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Letter to the Editor 

Vaccine effectiveness of BNT162b2 and CoronaVac against 

SARS-CoV-2 Omicron BA.2 infection, hospitalisation, severe 

complications, cardiovascular disease and mortality in 

patients with diabetes mellitus: A case control study 
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ear Editor, 

In this journal, Yin and Li et al. (2022) examined the antibody 

fficacy of CoronaVac (an inactivated vaccine) and suggested that 

wo doses of CoronaVac were insufficient in eliciting adequate an- 

ibody response against SARS-CoV-2 Omicron variant 1 . We in turn 

nvestigated the real-world effectiveness of the two vaccines that 

ere employed in Hong Kong, namely CoronaVac and BNT162b2, 

n a group of patients with diabetes mellitus (DM), given their 

eightened susceptibility to COVID-19 infection and complications; 

et limited literature is available for this specific population. 

This case-control study extracted data using the population- 

evel electronic health databases from the Hong Kong Hospital Au- 

hority (HA) and the Department of Health (DH) of the Govern- 

ent of the Hong Kong Special Administrative Region, China, and 

nrolled DM patients aged ≥12 years, who had received zero to 

hree doses of BNT162b2 or CoronaVac, during January to March 

022. This period was principally driven by the Omicron BA.2 vari- 

nt 2 , and these databases have previously been applied in several 

OVID-19 pharmacovigilance studies 3-6 . Those who had a previ- 

us COVID-19 infection before the index date or had received the 

ourth dose of COVID-19 vaccine were excluded from the analysis. 

ach Polymerase Chain Reaction (PCR)-confirmed COVID-19 case 

as matched with up to 10 controls based on age, gender, and in- 

ex date for each outcome independently. This study evaluated the 

accine effectiveness (VE) of each dose of BNT162b2 and Coron- 

Vac against any COVID-19 infection, COVID-19-related hospital ad- 

ission, ICU admission, incident cardiovascular disease (CVD), and 

ll-cause mortality within 28 days after COVID-19 infection during 

he local outbreak dominated by Omicron BA.2 sublineage. VE was 

alculated using (1 - adjusted odds ratio (OR)) x 100%, where the 

djusted OR was estimated using conditional logistic regression, 

djusted for chronic comorbidities including hypertension, cancer, 

hronic kidney disease, respiratory disease, coronary heart disease, 

troke, heart failure, and dementia, along with the use of chronic 

edications. 

A total of 82,587 cases of COVID-19 infection, 10,241 cases of 

OVID-19 related hospital admission, 539 cases of ICU admission, 

35 cases of post-infection incident CVD, and 2898 cases of all- 

ause mortality were identified. A positive dose-response relation- 

hip, between the number of BNT162b2 or CoronaVac doses re- 

eived and VE, was demonstrated. The characteristics of cases and 

ontrols are summarized in Table 1 . Table 2 shows the VE for each

utcome. A positive dose-response relationship between the num- 

er of BNT162b2 or CoronaVac doses received and VE was demon- 
ttps://doi.org/10.1016/j.jinf.2022.08.008 

163-4453/© 2022 The British Infection Association. Published by Elsevier Ltd. All rights r
trated found. VE amongst DM patients against COVID-19 infection 

fter the first dose of BNT162b2 and CoronaVac were 28.4% (95% 

I: 24.8 - 31.7) and −6.1% (95% CI: −9.0 - −3.2), respectively. High- 

st VE against COVID-19 infection was observed in people who re- 

eived three doses of BNT162b2 [54.8% (95% CI: 53.1 - 56.5) and 

hree doses of CoronaVac [21.2% (95% CI: 18.6 - 23.6)] when com- 

ared to those who received fewer doses. VE was higher in terms 

f other outcomes, reaching 91.7% (95% CI: 89.9 - 93.2) and 86.1% 

95% CI: 84.0 - 87.9) against COVID-19 related hospital admission; 

7.1% (95% CI: 73.1 - 93.8) and 94.9% (95% CI:86.1 - 98.1) against 

CU admission; 91.1% (95% CI: 61.2 - 98.0) and 46.3% (95% CI: −15.8 

 75.1) against incident CVD; and 98.4% (95% CI: 96.1 - 99.3) and 

6.1% (95% CI: 93.6 - 97.6) against all-cause mortality in three- 

ose BNT162b2 recipients and three-dose CoronaVac recipients re- 

pectively, in comparison with unvaccinated DM patients. Patients 

ho received two doses of CoronaVac with BNT162b2 as a booster 

ad higher VE against COVID-19 infection [40.8% (95% CI: 37.7 - 

3.8)] but had similar VE against hospitalisation, CVD and mortal- 

ty compared to those who received three doses of CoronaVac. Due 

o a small number of people who received CoronaVac after two 

oses of BNT162b2 ( n = 313), the VE against different outcomes 

etween heterologous and homologous boosters in people receiv- 

ng BNT162b2 could not be compared as the primary series. 

