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SARS-CoV-2 Infection Breakthrough among the non-vaccinated and vaccinated: a Real
World Evidence study based on Big Data
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36 ABSTRACT

37  Background:

38 SARS-CoV-2 infection after vaccination can occur because COVID-19 vaccines do not offer 100%
39 protection. The aim of this study was to assess vaccination coverage among people nasopharyngeal
40 swabs, disease symptoms and type of hospitalisation (Intensive Care Unit) between the non-
41  vaccinated and the effective dose vaccinated and to evaluate vaccination trend over time.

42 Methods:

43 A retrospective cohort study was carried out among people tested positive for COVID-19 in
44  Campania Region using collected information from Health Information System of Campania
45 Region (Sinfonia).

46 The status of vaccination was assess according to the following timetable: “non-vaccinated”;
47  “Ineffective dose” vaccination; “Effective dose” vaccination.

48  Univariate and multivariate logistic regression models were conducted to evaluate the association
49  between Intensive Care Unit (ICU) to COVID-19 and gender, age groups and vaccine.

50 To determine vaccine coverage in subjects who received an effective dose, trend changes over time
51 wereinvestigated using segmented linear regression models and breakpoints estimations.

52  Vaccination coverage was assessed by analysing the trend in the percentage of covid 19 positive
53  subjectsin the 9 months after vaccination with an effective dose stratified by age group and type of
54  vaccine. Statistical analyses were performed using R platform

55 Results:

56 A significant association with the risk of hospitalisation in Intensive Care Unit was the vaccination
57 status of the subjects. subjects with ineffective dose (adjusted OR: 3.68) and subjects no-
58 vaccination (adjusted OR: 7.14) were at three- and seven-times higher risk of hospitalisation in
59 Intensive Care Unit, respectively, than subjects with an effective dose.

60 Regarding subjects with an effective dose of vaccine, the vaccine's ability to protect against
61 infection in the months following vaccination decreased.

62 The first breskpoints is evident five months after vaccination (f =1.441, p<0.001). This increase
63  was most evident after the seventh month after vaccination ( =3.110, p<0.001).

64 Conclusions:

65 COVID19 vaccines protect from symptomatic infection by significantly reducing the risk of ICU
66 hospitalization for severe disease. However, it seems they have trend to decrease their fully
67  protection against SARS-COV-2 after five months regardless age, sex or type of vaccine. Therefore
68 it seems clear that those not undergoing vaccine had higher risk to develop clinically significant

69 disease and being at risk of ICU stay. Thus, considering highest percentage of asymptomatic
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70 patients and that few data about their capacity to transmit SARS-CoV-2, third dose vaccination
71  should be introduced as soon as possible while awaiting antivirals.Finally, a surveillance approach
72  based on the use of integrated BIG Data system to match al clinical conditions too, offer a precise

73 andreal anaysis with low incidence of errors in the categorization of subjects.

74 Keywords: COVID-19, vaccination coverage, Real World Evidence study, Big Data, Machine
75 Learning, SARS-COV-2, Vaccine.
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76  Introduction

77  Since WHO declared the emergence of coronavirus disease 2019 (COVID-19) pandemic on March
78 11, 2020, over 5 million people have died worldwide, including over 130,000 peoplein Italy.

79  Due to severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection impact on health
80 system of al countries, some countries or pharmaceutical companies have promoted research
81 protocol to find acure or to develop a vaccine against the SARS-CoV-2.%*

82 Currently several vaccines have been produced and authorized, being based on different
83 technologies. In Italy at the end of 2020 and throughout 2021, following European Medical Agency
84 (EMA), ltalian Medicines and Hedthcare products Regulatory Agency (AIFA) authorized the
85 BNT162b2 mRNA (Pfizer-BioNTech) and ChAdOx1 nCoV-19 adenoviral (Oxford-AstraZeneca),
86 CX-024414 mRNA (Moderna) and Ad26.COV2-S Adenoviral (J&J). Since the authorization of
87 vaccine, thanks to extraordinary effort of all Italian healthcare workers and sense of civil
88 responsibility of Italian population a high percentage of people were vaccinated and COVID19
89  contagious progressively decrease over the entire country during the first 8 months of 2021.°

