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Abstract 17 

The rapid emergence of the B.1.1.529 (Omicron) variant of SARS-CoV-2  led to a global 18 

resurgence of coronavirus disease 2019 (COVID-19). Israeli authorities approved a fourth 19 

COVID-19 vaccine dose (second-booster) for individuals aged 60 years and over who had 20 

received a first booster dose four or more months earlier. Evidence regarding the effectiveness of 21 

a second-booster dose in reducing hospitalizations and mortality due to COVID-19 is warranted. 22 

This retrospective cohort study included all members of Clalit Health Services, aged 60 to 100 23 

years, who were eligible for the second-booster on January 3, 2022. Hospitalizations and 24 

mortality due to COVID-19 among participants who received the second-booster were compared 25 

with participants who received one booster dose. Cox proportional-hazards regression models 26 

with time-dependent covariates were used to estimate the association between the second-booster 27 

and hospitalizations and death due to COVID-19 while adjusting for demographic factors and 28 

coexisting illnesses. A total of 563,465 participants met the eligibility criteria. Of those, 328,597 29 

(58%) received a second-booster dose during the 40-day study period. Hospitalizations due to 30 

COVID-19 occurred in 270 of the second-booster recipients and in 550 participants who 31 

received one booster dose (adjusted hazard ratio 0.36; 95% confidence interval (CI): 0.31 to 32 

0.43). Death due to COVID-19 occurred in 92 second-booster recipients and in 232 participants 33 

who received one booster dose (adjusted hazard ratio 0.22; 95% CI 0.17 to 0.28). This study 34 

demonstrates a substantial reduction in hospitalizations and deaths due to Covid-19 conferred by 35 

a second-booster in Israeli adults aged 60 years and over. 36 
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Introduction  38 

The B.1.1.529 (Omicron) variant of SARS-CoV-2, which was first identified in South 39 

Africa in early November 2021, has led to an unprecedented worldwide resurgence of 40 

coronavirus disease 2019 (COVID-19) (Extended Data Figure 1). Due to the considerable rise in 41 

breakthrough infections by the Omicron variant in individuals who already received three 42 

vaccine doses, the Israeli Ministry of Health initiated a fourth vaccine (second-booster) dose 43 

campaign to protect those at high risk for severe COVID-19 disease. On January 2nd, 2022, the 44 

second-booster dose was approved for individuals 60 years and older, high-risk populations, and 45 

healthcare workers who received a first booster dose at least four months earlier 1,2. Given the 46 

lack of epidemiological and large-scale clinical evidence available at the time, the decision on an 47 

additional booster dose was highly controversial 3-6. 48 

Initial short-term results of the effectiveness of providing a second-booster dose of the 49 

BNT162b2 messenger RNA vaccine (Pfizer–BioNTech) in lowering rates of infection, severe 50 

illness, and mortality have been published recently 2,7. Our objective was to assess any decrease 51 

in hospitalizations and mortality due to COVID-19 associated with providing the elderly 52 

population a second-booster dose. The study follow-up started on January 10, 2022, 7 days after 53 

initiating the second-booster campaign, the time lag needed between the administration of the 54 

vaccination and its effective date (Extended Data Figure 2). 55 

 56 
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Results 58 

Study Population 59 

At the study start date (January 3, 2022), 563,465 participants met the eligibility criteria 60 

(Methods; Figure 1). The mean age of the study participants was 73.0 years, and 53% were 61 

female. The most common co-morbidities were hypertension, obesity, and diabetes. 62 

Demographic and clinical characteristics are detailed in Table 1.  63 

Second-booster uptake 64 

328,597 (58%) participants of the entire cohort of 563,465 individuals received the 65 

second-booster dose during the 40-day study period. The association between patient 66 

characteristics and the second-booster uptake rate is described in Table 2. Compared to the 60-69 67 

years age group, uptake was 49% higher in the 70-79 years age group and 57% higher in the 80-68 

