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Table S1. Basis for figures concerning measles. 
A. Number of measles cases, 1959-1962 
 
Before licensure of the measles vaccine, there were an annual 400,000 reported cases of measles [1]. 
However, similar to varicella (Table S10), because almost everyone in the population contracted measles 
before adulthood, the number of measles cases was actually an average of one birth cohort size (4 million 
cases) [1]. Consequently, reported cases comprised only 10% of all cases, and the case fatality rate based 
on reported cases of measles (1 in 1,000) [2] is greater than the case fatality rate with respect to all measles 
cases. 
B. Estimated number of permanent disabilities from measles for 2014 in the absence of mass 
vaccination 
 
Measles encephalitis occurs half as often as measles-related death, and 25% of measles encephalitis cases 
result in residual neurologic damage [3]. Therefore, based on an estimated 402 measles deaths for 2014, 
we calculated 201 (= 50% of 402) cases of measles encephalitis and 50 (≈ 25% of 201) measles cases 
resulting in residual neurologic damage. In addition, there are an estimated 6 to 22 cases of subacute 
sclerosing panencephalitis per million measles cases [4]. We used the midpoint of this range, 14 cases per 
million measles cases, to estimate 56 (14×4) cases of subacute sclerosing panencephalitis in the absence of 
mass vaccination. 
C. Percentage of severe measles cases that have low levels of vitamin A 
 

Studies of vitamin A levels in measles patients show that the percentage of measles cases with low 
vitamin A increases with disease severity [5]. A study of measles cases in New York, 36% of which were 
hospitalizations and none of which were fatal, found that 22% to 48% of all measles cases were low in 
vitamin A [6]. A study of measles cases in Wisconsin, 80% of which were hospitalizations and 2% of 
which were fatal, found that 72% of all measles cases were low in vitamin A [7]. A study of measles cases 
in Cape Town, South Africa, 100% of which were hospitalizations and 6% of which were fatal, found that 
92% of all measles cases were low in vitamin A [5]. 
 
The 92% observed in the Cape Town study is consistent with the data collected in Wisconsin and New 
York. In the Wisconsin study, if 92% of the hospitalized cases were low in vitamin A, 73.6% (92% of 80%) 
of all measles cases would be expected to be low in vitamin A, similar to the actual 72% found in the 
study. In New York, if 92% of the hospitalized cases were low in vitamin A, 33% (92% of 36%) of all 
measles cases would be expected to be low in vitamin A, well within the range of 22% to 48% found in 
the study. Consequently, because we are considering the most severe cases of measles in this report, those 
resulting in permanent disability or death, we estimated that 92% of such cases have low levels of vitamin 
A. 
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Figure S1. Decline in measles mortality, 1900-1960 [8] 
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Table S2. Basis for figures concerning mumps 
A. Number of mumps cases, 1963-1966 
 
Before licensure of the mumps vaccine, there were an annual 200,000 reported cases of mumps [9]. 
However, similar to varicella (Table S10), because almost everyone in the population contracted mumps 
before adulthood [10,11], the number of mumps cases was actually an average of one birth cohort size (4 
million cases). Consequently, reported cases comprised only 5% of all cases, and the case fatality rate 
based on reported cases of mumps (1 in 5,000) [9] is greater than the case fatality rate with respect to all 
mumps cases. 
B. Estimated number of permanent disabilities from mumps for 2014 in the absence of mass 
vaccination 
 
Although mumps encephalitis can occur in as many as 1 in 300 reported cases, non-fatal permanent 
injury from mumps encephalitis is very rare [9]. Mumps infection can lead to permanent impaired 
hearing, and such cases occur one-fourth as often as mumps-related death [9]. Therefore, based on an 
estimated 43 mumps deaths for 2014, we calculated 11 (≈ 43/4) cases of mumps resulting in permanent 
impaired hearing. In addition, mumps can permanently impair fertility in post-puberty males. Mumps 
orchitis occurs in 20% of infected adult males [12] of which 13% suffer impaired fertility [12,13]—a total 
of 2.6% of mumps-infected adult males. Since impaired hearing occurs in 4.1% of mumps-infected adult 
males [9], impaired fertility occurs two-thirds (≈ 2.6%/4.1%) as often as impaired hearing in adult males. 
On this basis, we calculated 7 (≈ 11×[2/3]) cases of mumps resulting in permanent impaired fertility. 
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Table S3. Basis for figures concerning rubella 
A. Number of rubella cases, 1960-1968 
 
Although the CDC did not begin tracking rubella cases until 1966, state governments tracked rubella 
cases for the entire decade. From 1960 to 1968, there were 1,366,541 reported cases of rubella—152,000 
annual reported cases [14,15]. However, similar to varicella (Table S10), because almost everyone in the 
population contracted rubella before adulthood [14], the number of rubella cases was actually an average 
of one birth cohort size (4 million cases). Consequently, reported cases comprised only 4% of all cases. 
B. Estimated number of cases of CRS, 1960-1968 
 