This study specifically evaluates the real-world effectiveness of 

n mRNA (BNT162b2) and an inactivated virus (CoronaVac) COVID- 

9 vaccine against the Omicron BA.2 variant in a DM population. A 

lear dose-response relationship between the number of vaccine 

oses received and the magnitude of VE against COVID-19 infec- 

ion, infection-related complications, and mortality has also been 

emonstrated. The low VE against COVID-19 infection of two-dose 

oronaVac in this study was consistent with the findings from Yin 

nd Li et al. (2022), which revealed a low level of neutralizing an- 

ibody against Omicron in healthy volunteers after two doses of 

oronaVac 1 . Nonetheless, we noted a relatively high VE against se- 

ere COVID-19 disease, all-cause mortality, and incident CVD in 

ooster dose BNT162b2 and CoronaVac recipients, suggesting that 

daptive immunity, apart from humoral immunity, might have a 

ore important role in this regard 

7 . 

Another key finding of our study is the effect of vaccination on 

educing the risk of developing cardiovascular complications after 

OVID-19 infection. This reinforced the importance of vaccination 

n the DM population, and booster shots are necessary to further 

oost the protection against COVID-19 complications. On the other 

and, we observed that a heterologous booster dose of BNT162b2 

fter two doses of CoronaVac may be more effective than three 

oses of CoronaVac in our DM population. This is in line with prior 

tudies which revealed a higher rise in antibody concentrations in 

NT162b2 booster recipients as opposed to homologous booster re- 

ipients after two doses of CoronaVac in Brazil 8 , 9 and Hong Kong 10 . 

iven that limited people received heterologous boosters in this 
eserved. 

https://doi.org/10.1016/j.jinf.2022.08.008
http://www.ScienceDirect.com
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Table 1 

Baseline characteristics of cases and controls. ICU: intensive care unit. All parameters are expressed in either number (percentage) or mean (SD). 

Baseline characteristics Infection Hospitalisation ICU admission or ventilatory support CVD All-cause mortality 

Cases Controls Cases Controls Cases Controls Cases Controls Cases Controls 

Number of individuals 82,587 329,560 10,241 100,320 539 5252 135 1335 2898 28,056 

Age, years 67.82 (12.51) 67.84 (12.41) 77.69 (12.13) 77.69 (11.79) 76.13 (12.26) 76.30 (11.75) 76.67 (11.74) 76.34 (11.75) 82.86 (9.88) 82.70 (9.55) 

Sex, male 44,435 (53.8) 177,349 (53.8) 5679 (55.5) 55,850 (55.7) 314 (58.3) 3052 (58.1) 68 (50.4) 672 (50.3) 1725 (59.5) 16,828 (60.0) 

HbA1c,% (mmol/mol) 6.96 (53) (1.19) 6.91 (52) (1.07) 6.94 (52) (1.38) 6.91 (52) (1.12) 7.04 (53) (1.54) 6.92 (52) (1.14) 7.13 (54) (1.25) 6.90 (52) (1.00) 6.92 (52) (1.46) 6.92 (52) (1.17) 

Charlson Comorbidity Index 3.61 (1.89) 3.56 (1.81) 5.32 (2.14) 5.10 (2.02) 5.22 (2.16) 5.04 (2.10) 4.30 (1.67) 4.16 (1.48) 6.30 (2.13) 5.98 (1.99) 

Pre-existing comorbidities 

Hypertension 55,905 (67.7) 228,158 (69.2) 7359 (71.9) 78,251 (78.0) 384 (71.2) 4021 (76.6) 79 (58.5) 961 (72.0) 2143 (73.9) 23,086 (82.3) 

Cancer 3680 (4.5) 12,546 (3.8) 947 (9.2) 9161 (9.1) 39 (7.2) 491 (9.3) 5 (3.7) 50 (3.7) 297 (10.2) 3245 (11.6) 

