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Abstract

Despite stagnant economic and living conditions, early 20th-century colonial Jamaica experi-
enced a remarkable increase in life expectancy — a phenomenon referred to as the Jamaica
Paradox. One factor believed to be key in this transformation was the Hookworm Campaign
(1919-1936), an island-wide, multi-faceted public health initiative to eradicate hookworm, a
tropical parasite that can severely weaken the immune system. Using parish-level mortality
data and an event study framework, we investigate whether the campaign reduced mortality
rates in Jamaica. Results show that infant deaths declined by 10% in the first year, cumulating
to 41% within ten years. Mortality among other age groups also fell, although with several
years of delay and lower effects. Our estimates suggest that by WWII the hookworm eradication
effort increased life expectancy at birth by 5-15 years. A ‘back of the envelope’ cost-benefit
analysis reveals that the benefits in terms of spared infant deaths alone were multiple times the
campaign costs, where the local population shouldered much of the overall costs.
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“The best part of a hookworm campaign is the collateral good it does.”
(Rosenau, 1913, p. 95)

1 Introduction

Jamaica experienced one of the fastest health transitions in the early 20¢" century (Riley, 2005),
where from the 1920s until 1965 Jamaica’s life expectancy nearly doubled from 35 to 65 years
(Riley, 2005). What makes the Jamaican case particularly intriguing is that this dramatic
improvement occurred despite limited economic growth and little improvement in living condi-
tions until after WWII, a phenomenon coined the Jamaica Paradox (Riley, 2005). Importantly,
the rapid mortality decline coincided with a public health initiative to eradicate hookworm - a
parasitic disease primarily affecting populations in tropical and subtropical regions with poor
sanitation and inadequate healthcare (CDC, 2024) - which was introduced as a cooperative effort
by the International Health Board and the Jamaican government from 1919 to 1936.! This cam-
paign not only entailed medical treatment of the disease, but also the construction of sanitary
latrines and the provision of general public health education on human waste disposal sanita-
tion. The campaign in Jamaica has been widely heralded as having been particularly successful
(Hookworm Disease Report, 1922; Jones, 2013a; Riley, 2005; Remberton, 2003), and argued to
have been a crucial factor in the observed rise in life expectancy (Roberts, 1957; Eisner, 1951;
Cumper, 1983; Riley, 2005; Jones, 2013a,b). Nevertheless, the empirical foundation for such

claims has yet to be established. This is the purpose of the current paper.

Jamaica was not the only place that the International Health Board implemented a campaign
to eradicate hookworms. Similar programs were also undertaken in 44 regions worldwide (RF
Annual Reports, 1913-1950), although only its first, undertaken in the US South in 1910, has
thus far been empirically evaluated. In particular, Bleakley (2007) shows that the campaign
significantly increased school enrollment, attendance, and literacy among children in the short
run and raised incomes in the long-run, albeit an updated study with more comprehensive data
by Roodman (2018) indicates that there may have only been a short-term impact on school

attendance. Also, Noghanibehambari and Fletcher (2024) examine the longevity effects of the

'The International Health Board was established by the Rockefeller Foundation in 1916 to expand its public
health programs abroad (Farley, 2004).
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US program by identifying individuals that were exposed to the campaign in-utero or in early
childhood and survived at least another 65 years and discover that the program translated
into another 1.3 months of life for these elderly. While not examining hookworm eradication,
Melacrinis et al. (2025) show that public health reforms in late 19*" century Italian cities that
strengthened public health governance and required more effective measures of containment
after outbreaks of targeted infectious diseases caused mortality rates to decrease by 8.5 per
cent. There are also a number of other studies in historical settings that have examined the
possible benefits from greater latrine sanitation, generally limited to the examination of sanitary
sewerage systems in urban areas. In their review of these, Gallardo-Albarran (2025) shows that
evidence on the mortality benefits from such sewerage infrastructure is mixed, with some studies

finding no effects and others identifying reductions of 7 to 23 percentage points.

In order to determine whether the hookworm campaign actually played a significant role in
increasing life expectancy in Jamaica we here study its impact on mortality. To this end we dig-
itize data from death registers and population censuses to construct total parish-level mortality
rates, as well as by age groups and by gender, over the 1911 to 1938 period. We identify the
temporal and spatial variation in the hookworm program rollout from a number of historical
sources, allowing us to conduct an event study analysis of its impact on parish level mortality
rates. Our results provide evidence of the public health intervention decreasing total mortality
rates within six years after initial implementation, where this impact is similar across gender.
Decomposing deaths by age groups, however, shows stark differences. Most strikingly, infant

0" year of treatment. Mortality among other age groups

mortality fell by 40 per cent by the 1
was also decreasing, although this took around 6 years to take hold and was smaller than for
that of infants. Overall, these reductions in mortality translated into rises in life expectancy

between 5 and 15 years by 1938.

Our paper arguably makes a number of contributions to the existing literature. Firstly, rather
than examining short and long-term human capital implications, or longevity impacts from early
age exposure, as in Bleakley (2007) and Noghanibehambari and Fletcher (2024), respectively,
we examine its impact on short and medium term mortality. This is arguably an important
neglected implication of the disease, since while hosting hookworms is not deadly, the infection
severely impairs the immune system, making individuals, and in particular children, more prone

to other, possibly deadly, infectious diseases, such as malaria, gastrointestinal diseases, tubercu-
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losis and typhoid (Loukas and Prociv, 2001; Loukas et al., 2016; Hotez, 2008; Ness et al., 2020;
Becker et al., 2011; Opara and Opara, 2021). Secondly, Jamaica provides a setting much more
likely to show any benefits from the eradication of hookworm than the Southern US, as there
was a greater lack of adequate sanitary latrine facilities and hence much higher hookworm infec-
tion rates than the Southern US.? Finally, we, unlike the current literature, construct estimates
of the costs of conducting the campaign, allowing us to conduct a simple cost-benefit analysis.
Apart from showing that the benefits likely substantially outweighed the costs, our findings also
indicate that much of the financial burden was borne by the local population rather than the

International Health Board or the Jamaican government.

More generally, our case study of the hookworm campaign in colonial Jamaica serves to il-
luminate the challenges of communicable disease management in the colonial tropical world.?
More specifically, despite the scientific and medical advances in understanding disease aetiol-
ogy and treatment during the late 19th and early 20th centuries, public health campaigns that
incorporated these advances proved largely ineffective in tropical colonies prior to World War
IT (De Barros and Stilwell, 2003). A number of reasons have been put forth for their failure,
in particular an unwillingness to provide sufficient imperial or colonial financing for their im-
plementation (De Barros and Stilwell, 2003; Silla, 1999; Laurence, 1994), as well as a lack of
local public participation and resistance (Vaughan, 1991; Coghe, 2020). However, while similar

preconditions also existed in the context of early 20"

century colonial Jamaica, its campaign
to combat hookworm was ultimately designed to and succeeded in overcoming these obstacles

(Jones, 2013a).

The paper is structured as follows. Section 2 offers an overview of the background of public
health in Jamaica and provides information on the campaign. Section 3 describes the data and
outlines the program rollout. Section 4 explains the estimation strategy and Sections 5 presents
and analyzes the findings related to mortality. The final section summarizes the results and

discusses their implications.

2For example, pre-campaign in the US about 50 per cent of households had been found to have latrines of
sufficient quality to prevent the spread of hookworm, while in Jamaica there were less than 10 per cent, as
indicated from figures in Rockefellar Foundation (1910) for the former and calculations outlined in Section 2.3.2
for the latter. This is reflected in the large differences in the pre-campaign infection rates, for the US found to be
about 32% (Bleakley, 2007) and for Jamaica on average 64%.(Jones, 2013a).

3As argued by De Barros and Stilwell (2003), health policies were characterized by considerable similarities
across colonial powers and regions.
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2 Background

2.1 Jamaican Public Health prior to the Hookworm Campaign

While during slavery plantation owners employed British doctors to treat their families and
slaves, after emancipation most doctors, deprived of their main source of income, left Jamaica,
leaving the health system severely inadequate (Riley 2005), and turning the island into a breed-
ing ground for tropical diseases characterized by high morbidity and mortality rates (Cassells
et al. 2022). After the Morant Rebellion in the 1860s a public health system consisting of dis-
trict medical officers (MOs) was finally introduced, with each parish being divided into four
medical districts, each of which was assigned a MO. These MOs had an extensive range of
duties, including being in charge of paupers, hospitals, almshouses, prisons, the police, govern-
ment dispensaries, and vaccinations, but were largely underfunded (Riley, 2005; Jones, 2013a).*
Moreover, under this new system poor working conditions and meager salaries only attracted
doctors from other, often poorly trained colonies of the British empire, who spent much of their
time augmenting their salary with private services (Jones 2013a). Additionally, expenditure in-
creasingly became looked upon as non-remunerative because it did not contribute to government
revenue and the benefits accrued mainly to the individual, and thus little investment was made
in public health. Finally, by the late 19*" century the government was mainly concerned with

cure rather than prevention of diseases (Medical Department, 1924a).

0" century much of Ja-

As a result of the neglect of the public health system, by the early 2
maica, largely a rural population working in agriculture, was severely underserved from a health
perspective (Riley, 2005). Additionally, Jamaican sanitation conditions were particularly poor,
with few households having access to toilet facilities, and for those that did latrines tended to be
of unsanitary quality (Jones 2013a). As a matter of fact, in many areas the rule for each person
was to deposit their excrement on the hillside for the rains to wash away (Medical Department,

1924a). This environment resulted in significant soil and river pollution (Hookworm Disease

Report 1922), and thus an ideal setting for infectious soil and water pollution related diseases.

