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Fig. S1: Representative anion exchange chromatogram of ChAdOx1 nCoV-19 vaccine (AZD1222): (A) 260 nm, (B) 280 nm (c) 320 nm. Chromatographic conditions: Hypersil 120 SAX (150 mm × 4.6 mm), 5 µm particle size analytical column. Gradual elution at a flow rate of 1.5 mL/min using 20 mM Tris, 50 mM sodium chloride, pH 7.4 as mobile phase A, and mobile phase B was prepared by increasing the concentration of sodium chloride to 500 mM in Buffer A. Absorbance was monitored at 260, 280, and 320 nm.

[image: ]
 Fig. S2: Typical anion exchange chromatogram representing virus particle of recombinant chimpanzee adenovirus in the ChAdOx1 nCoV-19 vaccine (AZD1222): (A) control sample, (B) 1st freeze/thaw, (c) 2nd freeze/thaw, (d) 3rd freeze/thaw. Chromatographic conditions: Hypersil 120 SAX (150 mm × 4.6 mm), 5 µm particle size analytical column. Gradual elution at a flow rate of 1.5 mL/min using 20 mM Tris, 50 mM sodium chloride, pH 7.4 as mobile phase A, and mobile phase B was prepared by increasing the concentration of sodium chloride to 500 mM in Buffer A. Absorbance was monitored at 260 nm.
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Fig. S3: CB-stained gel comparing the molecular distribution of the non-replicating recombinant chimpanzee adenovirus in the control, and thawed samples of AZD 1222 vaccine. (M): protein ladder, (A, and E): the vaccine control stored in its recommended storage condition of 2-8°C, (B, and F): represent the samples subjected to 1 freezing/thawing cycle, (C, and G) represent the samples subjected to 2 freezing/thawing cycles, (D, and H): represent the samples subjected to 3 freezing/thawing cycles.
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Fig. S4: ELISA response of different concentrations (200, 400, 600, 800 U/mL) of the immobilized SARS-CoV-2 antigen using sera collected from mice inoculated with the tested vaccine stored at 2 °C – 8 °C (control group)


Table S1: Mobile phase gradient for AEC assay
	Time (min)
	Flow rate (mL/min)
	Mobile Phase A %
	Mobile Phase B%

	0 - 1.0
	1.5
	100
	0

	1.1 – 2.0
	1.5
	100
	0

	2.1 – 7.0
	1.5
	85
	15

	7.1 – 10.0
	1.5
	85
	15

	10.1 – 25.0
	1.5
	0
	100

	25.1 - 26.0
	1.5
	0
	100

	26.1 – 35.0
	1.5
	100
	0








Table S2: Statistical analysis of the results obtained to evaluate the significance of the repeated freeze/thawing cycles on the pH of the ChAdOx1-S/nCoV-19 vaccine
	Groups
	Count
	Mean
	Standard deviation
	Standard error of means
	

	Control 
	3
	6.46667

	0.11547 
	0.06667
	

	First Freeze/Thaw
	3
	6.82667 
	0.16921 
	0.0977
	

	Second Freeze/Thaw
	3
	6.76 
	0.23643 
	0.1365
	

	Third Freeze/Thaw
	3
	6.87667 
	0.08145 
	0.04702
	

	Overall ANOVA
	
	
	
	
	

	Source of Variation
	DF 
	Sum of Squares 
	Mean Square 
	F Value 
	Proba>F

	Model
	3 
	0.30322 
	0.10107 
	3.8689 
	0.05592

	Error
	8 
	0.209 
	0.02612
	
	

	Total
	11 
	0.51222
	
	
	


a P value < 0.05 indicates statistically significant difference
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Table S3: Tukey test of the results obtained to evaluate the significance of the repeated freeze/thawing cycles on the pH of the ChAdOx1-S/nCoV-19 vaccine
	
	Mean Diff 
	SEM 
	q Value 
	Prob 
	Alpha 
	Siga,b
	LCL 
	UCL

	1st F/T control 
	0.36 
	0.13197 
	3.85776 
	0.09768 
	0.05 
	0 
	-0.06262 
	0.78262

	2nd F/T control 
	0.29333 
	0.13197 
	3.14336 
	0.19668 
	0.05 
	0 
	-0.12929 
	0.71595

	2nd F/T 1st F/T 
	-0.06667 
	0.13197 
	0.7144 
	0.95557 
	0.05 
	0 
	-0.48929 
	0.35595

	3rd F/T control 
	0.41 
	0.13197 
	4.39356 
	0.05721 
	0.05 
	0 
	-0.01262 
	0.83262

	3rd F/T 1st F/T 
	0.05 
	0.13197 
	0.5358 
	0.9802 
	0.05 
	0 
	-0.37262 
	0.47262

	3rd F/T 2nd F/T 
	0.11667 
	0.13197 
	1.2502 
	0.81326 
	0.05 
	0 
	-0.30595 
	0.53929


a Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
b Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.
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Table S4: Statistical analysis of the AEC results obtained to evaluate the significance of the repeated freeze/thawing cycles on the peak area of the ChAdOx1-S/nCoV-19 vaccine
	Groups
	Count
	Mean
	Standard deviation
	Standard error of means
	

