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 Abstract 

 For  Covid-19  cases  and  deaths,  the  disparity  among  different  age  groups  in  California  is  very  high,  and  so,  it  is 
 important  to  know  whether  this  is  also  a  disparity  of  vaccine  effectiveness  between  ages.  Covid-19  cases  and  deaths 
 data  was  extracted  from  data  collected  by  the  California  government.  For  each  of  the  age  groups,  the  7-day  moving 
 averages  were  calculated  for  deaths,  cases,  and  full  vaccinations.  The  hypothesis  is  that  there  is  a  negative 
 correlation  between  the  full  vaccination  rate  and  number  of  cases/deaths,  and  the  correlation  is  more  significant 
 among  older  people  than  younger  people.  For  each  age  group,  visualizations  of  the  full  vaccination  rates  and  number 
 of  cases/deaths  was  created  separately,  and  correlation  analysis  of  the  variables  was  run.  Finally,  the  correlations 
 among  the  age  groups  was  compared.  The  results  suggest  negative  correlations  between  full  vaccination  rates  and 
 number  of  cases  and  deaths  for  all  the  age  groups,  except  for  those  younger  than  17.  The  significance  of  the 
 correlations decreases as the group age decreases. 
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 1.  Introduction 

 In  California,  Covid-19  disproportionately  affects 
 the  cases  in  the  working-class  population  (18-49 
 years  of  age)  and  the  deaths  in  the  elder  population 
 (65+  years  of  age).  All  other  age  groups  (0-17  and 
 50-64  years  of  age)  have  low  death  percentages  and 
 case  counts  proportional  to  the  population  of  that  age 
 group  in  California  (Tracking  Covid-19  in  California  , 
 2002  ).  California,  in  response,  has  fully  vaccinated 
 75%  of  its  total  population  eligible  for  the  vaccine  as 
 of  the  end  of  April  of  2022,  administering 
 approximately  25,000  new  doses  daily,  which  puts  it 
 on  the  13th  rank  by  the  highest  percentage  of 
 population  fully  vaccinated  per  state  (Mayo  Clinic, 
 n.d.).  Pfizer  is  the  most  popular  vaccine,  followed  by 
 Moderna,  both  of  which  are  mRNA  vaccines,  while 

 Johnson  &  Johnson’s  single-shot  viral-vector  vaccine 
 is the 2nd runner-up (Los Angeles Time Staff, 2022). 

 Studies  have  been  done  to  test  the  effectiveness  of 
 Covid-19  vaccinations  on  preventing  Covid-19 
 -related  health  complications  and  death  among  adults 
 (Henry  et  al.  2021;  Zheng  et  al.,  2022).  These  studies 
 suggested  that  vaccines  have  been  shown  to  reduce 
 infection  rates  within  the  14-day  period  after 
 administration  in  clinical  trials  and  have  shown  90+% 
 effectiveness  in  real-world  studies.  In  another  study 
 done  by  Rosenberg  et  al.  (2022),  there  was  no 
 significant  difference  in  vaccine  effectiveness  of 
 mRNA  vaccines  among  different  age  groups. 
 However,  “Vaccine  effectiveness”  was  not  clearly 
 defined  in  this  study,  and  it  could  generally  fit  the 
 CDC  definition  of  vaccine  effectiveness  -  “the 
 proportionate  reduction  in  cases  among  vaccinated 
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 persons”  (Centers  for  Disease  Control  and 
 Prevention,  2006).  Nevertheless,  given  the  disparity 
 in  cases  and  deaths  across  different  age  groups  in 
 California,  there  exists  a  need  for  a  study  on  the 
 effectiveness  of  vaccines  across  age  groups.  This 
 study  bridges  this  gap  by  analyzing  the  correlations 
 between  fully  vaccination  rate  and  Covid-19  cases 
 and  Covid-19  deaths  across  different  age  groups.  The 
 hypothesis  is  that  there  are  negative  correlations 
 between  the  vaccination  rate  and  Covid-19  cases,  and 
 between  the  vaccinated  rate  and  Covid-19  deaths,  and 
 that  the  correlation  strength  is  the  strongest  in  seniors 
 and the smallest in the youth group. 