4In 1852, there were some early attempts to establish a Central Board of Health following a devastating cholera
epidemic that claimed many lives. These efforts, however, failed due to the reluctance of local authorities to invest
in Jamaica’s medical infrastructure, leading to the board’s eventual dissolution (Jones 2013a).
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This was reflected in the patterns of mortality in Jamaica, where even as late as 1919 such

infectious diseases made up at least 20 to 25 per cent of all deaths (Departmental Report 1920).

One should note in this regard that the administration of public health control in Jamaica in
the early part of the 20" was similar to the British system prior to the its establishment of
the Ministry of Health in 1919 (Medical Department, 1924a). More precisely, it consisted of a
Central Health Board (CHB), which was a central government body advising and coordinating
in matters of public health and run by a superintending medical officer, and Local Health Board
(LHB) for each parish, which consisted of elected members of the local parish level governments,
also known as Parochial Boards. The LHBs employed medical officers and sanitary inspectors
to administer the nationally set health laws within their parishes, often passing bye-laws to do

SO.

2.2 Hookworm

One important infectious disease due to soil pollution is hookworm, a phenomena commonly
observed in tropical countries with poor sanitation. Necator americanus, the most common
hookworm species infecting humans, and the one that was typical of Jamaica, is a parasite that
lives in the small intestine of an infected person, where its eggs are excreted in the feces (Shalash
et al. 2021) and grow particularly well in moist earth (CDC 2024). Larvae can live up to 3-4
weeks under favorable conditions and enter their host’s body through the skin, for example when
walking barefoot (WHO 2023). Once the larvae are in the body they move through the blood
vessels to the small intestine where they develop into adult worms and can live up to 5 years

(Loukas and Prociv 2001).

Infection with the hookworm can result in a broad spectrum of health impacts, from mild and
short-lived symptoms to serious clinical diseases. Over time it may also cause chronic effects that
hinder physical growth, cognitive development, and overall productivity (Brooker et al. 2004). As
the worms feed on blood, a severe infection can lead to anemia due to blood loss and iron deficit
(Shalash et al. 2021), as well as loss of appetite, diarrhea and weight loss (CDC 2024). While
hookworms are rarely directly fatal, they can significantly impair the immune system (Loukas
and Prociv 2001), leading to a greater likelihood of infection of other, potentially deadly, diseases,

such as, for example, malaria, typhoid fever, and dysentery, to name a few (Mahittikorn et al.,
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2022; Opara and Opara, 2021; Kajero et al., 2022). Importantly, there were two interdependent
strategies to combat hookworms: medical treatment and prevention (Brooker et al. 2004). The
latter includes limiting the contact with infected soil through wearing shoes and boiling food as
well as reducing factors that create an environment conducive to reproduction, such as improving

sanitary conditions, while the former involves treatment through medication (CDC 2024).

2.3 The Jamaican Hookworm Campaign (1919-1936)

2.3.1 Background of the Campaign

Following the success of the Rockefeller Foundation’s first Hookworm Campaign in the southern
US in 1910 (Bleakley, 2007), the International Health Board (IHB) was established in 1913 with
a directive to address long-term, global health (RF Annual Report, 1913-1914; Farley, 2004).°
In 1914 the IHB expanded its efforts to eradicate hookworm in former British colonies, including
British Guiana, Antigua, Trinidad, St. Lucia, Grenada, and Egypt, as well as several Central
American countries (RF Annual Report 1913-1914). The interest in Jamaica in conducting
a similar campaign came about with the recognition by plantation owners of the power of
preventive medicine in maintaining military health through sanitation and disease prevention
after WWI (Rockefeller Foundation, 1923), and the potential in reducing the observed indolence
and low productivity of Jamaican workers (International Health Board, 1919).7 In consequence,
the THB was invited to conduct an island-wide hookworm survey in 1918, which confirmed
the extensive spread of the disease among the population (International Health Board 1919),
where 66.50 per cent examined were found to be infected.® The infection survey led the IHB to
conclude that HW disease was likely a major factor in hindering the productivity of Jamaican
workers, thereby limiting the population’s ability to improve its living standard (International

Health Board 1919). Additionally the IHB emphasized the importance of educating the general

5The THB was originally named the International Health Commission but was renamed when its directive was
widened beyond hookworm eradication.

5By the 1950s, the Foundation had launched similar campaigns in 43 countries worldwide (RF Annual Reports
1913-1950).

"One should note that a similar incentive, namely benefitting those in power, through an increase in labour
productivity, laid behind many other public health campaigns in tropical colonies (De Barros and Stilwell, 2003)

8In some parishes such as St. Catherine, St. Thomas, St. Anna and Trelawny the infection rates were above
80 per cent (International Health Board 1919).
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public on the significance of both public and personal hygiene (International Health Board 1919).
While initially the Jamaican colonial government was reluctant to collaborate with the IHB on
the campaign due to concerns about the high costs associated with implementing the sanitary
measures (Jones, 2013a), in 1919 it finally agreed, recognizing the potential long-term health

benefits of such a program (Jones, 2013a).

2.3.2 Method

The general approach in implementing hookworm treatment in Jamaica was known as the ‘in-
tensive method’, with the objective being the employment of control measures by means of
educating people in terms of sanitation and disease prevention in conjunction with treating the
ones infected (Medical Department, 1925). In essence, it consisted of (i) sanitation, (ii) medical
treatment, and (iii) education components. To implement the campaign a HW commission was
formed, consisting of a superintendent medical officer, clerks, microscopists, dispensing nurses,
and caretakers (Medical Department, 1919-1920). Once a parish was selected for ‘treatment’,
where preference was given to those in which the Parochial Boards expressed willingness to ensure
sanitation (Medical Department, 1925), an area, usually a village or settlement, of around 300
to 500 inhabitants in a parish was selected. Households were considered the units for treatment
and considerable effort was made to reach every household in the area. The HW campaign was

to be implemented via a HW field unit in cooperation with the central and local governments.
2.3.2.1 Sanitation

Adequate latrine sanitation was considered a crucial component in the ‘intensive’ method in
order to maximize the impact of being medically treated if infected, and to prevent reinfection
(Medical Department, 1921; Rockefeller Foundation, 1925). In this regard, the IHB made an
agreement with the Jamaican government ensuring that sanitation preceded treatment by at
least 6 months (Rockefeller Foundation, 1918). To prepare an area for sanitation, households
were instructed on the necessity of having a sanitary latrine, with inspectors showing where and
how such latrines should be built if none existed or if the existing ones were insufficiently sanitary

(Washburn, 1932).9 Additionally, illustrated leaflets providing directions for the construction

9The Rockefeller Foundation developed a sanitary scale for latrines classified ranging from A to F, where A
was of the highest quality and F indicated the lack of a latrine (Rockefellar Foundation, 1911). Latrines were
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and maintenance of a sanitary latrine were left with each household (Medical Department, 1925).

The early years of the campaign were often plagued by districts being only partially sanitized, or
sanitized just before treatment began (Washburn, 1927). The turning point of this problem was
a new sanitation plan when the CHB hired an ‘overseer of works’” who was placed in charge of
the LHBs sanitary inspectors, and as of 1924 households were required to construct their latrines
themselves rather than the LHB doing so and trying to recuperate the costs ex-post. Importantly,
this new strategy resulted in many more districts being sanitated within the required time frame
of 6 months and thus reduced any delays before medical treatment (Washburn, 1927). The
type of latrine required also improved over time with learning experience (Medical Department,

1933) 10
2.3.2.2 Medical Treatment

In order to conduct the treatment part of the campaign a nurse went from house to house, mark-
ing each with a number, and recording the name and age of each member (Medical Department,
1919-1920). Additionally, a small container with instructions was left for each person for the
preparation of a specimen of bowel material for microscopic examination, to be collected the
following day and brought to the Central Office laboratory for examination (Medical Depart-
ment, 1919-1920). Infected patients were visited by a medical officer and received treatment,
except those suffering from chronic diseases, acute illnesses, and pregnant women (Medical De-
partment, 1919-1920). The medical treatment consisted of first Jadap powder as a preliminary
purge on the day of treatment, followed by Jadap powder mixed with powdered thymol in a cap-
sule dropped in Chenopodium oil (Medical Department, 1921).1! Most patients required several
rounds of medication, with the average number of treatments about 2.9 (Medical Department,
1933). While The HW commission periodically experimented with medical treatments different

from the initial combination of Jadap, Thyme and Chenopodium, the medication and its ad-

considered adequate if they were classified lower than D (Washburn, 1928).

0For instance, prior to the end of 1922 the superstructure surrounding the pit latrine was to be made of
wattling, the roof thatched, and instead of a door only a wattled screen was needed, all of these proving to be
unstable and not durable (Rockefeller Foundation, 1921). In consequence, a different superstructure consisting
entirely of boards and a galvanized roof was introduced. The latrine recommended was of the pit type, with a pit
6 feet deep, with sloping sides to minimize caving in, over which a fly proof box of sound lumber is fitted, and
where the latrine is set up on a wood still with hinged fly covers (Medical Department, 1915-1916).

