TRAP

J Orthop Res. Author manuscript; available in PMC 2024 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Haudenschild et al. Page 5

(PA5-116970 at 1:1000, ThermoFisher), using HRP-conjugated secondary antibodies, DAB
substrate, and Meyer’s Hematoxylin counterstain.

2.8 | Osteoclast Quantification

Osteoclast number per bone perimeter (Oc.N/B.Pm) was measured on the trabecular bone
of the distal femoral epi- physis on sagittal images of the tibiofemoral joint TRAP
immunohistochemistry slides (n = 10). Osteoclast count and trabecular bone perimeter
length measurements were conducted using FI1JI open-source image processing software
[13] as previously described [14].

29| Growth plate thickness measurements

Growth plate thickness was measured from sagittal images of the tibiofemoral joint of
TRAP immunohistochemistry slides (n=30) at 3.5x magnification. A total of 10 thickness
measurements per bone (femur and tibia) were collected per slide across the length of the
growth plate using F1JI software [13] as previously described [15].

2.10| Statistical analysis

All evaluations in this study were performed on data collected from SARS-CoV-2 infected
mice (12 male, 12 female) and mock-inoculated (Control) mice (4 male, 4 female).
Multivariable linear regression modeling was performed to determine the strength of the
effect that multiple independent variables (sex, viral infection, and viral dose) had on each
of the four dependent bone measurements (BV/TV, BS/BV, Th.Th, and Th.N) and five
dependent viral measurements (throat swab titers at Day 1, Day 2, and Day 3, brain titers,
and lung titers) using JMP Pro v16 (SAS Institute, Cary, NC). During the evaluation of bone
microstructure, male and female data were analyzed separately to account for sex differences
in bone structure (p < 0.0002for all four bone measurements), and data from both viral
doses were pooled because there was no significant effect of dose on bone measurements (o
> 0.42for all four bone measurements). For virologic outcomes, male and female mice were
analyzed together because there was not a significant effect of sex on viral titers (p > 0.40
for all five viral measurements), and the 103 and 104 PFU viral dose data were analyzed
separately to account for significant dose differences in viral measurements (o < 0.02for

all five virus measurements). The Log- rank (Mantel-Cox) test for survival proportions was
performed pairwise, and p-values were adjusted with Bonferroni correction using the R
version 4.0.0 (R Project) p.adjust function. Statistical analysis of bone-based measurements
and neutralizing antibody data in SARS-CoV-2 vs. mock-inoculated groups was performed
using a Student’s t-test. Bar chart data are presented as the mean + standard deviation with
significant differences (p<0.05) indicated by bars with an asterisk (*). Statistical analysis

of virology data was performed using one-way ANOVA with Tukey’s post-hoc analysis.
Bar chart data are presented as the mean  standard deviation with significant differences
(p<0.05) indicated by bars not sharing the same letter.

2.11| Data Availability

The data that support the findings of this study are available from the corresponding author
upon reasonable request.
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3| RESULTS

In this study, we investigated acute bone loss following SARS-CoV-2 infection in 6-week-
old transgenic mice expressing humanized ACE2 (hACEZ2) receptors (12 male, 12 female)
compared to mock-inoculated (Control) mice (4 male, 4 female) (Fig. 1 A). Intranasal
inoculation was selected to mimic human SARS-CoV-2 exposure, which occurs via the
respiratory mucosa. SARS-CoV-2 infection at both 103 and 104 plaque-forming units (PFU)
induced severe disease including weight loss, and mice were euthanized if they lost 20%

of their starting weight (Fig. 1 B). SARS-CoV-2 infected mice lived for an average of 7 +
2.2 days post-infection (Fig. 1 C) and showed a dose-response to lethal disease where all
mice inoculated with 104 PFU met euthanasia criteria (n = 12), and 75% of mice inoculated
with 103 PFU were euthanized (n = 9). Control mice did not exhibit weight loss and

were euthanized at 14 days after mock-inoculation (n = 8). Infection was confirmed by
enumerating virus in throat swabs (Fig. 1 D), lungs (Fig. 1 E), and brains (Fig. 1 F). All
SARS-CoV-2 inoculated mice had detectable virus in at least one swab or tissue, and the
surviving mice had neutralizing antibody at 14 days post-inoculation (Fig. 1 G). Infectious
SARS-CoV-2 or antibody were not detected in samples from any mock-inoculated mice.

