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Biodistribution studies of adenovirus-based vaccines support their clinical development by evaluating
their spread and persistence following in vivo administration. AZD1222 (ChAdox1 nCov-19) is a
replication-deficient non-human adenovirus-vectored vaccine for coronavirus disease 2019. In this non-
clinical study, the biodistribution of AZD1222 was assessed in mice for 29 days following intramuscular
injection. Results show that AZD1222 was safe and well tolerated, with a spread that was largely confined
to administration sites and the proximal sciatic nerve, with low levels observed in sites that are involved
in rapid clearance of particulates by the reticuloendothelial system. Accordingly, levels of AZD1222
decreased from Day 2 to Day 29, indicating clearance. There were no quantifiable levels of AZD1222 in
the blood, brain, spinal cord, and reproductive tissue, suggesting a lack of widespread or long-term dis-
tribution of AZD1222 vector DNA throughout the body following its administration.
� 2021 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

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

AZD1222 (ChAdOx1 nCov-19) is a replication-deficient simian
adenovirus-vectored vaccine for coronavirus disease 2019
(COVID-19) that encodes the full-length severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) spike protein [1]. Therapeu-
tic DNA vaccines such as this can induce cellular and humoral
immune responses to specific antigens, modulate the immune sys-
tem, and are very stable, conferring several advantages over con-
ventional vaccines [2,3]. Viral vectors are the most frequently
used carriers to deliver and protect DNA [2]. Furthermore, non-
human adenoviral vectors avoid the risk of pre-existing neutraliz-
ing antibodies to the vaccine vector itself that are commonly
observed with, and may limit the efficacy of, equivalent human
adenoviral vaccine vectors [4].

Biodistribution analyses of new therapeutic DNA vaccines eval-
uate the spread and persistence of the vector to target and non-
target tissues following direct administration in animals, and are
routinely performed during product development. The biodistribu-
tion of DNA from different adenovector types has been evaluated in
nonclinical studies, with results indicating that they are rapidly
cleared from the body [5]. Furthermore, adenovectors have been
shown to remain primarily at the site of administration in the mus-
cle and subcutis, and variously trafficked to the liver, iliac lymph
nodes, and spleen, but not to other distal organs, including remain-
ing absent from the gonads. These seminal studies concluded that
adenovirus vectors are safe and suitable for investigational human
use, given intramuscularly, to prevent various infectious diseases
[6].

Large phase 3 trials are designed to detect safety signals within
prespecified timeframes, while pharmacovigilance of vaccine use
in the real world may detect rare events that manifest only when
tens of millions of people are vaccinated. Challenges lie in differen-
tiating which safety signals from real-world use are related to the
vaccine, and which have occurred coincidentally in the short risk
interval after vaccine exposure. In very rare instances, a combina-
tion of thrombosis and thrombocytopenia has been reported fol-
lowing vaccination with COVID-19 vaccines, including AZD1222
[7–10]. Independent safety reviews by regulatory authorities have,
however, concluded that the balance of benefits and risks is firmly
in favor of vaccination in adults of all age groups [11]. Biodistribu-
tion analyses may help evaluate the legitimacy of vaccine safety
concerns by mapping the temporal dispersal of the vaccine follow-
ing its administration.

Because AZD1222 is replication-incompetent in human cells
and is administered via intramuscular injection, upon initial infec-
tion of cells, the biodistribution or further infection and spread of
the adenovirus is expected to be negligible and clinically insignifi-
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cant [12]. The objective of this study was, therefore, to determine
the longitudinal and quantitative distribution of AZD1222 to mul-
tiple tissues (including the blood) following a single intramuscular
injection in mice. Mice were chosen as they are considered
immunologically relevant for vaccine toxicity testing, have previ-
ously been used to study HuCoV infection [13] and model
COVID-19 [14], and AZD1222 induces robust antibody and cell-
mediated immune responses in these animals [1].
2. Methods

Studies were conducted in an Organization for Economic Coop-
eration and Development (OECD) country and in accordance with
OECD Test Guidelines and Principles of Good Laboratory Practice
for nonclinical laboratory studies, complied with ARRIVE guideli-
nes, and were conducted in accordance with the UK Animals (Sci-
entific Procedures) Act, 1986.

