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Effects of Shock and Vibration on
Product Quality during Last-Mile
Transportation of Ebola Vaccine
under Refrigerated Conditions!

Linda Bus-Jacobs, Rute Lau, Marjolein Soethoudt, Lisa Gebbia, Edwin Janssens, Tjeerd Hermans

Analyzing vaccine stability under different storage and
transportation conditions is critical to ensure that effec-
tiveness and safety are not affected by distribution. In a
simulation of the last mile in the supply chain, we found
that shock and vibration had no effect on Ad26.ZEBOV/
MVA-BN-Filo Ebola vaccine regimen quality under re-
frigerated conditions.

bola vaccine development has been accelerated in

response to large outbreaks in West and Central
Africa; those outbreaks have caused >32,000 cases and
>13,500 deaths (1). One vaccine emerging from this
effort is the heterologous Ad26.ZEBOV/MVA-BN-
Filo regimen (Johnson & Johnson, https://www jnj.
com). Ad26.ZEBOV, an adenovirus serotype 26-vec-
tored monovalent, recombinant, replication-incom-
petent vaccine, encodes the full-length Ebola virus
Mayinga glycoprotein. MVA-BN-Filo, a recombinant,
nonreplicating, modified vaccinia Ankara-vectored
multivalent vaccine, encodes the glycoprotein of Ebo-
la virus (Mayinga), Sudan virus (Gulu), and Marburg
virus (Musoke) and the nucleoprotein of Tat Forest
virus. Ad26.ZEBOV/MV A-BN-Filo received market-
ing authorization under exceptional circumstances
for prophylactic use in persons >1 year of age in the
European Union (2,3) and is on the World Health
Organization’s list of prequalified vaccines (4). This
vaccine regimen has been shown to be safe and im-
munogenic in children and adults (5-9).

Recommended long-term storage and shipping
conditions are -85°C to -55°C for the Ad26.ZEBOV
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component (2) and 25°C to -15°C for the MV A-BN-Fi-
lo component (3). However, infrastructure challenges
may affect implementation of recommended distri-
bution conditions, particularly in remote regions. Re-
frigerated (2°-8°C) liquid transport may more easily
support extended vaccine distribution to rural loca-
tions than frozen conditions. Ad26.ZEBOV/MVA-
BN-Filo can maintain stability at 2°-8°C (10). An im-
portant consideration in transporting liquid vaccines
to rural areas is agitation, which can contribute to
vaccine degradation and loss of potency (11). For our
study, we subjected Ad26.ZEBOV/MVA-BN-Filo to
simulated rough-road transport at 2°-8°C, conditions
that are representative of the final leg or last mile in
the supply chain in rural areas, to assess the effect of
shock and vibration on vaccine quality.

The Study
Packaging configurations (material used and ship-
ping and storing conditions) were representative of
supplies available in Africa during large vaccina-
tion campaigns (Figure; Appendix Table 1, https://
wwwnc.cdc.gov/EID/article/30/3/23-1060-App1.
pdf). We conducted simulated distribution testing
in 2 sequential steps at 2°-8°C to approximate last-
mile transport in rural areas that included a shock test
followed by a vibration test. The test simulated un-
paved roads typical of rural areas, representing long-
distance (100-km) travel that could occur between the
distribution center and vaccination site, by using a
rough-road transport simulation profile.

We dropped vials 9 times in various orienta-
tions from heights of 30.5-91.4 cm, depending on the
weight of the shipping container (Appendix Table 2,

"Preliminary results from this study were presented at the
Conference on Public Health in Africa; December 13-15, 2022;
Kigali, Rwanda.
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Ad26.ZEBOV and MVA-BN-Filo produced at
IDT Biologika in Germany

Figure. Study design to assess
effects of shock and vibration on
last-mile transportation of Ad26.
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Figure). We determined the vibration sequence by us-
ing the International Safe Transit Association’s web-
based software application 4AB (https://ista.org/
test_procedures.php#enhanced-simulation-section),
selecting the truck profile to approximate truck trans-
port in rural areas. During the 36-minute vibration
test, vibration intensity increased and the vibration
profile shape remained constant. Vials were oriented
upside down to simulate a worst-case scenario.