90 Despite recent studies *®thereis still alack of studies on vaccine efficacy based on real world data.
91 The am of this study was to assess vaccination coverage among people nasopharyngeal swabs,
92  disease symptoms and type of hospitalisation (Intensive Care Unit) between the non-vaccinated and

93 the effective dose vaccinated and to evaluate vaccination trend over time.
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94 Materialsand Methods

95 Data sources: Sinfonia

96 Sinfoniaincludes records on patient demographics and for ~ 6 million residents, comprising a well-
97  defined population in Italy (~ 10% of the population of Italy).

98 Sinfonia coallects information, encrypted and anonymized from Local Health Unit (LHU) whose are
99 lega owner of the original data, in accordance with the privacy laws. All analyses on the data are

100 therefore carried out on encrypted and anonymized data using transparent data encryption protocols.

101 It is complete and involves data management system that has been validated in previous studies. 2
102 During the pandemic emergency, the Regional Health Information System of Campania Region
103 (Sinfonia) was implemented with all records related to COVID-19 in order to create a tool to
104  support health governance in managing the COVID-19 emergency.

105 Theaimsof Sinfoniatool, based on previous experiences too™, were:

106 1) Applying data science methods to big datain order to assess pandemic trends

107 2) Creation of predictive algorithms through Al methods

108 3) ML analysis, performed according to the python scripting model (Spyder IDE 64bit ver), to
109 perform predictive analysis on contagiousness.

110  The characteristics of Sinfoniaare described in Supplementary Material 1

111  Study design and cohort selection

112 A retrospective cohort study was carried out among people tested positive for COVID-19 in
113  Campania Region since March 8, 2021, until 31 October 2021 using collected information from
114  Health Information System of Campania Region (Sinfonia).

115 Nasopharyngeal swabs were collected by trained personnel of Regional Healthcare system and/or
116  authorized and trained territorial laboratory staff. RT-PCR testing was performed with the use of
117 standardized RT-PCR machine from Coronavirus Network Laboratory (CoroNetLab), with four
118 genes analysis RARP, S and N genes specific to SARS-CoV-2, and the E gene with results
119  expressed as the cycle threshold (Ct). A Ct value of less than 30, which indicated an increased viral
120  load, was used to determine infectivity.***

121  Were considered as fully positive only results when al 4 genes found to be amplified by Rt-PCR
122 while in al other case results were considered doubt and repeated. *“** Participant consent was
123  given for the release of all SARS-CoV-2 PCR test results before or after vaccination. All positive
124  participants were followed-up until negative PCR test.

125 For dl individuas being positive at nasal swab clinical symptoms were collected according to
126 Italian National Health Institute. Typical COVID-19 symptoms were fever, cough, or change or loss
127  of taste or smell. Participants were recorded as having other symptoms if they reported any of the
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128 following: shortness of breath, sore throat, runny nose, headache, muscle aches, extreme fatigue,
129 diarrhoea, nausea or vomiting, or small itchy red patches on fingers or toes, on the follow-up
130 questionnaire with a symptom onset date within 14 days before or after the PCR positive sample
131 date.

132 Data extraction was conducted from Sinfonia every month to have e regular report of
133 vaccine/positive trend and for final analysis on October 31, 2021. All collected data after ML
134  dgorithm were anonymized and encrypted according to transparent data encryption.