1 One should note that all these ingredients, although not native to Jamaica, were grown there at the time.
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ministration only changed marginally (Medical Department, 1923, 1932, 1936). A patient was
pronounced cured if a week after treatment a feces specimen was found to be negative, and

subsequently presented with a certificate (Medical Department, 1919-1920).
2.3.2.3 Education

Importantly, the HW campaign was conducted from a primarily educational standpoint, with the
objective of spreading health education, both in terms of the treatment and prevention of hook-
worm disease, but also teaching the general necessity and value of sanitation (Washburn, 1927).
In this regard, the education component was not only an important aspect of the sanitation and
treatment parts, but also consisted of more general education aspects. For instance, prior to
actual medical inspection and treatment, the nurse during the first visit explained hookworm
disease and its prevention using photos showing the disease, the way it was contracted, the ef-
fects on patients, and the results following medical treatment (Medical Department, 1919-1920).
The HW commission also organized lectures with magic latern slides, plays, chart lectures, and
other public events in schools and public places in each treatment area describing and showing
hookworm and other parasites, as well as the benefits of sanitation, making these as specific to
Jamaica as possible (Medical Department, 1921; Washburn, 1928). On Sundays, when nearly
everyone was home, the medical director, clerks and microscopists visited the districts for the
purpose of conducting detailed individual demonstrations (Medical Department, 1919-1920).
Additionally, educational pamphlets and leaflets were distributed to households and at schools.
Monthly reports recounting interesting phases of the campaign were also published by the CHB
and up to 10,000 copies distributed, as well as regularly reported on in the press. As argued by
Jones (2013a), all aspects of the educational campaign were carefully designed to incorporate
as many elements of Jamaican society and culture as possible, in order to subvert traditional
beliefs about health and ensure a lasting impact. This strategy included, for instance, the use

of fictional Jamaican characters that the Jamaican public could relate to (Jones, 2013a).'?

12Examples include the use of local Jamaican characters Thomas Ezekiel and Eliza Bush-Tea to caricature a
man inflicted with hookworm disease and a female traditional healer, respectively.
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2.3.3 Financing of the Hookworm Campaign

The financing of the HW campaign was agreed to be jointly done by the Jamaican govern-
ment and the THB. Accordingly, the campaign was to be coordinated by the HW commission,
where the Jamaican government provided the medication, and part of the stationery and the
printing costs, while the IHB paid for the salaries and traveling expenses of the staff,'? office
rent and contingencies, furniture, equipment, scientific supplies, record books, and other related
printed matters. Additionally, it was the responsibility of the Jamaican government to ensure
pre-treatment latrine sanitation, where this was done by the LHBs using sanitary inspectors
(Medical Department, 1919-1920). However, the actual expenses on the construction of latrines
of sufficient quality was the sole responsibility of the households,' except in the case of paupers
where the cost was equally shared by the central and local authorities (Medical Department,
1925; Washburn, 1932). This aspect was crucial in convincing the Jamaican colonial government
to participate in the campaign, which was originally reluctant (Jones, 2013a). Legal grounds for
the local financing of latrine construction were set in Law 35 of 1910, which states that “every
occupier, or person in possession of any promises...shall keep such premises clean and in a state
of efficient sanitation and in accordance with orders, bye-laws and regulations” (Jamaica, 1910,
p. 425). This enabled Parochial Boards to establish bye-laws to ensure households’ financial
responsibility for latrines of adequate quality, where refusal resulted in a legal notice and if

necessary a fine (Washburn, 1928).

Originally only one HW field unit was in operation, financed by the THB until May 1926 and
then falling under the auspices of the Jamaican government. In 1924 an additional field unit
was established, again initially financed by the IHB but then becoming the responsibility of the
local government after three years (Medical Department, 1925; Rockefeller Foundation, 1926).
In 1936 one of the units no longer focused on HW treatment but instead on yaws and other
infectious diseases (Medical Department, 1936). The second field unit ceased HW treatment by
1937 (Medical Department, 1937).1

13The staff of the HW Commission consisted of a medical officer, clerks, microscopists, dispensing nurses, and
caretakers (Medical Department, 1919-1920).

MFor the majority of cases households needed to employ carpenters, masons, and diggers to do so (Medical
Department, 1929a). Nevertheless, in some instances parishes under treatment would provide building materials
at cost, as well as workmen at moderate rates, like in Saint Mary in 1924 (Medical Department, 1924a).

5Briggs (2010) argues that this was a result after tensions developed with the local government over how to

10
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2.3.4 Other Public Health Developments

A number of public health structures in Jamaica have been attributed to the HW campaign
(Rockefeller Foundation, 1927; Medical Department, 1933). For instance, in 1925 a school hy-
giene unit was initiated in 1925 in Saint Andrew, conducting HW treatments in schools, general
medical examinations, correction of physical defects, in particular dental, as well as broad health
education, and by the end of 1933 ten parishes operated such units (Rockefeller Foundation,
1933). The IHB also became involved in addressing the tuberculosis problem in Jamaica in
1928, but its activities were mainly confined to studying the extent of the problem (Washburn,
1932; Bank of England, 2020). A malaria commission in Jamaica was organized by the IHB in
1929 (Washburn, 1932), although because the campaign concentrated on individual control it
remained rather ineffective (Jones, 2013b).16 A study of the problem of yaws was initiated in
1931 and treatment of the disease was integrated into one field unit’s responsibilities in 1936

(Rockefeller Foundation, 1932).

2.3.5 Impact of the Hookworm Campaign

The Jamaican HW campaign was widely heralded as a success, both by the Rockefeller Foun-
dation as well as the Jamaican colonial government. In this regard, the morbidity benefits of
the HW campaign were immediately apparent to officials at the time. For instance, there was
a notable reduction in cases of morbidity, especially in typhoid fever, dysentery, and diarrhea
in the Spanish Town hospital after the 1920 treatment in Saint Catherine, and credited to the
campaign (Medical Department, 1921, 1922; Rockefeller Foundation, 1923). More generally, the
observed reduction in mortality during the operation of the campaign was recognized to be “as
a result of constantly increasing activity in disease prevention the mortality rate for Jamaica
dropped from 28.0 per thousand in 1921 to 20.5 per thousand in 1926” (Rockefeller Foundation,
1926, p.155), while the medical department remarked in 1928 that for the first time in the

history of the colony the death rate was below 20 per thousand (Medical Department, 1928).

conduct a tuberculosis campaign, leading the IHB to largely remove its staff from Jamaica and end its funding
and involvement with many joint public health initiatives.

16 According to Jones (2013b), malaria’s eradication in Jamaica by the mid-1960s was largely due to an eradi-
cation program initiated by the World Health Organization in 1858.

11
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The success of the HW campaign in Jamaica was credited to the effectiveness of all its compo-
nents. In terms of sanitation, while the early stages of the first treatment in Clarendon in 1919
faced apathy from the households to be treated, this was quickly replaced by one of general
appreciation, particularly after the LHBs no longer pre-financed their construction. (Medical
Department, 1919-1920). For instance, the IHB noted in 1927 that “one of the most remarkable
features of Jamaica public health work is the readiness with which the people build substantial
latrines” (Washburn, 1927, p.3). Treated parishes also continued to ensure that latrines were
kept up to standard (Washburn, 1928), as for instance was noted for Clarendon and Manchester
in 1925 and 1928, respectively (Medical Department, 1925; Rockefeller Foundation, 1928). The
treatment component was also deemed as highly effective from relatively early on (Medical De-
partment, 1919-1920). Once a district was censused almost all of its population was willing to
be examined for HW (Washburn, 1928; Medical Department, 1929a). The education component
was similarly viewed as having played a vital role for households cooperating in terms of sanita-
tion and treatment (Medical Department, 1919-1920, 1921). Both the Jamaican government and
the THB noted the eagerness of people of all ages to learn (Medical Department, 1921, 1929a;
Washburn, 1927).

More generally, the Rockefeller Foundation saw the Jamaican HWC as having been particularly
successful, arguing that “nowhere in the history of our activities in the foreign field has the
cooperation of the Government and the people been more satisfactory than it is at present.
Certainly nowhere has our work been brought more generally to the notice of the public nor has
it been elsewhere more appreciated by the masses” (Sisco, 1922, p.9). It was additionally viewed
more widely as having contributed to the development of a permanent island-wide system of
public health (Washburn, 1932), i.e., “as a means of educating the people in public health is
well exemplified...[and] has been the means of introducing modern public health work into the

Colony” (Medical Department, 1933, p.428).
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3 Data & Summary Statistics

3.1 Data

3.1.1 Population

Population counts in Jamaica have been undertaken starting in 1881 and were further carried
out about every 10 years, except in 1901. Data used for our analysis were those in the years
1911, 1921 and 1943.'7 The intercensal years were linearly interpolated to arrive at parish level

annual population counts in total, by sex, and by age group.

3.1.2 Mortality

Data on deaths by parish were available in total, by sex, and by age group from the annual
Jamaican Departmental Reports. Given that data on deaths were not reported during the
WWII years and only limited thereafter, we restricted the sample period of our analysis to
be between 1911 and 1938. From these series we were able to compile death data in total,
by males and females, and by age groups, where we categorized the latter into infants (less
than one year), those aged between 1 and 14, those aged between 15 and 64, and persons 65
and above.'® Mortality rates were defined relative to the interpolated population counts for
each death category. Ideally we would have also used data on total deaths by cause. However,
unfortunately a large number of causes were listed as unknown.'® Hence cause specific mortality
identification would likely include considerable measurement error, possibly systematic, and thus

was not deemed of sufficient quality for the empirical analysis.

In terms of considering the reliability of the mortality data, one should note that reporting deaths
and births became mandatory under the Births and Deaths Registration Law 19 of 1877 (Jamaica
1877). This law was subsequently replaced by the Registration Law 13 of 1881 (Jamaica 1881),

which required family members, neighbors, and other witnesses to register deaths within four

"No population census was undertaken in the 1930s.
18Unfortunately, deaths by age category and sex were not reported.

198 pecifically, simply tabulations show that the parish level average was 32 and 21% in 1919 and 1938, respec-
tively, with the corresponding standard deviations of 35 and 32% indicating large variations across parishes in
any year.
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days, with a penalty for non-compliance. A death certificate was to be issued upon registration,
and pastors conducting burials were required by law to either present death certificates or report
the death themselves. There is nevertheless the question of the actual reliability of the deaths
data. Examining the censuses 1921 and 1943 Roberts (1950) concludes death data were likely

Oth

reliable as most Jamaicans by the early 20" century practised at least some form of Christianity

and thus funerals were the norm (Departmental Report, 1881; Moore and Johnson, 2004).