100 years age group. Higher socioeconomic status (SES) was associated with an 18% higher 69 

uptake for each additional point in the SES. Compared with the general Jewish population, 70 

uptake was 19% lower within the Ultra-Orthodox Jewish population and was 41% lower in the 71 

Arab minority population.  72 

Primary outcome- death due to COVID-19 73 

During the study period, death due to COVID-19 occurred in 92 of the second-booster 74 

recipients and 232 participants in the first-booster group. The adjusted hazard ratio (HR) for 75 

death due to COVID-19 in the second-booster group compared with the first-booster group was 76 

0.22 (95% CI: 0.17-0.28). Cumulative HR curves for death due to COVID-19 are shown in 77 

Figure 2. 78 

The Cox proportional-hazards regression model with the time-dependent covariates is 79 

shown in Table 3. The model included the variables that met the criteria for the proportional-80 
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hazards assumption based on Schoenfeld’s Global Test (Supplementary Table 1). In the Cox 81 

regression model, compared to the 60-69 years age group, the 70-79 age group and the 80-100 82 

years age group were associated with higher mortality rates due to COVID-19, HR 2.24 (95% 83 

CI: 1.51- 3.34) and HR 9.95 (95% CI:6.93-14.28), respectively. The following characteristics 84 

also had a significant association with death due to COVID-19: Male sex, HR 1.59 (95% CI: 85 

1.26-1.99), Ultra-Orthodox Jewish, HR 1.61 (95% CI: 1.00- 2.59), chronic heart failure, HR 4.11 86 

(95% CI: 3.22-5.25), chronic obstructive pulmonary disease, HR 1.82 (95% CI: 1.35-2.43), 87 

diabetes, HR 2.06 (95% CI: 1.64-2.58) and stroke, HR 1.84 (95% CI: 1.44-2.37).  88 

Subgroup analysis by age groups 89 

Among participants aged 60 to 69 years, death from COVID-19 occurred in 5 of 111,776 90 

participants in the second-booster group and 32 of 123,786 participants in the first-booster group. 91 

The adjusted HR for death due to COVID-19 in the second-booster group was 0.16 (95% CI, 92 

0.06-0.41) (Supplementary Table 2). 93 

Among participants aged 70 to 79 years, death from COVID-19 occurred in 22 of 94 

134,656 participants in the second-booster group and 51 of 74,717 participants in the first-95 

booster group (adjusted HR, 0.28 (95% CI, 0.17-0.46)) (Supplementary Table 3). 96 

Among participants aged 80 to 100 years, death from COVID-19 occurred in 65 of 97 

82,165 participants in the second-booster group and 149 of 36,365 participants in the first-98 

booster group (adjusted HR, 0.20 (95% CI, 0.15-0.27)) (Supplementary Table 4). 99 

  100 
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Secondary outcome- hospitalizations due to COVID-19 101 

During the study, hospitalizations due to COVID-19 occurred in 270 of the second-102 

booster recipients and 550 participants in the first-booster group. The adjusted HR for 103 

hospitalization due to COVID-19 in the second-booster group compared with the first-booster 104 

group was 0.36 (95% CI: 0.31-0.43). The model included the variables that met the criteria for 105 

the proportional-hazards assumption based on Schoenfeld’s Global Test (Supplementary Table 106 

5). The detailed results of the Cox proportional-hazards regression model with time-dependent 107 

covariates are shown in Supplementary Table 6.  108 

In the Cox regression model, compared to the 60-69 years age group, the 70-79 and 80-109 

100 age groups were associated with significantly higher hospitalization rates due to COVID-19, 110 

HR 1.82 (95% CI: 1.48- 2.25) and HR 4.04 (95% CI: 3.28-4.97), respectively. The following 111 

characteristics also had a significant positive association with death due to Covid-19: male sex, 112 

HR 1.53 (95% CI: 1.32-1.78), chronic heart failure, HR 2.17 (95% CI: 1.82-2.60), chronic renal 113 

failure, HR 2.27 (95% CI:1.63-2.67), chronic obstructive pulmonary disease, HR 2.24 (95% CI: 114 

