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ABSTRACT

The Long-Term Economic Effects of Polio:
Evidence from the Introduction of the
Polio Vaccine to Sweden in 1957°

This study explores the impact an exogenous improvement in childhood health has on later-
life outcomes. Using extensive and detailed register data from the Swedish Interdisciplinary
Panel, we follow individuals exposed to the introduction of the first vaccine against polio
in Sweden (birth cohorts 1937-1966) until adulthood in order to quantify the causal effect
of polio vaccination on long-term economic outcomes. The results show that, contrary
to what has been found in the literature for other health-related interventions, including
other vaccines, exposure to the vaccine against polio did not seem to have any long-term
effects on the studied adult economic outcomes. Upon closer inspection of how the disease
affects children, this might be explained by the fact that no scarring effects from exposure
to high incidence of polio were found on adult income, educational achievement, or
hospitalizations, which seems to suggest that those who contracted the illness but suffered
only the milder symptoms of the disease made a full recovery and had no lifelong sequels
as a consequence of the condition. The absence of scarring effects is hypothesized to be
related to the pathology and epidemiology of the disease itself, which infects many, but
scars only those who suffer the most recognizable paralytic symptoms.
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1 Introduction

The development of vaccination is one of the medical innovations that has saved more human lives in
history through prevention, rather than through treatment, of illnessﬂ Before vaccines became safe
and widespread, multiple epidemic diseases decimated entire populations at will, to the point where
pandemics were a common and ever-present threat and everyone, from the richest to the poorest, was

subject to the same probability of falling victim to one of this diseasesﬂ

Polio was a recurrent epidemic in Sweden at the beginning of the 20th century, and could leave
affected children with life-long limitations such as paralysis. It wasn’t until well into the 20th century
when medical innovations made a vaccine available. The immediate benefits of the vaccine were no-
ticeable in the dropping number of cases and the virtual eradication of the disease from the country in
less than 10 years. However, the literature on long-term effects of this vaccination is scarce, and the

impact of early-life health interventions on later-life outcomes remains for the most part unexplored.

This paper, thus, exploits the plausibly exogenous variation in early-life health consequence of the
sharp introduction of polio immunization in Sweden during 1957. It employs methods of causal in-
ference to disentangle the complicated relationships and go beyond correlations to address the causal
effect of the vaccine on the outcomes of interest. The main working hypothesis is that exposure to
the vaccine caused an improvement in early-life health, which would be later translated into increased
adult human capital and this would, in turn have measurable effects on adult economic outcomes.
Furthermore, since the disease affected differently across the regions of the country, it is expected
that those in a worse situation had, in principle, more to gain from the vaccination and eradication

campaign.

Consequently, the scope of this paper is to analyze if there were systematic differences in income
and education among those exposed to the vaccine across the differently-affected regions of Sweden.
It also goes beyond the usual economic outcomes by including a measure of long-term health: the

number of hospitalizations during adulthood.

The results suggest that, contrary to other early-life health interventions in the literature, the vac-
cine against polio did not have a significantly different effect on the outcomes of those children who
were exposed to it in high-incidence regions of Sweden, compared to those vaccinated in low-incidence
regions. This uniform effect of the vaccine regardless of pre-treatment incidence rate suggests that
exposure to an outbreak of polio, given that the individual avoids the paralytic symptoms of the dis-

ease, does not have a long term impact on a person’s later-life outcomes (often referred to as scarring).

The rest of this paper is structured as follows. Section 2 provides the context of disease, the
vaccine, and the country during the time period of interest; section 3 reviews the relevant related
literature; section 4 describes the data which was used for the study; section 5 delineates the method-
ological empirical approach; section 6 presents the results, while section 7 presents a discussion on

the results and concludes.

11t would probably rank second or third only behind the popularization of germ theory and the introduction of
clean water and sewage. |Godlee| (2007) included all three in the BMJ’s 2007 list of Medical Milestones since 1840

20ne study, for the Swedish case, finds that, for instance, mortality gradients among ages and social classes
emerged only as late as 1950 (Bengtsson and Dribe, [2011})




2 Context

Acute Poliomyelitis (often referred to as Polio, for short) is an extremely contagious disease conse-
quence of a viral infection to the nervous system. The name itself evolved during the years to reflect
the scientific community’s knowledge of the disease, from the rudimentary "debility of the lower ex-
tremities" to the more complicated "Poliomyelitis Acuta" which is a mixture of Greek and Latin words
meaning "inflammation of the gray matter" (Paul, (1971). The virus responsible, poliovirus, is known
to have three different variants or types, all of which can lead to the infection and the disease. After
initial hypotheses about air-transmission of the virus, it was found that it mostly passes from human
to human via the oral-fecal route or through contaminated food or water. Once the virus enters the
body and multiplies in the digestive tract one of two scenarios will develop, either the individual’s
immune system will fight it and stop the spread of the virus, giving the person a lifelong immunity
(often called inapparent infections), or the immune response will not be enough and the virus will
continue to multiply and attack the nervous system, specifically the gray matter of the spinal cord.
Cases in which the latter scenario develops will usually result in some degree of muscular weakness
or paralysis, since muscles rely on the motor nerve supply of the spinal cord to function. Given that
motor nerve cells cannot regenerate themselves, established paralysis is considered permanent (Paull
1971)).