3.1.3 Other Parish Level Data

In our econometric analysis we include other time varying parish level controls, as available.
Firstly, malaria was significant contributor to mortality during our period of analysis (Jones,
2013b), and greater malaria risk may possibly be correlated with greater hookworm risk (Pullan
and Brooker, 2012). To account for variations in malaria incidence we constructed a parish level,
time varying malaria risk index using the methodology of van Daalen et al. (2022), which is based
on climatic conditions deemed favorable for the spread of malaria through mosquitoes.?’ The
availability of medical services may also have had an impact on mortality as well as have been
related to hookworm prevalence. To control for this we gathered data on the annual number
of registered government doctors by parish from The Handbook of Jamaica (1911-1938), and
linearly interpolated these to fill in gaps for missing years.?’ Local economic conditions and
wealth may play also a role in hookworm spread and subsequent mortality. Unfortunately,
there are no parish level time direct measures of these and we thus instead use tax revenues on
property collected in parishes as proxy.?? Annual data on government-collected property tax

revenues by parish were obtained from (Departmental Reports, 1910-1940).

3.1.4 Program Rollout

The exact year when each parish first entered the hookworm campaign was identified from

Departmental Reports (1910-1940), the RF Annual Reports (1913-1950) and the Hookworm

20The underlying climate data was sourced from the CRU East Anglia climatic gridded dataset (Harris and
Osborn, 2020).

2 The missing years are 1912, 1914, 1929, and 1935.

22More specifically, under the Property Tax Law 15 of 1903, the former land and house taxes were replaced
with an annual property tax, set at a rate of 8 pence for every 10 pounds or fraction thereof of property value
(Jamaica 1903).
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Disease Report (1921-1929). A graphical depiction of the program rollout is given in Figure
1. Accordingly, Clarendon was the first parish to be treated and Westmoreland the last, while
Saint Elizabeth never was part of the HW campaign. One should also note that being part of
the campaign never entailed treating the entire parish, only large parts of it. Additionally, the
field units of the HW Commission on some occasions started a campaign in a parish, left it, and

then later returned, such as was the case for Saint Catherine and Westmoreland.

Figure 1: Treatment Rollout

18.6°N
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ST. ANN
1928 ST. MARY
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ST. ELIZABETH 1928 S G EANE -
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Notes: This figure depicts the parish name and starting years of the HWC rollout.

3.1.5 Other Information

There was also other relevant data that while informative were not consistent, exhaustive, and
potentially representative enough to use in the econometric analysis, or were not always available
at the parish level. More specifically, we were able to construct the total island wide number
of persons censused, examined, found infected, and then treated by medication using various
Medical Reports and reports from the Rockefeller Foundation. In the same sources there was

also periodically information on the households within treated districts in terms of the presence
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and quality of latrines before and after treatment, although generally not for the same district.
Similarly, the Medical Reports sometimes stated the number of HWC lectures and attendance

in a treated district.

In terms of the financial outlays the Medical Reports contained for most years the expenditure
by the CHB on the campaign as well as that on the hookworm medication. The Annual Reports
of the Rockefeller Foundation provided amounts of its expenditure on the Jamaican HWC.
Additionally, the Medical Reports often reported the number of sanitary inspectors in a parish
as well as the total salaries they were paid by the LHB. We also constructed the annual total

expenditure by the Jamaican government on health from the Blue Books.

In order to make broad mortality comparisons, we generated mortality rates for England & Wales
from various years of the Statistical Review of England and Wales. Annual life expectancy at
birth for Jamaica was extracted from Roberts (1957) for the period 1881 to 1964. Congruent life
expectancy series for England & Wales were taken from Office for National Statistics (2023a).
We also calculated the GDP per capita for Jamaica for the years 1850, 1870, 1890, 1910, and
1930 from Eisner (1951), for 1940 and 1950 from Bolt et al. (2023), and for 1960 and 1970 from
Feenstra et al. (2015). For equivalent decadal figures for England & Wales we used information
from Maddison (2007); Office for National Statistics (2023b); Broadberry and Klein (2011) and
Broadberry et al. (2015).

All monetary figures used throughout our analysis were deflated to be in 1919 British pounds
using Bank of England (2020).

3.2 Summary Statistics

3.2.1 Life Expectancy & Mortality

Annual life expectancy at birth for Jamaica and England & Wales are shown in Figure 2,
where the period of the HWC is highlighted in grey. As can be seen, in England & Wales life
expectancy after being stagnant from 1840 until 1870 begins to consistently rise to reach 70 years
by 1960. If one puts this within the context of British GDP it is apparent that the increase in
life expectancy generally coincided with economic growth. In contrast, in Jamaica from 1880

until 1900 the expected age to reach fluctuates between 35 and 40 years, and then experiences a

16



421

422

423

424

425

426

427

428

429

slight downward trend until 1920. Starting in the early 1920s, however, it embarks on a steady
rise to nearly 65 years by 1965. GDP per capita in Jamaica declines slightly from 1850 until
1890, then marginally rises by 1910,22 but subsequently falls substantially until its ascent after
WWIL. Thus, clearly the rise in life expectancy from the early 1920s until the 1940s during the
HWC was not accompanied by any marked increase in economic growth, but rather deteriorating

economic conditions. This phenomenon is what Riley (2005) first coined the Jamaica Paradox.

Figure 2: Life Expectancy at Birth in Jamaica vs. England & Wales, and Jamaican GDP per
Capita
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We compare the total mortality rate in Jamaica with that of England & Wales as 3-year moving
averages in Figure 3. As can be seen, both peak before 1920 mostly due to the Spanish flu in
1918,%* and for England & Wales also because of casualties during WWI. After the spike, while

mortality remained on a plateau for England & Wales, Jamaica experienced a clear and steady

23The observed trends over this period was due to falling sugar prices and the emergence of the bananas industry
(Eisner, 1951; Huesler and Strobl, 2025).

24The pandemic arrived on the Caribbean islands in 1918 and claimed about 10,000 lives, resulting in high
mortality rates that year (Killingary 1994).
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decline, except for a few years in the mid 1930s when it remained stable, resulting in a much

narrower gap, falling from 9.6 to 4.5 percentage points by the end of our sample period.

Figure 3: Total Mortality Rate: Jamaica versus England & Wales
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Figure 4 compares the mortality rates by age groups. Accordingly, as can be seen from Panel
(a), at the beginning of our sample period mortality among infants (<1 years old) in England
& Wales was higher than that of the elderly (65+ years old), where the former is a little over
111 and the latter around 79. Starting in 1900 British infant mortality commences a steady fall
until the early 1930s, and is just over 57 by 1938. In contrast, death rates among the British
elderly remained relatively stable over our sample period, so that by 1922 they had surpassed
those of infants. In contrast, deaths among the British elderly remained relatively stagnant
over our sample period, so that by 1922 it surpassed that of infants. Compared to their British
counterparts, those aged 65 and over in Jamaica had slightly higher death rates in the early
1910s, which peaked in the latter part of the decade and then fell again, although never below
the British rate. Notably, in 1912 the mortality among infants in colonial Jamaica was not only
multiple times larger than its British counterpart but also compared to the Jamaican elderly.
More precisely, standing at 261, it was 2.3 times higher than the British one and 2.9 times that

of Jamaicans 65 and above. Although fluctuating, it remained relatively flat until the early
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1920s after which it began a steady fall. By the time WWII started it had decreased to 162,
so that it was only 2.9 and 1.9 times larger than that of British infants and Jamaican elderly,

respectively.

Examining the mortality rates for children (ages 1-14 years) and adults (ages 15-64) in Panel (b)
of Figure 4 shows that children in Jamaica were 1.7 more likely to die than those in England &
Wales at the beginning of our sample period. Deaths for both began to rise slightly in the latter
half of the 1910s to then start to decline, where this was more pronounced for Jamaica. By 1938
the children mortality rate was 4.3 in Jamaica compared to 2.5 for England & Wales. Examining
working age adults in Jamaica shows that the general pattern followed that of children, and that
this was also the case for British adults.

Figure 4: Mortality rates by age groups
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Table 1 provides more detailed summary statistics of the Jamaican total and infant mortality
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rates in terms of their values in 1919,%° as well as the hookworm infection rates by parish,
as surveyed by the THB in 1918, and the year of first treatment of each parish. Accordingly,
hookworm infection rates in 1918 varied substantially across parishes, from 37.5 per cent in
Kingston to over 80 per cent in St. Thomas, St. Ann, Trelawny and St. Catherine. If we
compare this to when a parish was first treated there is little discernable pattern. For instance,
while Clarendon was treated first it had only the fourth highest rate of hookworm incidence
right before the campaign. As a matter of fact, correlating the year of first treatment with the

1918 infection rate revealed an insignificant correlation of 0.02.

Total mortality in 1919 varied substantially across the island, with a range between 19.8 (Manch-
ester) and 33 (St. Andrew), and was on average 23.6 across Jamaica. As with the infection
rate, there is no significant relationship between commencement of treatment and total mortal-
ity. The average total mortality fell to 16.9 by 1938. The coefficient of a simple regression of
the mortality rate on a time trend (S¢enq) shows that for all parishes it decreased significantly,
where the largest (smallest) fall was experienced in St. Andrew (St. Mary), with an average

annual drop of 1.12 (0.3) percentage points.

Examining infant mortality rates in 1919 reveals that there was also considerable variation
across the island, with an average of 222 per 1,000 births. The highest (lowest) at the start
of the HWC is observed in Kingston (Manchester). Similar to overall mortality, we found no
significant correlation between the first year of treatment and the rate of deaths among infants.
By 1938 infant mortality fell to 177, with deaths most (least) prevalent in St. James (St.
Andrew). Conducting a similar regression for infant as for total mortality shows that in all
parishes it had fallen significantly by the end of our sample period, except in St. James. Island

wide the average rate in 1938 was 177, with the highest (lowest) in St. James (Manchester).