Because the CDC did not track the number of CRS cases prior to licensure of the rubella vaccine, the 
number of CRS cases during 1960 to 1968 is unknown; however, it was estimated that there were 20,000 
cases of CRS in the 1964-1965 rubella epidemic [14]. In 1969, the CDC began officially tracking CRS cases 
[15]. Data recorded after vaccine licensure allow for an estimation of the rate of CRS as a function of the 
number of reported rubella cases; these data indicate that the estimate of 20,000 CRS cases was a 
significant overestimate [16]. To derive a more accurate estimate, we evaluated the data the CDC 
gathered in the first few years of CRS tracking. From 1969 to 1971, the CDC recorded 173 cases of CRS 
and 159,324 reported cases of rubella—1 case of CRS for every 921 reported cases of rubella [15]. From 
1960 to 1968, there were 1,366,541 reported cases of rubella (Table S3A). Therefore, during 1960 to 1968, 
there were an estimated total of 1,484 cases of CRS (= 1,366,541/921). 
 
Table S4. Basis for figures concerning tetanus 
A. Estimated incidence of tetanus, 1943-1945 
 
The federal government did not track the number of tetanus cases until 1947 [17]. Because of this, we 
estimated the number of cases during 1943 to 1945 using the federal health department’s tetanus-case 
statistics recorded between 1947 and 1949. During this period, there were 1,740 reported cases [Error! 
Bookmark not defined.] of which 1,415 died [18–20]—a case fatality rate of 81.3%. 
 
During 1943 to 1945, annually there were 626 tetanus deaths [21–23], mostly among the population <20 
years of age [24]. Based on an 81.3% case fatality rate, we calculated that there were 770 (= 626/81.3%) 
annual tetanus cases between 1943 and 1945. Since the average population was 138.3 million, there was 
one case of tetanus for every 180,000 people. 
 
B. Tetanus case fatality rate among unvaccinated individuals <80 years of age, 2000-2008 
 
From 2001 to 2008, more than 75% of the reported tetanus cases whose vaccination status was known 
were either unvaccinated or had antitoxin levels below the minimal protective level (i.e. had not received 
a dose of tetanus toxoid in the previous 10 years) [25,26]. In addition, an analysis of these cases showed 
that vaccination status did not significantly affect the case fatality rate when comparing subjects in the 
same age groups [25]. Therefore, these cases have the greatest bearing on calculating the tetanus case 
fatality rate for an unvaccinated population. From 2001 to 2008, there were 233 cases of tetanus resulting 
in 26 deaths [27]. Individuals <80 years of age accounted for half of those tetanus deaths (13) and 89% of 
the cases (207) for a case fatality rate of 6.3% (= 13/207) [27].  
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Figure S2. Decline in tetanus mortality, 1900-1945 [8] 
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Table S5. Basis for figures concerning diphtheria 
Estimated number of deaths from diphtheria for 2014 in the absence of mass vaccination  
 
Starting in 1879, there was an exponential decline in the national diphtheria mortality rate. The national 
decline was stable and did not accelerate until the implementation of the national mass vaccination 
program in the late 1940s [28,29]. The mortality rate declined from 180.6 per 100,000 population in 1879 to 
1.2 per 100,000 population in 1945 [8,30,31]. We approximated the declining rate with the exponential 
function R = 41/[1.95^([Y–1900]/9)], where R is the mortality rate per 100,000 population and Y is the 
corresponding year. The graphs in Figure S3 show both the recorded rates (bold curve) and the rates 
approximated by the stated function (thin curve). To calculate the projected mortality rate for 2014 in the 
absence of mass vaccination, we used the declining trend from 1879 to 1945 to obtain a diphtheria 
mortality rate of 0.0087 per 100,000. We multiplied the mortality rate of 0.0087 by the population from 
2014 (319 million) to obtain 28 deaths, mostly among the population between 1 and 9 years of age [24].  
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Figure S3. Decline in diphtheria mortality, 1879-1945 [8,30,31]  
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Table S6. Basis for figures concerning pertussis 
A. Estimated number of cases of pertussis for 2014 in the absence of mass vaccination 
 
During 1943 to 1945, annually there were 145,185 reported cases of pertussis [17]. Nearly all of those 
cases occurred in the 25 million children <10 years of age [32], or 1 reported case of pertussis for every 
170 children. To estimate the number of reported pertussis cases for 2014 in the absence of mass 
vaccination, we multiplied the pre-vaccine incidence ratio of 1 in 170 by 2014’s population that was <10 
years of age (40 million) to obtain 235,000 reported cases. Since pre-vaccine data suggests that only 18% 
of all cases of pertussis were reported [33], the estimated number of all pertussis cases for 2014 is 1.3 
million (≈ 235,000/18%) in the absence of mass vaccination. 
B. Pertussis reported case fatality rate among unvaccinated infants <3 months of age, 2012-2014 
 