Epidemiologically, the disease spreads with extreme ease among susceptible individuals with inap-
parent infections being the majority of cases. Among this kind of infections the symptoms are usually
mild, including a cold-like fever, which are easily overlooked as they relate to so many other immune
responses. A consequence of this is that a majority of people who were ever infected with polio did
not even notice it and were never diagnosed. It is estimated that only 1 in every 200 infections re-
sulted in apparent infections and some degree of irreversible paralysiﬂ This paralysis can range from
mild to severe, as it progresses up from the limbs, and among those paralytic cases, between 5-10%
resulted in death due to the eventual reach of the paralysis to the diaphragm, the muscle that allows
unassisted breathing. No treatment for the disease is known. Only prevention through vaccination

has proved effective in modern global eradication efforts (World-Health-Organization, |2017).

According to the [World-Health-Organization| (2017)), the population most at risk of contracting
the disease nowadays are those under the age of 5. While this might be the case for modern soci-
eties, the conditions and disease dynamics in Sweden at the beginning of the 20th century might be
different. |Axelsson (2004) argues, in a detailed and historical study of the disease in Sweden, that
the bulk of infections happened before the age of 10, with those under 5 having indeed a greater risk
but only after this later age was the incidence of the disease low enough that it could be considered

a rare OCCUI‘I‘GHCGE.

The disease appeared in Sweden in 1881 and, since the beginning of the 20th century, poliomyelitis

became an annual feature in the epidemiological reports, where it took its name from its most rec-

3To put these numbers in perspective, let’s look at Sweden’s 1912 outbreak, where doctors around the country
reported 4,112 cases of paralytic polio. This means that, according to the infection-to-paralysis ratio, there were
actually around 820,000 Swedes who contracted the virus, or 15% of the country’s total population on that year.
While the most acute consequences of the disease were relatively rare, the infection was common and widespread,
and the milder symptoms affected a considerable proportion of the population.

4Indeed, one of the first studies of the disease, conducted by Dr. Karl Medin in Sweden during the late nine-
teenth century, was focused on the study of symptoms and afflictions of "school-age children" (Paull |{1971) which
suggests that children between the ages of 6 and 10 were also part of the population most at risk.




Figure 1: National Incidence Rate of Acute Poliomyelitis: Sweden, 1910-1966 (per 100,000 inhabi-
tants).
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Source: Author’s calculations with data from Statistiska Centralbyran.

ognizable consequence: infantile paralysis (barnforlamning in Swedish). Although the disease began
being included in the statistical reports in 1905, it did so under the category of nerve disease. It
was only later that it was assigned to the category of infectious disease, following the big epidemics
of the first decade of the 1900’s that saw thousands of registered cases occur all across the country
p. 46). As to why the disease passed from an endemic state to become suddenly
epidemic, the case has been made that polio has always been present in human settlements, with
infants and children becoming exposed to the virus while still enjoying maternal immunity protec-
tion. This resulted in small exposures during childhood and in some sort of natural immunity to
polio via repeated contact with the wild virus. However, as sanitation and water systems made ad-
equate everyday hygiene less of a seldom-occurring phenomenon, this early-exposure to poliovirus
disappeared, and individuals were left without their natural protection against the disease
[2009; [Smallman-Raynor and Cliff, 2006).

Figure [[|shows the national incidence rate for the disease in the period 1910-1966. As can be seen
in the graph, the history of the disease is one of sudden epidemic outbreaks, with years like 1912,
1937, 1945, and 1954 experiencing particularly high incidence rates, which translate roughly to around
2,000-5,000 cases in a single year, out of a population of around 5-6 million individuals. At the time
of the introduction of the vaccine against polio (1957, dotted line) the country was just coming out
of the second worst outbreak in its history (1954), and while the rate of incidence naturally declined
after each outbreak, it would be imprudent to assume, as is common belief in the anti-vaccination
movement, that the disease was already "dying out" and that the observed reduction in the epidemic
is coincidental instead of causal. At no point after the 1954 epidemic and before the introduction
of the vaccine was the incidence rate lower than in some years during the 1920s and 1930s, none of

which resulted in the natural elimination of the disease.




Given the regular outbreaks of polio that happened all across the globe, international efforts to
find a vaccine were considerable. Research conducted by Enders, Weller and Robbins allowed for
growth of poliovirus in different types of tissue, including non-nervous one (which ultimately earned
them the Nobel Prize in Medicine in 1954); this knowledge and ability contributed to the work of
Jonas Salk and Albert Sabin. Salk worked on the development of an inactivated, or killed, vaccine
(IPV), which consisted in killed cells of the virus injected intramuscularly and was released to the
public in 1955, while Sabin developed a weakened, or live, vaccine (OPV) which, due to the presence
of live virus could be administered orally in a safe manner and was ready for use in 1961 (Gothefors|
2008). These two vaccines are thought to be responsible for the elimination of wild poliovirus from
most of the world, and they continue to be vital weapons to prevent the disease in areas where it

persists to be endemic. (World-Health-Organization and others) [2017)

In Sweden, a group of scientists presented their independently developed inactivated vaccine in
Wesslén et al.| (1957), and while the country started a public health vaccination initiative that same
year using both the Salk and Swedish vaccine, since 1958 the country has used exclusively the locally
developed vaccine produced at the National Bacteriological Laboratory in Stockholm. (Fagraeus and
Bottiger], (1980]). Figure shows the average incidence rate of polio in all the counties (lin) of Sweden
in the years before the introduction of the vaccine in 1957. As can be appreciated in the map, the
counties of Sweden all had different incidence rates of the disease, with S6dermanland and Gotland
being the areas where polio was more common. After the introduction of the vaccine, it took less
than ten years to achieve elimination of the wild virus from the country, thanks to almost universal
vaccination (Fagraeus and Bottiger, [1980)), and by 1967 it stopped being featured in the public
health statistical reports produced annually by Statistics Sweden due to eradicatiorﬂ (Statistiska
Centralbyran, |1911a)).

