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Survey

The survey about the oral polio vaccine (OPV) campaign was conducted between January and June 2014
over the phone and focused on parents in Israel who had a child age 10 and under during the outbreak
(IRB Approval Number: 1826-14-SMC). A total of 1015 parents were surveyed about their opinions on the
OPV campaign that the Ministry of Health initiated in August of 2013 [1]. The survey was for an internal
report for the Israeli National Institute for Health Policy Research. The survey questions and results in
the internal report are in Hebrew. We provide a brief summary of the survey results relevant to our paper
and an English translation of the survey questions.

Summary of survey results

Using univariate analysis, we found that education level and income were statistically significant factors
associated with vaccination. Specifically, higher levels of vaccination were observed in populations who
were less educated, as well as in lower income families. We did not find any differences between people
who declared that they vaccinated their children with: socioeconomic status, parent sex, age, number of
children, or geographic area (i.e., South, Center or North).

A multivariate logistic regression found that education level and ethnic background are the two signif-
icant factors which explain the vaccine uptake. Non-academic vaccinated more than academic (OR = 0.7;
95% CI = 0.54–0.96; P = 0.027) and Arab vaccinated more than Jews (OR = 3.39; 95% Cl = 2.10–5.57;
P < 0.0001). Within the Jewish population, high vaccine uptake was observed in very religious (Orthodox)
and Traditional Jewish people (78% and 72% respectively). While lower vaccination uptake was observed
in the Religious and Secular Jewish people (64%). In the multivariate analysis of the Jewish population,
only religiousness was correlated with vaccine uptake. The Orthodox vaccinated more than the Secular
(OR = 2.04; 95% Cl = 1.26–3.31; P = 0.004), and the Traditional also vaccinated more than the Secular
(OR = 1.46; 95% CI = 1.014–2.097; P = 0.042). There were no differences between Religious and Secular
Jewish people (OR = 0.98; 95% CI = 0.63–1.52; P = 0.004).

Main reasons for not vaccinating with OPV

The reasons for parents not vaccinating their child were divided into 11 categories

1. My child is vaccinated with inactivated polio vaccine (IPV) and is protected from infection

2. The vaccine is not safe enough and can cause side effects

3. There was no polio virus detected in the sewage next to my residential area

4. There were no cases of paralytic polio during the outbreak in Israel

5. I was not willing to vaccinate my child to protect other people

6. I did not believe the Ministry of Health

7. I do not believe in vaccination

8. I did not vaccinate because I was unable to make up my mind if I should vaccinate my child or not.
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9. I did not have time or interest in vaccinating my child.

10. The child could not be vaccinated due to other illness or an illness of a family member.

11. Other reason.

Parents were asked to grade each of the reasons above in their decision making process using a Likert scale
(1-4, were 1 is no and 4 is very much). We also examine the number of parents in full agreement (i.e., the
percentage of people which gave each reason the highest score) and the main reason behind the parent’s
decision not vaccinate their child (single answer). The reasons for not vaccinating where categorized
into “self-interest” (reasons 1-4), negative attitude (reasons 5-7), passiveness (reasons 8-9), and different
reasons (10-11). Self-interest was found to be the main factor which influenced parents not to vaccinate
their children. Within the self-interest categories (1-4), the primary motive was the fact that the child
had already been vaccinated with IPV, with concern about the safety of the vaccine being secondary. Of
all the non-vaccinators, 49.8% choose a self-interest motive as their main reason for not vaccinating their
children, while only 11% selected negative-attitude.

Main reason to vaccinate with OPV

The reasons for parents vaccinating their child were stratified into 10 categories

1. To protect my child

2. To protect my family

3. I was afraid of paralysis

4. Due to concern of public health in Israel

5. To protect other children at school

6. I trusted the Ministry of Health

7. We live in a country where polio can spread

8. In my family, the risk of polio is high

9. The doctor and/or nurse recommended to vaccinate

10. Other reason.

Similar to the case for reasons not to vaccinate, the parents had to grade the reasons for vaccinating their
child using the Likert scale. We divided the reasons to vaccinate into “self-interest” (1-3), “social interest”
(4-7) and other reasons (8-11). The primary reason for parents vaccinating their child was “self-interest”,
as all the scores for the three motives in this section where above 3.5. The pro-social vaccination reasons
were deemed less important than self-interest, but also had scores over three. The Israeli public thought
that to protect school children was an important component in their decision to vaccinate their children.
We found that the public trust in the Ministry of Health (which is in charge of the public interest) was a
major concern for parents when deciding to vaccinate their child. Thus, there is a balance between the self-
interest and the public interest in the determining whether to vaccinate with OPV, as both reasons were
indicated as key features in the decision process. However, 78.7% of parents indicated that self-interest
was their main reason for vaccinating with OPV (a single reason), compared to the 11.2% indicating a
pro-social main reason. The single major motive for vaccination identified among the parents was the need
to protect their child (64.9%). Therefore, the main reason to vaccinate was self-interest with pro-social
motives being an important and significant factor in the decision to vaccinate.
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Parent’s opinions regarding the vaccination campaign.

Parents who feared outbreaks (48.5%) were 1.3 more likely to vaccinate their children compared to those
who did not. Parents who agreed with the claim that there was no need to vaccinate the children with
OPV due to the fact that the children were already vaccinated (37.0%) were 1.6 times more likely not to
vaccinate with OPV. People who thought the vaccine was given to stop transmission and not specifically
to protect the vaccinated child (53.2%) were 1.2 less likely to vaccinate their child. Vaccination was twice
as high in parents who thought that due to increased risk of an outbreak in the Middle-East there is a
need to vaccinate with OPV (65.3%).

The dependency between parent’s opinions and social demographic variables.

Lower vaccination rates were observed in the Jewish Secular and Religious populations (36.3% and 36.4%
did not vaccinate respectively). Among the Traditional and Orthodox Jews there was moderate reduced
vaccine uptake (27.7% and 21.9% did not vaccinate respectively). While in the Arab population only
12% did not vaccinate with OPV. In order to explain these observed patterns, we found that there were
large differences in the amount of trust of the different groups to the Ministry of Health. While in the
Secular population and in the Jewish Religious section the amount of distrust was high (35.1% and 32.2%
respectively), in the Traditional Jews and in the Orthodox Jews it was moderate (26.7% and 18.5% respec-
tively), and in the Arab population the level of distrust was low (13.6%). The kappa coefficient between
vaccination and trust in the vaccination campaign was 0.472.

A second important correlation was found between vaccine uptake and risk perception. The risk per-
ception was measured using two questions i) the need to vaccinate people who live in the Middle-East (a
region with higher risk) ii) the need to vaccinate only the Bedouins (the core group of the outbreak). In
the Secular population and in the Jewish Religious section, the risk perception was low and did not justify
vaccination. The traditional Jews and in the Orthodox Jews had an intermediate risk perception and the
Arab had the highest risk perception. The kappa coefficient was 0.396 and 0.391 for the regional and local
risk respectively.

There was no significant kappa level between several other potential correlates such as: fear from po-
lio, seasonal influenza vaccination, and there was no correlation between vaccine uptake and the different
pro-social opinions between the different groups. Thus, there were differences between the above defined
groups in there trust in the Ministry of Health and the risk perception which are correlated with vaccine
uptake.

Comprehension of the pro-social aspects of the two drops vaccination campaign.

Comprehension was based on the level of agreement to the question “the live vaccine was mainly intended
to stop the spread of the disease and not to protect the individual”. Those who agreed with the statement
(54.8%) were defined as aware. Unaware people were defined as those who did not agree with the statement
(27.7%) or did not have an opinion (17.5%). Among the four Jewish populations 61.9% were aware, while
only 25.5% of the Arab were considered aware. The differences between self-interest and pro-social interest
are larger in the Jewish population compared to the Arab population. We have focused on the Jewish
population to see if there are differences between comprehension and the social-demographic background.
There was a strong increasing correlation between the comprehension and the following factors: education,
income and more secular. There were no correlation between geographical location and age of the parent.

In the second stage, we divided the aware group into aware and vaccinated as well as aware and did
not vaccinate. Among the aware who did not vaccinate, 185 individuals (22.5% of the Jewish population)
claimed that they did not vaccinated due to the fact that there was no self-interest. Among the aware
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parents who vaccinated their child, 324 (39.4% of the Jewish people) understood the pro-social aspect of
the OPV campaign. The results from univariate model indicate that aware non-compliance is associated
with: education, income and religiousness. In these people, comprehension seems to result in lower vaccine
uptake. On the other hand there appears to be no correlation between aware compliance and the social
demographic variables, emphasizing the fact that 40% of the Israeli population choose to behave in a
pro-social manner seen in all levels of society.

