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		Abstract

		Background: Israel recently initiated a rapid nationwide COVID-19 vaccination campaign to immunize persons ≥16 years of age and used exclusively Pfizer–BioNTech BNT162b2 mRNA COVID-19 vaccine according to schedule (two doses, 21 days apart). We provide the first estimates of the number of COVID-19 cases, hospitalizations, and deaths averted by a nationwide vaccination campaign. 

Methods: We used national surveillance data from the first 112 days (Dec 20, 2020 ‒ Apr 10, 2021) of Israel’s vaccination campaign to estimate averted burden of four outcomes: SARS-CoV-2 infections and COVID-19-related hospitalizations, severe or critical hospitalizations, and deaths. The direct effects of the immunization program were estimated for all susceptible individuals (i.e., no previous evidence of laboratory-confirmed SARS-CoV-2 infection) who were at least partially vaccinated (defined as receipt of at least one dose with ≥14 days after the first dose). Cases averted were estimated based on cumulative daily, age-specific rate differences comparing rates among unvaccinated to those who were at least partially vaccinated for each of the four outcomes and the (age-specific) size of the susceptible population and proportion that was at least partially vaccinated. 

Findings: Through Apr 10, 2021, we estimated that Israel’s vaccination campaign averted 158,665 (95% uncertainty range: 115,899‒201,431) SARS-CoV-2 infections, 24,597 (6,622‒42,571) hospitalizations, 17,432 (3,065‒31,799) severe and critical hospitalizations, and 5,533 (-1,146‒12,213) deaths. Of these, 66% of hospitalizations and 91% of deaths averted were among those ≥65 years of age. Seventy-three percent of SARS-CoV-2 infections and 79% of COVID-19-related hospitalizations and deaths averted stemmed from the protective effects in fully vaccinated persons. 

Interpretations: Without vaccination, Israel would have likely experienced triple the number of hospitalizations and deaths compared to what actually occurred during their largest wave of SARS-CoV-2 to date, which would have likely overwhelmed the healthcare system. Indirect effects and long-term benefits of the program, which could be substantial, were not included in these estimates and warrant future research. 
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Declaration of Interest: John McLaughlin, Frederick Angulo, Farid Khan, Gabriel Mircus, Kaijie Pan, Jo Southern, David Swerdlow, and Luis Jodar hold stock and stock options in Pfizer Inc. Marc Lipsitch has provided advice on COVID-19 free of charge to Janssen, Astra-Zeneca, Pfizer, and COVAXX (United Biomedical), as well as to the nonprofit One Day Sooner and has received consulting income or honoraria from Merck, Bristol Meyers Squibb, and Sanofi, and institutional research support from Pfizer. All other authors report no conflicts.
 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
		
		
			
				
			
		
		Keywords: COVID-19, SARS-CoV-2, cases averted, impact, hospitalizations, deaths, Israel, model, public health, pandemic

	
	

	
    

    
	

	
	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	

























    
    










    
    
    
    
















	



    




	
		Suggested Citation:
		Suggested Citation
	

	
		
			Haas,  Eric  J. and McLaughlin,  John  M. and Khan,  Farid and Angulo,  Frederick  J. and Anis,  Emilia and Anis,  Emilia and Lipsitch,  Marc and Singer,  Shepherd  R. and Mircus,  Gabriel and Brooks,  Nati and Smaja,  Meir and Pan,  Kaijie and Southern,  Jo and Swerdlow,  David  L. and Jodar,  Luis and Levy,  Yeheskel and Alroy-Preis,  Sharon, Infections, Hospitalizations, and Deaths Averted Via Direct Effects of the Pfizer-BioNTech BNT162b2 mRNA COVID-19 Vaccine in a Nationwide Vaccination Campaign, Israel.  Available at SSRN: https://ssrn.com/abstract=3845367 or http://dx.doi.org/10.2139/ssrn.3845367 
		
	

	

	
	
	

	
		
	

	
		




	

	
	
		

	










    
    










    
    
    
    





















	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						Eric  J. Haas (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Ministry of Health (Israel) - Public Health Services  ( email )

			

			
			
				
				
				
					Jerusalem
Israel

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						John  M. McLaughlin

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Pfizer, Inc.  ( email )

			

			
			
				
				
				
					235 East 42 Street
New York, NY  10017
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Farid Khan

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Pfizer, Inc. 

			

			
			
				
				
				
					235 East 42 Street
New York, NY  10017
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Frederick  J. Angulo

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Pfizer, Inc.  ( email )

			

			
			
				
				
				
					235 East 42 Street
New York, NY  10017
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Emilia Anis

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Ministry of Health (Israel) - Public Health Services  ( email )

			

			
			
				
				
				
					Jerusalem
Israel

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Yale University  ( email )

			

			
			
				
				
				
					493 College St
New Haven, CT CT 06520
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Marc Lipsitch

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				Harvard T.H. Chan School of Public Health - Center for Communicable Disease Dynamics  ( email )

			

			
			
				
				
				
					677 Huntington Avenue
Boston, MA MA 02115
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Shepherd  R. Singer

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Ministry of Health (Israel) - Public Health Services  ( email )

			

			
			
				
				
				
					Jerusalem
Israel

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Gabriel Mircus

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				Pfizer Pharmaceuticals Israel Ltd  ( email )