3 Related Literature

This paper is related to a number of research areas and previous literature. First, to the pioneering
works of |Grossman| (1972 Becker| (1964) and [Mincer| (1974)), who first developed, in economics, the
concept of measurable human capital, expanding it later to include investments made in health and
education, and then carried out the first measurements of the relationship they have with an individ-

ual marginal productivity in the labor force (a.k.a. a person’s wages.)

Secondly, it is also related to the literature that explores the impact of early-life conditions on
later-life outcomes. |Barker| (1990) was the first to link adverse conditions during the gestational
period to worse adult health. He found out that in utero conditions affect weight at birth, which
in turn is a good predictor of adult cardiovascular diseases. His research suggests that conditions in
utero, infancy, and early childhood are of vital importance for later-life outcomes, since they affect

the process of health capital formation in an age where vital gains are usually made.

Fogel and Costal(1997) combined this knowledge with historical data to find that technological and
physiological improvement correlate in such a way that it has generated a form of human evolution
that remains biological, while not being genetic, a phenomenon they call the technophysio evolution.

It is according to both these theories (fetal origins and technophysio evolution) that a new branch of

5The last case where poliovirus was isolated from a Swede happened in 1962, a mere 5 years after the introduc-
tion of the vaccine (Fagraeus and Bottiger} [1980)




Figure 2: Average Incidence Rates (per 10,000 inhabitants) of Acute Poliomyelitis by Swedish
Counties 1940-1956.
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Source: Author’s calculations with data from Statistiska Centralbyran

economic literature emerged, looking to identify the effects of different technological improvements
on human health, as well as economic outcomes. Since then, many studies have found connections
between harsh conditions in early-life and: cognitive abilities during the teenage years (Chay et al.
2009)), during old age (Case and Paxson| [2009), occupational choice (Bhalotra et al. [2016)), and years
of education (Cunha et all [2010]).

Another group of studies have extended this theory to include impacts on economic outcomes,

focusing on the Swedish case and taking advantage of the abundance of historical and contempo-

rary data. In that sense, Bengtsson and Lindstrom| (2000, [2003) first began exploring the effects

on mortality of being exposed to misery and disease early in life and found that for the Swedish

case, disease load in early-life had a marked effect on later-life mortality; [Bengtsson and Brostrom)|

(2009)) estimated that being exposed to disease in infancy had a negative impact on socioeconomic

status at age 50; (2013) found that, for Swedish women, being born in a year with a high
disease load lowered the probabilities of attaining a high socioeconomic status in adulthood, while

(2017b) found that being exposed to improved health care in infancy has a positive effect on
individual permanent income of about 3%.

Finally, this study is also related to a branch of economic literature that specializes in the eval-
uation of public-health interventions. These studies usually strive to find causal relations, through
clever econometric design and techniques, and taking advantage of natural experiments
[2007} [2010; [Lazuka), 2017aj; Bhalotra et al.l [2015]).




This paper contributes to the existing literature by exploring the economic effects of the intro-
duction of a vaccine that provided immunity for an epidemic disease as was polio, employing a causal
approach, and relying on high-quality Swedish register data. To the best of the authors’ knowledge,
no empirical studies have been conducted into the long-term individual effects of having immunity to

this particular disease, whether in Sweden or in any other country.

4 Data

In this paper two types of data were used, one containing county-level information about poliomyelitis
incidence and another containing individual-level socio-economic information. The county-level data
on yearly new cases of polidﬂ (akut barnférlamning), as well as the population-at-risk, was compiled
from the yearly public health (Allmdn Hdalso- och Sjukvdrd) and population (Befolkningsstatistik)
reports that Statistics Sweden (Statistiska Centralbyran, (1911aib) has provided since 1911 in a con-

sistent and comparable fashion.

Based on the data obtained from these sources, we were able to calculate the incidence rate of
polio. The incidence rate shows how many cases occurred and were reported by doctors in each
county of Sweden per 10,000 inhabitants. Population-at-risk is the county’s total population on Jan-
uary 1 of each yealﬂ The county-level incidence rate of polio forms the crucial part of the treatment
identification strategy described in the next section, and the variable H,,,. is constructed based on it
as the 5-year average incidence rate per county in the years immediately before the introduction of

the vaccine.

The individual-level data for this study was obtained from the Swedish Interdisciplinary Panel
(SIP), a database hosted at the Centre for Economic Demography at Lund University, which provides
register data for the entire Swedish population across the 20th century and, beginning in 1968, also
provides detailed information on incomes, health, pensions, and other related economic outcomes.