Table S1: Vaccination coverage based perception of the oral polio vaccine (OPV) program

p < 0.0001 Opinion Vaccinated (% N) Not vaccinated (% N)
There was no reason Do not agree (N = 430) 366 (85.12%) 64 (14.88%)
to vaccinate with OPV since Agree (N = 378) 206 (54.50%) 172 (45.50%)
children were already protected No opinion (N = 207) 160 (72.30%) 47 (22.70%)
p < 0.0001 Opinion Vaccinated (% N) Not vaccinated (% N)
The program was aimed Do not agree (N = 281) 227 (80.78%) 54 (19.22%)
at stopping the epidemic and Agree (N = 556) 364 (65.47%) 192 (34.53%)
not protecting my child No opinion (N = 178) 141 (79.20%) 37 (20.80%)
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Table S5: Comprehension among the soci-cultural groups and corresponding vaccination uptake

Socio-cultural
group

Aware
(%)

Aware and vaccinated
(%)

Not aware and vaccinated
(%)

Orthodox (N = 128) 62 (48.4%) 48 (37.5%) 52 (40.6%)
Religious Jews (N = 121) 68 (56.2%) 40(33.1%) 37 (30.6%)

Traditional Jews (N = 242) 154 (63.6%) 104 (43.0%) 71 (29.3%)
Secular Jews (N = 322) 215 (66.8%) 125 (38.8%) 80 (24.8%)

Arab (N = 184) 47 (25.5%) 40 (21.7 %) 122 (66.3%)

Table S6: The main reasons parents decided to vaccinate their child stratified among those who were aware
and unaware of the proscocial nature of the campaign

Main reason Aware Unaware
Vaccinated out of concern to the health of the public 12% 2%
Vaccinated because you trusted the authorities 4% 2%
Vaccinated because of your fear from polio 6% 9%
Vaccinated in order to protect your child 53% 69%
Pressure from HCV 1% 1%
Vaccinated in order to protect your family 8% 7%
State of disease 6% 2%
Vaccinated in order to protect other kids at school 2% 1%
Middle East is a polio affected region 2% 2%
Other 6% 5%

Table S7: The main reasons parents decided not to vaccinate their child stratified among those who were
aware and unaware of the proscocial nature of the campaign

Main reason Aware Unaware
Being against vaccination 2% 1%
Not trusting the Ministry of Health 7% 3%
Was not interested in the subject 2% 3%
Understanding that your child is already protected 27% 19%
No occurrence 6% 5%
Concerned about vaccine safety 20% 12%
Not willing to vaccinate your child to protect others 4% 1%
Doubts about vaccination, finally did not vaccinate 7% 13%
State of disease 11% 14%
Other 14% 29%
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Public's responsiveness to polio vaccinations – May 2014 

Hello, my name is ___________________ and I am an interviewer from Tel Aviv 
University. I'm turning to you about research that we are conducting for the Gertner 
Institute for Epidemiology and Health Policy research, on the subject of vaccinating 
children against polio. 
You have been chosen randomly to participate in this research project. 
It is important that everyone who has been randomly chosen, participate in this research 
in order to ensure its quality. 
We declare that your answers are kept confidential and will be used for research 
purposes only. 
Thank you for your cooperation. 
 
 
 

Filter question for interviewee: 

Do you have children born between the years 2005-2012? [ages 1-10] 

1. No – end of interview 

2. Yes- continue 

Interview parents to children aged 1-10 

 

1. How old are you?_____________ 

For those who do not answer: 

2. To which age group do you belong? 

 

 

 

 

 

 

 

 

3. Sex: 
 1. Male  
 2. Female  

 
 

 

1.  24-18  

2.  29-25  

3.  34-30  

4.  39-35  

5.  44-40  

6.  49-45  

7.  54-50  

8.  59-55  

9.  64-60  

10.  69-65  

11.  70+   

9.  Refusal to answer 



 

4. What is your level of education? 
1. Grade school 
2. Partial high school 
3. Full high school without Bagrut certificate (Ed. Bagrut is a prerequisite for 

higher education in Israel) 
4. Full high school with Bagrut certificate 
5. Higher education (teacher's seminar, nursing school, engineering college, 

yeshiva) 
6. Partial academic degree 
7. BA first degree 
8. Master's degree and above 
9. Do not read : refuses to answer 

 
 

5. In August 2013 Misrad habriut (The Ministry of Health (MOH)) began a 
national program called "Two drops" to immunize children with the live 
attenuated polio virus, administered by mouth. What was your immediate 
response when you heard that the MOH was beginning this immunization 
program? 

1. You knew immediately that you would immunize your children → go to question 
8a 

2. You knew instantly that you would not immunize your children → go to question 
8b 

3. You thought you should check further and think before deciding →continue 

4. You did not relate to the subject initially → go to question 8 

5. Do not read: you did not hear about the subject → go to question 9 
 

If answered 3 to question 5 : 
6. What did you do in order to come to a decision about whether to vaccinate your 

children against polio or not? 
May choose more than one answer : 

1 .  Followed the subject via media – TV, radio, newspaper 
2 .  Followed MOH explanations 
3 .  Consulted with health professionals (doctors, nurses) 
4 .  Consulted with family members and /or friends 
5 .  Read on internet 
6 .  Participated in discussions on the internet and social media, such as facebook 
7 .  Nothing special 
8 .  Other : 
9 .  Do not read: don't remember/ refuse to answer 

 
7. Did you manage to decide about whether to vaccinate your children against 

polio? 

1. You decided to vaccinate your children →go to question 8a 

2. You decided not to vaccinate your children → go to question 8b 

3. You didn't really decide, and continued to be indecisive → go to question 9 
9. Do not read: don't remember/ refuse to answer 



 

 
8a.  From the following considerations, which most influenced your decision to 
vaccinate your child/ren during the "Two drops" national campaign to vaccinate 
against polio? 
Mix 1-4 

1.  Your weighted decision after checking out the subject 
2. Your belief and trust in the MOH 
3. Your fear of polio 
9. Do not read: don't remember/ refuse to answer 
10.Do not read: other 
 

 
8b. From the following considerations, which most influenced your decision NOT 
to vaccinate your child/ren during the "Two drops" national campaign to vaccinate 
against polio? 
Mix 1-4 

1. Your weighted decision after checking out the subject 
2. Your disbelief and mistrust in the MOH 
3. Your attitude towards vaccinations in general 
9. Do not read: don't remember/ refuse to answer 

10. Do not read: other 
 
 
9. In the end, did you vaccinate your child against polio? 

1. Yes 

2. No→go to question 22 
 

 
9a. Did you vaccinate: 

1. Before the beginning of the school year 
2. After  the beginning of the school year 

 
 

How true is it that you vaccinated your child against 
polio because: 

Not 
at all 
true 

Not 
really 
true 

Quite 
true 

Very 
true 

Do 
not 
read: 
don't 
know 

10. You were concerned about the health of the 
public 

1 2 3 4 5 

11. You trusted the MOH 1 2 3 4 5 

11. Your fear of polio 1 2 3 4 5 

12. To protect your child 1 2 3 4 5 

13. Vaccinated due to pressure from doctor and/or 
nurse 

1 2 3 4 5 

14. In order to protect your family 1 2 3 4 5 

15. Because an infant or elderly person reside in 
your house and you're concerned about their 
health 

1 2 3 4 5 

16. To protect other children at school 1 2 3 4 5 



 

17. Because there is no alternative, as we live in a 
country where there may be polio outbreaks  

1 2 3 4 5 

 
20. Did you vaccinate your child against polio for another reason? 

1. Yes, explain: 
2. No  

 
21. Which was the main reason that you vaccinated your child against polio? 
1. Your concern about the health of the public 
2. Your trust of the MOH 
3. Your fear of polio 
4. To protect your child 
5. Pressure from doctor and/or nurse 
6. To protect your family 
7. Because an infant or elderly person reside in your house and you're concerned about 
their health 
8. To protect other children at school 
9. Because there is no alternative, as we live in a country where there may be polio 
outbursts 
99. Do not read: don’t remember/ refuse  
 

How true is it that you did NOT vaccinate your child 
against polio because: 

Not 
at all 
true 

Not 
really 
true 

Quite 
true 

Very 
true 

Do 
not 
read: 
don't 
know 

22. You don’t believe in vaccinations 1 2 3 4 5 

23. You did not believe the MOH 1 2 3 4 5 

24. You didn't get around to it or weren't interested 1 2 3 4 5 

25. Your child has been vaccinated by inactivated 
vaccine and therefore is not at risk  

1 2 3 4 5 

26. There was no polio in the sewage in your area 1 2 3 4 5 

26a There were no cases of polio countrywide 1 2 3 4 5 

27. The vaccine is not completely safe and causes 
side effects 

1 2 3 4 5 

28. You're not prepared to vaccinate your child in 
order to protect others 

1 2 3 4 5 

29. Indecision 1 2 3 4 5 

30. Due to someone being ill in your household  1 2 3 4 5 

 
 
31. Did you NOT vaccinate your child against polio for another reason? 
1. Yes, explain: 
2. No  
 
32. Among the reasons stated, which was your main reason for NOT vaccinating 
your child? 

1. You don’t believe in vaccinations 
2. You did not believe the MOH 
3. You didn't get around to it or weren't interested 
4. Your child has been vaccinated by inactivated vaccine and therefore is not at risk  



 

5. There was no polio in the sewage in your area 
5a There were not cases of polio countrywide 
6. The vaccine is not completely safe and causes side effects 
7. You're not prepared to vaccinate your child in order to protect others 
8. Indecision 
9. Due to someone being ill in your household  
99. Do not read: don't remember/ refuse to answer 

 
 
For everyone 
33. Which of the following sentences best describes your family's decision 
whether to vaccinate your child/ren? 
1. Mainly your decision 
2. Mainly your partner's decision 
3. Joint decision, totally in agreement 
4. Joint decision, even though initially you were not in agreement 
9. Do not read: don't remember/ refuse 
 
 
 
34. To the best of your memory, what was your level of anxiety at the time of the 
discovery of the polio virus in the south: 
 

Very 
low 

level of 
anxiety 

         High 
anxiety 

0 1 2 3 4 5 6 7 8 9 10 

 
 
 

To what degree do you agree or disagree to the 
contentions below about the "Two drops" program 

Not 
at all 
true 

Not 
really 
true 

Quite 
true 

Very 
true 

Do 
not 
read: 
don't 
know 

35. There was no reason to vaccinate with OPV 
since children had already been vaccinated with 
the inactivated vaccine 

1 2 3 4 5 

36. Polio was found mainly in Bedouin villages in the 
south, so no need to be vaccinated 

1 2 3 4 5 

37. The live virus was meant to prevent  spread of 
disease and not to protect the vaccinated people. 

1 2 3 4 5 

38. In any case Israeli's are vaccinated with the live 
vaccine, due to high risk of polio in the Middle 
East. 

1 2 3 4 5 

 
 
 
39. MOH has a widespread campaign to convince the public to vaccinate children.  
Did you believe in the MOH campaign or not? 