135 Briefly, Al based on ML algorithm, was used in data mining on Sinfonia to daily match records
136 from SARS-COV-2 RT-PCR nasal swab and status of vaccination according to the following
137  timetable:

138 i) Positive without vaccinated being considered “non-vaccinated”

139 i) positive after 1% dose vaccine (<15 or >15 days) or after two dose vaccine < 15 days and
140 being considered “I neffective dose” vaccination,

141 iii) positive after two dose with more than 15 days since second dose of BNT162b2 mRNA

142 (Pfizer-BioNTech), ChAdOx1 nCoV-19 adenoviral (AstraZeneca) and CX-024414 mRNA
143 (Moderna) or in case of Ad26.COV2-S Adenoviral (J&J) 60 days after one shot and being
144 considered “Effective dose” vaccination.

145 FHow chartisillustrated in Figure 1.

146  All subjects provided written informed consent to vaccination and data storage on a Big Data
147  system management to collect all COVID-19 patients' data and related clinical history (Symptoms,
148 hospital admission and related follow-up, previous clinical status) according to European Privacy
149  Policy to manage pandemic.

150 Time elapsed from second dose and onset of COVID-19 was calculated for all individuas to
151 evaluaterisk of infection in time dependent way. Further, once recognized a positive subject among

152  those vaccinated was evaluated according to days elapsed since vaccine.

153 Outcomes

154  The primary outcome was to assess the risk of intensive care unit (ICU) admission for COVID-19
155  between the non-vaccinated and the effective dose vaccinated.

156  Secondary outcome was to evaluate vaccination coverage, over time, stratified by age group and

157  vaccinetype

158 Statistical analysis
159 The study population baseline characteristics were analyzed using descriptive statistics.
160  Quantitative variables were described as counts and percentages. The chi-square test and t-test were

161 performed to determine the difference between non-vaccinated and vaccinated subjects who tested
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162 positive for COVID-19. In particular, the vaccinated subjects were distinguished into two groups:
163 vaccinated with an ineffective dose (one vaccine dose or two vaccine doses) and vaccinated with an
164  effective dose (two vaccine doses plus 15 days: BNT162b2 mRNA (Pfizer-BioNTech), ChAdOx1
165 nCoV-19 adenoviral (AstraZeneca) and CX-024414 mRNA (Moderna); one vaccine dose plus 60
166 days: Ad26.COV2-S Adenovira (J&J)).

167 Univariate and multivariate logistic regression models were conducted to evaluate the association
168 between Intensive Care Unit (ICU) to COVID-19 and gender, age groups (ie, 40 - 59 years, 60 - 79
169 years, > 80 years vs 0-39 years) and vaccine (Non-vaccination, Ineffective dose vs Effective dose).
170  To determine vaccine coverage in subjects who received an effective dose, trend changes over time
171  wereinvestigated using segmented linear regression models and breakpoints estimations.

172  Breakpoints were identified testing differences in slope and intercepts of the trend and then different
173  linear models were implemented. Changes in the slope segment indicated an impact of vaccination
174  coverage on protection against COVID-19 infection.

175 Every linear model was expressed as follows: yt = a+b * t + et, where a was the intercept, b the
176  slope and et the error term. Coefficients () were considered statistically significant with a P value <
177  0.05. The 95% confidence intervals (Cls) for each breakpoint were also obtained.

178 In addition, vaccination coverage was assessed by analysing the trend in the percentage of covid 19
179 positive subjectsin the 9 months after vaccination with an effective dose stratified by age group and
180 type of vaccine. Statistical analyses were performed using R platform (version 3.6, The R
181 Formulation for Statistical Computing, Vienna, Austria).
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182 Results

183 During analysed period 8 March 2021 to 31 October 2021, in Campania Region, 2,555,678 nasal
184  swabs were performed in subjects aged 18-98 years. Are showed in figure 1 of the total cohort of
185 COVID-19 positive subjects, 85.2% were non-vaccinated (N= 146.529) and 14.8% (N= 25.392)
186  were vaccinated. Of the 25,392 subjects who received at least one dose of vaccine, 7.5% (N=
187  12,906) received an ineffective dose; in comparison 7.3% (N=12,486) received an effective dose.
188 Of thetotal 171,921 COVID-19 positive subjects, 51.2% were females.