After simulated distribution testing, we froze all
80 vials at -20°C and shipped them back to analytical
laboratories, where they were stored at -85°C to -55°C
before analysis. We applied assays for indicating criti-
cal quality attributes, including appearance, potency,
quantity, aggregation, protein impurities, and pres-
ence of subvisible particles (Appendix Table 3). We
conducted potency testing as described previously
(10). We selected test methods and release specifica-
tions on the basis of regulatory guidance provided in
the International Conference on Harmonisation Q6B
and European Pharmacopoeia (12,13).

We compared assay results from the drug product
vials with the control (unstressed) vials from the same
batch of drug product and the release specifications,
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noting any deviations that occurred during the study
(Appendix). The attributes evaluated did not show
substantial differences between stressed and control
samples of Ad26.ZEBOV (Appendix Table 4). After
the simulation, the appearance of the Ad26.ZEBOV
drug product was clear, without coloration or visible
particulate matter. Potency, quantity of Ad26.ZEBOV
viral particles, and polydispersity were within release
specifications. We observed no difference in the aver-
age hydrodynamic radius of stressed (54.2 nm) and
control (55.2 nm) samples. Those values exceeded the
current release specification (<53 nm), which is attrib-
utable to the method used for this study having an =5
nm bias versus the release method. The percentage
of main hexon identified on reverse phase ultra-high
performance liquid chromatograms was numerically
lower in both stressed (65.06%) and control (64.42%)
samples versus the reference batch (75.1%). The per-
centage of free hexon was similar in stressed (4.3%)
samples and the reference batch (4.0%).

We observed no substantial effect on attributes
of the MVA-BN-Filo drug product between stressed
and control samples after the simulation (Appendix
Table 4). The appearance of material in both groups
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was light yellow and milky, with no visible extrane-
ous particles; product-related particles were present
in the stressed vials. Potencies of stressed and control
samples were within commercial release specifica-
tions. We confirmed the transgene expression of the
Zaire Ebola virus (Mayinga), Sudan virus (Gulu), and
Marburg virus (Musoke) glycoproteins and the Tait
Forest virus nucleoprotein encoded by MV A-BN-Filo
in stressed and control samples. Genomic vaccinia
DNA contents were identical between the 2 groups.
Average particle sizes measured by nanoparticle
tracking analysis were numerically higher in stressed
(195 nm) and control (191 nm) samples versus the ref-
erence batch (157 nm). Average virus particle sizes
measured by fluorescence nanoparticle tracking anal-
ysis were numerically higher in the stressed samples
(453 nm) versus both the control samples (399 nm) and
the reference batch (394 nm). Total subvisible particle
concentrations measured by microflow imaging were
numerically higher in stressed (7.82 x 10° particles/
mL) versus control (4.73 x 10° particles/mL) samples,
whereas mean subvisible particle sizes were numeri-
cally lower in stressed (2.49 pm) versus control (3.26
um) samples. We identified no substantial differences
between stressed and control samples from the par-
ticle size distribution graphs of the 3 methods.

Conclusions
The stability of Ebola virus vaccine drug products is
critical to ensure that quality remains unaffected in
conditions likely encountered during distribution.
We have shown that a liquid formulation for Ad26.
ZEBOV/MVA-BN-Filo is suitable for mass vaccina-
tion in resource-limited regions at risk for outbreaks
(10). We assessed the impact of shock and vibration,
simulating rough-road transport conditions at 2°-
8°C, on the quality of Ad26.ZEBOV/MV A-BN-Filo.
Product stability can be demonstrated through
a quantitative measure of potency, which is linked to
vaccine safety and efficacy (14). Potency can correlate
with infectious titer and transgene expression and may
be negatively affected by aggregate formation (14). Ag-
gregates can affect immunogenicity and subsequently
compromise vaccine efficacy (14). We have demonstrat-
ed that Ad26.ZEBOV and MVA-BN-Filo undergoing
simulated distribution contained similarly sized aggre-
gates and viral particles similar in number and potency
to the control samples, suggesting that the immuno-
genicity of samples exposed to simulated rough-road
transport would not differ from the control samples.
One limitation of this study is that the stress that
may be encountered during in-country transport
was simulated. However, the simulation used in this
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study provides more realistic exposure to shock and
vibration than can be generated by laboratory orbital
shakers. Data on stability after agitation of alternative
candidate Ebola virus vaccine regimens are limited in
this regard (15).