1.84-2.67), diabetes, HR 1.43 (95% CI: 1.24-1.66), hypertension, HR 1.39 (95% CI: 1.15-1.67), 115 

ischemic heart disease, HR 1.21 (95% CI: 1.03-1.42) and history of stroke, HR 1.43 (95% CI: 116 

1.20-1.71). The following characteristics were associated with lower hospitalization rates:  The 117 

Arab population sector, HR 0.60 (95% CI: 0.44-0.82), and lower socioeconomic status, HR 0.92 118 

(95% CI: 0.88-0.95).119 
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Discussion 120 

Our study demonstrates that among the older adult population that had received a first 121 

booster dose at least four months earlier, mortality and hospitalization rates due to COVID-19 122 

during the Omicron surge were significantly lower among those who had received an additional 123 

booster dose.  124 

The first-booster dose of the BNT162b2 vaccine was approved in Israel on July 30, 2021, 125 

due to a major rise in breakthrough infections caused by the B.1.617.2 (delta) variant. The fast 126 

deployment of the booster dose significantly reduced infections, hospitalizations, and mortality 127 

rates due to COVID-19 in Israel and other countries 8-10. However, this observed immunity 128 

waned substantially after a few months, along with the rapid emergence of the Omicron  129 

variant 11-12.  130 

Although the Omicron variant appeared to produce less-severe illness than earlier 131 

variants 13, the unprecedented surge in SARS CoV-2 infections (Extended Data Figure 3) has 132 

brought the Israeli authorities to approve administering the second booster vaccine dose to 133 

protect the most vulnerable population from possible severe or fatal COVID-19. Nevertheless, 134 

providing the additional booster before regulatory approval in the United States and Europe was 135 

highly controversial 3-6.  136 

On March 29, 2022, the United States Food and Drug Administration (FDA) and the 137 

Centers for disease control and prevention (CDC) authorized a second booster dose for 138 

individuals 50 years of age and older at least 4 months after receiving a first booster dose 14-139 

15. However, on April 7, 2022, The European CDC Control and the European Medical Agency 140 

(EMA) COVID-19 task force (ETF) concluded that it is too early to consider using the fourth 141 
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dose of mRNA COVID-19 vaccines in the general population. Nevertheless, the ECDC and ETF 142 

agreed that a fourth dose (or second booster) could be given to adults 80 years of age and above 143 

after reviewing data on the higher risk of severe COVID-19 in this age group and the protection 144 

provided by a fourth dose 16. 145 

Evidence of the real-life effectiveness of the second booster has been emerging recently, 146 

primarily from Israel. In an open-label, nonrandomized clinical study of a cohort of young, 147 

healthy healthcare workers, those who received a fourth dose of either the BNT162b2 or mRNA-148 

1273 vaccines demonstrated only low protection against breakthrough infections. Nevertheless, 149 

vaccine efficacy was estimated to be higher for preventing symptomatic disease 17. In a national 150 

retrospective cohort study from Israel, the fourth dose of BNT162b2 appeared to provide only 151 

short-term protection and a modest absolute benefit against confirmed infections. However, the 152 

second-booster significantly increased protection against severe illness 2. A major limitation of 153 

this study was the absence of data regarding the participants coexisting conditions, as this 154 

information was not recorded in the national database. Mortality results were also not reported. 155 

Another study from Israel, based on data from Clalit Health Services, demonstrated comparable 156 

findings and provided preliminary insight into the effect on Covid-19 mortality 7. However, the 157 

study captured only relatively few mortality events (9 deaths in the second booster group versus 158 

34 in the one booster group), with very wide confidence intervals. Our study design, which 159 

included the entire Clalit Health Services eligible population, captured more end-point events 160 

(324 mortality and 820 hospitalization events), thus providing robust evidence on the most 161 

critical Covid-19 outcomes.  162 

 Our study has several limitations. One limitation is its relatively short period (40 days). 163 