189 The analysis stratified by age group showed that among the total cohort of COVID-19 positive
190 subjects, 50.9% were aged 0 -39 years, 29.4% 40 - 59 years, 16.3% 60 - 79 years and 3.4% were
191  aged more than 80 years.

192 Information of disease symptoms was not available for 34,119 subjects (19.8%) included in the
193 analysis.

194  In particular, the percentage of subjects with severe and critical COVID-19 decreased in the cohort
195 of vaccinated subjects compared to non-vaccinated subjects. Among a total of 482 subjects with
196 severe symptoms 89.4% of the subjects are non-vaccinated, 7.5% of the subjects are vaccinated
197  with anon-effective dose and 3.1% of the subjects are vaccinated with an effective dose.

198 Similarly, out of 57 subjects with critical symptoms 82.5% of the subjects are non-vaccinated,
199 10.5% of the subjects are vaccinated with a non-effective dose and 7.0% of the subjects are
200 vaccinated with an effective dose.

201  Overdl, 2.7% of the COVID-19 positive subjects were hospitalised and 0.1% were in intensive care
202 unit.

203 Among hospitalised subjects the majority (83.7%) were non-vaccinated, 10.3% received a non-
204  effective dose and 6.0%) received an effective dose.

205 Among subjects in Intensive Care Unit (ICU) the majority (90.5%) were non-vaccinated, 7.6%
206  received anon-effective dose and 1.9% received an effective dose (Table 1).

207  Table 2 reports the results of the univariate and multivariate logistic regression analyses, which
208 showed that three independent variables made a statistically significant contribution to the model:
209 gender, age, and vaccination status of the subjects were the main determinants of the risk of
210 hospitalisation in Intensive Care Unit (ICU) to COVID-19.

211 A significant association with the risk of hospitalisation in Intensive Care Unit was the gender.
212 Males (adjusted odds ratio [OR]: 1.70; 95% CI: 1.29 - 2.24, p value <0.001) were at almost two
213  times higher risk of hospitalization in Intensive Care Unit than females. Similarly, a strong
214 significant association with the risk of hospitalisation in Intensive Care Unit was the age. Subjects
215 aged 60-79 years (adjusted odds ratio [OR]: 33.53; 95% ClI: 19.31-58.23, p value <0.001) and
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216  subjects aged more than 80 years (adjusted odds ratio [OR]: 29.04; 95% CI: 14.48 - 58.27, p value
217 <0.001) were more than thirty times and twenty-nine times, respectively, likely to the risk of
218 hospitalization in Intensive Care Unit compared to subjects aged 0-39 years. Equivalent results were
219 found for the vaccination status of the subjects: subjects with ineffective dose (adjusted OR: 3.68;
220 95% CI: 1.23 - 11.02, p value <0.001) and subjects no-vaccination (adjusted OR: 7.14; 95% CI:
221 264 - 19.27, p value <0.001) were at three- and seven-times higher risk of hospitalisation in
222  Intensive Care Unit, respectively, than subjects with an effective dose.

223 In Campania region, from 8 March 2021 to 31 October 2021, 3.699.683 subjects received a
224  complete vaccine schedule. Of all those vaccinated with effective dose 12,486 developed COVID-
225 19, so the prevalence of COVID-19 positive vaccinated subjects was 0.33%.

226  Regarding 12,486 subjects with an effective dose of vaccine, the ability of the vaccine to protect
227 against infection in the months following vaccination has been was investigated through the
228 estimation of breakpoints, i.e, points in which data show deviations from stability in the
229  background trend. Indeed, figure 2 shows the trend for the percentage of subjects testing positive
230 for COVID-19 over the 9 months after an effective dose. Two breakpoints were identified from the
231 analysis. The first breakpoints is evident five months after vaccination (p =1.441, p<0.001). This
232  increase was most evident after the seventh month after vaccination (f =3.110, p<0.001).