Chronic Kidney Disease 4497 (5.4) 19,617 (6.0) 1729 (16.9) 16,151 (16.1) 114 (21.2) 885 (16.9) 12 (8.9) 78 (5.8) 666 (23.0) 6614 (23.6) 

Respiratory disease 3006 (3.6) 9698 (2.9) 826 (8.1) 5736 (5.7) 41 (7.6) 294 (5.6) 2 (1.5) 35 (2.6) 282 (9.7) 2351 (8.4) 

Coronary Heart Disease 8235 (10.0) 29,217 (8.9) 1791 (17.5) 12,930 (12.9) 103 (19.1) 722 (13.7) 0 (0.0) 0 (0.0) 721 (24.9) 4530 (16.1) 

Stroke 7873 (9.5) 27,910 (8.5) 2203 (21.5) 16,319 (16.3) 111 (20.6) 818 (15.6) 0 (0.0) 0 (0.0) 877 (30.3) 5986 (21.3) 

Heart Failure 3373 (4.1) 9111 (2.8) 1349 (13.2) 7153 (7.1) 73 (13.5) 413 (7.9) 0 (0.0) 0 (0.0) 560 (19.3) 3240 (11.5) 

Dementia 917 (1.1) 1756 (0.5) 501 (4.9) 1771 (1.8) 27 (5.0) 93 (1.8) 5 (3.7) 5 (0.4) 234 (8.1) 857 (3.1) 

Medication use 

Oral anti-diabetic drugs 62,696 (75.9) 254,833 (77.3) 7333 (71.6) 73,019 (72.8) 384 (71.2) 3831 (72.9) 109 (80.7) 996 (74.6) 1921 (66.3) 19,380 (69.1) 

Insulin 10,795 (13.1) 31,178 (9.5) 2662 (26.0) 11,649 (11.6) 154 (28.6) 688 (13.1) 25 (18.5) 120 (9.0) 1606 (55.4) 3643 (13.0) 

Renin-angiotensin-system agents 44,554 (53.9) 180,751 (54.8) 5630 (55.0) 58,366 (58.2) 306 (56.8) 3032 (57.7) 82 (60.7) 744 (55.7) 1468 (50.7) 16,290 (58.1) 

Beta-blockers 23,306 (28.2) 91,318 (27.7) 3788 (37.0) 31,887 (31.8) 218 (40.4) 1744 (33.2) 48 (35.6) 387 (29.0) 1151 (39.7) 9155 (32.6) 

Calcium channel blockers 47,403 (57.4) 193,345 (58.7) 6232 (60.9) 65,400 (65.2) 327 (60.7) 3399 (64.7) 77 (57.0) 882 (66.1) 1745 (60.2) 18,574 (66.2) 

Diuretics 9895 (12.0) 29,073 (8.8) 2902 (28.3) 14,343 (14.3) 168 (31.2) 814 (15.5) 19 (14.1) 135 (10.1) 1211 (41.8) 5023 (17.9) 

Nitrates 6064 (7.3) 16,781 (5.1) 1533 (15.0) 8436 (8.4) 87 (16.1) 426 (8.1) 13 (9.6) 46 (3.4) 544 (18.8) 2928 (10.4) 

Lipid-lowering agents 59,383 (71.9) 246,231 (74.7) 7134 (69.7) 75,808 (75.6) 364 (67.5) 3909 (74.4) 89 (65.9) 969 (72.6) 1854 (64.0) 20,822 (74.2) 

Oral anticoagulants 2907 (3.5) 8238 (2.5) 887 (8.7) 5166 (5.1) 48 (8.9) 259 (4.9) 7 (5.2) 40 (3.0) 299 (10.3) 1993 (7.1) 

Antiplatelets 19,532 (23.7) 70,071 (21.3) 4321 (42.2) 31,051 (31.0) 236 (43.8) 1639 (31.2) 35 (25.9) 211 (15.8) 1511 (52.1) 10,058 (35.8) 

Immunosuppressants 646 (0.8) 1811 (0.5) 210 (2.1) 561 (0.6) 13 (2.4) 38 (0.7) 2 (1.5) 4 (0.3) 197 (6.8) 143 (0.5) 
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Table 2 

