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SUMMARY

Multimorbidity entails a higher risk of SARS-CoV-2 infection and COVID-19 complications. We examined
vaccine effectiveness (VE) stratified by multimorbidity using a case-control study of territory-wide elec-
tronic health records in Hong Kong. Cases of infection (testing positive), hospitalization, and mortality
were identified from January to March 2022. Controls were matched by age, sex, outpatient atten-
dance/hospitalization date, and Charlson Comorbidity Index. We demonstrated a consistently good VE
among people with increased multimorbidity burden; even more so than among those with minimal
such burden. There was also a significantly greater VE after a third dose of BNT162b2 or CoronaVac
against infection. The difference in VE between those with multimorbidity and those without was less pro-
nounced for hospitalization, and such difference for COVID-19-related mortality was negligible. In conclu-
sion, VE of both examined vaccines against SARS-CoV-2 infection among people with more complex multi-
morbidity burden is significant. Further vaccine roll-out should prioritize people with multimorbidity.

INTRODUCTION

Multimorbidity is defined as the co-occurrence of two or more chronic conditions in an individual.” As world populations age, this health state
is increasingly prevalent in both developed and developing societies.” Multimorbidity has been shown to be associated with poorer quality of
life, higher rates of healthcare utilization, and heightened risk of mortality.>* In addition, people living with multimorbidity are affected by the
ongoing COVID-19 pandemic far more than those without it, with a substantially higher risk of developing severe disease once infected.”

Our earlier work has demonstrated a good safety profile of COVID-19 vaccines, BNT162b2 (Pfizer-BioNTech) and CoronaVac (Sinovac), in
populations with multimorbidity.® Nevertheless, recent research has shown that people with chronic conditions or multimorbidity may still be
hesitant toward vaccine uptake.” In the face of the ever-evolving variants of SARS-CoV-2, it is important to disseminate comprehensible and
relatable data on the potential benefits of vaccination specific to those with various clinical characteristics such as multimorbidity. Research
evidence of the effectiveness of vaccines in populations with and without multimorbidity is thus much warranted to further inform vaccination
uptake and public policies. It is also of great importance to investigate how an increased burden of multimorbidity in an individual, i.e., three,
four or even more comorbidities, can potentially affect vaccine effectiveness (VE) in terms of infection, hospitalization, and mortality from
COVID-19, especially the currently dominant Omicron variant of SARS-CoV-2.

In this study, we aimed to use a territory-wide case-control study to estimate the effectiveness of each of the three doses of BNT162b2 or
CoronaVacg, including a heterologous third dose, amid the Omicron epidemic,® among people living with multimorbidity and those who do
not. Our secondary objective was to examine how stratification of the sample by multimorbidity, i.e., increased number of chronic conditions,
affects this effectiveness estimate.
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RESULTS

The selection of cases and controls for the COVID-19 infection and complications analysis is shown in Figure 1. For COVID-19 infection, a total
of 101,427 cases and 404,647 matched controls with multimorbidity and 411,485 cases and 822,844 matched controls without multimorbidity
were included. There were 16,675 cases of post-infection hospital admission with multimorbidity and 164,290 matched controls, as well as
17,333 cases without multimorbidity and 171,818 matched controls. 5,371 post-infection deaths with multimorbidity were identified and
matched with 52,715 controls, while 2,325 mortality cases without multimorbidity were matched with 22,624 controls. The characteristics
of cases and controls are summarized in Table 1, which shows an unsurprisingly higher prevalence of chronic conditions and medication
use among participants with multimorbidity.

Vaccination patterns

As shown in Table 2, among cases of COVID-19 infection with multimorbidity, 2,981 (2.9%), 14,782 (14.6%) and 4,752 (4.7%) received one, two,
and three doses of BNT162b2 respectively while 15,628 (15.4%), 27,071 (26.7%), and 8,591 (8.5%) received one, two, and three doses of
CoronaVac respectively. Seventy-two (0.0%) received two priming doses of BNT162b2 then a CoronaVac booster dose and 2,161 (2.1%)
two priming doses of CoronaVac plus a BNT162b2 booster dose. Among those without multimorbidity, 16,799 (4.1%), 132,097 (32.1%) and
36,094 (8.8%) received one, two, and three doses of BNT162b2 respectively and 26,013 (6.3%), 94,026 (22.9%), and 49,088 (11.9%) received
one, two, and three doses of CoronaVac respectively. 559 (0.0%) received two priming doses of BNT162b2 then a CoronaVac booster
dose and 13,400 (3.3%) two priming doses of CoronaVac plus a BNT162b2 booster dose. Similar vaccination patterns were observed for
COVID-19 related hospitalization and COVID-19-related mortality.

Advanced doses and vaccine effectiveness

Table 2 also shows the VE for each outcome. A positive dose-response relationship, between the number of BNT162b2 or CoronaVac doses
received and VE, was demonstrated. VE against COVID-19 infection among participants with multimorbidity after the first dose of BNT162b2
and CoronaVacwere 31.5% (95% Cl: 28.6 to 34.4) and 1.9% (95% CI: —0.3 to 4.0), respectively while a higher effectiveness was shown in vaccine
recipients who received three doses of BNT162b2 [58.8% (95% CI: 57.3 to 60.2)] or CoronaVac [29.4% (95% Cl: 27.3 to 31.4)]. A similar dose-
response relationship was observed for both participants with and without multimorbidity and for effectiveness against both hospitalization
and all-cause mortality after COVID-19 infection. The VE against post-infection hospitalization and all-cause mortality among those with multi-
morbidity were 90.4% (95% Cl: 88.9 to 91.8) and 97.9% (95% Cl: 96.0 to 98.9) after three doses of BNT162b2 and were 86.2% (95% Cl: 84.5 to
87.7) and 94.9% (95% Cl: 92.7-96.4) after three doses of CoronaVac, respectively. The estimates for heterologous booster doses were based
on fewer participants and were less precise for a useful interpretation.