	Control 
	3
	9721.32167 
	633.70808 
	365.87153
	

	First Freeze/Thaw
	3
	7870.57222 
	410.70113 
	237.11841
	

	Second Freeze/Thaw
	3
	7580.27111 
	257.46532 
	148.64767
	

	Third Freeze/Thaw
	3
	6358.54417 
	288.92003 
	166.80806
	

	Overall ANOVA
	
	
	
	
	

	Source of Variation
	DF 
	Sum of Squares 
	Mean Square 
	F Value 
	Proba>F

	Model 
	3 
	1.73856E7 
	5795190.95119 
	32.19441 
	8.16376E-5

	Error 
	8 
	1440049.03952 
	180006.12994
	
	

	Total 
	11 
	1.88256E7
	
	
	


a P value < 0.05 indicates statistically significant difference



Table S5: Tukey test of the AEC results obtained to evaluate the significance of the repeated freeze/thawing cycles on the peak area of the ChAdOx1-S/nCoV-19 vaccine
	
	Mean Diff 
	SEM 
	q Value 
	Prob 
	Alpha 
	Siga,b 
	LCL 
	UCL

	1st F/T control 
	-1850.74944 
	346.41606 
	7.55552 
	0.00307 
	0.05 
	1 
	-2960.09546 
	-741.40343

	2nd F/T control 
	-2141.05056 
	346.41606 
	8.74065 
	0.0012 
	0.05 
	1 
	-3250.39657 
	-1031.70454

	2nd F/T 1st F/T 
	-290.30111 
	346.41606 
	1.18513 
	0.83527 
	0.05 
	0 
	-1399.64712 
	819.0449

	3rd F/T control 
	-3362.7775 
	346.41606 
	13.72825 
	4.90818E-5 
	0.05 
	1 
	-4472.12351 
	-2253.43149

	3rd F/T 1st F/T 
	-1512.02806 
	346.41606 
	6.17272 
	0.01029 
	0.05 
	1 
	-2621.37407 
	-402.68204

	3rd F/T 2nd F/T 
	-1221.72694 
	346.41606 
	4.98759 
	0.03177 
	0.05 
	1 
	-2331.07296 
	-112.38093


a Sig equals 1 indicates that the difference of the means is significant at the 0.05 level.
b Sig equals 0 indicates that the difference of the means is not significant at the 0.05 level.
Table S6: Statistical analysis of the AEC results obtained to evaluate the significance of the repeated freeze/thawing cycles on the virus particles count of the ChAdOx1-S/nCoV-19 vaccine
	Groups
	Count
	Mean (x1011 VP/mL)
	Standard deviation
	Standard error of means
	

	Control 
	3
	0.9 
	0 
	0
	

	First Freeze/Thaw
	3
	0.40139 
	0.0889 
	0.05133
	

	Second Freeze/Thaw
	3
	0.38477 
	0.01319 
	0.00762
	

	Third Freeze/Thaw
	3
	0.35981 
	0.04641 
	0.02679
	

	Overall ANOVA
	
	
	
	
	

	Source of Variation
	DF 
	Sum of Squares 
	Mean Square 
	F Value 
	Proba>F

	Model 
	3 
	0.60638 
	0.20213 
	79.02928 
	2.75693E-6

	Error 
	8 
	0.02046 
	0.00256
	
	

	Total 
	11 
	0.62684
	
	
	


a P value < 0.05 indicates statistically significant difference


Table S7: Statistical analysis of the AEC results obtained to evaluate the significance of the repeated freeze/thawing cycles on the DNA to protein ratio of the ChAdOx1-S/nCoV-19 vaccine
	Groups
	Count
	Mean 
	Standard deviation
	Standard error of means
	

	Control 
	3
	1.3 
	0 
	0
	

	First Freeze/Thaw
	3
	1.32216 
	0.03615 
	0.02087
	

	Second Freeze/Thaw
	3
	1.37897 
	0.0273 
	0.01576
	

	Third Freeze/Thaw
	3
	1.2839 
	0.05888 
	0.03399
	

	Overall ANOVA
	
	
	
	
	

	Source of Variation
	DF 
	Sum of Squares 
	Mean Square 
	F Value 
	Proba>F

	Model 
	3 
	0.01554 
	0.00518 
	3.75369 
	0.05977

	Error 
	8 
	0.01104 
	0.00138
	
	

	Total 
	11 
	0.02657
	
	
	


a P value < 0.05 indicates statistically significant difference



Table S8: Statistical analysis of the in vivo immunogenicity results obtained to evaluate the significance of the repeated freeze/thawing cycles on the neutralizing antibody seroconversion of the ChAdOx1-S/nCoV-19 vaccine
	Groups
	Count
	Mean 
	Standard deviation
	Standard error of means
	

	Control 
	3
	1.02228 
	0.16466 
	0.09506
	

	First Freeze/Thaw
	3
	0.92525 
	0.3496 
	0.20184
	

	Second Freeze/Thaw
	3
	1.11594 
	0.37215 
	0.21486
	

	Third Freeze/Thaw
	3
	0.91438 
	0.088 
	0.05081
	

	Overall ANOVA
	
	
	
	
	

	Source of Variation
	DF 
	Sum of Squares 
	Mean Square 
	F Value 
	Proba>F

	Model 
	3 
	0.08021 
	0.02674 
	0.36181 
	0.78247

	Error 
	8 
	0.59115 
	0.07389
	
	

	Total 
	11 
	0.67135
	
	
	


a P value < 0.05 indicates statistically significant difference
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