1. Not at all 
2. Not so much 



 

3. Believed somewhat 
4. Believed fully 

 

To what extent does it anger you that… 
 

Not 
at all 
true 

Not 
really 
true 

Quite 
true 

Very 
true 

Do 
not 
read: 
don't 
know 

39. In a developed country like Israel there was a 
spread of polio in the sewage, and therefore you 
need to vaccinate your children 

1 2 3 4 5 

40. The country expects you to vaccinate your 
children so that people who you do not know will  
not get polio infection. 

1 2 3 4 5 

 
 
 
To what extent does the following sentence describe you? 
 

 Not  
so 

much 

Quite 
true 

True Very 
true 

41. You have a terrible fear of plagues and will do all 
that is requested of you 

1 2 3 4 

 
 
43. To what extent does getting infected with polio frighten you compared to 
whooping cough? 
1. Polio infection is far less frightening than whooping cough and measles 
2. Polio infection is less frightening than whooping cough and measles 
3. Polio infection is as frightening as whooping cough and measles 
4. Polio infection is more frightening than whooping cough and measles 
5. Polio infection is far more frightening than whooping cough and measles 
    
 
44. In general, how concerned are you on a daily basis that something bad will 
happen to a family member 
 
 

Not at all 
concerned 
on a daily 

level 

         Very concerned on a daily 
level 

0 1 2 3 4 5 6 7 8 9 10 

 
45. Did your child receive all the vaccinations recommended by the MOH in the first 
year of his life? 
1. Received all the necessary vaccinations 
2. Received some of the necessary vaccinations 
3. Did not receive the necessary vaccinations 
 
46. Did you vaccinate your children against flu last summer? 



 

1. Yes 
2. No 
In conclusion, a few personal details for our statistics 
 
47. At the time of the vaccination campaign, how many children under the age of 9 
did you have? 
 
48. At the time of the vaccination campaign, did you have an infant under the age 
of 1 year?  
1. Yes 
2. No  
 
49. Family status 

1. Live with partner 
2. Live without partner 
3. Do not read: refuses to answer 

 
 

50. In which country were you born? 
 
 
51. For those not born in Israel, year of immigration to Israel (4 digits)___________ 

  
52. Are you: 

1. Jewish 
2. Moslem 
3. Christian 
4. Druze 
5. Do not read: refuses to answer 

 
 
53. Jewish identity: 

1. Very religious, haredi 
2. Religious 
3. Traditional religious 
4. Traditional , not so religious 
5. Not religious, secular 
6. Not Jewish 
7. Do not read: don't know/ refuse to answer 

 
 
54. Arab identity: 

1. Very religious 
2. Religious 
3. Not so religious 
4. Not religious 
5. Do not read: don't know/ refuse to answer 

 
55. Today the average income in Israeli households is 14,000 shekels net. 
Is your total income (both partners together) : 

1. Much below the average 



 

2. A little below the average 
3. Average 
4. A bit above the average 
5. Much above the average 
6. Do not read: not relevant- kibbutz member 
7. Do not read: not relevant/ refuses to answer 

 
56. Where do you live? (name of city/settlement) 
 
 
Thank you for your cooperation 



Game theoretical model

Utility functions

We denoted the vaccine efficacy of the oral polio vaccine (OPV) by ε and the vaccination coverage by ν.
We assumed that each player plays a mixed strategy, where the player can either be an individualist (i.e.
comprehends the nature of the campaign and self-interested), prosocial (i.e. comprehends the nature of
the campaign and prosocial) or unaware (i.e. does not comprehend the nature of the campaign) (Figure
S1). The proportion of the population eligible for OPV vaccination is denoted by ω. The proportion of
the population that comprehends the prosocial nature of the campaign is denoted by α. We define an
individual who comprehends the prosocial nature of the campaign as aware, and those who do not are
termed unaware. The proportion of aware individuals who are prosocial is denoted by ρ. We denoted
the probability of vaccinating for a prosocial individual by qP , an individualist by qS, and an unaware
individual by qU . Thus, we expressed the vaccination coverage as:

ν = ω (αρqP + α(1− ρ)qS + (1− α)qU) . (S1)

A measure of the risk of infection for an individual is required to form a payoff function for vaccinating and
not vaccinating. However, individuals do not accurately evaluate their likelihood of becoming infected [2–4].
Thus,in our baseline analysis, we used the sigmoidal function

Π(ν, ε) =
R0(1− εν)1/γ

R0 + (1− εν)1/γ
(S2)

where γ > 0 is a constant that dictates the shape of the function (Figure S2) and represents the sensitivity
to infection. We also considered three alternative functions to describe an individual’s evaluation of
their likelihood of becoming infected. One approach to estimating a probability of infection is to use a
susceptible-infected-removed (SIR) epidemiological model:

dS

dt
= −βSI

dI

dt
= βSI − δI (S3)

dR

dt
= δI

where β is the transmission rate, and 1/δ is the average duration of the infectious period, where R0 = β/δ
is the basic reproductive number. We expressed the estimated probability of infection as

Π(ν, ε) = 1− S∞
1− εν

= 1− S∞
(1− ω − εν) + ω

, (S4)

where S∞
1−εν is the proportion of the susceptible population not infected during the outbreak (Figure S2).To

determine S∞, one must first solve dI
dS

with respect to S and the initial conditions, and then set I(∞) = 0.
Thus, S∞ satisfies

0 = −S∞ +
ln(S∞)

R0

+ (1− εν)− ln(1− εν)

R0

(S5)

and must be solved numerically [5]. The second alternative functional form is

Π(ν, ε) = Imax(ν, ε, R0(1 + γ)), (S6)

where γ > −1 is a parameter constant to adjust the probability of infection (Figure S2) and the maximum
prevalence of the SIR model is

Imax(ν, ε, R0) =
ln(1/R0)− 1 +R0(1− εν)− ln(1− εν)

R0

, (S7)
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which is an approximation derived from the SIR system of equations (S3) [6] The third functional form we
consider is a polynomial function

Π(ν, ε) = Imax(0, 0, R0) (1− εν)1/γ , (S8)

where γ is a parameter constant (Figure S2).

For the individualist, the payoff not to vaccinate is

− Π(ν, ε)rAI (S9)

which is just their perceived risk of becoming infected along with the risk of paralysis due to infection for
an aware individual (rAI ).

If an individualist decides to vaccinate,they incur risk of paralysis (rAV ) due to side effects from the OPV as
well as risk of infection if the vaccine is ineffective (

(
(1− ε)rAI Π(ν, ε)

)
). Therefore, the payoff to vaccinate

for an individualist is
− rAV − (1− ε)rAI Π(ν, ε), (S10)

and their expected payoff is

ES(qS, ν, ε) = qS
[
−rAV − (1− ε)rAI Π(ν, ε)

]
+ (1− qS)

[
−Π(ν, ε)rAI

]
= −qSrAV − Π(ν, ε)rAI (1− εqS). (S11)

We can factor out rAV such that

ES(qS, ν, ε) ≡ −qSrA − (1− qSε)Π(ν, ε), (S12)

where rA = rAV /r
A
I is the perceived relative risk of paralysis.

The payoff not to vaccinate for a prosocial is

− Π(ν, ε)
[
rAI + rI κ̄(1− εν)R0

]
(S13)

where rI is the perceived risk of paralysis due to infection for the population and κ̄ ≥ 0 denotes the relative
weight of the prosocial motive in the decision to vaccinate. For example, as κ̄ increases the decision to
vaccinate becomes more prosocial while reducing κ̄ the decision becomes more self-focused. In the event a
prosocial individual is infected, the individual would incur a personal cost of infection (rAI ), but also would
experience the burden of potentially infecting others in the population (rI κ̄(1− εν)R0). We captured this
burden by using the effective reproductive number ((1− εν)R0), making use of the fact that it can be used
as a proxy of the average number of secondary infections per infected individual within a population still
capable of transmitting polio. Because this component involves the health of others in the population and
infection of others, we valued it using the risk of paralysis due to infection among all individuals (rI) and
the parameter κ̄.