Participants with increased multimorbidity burden versus those without

For COVID-19 infection, VE was estimated to be consistently greater among those with multimorbidity than those without. For instance, after
the third dose of BNT162b2 or CoronaVac, effectiveness among those without multimorbidity were only 33.4 (95% CI: 32.3 to 34.5) and —37.7
(95% Cl: —40.1 to —35.4), compared with 58.8% (95% Cl: 57.3 to 60.2) and 29.4% (95% Cl: 27.3 to 31.4) among those with multimorbidity. This
observation is consistent but much less pronounced for the outcome of COVID-19- related hospitalization. After the third dose of BNT162b2
or CoronaVac, VE against COVID-19-related hospitalization was 90.4 (95% CI: 88.9-91.8) and 86.2 (95% Cl: 84.5-87.7) among those with multi-
morbidity, compared with 83.8 (95% Cl: 82.2-85.3) and 75.0 (95% Cl: 72.8-77.0) among those without. For COVID-19-related mortality how-
ever, such differences were negligible, if any.

Table 3 shows the VE estimates within those living with multimorbidity stratified by number of underlying chronic conditions. It shows
consistent findings that VE against infection tends to be greater in those with increased multimorbidity burden. VE against infection was esti-
mated at 72.1 (95% Cl: 54.3 to 82.9) and 64.8 (95% Cl:45.7 to 77.2) after three doses of BNT162b2 or CoronaVac among those with five or more
chronic conditions, compared with 52.2 (95% Cl: 50.1 to 54.3) and 17.5 (95% ClI: 14.3 to 20.5) among those with only two conditions.

Subgroup and sensitivity analyses

In the subgroup analyses as shown in Table S2, a similar dose-response relationship was seen in different sex and age subgroups. A slightly
greater VE against COVID-19 infection was observed in those aged 80 or older. The results of the three sensitivity analyses are summarized in
Tables S3-S5 which support the robustness of the findings in the main analysis.

DISCUSSION

In this study, we compared the VE estimate of BNT162b2 and CoronaVac by dose among those living with multimorbidity and those without.
We found a greater estimate of effectiveness for both BNT162b2 and CoronaVac against a positive COVID-19 test result in those living with
multimorbidity when compared with those without multimorbidity, with non-overlapping confidence intervals. Greater effectiveness against
infection was observed among those with a greater multimorbidity burden, i.e., more chronic conditions. For hospitalization and mortality
from COVID-19, marked differences have not been observed. Consistent with current knowledge, for both participants with and without mul-
timorbidity, more advanced doses of vaccines are associated with a notably greater effectiveness in all three COVID-19-related outcomes.
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HA service users with PCR-confirmed COVID-19 infection
between 1 Jan 2022 and 31 Mar 2022
(n=514,000)

HA service users without PCR-confirmed COVID-19 infection
or positive RAT result between 1 Jan 2022 and 31 Mar 2022
(n=1,418,554)

Excluded:

- History of COVID-19 (n=770)
- Died before index date (n=55)
- Received fourth dose (n=1)

Excluded:

- History of COVID-19 (n=3,024)
- Died before index date (n=0)

- Received fourth dose (n=164)

Caseswith MM | Matching by age, sex
(n=101,553)

Cases without MM
(n=411,621)

Controls with MM ’ Controls without

(n=456,580)

MM (n=958,786)

Matching by age (5-year band), sex, CCl category (0,1-2,3-
4,>=5) and index date (+3 days)

« 1 case: 10 controls (random sampling)

* 126 cases have no match

Matching by age (5-year band), sex, CCl category (0,1-2,3-
4,>=5) and index date (+3 days)

» 1 case: 10 controls (random sampling)

* 136 cases have no match

I :

I I

Cases with MM Controls with MM
(n=101,427) (n=404,647)

Cases without MM Controls without MM
(n=411,485) (n=822,844)

COVID-19 related hospitalization

HA service users with PCR-confirmed COVID-19 infection
between 1 Jan 2022 and 31 Mar 2022 and
admitted to hospital within 28 days (n=34,142)

HA service users who were not cases
(n=1,763,626)

Excluded:
- History of COVID-19 (n=48)
- Received fourth dose (n=0)

Excluded:
- History of COVID-19 (n=3,395)
- Received fourth dose (n=165)

A
Caseswith MM | Matching by age, sex
(n=16,726)

Cases without MM
(n=17,368)

A
Controls without
MM (n=1,203,724)

Controls with MM
(n=556,342)

Matching by age (5-year band), sex, CCl category (0,1-2,3-

Matching by age (5-year band), sex, CCl category (0,1-2,3-

4,>=5) and index date (+3 days)

4,>=5) and index date (+3 days)

» 1 case: 10 controls (random sampling)
* 51 cases have no match

Controls with MM
(n=164,290)

Caseswith MM
(n=16,675)