Immunohistochemical analysis demonstrated that the hACE2 receptor was expressed in
multiple joint tissues, including bone marrow, synovial lining cells, adipose tissues, and
chondrocytes (Fig. 2), suggesting that both bone and joint tissues are susceptible to viral
infection in the hACE2 mouse COVID-19 model. We further assessed whether the SARS-
CoV-2 coat protein nucleocapsid was detected in the joint tissues, which would indicate that
the SARS-CoV-2 reached these tissues and infected the various cell types. We identified
nucleocapsid-positive cells in the synovium, bone marrow, and cells in the distal femoral
growth plate as well as in the lung (a positive control) (Fig. 2).

Clinically, COVID-19 in humans is associated with systemic inflammation in both children
and adults [16]. To determine systemic bone loss following SARS-CoV-2 infection, lumbar
spines were scanned with micro-computed tomography (microCT), and trabecular bone
microstructure was analyzed in the fifth lumbar (L5) vertebral body (Fig. 3A). MicroCT
analysis showed that SARS-CoV-2 infection was associated with significantly reduced
trabecular bone volume fraction (BV/TV; —10 and —10.5%; p= 0.04), increased the specific
bone surface (BS/BV; +12.7 and +14.4%; p= 0.03), reduced trabecular thickness (Tb.Th;
-8.3 and —8.9%; p= 0.02), and increased trabecular number (Th.N; +3.5 and +3.1% (p<
0.05) in male and female mice, respectively, compared to Control mice (Fig. 3B—-E). These
data are the first to show that SARS-CoV-2 infection can cause significant changes in

bone microstructure, suggesting that decreased bone mass, increased fracture risk, and other
musculoskeletal complications could potentially be long-term comorbidities for people with
COVID-109.

To verify our microCT findings and gain mechanistic insight into the observed changes
in trabecular bone architecture, osteoclast number was quantified using Tartrate-Resistant
Acid Phosphatase type 5b (TRAP) immunohistochemistry at the distal femoral epiphysis
(Fig. 4A). The TRAP enzyme regulates the activity of osteopontin, which is produced in
osteoclasts and is considered a marker of bone resorption [17]. SARS-CoV-2 infection
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significantly increased the number of osteoclasts on the trabecular bone perimeter (+37%
(o= 0.044) (Fig. 4B). SARS-COV-2 infected mice also had significantly thinner growth
plates in the distal femur (=40.3%; p<0.0001) and proximal tibia (—20.3%; p=0.002) as
compared to Control mice (Fig. 4C). These data are the first confirmation of the deleterious
effect of SARS-CoV-2 infection on bone resorption and growth plate thinning, suggesting
that bone loss and growth disturbances may be serious complications in COVID-19 patients.

4| DISCUSSION

In this study, we provide direct evidence that SARS-CoV-2 infection leads to acute bone
loss, increased osteoclast number, and thinner growth plates. This bone loss could decrease
whole-bone mechanical strength and increase the risk of fractures. Our previous studies on
systemic bone loss in mice following femoral fracture found that recovery from such bone
loss is diminished in older mice [14]. If a similar deficit in bone recovery occurs in human
patients following recovery from COVID-19, this could leave older patients with a long-term
or even permanent increased risk of osteoporotic fracture, which can lead to considerable
morbidity and mortality [18]. Evaluating skeletal health in patients that have recovered from
COVID-19 will therefore be crucial for diagnosing and treating those at increased risk of
fragility fractures.

Clinically, 14.9% of all acute COVID-19 patients reported joint pain during viral infection
including nonsevere (14.5%) and severe (17.3%) cases [29]. In addition, 35% to 90.5%

of recovered patients who survive COVID-19 continue to have a wide variety of clinical
manifestations [30], including joint pain (31.4%) [31] and reactive arthritis [32]. COVID-19
patients requiring intensive care had significantly lower BMD than those who were
managed in non-intensive care settings [33]. COVID-19-induced inflammation has been
found to negatively affect the musculoskeletal system through both direct and indirect
mechanisms. SARS-CoV-2 enters cells by binding to the ACE2 receptor, a transmembrane
protein important in angiotensin signaling that is also expressed in skeletal cells, including
osteoblasts and osteoclasts [18]. It is well established in humans that ACE2 is found