However, during this time, the infection rate in Israel from the Omicron variant rose to be one of 164 
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the highest in the world (Extended Data Figure 3). The study period included most of the 165 

COVID-19 mortality events in the Omicron surge in Israel (Extended Data Figure 4). Although 166 

the rate of infections and thus exposure to disease had changed during the study period, we 167 

assume that after adjustment for all covariates, these changes similarly affected the second-168 

booster and first-booster populations.  169 

 Another important limitation is that our study was based on hospital reports regarding the 170 

primary diagnosis and causes of death. At this stage in the epidemic, most medical centers in 171 

Israel test every patient for SARS-CoV-2 upon admittance. It is possible that participants 172 

included in this study were hospitalized or died from other causes but were reported as cases due 173 

to COVID-19. Nevertheless, a study analyzing excess deaths during the COVID-19 pandemic 174 

demonstrated that the Israeli rate of excess death is in accordance with its COVID-19 mortality 175 

reports 18. 176 

As in any retrospective cohort study, confounding sociodemographic characteristics may 177 

have biased the observed effectiveness. The main demographic groups in Israel – the general 178 

Jewish population, the Ultra-Orthodox Jewish population, and the Arab population, manifest 179 

different vaccine uptake patterns 8,19. Our regression analysis attempted to adjust for 180 

subpopulations to overcome such possible bias.  181 

Finally, our findings were limited to the BNT162b2 vaccine.  Although there is evidence 182 

that the mRNA-1273 vaccine is slightly more effective than the BNT162b2 vaccine in 183 

participants who had received two vaccine doses 20, we cannot deduce whether this observation 184 

is relevant also regarding a second-booster dose. 185 



ACCELE
RATED ARTIC

LE
 PREVIEW

10 
 

In this study, we did not analyze the impact of the second booster on breakthrough 186 

infections, as it is prone to introduce various methodological caveats. In Israel, during the 187 

Omicron surge (Extended Data Figure 5), the vast majority of COVID-19 tests were done by the 188 

patients themselves at home by rapid antigen testing. Not everyone who got a positive result 189 

went to confirm the result at an official state-regulated rapid antigen test center. Therefore, we 190 

could not rely only on confirmed infection rates for vaccine effectiveness analysis. Moreover, we 191 

assumed that since the Omicron variant caused only mild symptoms in many cases, many 192 

infected people preferred not to get tested.   193 

Our study did not evaluate mortality risk reduction in the second-booster group compared 194 

to totally unvaccinated individuals. The unvaccinated comprise a very small proportion of the 195 

population in Clalit Health Services, particularly in the 60 to 100 years age group (8% at the 196 

study start date). This minority may have various cultural, behavioral, and clinical factors that 197 

are substantially different from our current study population, which includes the vast majority of 198 

citizens who chose to receive the first booster.  199 

An important drawback of the study is the absence of safety data, as it was out of the 200 

scope of this short-term study. Future studies will be needed to assess the longer-term safety of 201 

the second booster administration. 202 

Although this study is observational in nature, we believe that its substantial findings and 203 

the observed potential for avoiding the most severe COVID-19 outcomes could assist decision-204 

makers in assessing the benefit of providing the second-booster to targeted populations. Our 205 

study showed that in participants 60 years and older, at least four months after a BNT162b2 206 

vaccine booster, mortality and hospitalizations due to COVID-19 were significantly lower after a 207 
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second booster shot. Studies with long-term follow-up to determine the durability of the second-208 

booster effectiveness against severe disease and safety are warranted.  209 
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Table 1: Characteristics of the participants at baseline  222 

Characteristic Second 

Booster 

(N=328,597) 

First  

Booster 

(N=234,868) 

All 

Participants 

(N=563,465) 

Age 

    Mean + SD - years 

    Distribution- no. (%) 

         60-69 years 

         70-79 years 

         80-100 years  

 

74.4 + 8.4 

 

111,776 (34) 

134,656 (41) 

82,165 (25) 

 

71.1 + 8.1 

 

123,786 (53) 