Details of the variables included in the present study can be found on Table

For this paper, three different outcomes were constructed from the SIP data. The first of this
is the natural logarithm of the average income between the ages of 35 and 45. This measure was
chosen because it fulfills two conditions, first, it measures income in a long-term perspective, given
that treatment was given during childhood, and the 10-year average smooths sudden transitory fluc-
tuations; secondly, it is a measure that is available for all but one of the cohorts in our sample, in
other words, everyone included in our sample (except those born in 1967, which were excluded from
the analysis) had turned 45 by 2011, the last date available in the registers.

The second outcome, years of education, was calculated using the educational register and the
method described in |Antelius and Bjorklund| (2000)). They assessed the reliability of Swedish register
data for explaining income disparities in the method pioneered by Mincer| (1974). They suggest that

the data on highest degree obtained found in the registers can be transformed into a measure of the

6Swedish doctors were legally obliged to report any case of dangerous epidemic diseases, and until 1967 polio was
classified as one. A sample of the statistical reports used for this purpose can be found in the Appendix

TWhile we would have preferred to use only the population under 10 at the beginning of each year, the data
available provides no such detail at the county level.




Table 1: Summary Statistics

Whole Sample

Variable Mean  (Std. Dev.) Min. Max. N
Ln(Average Income 35-45) 11.95 (0.733) 0.167 17.329 2132769
Years of Education 11.384 (1.996) 7 15.5 2132769
Hospitalizations 4.085 (6.599) 1 529 1430424
Hrre 2.118 (0.935) 0.765 4.722 2132769
Post; 0.84 (0.367) 0 1 2132769
HP"e . Post 1.78 (1.158) 0 4.722 2132769
Female 0.489 (0.5) 0 1 2132769
Mother’s age at Birth 26.797 (5.43) 13 50 2132769
Mother’s age at Birth squared — 747.575 (308.165) 169 2500 2132769
Mother’s Education 0.19 (0.392) 0 1 2132769
Father’s Education 0.196 (0.397) 0 1 2132769
Year of Birth 1954.926 (7.441) 1937 1966 2132769
County of Birth 12.158 (7.567) 1 25 2132769

Men
Ln(Average Income 35-45) 12.138 (0.669) 0.167 17.329 1090835
Years of Education 11.158 (1.992) 7 15.5 1090835
hospit_90_12 4.185 (7.296) 1 529 629521
Hrre 2.117 (0.936) 0.765  4.722 1090835
Post, 0.84 (0.367) 0 1 1090835
HPre . Post, 1.78 (1.158) 0 4.722 1090835
Mother’s age at Birth 26.808 (5.427) 13 50 1090835
Mother’s age at Birth squared  748.103 (308.006) 169 2500 1090835
Mother’s Education 0.192 (0.394) 0 1 1090835
Father’s Education 0.198 (0.399) 0 1 1090835
Year of Birth 1954.931 (7.438) 1937 1966 1090835
County of Birth 12.15 (7.564) 1 25 1090835
Women
Ln(Average Income 35-45) 11.753 (0.744) 0.738 17.116 1041934
Years of Education 11.621 (1.972) 7 15.5 1041934
Hospitalizations 4.007 (5.994) 1 391 800902
Hrre 2.118 (0.935) 0.765  4.722 1041934
Post; 0.84 (0.367) 0 1 1041934
HP"¢ . Posty 1.78 (1.158) 0 4.722 1041934
Mother’s age at Birth 26.786 (5.434) 13 50 1041934
Mother’s age at Birth squared  747.024 (308.33) 169 2500 1041934
Mother’s Education 0.188 (0.391) 0 1 1041934
Father’s Education 0.195 (0.396) 0 1 1041934
Year of Birth 1954.921 (7.443) 1937 1966 1041934
County of Birth 12.167 (7.57) 1 25 1041934

Note: Definitions and descriptions of the variables are found in the main text of this section.
Source: Author’s calculations with data from Statistiska Centralbyran.

average years of education associated with such degree, to account for length differences in levels
below the highest degree attained. Although more accurate methods have been developed for the
Swedish data, for example that of Fischer et al.| (2016]), they rely on census data for 1970, and most
of our treated cohorts finished their education after that year. This would effectively change the

direction of the coefficient, since mere age differences would make it appear as if the older cohorts




had more years of education and the vaccine reduced them for the treated oneg}

The third outcome is our selected measure of long-term health. It counts the number of times any
given individual was admitted to the hospital, as stated in the inpatient register. We chose to focus
on the number of admissions, rather than the number of days in hospital, to be able to distinguish
those who, throughout their lives, required constantly medical attention, from those who might have

had one illness or accident that required them to spend several days admitted ﬂ

The models specified in the next section all include the same controls; these are individual char-
acteristics that are thought to have an effect on the outcomes through their own channels, and must
therefore be included as a control-strategy. The variable female is a dummy variable that takes the
value of 1 if the individual is a woman, and zero otherwise. Of our working sample, around 49% are

womern.

The information on parental educational achievement was obtained from the 1970 census. Al-
though in an ideal scenario we would like to observe parental education at child’s birth, and not some
years later, the hypothesis here is that this time delay caused by data availability shouldn’t be a
considerable issue because, for the most part, parents tended to start having children after they had
completed their education, or at least that is a plausible scenario in the period 1930-1960 which we
are studying. If this is the case, measuring the education of a parent, for instance, at age 28 and
68 should not yield different results. Based on the data from the census, we created two dummy
variables (one for the mother and another one for the father) that took the value of 1 if the parent in
question had more than elementary education and 0 if he or she had completed only the compulsory
education. These two variables should control for income differences that arise from having a parent

with above average education.