233 Theanalysis stratified by age group showed a similar trend in subjects aged 0-39 years, 40-59 years
234  and 60-79 yearsin terms of increased number of COVID-19 positive patients (about 50%) up to the
235 sixth month after vaccination. On the contrary, among subjects aged over 80 years, the trend up to
236 the sixth month after vaccination was different: the percentage of positive subjects did not exceed
237  40%.

238  On the other hand, six months after vaccination, the trend was similar in all age groups (figure 3).
239 The analysis stratified by vaccine type, however, showed that all subjects vaccinated with
240 Ad26.COV2-S Adenovira (J&J) (n=357) were positive for COVID-19 within one month after the
241  effective dose (third month).

242  On the other hand, 50% of the subjects vaccinated with ChAdOx1 nCoV-19 adenovira
243  (AstraZeneca) (n=1,964) became positive from the fourth month after vaccination until they were
244 Al positive by the sixth month after vaccination. 50% of the subjects vaccinated with CX-024414
245 mRNA (Moderna) (n=785) became positive from the fourth month after vaccination, between the
246  fourth and sixth month the trend remained constant, and then increased to 90% in the eighth month

247  after vaccination.
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248  37% of the subjects vaccinated BNT162b2 mRNA vaccine (Pfizer-BioNTech) (n=9,237) became
249  positive from the fourth month after vaccination, between the fourth and fifth month the trend
250 remained constant, and then increased to 67% in the eighth month after vaccination.
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251 Discussion and Conclusion

252  Vaccines have been a really successful technology for controlling infectious diseases in the past.
253 COVID19 represented a never experienced global emergency with world wide spread and high
254  mortality rate and therefore vaccines have represented a possible solution to stop SARS-CoV-2
255  spreading. Indeed, since the early phase of vaccine campaign the COVID19 contagiousness have
256  registered a decrease’, however few real-world studies are available on prolonged follow-up and on
257  larger cohort population. As first consideration, according to our primary outcome, the results of
258 this large community study based on Campania Region population (ISTAT censed citizens at
259  December 2020 of 5.889.567) showed that vaccination with two doses of BNT162b2 or ChAdOx1
260  still significantly reduces the risk of new PCR-positive SARS-CoV -2 infection.

261  Further it isinterestingly to emphasize that they also showed a strongly significant reduction of ICU
262  hospital stay when vaccinated patients are hospitalized compared to unvaccinated subjects (Table
263  2). However, despite these findings, we found a rate of breakthrough infection of (7.3%) among
264  studied population receiving an effective vaccination schedule while 0.33% of total vaccinated
265  population in Campania Region. These showed increasing spread of positive RT-PCR according to
266  time elapsed from second dose vaccination with highest risk after five months while only after two
267 months for a single shot vaccine. The highest percentage of infected positive subjects were
268 asymptomatic while the dynamic of protection varied by vaccine type, with initially similar
269  effectiveness of both mRNA vaccines and ChAdOx1, that after 4 months become less effective
270  with amore rapid declining of coverage for adenoviral vector-based vaccine.

271  Concerning Ad26.COV2-S vaccine it seems to show a waning of adequate coverage after one
272  month after completing vaccination schedule. Those findings, however, demonstrated that vaccines
273  areableto decrease severity of SARS-CoV -2 disease once infected. Nonetheless, it seems also clear
274  that vaccine, even if effective to decrease severity of disease and risk of severe hospitalization,
275 showed a decrease in their efficacy to protect against SARS-CoV-2 contagiousness throughout the
276  timein asignificant percentage but not the majority of vaccinated people. This consideration would
277 suggest that at least in some cases, the vaccine protected against symptomatic disease but not
278 against infection throughout the time. The possible reasons of our findings could be viral and
279 immune related. In fact it is to underline that according to data available for Italian National
280 Institute of Hedlth, in Italy and therefore in Campania we have had an increase in frequency of
281  Delta variant reaching at the end of July almost 95% of all isolated virus™. Thus a less effective
282  vaccine coverage when delta variant become dominant while vaccine campaign proceed could have
283 had arolein this breakthrough. Another explanation could be in different effects of vaccination on