74,717 (32) 

36,365 (15) 

 

73.0 + 8.4 

 

235,562 (42) 

209,373 (37) 

118,530 (21) 

Female sex - no. (%)   128,927 (52) 171,422 (55) 300,349 (53) 

Population sector- no. (%)    

   General Jewish 

   Ultra-Orthodox Jewish 

   Arab 

 

310,271 (94) 

7,608 (2) 

10,718 (3) 

 

198,410 (84) 

9,587 (4) 

26,871 (11) 

 

508,681 (90) 

17,195 (3) 

37,589 (7) 

Median score for socioeconomic status, 

Median (IQR) 

7 (2) 6 (2) 6 (2) 

Average BMI + SD  27.8 + 4.9 28.1 + 5.2 27.9 + 5.1 

Clinical risk factors - no. (%)    
    Asthma        

    Chronic heart failure     

    Chronic kidney failure        

    Chronic obstructive pulmonary disease      

    Diabetes       

    Hypertension        

    Ischemic heart disease        

    Obesity        

    Lung Cancer         

    History of stroke        

    History of transient ischemic attack         

    Current or former smoking        

 

21,502 (7) 

18,937 (6) 

28,587 (9) 

19,161 (6) 

111,481 (34) 

192,741 (59) 

73,225 (22) 

112,692 (34) 

2,976 (1) 

29,638 (9) 

14,934 (5) 

137,625 (42) 

 

13,974 (6) 

11,597 (5) 

14,896 (6) 

13,454 (6) 

75,753 (32) 

118,246 (50) 

42,364 (18) 

82,053 (35) 

1,671 (1) 

18,975 (8) 

8,610 (4) 

100,744 (43) 

 

35,476 (6) 

30,534 (5) 

43,483 (8) 

32,615 (6) 

187,234 (33) 

310,987 (55) 

115,589 (21) 

194,745 (35) 

4,647 (1) 

48,613 (9) 

23,544 (4) 

238,369 (42) 
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Table 2: Association between participant characteristics and second-booster uptake*  223 

Characteristics Adjusted Hazard Ratio (95% CI) 

Age group (years) 

   60-69  

   70-79 

   > 80  

 

Reference 

1.49 (1.48-1.50) 

1.57 (1.56-1.59)  

Sex 

    Female  

    Male      

 

Reference 

1.13 (1.12-1.14)  

Population sector  

   General Jewish 

   Ultra-orthodox Jewish 

   Arab 

 

Reference 

0.81 (0.79-0.83) 

0.59 (0.57-0.60) 

Socio-Economic Status** 1.18 (1.18-1.18)* 

Clinical risk factors  
   Asthma       

   Chronic heart failure  

   Chronic kidney failure      

   Chronic obstructive pulmonary disease 

   Diabetes  

   Hypertension  

   Ischemic heart disease  

   Obesity  

   Lung Cancer  

   History of stroke  

   History of transient ischemic attack  

   Current or former smoking  

 

1.04 (1.03-1.06) 

0.94 (0.92-0.95) 

1.04 (1.02-1.05) 

0.97 (0.96-0.99) 

1.02 (1.01-1.03) 

1.11 (1.10-1.12) 

1.05 (1.04-1.06) 

1.03 (1.03-1.04) 

1.08 (1.04-1.12) 

0.93 (0.92-0.94) 

1.02 (1.01-1.04) 

0.99 (0.98-1.00) 

* The association between all covariates and second-booster uptake was estimated using a 224 
multivariate Cox proportional-hazards regression model. The higher the hazard ratio, the greater 225 
the association between the listed characteristic and vaccine uptake. 226 

** . The HR for socioeconomic status and second-booster uptake was 1.179 (1.176-1.181). 227 
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Table 3: Association between the second-booster and Death Due to COVID-19, Adjusted 228 

for Confounding Variables  229 

Variable Hazard Ratio for Death Due 
to COVID-19 (95% CI) 

Second booster received 0.22 (0.17-0.28) 