25We chose to report mortality rates for 1919 rather than 1918 since 1918 mortality might have been affected
by the Spanish flu (Killingray, 1994).
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Table 1: Summary statistics

Variables: 158 Yr. | Infect. (%) | Total Mort. (%g <1 Yr. Mort. (%)
HWC 1918 1919 1938 trend | 1919 1938 Birend
Parishes
Kingston 1925 37.5 24.2 18.6 -0.53** | 310.4 137.6 -16.24**
St. Andrew 1925 48.1 32.6 149 -1.12*%* | 249.0 116.2 -10.98**
St. Thomas 1930 80.9 24.2  17.8 -0.46** | 193.2 166.3 -6.46**
Portland 1925 51.5 25.4  17.1  -0.54*%* | 224.4 151.9 -7.23**
St. Mary 1924 67.5 20.8 18.0 -0.30** | 187.5 158.9 -4.67**
St. Ann 1928 83.9 21.3  14.5 -0.44** | 187.2 135.5 -4.15**
Trelawney 1933 83.0 23.5 181 -0.53** | 256.8 253.7 -4.15%*
St. James 1932 49.3 235 19.4 -0.23** | 241.9 260.8 -1.42
Hanover 1931 69.3 26.4 18.0 -0.52** | 256.3 228.3 -3.87**
Westmoreland 1934 67.6 21.7 16.5 -0.41** | 188.4 1936 -1.91*
St. Elizabeth — 50.5 20.0 17.2 -0.28%* | 238.1 218.7 -3.98**
Manchester 1928 75.5 19.8  13.7 -0.41*%% | 173.0 134.1 -3.76**
Clarendon 1919 77.6 21.8 14.3 -0.51** | 185.3 137.5 -2.80**
St. Catherine 1921 85.5 25.1 17.8 -0.57* | 217.6 186.5 -6.30**
Total — 66.5 23.6 16.9 -0.49** | 222.1 177.1 -2.92%**

Notes: In 1918, the IHB conducted an infection survey throughout the island to assess infection rates
by parishes. The share gives the percentage of infected individuals among those examined. The
results are documented in International Health Board 1919. Mortality rate calculations are based on
the annual Departmental Reports of Jamaica (1880-1960).

3.2.2 Hookworm Campaign

Figure 5 shows the total number of persons censused in any year for the HW campaign, as well
its decomposition into those found infected and treated, those found infected but not treated,
those that were found not to be infected, and those censused but not examined. As can be seen,
the total number censused for treatment in any year rose steadily until the second field unit was
employed, and then remained relatively constant until large peaks in 1930 and 1931. After these
two years the number is fairly volatile, until its sudden drop in 1937 in its final year. In terms of
its composition, one can see that very few persons censused were not examined, i.e., never above
5%. One should note that these were mostly individuals who, for medical reasons, would not
have been treated even if found infected; actual refusals were rare (Medical Department, 1931).
In terms of those of who were examined and found infected, these constituted on average about
56%. There is a clear jump in these as share of total number censused in 1923, coinciding with
the new strategy of the LHBs of no longer pre-financing the construction of sanitary latrines.
One may also note that most found infected readily accepted medical treatment, as is indicated

by the relatively low medical treatment refusal rate (on average below 6%).
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Figure 5: Total Persons under the Hookworm Campaign and their Composition
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The average number of households with sanitary latrines, along with its standard deviation if
this was derived from more than one district, are depicted in Figure 6. Since these calculations
are based on fairly small and not necessarily representative samples of the households covered by
the treatment campaign, we also show the number of households in each year in the underlying
sample. Accordingly, before treatment, very few households, on average generally less than 10
per cent, had latrines deemed of sufficient quality. The only exceptions are in the last years,
when the figures rise above 30%. Whether this is because over time households became more
aware of the necessity of sanitary latrines even before being selected for treatment, or simply due
to the lack of representativeness of the data, cannot unfortunately be determined. Nevertheless,
corresponding depiction of similar information collected after treatment was completed shows
that, except for one district in 1935, generally well over 90% of households had adequate latrines

in their homes.
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Figure 6: Sanitation
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households underlying the calculations.

In Figure 7 we show the average attendance per lecture and the average percentage of persons
attending relative to the number of persons in the district censused. Ome should note that,
as with the sanitated latrines, these are derived from limited small samples, as indicated by
the underlying number of reporting districts. As can be seen, the lectures were fairly popular,

generally with several hundred individuals attending. The attendance as a percentage of those
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Notes: (a) Circles are averages across district data; (b) Standard errors of the averages are
reported when more than one observation is available; (¢) Dashed lines indicate the number of
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in a district was fairly variable across years, fluctuating between just over 80 to as low as 35%.

3.2.3 Other Variables

In Table 2 we depict more detailed statistics on the mortality rates, as well as other variables
that will be used in our econometric analysis. In terms of the variables not already discussed,
the average number of births in any year in a parish was just over 2,400. Parishes had close to
7 medical doctors, and total taxes collected from properties totaled about £4,600. The risk of

malaria was about 0.25 per cent in any year, but at times as high as 55 per cent.

Table 2: Summary Statistics for Model Variables

Variable Mean SD Min Max N
Mortality Rates

Total mortality rate 21.83 5.18 12.63 44.20 392
Mortality rate female 20.78 4.74 12.86 41.50 392
Mortality rate male 23.00 5.87 12.32 51.17 392
Infant mortality rate 229.82 60.86  116.15 512.58 392
Mortality rate 1-14 years 8.71 3.90 2.28 21.42 392
Mortality rate 15-64 years 16.69 5.28 7.59 44.36 392
Mortality rate 654 years 93.90 19.89 56.08 196.92 392
Demographics

Share of female population 0.53 0.02 0.49 0.58 392
Share of school children 0.26 0.03 0.14 0.32 392
Share of working population 0.58 0.05 0.49 0.90 392
Controls

Births 2401.25  730.62 1244.00  4035.00 392
Medical doctors 6.93 8.59 1.00 63.00 392
Malaria index 0.25 0.08 0.12 0.55 392
Revenues from property taxes 4616.61 2053.91 1157.00 12290.00 392

Notes: Summary statistics calculated for the balanced panel of 392 parish-year observations.
Mortality variables are expressed per 1,000 population. All monetary values are in 1919 British
pounds.

24



Figure 7: Public Lectures
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Notes: (a) Circles are averages across district data; (b) Standard errors of the averages are
reported when more than one observation is available; (¢) Dashed lines indicate the number of
households underlying the calculations.
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4 Empirical Strategy

To identify the average treatment effect of the HWC on mortality rates we exploit the temporal
variation in the program roll out and set up an event study specification. The TWFE estimator
with staggered adoption, as outlined in Schmidheiny and Siegloch (2023),%° is given by

k

n(Yis) =a;i + e + Z BkDﬁt +y Xt ey (1)
k=k

where

Wt<E+k, if k=k
Df, =S 1jt=FE;+k|, if k<k<k
1t>E;+k], if k=k

Subscripts ¢ and ¢t denote parish and year, respectively. Y;; represents mortality rates in total, by
sex, and by age group per 1,000 relevant population, except for infants where it is defined as per
1,000 births. D7, refers to a binned treatment indicator where the estimated coefficient S is the
dynamic treatment effect k periods before and after treatment, where k and k are set at -5 and
10, respectively.?” E; denotes the time period when treatment begins in parish i. The pre-event
reference period is chosen such that the time periods before the treatment are normalized by
setting Bi, to 0 at kK = —1. X;; is a vector of controls that accounts for demographic changes by
including the share of children of school age (5 to 14 years), the share of adults of working age
(15 to 64 years), the share of females in the population, and the number of births. Additionally,
it includes controls for malaria risk, the number of medical doctors, and revenues from property
taxes. a; and \; capture parish and time fixed effects. Lastly, €¢;; denotes the error term, where

we calculate heteroskedasticity-robust standard errors.

Identification of the dynamic treatment effect requires a number of assumptions to hold. First,

under the parallel trend assumption treated and untreated parishes need to have experienced

26Tn contrast, Melacrinis et al. (2025) compare mortality rates of the targeted with those of non-targeted disease
since in their setting the public health interventions are implemented simultaneous across cities.

270ne should note that we consider an event window ranging up to five years to consider pre-trends, and up to
10 years after treatment since the average time in treatment within our sample period (1911-1938) is 10.5 years.
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similar trends in mortality rates in the absence of treatment. This assumption is plausible
in the context of the Jamaican Hookworm Campaign for several reasons. Firstly, Jamaica’s
economic conditions and public health infrastructure were relatively uniformly underdeveloped
across parishes during this period, except with perhaps for Kingston which was relatively more
urban.?® One should also note that we include the number of medical officers and the total land
tax revenue to nevertheless account for any parish level time varying deviance from these aspects.
The second requirement is no anticipatory behavior prior to the treatment. Anticipation is
unlikely to have been the case in the Jamaican setting, since, as shown earlier from the available
data, the number of sanitary latrines before the campaign for most of the period appears not to

have increased over time in treated districts.

Another threat to identification comes from infection rates being correlated to the program start.
However, as shown earlier there is no evidence that this was the case in Jamaica. Rather, after the
initial selection of Clarendon, the choice of order of treatment appears to have been made with
regard to geographic proximity; see Figure 1. This was also the case if one examines the order
of treatment of the individual districts within parishes, where this information was available.?”
A related concern regarding treatment endogeneity is the possibility of parish-specific mortality
shocks influencing the decision to assign treatment to specific areas or parishes. However, the
earlier Medical Reports periodically included detailed yearly descriptions by each chief medical
officer of a parish of the general health situation matters of sub-areas within parishes. Examining
these reports just prior to treatment of a parish as a whole and for individual districts in no
case was any incidence of high mortality compared to other parishes and districts in the same

year noted.

