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[bookmark: _GoBack]Supplement S1. An illustration of how the raw data has been analyzed. 
The data shown is for males aged 18-39, 60-69 and 90+. This example is from the ONS data file ending at May-22 [38]. Effective vaccination lies below the unvaccinated line.
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Supplementary material S2. Estimated proportion of reported deaths in England which are missing from the ONS vaccination study, by age band.

Table S2. Estimated proportion of reported deaths in England which are missing from the ONS vaccination study, by age band.

	Age band
	ONS study (England)
	England & Wales
	Estimated England
	Proportion in ONS study
	 

	
	2021
	2021
	2021
	Included
	Missing

	18-39
	6,461
	10,553
	9,887
	65%
	35%

	40-49
	10,184
	15,146
	14,191
	72%
	28%

	50-59
	27,484
	36,489
	34,187
	80%
	20%

	60-69
	54,731
	67,639
	63,372
	86%
	14%

	70-79
	113,651
	135,075
	126,555
	90%
	10%

	80-89
	164,640
	194,742
	182,458
	90%
	10%

	90+
	103,744
	116,142
	108,816
	95%
	5%



Footnote: Data for England and Wales is from the ONS published data for 2021. Deaths in England have been estimated from total deaths in Wales and England in 2021. England = 93.7% of the total for England and Wales. To be included in the ONS vaccination study persons had to be registered with a GP practice located in England and a resident of England during the 2011 census. Deaths in the ONS study are a composite of the Jan-Mar 2021 in the file ending May-22 and Apr-Dec 2021 in the file ending Dec-22 [38]. This only elevates the included deaths by 1% in each age band. The ONS file is progressively updated. As such, included deaths are lower closest to the end of the period. Hence at May-22 the file ending May-22 has 30485 total deaths compared to 37587 in the file ending Dec-22.


Supplementary material S3. Role of time after vaccination on the ratio of COVID-19 to non-COVID-19 deaths

The ONS data has two splits for the length of time a death occurs after vaccination, namely, up to 21 days (3 weeks) and 21 days and above. Table 9 in the first ONS file covering January 2021 to May 2022 presents data relating to COVID-19 and non-COVID-19 deaths for the weeks after vaccination. This file was chosen because it contains less data in the Omicron period which has an age profile which is highly skewed to deaths over 80 years [23]. 
This data has been converted into a ratio between the two and is presented in Figure S3.1 where the ratio reaches a peak at 2 to 3 weeks after vaccination – 2 weeks for the younger ages progressing to 3 weeks for the older ages. Also, the magnitude of the peak in the ratio seems to increase with age reaching a maximum of 21% for over 80 years.
The minimum point for the ratio occurs at 9 to 11 weeks – 9 to 10 weeks for younger and 11 weeks for older ages. This minimum is less pronounced in the younger ages.
 
Figure S3.1. Effect of the number of weeks after vaccination on the ratio of COVID-19 to non-COVID-19 deaths. A sixth order polynomial has been used to approximate the shape of the trend. The number of deaths increases with age.


Figure S3.2 shows the effect of age upon the ratio of COVID-19 to non-COVID-19 deaths in the up to 21 days (3 weeks) and over 21 days groups as per the time periods used in the ONS study, plus an up to 12 weeks and a 12+ weeks group, i.e., more longer-term. As can be seen, the effect is especially age dependent for the up to 3 weeks group, and even for the up to 12 weeks and 12+ weeks effects. In both cases the effects are greatest above the age of 59 years. The only solution to such effects is to use time as a continuous variable as has been done in several studies conducted in Hungary.
We have also looked at the effect of weeks after vaccination on the profile of non-COVID-19 deaths and there seems to be some evidence that these non-COVID-19 deaths peak at weeks 9 to 10 after COVID-19 vaccination (data not shown). We are not aware that a similar study has been conducted for other types of vaccination. That such would occur is plausible given that the propensity to die will be influenced by immune state – howsoever influenced by the nonspecific effects of vaccination.