Most infants <3 months of age were unvaccinated because they could not get the first dose of the vaccine 
until 2 months of age [34]. The remaining infants, those who were between 2 and 3 months of age, could 
only receive one shot of the 3-dose series. This single dose was only 50% effective and did not 
significantly affect the severity of pertussis in those that contracted it [35]. Therefore, pertussis cases in 
infants <3 months of age have the greatest bearing on estimating the pertussis case fatality rate for a 
hypothetically unvaccinated population in 2014. From 2012 to 2014, annually there were 1,750 reported 
cases of pertussis among infants <3 months of age resulting in 12 deaths—a reported case fatality rate of 
0.7% [36–38]. 
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C. Estimated number of cases of pertussis among infants <3 months of age for 2014 in the absence of 
mass vaccination 
 
To estimate the number of pertussis cases <3 months of age for 2014 in the absence of mass vaccination, 
we used the incidence of pertussis in that cohort prior to mass vaccination. In the 1930s, 7.5% of all 
reported cases of pertussis occurred in infants <1 year of age [32]. Since those cases were evenly 
distributed throughout the year [32], 1.9% (≈ 7.5%/4) of all reported cases of pertussis occurred in infants 
<3 months of age. Therefore, 4,500 (1.9%) of the estimated 235,000 reported cases of pertussis for 2014 
would occur in infants <3 months of age.   
D. Number of pertussis deaths and percentage that occurred among infants <3 months of age, 1943-
1945 
 
During 1943 to 1945, annually there were 2,300 pertussis deaths of which 600 (≈ 26% of 2,300) occurred in 
infants <3 months of age [21–23,39–41]. 

 
Figure S4. Decline in pertussis mortality, 1900-1945 [Error! Bookmark not defined.] 
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Table S7. Basis for figures concerning polio 
A. Estimated number of cases of paralytic poliomyelitis, 1935-1954 
 
During 1935 to 1954, the average reported polio mortality rate was 0.95 per 100,000 population [8]. 
However, in this time period, the broad criteria used to diagnose paralytic poliomyelitis resulted in over-
reporting of cases. After 1955, diagnostic criteria were revised to better exclude false positives; laboratory 
confirmation and the presence of long-term residual paralysis were introduced as new conditions for 
diagnosis. In 1959, a re-analysis of the reported cases of paralytic poliomyelitis from 1951 to 1954 using 
the revised diagnostic criteria concluded that 60% of those cases were false positives and recorded an 
annual average of 9,000 paralytic poliomyelitis cases [42]. Because the re-analysis studied the four years 
of a polio epidemic, when the polio mortality rate was 1.24 times greater than the rate recorded during 
the reference years (1.18 compared to 0.95) [8], we scaled the number of cases recorded in the re-analysis 
down by 1.24 to obtain an annual average of 7,260 (≈ 9,000/1.24) paralytic poliomyelitis cases. 
B. Estimated number of poliomyelitis cases resulting in permanent disability or death, 1935-1954 
 
We used a 1953 study of 1,523 poliomyelitis cases in New York to estimate the percentage of cases that 
resulted in permanent disability [43]. 616 of the cases in the study had no paralysis, 252 were paralytic 
with bulbar involvement, and 655 were paralytic with no bulbar involvement. 542 cases had long-term 
residual paralysis (i.e. were still paralytic after 3 months from onset of illness). After 2 years from onset of 
illness, 42 bulbar paralytic cases (16.5% of 252) and 223 non-bulbar paralytic cases (34% of 655) were still 
paralytic—a total of 265 cases. Thus, bulbar cases comprised 15.8% (42/265) of all cases that were 
paralytic after 2 years from onset of illness. In addition, 1/6 of the cases that were paralytic after 2 years 
from onset of illness were severely paralyzed (i.e. were disabled by the paralysis). Therefore, we 
estimated that permanent disability occurred in 8.1% (265/[6*542]) of poliomyelitis cases with long-term 
residual paralysis. 
 
Post-polio syndrome can also result in permanent disability. A 1992 study of 551 poliomyelitis survivors 
in Pittsburgh found that post-polio syndrome increased the number of patients with severe impairment 
from 150 to 166, an increase of 10.7% [44]. Consequently, we raised the estimated percentage of 
poliomyelitis cases resulting in permanent disability by 10.7% to calculate a rate of 9% (8.1%*110.7%). 
 
Of the estimated 7,260 annual cases of paralytic poliomyelitis during 1935 to 1954, an estimated 530 cases 
were fatal (Table S7C) and 606 (9% of [7,260–530]) resulted in permanent disability for a total of 1,136 
(530+606) cases of death or permanent disability. Because 78% of paralytic poliomyelitis deaths [45] and 
15.8% of the permanent disabilities had bulbar involvement, we estimated 509 ([78% of 530]+[15.8% of 
606]) deaths and permanent disabilities with bulbar involvement and 627 (1,136–509) such cases without 
bulbar involvement. 
C. Estimated case fatality rate of paralytic poliomyelitis, 1935-1954 
 