Finally, in staggered treatment settings, as our event study essentially is, obtaining unbiased
treatment estimates requires the assumption of homogeneous treatment effects (Borusyak et al.
2024, Callaway and Sant’Anna 2021, de Chaisemartin and D’Haultfeeuille 2020, Goodman-Bacon
2021). In particular, the changes in the HWC described outlined earlier may have resulted in
greater effectiveness of the HWC over its duration. This concern is addressed in the robustness

section.

280ur results are robust to excluding Kingston from the analysis.

2Detailed examples are available from the authors upon request.
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5 Results

5.1 Event Study Estimates

The results of estimating Equation 1 for total, male and female, and age group specific mortality
rates are presented in Figures 8 and 9, where the vertical axis depicts the estimated coefficients
while the horizontal axis shows the time relative to the intervention at ¢ = 0, and the solid line
at time t=-1 marks the reference period. Confidence intervals are shown at their 95 per cent
level. As can be seen, the coefficients for the pre-treatment period (years -5 to -1) are generally
fairly close to zero and statistically insignificant from it across all models, supporting the parallel

trends as well as non-anticipation assumptions necessary for causal identification.

Following the intervention, a distinct and statistically significant decline in mortality rates be-
comes evident. For total mortality the treatment effect becomes statistically significant from
year 6 onward, with a first decrease of 6 and this increasing to 15 per cent by the 10** year. One
can compare these total mortality effects to those of the public health interventions in terms of
stronger public health governance and greater containment after infectious disease outbreaks in
late 19" century Italy. More specifically, examining the first five years of these interventions
Melacrinis et al. (2025) find that reductions in total mortality start 3 years after implementation,

rising from 3.2 per cent to 8.5 per cent by the 5

year. The sex-disaggregated results show very
similar patterns to that of total mortality and to each other in that both female and male rates

of death decline significantly from year 6 onward.>°

The age-specific analysis in Figure 9 highlights the largest mortality reductions among infants,
with a statistically significant decline starting at 11 per cent in the first year and this falling
by year 10 to 41 percent. For children aged 1-14 years, mortality reductions become significant
by year 7, with a 20 percent decline by year 10. Adults aged 15-64 years exhibit smaller and
more delayed effects, where significant reductions emerge around year 9 and reach about 10

0" year. For the elderly a small significant drop is visible in the early post-

percent by the 1
treatment years, and then again in years 8 to 10, where mortality rates are around 15 percent.

Although not strictly comparable, this stands in contrast to the 1.3 months of greater longevity

30Z-tests of the difference of the coefficients by gender for the significant years confirm that there were no
gender-specific effects of the HWC.
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Figure 8: Effect of the public health campaign on mortality rates
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Figure 9: Effect of the public health campaign on mortality rates
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experienced by individuals in the US 65 years after they were exposed to the HWC campaign
there (Noghanibehambari and Fletcher, 2024).

Finally, one should note that the additional covariates behave as expected; see Table A.1. More
precisely, the log number of births is positively and significantly associated with mortality in
several models, reflecting an expected demography control effect where higher birth rates cor-
relate with increased mortality due to larger population sizes. The share of female population
is positively correlated with mortality, possibly due to a shift in demographic composition. The
share of the working population is associated with lower mortality rates, consistent with adults
being less susceptible to severe health impacts from Hookworm infections. Medical infrastruc-
ture, proxied by the number of medical doctors, is not significantly associated with mortality
rates. Property taxes, proxying local economic conditions, show a negative association with

mortality for children aged 1-14 years.
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5.2 Heterogenous Effects

For unbiased treatment estimates in a staggered setting treatment has to be homogeneous over
time and space. This may be a concern in the Jamaican context since, as outlined earlier, while
the basic structure of the campaign remained the same, there were some changes that might
have made the HW campaign more effective over time. However, recent estimators developed by
Callaway and Anna (2022) and Sun and Abraham (2021) to allow for such heterogeneity require
sufficiently large group sizes, a condition which in our sample of 14 parishes would be difficult
to justify. To nevertheless roughly address the issue we estimate an alternative specification
by including a time trend variable that is zero in a parish before treatment begins but then
increases linearly once the parish has first been exposed to treatment (TREND). In addition
we alternatively interact this treatment trend variable with dummies for the pre- (D@eaﬂy) and
post-1924 (D; jate) periods, coinciding with the introduction of a second HWC field unit as well

as parishes no longer pre-financing the construction of latrines:3!

ln(Yi,t) = o5 + At + TREND,’t + TRENDht * Di,early +TREND x Di,late + Xi,t + €it (2)

The results for the total and by sex mortality and by age group mortality are given in Tables 3 and
4, respectively. As can be seen, even allowing for linearly increasing effect of treatment supports
our earlier findings for all mortality types. Additionally allowing for a structural break in impact
starting in 1924 suggests little evidence of such in the data for these mortality categories. For
the age groups the trend treatment variable also is in line with the event study results. For
adults and the elderly, similar to total and sex specific mortality, there is little evidence of a
different post-1924 treatment effect. In contrast, the insignificance of the positive coefficient on
D; carty but negative significant estimate of D; ;4. indicate that hookworm treatment may have

only been successful in reducing in infant and children deaths after the program changes in 1924.

310ne should note that in its most general form this specification allows for (linear) learning effects by treated
parishes, as well as taking account of potential changes due the two just mentioned structural changes in the
HWC.
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Table 3: Heterogeneous Treatment Effect on Mortality Rates (by sex)

Mortality rate Female Male
Model: (1) (2) (3) (4) (5) (6)
Variables
TREND -0.01**  -0.001  -0.01**  -0.004 -0.01"*  0.0001
(0.002) (0.003) (0.002) (0.004) (0.002) (0.004
TREND - treated before 1924 -0.01*" -0.008™ -0.01*
(0.003 (0.003 (0.003
TREND - treated after 1924 -0.01% -0.01* -0.01"
(0.003) (0.004) (0.003)
Fized-effects
parish Yes Yes Yes Yes Yes Yes
year Yes Yes Yes Yes Yes Yes
Fit statistics
Observations 392 392 392 392 392 392
R? 0.89 0.90 0.88 0.88 0.89 0.89
Within R? 0.14 0.18 0.14 0.17 0.13 0.17

Heteroskedasticity-robust standard-errors in parentheses
Signif. Codes: **: 0.01, *: 0.05
Notes: All dependent variables are in logs. Complete table is in the appendix.

Table 4: Heterogeneous Treatment Effect on Age-Specific Mortality Rates

Dependent Variables: Infants 1-14 Years 15-64 Years 65+ Years
Model: (1) (2) (3) (4) (5) (6) (7) (8)
Variables
TREND -0.03**  -0.03** -0.02** -0.02** -0.01"* 0.009* -0.01"" -0.01"
(0.003) (0.005) (0.004) (0.006) (0.002) (0.0042 (0.003)  (0.005)
TREND - treated before 1924 0.007 0.008 -0.02* 0.001
(0.004) (0.005 (0.003) (0.004)
TREND - treated after 1924 -0.009" -0.01* -0.02** -0.0005
(0.005) (0.006) (0.004) (0.005)
Fized-effects
parish Yes Yes Yes Yes Yes Yes Yes Yes
year Yes Yes Yes Yes Yes Yes Yes Yes
Fit statistics
Observations 392 392 392 392 392 392 392 392
R? 0.85 0.86 0.91 0.92 0.89 0.90 0.74 0.74
Within R? 0.48 0.52 0.12 0.17 0.28 0.33 0.11 0.11

Heteroskedasticity-robust standard-errors in parentheses
Signif. Codes: **: 0.01, *: 0.05
Notes: All dependent variables are in logs. Complete table is in the appendix.

5.3 Implications for Life Expectancy

We use the estimated coeflicients from our event study to calculate their implications for changes
in life expectancy due to the HWC. To calculate observed life expectancy we follow Preston et al.
(2001) and construct abridged life tables based on each x of the age groups <1, 1-14, 15-64,
and 65+ years. We computed the mortality rates m(z) using infant deaths per births for the
<1 group and deaths per population for all other groups. The probability of dying within each

age interval ¢(z) are derived using the standard approximation ¢(x) = e (z)” where n,

1+(nz—az)m

is the width of the age interval and a, represents the average time lived in the interval by those
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who died.?? With ¢(z) we constructed the survivorship function (), and using this calculated
the number of deaths d(z), person-years lived L(x), total remaining person-years T'(z), and life
expectancy e(z) = T'(z)/l(z). To estimate the counterfactual life expectancy in the absence of
the HWC, we adjusted the observed mortality rates upward using the significant event study
coefficients for time after treatment. More precisely, for each treated parish, we apply the event
study coefficient corresponding to the number of years it had been exposed to treatment as of
1938, and used it to compute the counterfactual morality rates as m® (z) = W%t;jx), where 3,
is the estimated mortality effect from our event study estimations. This allows us to compute
full life tables using the counterfactual rates. One should recall that our event study framework
estimates a treatment effect up to 10 years after treatment, as necessitated by data availability,
and thus we do not know whether estimated treatment effects persisted to the extent that we
found after 10 years. Assuming that this is the case is likely an upper bound of the treatment

effect and we thus alternatively also suppose that there is no treatment effect after 10 years as

a lower bound.

Figure 10 depicts the actual and the two counterfactual life expectancies under no HWC. As
can be seen, the actual life expectancy, while stagnant except for the dip in 1918 due to the
Spanish flu, embarks on an increase until 1930, and then falls somewhat until it increases again.
In contrast, in terms of its upper bound, life expectancy without the HWC generally would have
remained around its 1919 level until 1935 after which it starts to rise. In contrast, if we consider
the lower bound counterfactual it would have instead declined from 1930 until 1935 and actually
would have been lower than before the start of the campaign due to the deteriorating economic
conditions during this period, as noted in Section 3.2.1. The estimates shown in Figure 10
suggest that observed life expectancy was 40 years in 1919 but rose to 49 years in 1938.33 Using
the lower counterfactual of no HWC implies that by 1938 life expectancy would have been 34, or
under the higher counterfactual 44 years. Thus, our empirical estimates suggest that a person
born in 1938 would have on average expected to live between 5 and 15 years less if there had

been no public hookworm eradication effort.