The payoff to vaccinate for a prosocial is

− rAV − rI κ̄
∂Π(ν, ε)

∂ν
(1− εν)− (1− ε)Π(ν, ε)rAI , (S14)

where ∂Π(ν,ε)
∂ν

is the marginal benefit of vaccination. The individual incurs a given risk when vaccinating
due to vaccine related side effects, which is denoted −rAV . However, this risk can be offset by the effects of

herd immunity (rAV +rI κ̄
∂Π(ν,ε)
∂ν

(1−εν)), with the marginal benefit of vaccination approaching zero as more
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people vaccinate. We add the marginal benefit of vaccination to the perceived risk to decrease the risk
because ∂Π(ν,ε)

∂ν
≤ 0. Since the prosocial individual is concerned about averting transmission, we weighted

the marginal benefit by the fraction of the population still capable of transmitting polio (1− εν). Because
the marginal benefit of additional vaccination represents the change in the probability of infection with an
increase in vaccination coverage, we valued the benefit using the risk of paralysis associated with infection
among all individuals and the relative weight of prosocial motive (κ̄). The marginal benefit is not included
in equation (S13) because it is associated with a small increase in vaccination coverage and equation (S13)
represents the action of not vaccinating. In the event that the vaccine is ineffective, the individual ex-
periences only their own cost associated with infection and does not experience the burden of infecting
others as they took action to prevent transmission. Furthermore, the individual would be unaware if the
vaccine was effective or not. Therefore, we did not include the effective reproductive number in equation
(S14). The vaccine efficacy is not included in the product rI κ̄

∂Π(ν,ε)
∂ν

(1 − εν), (i.e. εrI κ̄
∂Π(ν,ε)
∂ν

(1 − εν))

because ∂Π(ν,ε)
∂ν

represents the marginal benefit of an additional vaccine, whether the vaccine is effective

or not. Analytically, ∂Π(ν,ε)
∂ν

= ε∂Π(ν,ε)
∂φ

, where φ = εν denotes the population level of protection. Thus,
including the vaccine efficacy in the product for the marginal benefit would result in accounting for the
vaccine efficacy twice.

Therefore, a prosocial’s expected payoff is

EP (qP , ν, ε) = qP

[
−rAV − rI κ̄

∂Π(ν, ε)

∂ν
(1− εν)− (1− ε)Π(ν, ε)rAI

]
+ (1− qP )

[
−Π(ν, ε)

[
rAI + rI κ̄(1− εν)R0

]]
(S15)

Factoring out rAI

EP (qP , ν, ε) ≡ −qP rA − qPκ
∂Π(ν, ε)

∂ν
(1− εν)

− (1− qP ε)Π(ν, ε)− (1− qP )Π(ν, ε)κ(1− εν)R0, (S16)

where κ = κ̄(rI/r
A
I ) is the strength of prosocial behavior. We assumed that κ ∈ [0, 1], indicating that

individuals value their own health more than others [7]. Furthermore, when rI < rAI , it indicates that an
individual perceives that they are at a higher risk of paralysis than someone else in the community. Thus,
one would perceive the strength of prosocial behavior to be lower because the individual is potentially at
greater risk of experiencing paralysis from infection.

We denoted the risk of paralysis due to infection for an unaware individual by rUI and the risk of paralysis
due to side effects from the vaccine by rUV . The steps for determining the payoffs for an unaware individual
is similar to that of the individualist. Therefore, the expected payoff function for an unaware individual is

EU(qU , ν, ε) ≡ −qUrU − (1− εqU)Π(ν, ε), (S17)

where qU is the probability to vaccinate with OPV for an unaware individual and rU = rUV /r
U
I is the

perceived relative risk of paralysis for an unaware individual.

Risk and perceived risk

Previous studies in Pakistan, and Nigeria found that most parents perceived paralysis as the main con-
sequence of polio [8, 9]. Thus, we only considered paralysis for the risks associated with vaccination and
infection. To estimate the risk associated with paralysis, we used disability weights and the probabilities
that paralysis occurs. Specifically, the risk of paralysis is the product of the disability weight and the
probability of paralysis.
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Disability weights are a measure of the severity of a disease on a scale from zero to one, where zero
is perfect health and one is death. We estimated the value of perceived severity using disability weights
for VAPP and polio paralysis. We assumed the disability weight of VAPP is comparable to severe motor
impairment because there is no disability weight for VAPP. The average disability weight for severe motor
impairment is 0.402 (95% CI 0.268–0.545) [10], while the disability weight for polio paralysis is 0.369 [11].
We assumed that the disability weight for VAPP is greater than or equal to the disability weight for polio
paralysis when sampling the disability weight for VAPP because of omission bias—adverse outcomes are
perceived to be more extreme when action is taken compared to when nothing was done [12–14]. Thus,
we assumed that the disability weight for VAPP comes from a truncated Beta distribution.

For the distribution of the relative risk, we relied on the distribution of the disability weight for severe
paralysis, which had a mean of 0.402 (95% CI 0.268—0.545). We assumed the disability weight follows a
beta distribution (B(a, b))

f(x|a, b) =
1

B(a, b)
xa−1(1− x)b−1 (S18)

because the disability weight needs to be between zero and one. We estimated the parameters for the
beta distribution by fitting the lower and upper bounds of the 95% confidence intervals. Therefore, our
estimated beta distribution is B(18.7916,27.8906). We truncated the distribution such that the sampled
values from the distribution were greater than the disability weight for VAPP, which is 0.369.

The probability of VAPP occurring has been estimated to occur as high as one case per 250,000 first
doses of OPV [15] and as low as approximately one case per three million first doses [16]. The probability
of paralysis due to polio infection is approximately one in 200 infections [17] and as low as one in a thou-
sand infections [18]. We did not consider the reduction of the frequency of VAPP or paralysis as a result
of IPV, as we assumed that vaccination with the IPV reduces the frequency of paralysis equally in these
two cases of paralysis.

Using the survey data, we estimated that the perceived relative risk for an unaware individual is rU =
εΠ(ε, ν), where ν is the vaccination coverage, ε is the vaccine efficacy. We estimated rU using εΠ(ε, ν)
because the system is at NE. The results of the survey show that aware non-vaccinators were more likely
to perceive OPV as unsafe compared to an unaware non-vaccinator. In addition, the survey indicates that
unaware parents were more likely to vaccinate to protect their child compared to aware parents. Also, un-
aware vaccinators were more likely to base their decision on protecting their child than aware vaccinators.
To reflect this, we assumed that rA > rU for our analysis,implying individualist are less willing to vaccinate
than unaware individuals because of the increased relative risk. If rA ≤ rU then the vaccination coverage
among the aware would be greater than the vaccination coverage among the unaware. To estimate the
perceived relative severity of paralysis, we maximized (rA − rU)f(rA)f(rU), where f(r) is the probability
density function for the perceived relative risk of paralysis. We included the distance between rA and rU
to prevent rA = rU . To construct f(r), we randomly sampled the probability of VAPP occurring from
its uniform distribution, the probability of paralysis due to polio from its uniform distribution, and the
disability weight of VAPP from its Beta distribution to obtain the relative risk rV /rI , where rj = djpj,
dj is the disability weight, and pj is the probability of the event occurring. We independently sampled
from these distributions 1,000,000 times to construct a histogram for the relative risk of paralysis and then
normalized this histogram to obtain our probability density function f(r).

Distribution for R0

A previous mathematical model estimated that the average basic reproductive number for the polio out-
break in Israel is 1.77 (95% CI 1.46—2.30) [19]. We assumed that the basic reproductive number is gamma
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distributed
R0 − 1 ∼ Γ(11.923, 0.0646), (S19)

where the probability density function for the gamma distribution (Γ(a, b)) is

f(x|a, b) =
1

bAΓ(a)
xa−1 exp

{x
b

}
(S20)

We estimated the parameters a and b for the gamma distribution by fitting the distribution to the average
(0.77) as well as lower and upper bound of the 95% confidence interval[0.46,1.3]. We sampled from this
distribution and added one to obtain the basic reproductive number for a simulation.

Quantifying the strength of prosocial behavior

We estimated a lower bound for the strength of prosocial behavior (κ) by assuming that the system is in
Nash equilibrium (NE). A prosocial’s difference in payoffs is[

−rA − κ
∂Π(ν, ε)

∂ν
(1− εν)− (1− ε)Π(ν, ε)

]
− [−Π(ν, ε) (1 + κ(1− εν)R0)] .

A negative difference makes non-vaccination more appealing and we know that a prosocial prefers a higher
vaccination coverage, implying this difference should be greater than or equal to zero. Thus, we estimate
the minimum value for κ by setting this difference between payoffs to be zero and solving for κ. Therefore,
the minimum strength of prosocial behavior is given by

κ =
rA − εΠ(ν, ε)

(1− εν)
[
−∂Π(ν,ε)

∂ν
+R0Π(ν, ε)

] , (S21)

where ν is the observed vaccination coverage. The minimum strength of prosocial behavior will always be
positive since rA > rU = εΠ(ν, ε) ≥ εΠ(ν, ε) for ν ≥ ν. From our analysis of the OPV campaign survey
data, our model suggests that prosocial individuals always vaccinated, individualist never vaccinated, and
unaware individuals vaccinated with probability qU such that rU = εΠ(ν, ε). Given a prosocial always
vaccinated, they are willing to still vaccinate for a vaccination coverage ν. Given we know the prosocial
equilibrium, we can substitute it into equation S21 to obtain an estimate for the strength of prosocial be-
havior. However, to estimate the strength of prosocial behavior without knowing the prosocial equilibrium,
we defined the strength of prosocial behavior as the ratio of the benefit of vaccination to the vulnerable
population to the benefit to the prosocial individual

κ =
−∂Π(ν,ε)

∂ν
(1− ω)

EP (qP , ε, ν)
, (S22)

where qP is the NE solution for a prosocial individual and ν is the vaccination coverage at the NE solution,
where individualist and unaware individuals are in the population. In the case the prosocial individual
always vaccinates (qP = 1), the equation simplifies to

κ =
−∂Π(ν,ε)

∂ν
(1− ω)

−rA − κ∂Π(ν,ε)
∂ν

(1− εν)− (1− ε)Π(ν, ε)
. (S23)

Solving for κ, the estimated strength of prosocial behavior is

κ =
[rA + (1− ε)Π(ν, ε)] +

√
[rA + (1− ε)Π(ν, ε)]2 + 4

[
∂Π(ν,ε)
∂ν

]2

(1− εν)(1− ω)

−2∂Π(ν,ε)
∂ν

(1− εν)
(S24)
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Solving Nash equilibrium

To solve the Nash equilibrium (NE) for the game, we used the following algorithm.