The study protocol was developed in accordance with United
States Food and Drug Administration, European Medicines Agency,
Japanese, and World Health Organization guidelines for assessing
the potential toxicity of vaccines for infectious diseases.

AZD1222 was the test agent. For control animals, AZD1222
vehicle was used.

A total of 160 (80 male, 80 female) CD-1 mice aged 6–8 weeks
obtained from Charles River Laboratories (Charles River UK Lim-
ited, Margate, Kent, UK) were randomly allocated (1:1) to vaccine
or control groups. For each animal, 0.035 mL of vaccine or control
was administered intramuscularly in the thigh muscle of each hin-
dlimb (0.07 mL in total). For the test group, the dose exceeded the
human dose on a mg/kg basis, and was the highest feasible dose
that can be administered to mice via intramuscular injection, con-
sidering the limitations of vaccine concentration and the total vol-
ume that can be administered given animal welfare considerations
[15]. Animals were thoroughly examined before dosing and were
observed regularly throughout the day of dosing and throughout
the study period for potential vaccine-related reactions.

Following administration on Day 1, biodistribution of AZD1222
vector DNA (hereafter referred to as just AZD1222) to blood and
feces was assessed on Days 2, 3, 5, and 9.

Biodistribution of AZD1222 to tissues (administration sites,
adrenal gland, axillary lymph node, bone marrow, brain, heart,
inguinal lymph node, kidney, liver, lung, mammary gland, mesen-
Fig. 1. Biodistribution of AZD1222 following a single intramuscular injection in (a) ma
samples. LLOQ, lower limit of quantification.
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teric lymph node, ovaries, pancreas, sciatic nerve, spinal cord,
spleen, testes, and thymus) was assessed on Days 2, 3, 9, or 29 fol-
lowing terminal anesthesia and complete necropsy examination.

Terminal anesthesia was performed on five male and five
female animals from each study group at each timepoint. Separate
instruments were used to extract different tissues. Bone marrow
was collected from the left femur.

The concentration of AZD1222 relative to a DNA standard curve
was determined by a validated method using quantitative poly-
merase chain reaction. Regression analysis was performed using
Watson LIMS system (Version 7.4.2, Thermo-Fisher, Waltham,
MA, USA). Sample results > limit of detection (LOD) (10 copies/re-
action) were back-calculated to AZD1222 vector DNA concentra-
tion in copies/lg DNA. Samples between the LOD and lower limit
of quantitation (LLOQ) of the assay (10 and 50 copies/reaction,
respectively) were flagged in the corresponding tables as < LLOQ.
3. Results

AZD1222 was well-tolerated, and throughout the study there
were no clinical observations, unscheduled deaths, changes in
bodyweight, or changes in food consumption that were considered
related to the administration of the vaccine. Furthermore, there
were no quantifiable concentrations of AZD1222 in blood or feces
samples collected from control or dosed animals, except for one
feces sample from a dosed animal at Day 2 (1.03 � 103 copies/lg
DNA) Fig. 1. In dosed animals, and across all timepoints, the highest
levels of AZD1222 (>104 –107 copies/lg DNA) were observed in the
two administration sites and the sciatic nerve (proximal to the
injection site) with decreased levels for most animals at Day 9
and 29 (<104 copies/ lg DNA) Fig. 1. Lower levels of AZD1222
(<LLOQ � 104 copies/lg DNA) were observed in the bone marrow,
liver, spleen, lymph nodes, and lungs of dosed animals Fig. 1. In all
other tissues sampled, including the brain, spinal cord, and repro-
ductive tissue, there were no quantifiable levels of AZD1222 in any
animals at any timepoint except for one mammary gland sample
from a dosed male at Day 3 (3.68 � 103 copies/lg DNA). The levels
of AZD1222 and the number of tissues with detectable levels of
AZD1222 decreased from Days 2 to 29 Fig. 1. Sentinel controls
were negative for all batches, and all results from the reported data
met the acceptance criteria set during the method validation. The
reported results are, therefore, considered representative of the
le and (b) female mice. Day 29 analyses were not performed on blood and feces
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concentration of AZD1222 in blood, feces, and tissue samples for
this study.
4. Discussion