32For a, we used the values 0.1 for infants, 7 for the age group 1-14 years and 25 for the age group 15-64 years.
For the open-ended interval of age group 65+ we do not define a,.

330ne should note that these figures are fairly close to those calculated in these years by Riley (2005), despite
using more aggregated age groups
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Figure 10: Observed and Counterfactual Life Expectancy at Birth
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6 Cost-Benefit Analysis

In order to conduct a simple cost-benefit analysis of the Jamaican hookworm campaign we for
simplicity’s sake assume a social planner with perfect foresight of the course of the campaign at
its start in 1919 until 1938. For the benefits arising from the campaign the planner is assumed
to consider only those due to the averted infant deaths incurred during the duration of the
campaign and measure these solely in terms of the potential economic contribution to Jamaican
society through future employment. In terms of the costs we, in line with what was outlined in
Section 2, assume that the IHB financed one hookworm field unit from the start until 1926 and
a second one from 1924 until 1928, after which it became the responsibility of the CHB, while
the LHB financed the salaries of the sanitary inspectors and the cost of latrine construction was
borne by the general population. The detailed approximation of all cost and benefit components

is presented in Appendix B.

Our calculations suggest that all avoided infant deaths during the duration of the campaign
provided total benefits of value of £10,874,870 and £14,460,090 for the upper and lower bound
counterfactual scenarios, respectively. The total cost and its components are shown in Figure

11. Accordingly, the total expenses rose steadily from the commencement of the campaign until
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Figure 11: Cost of Hookworm Campaign
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1930, after which it reaches a volatile plateau until its phase out by 1937. At its height in 1929
the total cost amounted to £33,277, while in its last year it had fallen to £3,575. Examining
the individual components one can clearly see that the CHB’s expenditure necessarily increased
after it took over the two field units over the 1926 to 1929 period, with a corresponding fall of
the costs to the IHB. Given that the financial outlay incurred by the LHB depended primarily
on the number of persons treated, it is not surprising to see a steady increase until 1925. The
perhaps most striking feature apparent in Figure 11 is that the cost of latrine sanitation plays
the most important role, on average 62%, in the estimated annual costs. In other words, the
most substantial burden of the Jamaican hookworm campaign fell on the shoulder of the local,
mostly rural and poor, population. Summing the four components over the duration of the
campaign results in a total cost of £347,381, as valued in 1919 using the discount rate from
above. This implies a cost of £0.82 per person of the areas treated. Relative to the total 1919

and 1937 population the cost is 0.41 and £0.31 per capita, respectively.
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The costs and benefits calculated imply a cost-benefit ratio of 31.3 and 41.6 for the upper
and lower bound counterfactuals, respectively. Omne should note that this range is multiple
times above the median value of 8.3 found by Masters et al. (2017) in their review of public
health interventions in modern settings. Although of course no such cost-benefit was actually
undertaken, the Jamaican government at the time appears to have been well aware of the
tremendous benefits of the HW campaign compared to its costs. For instance, it was noted
early in the campaign that the “prevention of soil pollution is comparatively simple and the
cost involved is small when the economic results...are considered” (Medical Department, 1921,
p.423) and “such results are of vast economic and social benefit to the community” (Medical

Department, 1921, p. 425).

One should note that the costs that we calculated are likely over-estimated. Firstly, our assump-
tion that all sanitary inspectors in a parish that was being treated were employed for the entire
previous year prior to medical treatment and for the entire years in which there was treatment
is likely to be a upper threshold of the inspectors’ employment for the purposes of sanitation for
the campaign as these also had other duties that they had to attend to. In contrast, the benefits
are most certainly underestimated. Most obviously, we have ignored the value of production
benefits from lower mortality for the other age groups. Another important benefit from the
HWC that has not been a subject of our study are the non-mortality gains in terms of greater
productivity of those cured of the parasitic worms. For one this would have resulted in imme-
diate greater productivity of those already able to work®!, as well as the future productivity
of surviving children through better schooling attendance and performance as was found by

Bleakley (2007) for the US.%

34In this regard, Rockefeller Foundation (1927, p.7) stated that the “estate and other employers of labor report
that the laborers are able to do more and better work and earn more money after treatment and that the regularity
of their service is not interrupted due to intermittent illnesses.”

35There is also some indirect evidence that the impact on school performance of hookworm eradication may
have had long-term productivity effects for children in Jamaica, as it did in the US. In this regard, local officials
noted that an infected child “does not learn well and may be stupid. .. [and] may be abused for being stupid and
dull and become discouraged and stop school” (Medical Department, 1924b, p. 376). Moreover, in an investigation
of two schools in the parish of Saint Mary, the HW Commission chose children of similar weight and age and
asked teachers to categorize them as either ‘bright’ or ‘dull’ and found that the former had an infection rate of
23.3 per cent, compared to 80.3 per cent for the latter. For instance, if we assume that infants that survive due
to the campaign also are four times more likely to work in trade rather than in agriculture because they are
‘brighter’, with a corresponding average daily wage rate twice that of predial workers (UK Parliament, 1938), this
would increase the cost benefit ratio to 56.5 and 71.5 for the upper and lower bound counterfactual scenarios,
respectively.
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7 Conclusion

In this paper we investigated what role an extensive and multi-faceted hookworm eradication
campaign may have played in explaining the Jamaica paradox, where considerable gains in life
expectancy were achieved in the first half of 20" century despite limited economic growth.
To this end we combined parish level mortality data with information on the program rollout
and conducted an event analysis. Our results show that the campaign resulted in substantial

infant mortality reductions, increasing over time within parishes to 41 per cent by the 10"

year.
Other age groups were also impacted, although only with some delay and to a lower extent.
If one considers our results in terms of gains in life expectancy, they imply that by WWII the
campaign resulted in an expected 5 to 15 additional years of life at birth. A simple cost benefit
analysis demonstrated that just the impact on infants more than justified the total financial

outlay. Importantly, we also show that the largest share of the costs was shouldered by the local

population itself.

If one considers our findings relative to those found for mortality as a result of investments
in urban sewerage sanitation in Western countries, as outlined by Gallardo-Albarran (2025),
they might seem rather large. For instance, compared to Melacrinis et al. (2025) the initial
effect is nearly double that found for cities in late 19*" Italy. There could be a number of
explanations for this. The most obvious one is of course that a campaign specifically aimed at
eradicating hookworm through medical treatment, latrine sanitation, and public education in
mostly rural, agrarian areas constitutes a very different setting than investments in sewerage
infrastructure, more centralized governance, or more stringent containment measures in cities
in urban areas. Another possible reason is that, as noted earlier, the incidence of hookworm
infection was rather high and the lack of adequate sanitation particular low in Jamaica as
compared to the Southern US at the time of hookworm campaign rollout there, leaving much
room for potential success. Nevertheless, one should note that at least part of the Italian public
health reforms examined by Melacrinis et al. (2025) were implemented in response to outbreaks
of the targeted infectious diseases and thus when the incidence was also likely high. Perhaps
another reason for the large effects of the Jamaican hookworm campaign is the widely noted
enthusiasm for and willingness of the public to participate in the campaign actively in Jamaica,

even if it entailed non-negligible costs in terms of financing their own latrine construction. In
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contrast, Melacrinis et al. (2025) point out that in Italy at the time citizens perceived public
hygiene as an interference in their private lives. One also needs to emphasize that the campaign
was geared at not only eradicating hookworm, but also at educating the population about the
general importance of sanitary behaviour and constructing their own sanitary latrines, and thus

might have led to the ‘collateral good’ that Rosenau (1913) enthused about.

More generally, the success of the Jamaican hookworm campaign, in contrast to most other
public health campaigns in disease management in tropical colonies (De Barros and Stilwell,
2003), arguably can be attributed to a number of reasons. Firstly, facing a similar lack of
willingness to be primarily financed from the Jamaican public purse, it was specifically designed
to convince the local population of the necessity and benefits of having sanitary latrines and
thus to also carry the associated costs. Secondly, the campaign’s educational component was
tailored to incorporate aspects of Jamaican culture and society in conveying its messages, and
as such to overcome the lack of consideration of ‘social context’ typical of other colonial tropical

public health programs using Western methods, as identified by Vaughan (1991).
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Table A.1: Effect of the Hookworm Campaign on mortality rates

log(Total mortality)
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Yes
Yes
392
0.89
0.17

Yes
Yes
392
0.88
0.14

Yes
Yes
392
0.74
0.13

Yes
Yes
392
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0.30

Yes
Yes
392
0.91423
0.15

Yes
Yes
392
0.85
0.50

Yes
Yes
392
0.90
0.17

Flized-effects

parish

year
Observations
R2

Fit statistics

Within R?