In summary, this study shows that simulated, re-
frigerated (2°-8°C), rough-road truck transport, rep-
resentative of the last mile of the supply chain, had
no substantial effect on the quality of Ad26.ZEBOV/
MVA-BN-Filo compared with the control condition.
These findings confirm that refrigerated transport
over rough terrain is possible and meets requirements
for the challenging rural areas in the cold chain.
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Appendix

Supplemental Results

Protocol deviations

The first deviation involved the test laboratory inadvertently subjecting all 80 vials of
Ad26.ZEBOV and MVA-BN-Filo to the distribution test sequence without reserving 20 vials of
each drug product as controls. Twenty additional vials of each product from the same
manufacturing lots were shipped to the analytical laboratory at —20°C, where they were thawed
at 2°-8°C for 24 hours and returned to —20°C to mimic what would have happened at the
simulation test laboratory. These vials were then sent for analysis. This deviation was considered

to have no impact on the results of the study.

The second deviation occurred due to inadequate sample volume for reverse phase high
performance liquid chromatography (RP-HPLC). A volume of >1.5 mL is required, but this
amount was not available for the control samples. Due to the first deviation, there were 20 extra
vials of the stressed sample from which adequate volume could be derived to perform free hexon

quantification via RP-HPLC.

The third deviation involved invalid runs of the real-time polymerase chain reaction-
based potency assay (QPA), which resulted in the need for retesting. However, there were
insufficient backup samples available to rerun the assay. Given that it is known that 1 freeze-
thaw cycle does not impact the product, it was determined that leftover samples could be used

for retesting of the invalid runs.
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Appendix Table 1. Materials used for packing and shipment of Ad26.ZEBOV and MVA-BN-Filo vaccine drug products. The target
fill volume was 0.69 mL in a 2-mL vial

Material Vial configuration
Ad26.ZEBOV
Vial Schott (type | glass)
Stopper 13 mm West 4432/50 (rubber)
Seal 13 mm West (aluminum flip off)
MVA-BN-Filo
Vial Thiringer Pharmaglas (type | glass)
Stopper 13 mm Datwyler FM457 (rubber)
Seal 13 mm West (aluminum flip off)

Appendix Table 2. Shock (drop) test sequence and parameters based on the International Safe Transit Association’s software 4AB

Drop (orientation)* Drop height, cm (31.8—68.0 kg)
1 (edge 3-4) 30.5
2 (edge 3-6) 30.5
3 (edge 4-6) 30.5
4 (corner 3—4-6) 30.5
5 (corner 2-3-5) 30.5
6 (edge 2-3) 30.5
7 (edge 1-2) 30.5
8 (face 3) 61.0
9 (face 3) 30.5

*Orientation of the packing materials is described in Appendix Figure.

Appendix Table 3. Analytical panel for analyzing Ad26.ZEBOV and MVA-BN-Filo drug products subjected to simulated distribution
testing*

Assay format
Attribute/assay Test volume Stressed vials (n) Control vials (n) (run x replicates)

Ad26.ZEBOV

Appearance
Degree of coloration
Clarity 6000 pL
Visible particles
Potency
Infectious units by QPA <500 pL 4t 4t 3x3
Quantity
Virus particles by vp-qPCR 10 pL 41 41 3x3
Impurities/aggregates
Average hydrodynamic aggregate
radius by DLS >250 pL 1 1 -
Polydispersity by DLS
Protein profile/impurities
Viral protein degradation products <500 pL 1 1 -
by RP-UPLC
Impurities
Free hexon by RP-HPLC 21500 pL 1 1 -

MVA-BN-Filo

Appearance
Degree of coloration
Clarity 1 vial 2t 2t -
Visible particles
Potency
Infectious units by FACS
Quantitative transgene 500 pL 41 41 3x1
expression (GP-Z-EBOV, GP-S-
EBOV, NP-IC-EBOV, GP-MARV-MU)

Quantity

Quantification of genomic vaccinia 1 vial 21 21 -
DNA
Aggregation

NTA 1 vial 2t 2t -
Virus particle aggregation

Fluorescence NTA 1 vial 21 21 -
Subvisible particle aggregation

MFI 1 vial 2t 2t -

*DLS, dynamic light scatter; FACS, fluorescence-activated cell sorting; MFI, microflow imaging; NTA, nanoparticle tracking analysis; QPA, real-time
polymerase chain reaction-based potency assay; RP-HPLC, reverse phase high-performance liquid chromatography; RP-UPLC, reverse phase ultra-
performance liquid chromatography; VP-gPCR, virus particle real-time polymerase chain reaction.