To estimate the percentage of paralytic cases that resulted in death during 1935 to 1954, we used the 
average value recorded between 1956 and 1959, 7.3% [15]. More than 75% of the paralytic cases in that 
time period were unvaccinated, and most of the remaining 25% were under-vaccinated and suffered 
paralysis as severely as the unvaccinated group [42,46]. Therefore, we estimated that the case fatality rate 
of 7.3% was most likely the same in the early 1950s and that there were 530 (≈ 7.3% of 7,260) annual fatal 
cases of paralytic poliomyelitis. 
D. Estimated number of poliomyelitis cases resulting in death or permanent disability for 2014 in the 
absence of mass vaccination 
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During 1935 to 1954, almost all poliomyelitis deaths occurred in the population <40 years of age [47], 
therefore our calculations are focused on this age group. We estimated that permanent disability or death 
occurred in 1 in 190,000 (134 in 25.4 million) children <10 years of age with tonsils who rested after the 
onset of significant symptoms and in 1 in 25,000 (302 in 7.6 million) of the remaining children <10 years 
of age (Table S7E). We also estimated that permanent disability or death occurred in 1 in 383,000 (89 in 
34.1 million) individuals 10-39 years of age with tonsils who rested after the onset of significant 
symptoms and in 1 in 59,000 (611 in 36 million) of the remaining individuals 10-39 years of age (Table 
S7F). 
 
In 2014, 8% of the adult population had no tonsils [48]—38.5% (8%/20.8%) of the proportion of adults that 
had no tonsils during 1935 to 1954 (Table S7G). Therefore, we estimated that 4.6% (38.5% of 12%) of the 
child population had no tonsils in 2014 (Table S7G). Assuming that the same proportion of children <10 
years of age in 2014 would rest after significant onset of symptoms as children during 1935 to 1954 
(87.5%, Table S7H), we calculated 33.4 million children ([100%-4.6%]*87.5%*40 million) <10 years of age 
in 2014 with tonsils and rest and 6.6 million children (40 million – 33.4 million) at elevated risk. To 
estimate the number of poliomyelitis cases resulting in death or permanent disability in the population 
<10 years of age for 2014 in the absence of mass vaccination, we multiplied the preceding 2014 
population sizes by their corresponding pre-vaccine ratios. Thus, children <10 years of age with tonsils 
and rest would contribute 176 cases of permanent disability or death (≈ 33.4 million/190,000) compared to 
264 such cases in children <10 years of age at elevated risk (≈ 6.6 million/25,000). 
 
Assuming that the same proportion of individuals 10-39 years of age in 2014 would rest after significant 
onset of symptoms as individuals during 1935 to 1954 (61.4%, Table S7H), we calculated 67.8 million 
individuals (([100%-8%]*61.4%*120 million) 10-39 years of age in 2014 with tonsils and rest and 52.2 
million individuals (120 million – 67.8 million) at elevated risk. To estimate the number of poliomyelitis 
cases resulting in death or permanent disability in the population 10-39 years of age for 2014 in the 
absence of mass vaccination, we multiplied the preceding 2014 population sizes by their corresponding 
pre-vaccine ratios. Thus, individuals 10-39 years of age with tonsils and rest would contribute 177 cases 
of permanent disability or death (≈ 67.8 million/383,000) compared to 885 such cases in individuals 10-39 
years of age at elevated risk (≈ 52.2 million/59,000). 
 
Combining the totals for children <10 years of age with those for individuals 10-39 years of age results in 
353 (= 176+177) cases of death or permanent disability in the population with tonsils that would rest after 
significant onset of symptoms and 1,149 (= 264+885) cases in the population at elevated risk. 
E. Estimated risk of permanent disability or death from poliomyelitis in children <10 years of age 
based on tonsillectomy and rest status, 1935-1954 
 

Children <10 years of age comprised 56.4% of all paralytic poliomyelitis cases [49]and 5% of those cases 
were fatal [50]. Therefore, fatalities among children <10 years of age comprised 2.8% (56.4%*5%) of all 
paralytic poliomyelitis cases and 38.4% (2.8%/7.3%) of all paralytic poliomyelitis deaths (Table S7C). 
Since the age distribution of cases of paralytic poliomyelitis resulting in severe impairment was similar to 
the age distribution of paralytic poliomyelitis fatalities [51], we estimated that children <10 years of age 
comprised 38.4% of all paralytic poliomyelitis deaths and permanent disabilities. 
 