 2.  Materials and Methods 

 Publicly  available  data  from  the  California 
 government  website  (https://covid19.ca.gov/state- 
 dashboard/#ethnicity-gender-age)  for  Covid-19 
 information  for  cases,  deaths,  and  vaccinations  by 
 date  and  age  group  was  used  for  this  study.  The  range 
 of  the  data  in  the  analysis  was  from  July  27th,  2020 
 to  December  19th,  2021.  In  particular,  the  total  case 
 count,  deaths,  and  cumulative  fully  vaccinated 
 population  (any  vaccine)  per  day  was  extracted  from 
 the  database.  Then,  the  7-day  moving  averages  for 
 these  measures  was  calculated  using  Python  and 
 divided  into  four  age  groups  that  were  presorted  in 
 the  original  data  set:  5-17,  18-49,  50-64,  and  65+ 
 years  of  age.  After  this  preprocessing,  visualizations 
 of  the  moving  averages  of  the  total  cases  and  deaths 
 against  the  cumulative  vaccinated  number  by  date 
 were  created  using  the  Excel  visualization  tools  to  see 
 trends.  Finally,  a  correlation  analysis  was  run  on  all 
 age  groups  between  all  moving  averages  to  see  if 
 there  are  statistically  significant  correlations  between 
 vaccination  rates  and  deaths/cases  across  populations 
 and  how  the  correlations  differ  among  different  age 
 groups.  Visualizations  of  cases  versus  deaths  were 
 not  generated,  but  correlation  analyses  were  run 
 between their moving averages. 

 3.  Results 

 3.1  Visualizations  of  Moving  Averages  of  Fully 
 Vaccinated  People  and  Covid-19  Cases  and  Deaths 
 Over Time 

 Figures  1  and  2  illustrate  the  moving  averages  of 
 cumulative  fully  vaccinated  people  and  daily 
 Covid-19  cases  and  deaths  over  time  among  seniors 
 (ages 65+). 

 Figure 1. Cases versus Vaccinations: the cases show a 
 spike while vaccinations steadily increase and later 
 plateau 

 Figure 2. Deaths versus Vaccinations: the cases show 
 a spike while vaccinations steadily increase and later 
 plateau 

 Figures  3  and  4  illustrate  the  moving  averages  of 
 cumulative  fully  vaccinated  people  and  daily 
 Covid-19  cases  and  deaths  over  time  among  those  of 
 50-54 in ages. 

 Figure 3.  Cases against Vaccinations: a similar 
 visualization as that of Seniors 
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 Figure 4. Deaths against Vaccinations: a similar 
 visualization as that of Seniors 

 Figures  5  and  6  illustrate  the  moving  averages  of 
 cumulative  fully  vaccinated  people  and  daily 
 Covid-19  cases  and  deaths  over  time  among  those  of 
 18-49 in ages. 

 Figure 5. Cases against Vaccinations: a similar 
 visualization as that of older age groups 

 Figure 6. Deaths against Vaccinations: a similar 
 visualization as that of older age groups 

 Figures  7  and  8  illustrate  the  moving  averages  of 
 cumulative  fully  vaccinated  people  and  daily 
 Covid-19  cases  and  deaths  over  time  among  those 
 younger than 17. 

 Figure 7. Cases against Vaccinations: the spike of 
 vaccinations occurs a later than the drop in cases as 
 compared to other visualizations 

 Figure 8. Deaths against Vaccinations: the deaths do 
 not show any seamless pattern as compared to other 
 visualizations 

 Figure  9  shows  the  comparison  of  the  correlation 
 coefficients  of  the  moving  averages  of  cumulative 
 fully  vaccinated  people  and  daily  Covid-19  cases  and 
 deaths across the four age groups. 

 Figure 9.  Correlation Coefficients steadily Decrease 
 down Age Groups 

 4.  Discussion 

 The  graphs  of  deaths  and  cases  show  spikes 
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 during  the  most  vulnerable  times  in  the  population, 
 such  as  the  2020  holiday  season  the  data 
 encompassed.  In  all  age  groups  case  counts  slope 
 downhill  as  vaccination  increases,  except  for  the 
 underage  group  in  which  the  case  count  starts 
 decreasing  a  few  months  before  vaccination  starts  to 
 take  place.  Cases  in  all  age  groups  do  decrease 
 around  the  same  time  period  (February/March  of 
 2020),  and  so  it  can  be  speculated  that  the  vaccination 
 of  the  older  population,  who  got  their  vaccines  first, 
 helped  curb  the  spread  in  the  youth.  All  age  groups 
 see  an  uptick  slightly  before  July  in  cases,  and  in  turn 
 an  uptick  in  deaths  slightly  after  July  (except  the 
 underage  group,  which  does  not  have  enough  deaths 
 to  produce  a  viable  graph).  This  can  be  due  to  the 
 outbreak  of  the  Delta  variant  and  the  removal  of 
 restrictions in California starting June 2021. 