in the lung, heart, kidney, liver, gastrointestinal, and musculoskeletal systems [6]. More
specifically, in the musculoskeletal system, proliferative, hypertrophic, and effector articular
chondrocytes all express ACE2 and ACE2 is found in composite unenriched cortical

and trabecular bone and osteoblast enriched tissues [6]. In skeletal cells, ACE2 has anti-
inflammatory functions, restricts bone resorption, and promotes skeletal repair [20,21]
which are the result of blocking the proinflammatory actions of angiotensin 1l [22]. When
SARS-CoV-2 binds the ACE2 receptor, it may inhibit ACE2/angiotensin signaling, thus
directly contributing to bone loss [19]. We established the presence of viral proteins in

bone and joint tissues, suggesting that a direct effect of the virus may be observed in

these tissues. In addition to these direct effects of SARS-CoV-2 on skeletal cells, indirect
effects from systemic inflammation, hypoxia, and reduced mobility may also promote bone
loss through increased production of inflammatory cytokines and activation of the nuclear
factor-xB (RANK)/RANK ligand (RANKL) pathways that promote osteoclastogenesis [23,
24]. Given that a reduction in bone mass significantly increases the risk of bone fracture,

it is important to continue to investigate the musculoskeletal effects and long-term bone
health in COVID-19 patients. While previous studies have highlighted the adverse effects on
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bone from chronic viral infections [25], it is critical to delineate the molecular mechanism
of systemic bone loss induced by COVID-19 to identify at-risk populations and develop
effective countermeasures.

Current data showing growth plate thinning following SARS-CoV-2 infection suggest that
in younger patients, COVID-19 may affect skeletal growth and development. Growth arrest
of long bone metaphyses has been reported in childhood diseases with a severe course

of illness, malnourishment, infections, hypothyroidism, chronic juvenile arthritis, after the
use of certain medications, and upon immobilization [26]. The direct cause of growth

plate thinning in the present experiment is unknown; however, SARS-CoV-2 is reported

to increase plasma Growth Arrest-Specific Factor 6 (GAS6) [27], which /n-vitro can down-
regulate chondrocyte proliferation [28]. Whether this is causal in our experiments was not
tested.

The current study was somewhat limited by the use of juvenile (six-week-old) transgenic
mice rather than adult or aged mice. This study administered lethal doses (103 or 104
plague-forming units of SARS-CoV-2 virus) which caused infected mice to be euthanized
approximately seven days post-infection and limited our analysis to a narrow window

after acute infection. There were no significant differences between the 10# (high) and

103 (low) viral inoculations and resulting lung (p = 0.95) and brain (p = 0.26) titers

or bone measurements (p > 0.42for all four bone measurements. For this reason, bone

data from both viral doses were pooled. Clinically, 82.2% of severe COVID-19 cases and
53.9% of mild COVID-19 cases developed long COVID [34]. Additional studies at lower
viral titer are necessary to examine longer timepoints of disease and whether the effects

of mild infection produce similar bone loss. Additionally, the humanized mouse model
expresses ACE?2 in tissues and at levels where it may not be expressed in humans. We were
not able to measure systemic inflammation, the activity level of mice, or other potential
mechanisms driving acute bone loss. Despite these limitations, this study is the first to
report that SARS-CoV-2 infection initiated a rapid loss of trabecular bone and decreased
growth plate. We anticipate that this bone loss is likely driven by hyperinflammation and
decreased mobility, together with the direct effects of the SARS-CoV-2 infection on bone
cells. In humans, long and/or debilitating cases of COVID-19 may lead to profound and
long-lasting bone loss; therefore, an as-of-yet unreported long-haul symptom of COVID-19
may be increased risk of fragility fractures. Recovery from this bone loss may take several
months or even years or may be permanent in some cases. In addition, younger patients may
also experience growth failure due to growth plate thinning and impaired longitudinal bone
growth. Prospective clinical studies of COVID-19 patients should monitor these populations
carefully for increased risk and incidence of fractures and growth abnormalities.
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Figure 1.