» 1 case: 10 controls (random sampling)
* 35 cases have no match

Controls without MM
(n=171,818)

Cases without MM
(n=17,333)

COVID-19 related mortality

HA service users with PCR-confirmed COVID-19 infection
between 1 Jan 2022 and 31 Mar 2022
died within 28 days (n=7,740)

HA service users who were not cases
(n=1,790,662)

Excluded:
- History of COVID-19 (n=2)
- Received fourth dose (n=0)

Excluded:
- History of COVID-19 (n=3,441)
- Received fourth dose (n=165)

Cases without MM
(n=2,343)

A
Caseswith MM | Matching by age, sex
(n=5,395)

y

Controls with MM
(n=567,979)

A
Controls without
MM (n=1,219,077)

Matching by age (5-year band), sex, CClI category (0,1-2,3-
4,>=5) and index date (+3 days)

+ 1 case: 10 controls (random sampling)

* 24 cases have no match

Matching by age (5-year band), sex, CCl category (0,1-2,3-
4,>=5) and index date (+3 days)

» 1 case: 10 controls (random sampling)

* 18 cases have no match

i

i

l

‘ Cases with MM (n=5,371) ‘ ‘ Controls with MM

(n=52,715)

Cases without MM

(n=2,325)

Controls without MM
(n=22,624)

MM, multimorbidity; HA = Hospital Authority, DH = Department of Health

Figure 1. Selection of cases and controls
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Table 1. Baseline characteristics

COVID-19 infection

COVID-19 related hospitalization

COVID-19 related mortality

SS300V N3dO

MM No MM MM No MM MM No MM

Case Control Case Control Case Control Case Control Case Control Case Control
N 101427 404647 411485 822844 16675 164290 17333 171818 5371 52715 2325 22624
Age, years 69.73 (13.29) 69.78 (13.15) 49.34 (17.31) 49.38 (17.33) 78.58 (12.98) 78.63 (12.49) 62.37 (22.99) 62.17 (22.87) 83.94 (10.45) 83.70 (10.14) 83.94 (13.06) 83.60 (12.91)
Sex, male 53442 (52.7) 213217 (52.7) 191134 (46.4) 382208 (46.4) 9209 (55.2) 90946 (55.4) 8407 (48.5) 83339 (48.5) 3218 (59.9) 31767 (60.3) 1346 (57.9) 13107 (57.9)
Charlson Comorbidity 1.43 (1.56)  1.37 (1.48)  0.09 (0.40)  0.09(0.38)  2.22(2.02) 2.03(1.92)  0.32(0.81) 0.24(0.59) 2.55(2.17) 2.34(2.05) 0.52(1.02) 0.42(0.78)
Index
Alcohol misuse 1358 (1.3) 4880 (1.2) 438 (0.1) 996 (0.1) 200 (1.2) 1547 (0.9) 30(0.2) 150 (0.1) 61(1.1) 451 (0.9) 5(0.2) 9 (0.0
Asthma 3977 (3.9) 13927 (3.4) 2487 (0.6) 4148 (0.5) 577 (3.5) 5831 (3.5) 92 (0.5) 1483 (0.9) 136 (2.5) 1967 (3.7) 5(0.2) 172 (0.8)
Cancer, lymphoma 585 (0.6) 1325 (0.3) 327 (0.1) 494 (0.1) 236 (1.4) 941 (0.6) 94 (0.5) 193 (0.1) 66 (1.2) 326 (0.6) 9(0.4) 31(0.1)