*: 0.1

robust standard-errors in parentheses
5,

-

Signif. Codes: ***: 0.01, **: 0.0

Heteroskedasticit,
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Table A.2: Effect of the Hookworm Campaign on mortality rates (total and by gender) allowing for heterogeneous treatment effects

Dependent Variables:

log(Total mortality rate)

log(Female mortality rate)

log(Male mortality rate)

Model: (1) (2) 3) (4) (5) (6)
Variables
TREND -0.01"** -0.001 -0.01*** -0.004 -0.01"** 0.0001
(0.002) (0.003) (0.002) (0.004) (0.002) (0.004)
TREND - treated before 1924 -0.01*** -0.008** -0.01%**
(0.003) (0.003) (0.003)
TREND - treated after 1924 -0.01%** -0.01%** -0.01***
(0.003) (0.004) (0.003)
log(Births) 0.28** 0.27** 0.29*** 0.27** 0.27** 0.25**
(0.11) (0.11) (0.11) (0.11) (0.12) (0.12)
log(Medical doctors) 0.003 -0.002 -0.005 -0.010 0.009 0.004
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
log(Property tax) -0.04 -0.02 -0.03 -0.01 -0.04 -0.03
(0.04 (0.04) (0‘042 (0.04) (0.04 (0‘042
Share female population 4.5%* 2.8 3.0 1.4 5.6 3.8
(1.2) (1.3) (1.1) (1.2) (1.3) (1.3)
Share school children 0.66 0.45 0.50 0.34 0.52 0.30
(0.45) (0.44) (0.42) (0.43) (0.47) (0.47)
Share working population -0.13 -0.05 -0.14 -0.07 -0.08 0.0005
(0.16) (0.15) (0.16) (0.16) (0.17) (0.17)
Malaria index 0.008 0.009 0.008 0.009 0.008 0.008
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007)
Fized-effects
parish Yes Yes Yes Yes Yes Yes
year Yes Yes Yes Yes Yes Yes
Fit statistics
Observations 392 392 392 392 392 392
R? 0.89 0.90 0.88 0.88 0.89 0.89
Within R? 0.14 0.18 0.14 0.17 0.13 0.17

Heteroskedasticity-robust standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1



8%

Table A.3: Effect of the Hookworm Campaign on age-specific mortality rates allowing for heterogeneous treatment effects

Dependent Variables: log(Infants) log(1-14 years) log(15-64 years) log(65+ years)
Model: (1) ) ®3) (4) ©) (6) ) )
Variables
TREND -0.03***  -0.03*** -0.02*** -0.02*** -0.01*** 0.009** -0.01*** -0.01**
(0.003)  (0.005)  (0.004) (0.006) (0.002) (0.004) (0.003) (0.005)
TREND - treated before 1924 0.007* 0.008 -0.02%** 0.001
(0.004) (0.005) (0.003) (0.004)
TREND - treated after 1924 -0.009** -0.01*** -0.02*** -0.0005
(0.005) (0.006) (0.004) (0.005)
log(Births) 0.80***  0.73"** 0.06 -0.05 0.25 0.26 -0.21*  -0.22*
(0.12)  (0.11)  (0.15)  (0.15)  (0.16)  (0.16)  (0.11)  (0.11)
log(Medical doctors) -0.009 -0.01 -0.01 -0.02 0.002 -0.004 0.002 0.002
(0.02) (0.01) (0.02) (0.02) (0.01) (0.01) (0.02) (0.02)
log(Property tax) 0.003 0.04 -0.19** 0.14*  -0.004 0.009 0.02 0.02
(0.05) (0.042 (0.08) (0.07) (0.0 2 (0.05) (0.04) (0.04)
Share female population 11.4%% 9.4** 1.2 -1.8 5.7 3.8 -1.5 -1.6
‘ (1.3) (1.5) (1.7) (1.9) (1.6) (1.6) (1.3)  (14)
Share school children S35 3.3 0.03 0.21 1.4 1.0* -0.68 -0.66
(0.53) (0.54) (0.78) (0.78) (0.54) (0.52) (0.57) (0.59)
Share working population 0.20 0.24 0.04 0.11 -2.0%%* 1.9%* 0.41* 0.41%*
(0.17)  (0.17)  (0.32)  (0.32)  (0.15)  (0.15)  (0.24)  (0.24)
Malaria index 0.003 0.007 0.009 0.01 0.004 0.003 0.02* 0.02*
(0.009)  (0.009)  (0.01) (0.01)  (0.009) (0.008) (0.010) (0.010)
Fized-effects
parish Yes Yes Yes Yes Yes Yes Yes Yes
year Yes Yes Yes Yes Yes Yes Yes Yes
Fit statistics
Observations 392 392 392 392 392 392 392 392
R? 0.85 0.86 0.91 0.92 0.89 0.90 0.74 0.74
Within R? 0.48 0.52 0.12 0.17 0.28 0.33 0.11 0.11

Heteroskedasticity-robust standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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B Cost-Benefit Analysis

B.1 Benefits

The primary input into calculating the benefits of the campaign are the implied avoided infant
deaths. To estimate the counterfactual increase in infants surviving we first calculate the number
of infants deaths spared by the campaign. More specifically, for each parish i we take the number
of infant deaths in the year prior to the treatment, D; ., as a baseline and then use the estimated
treatment effect given by the event study coefficients By for each year of treatment k for any
parish ¢ in year ¢t. This suggested that the Hookworm Campaign averted 49,203 and 66,460
infant deaths for the upper and lower bound over the 1919 to 1938 sample period allowing for

zero or constant effects after s > 10, respectively.

We next use the implied infant deaths avoided to infer the benefits accrued to these in terms
of their value of production over their expected working life, as represented by their annual
income. To this end we distribute the number of avoided infant deaths across the years in
terms of the annual share of the total number of people treated. Persons are assumed to have
a working span starting at age 14 and lasting until the expected age as determined by their life
expectancy.?® The additional working years are determined by the difference between the actual

and the counterfactual life expectancies calculated in Section 5.3.

A person’s expected annual average income is proxied by using the average agriculture wage rate
(£0.05825) in 1938 taken from UK Parliament (1938) and assuming that there are 300 working
days in a year, implying an annual income of £17.5. As a discount rate we use the rate of return
for British colonial investments (2.32 per cent) for Jamaica for the early 20" century calculated

by Edelstein (1982).

B.2 Costs

The cost of the hookworm campaign over its existence in Jamaica consisted of a number of

sources:

36Law 3 of 1910 required all children between ages 7 and 13 to attend primary school.
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IHB: The IHB financed one hookworm field until 1924 when it added a second mobile unit.
It fully financed both units up until April 30" of 1926, after which the Jamaican government
took over full financial responsibility for the first unit, 75 per cent of the first for four and
50 per cent for the remaining 8 months in 1927, 50 per cent in the first four and 25 per cent
in the remaining eight months in 1928, and then fully from the last 8 months of 1929 onwards
(Rockefeller Foundation, 1927, 1929). The total expenses®’ incurred by the IHB for the Jamaican
hookworm campaign over the 1919 to 1929 period are taken from the RFA annual reports and

discounted using the same rate as for total benefits.

CHB Before taking over the first hookworm unit in May of 1926, as well as gradually the second
unit during that year until its full financing in 1929, the main expenses of the CHB regarding
the campaign consisted of mostly paying for stationery and print materials. Additionally, it
purchased all drugs needed for treatment. The breakdown of the CHB’s expenses specifically
for the hookworm campaign are reported annually in the Medical Reports from 1920 until 1935.
In order to also approximate figures for the other missing years, i.e., 1919 and the period 1936
to 1937, we for the former calculated the cost per person censused in 1920 and then inferred the
expenditure in 1919 from the number of censused in 1919, while for the latter period we used
the expenses per persons censused in 1934 and 1935 to arrive at figures for the two following
missing years. Costs of the drugs used for hookworm treatment are provided for the period 1920
until 1934, with the exception of 1926, in the Medical Reports. We estimated the total drug
expenses for the missing years similar to the procedure for the other CHB expenses. We then

summed the two figures to obtain total annual (discounted) outlay by the CHB.

LHB: The main cost incurred by the Local Health Boards for the campaign was that due to
ensuring sanitation in areas that were to be treated, constituted mostly of the salary of the
sanitary inspectors (Washburn, 1927).3® We assume the expenses by the LHB in the hookworm
campaign to have consisted primarily of the cost of employing their sanitary inspectors for latrine
sanitation. In this regard, we suppose that each parish employed all of its sanitary inspectors

in the year just prior (for purposes of pre-treatment sanitation) as well as during the years of

37 As the expenses were given in nominal USD, these were converted to British pounds in 1919 values using the
exchange rate and deflator from Bank of England (2020).

38For example, in Trewlany during the campaign in 1933 the expenditure by the LHB was £1,945, of which
1,790 were for the cost of the sanitary inspectors (Medical Department, 1933).
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treatment. Additionally, given the large distances often travelled by the sanitary inspectors to
reach the treated areas they were given a travel allowance of £20 (Medical Department, 1929b),
and we include this as an additional cost. Using the total number of sanitary inspectors and
their salaries paid available from the Medical Reports from 1923 until 1936, we first calculate
out the average annual salary cost of an inspector, and add to this the £20 travel allowance.
We then identify the number of parishes under treatment in any year and multiply the average
number of sanitary inspectors by parish by their average (discounted) annual cost by the number

of parishes to arrive at the total annual of LHBs due to the campaign.

Latrine Sanitation: As outlined in Section 2, the burden of the cost of latrine construction and
improvement fell on the local population in the treated areas. In this regard, it was noted in
Medical Department (1929a) that the total cost of latrine construction of sufficient standard for
3,000 units of the Golden Grove area in Saint Thomas in 1928 was about £13,500, including

5.39 Using the available figures on

materials and labor, implying a per latrine unit value of £4.
the percentage of suitable latrines in areas to be treated before and after the sanitation campaign
shown in Figure 6, we calculated the number of household weighted unsanitary units as 96 per
cent before and 6 per cent after sanitation, implying an increase of 88 percentage points. To
arrive at a cost of constructing/improving latrines where necessary, we assume that the goal of
sanitation was one sanitary latrine per treated household and that household size was about 5
persons in the treated areas, as suggested by the available data from the Medical Reports and
the THB Reports. Using the number of persons censused for treatment during each year of the

campaign provides us then with an estimate of the (discounted) total cost of latrine sanitation

per year.

390ne should note that this outlay was equivalent to roughly 14% of the annual income of predial workers as
indicated from the estimate above.
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