Age group (years) 

   60-69  

   70-79 

   > 80  

 

Reference 

2.24 (1.51-3.34) 

9.95 (6.93-14.28) 

Sex 

   Female 

   Male   

 

Reference  

1.59 (1.26-1.99)  

Population sector  

   General Jewish 

   Ultra-Orthodox Jewish 

 

Reference 

1.61 (1.00-2.59) 

BMI 0.96 (0.94-0.98) 

Chronic Heart Failure 4.11 (3.22-5.25) 

Chronic obstructive pulmonary disease 1.82 (1.35-2.43) 

Diabetes 2.06 (1.64-2.58) 

History of stroke 1.84 (1.44-2.37) 

 230 

 231 

  232 
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Figure Legends 233 

Figure 1: Assessment for eligibility  234 

Figure 2: Cumulative hazard ratio for death due to COVID-19 235 

  236 
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Methods 296 

Study Population 297 

This observational, retrospective cohort study was based on data obtained from the 298 

electronic medical records of Clalit Health Services (CHS), a large healthcare organization 299 

covering approximately 52% of the entire Israeli population and almost two-thirds of the 300 

country’s older population. The study included all CHS members aged 60 years to 100 years who 301 

were entitled to receive a second-booster vaccine at the study start date. 302 

The exclusion criteria included participants with a documented previous SARS-CoV-2 303 

infection, participants who received a first-booster dose less than four months before, or a fourth 304 

COVID-19 vaccine dose before the study start date. To minimize calendar time bias, participants 305 

who became entitled to the second-booster during the study follow-up period were also excluded 306 

from the study as well. Since CHS started administering the mRNA-1273 (ModernaTX) vaccine 307 

in August 2021, primarily to patients who already had recovered from COVID-19, mRNA-1273 308 

recipients were also excluded. Participants who received an oral anti-COVID-19 therapy 309 

(nirmatrelvir-ritonavir or molnupiravir) during the study period were also excluded. 310 

Study Design  311 

The study started on January 3, 2022, the initiation day of Israel’s second booster 312 

vaccination campaign for the population aged 60 years and above. The study follow-up period 313 

started on January 10, 2022, 7 days after the initiation of the campaign. The study period ended 314 

on February 20, 2022, the last date with confirmed COVID-19 mortality at the data extraction 315 

date (February 27, 2022). During the study period, the dominant SARS-CoV-2 variant in Israel 316 

was the B.1.1.529 (Omicron) (Extended Data Figure 5). 317 

318 
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The study population was divided into two groups, those who had received a second-319 

booster dose (‘second-booster’ group) and those who had not (‘first-booster’ group). Participants 320 

were included in the ‘second-booster’ group seven days after receiving their second-booster 321 

vaccine dose (effective date) to allow time for antibodies to build effectively 7,8. To that date, 322 

participants were evaluated as part of the ‘first-booster’ group. Participants infected with SARS-323 

CoV-2 during the seven-day period after receiving the second-booster dose were excluded from 324 

the analysis. A description of participants’ transition from the ‘first-booster’ to the ‘second-325 

booster’ status is presented in Extended Data Figure 2. 326 

The study was approved by the CHS Community IRB Committee and the CHS Data 327 

Utilization Committee. The study was exempt from the requirement for informed consent from 328 

the patients, owing to the retrospective design.  329 

Study outcomes 330 

The study’s primary outcome was death due to COVID-19. A subgroup analysis was 331 

performed according to three age groups: 60 to 69 years, 70 to 79 years , and 80 to 100 years. A 332 

secondary outcome was hospitalizations due to COVID-19 333 

Data sources and organization 334 

We evaluated integrated patient-level data maintained by CHS from two primary sources: 335 

the primary-care operational and COVID-19 databases. The operational database includes 336 

sociodemographic data and comprehensive clinical information, such as coexisting chronic 337 

illnesses, history of community care visits, medications, and results of laboratory tests. The 338 

COVID-19 database includes PCR and state-regulated rapid antigen tests, vaccinations, and 339 