tIncludes 1 vial available for backup.
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Appendix Table 4. Analytical test results for Ad26.ZEBOV and MVA-BN-Filo samples subjected to simulated distribution testing*

Study results

Attribute Limit Reference batch Stressed Control Conclusiont
Ad26.ZEBOV
Appearance
Degree of coloration <Reference solution <Reference solution <Reference solution <Reference solution Pass
B9, BY7, Y7, and B9, BY7, Y7, and B9, BY7, Y7, and B9, BY7, Y7, and
GY7t GY7t GY7t GY7t
Clarity <Reference <Reference <Reference <Reference Pass
suspension Il suspension Il suspension Il suspension Il
Visible particles Essentially free of Essentially free of Essentially free of  Essentially free of Pass
visible particulate visible particulate visible particulate visible particulate
matter matter matter matter
Potency
Infectious units, logio 29.30 9.55 9.48 (0.11) 9.49 (0.14) Pass
Inf.U/mL
Quantity
Virus particles, vp x 0.5-2.0 0.8 0.81(0.15) 0.74 (0.14) Pass
10"/mL
Impurities/aggregates
Aggregate radius, nm <53 53 54.2 55.2 No substantial
difference
Polydispersity, % <25 7.7 6.4 6.9 No substantial
difference
Protein profile/impurities
Main hexon, % - 751 65.06 64.42 No substantial
difference
Unidentified peaks, % - 4.2 3.06 2.99 No substantial
difference
Impurities
Free hexon, % - 4 4.3 ND§ No substantial
impact
MVA-BN-Filo
Appearance
Degree of coloration Light yellow Light yellow Light yellow Light yellow Pass
Clarity Milky Milky Milky (100-200 Milky (100-200 Pass
NTU) NTU)
Visible particles Homogenous Homogenous No visible No visible Pass
suspension suspension extraneous extraneous
particles but particles
product-related
particles present
Potency
Infectious units, Inf.U 2.45-5.34 249 3.36 (0.26) 3.05 (0.47) Pass
x 108/mL
Transgene Expression Pass
expression, TxgU/Inf.U confirmed
ZEBOV 0.58 0.59 (0.06) 0.63 (0.12)
MARV 0.47 0.55 (0.04) 0.58 (0.04)
NP 1.53 1.43 (0.07) 1.44 (0.06)
SEBOV 0.54 0.48 (0.05) 0.49 (0.08)
Coexpression, % ND 45.5 (3.5) 45.5 (3.5) Pass
Quantity
Genomic vaccinia - ND 1.70 1.70 No substantial
DNA, molecules x difference
10%/mL
Aggregation
Total particles x - ND 1.48 1.41 No substantial
10"/mL difference
Aggregate size, nm - 157 (6) 195 191 No substantial
difference
Virus particle
aggregation
Total particles x - ND 5.66 5.52 No substantial
10%/mL difference
Aggregate size, nm - 394 (42) 453 399 No substantial
difference

Subvisible particle
aggregation
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Study results

Attribute Limit Reference batch Stressed Control Conclusiont

Total particles x - ND 7.82 4.73 No substantial
10%/mL difference

Aggregate size, um - ND 249 3.26 No substantial
difference

*Data are presented as mean or mean (SD). B, brown; BY, brownish-yellow; GY, greenish-yellow; Inf.U, infectious units; ND, not determined; NTU,
nephelometric turbidity units; TxgU, transgene units; Y, yellow.

tConclusion is based on the result of a stressed sample analyzed by itself (no substantial t impact), in comparison with control (no substantial
difference), or in comparison with commercial release specifications in cases of critical quality attributes (pass). A pass automatically signifies no
difference between stressed and control samples.

FColor reference solutions and reference suspensions are described in monograph 2.2.1 “Clarity and degree of opalescence of liquids” and 2.2.2
“Degree of coloration of liquids” of the European Pharmacopeia (https://www.edgm.eu/en/d/99080).

§A minimum volume of 1.5 mL was not available for control samples.

Edge 1-2

Manufacturer’s joint

3 Corner 2-3-5

Appendix Figure. Orientation of packing materials during simulated distribution testing.
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