1. For each type of individual, calculate the vaccination coverage required such that the payoff to
vaccinate equals the payoff not to vaccinate. We refer to these vaccination coverages as the group
equilibrium, that is individualist equilibrium, prosocial equilibrium, and unaware equilibrium

2. Sort the group equilibriums from greatest to least.

3. Pick the type of individual with the greatest group equilibrium.

4. Calculate the probability of vaccination for that type of individual (qi) that minimizes the distance
between the group equilibrium and the population vaccination coverage for groups included. For
example, if only prosocails have been selected then the population vaccination uptake is ωαρqP .

5. If the population coverage is greater than the next greatest group equilibrium then stop. Otherwise,
move to the next greatest group equilibrium and repeat steps 4 and 5.

If different types of individuals require the same vaccination coverage then there is potential for multiple
NE. Multiple NE can only occur when the group equilibrium can be obtained within the population and
the prosocial equilibrium is the same as the unaware equilibrium. If the group equilibrium cannot be
obtained then the NE is the pure strategy to vaccinate.

The algorithm implies that individuals wanting the lower vaccination coverage will free ride on others
who prefer higher vaccination coverage. This free riding occurs because once vaccination coverage sur-
passes the group equilibrium, vaccination is no longer appealing.

Proofs for existence and uniqueness for Nash equilibrium

Show that there is a unique vaccination coverage for individualists, prosocials, and unaware individuals.

Individualist and unaware

Let q denote the probability to vaccinate for an individualist
Let p denote the fraction of the population that consists of individualist
Let νC denote the current vaccination coverage
Therefore, the vaccination coverage is ν = νC + ωpq

Sigmoid function

For the case where Π(ν, ε) = R0(1−εν)1/γ

[R0+(1−εν)1/γ]
.

Let f(q, p, ε, ν) = −rA + ε R0(1−εν)1/γ

[R0+(1−εν)1/γ]

⇒ ∂f

∂q
= −ε∂ν

∂q

[
ε(

1

γ
)
R2

0(1− εν)1/γ−1

(R0 + (1− εν)1/γ)2

]
We have that ∂ν/∂q ≥ 0 and

[
ε( 1

γ
)
R2

0(1−εν)1/γ−1

(R0+(1−εν)1/γ)2

]
> 0. Therefore, ∂f

∂q
≤ 0 for q ∈ [0, 1]⇒ f(q, p, ε, ν) is a

decreasing function for q ∈ [0, 1].
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Maximum prevalence

For the case where Π(ν, ε) =
ln( 1

R0(1+γ)
)−1+R0(1+γ)(1−εν)−ln(1−εν)

R0(1+γ)
.

Let f(q, p, ε, ν) = −rA + ε
ln( 1

R0(1+γ)
)−1+R0(1+γ)(1−εν)−ln(1−εν)

R0(1+γ)

⇒ ∂f

∂q
= −ε2∂ν

∂q

[
−1 +

1

R0(1 + γ)(1− εν)

]
for νε ≤ 1− 1

R0(1 + γ)
and

∂f

∂q
= 0for νε > 1− 1

R0(1 + γ)

since Imax = 0 for νε > 1 − 1
R0(1+γ)

. We have that ∂ν/∂q ≥ 0 and
[
−1 + 1

R0(1+γ)(1−εν)

]
< 0 for νε ≤

1− 1
R0(1+γ)

. Therefore, ∂f
∂q
≤ 0 for q ∈ [0, 1]⇒ f(q, p, ε, ν) is a decreasing function for q ∈ [0, 1].

Polynomial

For the case where Π(ν, ε) = Imax(0, 0, R0) (1− εν)1/γ.

Let f(q, p, ε, ν) = −rA + ε
[
Imax(0, 0, R0) (1− εν)1/γ

]
⇒ ∂f

∂q
= −ε2R0γ

∂ν

∂q

(
[Imax(0, 0, R0)/γ] (1− εν)1/γ−1

)
We have that ∂ν/∂q ≥ 0 and [Imax(0, 0, R0)/γ] (1− εν)1/γ−1 > 0. Therefore, ∂f

∂q
≤ 0 for q ∈ [0, 1] ⇒

f(q, p, ε, ν) is a decreasing function for q ∈ [0, 1].

Estimated probability of infection

For the case where Π(ν, ε) = 1− S∞
1−εν , where S∞ satisfies

0 = S∞ +
ln(S∞)

R0

+ (1− εν)− ln(1− εν)

R0

. This equation is formulated from the susceptible-infected-removed (SIR) epidemiological model

dS

dt
= −βSI

dI

dt
= βSI − δI (S25)

dR

dt
= δI

where β is the transmission rate, 1/δ is the average duration of the infectious period, where R0 = β/δ is
the basic reproductive number where S + I +R = 1. The partial derivative of S∞ with respect to ν is

0 = −∂S∞
∂ν

+
∂S∞
∂ν

1

R0S∞
− ε+ ε

1

R0(1− εν)

⇒ ∂S∞
∂ν

[
−1 +

1

R0S∞

]
= ε

[
1− 1

R0(1− εν)

]
⇒ ∂S∞

∂ν

[1−R0S∞]

R0S∞
= ε

R0(1− εν)− 1

R0(1− εν)
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⇒ ∂S∞
∂ν

= ε
R0S∞

[1−R0S∞]

R0(1− εν)− 1

R0(1− εν)

⇒ ∂S∞
∂ν

= −εR0(1− εν)− 1

R0S∞ − 1

S∞
(1− εν)

.

We have that R0S∞− 1 < 0, otherwise dI
dt

= δI(R0S∞− 1) > 0 which implies the outbreak is still growing.
Thus, ∂S∞

∂ν
> 0 for εν ≤ 1− 1/R0, otherwise ∂S∞

∂ν
= 0. Let f(q, p, ε, ν) = −rA + ε

[
1− S∞

1−εν

]
⇒ ∂f

∂q
= −ε∂ν

∂q

[
∂S∞
∂ν

1

1− εν
+

S∞
(1− εν)2

]
We have that ∂ν/∂q ≥ 0 and ∂S∞

∂ν
1

1−εν + S∞
(1−εν)2

> 0. Therefore, ∂f
∂q
≤ 0 for q ∈ [0, 1] ⇒ f(q, p, ε, ν) is a

decreasing function for q ∈ [0, 1].

Case: 1

If f(0, p, ε, νC) ≤ 0⇒ f(q, p, ε, νC) ≤ 0 for q ∈ [0, 1] since f(q, p, ε, νC) is a decreasing function for q ∈ [0, 1].
Therefore, the optimal strategy is not to vaccinate since the payoff not to vaccinate is always greater than
the payoff to vaccinate.

Case: 2

If f(0, p, ε, νC) > 0 and f(1, p, ε, νC) ≥ 0 then since f(q, p, ε, νC) is a decreasing function for q ∈ [0, 1], we
know @q∗ ∈ [0, 1] such that f(q∗, p, ε, νC) = 0. Therefore, the optimal strategy is to vaccinate since the
payoff to vaccinate is always greater than the payoff not to vaccinate.

Case: 3

If f(0, p, ε, νC) > 0 and f(1, p, ε, νC) < 0 then by the intermediate value theorem ∃q∗ ∈ (0, 1) such that
f(q∗, p, ε, νC) = 0. Since f(q, p, ε, νC) is a decreasing function for q ∈ [0, 1], this q∗ ∈ (0, 1) is unique.

Assume a fraction h ∈ [0, 1) of the subpopulation is playing strategy q∗, while the remaining part
of the population plays the alternative strategy q 6= q∗. The payoff gain for individuals playing q∗

is f(hq∗ + (1 − h)q, p, ε, νC)(q∗ − q), where hq∗ + (1 − h)q is the average strategy. This payoff gain
is a measure for individuals to deviate from strategy q to q∗. If q < q∗ then the average strategy
q = hq∗ + (1 − h)q < q∗ ⇒ f(q, p, ε, νC) > 0 ⇒ f(hq∗ + (1 − h)q, p, ε, νC)(q∗ − q) > 0. If q > q∗ then the
average strategy q = hq∗ + (1 − h)q > q∗ ⇒ f(q, p, ε, νC) < 0 ⇒ f(hq∗ + (1 − h)q, p, ε, νC)(q∗ − q) > 0.
Thus, q∗ is a unique NE.
The proof for the unaware population is similar to that of the individualists.

Prosocial

Let q denote the probability to vaccinate for a prosocial
Let p denote the fraction of the population that consists of prosocial
Let νC denote the current vaccination coverage
Therefore, the vaccination coverage is ν = νC + ωpq

Sigmoid function

For the case where Π(ν, ε) = R0(1−εν)1/γ

[R0+(1−εν)1/γ]
.

Let

f(q, p, ε, νC) ≡ −rA +
εκ(1/γ)R2

0(1− εν)1/γ

(R0 + (1− εν)1/γ)
2 +

R0(1− εν)1/γ

[R0 + (1− εν)1/γ]
(ε+ κ(1− εν)R0)

24



Then,

∂f

∂q
= −∂ν

∂q
ε2κ(R0/γ)2 R0 − (1− εν)1/γ

[R0 + (1− εν)1/γ]
3

− ∂ν

∂q
[ε+ κ(1− εν)R0]

[
εκ(1/γ)R2

0(1− εν)1/γ−1

(R0 + (1− εν)1/γ)
2

]

− ∂ν

∂q
κεR0

[
R0(1− εν)1/γ

[R0 + (1− εν)1/γ]

]
.