Of the estimated 509 annual paralytic poliomyelitis cases with bulbar involvement resulting in death or 
permanent disability during 1934 to 1954 (Table S7B), we calculated 195 (38.4% of 509) occurring in 
children <10 years of age of which 35.7% (100%–64.3%) had tonsils (Table S7G) and 87.5% rested after 
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significant onset of symptoms (Table S7H). Therefore, we calculated 61 (195*35.7%*87.5%) cases with 
bulbar involvement among children <10 years of age that had tonsils and rested. Of the estimated 627 
annual paralytic poliomyelitis cases without bulbar involvement resulting in death or permanent 
disability (Table S7B), we calculated 241 (38.4%) occurring in children <10 years of age of which 83.5% 
(100%–16.5%) had tonsils [49] and 36.4% rested (Table S7H). Therefore, we calculated 73 
(241*83.5%*36.4%) cases without bulbar involvement among children <10 years of age that had tonsils 
and rested. The combined number of estimated deaths and permanent disabilities from paralytic 
poliomyelitis among children <10 years of age is 134 (61+73) out of 25.4 million (33 million*[100%–
12%]*87.5%) children with tonsils that rested (Table S7G-H) and 302 (195+241–134) out of 7.6 million (33 
million–25.4 million) children at elevated risk. 
F. Estimated risk of permanent disability or death from poliomyelitis in individuals 10-39 years of age 
based on tonsillectomy and rest status, 1935-1954 
 
Of the estimated 509 annual paralytic poliomyelitis cases with bulbar involvement resulting in death or 
permanent disability during 1934 to 1954 (Table S7B), we calculated 314 (509–195) occurring in 
individuals 10-39 years of age (Table S7E) of which 22.4% (100%–77.6%) had tonsils (Table S7G) and 
61.4% rested after significant onset of symptoms (Table S7H). Therefore, we calculated 43 
(314*22.4%*61.4%) cases with bulbar involvement among individuals 10-39 years of age that had tonsils 
and rested. Of the estimated 627 annual paralytic poliomyelitis cases without bulbar involvement 
resulting in death or permanent disability (Table S7B), we calculated 386 (627–241) occurring in 
individuals 10-39 years of age (Table S7E) of which 54.2% (100%–45.8%) had tonsils [49] and 21.8% rested 
(Table S7H). Therefore, we calculated 46 (386*54.2%*21.8%) cases without bulbar involvement among 
individuals 10-39 years of age that had tonsils and rested. The combined number of estimated deaths and 
permanent disabilities from paralytic poliomyelitis among individuals 10-39 years of age is 89 (43+46) out 
of 34.1 million (70.1 million*[100%–20.8%]*61.4%) individuals with tonsils that rested (Table S7G-H) and 
611 (314+386–89) out of 36 million (70.1 million–34.1 million) individuals at elevated risk. 
G. Percentage of population that had no tonsils, 1935-1954 
 
Among individuals born between 1930 and 1936, 31.9% had no tonsils [52]. A 1946 study showed that 
86.1% of paralytic poliomyelitis cases with bulbar involvement in that age group had no tonsils [49], 
therefore we computed an odds ratio [53] of 13.2 ([(100%-31.9%)×86.1%]/[31.9%×(100%-86.1%)]) for that 
age group. Among paralytic poliomyelitis cases with bulbar involvement <10 years of age, 64.3% had no 
tonsils [49]. Presuming that the odds ratio was also 13.2 among children <10 years of age, we solved the 
equation ([1–P]×64.3%)/(P×[100%-64.3%]) = 13.2 where P is the percentage of all children <10 years of age 
with no tonsils to obtain 12%. Among paralytic poliomyelitis cases with bulbar involvement ≥10 years of 
age, 77.6% had no tonsils [49]. Presuming that the odds ratio was also 13.2 among all individuals ≥10 
years of age, we solved the equation ([1–P]×77.6%)/(P×[100%-77.6%]) = 13.2 where P is the percentage of 
all individuals ≥10 years of age with no tonsils to obtain 20.8%. 
H. Percentage of poliomyelitis cases that rested after significant onset of symptoms by type of 
paralysis and severity, 1935-1954 
 
We used a 1950 study of 411 poliomyelitis cases in Los Angeles, North Carolina, and New York to 
estimate the percentage of poliomyelitis cases that rested after significant onset of symptoms by type of 
paralysis and severity [54]. Among poliomyelitis cases without bulbar involvement in the <10 age group, 
87.5% of mild cases and 36.4% of severe cases rested. Among poliomyelitis cases without bulbar 
involvement in the 10-14 age group, 79.4% of mild cases and 25% of severe cases rested. Among 
poliomyelitis cases without bulbar involvement in the >14 age group, 47.8% of mild cases and 20% of 
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severe cases rested [54]. Because the 10-14 age group comprised 43% of mild cases and 36.2% of severe 
cases without bulbar involvement in the ≥10 age group [49], we calculated that 61.4% (43%*79.4% + 
[100%-43%]*47.8%) of mild cases and 21.8% (36.2%*25% + [100%-36.2%]*20%) of severe cases rested in the 
≥10 age group. 
 