The biodistribution of AZD1222 was largely confined to admin-
istration sites and the sciatic nerve following intramuscular injec-
tion in mice, and, importantly, was not detected in the majority of
tissues sampled, including brain, spinal cord, and reproductive tis-
sue, and was also not detected in blood. The absence of detectable
AZD1222 in brain and spinal cord suggests there is negligible risk
of an autoimmune response targeting the nervous system, whilst
the absence of detectable AZD1222 in reproductive tissues sug-
gests negligible risk of vertical transmission of the vector. During
the course of the study, from Day 2 to Day 29, the number of ani-
mals with positive tissues and the DNA copy numbers present in
those tissues declined, indicating clearance. The low levels of
AZD1222 detected at Day 29 could be because of low turnover of
transduced cells.

The sciatic nerve lies in close proximity to the injection site, and
consistent with findings from the repeat dose toxicity study,
histopathological examination of the main study animals identified
mononuclear and/or mixed cell inflammation in the subcutaneous
tissue and underlying skeletal muscle at control and AZD1222
administration sites. This occurred at a higher incidence in animals
dosed with AZD1222 compared with control animals. In some ani-
mals there was an extended distribution of inflammatory cells into
the fascia and connective tissue below the skeletal muscle at the
administration sites, which extended to surround the sciatic nerve.
The inflammatory cell distribution did not extend into the endo-
neurium of the sciatic nerve and no findings were present in the
underlying axons, which appeared histologically normal. Inflam-
matory cells were not observed in the nerve roots contained within
the lumbar spinal cord sections, confirming that the epineural/per-
ineural inflammatory cells noted in the sciatic nerve samples
resulted from an extension of the inflammation from the adjacent
injection site. There were no findings in the administration sites or
sciatic nerves at the end of the recovery period, indicating com-
plete recovery of the AZD1222-related inflammation [16].

Results from this study show that AZD1222 was not detected in
the blood of dosed animals. The mechanism for very rare events of
thrombosis with thrombocytopenia following vaccination with
AZD1222 is still under investigation but has been theorized to
involve the induction of anti-platelet factor 4 (PF4) antibodies,
which are thought to mimic the effect of heparin by binding to a
similar site on PF4. PF4 tetramers then purportedly cluster to form
immune complexes which, via the engagement of FccRIIa recep-
tors, activate platelets and initiate coagulation to cause thrombo-
cytopenia and thrombosis [9,10,17]. Some studies on the other
hand have shown that thrombotic events can be triggered by
SARS-CoV-2 itself [18] at a far higher frequency than occurs follow-
ing COVID-19 vaccine exposure, and with an increased risk of
death [19].

The biodistribution and persistence of DNA vaccines are influ-
enced by the type of expression vector used, as well as the route
of administration [2]. On the basis of platform data, it was pre-
dicted that intramuscular injection of this adenovirus-vectored
vaccine AZD1222 would not have clinically significant biodistribu-
tion [12], which was duly shown in these studies. The absence of
significant levels of viral vector in the blood, but low levels
detected in tissues distal to the site of injection (ie, liver, spleen,
lung, and bone marrow) is due to the short half-life of viral parti-
cles in the blood, and the accumulation of viral vector or fragments
thereof at sites that are involved in rapid clearance of particulates
194
by the reticuloendothelial system in the liver, spleen and bone
marrow [5].

In conclusion, results from this study show that AZD1222 deliv-
ered intramuscularly to mice was safe and did not result in either
long-term or widespread distribution of vector DNA throughout
the body.
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