We have that ∂ν
∂q
≥ 0, R0 > 1 ⇒ R0 − (1 − εν)1/γ > 0 and

εκ(1/γ)R2
0(1−εν)1/γ−1

(R0+(1−εν)1γ)2
> 0. Therefore, ∂f

∂q
≤ 0 for

q ∈ [0, 1], which implies that f(q, p, ε, νC) is a decreasing function for q ∈ [0, 1].

Maximum prevalence

For the case where Π(ν, ε) =
ln( 1

R0(1+γ)
)−1+R0(1+γ)(1−εν)−ln(1−εν)

R0(1+γ)
.

Let

f(q, p, ε, νC) ≡ −rA + κε

[
(1− εν)− 1

R0(1 + γ)

]
+

ln( 1
R0(1+γ)

)− 1 +R0(1 + γ)(1− εν)− ln(1− εν)

R0(1 + γ)
[ε+ κ(1− εν)R0]

Then,

∂f

∂q
= −∂ν

∂q
ε2κ

− ∂ν

∂q
ε2R0(1 + γ)(1− εν)− 1

R0(1 + γ)(1− εν)

− ∂ν

∂q
ε2κ

ln( 1
R0(1+γ)

)− 1 +R0(1 + γ)(1− εν)− ln(1− εν)

R0(1 + γ)

We have ∂ν
∂q

> 0. For for εν > 1 − 1/(R0(1 + γ)): we have Π(ν, ε) = 0 ⇒ ∂Π(ν, ε)/∂ν = 0. For

εν ≤ 1 − 1/(R0(1 + γ)) ⇒ (1 − εν)R0(1 + γ) then ∂f
∂q
≤ 0 for q ∈ [0, 1] ⇒ f(q, p, ε, νC) is a decreasing

function for q ∈ [0, 1].

Polynomial

For the case where Π(ν, ε) = Imax(0, 0, R0) (1− εν)1/γ.
Let

f(q, p, ε, ν) = −rA + κε
Imax(0, 0, R0)

γ
(1− εν)1/γ−1 (1− εν)

+
[
Imax(0, 0, R0) (1− εν)1/γ

]
[ε+ κR0(1− εν)]

Then,

∂f

∂q
= −∂ν

∂q
ε2κ

Imax(0, 0, R0)

γ2
(1− εν)1/γ−1

− ∂ν

∂q
ε
Imax(0, 0, R0)

γ
(1− εν)1/γ−1 [ε+ κR0(1− εν)]

− ∂ν

∂q
R0κε

[
Imax(0, 0, R0) (1− εν)1/γ

]
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Since (1− εν)1/γ−1 ≥ 0, (1− εν)1/γ ≥ 0, and ∂ν
∂q
≥ 0 then we have that ∂f

∂q
≤ 0. Thus, since ∂ν

∂q
≥ 0 for

q ∈ [0, 1]⇒ f(q, p, ε, ν) is a decreasing function for q ∈ [0, 1].

True probability of infection

For the case where Π(ν, ε) = 1− S∞
1−εν . We have that

∂S∞
∂ν

= −ε S∞
(1− εν)

R0(1− εν)− 1

R0S∞ − 1
.

Thus,

∂2S∞
∂ν2

= −ε∂S∞
∂ν

1

1− εν)

R0(1− εν)− 1

R0S∞ − 1

− ε2 S∞
(1− εν)2

R0(1− εν)− 1

R0S∞ − 1

+ ε2 S∞
(1− εν)

R0

R0S∞ − 1

+
∂S∞
∂ν

ε
S∞

(1− εν)

R2
0(1− εν)− 1

(R0S∞ − 1)2

⇒ ∂2S∞
∂ν2

=

(
∂S∞
∂ν

)2
1

S∞
+

(
∂S∞
∂ν

)
ε

1− εν

−
(
∂S∞
∂ν

)
εR0

R0(1− εν)− 1
+

(
∂S∞
∂ν

)2
R0

R0S∞ − 1

⇒ ∂2S∞
∂ν2

=

(
∂S∞
∂ν

)2(
1

S∞
− R0

R0S∞ − 1

)
+ ε

(
∂S∞
∂ν

)(
1

1− εν
− R0

R0(1− εν)− 1

)
⇒ ∂2S∞

∂ν2
= −

(
∂S∞
∂ν

)2
1

S∞(R0S∞ − 1)
− ε

(
∂S∞
∂ν

)
1

(1− εν)(R0(1− εν)− 1)

⇒ ∂2S∞
∂ν2

=

(
∂S∞
∂ν

)(
ε((R0(1− εν)− 1))

(1− εν)(R0S∞ − 1)2
− ε

(1− εν)(R0(1− εν)− 1)

)
⇒ ∂2S∞

∂ν2
= ε

(
∂S∞
∂ν

)(
(R0(1− εν)− 1)2 − (R0S∞ − 1)2

(1− εν)(R0(1− εν)− 1)(R0S∞ − 1)2

)
We know that R0S∞−1 < 0 and R0(1−εν)−1 > 0. Assume that 1−R0S∞ > R0(1−εν)−1 ∀S∞ < (1−ϕ).
We have that S∞ satisfies

0 = −S∞ + ln(S∞)/R0 + (1− εν)− ln(1− εν)/R0

⇒ 0 = −R0S∞ + ln(S∞)− ln(1− εν) +R0(1− εν)

⇒ 0 = 1−R0S∞ + ln(S∞/(1− εν)) +R0(1− εν)− 1

Since we assumed that 1−R0S∞ > R0(1− εν)− 1 then

1−R0S∞ + ln(S∞/(1− εν)) +R0(1− εν)− 1 ≤ 2(1−R0S∞) + ln(S∞/(1− εν))∀S∞ < (1− ϕ)

We have that S∞ = (1 − εν) satisfies 0 = −R0S∞ + ln(S∞) − ln(1 − εν) + R0(1 − εν) and −R0S∞ +
ln(S∞)− ln(1− εν) +R0(1− εν) is an increasing function with respect to S∞. As S∞ → 0+ then R0 →∞
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which implies that −S∞R0 = C where C ∈ (−1, 0) since R0S∞− 1 < 0⇒ −1 < −R0S∞ < 0. In addition,
as S∞ → 0+ then ln(S∞/(1− εν))→ −∞. Thus,

2(1−R0S∞) + ln(S∞/(1− εν))→ −∞∀S∞ < (1− ϕ)

for S∞ → 0+ which contradicts 2(1−R0S∞) + ln(S∞/(1− εν))∀S∞ < (1−ϕ) ≥ 0 for S∞ < 1− εν. Thus,
0 < 1−R0S∞ < R0(1− εν)− 1 which implies that (1−R0S∞)2 < (R0(1− εν)− 1)2. Therefore, ∂2S∞

∂ν2
≥ 0.

Let

f(q, p, ε, ν) = −rA + κ

(
∂S∞
∂ν

+ ε
S∞

1− εν

)
+ [1− S∞/(1− εν)] [ε+ κ(1− εν)R0]

then

∂f

∂q
= (

∂ν

∂q
)κ

[
∂2S∞
∂ν2

+ ε
∂S∞
∂ν

/(1− εν) + ε2S∞/(1− εν)2

]
− (

∂ν

∂q
)

[
∂S∞
∂ν

/(1− εν) + εS∞/(1− εν)2

]
[ε+ κ(1− εν)R0]

− (
∂ν

∂q
)[1− S∞/(1− εν)]κεR0

= (
∂ν

∂q
)κ

[
∂2S∞
∂ν2

+
∂S∞
∂ν

/(1− εν) (ε− (1− εR0)) + εS∞/(1− εν)2 (ε− (1− εν)R0)

]
− ε(

∂ν

∂q
)

[
∂S∞
∂ν

/(1− εν) + εS∞/(1− εν)2

]
− (

∂ν

∂q
)[1− S∞/(1− εν)]κεR0

≤ (
∂ν

∂q
)κ

[
∂2S∞
∂ν2

+
∂S∞
∂ν

/(1− εν) (1− (1− εR0)) + εS∞/(1− εν)2 (1− (1− εν)R0)

]
− ε(

∂ν

∂q
)

[
∂S∞
∂ν

/(1− εν) + εS∞/(1− εν)2

]
− (

∂ν

∂q
)[1− S∞/(1− εν)]κεR0

= (
∂ν

∂q
)κ

[
∂2S∞
∂ν2

− ∂S∞
∂ν

/(1− εν) (R0(1− ε− 1))

]
− (

∂ν

∂q
)

[
ε

S∞
(1− εν)

(R0(1− εν)R− 1)

1−R0S∞

1−R0S∞
(1− εν)

]
− ε(

∂ν

∂q
)

[
∂S∞
∂ν

/(1− εν) + εS∞/(1− εν)2

]
− (

∂ν

∂q
)[1− S∞/(1− εν)]κεR0

= (
∂ν

∂q
)κ

[
∂2S∞
∂ν2

− ∂S∞
∂ν

/(1− εν) (R0(1− ε− 1))− ∂S∞
∂ν

1−R0S∞
(1− εν)

]
− ε(

∂ν

∂q
)

[
∂S∞
∂ν

/(1− εν) + εS∞/(1− εν)2

]
− (

∂ν

∂q
)[1− S∞/(1− εν)]κεR0
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Since we have that