 Correlation  analyses  between  cases  and  deaths 
 show  a  strong  positive  correlation  of  0.62  in  the  age 
 group  65+,  weaker  correlations  of  0.46  and  0.41  in 
 age  groups  50-64  and  18-49  respectively,  and  no 
 significant  correlation  of  0.05  in  the  age  group  5-17. 
 This  trend  of  decreasing  correlation  across  age 
 groups  continues  for  vaccinations.  In  terms  of 
 Covid-19  cases,  vaccination  has  a  significant 
 negative  correlation  of  -0.43  in  ages  65+,  -0.36  in 
 ages  50-64,  and  -0.28  in  ages  18-49.  There  exists  no 
 significant  correlation  of  vaccines  and  cases  in  the 
 underage  population.  Similar  correlation  is  seen  with 
 deaths:  -0.47  in  group  65+,  -0.35  in  group  50-64 
 (statistically  significant)  and  -0.05  in  group  18-49 
 and  0.06  in  group  5-17.  Thus,  significance  of  the 
 correlation  of  vaccines  with  cases/deaths  decreases 
 across age groups. 

 From  the  strong  negative  correlations  it  can  be 
 inferred  that  vaccinations  are  more  effective  for  older 
 populations  than  younger.  Especially  in  the 
 under-eighteen  population,  vaccinations  seem  to  have 
 no  effect  at  all,  even  showing  a  slight  positive 
 correlation  between  vaccines  and  deaths.  However, 
 the  youth  population  has  significantly  less  cases  and 
 deaths  than  other  age  groups,  which  would  also  lead 
 to  insignificant  correlation  coefficients  and  an 
 unworkable  deaths  plot.  Every  other  age  group  has 
 viable  data,  and  so  the  correlation  coefficients  are 
 logical  indicator  to  the  effectiveness  of  vaccines  on 
 Covid-19 casualties in different age groups. 

 The  decreasing  significance  of  correlation  down 
 age  groups  can  be  a  result  of  the  vulnerability  of 
 older  populations  to  Covid-19.  Generally  speaking, 
 younger  populations  have  a  lower  risk  of  deaths  than 
 older  populations,  thus  leading  to  the  decreasing 
 correlations  down  age  groups  between  cases  and 
 deaths.  Vaccines  would  also  be  much  for  significantly 
 effective  for  older  populations,  since  they  are  much 
 more  likely  to  suffer  health  complications  after 
 contracting Covid-19. 

 5.  Conclusion 

 Although  it  has  been  widely  acknowledged  that 
 Covid-19  vaccination  plays  an  important  role  in 
 preventing  people  from  getting  seriously  ill,  being 
 hospitalized  and  even  dying,  there  has  not  been  a 
 systematic  study  on  comparing  the  effectiveness  of 
 vaccinations  among  populations  of  different  age 
 groups. This study serves to fill the gap. 

 The  correlation  analyses  show  that  while 
 Covid-19  disproportionately  affects  different 
 populations,  vaccinations  also  disproportionately  help 
 different  populations.  The  oldest  population,  those  of 
 ages  65+,  is  the  most  vulnerable  population  to 
 Covid-19  but  also  the  one  with  the  highest  negative 
 correlation  between  vaccinations  and  Covid-19 
 casualties.  From  this  study,  it  can  be  seen  that 
 vaccines  are  effective  in  producing  desired  effects  in 
 California,  since  they  significantly  lower  cases  and 
 deaths in the most vulnerable populations. 

 However,  this  study  is  limited  in  accounting  for 
 variables  that  might  affect  cases  differently  across 
 age  groups,  since  it  is  not  a  controlled  experiment.  In 
 addition,  as  Covid-19  variants  continue  to  evolve,  we 
 need  to  continually  monitor  the  effectiveness  of  the 
 vaccinations with more updated data. 
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