			

			
			
				
				
				
					235 East 42 Street
New York, NY  10017
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Nati Brooks

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				Ministry of Health (Israel) - Information Technology Department  ( email )

			

			
			
				
				
				
					Israel

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Meir Smaja

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				Ministry of Health (Israel) - Information Technology Department  ( email )

			

			
			
				
				
				
					Israel

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Kaijie Pan

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Pfizer, Inc.  ( email )

			

			
			
				
				
				
					235 East 42 Street
New York, NY  10017
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Jo Southern

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Pfizer, Inc. - Vaccines Medical Development & Scientific Affairs  ( email )

			

			
			
				
				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						David  L. Swerdlow

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Harvard University - Center for Communicable Disease Dynamics  ( email )

			

			
			
				
				
				
					Boston, MA
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Luis  Jodar

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Pfizer, Inc. - Vaccines Medical Development & Scientific Affairs 

			

			
			
				
				
				
					New York City, NY
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Yeheskel Levy

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Ministry of Health (Israel)  ( email )

			

			
			
				
				
				
					Israel

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Sharon Alroy-Preis

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Ministry of Health (Israel) - Department of Maternal and Child Health 

			

			
			
				
				
				
					Jerusalem
Israel

				

				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [image: PDF icon]Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    




















	














	
	    







 



	




	







	







































				
					
						

						
						Please enable JavaScript to view the comments powered by Disqus.

					

				

				

				
					
						

						
						

						

						
						

					
				

			


			
				
					
						
						
	










	
	    














	
	    














	
	    







	
		Click here to go to TheLancet.com

		
			

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Go to TheLancet.com
                    
                
            

        
    
        
    
		

	



					

				
				
					
					


	












	
	
	








	
		
			Paper statistics

		

	


	
		
		 
			
				Downloads

				      466

			

		
		
		
			Abstract Views

			    4,474

		

		
		
	


	
		
            
            	        1 Citations
		

	

	
		
			
				       16 References
		

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
					
					
						
					

					
						
					

					
						
					

					
						
					

					
						
							
								
									
										Preprints with The Lancet Specialties
									

									
										
											All Journals (16800)
										
											Allergy & Immunology (1063)
										
											Anaesthesia & Analgesia (51)
										
											Cardiology & Vascular Medicine (1166)
										
											Child & Adoloscence Health (1320)
										
											Critical Care (577)
										
											Dermatology (104)
										
											Digital Health (825)
										
											Endocrinology (963)
										
											Gastroenterology (985)
										
											Genetics & Genomics (2204)
										
											Geriatrics (203)
										
											Global Health (1325)
										
											Haematology (651)
										
											Infectious Diseases (5605)
										
											Nephrology (340)
										
											Neurology (1488)
										
											Nutrition (495)
										
											Obstetrics & Gynaecology (774)
										
											Oncology (3356)
										
											Ophthalmology (231)
										
											Otolaryngology (113)
										
											Planetary Health (261)
										
											Primary Care (853)
										
											Psychiatry (1095)
										
											Public Health (3553)
										
											Radiology & Medical Imaging (454)
										
											Respiratory Medicine (712)
										
											Rheumatology & Orthopaedics (610)
										
											Surgery (398)
										
											Urology (97)
										
									

								

							
						

					

				
				
					

    
        
            Related eJournals

        	
                    COVID-19 eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                COVID-19 eJournal

                                
                                    Subscribe to this free journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              818

                                    

                                    
                                        PAPERS

                                            6,805

                                    

                                

                                
                            

                        

                    

                
	
                    Preprints with The Lancet

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Preprints with The Lancet

                                
                                    Subscribe to this free journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              262

                                    

                                    
                                        PAPERS

                                           16,800

                                    

                                

                                
                            

                        

                    

                


        
        

    


				


				
					
					

















				

			

		


		
				
					Feedback
					
				

			

			


	
		
		Feedback to SSRN

		
			
				
					Feedback
					 (required)
				
				
			

			
				
					Email
					 (required)
				
				
			

			
				Submit
				
			
		

		

		If you need immediate assistance, call 877-SSRNHelp (877 777 6435) in the United States, or +1 212 448 2500 outside of the United States, 8:30AM to 6:00PM U.S. Eastern, Monday - Friday.

	







	

	
	
		
		

	




	
	





  
  

	
	
		
	


	
	
		
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	


	
	
	






		
		









	






	
		
			
			
				SSRN Quick Links 

					SSRN Solutions
	Research Paper Series
	Conference Papers
	Partners in Publishing
	Jobs & Announcements
	Special Topic Hubs


			

			
				SSRN Rankings 

					Top Papers
	Top Authors
	Top Organizations


			

			
				About SSRN 

					Network Directors
	Announcements
	Contact us
	FAQs


			

			
		

			
	
	


		
			
				
			

			
				
					Copyright
					Terms and Conditions
					Privacy Policy
				

				
					All content on this site: Copyright © 2023 Elsevier Inc., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

					We use cookies to help provide and enhance our service and tailor content.

					To learn more, visit
					Cookie Settings.
					
						
							
							This page was processed by aws-apollo-l100 in   0.282 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		[image:  ]

		
		
		
		
		
		
		
		
		
		
	