COVID-19-related hospitalizations and mortality and is updated daily from the central COVID-340 
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19 repository of the Israeli Ministry of Health. These same databases were used in the primary 341 

studies that evaluated the effectiveness and safety of the BNT162b2 vaccine in real-world 342 

settings 21,22.  343 

For each participant in the study, the following sociodemographic data were extracted: 344 

age, sex, demographic group (general Jewish population, ultra-Orthodox Jewish population, or 345 

Arab population), the score for socioeconomic status (SES) (ranging from 1 [lowest] to 10 346 

[highest]). 347 

The following Clinical data were extracted: COVID-19 vaccination dates and vaccine 348 

type, PCR and state-regulated rapid antigen test dates and results, hospitalizations, and death due 349 

to COVID-19. Data regarding the following clinical risk factors for severe COVID-19 in the 350 

general population 23 were also collected: diabetes mellitus, chronic obstructive pulmonary 351 

disease, asthma, chronic kidney failure, lung cancer, hypertension, ischemic heart disease, 352 

chronic heart failure, obesity, and a history of stroke, transient ischemic attack and smoking. 353 

Patients that received one of the two oral anti-COVID-19 medications approved in Israel in 354 

January 2022 for high-risk populations, molnupiravir, and nirmatrelvir-ritonavir, were also 355 

extracted. 356 

Statistical Analysis 357 

Descriptive statistics were used to characterize the study participants. Kaplan-Meier 358 

analysis with log-rank testing was performed for univariate analysis. Since the independent 359 

variable (second booster) varied over time, univariate and multivariate survival analyses were 360 

performed with time-dependent covariates according to the study design. Participants were 361 

censored in cases of death from any cause or at the end of follow-up. Participants were censored 362 

from the first-booster group seven days after receiving a second-booster vaccine as per the study 363 
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design. We used a multivariate Cox proportional-hazards regression model to estimate the 364 

association of all covariates and second-booster vaccination uptake.  365 

The association of second-booster and outcomes was estimated using a multivariate Cox 366 

proportional-hazards regression model with time-dependent covariates, adjusted for 367 

sociodemographic factors and coexisting illnesses. All covariates were tested for interactions 368 

with the variable of interest (second-booster vaccination). The proportional-hazards assumption 369 

was tested for each variable by comparing survival curves and by performing Schoenfeld’s 370 

global test. Variables that met the testing criteria and were significantly associated with the 371 

outcome served as the inputs for multivariate regression analysis.  372 

R statistical software version 3.5.0 (R Foundation) was used for the univariate and 373 

multivariate survival analysis with time-dependent covariates. The following R packages were 374 

used: survival, foreign, ggplot2, ggfortify, ggpubr, survminer, gmodels, and g summary. All R 375 

packages are freely available. SPSS software, version 26 (IBM), was utilized for all other 376 

statistical analyses. 377 

A two-sided P value of less than 0.05 was considered to indicate statistical significance in 378 

all analyses. 379 

Explanation of the Socioeconomic Status Measure  380 

The socioeconomic status (SES) measure was based on the small statistical areas (SSA) 381 

used in the 2008 Israeli census. The SSAs contain 3000–4000 people and are created to maintain 382 

homogeneity in terms of the sociodemographic composition of the population 24. The Israeli 383 

Central Bureau of Statistics (CBS) utilized demography, education, employment, housing 384 

conditions, and income to define the SSAs, and these were grouped into 20 categories. This data 385 

was updated by the POINTS Location Intelligence Company 25 to improve the accuracy of the 386 
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SES measure, using up-to-date sociodemographic, commercial, and housing data 26. The entire 387 

Clalit Health services population was grouped into ten categories, ranging from 1 (lowest) to 10 388 

(highest). 389 

Data availability 390 

Due to the Clalit Health Services data privacy regulations and per the institutional 391 

Helsinki and data utilization committee approvals of this study, the patient-level data used for 392 

this study cannot be shared. 393 

 394 
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