Resting after significant onset of symptoms had no effect on the severity of poliomyelitis cases with 
bulbar involvement [54]. Consequently, we estimated that the percentage of cases with bulbar 
involvement that rested was the same as the percentage of all poliomyelitis cases that rested. Since more 
than 99% of poliomyelitis cases did not result in severe paralysis [50], we estimated that the rates of rest 
observed in the population with mild cases were representative of the population as a whole. Therefore, 
we estimated that 87.5% of poliomyelitis cases with bulbar involvement in the <10 age group and 61.4% 
of such cases in the ≥10 age group rested after significant onset of symptoms. 
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Table S8. Basis for figures concerning Haemophilus influenzae type b 
A. Estimated number of cases of invasive Hib in the absence of mass vaccination, 1994-2000 
 
Because the CDC did not track the number of invasive Hib cases during the reference years [15], the 
number of invasive Hib cases in this time period is unknown. However, it was estimated that annually 
there were 20,000 cases of invasive H. influenzae in children <5 years of age, 19,000 type b and 1,000 non-
type b (presuming that non-type b cases comprised 5% of all invasive H. influenzae in children <5 years of 
age) [55,56]. In the 1990s, the CDC began tracking invasive H. influenzae cases of all types [15]. Data 
recorded in the 1990s showed that the previous estimate of 20,000 invasive cases was a significant 
overestimate. To derive a more accurate estimate, we considered the data the CDC gathered from 1994 to 
2000. In this time period, annually there were 180 cases of non-type b invasive H. influenzae in children <5 
years of age (Table S8B). On the basis that the first few years of mass vaccination did not affect the 
incidence of non-type b invasive H. influenzae and that non-type b cases comprised 5% of all cases before 
mass vaccination, we estimated that 3,600 (= 180/5%) annual cases of all types would have occurred 
during 1994 to 2000 in the absence of mass vaccination, and type b would have comprised 3,400 (≈ 95%) 
of those cases. 

 
B. Invasive H. influenzae tracking in children <5 years of age, 1994-2000 [57,58] 
 
From 1994 to 1995, there were 669 reported cases of invasive H. influenzae. The serotype was known for 
376 (56%) of those cases and 192 (51% of known cases) were non-type b. Therefore, there were an 
estimated 341 (= 51% of 669) non-type b cases. From 1996 to 2000, there were 1,360 reported cases of 
invasive H. influenzae (272 per year). The serotype was known for 1,034 (76%) of those cases and 693 (67% 
of known cases) were non-type b. Therefore, there were an estimated 911 (= 67% of 1,360) non-type b 
cases. The total estimated number of non-type b cases from 1994 to 2000 was 1,252 (= 341+911) or 180 (≈ 
1,252/7) cases per year. 
 
C. Estimated number of cases of invasive Hib resulting in death or permanent disability in the 
absence of mass vaccination, 1994-2000 
 
60% of invasive Hib cases result in meningitis, frequently accompanied by bacteraemia. 11% of those 
cases result in permanent neurologic sequelae such as deafness and intellectual impairment, and an 
additional 5% of those cases are fatal [59]. 15% of invasive Hib cases result in epiglottitis, and 1% of those 
cases are fatal [59,60]. Therefore, the estimated annual total of Hib-related combined deaths and 
permanent disabilities during 1994 to 2000 in the absence of mass vaccination is 330 (≈ 
3,400×[(60%×[11%+5%])+(15%×1%)]). 
 
D. Protective effect of breastfeeding against invasive Hib measured in 1997 Swedish study of children 
<6 years of age [61] 
 
Of the children who had contracted Hib at any point in their life, 37% had been breastfed exclusively for 
≥13 weeks, 63% were not. Of the children in the control group (who had never contracted Hib), 62% had 
been breastfed exclusively ≥13 weeks, 38% were not. The statistical odds ratio [53] is 2.8 (= 
[62%×63%]/[38%×37%]). 
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E. Estimated number of cases of invasive Hib resulting in death or permanent disability for 2014 in 
the absence of mass vaccination based on breastfeeding status in the United States 
 
During 1994 to 2000, had mass vaccination not been implemented, we estimated the incidence of 
permanent injury from invasive Hib to be 1 in 143,000 for children that were breastfed exclusively for ≥13 
weeks in the United States and 1 in 51,000 for children that were breastfed exclusively for <13 weeks 
(Table S8F). To estimate the number of invasive Hib cases for 2014 resulting in death or permanent 
disability in the absence of mass vaccination, we multiplied those 1990s ratios by the 2014 population <5 
years of age that was breastfed exclusively for ≥13 weeks in the United States (47% of 20 million) and the 
2014 population <5 years of age that was breastfed exclusively for <13 weeks (53% of 20 million) [62]. 
Thus, children that were breastfed exclusively for ≥13 weeks would contribute 66 cases of permanent 
injury (= 47% of 20 million/143,000) compared to 208 cases of permanent injury in children that were 
breasted for <13 weeks (= 53% of 20 million/51,000). 
F. Estimated risk of invasive Hib based on breastfeeding status in the United States in the absence of 
mass vaccination, 1994-2000 [62,63] 

