Trans R Soc Trop Med Hyg 2025; 0: 1-10
https://doi.org/10.1093/trstmh/traf010 Advance Access publication 0 2025

The impact of multiple infections and community knowledge
on engagement with a historical deworming programme: hookworm
and Ascaris in Jamaica, 1913-1936

ORIGINAL ARTICLE

Jonathan David Roberts (2** Lorna L. Waddington®, Rupert J. Quinnell®, and Alison M. Dunn®
aSchool of Biology, Faculty of Biological Sciences, University of Leeds, Leeds LS2 9JT, UK; ®School of History, Faculty of Arts, Humanities
and Cultures, University of Leeds, Leeds LS2 9JT, UK

*Corresponding author: E-mail: j.d.roberts@leeds.ac.uk

Received 15 April 2024, revised 21 November 2024, editorial decision 15 January 2025; accepted 17 January 2025

Introduction: Community engagement with public health efforts often depends on existing knowledge of a
health issue.

Methods: Here, qualitative analysis of archival material from the Jamaica Hookworm Commission (1919-1936)
and quantitative analysis of prevalence data are used to assess knowledge of and ecological interactions
between different helminths during a historical hookworm eradication campaign.

Results: Archival sources demonstrate that Jamaicans were familiar with Ascaris lumbricoides. Surveys revealed
a high prevalence of hookworm (62% of individuals infected), Ascaris (30%) and Trichuris trichiura (32%) in com-
munities targeted for hookworm control. Community prevalence of Trichuris was positively associated with the
prevalence of Ascaris and hookworm. Many individuals were infected with more than one parasite. At an indi-
vidual level, data from hospital patients and soldiers showed significant associations between all three para-
sites. The co-occurrence of hookworm and Ascaris, alongside folk treatment of Ascaris with the same plant used
by the Hookworm Commission (Chenopodium ambrisoides) to treat hookworm, made biomedical claims about
hookworm credible and biomedical treatment more acceptable. Expulsions of Ascaris following treatment also
provided dramatic proof of the effectiveness of treatment, further facilitating engagement.

Discussion/Conclusion: Knowledge of Ascaris and other helminths directly shaped engagement with hookworm
treatment, demonstrating how folk medical knowledge, grounded in the biology of the worms, aided a biomed-
ical public health program.

The early decades of the 20th century saw burgeoning medi-
cal awareness of hookworm (Ancylostoma duodenale and Neca-
tor americanus); hookworm control campaigns, often carried out
in collaboration between the Rockefeller Foundation (RF) and

Introduction

Public health efforts rely not only on scientific knowledge, but also
on the engagement of individuals and communities.’~* Engage-

ment with health programs can depend on individuals’ knowl-
edge of a health issue and how far they consider it a threat; like-
wise they may assess the credibility of claims made by medical
practitioners based on what they already know of the illness.*
Adherence to treatment is likewise influenced by knowledge of
the relevant treatment or drugs.>® Community knowledge is
a product of experience and education in multiple knowledge
systems, which may be folk, biomedical or syncretic. This arti-
cle explores an historical example of folk medical knowledge
grounded in experiences of a widespread disease (in this case
ascariasis) and its influence on engagement with biomedical
health education and treatment targeting a different disease
(hookworm).

national, colonial and local governments, were instated across
the world during this period.”° We present quantitative analy-
sis of historical data on soil-transmitted helminth infections and
qualitative analysis of Jamaican folk knowledge and its effects on
the success of the Jamaica Hookworm Commission (JHC, 1919~
1936) deworming program. This was a cooperative program
between the RF (an independent American philanthropic foun-
dation) and the Jamaican colonial government, spearheaded by
the charismatic RF doctor Benjamin Earl Washburn. Washburn’s
focus on simple, easy-to-implement interventions and gift for
public engagement, institution-building and health propaganda
have been credited with helping Jamaicans to take control of

© The Author(s) 2025. Published by Oxford University Press on behalf of Royal Society of Tropical Medicine and Hygiene. This is an Open Access
article distributed under the terms of the Creative Commons Attribution-NonCommercial License
(https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium,
provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

G20Z U2JBIN +Z U0 1s8NB Aq 0Z1,01.08/0 1 0Fe/YWISI/EE0 L 0 /I0P/B[0IIE-80UBADE/YWISI/LLI0D dNO DIUapEDR//:SA)Y WO} Pope


https://doi.org/10.1093/trstmh/traf010
https://orcid.org/0000-0002-4092-1491
mailto:j.d.roberts@leeds.ac.uk
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com