284  immunity, cellular or humoral possibly determining different infective state'” mainly characterized
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285 by asymptomatic subjects. These considerations would also underline the need to better understand
286  what kind of impact asymptomatic infected vaccinated people may have on SARS-CoV -2 spreading
287 among unvaccinated and vaccinated people too. Indeed, even if the current findings of vaccine
288  effectiveness to protect against severe outcomes would seem to suggest that virus transmission and
289 nasopharyngeal viral presence may have limited consequences, we could have some important
290 consequences over time. In fact, in absence of an universal vaccination possible environments
291  where the SARS-CoV-2 may develop elusive strategies by increasing its mutational rate or fitness
292  could compromise vaccine efficacy. The latter event could make herd immunity less likely with
293 possible severe evolution in particular settings of patients. Despite this could be possible future
294  scenario, our findings may be of usefulness in preventing it. Particularly our study has two main
295  strengths. First, we provide extensive documentation on a large cohort of breakthrough infections,
296 based on a Regional Big Data where al COVID19 positive data are automatically evaluated,
297 matched and analysed for their vaccine status by real time ML algorithm, minimizing error on
298  records giving areal time scenario and trend. Second, this cohort is one of the largest presented in
299 literature and represents al ages underwent vaccination with a very good representation of all
300 currently approved vaccines. Therefore, in conclusion, in this study we found that although the
301 current approved COVID19 vaccine are extremely effective in reducing hospitalization and
302 particularly ICU, breakthrough infections occur with a breakpoint between 5™ and 7" month after
303 vaccination and they may carry a potential infectiveness. This event could represent a challenge,
304 since such infections are often asymptomatic and may pose a risk to vulnerable populations.
305 Consequently, a boost dose could be a possible strategy while awaiting the antiviral ** *° that could
306 give us a fina weapon against SARS-CoV-2. However, considering highest percentage of
307 asymptomatic patients and that few data about their capacity to transmit SARS-CoV-2, further
308 screening, quarantine procedure and other preventing strategies should be guaranteed in all
309 vaccinated subjects. Finaly, a surveillance approach based on the use of integrated BIG Data
310 system to match all clinical conditions too, offer a precise and real analysis with low incidence of

311 errorsin the categorization of subjects.

312
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313  Figure 1. Flowchart: cohort selection

Nasopharyngeal swabs carried out between
8 March 2021 and 31 October 2021

N= 2,555,678
COVID-19 positive subjects
N= 176,456
Vaccinated Not Vaccinated
N=25,392(14.8) N=146,529(85.2)
Ineffective dose Effective dose™®

1* dose 27 doses -
[N=10,772(6.3) ][ N=12,134(1.2) ] [ N=12,486(7.3) ]

314 *Effective dose: rwo vaccine doses plus 15 days (ChAdOx1-5 AsmaZeneca, CX-024414 Moderna, BNT162b2 BioNTech/Pfizer); one vaccine dose plus 60 davs (Ad26.COV2-5 Jd&J)
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Table 1. General characteristics of COVID-19 positive patients

Vaccination N (%)

Total N (%) No I neffective dose
Effective dose*
1% dose 2" doses
171,921 (100) 146,529 (85.2) 10,772 (6.3) 2134 (1.2) 12,486 (7.3)

Gender

Male 83,924 (48.8) 71,693 (85.4) 5,249 (6.3) 1,168 (1.4) 5,814 (6.9)

Female 87,997 (51.2) 74,836 (85.0) 5,523 (6.3) 966 (1.1) 6,672 (7.6)
Age Groups

0 - 39 years 87,464 (50.9) 79,686 (91.1) 3,101 (3.5) 1,099 (1.3) 3,578 (4.1)