 
In the late 1990s, 60% of children in the United States were breastfed and 40% of those children were 
exclusively breastfed through 3 months—24% (= 60%×40%) of all children. On the basis that children that 
were breastfed exclusively for <13 weeks outnumbered children that were breastfed exclusively for ≥13 
weeks by a factor of 3 to 1 and were 2.8 times more likely to contract invasive Hib, we calculated that, of 
the estimated 330 annual cases of invasive Hib resulting in permanent injury, 35 cases would probably 
have occurred in children that were breastfed for ≥13 weeks compared to 295 (≈ 35×2.8×3) cases in 
children that were breastfed for <13 weeks. Since the average population <5 years of age from 1994 to 
2000 was 20 million, we estimated the incidence of permanent injury from invasive Hib to be 1 in 143,000 
(≈ [1/4]×[20 million/35]) for children that were breastfed for ≥13 weeks and 1 in 51,000 (≈ [3/4]×[20 
million/295]) for children that were breastfed for <13 weeks. 
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Table S9. Basis for figures concerning hepatitis B 
A. Estimated number of cases of hepatitis B for 2014 in the absence of mass vaccination 
 
During the reference years 1988 to 1990, annually there were an average of 22,566 reported hepatitis B 
cases [15] out of an average population of 250 million (≈ 1 in 11,100). To estimate the number of reported 
cases of hepatitis B for 2014 in the absence of mass vaccination, we multiplied the pre-vaccine incidence 
ratio of 1/11,100 by 2014’s population (319 million) to obtain 29,000 reported cases. Since the CDC 
estimates that only 1 in 6.5 hepatitis B cases were reported [64], for 2014 in the absence of mass 
vaccination, the estimated number of all cases of hepatitis B is 190,000 (≈ 29,000×6.5). 
 
B. Estimated number of cases of fatal fulminant hepatitis B for 2014 in the absence of mass 
vaccination 
 
Annually, because 1% of reported cases (not total cases) of hepatitis B lead to fatal fulminant hepatitis, 
the estimated number of fatal fulminant hepatitis cases for 2014 is 300 (≈ 1% of 29,000)—nearly all 
occurring in adults and adolescents [65]. 
 
C. Estimated number of hepatitis B cases leading to death from chronic infection before age 80 for 
2014 in the absence of mass vaccination among various age groups 
 
92% of hepatitis B infections occur in adults and adolescents [66], 5% of those infections develop into 
chronic infections, and 15% of those chronic infections lead to death later in life [65]. We multiplied the 
product of those percentages (92%×5%×15%) by the estimated 190,000 cases of hepatitis B for 2014 to 
obtain 1,311 fatal cases. We estimated that 1,100 (≈ 85% of 1,311) [67] of those fatal cases would occur in 
individuals <80 years of age. 
 
4% of hepatitis B infections occur after birth in children ≤10 years of age [66], 18% of those infections 
develop into chronic infections (30% for children <5 years of age and 5% for the remaining children 
results in an average of 18%), and 25% of those chronic infections lead to death later in life [65]. We 
multiplied the product of those percentages (4%×18%×25%) by the estimated 190,000 cases of hepatitis B 
for 2014 to obtain 342 fatal cases. We estimated that 290 (≈ 85% of 342) [67] of those fatal cases would 
occur in individuals <80 years of age. 
 
4% of infections occur in children at birth [66], 90% of those infections develop into chronic infections, 
and 25% of those chronic infections lead to death later in life [65]. We multiplied the product of those 
percentages (4%×90%×25%) by the estimated 190,000 cases of hepatitis B for 2014 to obtain 1,710 fatal 
cases. We estimated that 1,450 (≈ 85% of 1,710) [67] of those fatal cases would occur in individuals <80 
years of age. 
 
Combining the estimated fatal cases for children infected at birth with those for children infected after 
birth results in 1,740 (= 290+1,450) fatal cases from childhood hepatitis B infection. 
D. Estimated number of hepatitis B cases leading to death before age 80 for 2014 in the absence of 
mass vaccination among adults and adolescents at high risk of exposure 
 
Among adults and adolescents, 79% of cases occur in individuals who have sex with an infected partner, 
heterosexuals with multiple sex partners, men who have sex with men, and injection-drug users [66]. 
Most of the remaining 21% of cases are due to other unidentified sources. A 1990 study found that those 
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patients with no identifiable source of their infection dwelled in communities where hepatitis B was 
three times more prevalent than it was in the general population [68]. Consequently, we estimated that 
7% (= 21%/3) of cases occur in communities at normal risk. Of the estimated 1,400 deaths among adults 
and adolescents (300 deaths from fulminant hepatitis + 1,100 deaths from chronic infection) for 2014 in 
the absence of mass vaccination, we obtained 100 (≈ 7% of 1,400) deaths among individuals at normal risk 
and 1,300 deaths among individuals at high risk. 
 
E. Estimated number of hepatitis B cases leading to death before age 80 for 2014 in the absence of 
mass vaccination among children at high risk of exposure 
 
Among children, all infections occurring at birth originate from mothers who were already chronically 
infected. Studies of highly endemic Asian communities in the US in the early 1990s showed that two-
thirds of children infected after their birth dwelled with one or more chronically infected individuals 
[69]. Because the remaining third of those children dwelled in communities where hepatitis B was 15 
times more prevalent than it was in the general population [70], we estimated that 2.2% (= 33%/15) of 
cases occur in communities at normal risk. Of the estimated 290 deaths among children infected after 
birth for 2014 in the absence of mass vaccination, we obtained 6 (≈ 2.2% of 290) deaths among children at 
normal risk. We added the remaining 284 (= 290–6) deaths from infections after birth to the estimated 
1,450 deaths from infections at birth to obtain 1,734 deaths among children at high risk. 
 