Previous studies have found a relationship between being born to a young mother and certain
disadvantages later in life. For instance, Levine et al.| (2001 found that children born to young
mothers were more prone to behavioral problems in the teenage years, while [Pogarsky et al.| (2006)
found that these individuals were at higher risks of drug use, gang membership, unemployment, and
early parenthood. Studies have also found an impact on educational attainment (and therefore, adult
income), both [Lopez Turley| (2003) and |Levine et al.| (2001)) find that the "young mother penalty"
on test scores and attainment can be almost completely explained by the maternal family charac-
teristics. Since our data sources offer little detail on parental characteristics, we decided to include
a variable to indirectly control for this. The variable Mother’s Age at Birth measures the age of an
individual’s mother when she gave birth to them. We also include its quadratic form to control for

possible non-linearities in the effect of mother’s age.

8Fischer et al.| (2016) developed a methodology, customized for the Swedish educational system during the 1930-
1960 period, that is sensitive to the different configurations of basic education. Taking advantage that the 1970 cen-
sus has a specific question on the length and type of education undertaken, the length of each individual’s basic ed-
ucation can be calculated without making any assumptions as to how long it was. This data can be then comple-
mented with the Education Register information on highest degree obtained by the individual. Therefore, people
with only basic education will be accurately described by the census, while people with higher education will have
their information complemented with the register. Because of the lack of uniformity in the length of basic educa-
tion across Sweden, as well as the reforms on compulsory education length (1936-1949), this method more accurately
describes the real years of education than estimation using only the register data on highest degrees. However, this
question does not appear in any later census, reason why we opted out of using this method

9In a secondary analysis we attempted to use only those hospitalizations that could be traced directly to a con-
sequence of polio, what is known as post-polio syndrome (PPS). However the number of cases reported under this
diagnosis was too small (70 in our sample of around 2 million) for any results to be calculated.




Since it’s expected that the outcomes will vary across individuals based on time and geography,
we control for the individual’s year and county of birth. In this way, common shocks that are shared
across cohorts, or conditions specific to certain county should be controlled by the fixed effects. The
cohorts included in the sample are those born in Sweden between 1937 and 1966, while the codes
(1-25) of the historical counties of Sweden are those found in [Statistiska Centralbyran| (1911ayb).

Finally, an indicator for treatment Post; is generated. This is a variable that takes the value of 1
if the individual was born in or after 1947, and denotes whether or not he or she was exposed to the
polio vaccine before the age of 10. As previously noted, the population most at risk of contracting
the disease are those under 5 years old, where the chances are highest, however, we include those up
until age 10 for the historical reasons described earlier, and to control for the fact that the risk of
contracting the disease has a negative slope, and decreases, but not disappears after age 5. The final

working sample consists of 2,010,562 native Swedes for which all data was complete.

5 Methodological Approach

The identification strategy used in this paper is similar to that of |Bleakley| (2007)). It rests on three
characteristics of the introduction of the vaccine in Sweden. First, as stated in section 2, the de-
velopment of the vaccine against polio was made possible due to critical research and innovations
in the chemical and medical sciences that happened all over the world, sometimes simultaneously,
and always built upon each other to further advance the possibilities of science. The fact that re-
search into polio vaccination was being done in France, Sweden, and the United States at the same
time, and that this research was in turn made possible by previous investigations made somewhere
else in the world really supports the argument that this was an innovation that can be considered

reasonably exogenous to the Swedish society, the aims of its governments, or the scope of its scientists.

Second, the introduction of the vaccine can be thought of as sudden, as well as exogenous. Given
the epidemic aspect of the disease, upon the discovery of a safe and effective vaccine its use became
widely available almost immediately in most of the developed world. In Sweden, the introduction of
the vaccine in 1957 led to the eradication of wild poliovirus from the country in less than 10 years,

which in historical terms can be considered a very short time.

Finally, given the transmission mechanism of polio, different areas of the country had different
incidence rates of the disease (see Figure . People that inhabited regions with higher incidence
rates of polio had, in principle, more to gain from the availability of the vaccine than those people
living in areas where the disease had naturally low occurring rates. Figure[3|shows that, indeed, areas
where polio infections where more abundant in the pre-vaccine years experienced a larger decline of
incidence rates after the vaccine was introduced. Since there was virtually no variation in the timing
of vaccine introduction across the country, it is this heterogeneity in the incidence rates of polio that
allows for a treatment/control strategy, where our approach is basically comparing the effect that the
introduction of the vaccine had on the outcomes of those exposed to it in counties with low and high

incidence of the disease.

Consequently, the model estimated is as follows:
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Figure 3: Areas with High Polio Incidence saw a Greater Decline as Consequence of Vaccine Intro-
duction.
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Source: Author’s calculations with data from Statistiska Centralbyran.