40 - 59 years 50,539 (29.4) 42,042 (83.2) 3,419 (6.8) 462 (0.9) 4,616 (9.1)
' (.30-.79.yeérs. 28,079 (16.3) 21,331 (76.0) 3,371 (12.0) 372 (1.3) 3,005 (10.7)
>80 ye.ars. ' 5,839 (3.4) 3,470 (59.4) 881 (15.1) 201 (3.4) 1,287 (22.0)
Vaccine type

ChAdOX1-S (AstraZeneca) 6,067 (3.5) - 3,013 (64.5) 190 (3.1) 1,964 (32.4)
AdBCOV2-S(R)  1181(07) ] 824 (69.9) - C®7@02)
| CX-024414 (Moderhé) ' 1,774 (1.0) - 898 (50.6) 91 (5.1) 785 '(44'.3)'

BNT162b2 (Pfizer-BioNTech) 15,657 (9.1) - 5,422 (34.6) 998 (6.4) 9,237 (59.0)
Disease Symptoms

Asymptomatic 112,251 (65.3) 95,482 (85.1) 7,343 (6.5) 1,526 (1.4) 7,900 (7.0)
' ha;éysi ninomatic 14,339 (8.3) 12,542 (87.5) 865 (6.0) 134 (0.9) 798 (5.6) '
” Mlld - 10,673 (6.2) 9,368 (87.8) 599 (5.6) 60 (0.6) o 646 (61) -
” Severe - 482 (0.3) 431 (89.4) 35(7.3) 1(0.2 - 15(31) -

Critical 57 (0.03) 47 (82.5) 6 (10.5) - 4(7.0)

Not available 34,119 (19.8) 28,659 (84.0) 1,924 (5.6) 413 (1.2) 3,123 (9.2)
Hospitalisation

Yes 4705 (2.7) 3,939 (83.7) 431(9.2) 52 (1.1) 283 (6.0)

No 167,216 (97.3) 142,590 (85.3) 10,341 (6.2) 2,082 (L2) 12,203 (7.3)
Intensive Care Unit (ICU)

Yes 211(0.1) 191 (90.5) 16 (7.6) - 4(19

No 171,710 (99.9) 146,338 (85.2) 10,756 (6.3) 2,134 (1.2) 12,482 (7.3)

* Effective dose: two vaccine doses plus 15 days (ChAdOx1-S, CX-024414, BNT162b2); one vaccine dose plus 60 days (Ad26.COV2-S

*accine type: only for subjects who have received at least one dose of vaccine
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318  Table 2. Univariate and multivariate logistics regression of the risk of hospitalisation in Intensive Care Unit (ICU) to
319 coviID-19

Unadjusted Adjusted
OR (95% ClI) p-value oz (95% clI) Pl

Gender

Male (vs Female) 1.59 (1.20 - 2.09) 0.001* 1.70 (1.29- 2.24) <0.001*
Agegroups

40 - 59 years (vs 0-39 years) 557(305-10.14)  <0.001* 599 (3.28-1090)  <0.001*

60 - 79 years (vs 0-39 years) 2973 (17.13-5157)  <0.001* 3353 (19.31-58.23)  <0.001*

> 80 years (vs 0-39 years) 20.39 (10.21-40.69) <0.001* 29.04 (14.48-58.27)  <0.001*
Vaccination
Ineffective dose (vs Effective dose) 3.94 (1.31- 11.79) 0.014* 3.68 (1.23 - 11.02) 0.020*
No-vaccination (vs Effective dose) 4.11 (1.52 - 11.06) 0.005* 7.14 (2.64 - 19.27) <0.001*

320  Abbreviations: ClI, confidence interval; OR, odds ratio
321  *p-value<0.05 was considered to be tatistically significant.
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322  Figure 2. Segmented linear regression models
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324  Figure 3. Percentage of COVID-19 positive patients stratified by number of months after vaccination with effective
325  dose and stratified by age groups
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327  Figure 4. Percentage of COVID-19 positive patients stratified by number of months after vaccination with effective
328  dose and stratified by age groups and stratified by vaccine type
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