 
Table S10. Basis for figures concerning varicella 
Number of varicella cases, 1991-1994 
 
Before licensure of the varicella vaccine, there were an annual 150,000 reported cases of varicella [15]. 
However, the CDC states, “In the prevaccine era, varicella was endemic in the United States, and 
virtually all persons acquired varicella by adulthood. As a result, the number of cases occurring annually 
was estimated to approximate the birth cohort, or approximately 4 million per year [71].” Consequently, 
reported cases comprised only 4% of all cases. 
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Table S11. Basis for figures concerning human papillomavirus 
A. Estimated number of HPV cases leading to death before age 80 for 2014 among women 
 
Among women, HPV can lead to cancers of the cervix, vagina, vulva, anus, rectum, and oropharynx. 
Cervical cancer is the most common and comprises 53% of HPV-attributable cancers targeted by 
vaccines in women [72]. Annually there are 9,400 cases of cervical cancer targeted by vaccines (≈ 80% of 
11,700 total cases) [72] resulting in 2,900 deaths (≈ 80% of 3,650 total deaths) in women <80 years of age 
[73]. 
 
Women that are not screened with a Pap or HPV test every three years are significantly more likely to 
die from cervical cancer. Pap tests are able to detect 88% of cervical cancers, and if used together with 
HPV testing, the success rate is 95% [74]. Since half of women that are tested use both Pap and HPV 
testing, 92% (= [88%+95%]/2) of all cervical cancers in women that are tested are detected, and those 
women can have the cancerous tissue safely removed before it spreads. Most cases of cervical cancer 
occur in women that are underscreened. 50% of women with cervical cancer have never been tested, 
and 20% go more than three years without testing [75]. Only the remaining 30% of cervical cancer cases 
occur in women that are tested every three years, and 92% of those cases are detected early by testing 
and are addressed. 
 
Using the preceding percentages, we calculated that, of the 9,400 annual cases of cervical cancer 
targeted by vaccines in women <80 years of age between 2011 and 2014, 6,580 (= 70% of 9,400) are 
underscreened, 2,595 (= 30%×92%×9,400) are successfully screened, and 225 (= 30%×[100%–92%]×9,400) 
are screened with false negatives. Since 3.3% (= 225 /[6,580+225]) of undetected cervical cancer cases are 
in women that are tested every three years, 96 of the fatal cases (= 3.3% of 2,900) are most likely in this 
group. 
 
In addition, women that smoke are two times more likely to develop cervical cancer [76]. Since 15.3% of 
women smoke [77], non-smoking women outnumber smoking women by a factor of 5.5 to 1 (≈ 
84.7%/15.3%). For every 5.5 non-smoking women that develop cervical cancer, there are two smoking 
women that develop cervical cancer—27% of cervical cancer cases (= 2/[5.5+2]). Consequently, we 
calculated that, of the estimated 96 annual fatal cases of cervical cancer targeted by vaccines and 
occurring in women <80 years of age that are tested every three years between 2011 and 2014, 70 (= 73% 
of 96) cases occur in women that do not smoke. In comparison, an estimated 2,830 (= 2,900–70) fatal 
cases of cervical cancer occur in women that either smoke or are not screened every three years. Since 
cervical cancer comprises 53% of all HPV-attributable cancers targeted by vaccines in women, we 
estimated 132 (= 70/53%) fatal HPV-attributable cancers occurring in women at normal risk and 5,340 (= 
2,830/53%) fatal cancers occurring in women at high risk. 
 
B. Estimated number of HPV cases leading to death before age 80 for 2014 among men 
 
Among men, HPV can lead to cancers of the oropharynx, penis, anus, and rectum. Oropharyngeal 
cancer is the most common and comprises 80% of HPV-attributable cancers targeted by vaccines in men 
[72]. Annually there are 9,000 cases of oropharyngeal cancer targeted by vaccines (≈ 68% of 13,300 total 
cases) [72]. 450 (5%) of those cases are fatal [78], and 350 (78%) of those fatal cases occur in men <80 
years of age [79]. 
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Men that have smoked or have had ≥6 oral sex partners in their lifetime are significantly more likely to 
die from oropharyngeal cancer. Of the 350 fatal oropharyngeal cases, 98 cases (28%) occur in men that 
have never smoked [80], and 53 (54%) of those cases occur in men that have had <6 oral sex partners in 
their lifetime [81]. Since oropharyngeal cancer comprises 80% of all HPV-attributable cancers targeted 
by vaccines in men, we estimated 66 (= 53/80%) fatal HPV-attributable cancers occurring in men at 
normal risk and 371 (= [350-53]/80%) fatal cancers occurring in men at high risk. 
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