Yiet = Bo+ B1HE™ - Posty + dc + 01 + v Xi + €ict (1)

Where Y. is any of the four outcomes of interest for individual ¢, born in county ¢, in year t.
Fixed effects for both county and year of birth are captured through §. and d;. X; is a vector of
individual-level controls and €;.; is the error term. The main variable of interest, H?"® - Post,, is
constructed by two interacted variables, H?"® denotes the prevalent incidence rate of polio in county
¢ at the time of the introduction of the vaccine, in our case it is computed as the average incidence
rate of the period 1952-1956; while Post; is a dummy variable indicating whether or not the year of

birth ¢ is equal or later than 1947.

While our model, due to treatment definition, is not exactly a standard differences-in-differences
(DiD) model, it is a variation on the classic setting and therefore we need to check for standard
assumptions to hold. A central assumption of the DiD model is that the outcomes for those in the
control and the treatment groups behave in a similar way prior to the introduction of treatment
(the so-called parallel trends assumption). In Appendix [2] the results from the graphic analysis of
the outcomes is presented, which support the case that, for the outcomes and cohorts studied, it is

reasonable to believe that the assumption holds true.
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Finally, [Bertrand et al.| (2004]) stress that, when estimating DiD models through Ordinary Least
Squares regressions, the standard errors of the estimation might be inconsistent due to lack of, or
incorrect, clustering. Empirical studies have often clustered at levels that resulted in a small number
of clusters and an incorrect calculation of the standard errors, which has lead to an over-rejection of
the null hypothesis in this type of analyses. To address this subject and avoid this particular pitfall,
all the models estimated and presented in this paper have standard errors clustered in two dimensions:
year and county of birth. This renders a relatively large number of clusters, while capturing some of
the cohort and county variation not already explained in equation by the fixed effects included
(Cameron and Miller, [2015).

6 Results

In this section, the results from the estimations of the models specified previously are discussed.
Table [2| presents the results for the regressions on the effect of exposure to the vaccine against po-
lio on adult income, educational attainment, and hospitalizations, according to equation Three
models were fitted for every outcome, the first one containing only the basic specification with the
treatment variable and county-of-birth and year-of-birth fixed effects; the second one adds a vector of
controls, that include the individual’s gender, years of education (except when this is the outcome),
linear and squared age of the mother at the individual’s birth, and parental educational achieve-
ment; the last column shows models that include also the interactions of the vector of controls with
HP7¢ the average pre-treatment incidence rate, to control for the potential differences in character-

istics based on the incidence of the disease. All models shown control for county-specific linear trends.

In the first panel of Table [2] we can appreciate a small, negative effect of exposure to the vaccine
on the logarithm of average income between ages 35-45. Our initial hypothesis, based on previous
evidence from other diseases and treatments, was that the vaccine would impact more positively the
income of those individuals who were born in counties where the disease was more prevalent, since
they had more to gain from eradication. The results from our estimations show that was not the case
for polio. The negative effect, however statistically significant, is considered way too small (under
1% of a 10-year average incomﬂ to have any economic relevance. Our interpretation is that this
might reflect very slight differences in adult earnings that coincide with the polio epidemics, but that
were uncorrected, or failed to disappear, when the disease was eradicated. An alternate explanation
might relate to differences in behavior between people who suffered severe infections and those who
recovered, for instance |Gensowski et al.| (2018]) suggest that paralytic polio patients engage in a sort of
compensatory behavior throughout their lives, altering their educational and occupational choices to
fit their skills better (by, for instance, avoiding unskilled, physical work in favor of more white-collar

professions).

The second panel of Table [2] shows that there was no statistically significant differences in edu-
cational achievements among those exposed to the vaccine against polio in high and low incidence
areas of the county. Similarly, the third panel shows that the expected decrease in the number of

hospitalizations appears not to exists. In this case, as was for income, the effect has the opposite sign

10To put this number into perspective, consider [Bleakley| (2007)) where eradication of hookworm disease also elim-
inated the estimated 40% income decrease that was a consequence of suffering the infection. By comparison, indi-
viduals in our sample lost (depending on pre-treatment incidence rates) somewhere between 0.6% and 1.8% of their
average yearly adult income

12



Table 2: The Effect of Polio Vaccination on Income, Educational Achievement, and Hospitalizations

In(Avg. Inc. 35-45)
(1) (2) (3)

HPre . Post, -0.00781***  -0.00891*** -0.00913***
(0.00209) (0.00172) (0.00185)

Controls No Yes Yes

Interactions of Controls* (HP™®) No No Yes

N 2132769 2132769 2132769

adj. R? 0.288 0.400 0.400

Years of Education

(1) (2) 3)

HP"e . Post, 0.00511 -0.00258 -0.00379

(0.00863) (0.00891) (0.00907)
Controls No Yes Yes
Interactions of Controls* (H?"¢) No No Yes
N 2132769 2132769 2132769
adj. R? 0.057 0.139 0.139

Hospitalizations
1) 2) (3)

HPTe . Post, 0.0661** 0.0697** 0.0715**

(0.0243) (0.0239) (0.0248)
Controls No Yes Yes
Interactions of Controls* (HP™®) No No Yes
N 1430424 1430424 1430424
adj. R 0.007 0.013 0.013

Source: Author’s calculations with data from Statistiska Centralbyran (SCB) and Swedish In-
terdisciplinary Panel (SIP). Standard errors, clustered at the County of Birth x Year of Birth
level, in parentheses. All models shown control for county-specific linear trends and County-
of-Birth and Year-of-Birth Fixed Effects. Where indicated, the models control for the indi-
vidual’s gender, years of education (except when this is the outcome), linear and squared age
of the mother at the individual’s birth, and parental educational achievement. Interactions of
the vector of controls with the pre-vaccine incidence rate at the county level are included only
in model (3) for each outcome. Inclusion in the models is conditional on individuals’ survival
up to age 45.