Cancer, metastatic 2605 (2.6) 9270 (2.3) 350 (0.1) 695 (0.1) 854 (5.1) 8124 (4.9) 85 (0.5) 281 (0.2) 310 (5.8) 3176 (6.0) 22 (0.9) 93(0.4)
Cancer, non- 5284(5.2) 17656 (4.4) 2087 (0.5)  3656(0.4)  1321(7.9) 11708(7.1) 319(1.8)  1519(0.9) 359(67)  3860(7.3)  24(1.0) 175 (0.8)
metastatic
Chronic pain 12316 (12.1) 35033 (8.7) 6324 (1.5) 12525 (1.5) 2721 (16.3) 16672 (10.1) 390(2.3) 2998 (1.7) 866 (16.1) 5996 (11.4) 75(3.2) 561 (2.5)
Chronic pulmonary 5620 (5.5) 16002 (4.0) 1412 (0.3) 1981 (0.2) 1965 (11.8) 11453 (7.0) 300 (1.7) 1974 (1.1) 745 (13.9) 5180 (9.8) 70 (3.0) 637 (2.8)
disease
Chronic viral 4501 (4.4)  17375(4.3) 2673(0.6)  4511(0.5)  248(1.5) 3949 2.4)  56(0.3) 633 (0.4) 38(0.7) 869 (1.6) 2(0.1) 21(0.1)
hepatitis B
Cirrhosis 1237 (1.2) 3764 (0.9) 242 (0.1) 531 (0.1) 432 (2.6) 2661 (1.6) 41 (0.2) 287 (0.2) 150 (2.8) 873 (1.7) 11 (0.5) 45 (0.2)
Dementia 3210 (3.2) 6642 (1.6) 544 (0.1) 629 (0.1) 1694 (10.2) 6575 (4.0) 273 (1.6) 1076 (0.6) 783 (14.6) 2960 (5.6) 126 (5.4) 453 (2.0)
Depression 5767 (5.7) 19416 (4.8) 5347 (1.3) 22970 (2.8) 852 (5.1) 4874 (3.0) 162 (0.9) 2936 (1.7) 217 (4.0) 1255 (2.4) 15 (0.6) 92 (0.4)
Diabetes 61123 (60.3) 267453 (66.1) 11482 (2.8) 27563 (3.3) 8277 (49.6) 106341 (64.7) 597 (3.4) 12251 (7.1) 2455 (45.7) 32410 (61.5) 98 (4.2) 1932 (8.5)
Hypertension 83332 (82.2) 348691 (86.2) 47035 (11.4) 166249 (20.2) 12777 (76.6) 141176 (85.9) 2177 (12.6) 41810 (24.3) 3977 (74.0) 45484 (86.3) 359 (15.4) 7392 (32.7)
Hyperthyroidism 4966 (4.9) 21506 (5.3) 3345 (0.8) 16197 (2.0) 663 (4.0) 5933 (3.6) 91 (0.5) 1947 (1.1) 177 (3.3) 1648 (3.1) 7 (0.3) 103 (0.5)
Inflammatory bowel 180 (0.2) 642 (0.2) 237 (0.1) 1299(0.2)  34(0.2) 109 (0.1) 27 (0.2) 139 (0.1) 6(0.1) 27 (0.1) 0(0.0) 4(0.0)
disease
Irritable bowel 317 (0.3) 953 (0.2) 306 (0.1) 598 (0.1) 23 (0.1) 225 (0.1) 5(0.0) 86 (0.1) 5(0.1) 67 (0.1) 0(0.0) 2 (0.0
syndrome
Parkinson's disease 1163 (1.1) 3155 (0.8) 263 (0.1) 644 (0.1) 489 (2.9) 1803 (1.1) 91 (0.5) 268 (0.2) 257 (4.8) 754 (1.4) 37 (1.6) 63 (0.3)
Peptic ulcer disease 2559 (2.5) 8789 (22)  714(0.2) 1011 (0.1) 593 (3.6) 5577 (3.4) 59 (0.3) 619 (0.4) 193 (3.6) 2125(4.0)  11(0.5) 139 (0.6)
Peripheral vascular 459 (0.5) 1697 (0.4) 53 (0.0) 151 (0.0) 112 (0.7) 899 (0.5) 7 (0.0) 51 (0.0) 34 (0.6) 332 (0.6) 1(0.0) 10 (0.0)
disease
Psoriasis 608 (0.6) 1934 (0.5) 337 (0.1) 716 (0.1) 91 (0.5) 610 (0.4) 16 (0.1) 103 (0.1) 23(0.4) 157 (0.3) 0(0.0) 6 (0.0
Rheumatoid arthritis 1229 (1.2) 4004 (1.0) 959 (0.2) 2631 (0.3) 241 (1.4) 1405 (0.9) 66 (0.4) 823 (0.5) 62 (1.2) 406 (0.8) 8(0.3) 91 (0.4)