SARS-CoV-2 infection induced severe disease in mice. Intranasal administration of two
doses of SARS-CoV- 2 to transgenic six-week-old male and female k18-hACE2 receptor-
expressing mice (A) caused weight loss (B) and lethal disease (C). The p values on survival
curves are comparing SARS-CoV-2 inoculated groups to mock-inoculated Control groups
using a log-rank (Mantel-Cox) test for multiple comparisons with Bonferroni’s correction.
SARS-CoV- 2 was detected in throat swabs (D) and lung (E) and brain (F) collected at
necropsy 6-8 days post-inoculation, and surviving mice developed neutralizingantibody
(G). Neither SARS-CoV-2 nor neutralizing antibody was detected in any samples from
mockinoculatedControl mice. Control mice were euthanized 14 days post-inoculation. Viral
titers were measuredby plaque assay, and antibody was measured using plaque reduction
neutralization 80 (PRNT80) as- says.Each measurement was conducted once. Significant
differences (p<0.05) are indicated by bars with anasterisk (*) for comparison between

two groups or bars not sharing the same letter for comparison betweenthree groups.

No significant differences between groups are indicated by bars with a label of “N/S”.
Sampledata: SARS-CoV-2 (103 PFU) (6 male, 6 female), SARS-CoV-2 (104 PFU) (6 male,
6 female), or mockinoculatedwith phosphate-buffered saline (Control) (4 male, 4 female).
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Figure 2.
Expression of hACE-2 receptor and SARS-CoV-2 positive cells in musculoskeletal tissues.

ThehACE2 receptor was detectable in all tissues. SARS-CoV-2 viral particles were detected
byimmunohistochemistry using anti- SARS-CoV-2 nucleocapsid (coat protein) in the lung
(positive control), thedistal femoral growth plate, synovium, and femoral epiphysis of
infected mice. The SARS-CoV-2nucleocapsid was not detected in the Control lung tissue.
Positive cells are stained brown with DABsubstrate, and the sections are counterstained blue
with Meyer’s Hematoxylin. Scale bars = 50 u m
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Figure 3.
SARS-CoV-2 induced systemic bone loss in both male and female mice. Representative 3-

Drenderings of L5 lumbar spine segments (A). MicroCT showed that SARS-CoV-2 infection
was associatedwith a decrease in trabecular bone volume fraction (BV/TV) (B), an increase
in specific bone surface (BS/BV)(C), a decrease in trabecular thickness (Tb.Th) (D), and an
increase in trabecular number (Th.N) (E)compared to uninfected Control mice. Significant
differences (p<0.05) are indicated by bars with an asterisk(*). MicroCT was performed on
SARS-CoV-2 infected mice at 7 + 2.2 days post-infection (n=24; 12 maleand 12 female) and
Control mice at 14 days after mock-inoculation (n=8; 4 male and 4 female).

1duosnuepy Joyiny 1duosnuely Joyiny

1duosnuely Joyiny

J Orthop Res. Author manuscript; available in PMC 2024 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Haudenschild et al.

A) TRAP Immunohistochemistry B) Osteoclasts per Trabecular  C)
Bone Perimeter
*

w

ES

N

Oc/B.Pm (#/mm)

Control SARS-CoV-2

Figure 4.

Growth Plate Thickness (pm)

Page 15

OControl

BSARS-CoV-2
250
200
150
100

[3)
o

(=}

Tibia Femur

SARS-CoV-2 infection resulted in increased osteoclast number and decreased growth
platethickness. Representative sagittal images of TRAP immunohistochemistry of the femur
at day six postinfectionin Control and SARS-CoV-2 infected mice (A). SARS-CoV-2
infection resulted in increased numbersof osteoclasts along the trabecular bone perimeter

in the distal femoral epiphysis (n=10 slides: 3 Controlslides and 7 SARS-CoV-2 slides) (B).
SARS-CoV-2 infection resulted in decreased growth plate thickness inboth the femur and
the tibia by day six post-infection (n=30 slides with 10 measurements per slide: 8Control
slides (4 femur and 4 tibia) and 22 SARS-CoV-2 slides (11 femur and 11 tibia) (C).
Significantdifferences (p<0.05) are indicated by bars with an asterisk (*).

J Orthop Res. Author manuscript; available in PMC 2024 September 01.



	Abstract
	Graphical Abstract
	INTRODUCTION
	METHODS AND MATERIALS
	Ethics statement
	Mice
	Virus
	SARS-CoV-2 challenge of mice
	Measurement of viral burden
	Assessment of bone microstructure in rodents using microCT
	Immunohistochemistry
	Osteoclast Quantification
	Growth plate thickness measurements
	Statistical analysis
	Data Availability

	RESULTS
	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.