* p < 0.05, ** p < 0.0, *** p < 0.001

from our initial expectation, but while the coefficients have statistical significance, their magnitude
is so small (0.06-0.07 hospitalizations, from a mean of 4.085, or 0.009 standard deviations) that they

retain little to none economic significance.

Table [3] presents the results for the by-gender estimations of the vaccine’s effect on our three se-
lected outcomes. The reason for this stratified analysis is that it is reasonable to hypothesize that the
effect of exposure to the vaccine might be completely different between the genders due to education,
fertility, or labor-market related behaviors(e.g. occupational choices or selection into less physically
demanding jobs). Our analysis shows, however, only small differences, and they don’t drastically
change the results or the interpretation we obtained from Table 2| For the case of average income, it
shows that the negative effect is smaller in magnitude for men than for women, with the boys exposed
to the vaccine in high-polio areas earning 0.7% less in average than their low-polio counterparts (this

equals roughly a 1% of a standard deviation, or about 90 SEK a month, assuming an average income)
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and the equivalent effect for women being about just 1% ( 1.5% of a standard deviation). Again, our
main take away from these models is that the vaccine appears to not benefit more those exposed to

it in areas where polio was more prevalent, contrary to the initial expectation.

In the second panel of Table it is clear that there were no visible effects of exposure to the
vaccine on the total years of education achieved by either men or women. Finally, in the last panel,
we can observe that the small, positive effect on hospitalizations is present in a statistically significant
manner only for women. Once more, the magnitude of the effect (0.09 more hospitalizations over
adulthood, or 1.5% of a standard deviation) is probably too small to be considered economically

significant.

Why was the expected effect of exposure to the vaccine so different from the results presented
in this section? The answer to that might have something to do with the theoretical assumptions
on which our hypothesis was constructed upon. There is extensive literature that shows that harsh
conditions in early life have an lasting effect that can be felt even on later-life outcomes (Barker] |1990;
Bengtsson and Lindstromy, [2000; (Case and Paxson, [2009; [Myrskyla et al. |2013; |Quarantal 2013]). Tt
follows logically, and so has some research found, that removing an obstacle, a harshness, or a disease
from early life can have the opposite impact, benefiting individuals who experience this improved
environment and having also lasting repercussions in later-life (Bleakleyl [2007, 2010; [Lazukal [2017al).
We embarked in this study assuming that, as a highly infectious disease, poliomyelitis should behave
like other diseases studied, scarring individuals who were exposed to epidemics, regardless of whether
or not they contracted the disease or suffered mild or severe symptoms from it. Following that line
of thought, eradicating polio, via vaccination, should have created a disease-free environment that
benefited everyone, increasingly so those in areas of the country where the disease was more prevalent.

The results however, show that the vaccine had no such impact.

The logical question to follow is to ask whether our premise was, for some reason flawed. Did
polio really scar people, as whooping cough or influenza did in the past? In this section we address
this question and, in doing so, we hope to put the results from the previous section more in their

proper context.

Scarring effects are often studied by analyzing a deviation from the trend in a measure, usually
infant mortality rates (IMR), that can be related to an outbreak of a disease. For example, the 1918
outbreak of influenza (also known as the Spanish Flu) has been used to study the long term effects
of exposure to this disease on outcomes such as adult mortality (Myrskyla et al., 2013) and adult
educational and income achievements (Almond, [2006), while outbreaks of measles, scarlet fever, and
whooping cough have also shown to have long term impact on female economic attainment and re-
productive health (Quaranta), 2013)).

In our case, we will test the scarring hypothesis of polio by analyzing the last ever outbreak of the
disease in Sweden, occurring during 1953. Since polio-related mortality is considered quite low, we
will analyze changes in the incidence rate of the disease, which reflects how many cases were reported
per 10,000 inhabitants of every county. A quick look back at Figure [T] will remind the reader that
there were several outbreaks of polio since the beginning of the 20th century, with the biggest peaks
happening in 1911 and 1953.
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In an ideal scenario, we would like to have a very low incidence rate both before and after a big,
sudden epidemic in order to compare also children from ages 0 to 10, as in the main analysis. However
the recurrent nature of polio outbreaks means that using more than two or three birth cohorts at
a time would include children who were exposed to multiple outbreaks in the unexposed category,
reason why we opted for a cleaner design. The two biggest outbreaks of polio provide us with this
settings, but since we have no data going as far back as 1911, we shall focus on the 1953 outbreak,
comparing the outcomes of those born before (ages 1 & 2) or during (age 0) the outbreak, with those
who were born after it (also ages 0-2), avoiding the exposure to the disease load. If there are any
scarring effects of polio, individuals born before or during the largest epidemic should show some

reduction in adult income and years of education, or an increase in the number of hospitalizations.