(Continued on next page)
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Table 1. Continued

COVID-19 infection

COVID-19 related hospitalization

COVID-19 related mortality

MM No MM MM No MM MM No MM

Case Control Case Control Case Control Case Control Case Control Case Control
Schizophrenia 2032 (2.0) 5097 (1.3) 1583 (0.4) 8053 (1.0) 446 (2.7) 1089 (0.7) 118 (0.7) 804 (0.5) 138 (2.6) 264 (0.5) 23(1.0) 24 (0.1)
Severe constipation 14888 (14.7) 45992 (11.4) 5971 (1.5) 11249 (1.4)  3130(18.8) 22483 (13.7) 410 (2.4) 2879 (1.7) 942 (17.5) 7949 (15.1) 67 (2.9) 507 (2.2)
Atrial fibrillation 8143(8.0) 24553 (6.1) 1101(0.3)  2659(0.3) 2679 (16.1) 16279(9.9) 194(1.1) 1137 (0.7)  1172(21.8) 6533 (12.4) 55 (2.4) 285 (1.3)
Congestive heart 6759 (6.7) 19013 (4.7) 502 (0.1) 1168 (0.1) 2659 (15.9) 15623 (9.5) 121 (0.7) 907 (0.5) 1162 (21.6) 7021 (13.3) 36 (1.5) 280 (1.2)
failure
Chronic kidney 14435 (14.2) 54604 (13.5) 2617 (0.6) 4902 (0.6) 4429 (26.6) 36242 (22.1) 422 (2.4) 1322 (0.8) 1922 (35.8) 14345 (27.2) 139 (6.0) 269 (1.2)
disease
Epilepsy 1339 (1.3) 3121 (0.8) 969 (0.2) 4765 (0.6) 467 (2.8) 1160 (0.7) 162 (0.9) 533(0.3) 138 (2.6) 469 (0.9) 13(0.6) 36(0.2)
Multiple sclerosis 131 (0.1) 424 (0.1) 109 (0.0 585 (0.1) 26 (0.2) 119 (0.1) 9(0.1) 82 (0.0) 7(0.1) 23(0.0) 1(0.0) 3(0.0
Myocardial infarction 2939 (2.9) 8772 (2.2) 704 (0.2) 1436 (0.2) 978 (5.9) 5814 (3.5) 77 (0.4) 884 (0.5) 650 (12.1) 2491 (4.7) 45 (1.9) 207 (0.9)
Stroke or TIA 9824 (9.7) 36301 (9.0) 1402 (0.3) 2777 (0.3) 2617 (15.7) 21003 (12.8) 221 (1.3) 1887 (1.1) 1044 (19.4) 8081 (15.3) 69 (3.0) 528 (2.3)
Renin-angiotensin- 50068 (49.4) 209628 (51.8) 29684 (7.2) 108748 (13.2) 7649 (45.9) 85531 (52.1) 2489 (14.4) 31356 (18.2) 2248 (41.9) 26687 (50.6) 453 (19.5) 6083 (26.9)
system agents
Beta blockers 28791 (28.4) 111484 (27.6) 22072 (5.4) 76160 (9.3) 5563 (33.4) 48040 (29.2) 1977 (11.4) 21875(12.7) 1893 (35.2) 15269 (29.0) 403 (17.3) 4014 (17.7)
Calcium channel 63269 (62.4) 266317 (65.8) 48488 (11.8) 172135 (20.9) 9662 (57.9) 108146 (65.8) 3881 (22.4) 50086 (29.2) 3062 (57.0) 34428 (65.3) 919 (39.5) 9927 (43.9)
blockers
Diuretics 14141 (13.9) 39706 (9.8) 6339 (1.5) 16364 (2.0) 4657 (27.9) 23692 (14.4) 1374 (7.9) 7850 (4.6) 2170 (40.4) 9104 (17.3) 471(20.3) 1923 (8.5)
Nitrates 7672 (7.6) 20517 (5.1) 5920 (1.4) 14443 (1.8)  2321(13.9) 13169(8.0) 765 (4.4) 7000 (4.1) 931(17.3) 5183 (9.8) 169 (7.3) 1702 (7.5)
Lipid lowering agents 61764 (60.9) 264262 (65.3) 47223 (11.5) 159989 (19.4) 9394 (56.3) 109489 (66.6) 3633 (21.0) 52232 (30.4) 2782 (51.8) 34519 (65.5) 648 (27.9) 10158 (44.9)
Oral anticoagulants 5022 (5.0) 14163 (3.5) 2450 (0.6) 6529 (0.8) 1665 (10.0) 10208 (6.2) 471 (2.7) 3537 (2.1) 635 (11.8) 3993 (7.6) 92 (4.0) 859 (3.8)
Antiplatelets 25832 (25.5) 91146 (22.5) 20304 (4.9) 56932 (6.9) 6684 (40.1) 51199 (31.2) 2936 (16.9) 26754 (15.6) 2606 (48.5) 19220 (36.5) 766 (32.9) 6679 (29.5)
Immunosuppressants 1071 (1.1) 2812 (0.7) 1728 (0.4) 8641 (1.1) 353 (2.1) 973 (0.6) 271 (1.6) 1246 (0.7) 377 (7.0) 226 (0.4) 129 (5.5) 101 (0.4)
Insulin 8035 (7.9) 22114 (5.5)  3570(0.9) 10883 (1.3) 2416 (14.5) 11523 (7.0) 522 (3.0) 3196 (1.9) 1792 (33.4) 3962 (7.5) 358 (15.4) 566 (2.5)
Anti-diabetic drugs 45165 (44.5) 196390 (48.5) 17558 (4.3) 52285 (6.4) 5846 (35.1) 76208 (46.4) 1494 (8.6) 18794 (10.9) 1644 (30.6) 22125 (42.0) 278 (12.0) 3157 (14.0)

All parameters are expressed in either frequency (percentage) or mean (SD).

MM = multimorbidity.
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Table 2. Vaccine effectiveness against COVID-19-related outcomes and mortality among individuals with different vaccination status

1 dose only 2 doses only 3 doses
Unvaccinated BNT162b2 CoronaVac All BNT162b2 All CoronaVac All BNT162b2 All CoronaVac B-B-C C-C-B

COVID-19 infection
MM

Case 25390 2981 15628 14781 27071 4752 8591 72 2161

Control 81703 13927 51934 67881 99073 36747 39895 333 13154

VE % REF 31.5(28.6-34.4) —0.1(-2.4t0 2.2) 29.7 (27.9-31.3) 9.1(7.2-11.0) 58.8 (57.3-60.2) 29.4 (27.3-31.4) 33.1(13.5-48.3) 47.3 (44.7-49.9)
No MM

Case 43409 16799 26013 132097 94026 36094 49088 559 13400

Control 97989 39176 50304 257530 143436 120901 80308 1137 32063

VE %  REF 1.9(-0.3t0 4.0) —21.9 (—24.3 to —19.5) —15.4(—17.0to —13.9) —54.0 (—56.3 to —51.8) 33.4 (32.3-34.5) —37.7 (—40.1to —35.4) —5.9 (—17.5t0 4.6) 6.4 (4.1-8.6)
COVID-19 related hospitalization
MM

Case 8859 507 3373 950 2410 181 312 3 80

Control 49000 5177 26807 19587 39029 9258 12042 92 3298

VE% REF 49.7 (44.5-54.4) 27.4 (24.1-30.5) 74.9 (73.0-76.6) 64.9 (63.1-66.6) 90.4 (88.9-91.8) 86.2 (84.5-87.7) 87.1(59.1-96.0)  87.9 (84.8-90.4)
No MM