Vaccine effectiveness against COVID-19-related outcomes and mortality amongst individuals with different vaccination status. VE: vaccine effectiveness; CI: confidence inter- 

val; REF: reference level; CVD: cardiovascular disease; B-B-C: two doses of BNT162b2 followed by CoronaVac; C –C-B: two doses of CoronaVac followed by BNT162b2; NA: 

Not available due to insufficient number; ICU: intensive care unit. Vaccine effectiveness was adjusted by HbA1c, comorbidities (hypertension, cancer, chronic kidney disease, 

respiratory disease, coronary heart disease, stroke, heart failure, dementia), chronic medication uses in the past 90 days (renin-angiotensin-system agents, beta-blockers, 

calcium channel blockers, diuretics, nitrates, lipid-lowering agents, oral anticoagulants, antiplatelets, immunosuppressants, oral anti-diabetic drugs, and insulin). 

Outcome Unvaccinated 

1 dose only 2 doses only 3 doses 

BNT162b2 CoronaVac All BNT162b2 All CoronaVac All BNT162b2 All CoronaVac B-B-C C-C-B 

Infection 

Case 16,707 2424 12,090 13,336 23,608 4339 7992 67 2024 

Control 56,596 11,486 39,653 59,421 83,073 32,659 34,759 246 11,667 

VE% REF 27.8 −7.3 22.1 −0.3 54.2 19.8 12.1 39.9 

(95% CI) (24.2 - 31.2) ( −10.3 - −4.4) (20.0 - 24.2) ( −2.7 - 2.1) (52.4 - 55.9) (17.2 - 22.3) ( −15.8 - 33.3) (36.6 - 42.9) 

Hospitalisation 

Case 5122 310 2151 639 1633 109 229 0 48 

Control 27,368 3207 15,891 12,645 24,968 6052 7975 44 2170 

VE% REF 51.0 24.4 74.2 64.2 91.4 85.4 NA 89.5 

(95% CI) (44.5 - 56.8) (19.9 - 28.7) (71.7 - 76.4) (61.8 - 66.4) (89.5 - 92.9) (83.2 - 87.3) (85.9 - 92.2) 

ICU admission or ventilatory support 

Case 271 21 120 23 90 8 5 0 1 

Control 1421 194 852 695 1266 310 385 2 127 

VE% REF 44.6 16.1 82.3 58.1 86.3 94.8 NA 95.9 

(95% CI) (8.6 - 66.4) ( −7.9 - 34.7) (72.1 - 88.8) (45.0 - 68.1) (71.5 - 93.4) (85.8 - 98.1) (70.3 - 99.4) 

CVD 

Case 46 2 27 16 30 2 10 0 2 

Control 296 43 174 198 357 113 124 0 30 

VE% REF 69.4 −3.1 50.3 48.4 90.9 46.3 NA 52.3 

(95% CI) ( −35.8 - 93.1) ( −77.5 - 40.1) (5.1 - 73.9) (10.8 - 70.2) (60.2 - 97.9) ( −16.0 - 75.1) ( −116.6 - 89.5) 

All-cause mortality 

Case 1938 50 547 55 284 5 18 0 1 

Control 8898 862 5092 2834 6640 1343 1911 18 458 

VE% REF 67.8 44.7 90.3 74.8 98.2 94.9 NA 98.7 

(95% CI) (55.8 - 76.5) (37.6 - 51.1) (86.9 - 92.9) (70.7 - 78.3) (95.5 - 99.3) (91.6 - 96.9) (90.4 - 99.8) 
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tudy, further studies are warranted to confirm our findings. By 

nd large, both homologous and heterologous boosters were ef- 

ective in protecting against severe COVID-19 diseases in the DM 

opulation. 

There were several limitations in this study. Only patients with 

ositive PCR and RAT results were required to report to the DH. 

ence, we could not apply a test-negative case-control study de- 

ign to the current dataset. There is a possibility that people with 

symptomatic COVID-19 infections could be misclassified as con- 

rols, leading to bias in the estimates towards null. Meanwhile, 

e defined the need for ventilatory support merely based on the 

rocedure codes recorded in the electronic database, hence may 

ave been underestimated. ICU admissions may have been limited 

y bed availability, which were fully occupied during the peak of 

he outbreak. Lastly, we did not consider the effect of different 

ealth-seeking behaviours in T2DM patients on the risk of catching 

OVID-19 infection. 

Overall, booster shots should be encouraged to reduce morbid- 

ty and mortality after COVID-19 infection in patients with dia- 

etes. 
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