∂2S∞
∂ν2

= ε

(
∂S∞
∂ν

)(
(R0(1− εν)− 1)2 − (R0S∞ − 1)2

(1− εν)(R0(1− εν)− 1)(R0S∞ − 1)2

)
≤

(
∂S∞
∂ν

)(
(R0(1− εν)− 1)2 − (R0S∞ − 1)2

(1− εν)(R0(1− εν)− 1)(R0S∞ − 1)2

)
then

∂f

∂q
≤ (

∂ν

∂q
)κ

[(
∂S∞
∂ν

)(
(R0(1− εν)− 1)2 − (R0S∞ − 1)2

(1− εν)(R0(1− εν)− 1)(R0S∞ − 1)2

)]
− (

∂ν

∂q
)κ

[
∂S∞
∂ν

/(1− εν) (R0(1− ε− 1)) +
∂S∞
∂ν

1−R0S∞
(1− εν)

]
− ε(

∂ν

∂q
)

[
∂S∞
∂ν

/(1− εν) + εS∞/(1− εν)2

]
− (

∂ν

∂q
)[1− S∞/(1− εν)]κεR0

= (
∂ν

∂q
)κ

[(
∂S∞
∂ν

)
{(R0(1− εν)− 1) + (1−R0S∞)} {(R0(1− εν)− 1)− (1−R0S∞)}

(1− εν)(R0(1− εν)− 1)(R0S∞ − 1)2

]
− (

∂ν

∂q
)κ

∂S∞
∂ν

(1− εν)
[(R0(1− εν)− 1)) + (1−R0S∞)]

− ε(
∂ν

∂q
)

[
∂S∞
∂ν

/(1− εν) + εS∞/(1− εν)2

]
− (

∂ν

∂q
)[1− S∞/(1− εν)]κεR0

= (
∂ν

∂q
)κ

[(
∂S∞
∂ν

)
{(R0(1− εν)− 1) + (1−R0S∞)} {(R0(1− εν)− 1)− (1−R0S∞)}

(1− εν)(R0(1− εν)− 1)(R0S∞ − 1)2

]
− (

∂ν

∂q
)κ

∂S∞
∂ν

(1− εν)
[(R0(1− εν)− 1)) + (1−R0S∞)]

(R0(1− εν)− 1)(R0S∞ − 1)2

(R0(1− εν)− 1)(R0S∞ − 1)2

− ε(
∂ν

∂q
)

[
∂S∞
∂ν

/(1− εν) + εS∞/(1− εν)2

]
− (

∂ν

∂q
)[1− S∞/(1− εν)]κεR0

= (
∂ν

∂q
)
κ∂S∞

∂ν
[(R0(1− εν)− 1)) + (1−R0S∞)]

(1− εν)(R0(1− εν)− 1)(R0S∞ − 1)2

·
(
(R0(1− εν)− 1)− (1−R0S∞)− (R0(1− εν)− 1)(1−R0S∞)2

)
− ε(

∂ν

∂q
)

[
∂S∞
∂ν

/(1− εν) + εS∞/(1− εν)2

]
− (

∂ν

∂q
)[1− S∞/(1− εν)]κεR0

= (
∂ν

∂q
)
κ∂S∞

∂ν
[(R0(1− εν)− 1)) + (1−R0S∞)]

(1− εν)(R0(1− εν)− 1)(R0S∞ − 1)2

(
(R0(1− εν)− 1)(1− (1−R0S∞)2)− (1−R0S∞)

)
− ε(

∂ν

∂q
)

[
∂S∞
∂ν

/(1− εν) + εS∞/(1− εν)2

]
− (

∂ν

∂q
)[1− S∞/(1− εν)]κεR0
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Show that (R0(1− εν)− 1)(1− (1−R0S∞)2)− (1−R0S∞) ≤ 0 for R0(1− εν) ≥ 1. If 0 < R0(1− εν) < 1
then ∂S∞

∂ν
= ∂2S∞

∂ν2
= 0, which implies that ∂f/∂q ≤ 0.

Let g(S∞) = (R0(1− εν)− 1)(1− (1−R0S∞)2)− (1−R0S∞) then

∂g

∂S∞
= (R0(1− εν)− 1)(2R0(1−R0S∞)) +R0 ≥ 0

Thus, g(S∞) is an increasing function with respect to S∞. We know that S∞ ∈ (0, 1− εν]. Thus,

g(0) = (R0(1− εν)− 1)(1− (1)2)− 1 = −1

For S∞ = 1 − εν the R0(1 − εν) = 1 since R0(1 − εν) ≥ 1 and if R0(1 − εν) > 1 then infection would
expand (dI/dt > 0) in the population and S∞ < 1− εν. Thus,

g(1− εν) = (R0(1− εν)− 1)(1− (1−R0(1− εν))2)− (1−R0(1− εν)) = 0.

Therefore, (R0(1 − εν) − 1)(1 − (1 − R0S∞)2) − (1 − R0S∞) ≤ 0 for R0(1 − εν) ≥ 1. Thus, ∂f
∂q
≤ 0 for

q ∈ [0, 1] which implies that f(q, ε, ν) is a decreasing function for q ∈ [0, 1].

The three cases for the prosocial individual is similar to the three cases proved for the individualist and
unaware individual.

Proof aware prosocial individual more likely to vaccinate than aware self-
interested individual

We use proof by contradiction to show that qP ≥ qS. Assume that the prosocial equilibrium (i.e. payoff
not to vaccinate equals the payoff to vaccinate) is less than or equal to the individualist equilibrium, i.e.

νP < νS. This assumption implies that εωqP < εωqS ⇒ qP < qS Let f(q) = −rA − κ∂Π(ε,ν)
∂ν

(1 − εν) +
Π(ε, ν) [ε+ κ(1− εν)R0] for the difference in payoff for a prosocial and g(q) = −rA + εΠ(ε, ν) be the
difference in payoff for an individualist. We have that f(qP ) = 0 and that g(qS) = 0. We have shown
previously in the NE section that both f and g are decreasing functions. Since qP < qS then f(qP ) >

f(qS)⇒ 0 > f(qS). Because rA = εΠ(ε, ν) for q = qS then f(qS) = −κ∂Π(ε,ν)
∂ν

(1− εν) + Π(ε, ν)κ(1− εν)R0.

Since ∂Π(ε,ν)
∂ν

≤ 0 and Π(ε, ν) ≥ 0 then f(qS) ≥ 0, which is a contradiction. Therefore, an aware prosocial
individual is more likely to vaccinate than an individualist, i.e., qP ≥ qS.

Likelihood calculation

To estimate the likelihood of the vaccination coverage being 72%, we sampled 2,500 basic reproductive
numbers and 2,500 disability weights and determined the vaccination coverage from the 2,500 samples. We
then binned each vaccination coverage into 1% intervals from 0% to 100% using MATLAB’s hist function
and normalized the output. We then determined the likelihood that the vaccination coverage was 72%.

Validation

For validation of our model, we estimated the degree of prosociality and the sensitivity to infection for
five sociocultural groups in Israel. We estimated the fraction of the population that consisted of prosocial
individuals among the five different sociocultural groups (Table 1, Table S9-S11). To determine the density
of prosocials among the aware population (ρ), we assumed that an unaware individual is 1.224 times more
likely to vaccinate compared to aware individuals, consistent with our baseline model calibration for Israel.
Without this assumption and not using the vaccination coverage among the aware/unaware (as we are
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validating the findings regarding behavior), one could obtain a large range of estimates for the density of
prosocials among the aware population (ρ). We based these assumptions on findings from the survey study
that indicated that people who agreed with the statement that the vaccine was given to stop transmission
and not necessarily to protect the individual (i.e. comprehended the prosocial nature of the campaign)
were 1.224 times more likely to vaccinate than those who disagreed. The vaccination coverage is expressed
as ν = ω(αρqP + α(1 − ρ)qS + (1 − α)qU) = (ανA + (1 − α)νU), where νA = ω(αρqP + α(1 − ρ)qS) is the
vaccination coverage among the aware and νU = ωqU is the vaccination coverage among the unaware. We
found that for the OPV campaign in Israel for the baseline parameters that individualist never vaccinated
(qS = 0) and prosocials always vaccinated (qP = 1). Thus, the vaccination coverage for the aware is
νA = ωρ. Since we assumed that νU = 1.224νA then νU = 1.224ωρ. Thus, the vaccination coverage is
approximated by ν = ωρα+1.224ωρ(1−α) = ωρ(α+1.224(1−α)) = ωρ(1.224−0.224α)). Given the overall
vaccination coverage, the proportion of the population that comprehended the nature of the campaign (α),
and the proportion eligible for vaccination (ω), the approximated prosocial density of prosocials is

ρ =
ν

ω (1.224− 0.224α)
.

Alternatively, given the vaccination coverage among the aware (νA) is known then the estimate for the
proportion of aware people that are prosocial is ρ = νA

ω
.Our approximation of the degree of prosociality

produced results consistent with estimates from a previous survey study among the five socio-cultural
groups (Table S12).