Case 6249 670 2463 3215 3339 514 713 9 161

Control 35927 7052 16751 41066 35168 15815 15123 170 4746

VE% REF 49.7 (45.2-53.9) 11.7 (6.9-16.2) 59.0 (56.9-60.9) 46.4 (43.9-48.9) 83.8 (82.2-85.3) 75.0 (72.8-77.0) 75.3(51.5-87.4)  82.9 (79.9-85.5)

COVID-19 related mortality

MM
Case 3688
Control 17836
VE % REF
No MM
Case 1450
Control 6924
VE% REF

87
1565
73.4 (66.6-78.9)

41
637
76.3 (66.4-83.3)

962
9946
48.9 (44.6-52.9)

485
3806
39.1(31.3-45.9)

103
4726
89.3 (86.8-91.3)

56
2279
91.3 (88.4-93.5)

483
12139
79.2(76.9-81.3)

270
5115
77.1(73.5-80.2)

10
2309
97.9 (96.0-98.9)

12
1497
97.5 (95.5-98.6)

34
3390
94.9 (92.7-96.4)

7
1846
98.6 (97.1-99.4)

18
NA

23
NA

4
786
97.5(93.2-99.1)

4
497
97.2 (92.3-99.0)

MM, multimorbidity; VE, vaccination effectiveness; Cl, confidence interval.
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Table 3. Vaccine effectiveness against COVID-19-related outcomes and mortality among individuals with different vaccination status stratified by
number of morbidities

1 dose only 2 doses only 3 doses
All All All All
BNT162b2 CoronaVac BNT162b2 CoronaVac BNT162b2 CoronaVac B-B-C C-C-B
COVID-19 infection
MM=2 274 -11.1 18.8(16.1-21.5) -8.0 52.2 17.5 22.3 40.0 (36.2-43.5)
(23.0-31.5) (—=15.0to —7.3) (-=11.2to —4.9) (50.1-54.3)  (14.3-20.5) (—4.8 to 42.4)
MM =3 356 5.9(-0.5t0 11.8) 37.2(32.4-41.6) 21.0 63.4 38.7 3.2 51.0 (42.6-58.1)
(27.4-42.9) (16.1-25.6) (59.0-67.2) (32.8-44.0) (—142.8 to 61.4)
MM =4 292 4.1(-8.9to0 15.6) 52.4(42.8-60.5) 25.9 64.7 42.0 —90372736.2 61.5 (36.9-76.5)
(8.6-45.1) (15.8-34.8) (51.7-74.2) (25.4-54.9) (-Inf to 100.0)
MM > 5 471 21.3(7.6-33.0) 42.8 (25.0-56.4) 46.6 72.1 64.8 to NA 66.4 (21.4-85.6)
(25.5-62.4) (36.3-55.3) (54.3-82.9)  (45.7-77.2)
COVID-19 related hospitalization
MM =2 485 21.4 (15.0-27.3) 74.5(71.5-77.2) 61.6 90.3 83.7 79.6 87.9 (83.3-91.3)
(39.2-56.5) (58.4-64.6) (87.9-92.1) (80.8-86.1) (13.3-95.2)
MM =3 474 32.8 (25.6-39.3) 75.5(71.3-79.1) 66.5 90.6 88.6 69.3 86.4 (77.8-91.7)
(34.7-57.6) (62.6-69.9) (87.1-93.1)  (84.9-91.3) (—344.7 to 97.9)
MM =4 410 19.8 (6.7-31.1) 76.3(68.0-82.4) 64.6 85.9 76.3 NA 87.5 (65.8-95.4)
(16.8-58.1) (57.5-70.5) (73.7-92.4) (62.7-84.9)
MM >5 592 36.6 (24.4-46.8) 70.6 (58.3-79.3) 66.7 84.7 83.1 NA 75.9 (34.1-91.2)
(39.1-72.6) (58.4-73.3) (65.8-93.1) (65.2-91.8)
COVID-19 related mortality
MM =2 668 46.4 (36.7-54.6) 93.8(90.3-96.0) 83.5 98.8 96.1 NA 98.8(91.3-99.8)
(48.9-78.5) (79.7-86.7) (96.2-99.6) (92.9-97.9)
MM =3 804 50.6 (40.5-59.0) 85.4 (78.2-90.2) 75.5 95.8 94.3 NA NA
(66.8-88.4) (69.4-80.5) (88.4-98.5) (88.3-97.2)
MM =4 80.1 42.5 (24.4-56.2) 87.1(74.6-93.4) 75.7 96.4 97.2 NA 99.1 (87.4-99.9)
(56.2-91.0) (66.3-82.5) (71.9-99.5) (86.7-99.4)
MM > 5 456 52.2 (37.3-63.6) 83.5(68.3-91.4) 75.6 NA 96.4 NA 92.3(18.5-99.3)
(=10.3to 73.1) (65.5-82.7) (73.6-99.5)

MM, multimorbidity; VE, vaccination effectiveness; Cl, confidence interval.