Figure S3.2. Effect of age on the ratio of COVID-19 to non-COVID-19 deaths for two time-intervals, namely, one based on 21 days (3 weeks) as per the ONS study or a longer period based on 12 weeks. The number of deaths increases with age from 202 deaths for age 10-39 up to 16335 for age 80-89.
10-39	1	2	3	4	5	6	7	8	9	10	11	12	1.7391304347826087E-2	6.5476190476190479E-2	4.5454545454545456E-2	3.3333333333333333E-2	3.4285714285714287E-2	3.1578947368421054E-2	1.932367149758454E-2	3.2432432432432434E-2	3.3333333333333333E-2	1.6483516483516484E-2	4.3956043956043959E-2	5.1998447807528131E-2	40-49	1	2	3	4	5	6	7	8	9	10	11	12	2.8571428571428571E-2	5.0909090909090911E-2	4.1666666666666664E-2	3.0303030303030304E-2	3.9660056657223795E-2	2.865329512893983E-2	3.1088082901554404E-2	2.6809651474530832E-2	3.2085561497326207E-2	3.6312849162011177E-2	3.6827195467422094E-2	6.0294117647058824E-2	50-59	1	2	3	4	5	6	7	8	9	10	11	12	1.8561484918793503E-2	4.2027194066749075E-2	6.6901408450704219E-2	5.7923497267759562E-2	4.4487427466150871E-2	2.4574669187145556E-2	2.8222013170272814E-2	2.5616698292220113E-2	2.8414298808432631E-2	2.201524132091448E-2	3.2755298651252408E-2	5.8586202977611093E-2	60-69	1	2	3	4	5	6	7	8	9	10	11	12	3.6842105263157891E-2	7.7071290944123308E-2	7.38327904451683E-2	5.9731209556993528E-2	5.9334298118668596E-2	4.4600938967136149E-2	3.5024696901661427E-2	2.9791018230324588E-2	2.394678492239468E-2	2.4288107202680067E-2	3.2045654082528532E-2	6.7489800880771625E-2	70-79	1	2	3	4	5	6	7	8	9	10	11	12	4.9102927289896126E-2	9.6388888888888885E-2	0.12568035625927759	0.10362335564274175	7.3466780238500853E-2	5.2140393588963281E-2	3.9348171701112877E-2	3.02734375E-2	3.0019880715705764E-2	2.9714285714285714E-2	3.3346410357002747E-2	7.0523764610370229E-2	80-89	1	2	3	4	5	6	7	8	9	10	11	12	6.6273932253313697E-2	0.15567867036011079	0.20576735092864126	0.17336152219873149	0.11613181752770182	8.9310829817158932E-2	6.5337001375515819E-2	5.1546391752577317E-2	4.4459459459459456E-2	3.6121673003802278E-2	4.0692041522491347E-2	7.5073559666788289E-2	90+	1	2	3	4	5	6	7	8	9	10	11	12	7.6570952975447359E-2	0.14204398447606728	0.20673294170808856	0.17023554603854391	0.12192580241767403	8.2835359571399134E-2	6.5597367879909524E-2	4.7061199757624725E-2	4.1448692152917507E-2	3.7684210526315792E-2	3.599137931034483E-2	7.3516582087168075E-2	Weeks after vaccination