Sensitivity analysis

We conducted sensitivity analysis on the perceived basic reproductive number (R0), the perceived efficacy
of the OPV (ε), the fraction of the population eligible for vaccination (ω), the relative magnitude of
risk between aware and unaware individuals (rA vs rU). We randomly and independently sampled each
parameter from their specified distribution to obtain 5,000 parameter sets. For each parameter set, we
estimated the sensitivity to infection, the degree of prosociality, and the strength of prosociality. We then
fixed a parameter (e.g. R0) to its baseline value and re-ran the model with the 5,000 other parameter
combinations to determine the influence on the distribution of the estimated outcomes. To examine the
changes in the distribution for a given fixed parameter, we examined the changes not only in the mean and
standard deviation but estimated the difference in the overall distribution by calculating the area between
the curves where the baseline distribution is greater than the fixed parameter distribution:

∆ =

∞∫
−∞

(g(x)− f(x))H(g(x)− f(x))dx, (S26)

where g(x) is the baseline probability density function for the estimate, f(x) is the fixed parameter prob-
ability density function for the estimate, and

H(x) =

{
1 x > 0
0 x ≤ 0

. (S27)

The area between the curves, ∆ ≈ 0 indicates that fixing that parameter has little impact on the outcome,
whereas greater values of ∆ indicate that more information pertaining to that parameter could provide
a more accurate estimate of the outcome. For example, knowing the difference between the relative risk
of the aware and unaware will provide a more accurate estimate of the strength of prosocial behavior for
the sigmodial function (Figure S6-S9). We found that the estimate of the proportion of prosocial behavior
among aware individuals was most impacted by the level of comprehension in the population and the
proportion of the individuals eligible to receive the OPV. These parameters directly influence the overall
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level of prosociality within the population, as a lower level of comprehension or fewer people eligible would
require a higher proportion of aware individuals to behave prosocially. The strength of prosocial behavior
was influenced by the difference between the relative risk of the aware and unaware for the sigmoidal
function and maximum prevalence. We see a similar effect among the three probabilities of infection on
the minimum estimate of the strength of prosocial behavior. Assuming greater risk among the aware
individuals requires a greater strength of prosocial behavior to offset this high-risk.

Code availability

The computational code used to produce these results can be found at
https://github.com/WellsRC/Israel OPV 2013.
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Table S8: Baseline parameters used in the model simulations.

Parameter Description Value (Range) Reference
R0 Basic reproductive number 1.77 (1.40–2.26) [19]a

RP
0 Perceived basic reproductive number 2.24 Assumed b

ε Vaccine efficacy of a single dose of OPV 0.63 (0.57–1)c [19, 20]
rU Relative risk of paralysis for unaware 2.14× 10−4 Estimated d

rA Relative risk of paralysis for aware 1× 10−3 Estimated d

ω The proportion of the population vaccinated
with IPV

0.94 (0.90–0.98) [21]e

α The proportion of the population that com-
prehended campaign had pure prosocial mo-
tive

0.548

ρ The proportion of the aware population that
is prosocial

0.697 Estimated f

a The range is based on the 95% confidence interval of a gamma distribution fit to the 95% confidence interval (1.46–2.30)
and mean (1.77) of the basic reproductive number from [19]

b The perceived basic reproductive number was based on the estimate of the perceived basic reproductive number from the
Arab population using the estimated probability of infection

c Lower bound is based on average estimate from [20]

d The relative risk of paralysis was assumed to be the value that maximized the distance between rA and rU as well as
maximize the likelihood

e The IPV coverage is based on the 2012 coverage, as the outbreak occurred in 2013

f The percentage of the aware population that is prosocial was estimated such that the fraction of eligible prosocial individuals
eligible for vaccination was 65.5% (ρω = 0.655).

Figure S1: Schematic of the model population stratification with the corresponding expected payoff func-
tions. The population includes the prosocial (prosocial and aware (top left)), the individualist (self-
interested and aware (top right)), and the unaware (prosocial/self-interested and unaware (bottom)).
Prosocials vaccinate with probability qP , individualist with probability qS, and unaware with probabil-
ity qU .
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Table S12: The degree of prosociality during the 2013 OPV campaign as estimated from the survey data
and our approximation from the game theory model.a

Prosocial
in population

Approximation
(αρω)

Prosocial
among aware

Approximation
(ρω)

National 35.9% 35.88% 65.47% 65.47%
Orthodox 37.5% 33.88% 77.42% 70.01%
Religious 33.1% 32.55% 58.82% 57.92%
Traditional 43.0% 42.52% 67.53% 66.85%
Secular 38.8% 39.61% 58.14 % 59.29%
Arab 21.7% 19.23% 85.11% 75.41%

a We assumed 94% of the population was eligible for vaccination, i.e. ω = 0.94. The approximation is based on the
assumption that unaware individuals were approximately 1.22 times more likely to vaccinate than an aware individual
(SI).

Figure S2: The four perceived probability of infections. The probability of infection using A) the sigmoidal

function ( R0(1−εν)1/γ

R0+(1−εν)1/γ
), B) the polynomial function (Imax(R0, 0)(1 − εν)1/γ), C) the maximum prevalence

function (Imax(R0(1 + γ), εν) for various sensitivities to infection (γ) and D) the estimated probability
of infection (1 − S∞/(1 − εν)) for various basic reproductive numbers (R0)). The figures are based on a
vaccination coverage of 72% (black), 88% (blue dashed), and 64% (green dashed) with a vaccine efficacy
of 63% and 0% vaccination coverage (red), with R0=1.77 in A)-C) .
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Figure S3: The vaccination coverage predicted by the Nash Equilibrium in an individualistic (red)
and prosocial model (blue) for various perceived likelihoods of infection. A) The sigmoidal function

( R0(1−εν)1/γ

R0+(1−εν)1/γ
), B) polynomial (Imax(R0, 0)(1− εν)1/γ), C) the maximum prevalence function (Imax(R0(1 +

γ), εν) for various sensitivities to infection (γ) and D) the estimated probability of infection (1−S∞/(1−εν))
for various values of the basic reproductive number (R0). A)-D) The results are based on 2,500 samples
perceived relative risk of paralysis, where R0 was sampled from its distribution for the sigmoidal function,
maximum prevalence, and polynomial functional forms of the perceived likelihoods of infection.
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Figure S4: The vaccination coverage predicted by the Nash Equilibrium across varying proportions of
aware (α) and prosocial (ρ) individuals in Israel, when unaware individuals update their perceived relative

risk. The 72% vaccination coverage is based on A) the sigmoidal function ( R0(1−εν)1/γ

R0+(1−εν)1/γ
), B) the polynomial

function (Imax(R0, 0)(1 − εν)1/γ), C) the maximum prevalence function (Imax(R0(1 + γ), εν) and D) the
estimated probability of infection (1−S∞/(1−εν)).The value of the perceived basic reproductive number,
the sensitivity to infection, and the strength of prosocial behavior are described in Table1 and Table S9-
S11 for each of the functional forms. The relative risk for the aware and unaware and the fraction of the
population eligible for vaccination are described in SI. The blue denotes a coverage greater than baseline,
red indicates a coverage lower than baseline, and white represents the baseline coverage of 72%
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Figure S5: The probability of vaccinating for an individualist, an unaware individual, an unaware prosocial
individual, and the vaccination coverage for various levels prosociality among the unaware in Israel when
unaware individuals do not update their perceived risk. The probability of vaccinating for A) an individ-
ualist, B) an unaware individualist, and C) an unaware prosocial individual. D) The vaccination coverage
among the entire population, assuming 94% of the population is eligible for vaccination These results are
based on the perceived parameters for Israel described in Table 1 and a 72% vaccination coverage and
the conservative assumption that 100% of the unaware population have been informed about the prosocial
campaign.
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Figure S6: The change in distribution of the estimated proportion of prosocial behavior for various pa-
rameters and probabilities of infection. We consider the impact of fixing (orange) the A)-C) the perceived
basic reproductive number, D)-G) the vaccine efficacy, H)-K) the proportion of the population eligible
for OPV, L)-0) the unaware relative risk, P)-S) difference in relative risk between aware and unaware,
and T)-W) the level of comprehension. We consider these effects for the (far left column) the sigmoidal
function, (middle left column) the polynomial, (middle right column) maximum prevalence and (far right
column) the estimated probability of infection. These results are based on 5,000 independent samples of
the parameters from their specified ranges described in Table S8 (black).
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Figure S7: The change in distribution of the estimated strength of prosocial behavior for various parameters
and probabilities of infection. We consider the impact of fixing (orange) the A)-C) the perceived basic
reproductive number, D)-G) the vaccine efficacy, H)-K) the proportion of the population eligible for OPV,
L)-0) the unaware relative risk, P)-S) difference in relative risk between aware and unaware, and T)-
W) the level of comprehension. We consider these effects for the (far left column) the sigmoidal function,
(middle left column)the polynomial, (middle right column) maximum prevalence and (far right column) the
estimated probability of infection. These results are based on 5,000 independent samples of the parameters
from their specified ranges described in Table S8 (black).
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Figure S8: The change in distribution of the minimum strength of prosocial behavior for various parameters
and probabilities of infection. We consider the impact of fixing (orange) the A)-C) the perceived basic
reproductive number, D)-G) the vaccine efficacy, H)-K) the proportion of the population eligible for OPV,
L)-0) the unaware relative risk, P)-S) difference in relative risk between aware and unaware, and T)-W)
the level of comprehension. We consider these effects for the We consider these effects for the (far left
column) the sigmoidal function, (middle left column) the polynomial, (middle right column) maximum
prevalence and (far right column) the estimated probability of infection. These results are based on 5,000
independent samples of the parameters from their specified ranges described in Table S8 (black).
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Figure S9: The change in distribution of the estimated sensitivity to infection for various parameters
and probabilities of infection. We consider the impact of fixing (orange) the A)-C) the perceived basic
reproductive number, D)-G) the vaccine efficacy, H)-K) the proportion of the population eligible for OPV,
L)-0) the unaware relative risk, P)-S) difference in relative risk between aware and unaware, and T)-
W) the level of comprehension. We consider these effects for the (far left column) the sigmoidal function,
(middle left column)the polynomial, (middle right column) maximum prevalence and (far right column) the
estimated probability of infection. These results are based on 5,000 independent samples of the parameters
from their specified ranges described in Table S8 (black).
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