This study reports effectiveness estimates of both examined vaccines against COVID-19 overall regardless of technological platform,
which is in line with the existing literature that more advanced doses are associated with better protection in older people.””" Likewise,
our results agree with similar studies in the literature examining the immunocompromised populations as well.'? While multimorbidity is high-
ly prevalent among older people, our novel analysis directly compares individuals with varying multimorbidity burdens. Our work is indeed the
first study to demonstrate a higher effectiveness of COVID-19 vaccines against infection among people with a more complex multimorbidity
burden compared with those with lesser or minimal such burden within the same population. This greater VE seen in people with greater
multimorbidity burden is likely because the baseline unvaccinated risk of infection is intrinsically higher among people with multimorbidity,
with a lower proportion of them being able to fend off the virus without the protection conferred by vaccination.'® Individuals with multimor-
bidity have a higher baseline risk of COVID-19 infection due to their underlying health conditions. This higher baseline risk makes them more
susceptible to the virus and increases their chances of getting infected. Besides, people with multimorbidity may have compromised immune
systems, making it more difficult for them to fight off the virus without the protection provided by vaccination. This lower natural immunity also
contributes to the higher baseline unvaccinated risk of infection in this population. The higher VE observed in individuals with multimorbidity
can be attributed to the combination of their higher unvaccinated baseline risk and the added protection provided by the vaccine. The mar-
ginal VE for vaccination roll-outs to these particular people thus tends to be markedly higher. This finding serves as a strong justification for an
early focus on those living with multimorbidity.

While there are no marked differences between those living with and without multimorbidity in terms of VE against hospitalization and
mortality from COVID-19, it is important to highlight there is increasing evidence on the long-term sequalae of COVID-19, alternatively
termed as long COVID syndrome.'” It has been shown that regardless of disease severity, there is a significant risk of developing long-term
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conditions following a SARS-CoV-2 infection.'” Therefore, a comprehensive evaluation of risks and benefits of vaccines must look beyond
acute outcomes and consider the medium-to longer-term.

There are clear strengths to this study. First, the HA EHR covers the whole territory of Hong Kong and ensures a good representativeness of
the sample. Second, the Hong Kong Government is solely responsible for the roll-out of COVID-19 vaccines with detailed documentation of
each inoculation, and the data linkage between vaccination and EHR is therefore very accurate.

To conclude, we found significant COVID-19 VE against a positive COVID-19 test result among older people with increased multimorbidity
burden. This finding supports policies to prioritize people living with multimorbidity in the roll-out of vaccines, such as future booster doses
amid emerging epidemics.

Limitations of the study

Several limitations are worthy of mention. First, the list of component diseases of multimorbidity is not exhaustive, although the current list
should have covered the most prevalent chronic conditions in the population. Previous research suggests that prevalence estimates tend not
to change significantly with lists consisting of 12 or more diseases.’® Second, a simple count of diseases does not take severity and patterns of
disease combinations into consideration. However, cases and controls were matched by Charlson Comorbidity Index, which was calibrated
against the risk of subsequent healthcare use based on diseases and their severity. Third, there may be unreported COVID-19 cases among
the controls. Fourth, there may be a potential bias arising from the same treatment for symptomatic versus asymptomatic cases.'’”'? Fifth,
vaccine uptake is also likely more inseparable with a higher adherence to social distancing and personal hygiene practices particularly among
those living with multimorbidity, which might have partially confounded the association. Lastly, the Hong Kong population is predominantly
Chinese, and the generalizability of the findings may need to be substantiated by other data sources.
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deposited in a public repository. Data will not be available for others as the data custodians have not given permission.
e This paper does not report the original code.
e Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

This case-control study was stratified by multimorbidity status. The study participants included men and women of all ages among the Hong
Kong population, which is predominantly Chinese in ancestry and ethnicity. Those who had a previous COVID-19 infection before the index
date or had received the fourth dose of COVID-19 vaccine were excluded from the analysis. Data were extracted from the electronic health
database from the Hospital Authority (HA), which records information on patient demographics, diagnosis, prescriptions, and laboratory
tests, in addition to real-time data support and monitoring across all clinics and hospitals in the HA for routine clinical management. As a
statutory administrative organization in Hong Kong, the HA provides all public inpatient services and most public outpatient services. The
COVID-19 infection and vaccination records were obtained from the Department of Health (DH) of the Government of the Hong Kong Special
Administrative Region, China, which manages and retains all vaccination records in Hong Kong.

Datasets provided by the DH were linked to the HA database using anonymized unique Hong Kong Identity Card Numbers or other per-
sonal identification numbers. These databases use International Classification of Diseases, Ninth Revision, Clinical Modifications (ICD-9-CM)
diagnostic codes and International Classification of Primary Care, 2" Edition (ICPC-2) for diagnosis documentation and have previously been

applied in COVID-19 vaccines pharmacovigilance studies.®**%°

METHOD DETAILS

Ethics considerations

As only anonymized secondary data analysis was involved, no informed consent was required. This research is approved by the Hospital Au-
thority Central Institutional Review Board (ref: CIRB-2021-005-4) and the DH Ethics Committee (LM171/2021).

Multimorbidity

Multimorbidity was operationalized as the presence of two or more of a list of 30 chronic conditions as of, or prior to, the index date of the
cases and controls.”® Please see Table S1 for the corresponding ICD-9-CM and ICPC-2 codes for each of the conditions.