Ratio of COVID-19 to non-COVID-19 deaths




less than 12 weeks	10-39	40-49	50-59	60-69	70-79	80-89	90+	3.4000000000000002E-2	3.4680502457673401E-2	3.5341060231806956E-2	4.3674287275708171E-2	5.7667316439246261E-2	9.2236368668696375E-2	9.217507979426294E-2	12+ weeks	10-39	40-49	50-59	60-69	70-79	80-89	90+	5.1998447807528131E-2	6.0294117647058824E-2	5.8586202977611093E-2	6.7489800880771625E-2	7.0523764610370229E-2	7.5073559666788289E-2	7.3516582087168075E-2	Up to 3 weeks	10-39	40-49	50-59	60-69	70-79	80-89	90+	4.5751633986928102E-2	4.1984732824427481E-2	4.7323135755258129E-2	6.6911933777879976E-2	9.8258196721311475E-2	0.15594059405940594	0.154105105666729	3+ weeks	10-39	40-49	50-59	60-69	70-79	80-89	90+	4.3953375424963574E-2	5.0745550745550747E-2	5.009219422249539E-2	5.7961993336018452E-2	6.3190179071295857E-2	7.5242183764150899E-2	7.3983549942441482E-2	Age band
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18-39 First 	>	21 days ago	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	87	133.5	155.80000000000001	142.9	108.2	121.3	43.6	70.099999999999994	94.9	104.7	73.3	70.7	83.9	43.4	31.1	28.2	44.4	18-39 First 	<	21 days ago	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	69.3	206.1	75.099999999999994	77.400000000000006	26.5	17.5	38.25	18	20	35	45	35	34	73	135	204	253	18-39 Second 	>	21 days ago	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	769	206	94	32	116.5	125.7	124.7	68.3	46.9	45.5	39.700000000000003	36.4	41.4	36.700000000000003	30.3	22.7	16.2	18-39 Second 	<	21 days ago	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	287	503	39	113	61.9	42.7	20	26.8	13.3	16	16	16	22	43	53	72	86	18-39 Third/booster 	>	21 days ago	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	113	124	110.5	41	32.9	26.8	25.6	23.6	18-39 Third/booster 	<	21 days ago	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	269	128.69999999999999	105.9	31.1	16.600000000000001	22	20	28	27	18-39 Unvaccinated	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	86.1	62.5	53	53.1	49.5	72.900000000000006	83.5	79.3	63.7	73.8	64.900000000000006	74.900000000000006	47	27.3	29.3	25	12.7	60-69 First 	>	21 days ago	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	2254.1999999999998	2340.6	1011	881.3	1614.1	6618.1	8488.7000000000007	7701.4	6807.3	6760.4	6190.5	5586.1	4997.7	2974.9	3300.7	3730.7	1866.5	60-69 First 	<	21 days ago	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	2215.5	779.6	537.1	1346.4	1462.5	1787.6	688	585	1020	1190	1316	1099	1299	2941	6250	9091	11111	60-69 Second 	>	21 days ago	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	2083	262	654.9	1328.5	1115.5999999999999	834.6	899.1	939.6	1034.8	1082.4000000000001	1489.2	3781.9	4583	3359.3	2704.4	2246.4	1837.7	60-69 Second 	<	21 days ago	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	372	625	768.5	570.20000000000005	462.1	674.4	2086	1154.9000000000001	1112.7	980	2831.6	2040.2	4304.8999999999996	1235	1724	2703	4167	60-69 Third/booster 	>	21 days ago	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	788.4	971.9	828.1	853.9	870.6	874.8	886.6	750.6	60-69 Third/booster 	<	21 days ago	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	225	543.20000000000005	445.2	588.29999999999995	1430.7	1438.8	1570	1776.5	2940.3	60-69 Unvaccinated	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	1856.9	1912.2	3652.1	3301.3	2503.6999999999998	2114.6	2058.9	1915.9	2419.5	2242.6999999999998	2324	1970.6	2238.1999999999998	1578.5	1396.6	1231.0999999999999	1001.9	90+ First 	>	21 days ago	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	34812.5	24486.1	24295.9	45441	92568.5	70730.399999999994	72872.5	82523.3	62249.7	64413.7	55671.8	53808.6	64593.5	39363.300000000003	23152.5	41395.1	28906.2	90+ First 	<	21 days ago	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	19081.3	27863.1	40179.300000000003	35026.6	7142	7143	14286	25000	50000	33333	145084.29999999999	66666	128458.3	100000	100000	100000	100000	90+ Second 	>	21 days ago	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	7208.5	9730.7999999999993	12601.4	15404	17311.5	17280.7	20194.8	21180.3	21934.400000000001	35337	57441.8	83155.600000000006	87218.7	60433.4	45087.8	44163.7	32544.6	90+ Second 	<	21 days ago	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	7276.8	17351.5	10268.299999999999	11985.1	22918.6	36116.699999999997	31574.2	18500.7	11111	11111	40493.300000000003	12500	20000	33333	33333	50000	50000	90+ Third/booster 	>	21 days ago	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	11031.5	15924.3	21461.200000000001	23607.5	24430	24696.2	24284	19509.400000000001	90+ Third/booster 	<	21 days ago	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	4835.7	9136.2000000000007	14987	29101	38857.300000000003	41719	48592	27424.1	13476.6	90+ Unvaccinated	44197	44228	44256	44287	44317	44348	44378	44409	44440	44470	44501	44531	44562	44593	44621	44652	44682	71337.5	107858.6	49433.3	29439.200000000001	23495.5	22164.9	23477.4	24710.5	21514.6	24288.1	26167.3	26379.5	32834.1	23195.3	19408.8	22778	17203.7	
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