Table 4: Scarring Effects of Polio Exposure during Early Life, by year of exposure to the 1953 Polio
Outbreak

(1) (2) (3)
In(Avg. Inc. 35-45) Years of Education  Hospitalizations

Third Year of Life 0.0000733 0.000372 -0.00103
(Age 2) (0.0000641) (0.000648) (0.000832)
Second Year of Life 0.000115 0.000524 0.000177
(Age 1) (0.0000648) (0.000374) (0.000977)
Year of Birth 0.0000756 0.000749* -0.000500
(Age 0) (0.0000645) (0.000290) (0.000673)
N 508297 508297 320366
adj. R2 0.114 0.102 0.003

Source: Author’s calculations with data from Statistiska Centralbyran (SCB) and Swedish In-
terdisciplinary Panel (SIP). Standard errors, clustered at the County of Birth x Year of Birth
level, in parentheses. All models shown control for County-of-Birth and Year-of-Birth Fixed
Effects, the individual’s years of education (except when this is the outcome), linear and
squared age of the mother at the individual’s birth, and parental educational achievement.
Inclusion in the models is conditional on being born between 1951 and 1956 and survival up
to age 45.

* p<0.05, ** p<0.01, *** p <0.001

Table [d] shows the results of our models on the scarring effects of polio. In each model, besides the
usual controls and fixed effects, we include a variable that takes the value of 0 if the individual was
born after the 1953 epidemic, and takes the value of the 1953 incidence rate of polio in the county
of birth otherwise; we also allow for the scarring effect to show for different age-at-exposures, from 0
to 2 years of age. The results show no statistically significant differences in outcomes between those

exposed to a high load of polio on the first years of life and those who were not.

Furthermore, in Table [5} we narrow our analysis to include only those individuals born immedi-
ately before and after the 1953 epidemic (cohorts born in 1952 and 1954). This more focused analysis,
however, yields the same results, with no significant differences in outcomes being observable between
the exposed (1952) and "control" (1954) groups.
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Table 5: Scarring Effects of Polio Exposure. Comparison of cohorts born immediately before and
after the 1953 Polio Outbreak

(1) (2) (3)
In(Avg. Inc. 35-45) Years of Education Hospitalizations

Scarring effect -0.0000403 -0.0000455 0.00144
(0.0000713) (0.000230) (0.00109)

N 166715 166715 104690

adj. R? 0.110 0.101 0.002

Source: Author’s calculations with data from Statistiska Centralbyran (SCB) and Swedish In-
terdisciplinary Panel (SIP). Standard errors, clustered at the County of Birth x Year of Birth
level, in parentheses. All models shown control for County-of-Birth and Year-of-Birth Fixed
Effects, the individual’s years of education (except when this is the outcome), linear and
squared age of the mother at the individual’s birth, and parental educational achievement.
Inclusion in the models is conditional on being born in either 1952 or 1954 and survival up to
age 45.

* p < 0.05, ** p<0.01, *** p < 0.001

7 Conclusion

It appears that, unlike influenza, measles, or whooping cough, exposure to an epidemic of poliomyeli-
tis does not affect everyone regardless of actual infection. It seems that the only affected long-term
by the disease were those who ended up suffering the hardest symptoms of it. This result resounds
specially clear when considering the detailed pathological aspects of the infection discussed in Section
2. Medical literature refers to polio as a disease that is extremely virulent, and infects virtually all
the individuals from a population-at-risk, but it also singles out the disease as one that, unlike the
most others, can cause both inapparent and apparent infections (Paul, [1971)). The most recognizable
symptoms associated with polio are only the most extreme ones resulting from apparent infections,
while over 99% of those infected by the virus show and suffer only mild to no symptoms (inapparent

infections).

In light of this, our results suggest that being exposed to a polio epidemic, but avoiding the par-
alytic symptoms derived from an advanced infection, does not leave any long term repercussions in
adult income, educational achievement, or health. In other words, people who suffered inapparent
infections of polio were known to make a full recovery medically speaking, but now it can also be
said that they recover economically, and that their later-life outcomes do not seem to be affected by
the disease. This being the case, the results from our main analysis in Section 6 seem more in accor-
dance to logic. If there are no scarring effects from exposure to high loads of the disease in infancy
(regardless of actual infection), then there should be no differential effect of the vaccine according to

incidence rates of the disease.

Noteworthy is the fact that our results do not claim at all that the vaccine had no positive impacts
for those vaccinated. The immediate health benefits of avoiding lifelong paralysis or disability are
indisputable and self-evident. Our results speak, on the contrary, of a uniform benefit of vaccination
regardless of exposure intensity or personal characteristics, and of a fortunate recovery of those who
suffered mild infections. Our study showed that the vaccine had a uniform impact because the disease
did not scar like other pandemics have been found to do, which in itself poses interesting questions

for further research into the at-large scarring nature of diseases and epidemics.
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Appendices

Appendix 1: Statistical Report of Epidemic Diseases in Sweden. Abstract from 1912’s Allmén
Hélso- och Sjukvard (Statistiska Centralbyran, [1911a))
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Appendix 2: Trends in later-life outcomes for cohorts born before and after the introduction of Po-
lio Vaccine in Sweden
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Note: The above graphs show the mean for the specified outcome by year of birth and region of birth (divided into
quartiles, according to the baseline prevalence of Polio infections). The reference line marks 1957, the year when the
vaccine was introduced in Sweden.

Source: Author’s calculations with data from Statistiska Centralbyran
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