Exposure - Vaccination

Two COVID-19 vaccines, BNT162b2 and CoronaVac, have been provided by the Hong Kong government for emergency use in individuals
aged 16 years or above since 23 February 2021. Starting from 11 November 2021, booster shots were in use among older people, and
this was subsequently extended to the general population on 1 January 2022.7?® The public can choose either BNT16b2 or CoronaVac

iScience 27, 109428, April 19, 2024 11



mailto:ewchan@hku.hk
mailto:ewchan@hku.hk
http://www.R-project.org

¢? CellPress iScience
OPEN ACCESS

as their priming first dose, but the priming second dose has to be homologous, i.e., the same vaccine type as first dose. For the booster third
dose, either a homologous or heterologous booster was permitted. Therefore, the COVID-19 vaccination status was categorized into nine
groups according to the types of vaccine and the number of doses administered as follows: (i) unvaccinated, (ii) one dose of BNT162b2
only, (ii) one dose of CoronaVac only, (iv) two doses of BNT162b2 only, (v) two doses of CoronaVac only, (vi) three doses of BNT162b2,
(vii) three doses of CoronaVac, (viii) two doses of BNT162b2 followed by a CoronaVac booster, and (ix) two doses of CoronaVac followed
by a BNT162b2 booster.

Outcome - COVID-19 infection and complications

A positive COVID-19 case was defined based on the positive Polymerase Chain Reaction (PCR) test results. Subjects in the control group who
only reported positive Rapid Antigen Test (RAT) results in the voluntary reporting platform online but without a valid positive RCR test result
were excluded from the analysis. The outcomes of this study include (a) any COVID-19 infection; (b) hospital admission within 28 days of
COVID-19 infection; (c) post-infection all-cause mortality, defined as all-cause mortality within 28 days after COVID-19 infection. All cases hos-
pitalized for COVID-19 had been confirmed by a positive COVID-19 PCR test before admission. The information on all-cause mortality was
provided by the Hong Kong Deaths Registry, which officially records all registered deaths of Hong Kong residents. The Hong Kong govern-
ment has implemented extensive PCR testing for SARS-CoV-2 in public hospitals (mandatory) and clinics for close contacts with confirmed
cases and those who presented with COVID-like symptoms. The government also set up territory-wide community testing centers to screen
asymptomatic individuals and provide regular testing to various groups with a high risk of exposure, such as those working in nursing homes.
The current database is therefore likely adequate to capture the vast majority of the covid-19 infection case.

Case and control selection

To assess the effectiveness of BNT162b2 and CoronaVac during the Omicron BA.2 outbreak, the inclusion period of each outcome in this
study was from 1 January 2022 to 31 March 2022.?” Matching procedure was applied for each outcome separately. Taking COVID-19 infection
as an example, a case was defined as a patient with COVID-19 infection during the inclusion period. Control participants were selected from
patients without COVID-19 infection. The index date was the date of documented infection for the case, and the date of hospitalization or
attendance at outpatient clinic for the control. For each case, up to 10 matched controls based on age (5-year band), sex, date of attendance
(within three calendar days) and Charlson Comorbidity Index (0,1-2,3-4, >5) were randomly selected.

QUANTIFICATION AND STATISTICAL ANALYSIS

Stratified by multimorbidity status (yes or no), the association between vaccination and each outcome was evaluated using conditional logistic
regressions stratified by matched sets of the same age, sex, index date, and Charlson Comorbidity Index score and adjusted for chronic con-
ditions used to count towards multimorbidity. The use of renin-angiotensin-system agents, beta-blockers, calcium channel blockers, diuretics,
nitrates, lipid-lowering agents, oral anticoagulants, antiplatelets, immunosuppressants, anti-diabetic drugs and insulin was also adjusted.
Vaccine effectiveness was calculated using (1 - adjusted odds ratio (OR)) x 100%, where the adjusted OR was obtained in the conditional lo-
gistic regressions.

Among those living with multimorbidity, we further estimated the vaccine effectiveness stratified by number of chronic conditions (2, 3, 4,
>5). Subgroups analyses stratified by sex (male; female) and age (60-79, >80) were conducted.

There were three sensitivity analyses in this study. First, cases who developed infection less than 14 days after the second dose of vaccine
were excluded, as vaccination was considered complete 14 days following vaccination.®*” Second, cases who received their last dose of vac-
cine more than 180 days before the index date were excluded, since waning immunity after vaccination is well-recognized after six months.*
The third sensitivity analysis adopted the mandatory and voluntary reporting of positive either PCR test or positive RAT result to define cases.

All statistical tests were two-sided, and a P value of less than 0.05 was considered statistically significant. Statistical analysis was conducted
using R version 4.0.3 (www.R-project.org). Two investigators (VKCY, CIYC) conducted the statistical analyses independently for quality assur-
ance. The absence of a diagnosis or medication record was considered the absence of the diseases or non-use of the medication. STROBE
(Strengthening the Reporting of Observational Studies in Epidemiology) statement checklists were followed to guide transparent reporting of
the case-control study.?’

12 iScience 27, 109428, April 19, 2024


http://www.R-project.org

	COVID-19 vaccine effectiveness against the Omicron variant of SARS-CoV-2 in multimorbidity: A territory-wide case-control study
	Introduction
	Results
	Vaccination patterns
	Advanced doses and vaccine effectiveness
	Participants with increased multimorbidity burden versus those without
	Subgroup and sensitivity analyses

	Discussion
	Limitations of the study

	Supplemental information
	Acknowledgments
	Author contributions
	Declaration of interests
	References
	STAR★Methods
	Key resources table
	Resource availability
	Lead contact
	Materials availability
	Data and code availability

	Experimental model and study participant details
	Method details
	Ethics considerations
	Multimorbidity
	Exposure – Vaccination
	Outcome – COVID-19 infection and complications
	Case and control selection

	Quantification and statistical analysis