J. D. Roberts et al.

their own health, leading to sustained gains in life expectancy in
a period of widespread poverty and colonial neglect.'®!" Wash-
burn’s focus on health education and interest in the culture of
his patients was unusual among medical professionals of his erq,
contributing to the longevity of the JHC.'® Hookworm is not a
readily visible parasite; it needs to be created in the minds of
its hosts before it can be treated, making community knowledge
and engagement crucial.*? Folk medicine was a primary source
of treatment for many Jamaicans, particularly among the rural
peasantry, as biomedical practitioners were expensive, distant or
inaccessible.”® The peasantry were subsistence farmers occupy-
ing small plots of land; their medical knowledge was rooted in
a synthesis of African, European, Taino, South Asian and Chinese
traditions.*

Currently, Knowledge, Attitudes and Practices surveys
are used to assess community knowledge of public health
concerns.’>'” However, these are usually primarily concerned
with whether community knowledge is complete and correct
by biomedical standards. Here we follow on from literature
engaging with the content of community knowledge to consider
how this can form aids or obstacles to biomedical public health
programs, applying this approach to the past.®1?

In this article we aim firstly to assess the prevalence of sin-
gle and multiple infections with hookworm, Ascaris and Trichuris
in early 20th century Jamaica; secondly to test whether differ-
ent helminth parasites were associated; thirdly to assess what
Jamaicans of this period knew about soil-transmitted helminthi-
ases; and finally to assess how epidemiological associations and
knowledge affected attitudes towards hookworm treatment. Our
approach has been interdisciplinary, incorporating both histori-
cal and parasitological methods. We have used JHC and other
records to assess pre-existing Jamaican folk (this term is used fol-
lowing Payne-Jackson and Alleyne'*) knowledge and treatment
of parasitic helminths. We analysed data on the prevalence of
hookworm, Ascaris lumbricoides and Trichuris trichiura from JHC
records as well as data on multiple infections derived from both
hospital patients and volunteer soldiers. We use these to under-
stand information on folk knowledge and treatment of helminths
in light of their prevalence and relationships.

Methods

Data sources

Data from government archives were extracted by searching
physical documents from the Colonial Office archives in the UK
National Archives (NA; Kew, England) and from the University of
the West Indies (UWI) Medical Library (Mona, Jamaica). The main
sources were monthly or yearly reports prepared by the JHC, the
Island Medical Department and the Government Bacteriological
Laboratory. Reports up to 1931 were collected in annual supple-
ments to the Jamaica Gazette (NA, file CO/141); reports beyond
this date were provided by UWI. Reports forwarded to the Colonial
Office and the Colonial Advisory Medical and Sanitary Committee
were also used (in NA CO/137 Jamaica: original correspondence).
These files report surveys carried out by the JHC across Jamaica
and case numbers from the island’s public hospitals.

We have used the Journal of the Jamaica Agricultural Society,
accessed in the Natural History Museum Library (London, Eng-
land), as a primary source of information on community knowl-
edge and folk medicine. The health education journal Jamaica
Public Health (1926-1973, published by the Jamaican govern-
ment in collaboration with the RF) was also used, accessed in the
National Library of Jamaica (Kingston, Jamaica). These sources
were unindexed and were searched for references to helminth
infections on an article-by-article basis.

Parasitology data
District surveys

Pretreatment surveys of hookworm prevalence were carried out
by the JHC between 1919 and 1936 using the ‘intensive method’
of Howard.?° These aimed to test the entire population of a ‘dis-
trict’ of around 500 people for hookworm as part of an ‘ared’
served by a central field office. We used data from 81 districts
across 7 areas (in the parishes of Manchester, St Andrew, St Mary,
St Catherine and St James) surveyed between 1927 and 1933 in
which the prevalence of Ascaris and Trichuris infection was also
reported. Individuals of all ages and genders were tested, but sur-
veys reported only the total number of people tested and infected
for each parasite in each district at a single point in time and not
how many individuals had multiple infections. Testing used salt
flotation and centrifugation of faecal samples.

Hospital data

Data are available on numbers of patients at the 19 Public General
Hospitals located in towns across the island tested for helminth
infections and the numbers of individuals infected with hook-
worm, Ascaris and Trichuris alone or in each possible combination.
It was not stated whether individuals were only tested where
infection was suspected, nor which method of faecal examina-
tion was used; samples were processed by the Government Bac-
teriological Laboratory and the data reported in the annual med-
ical reports of 1913-1928. Data were sometimes aggregated by
hospital and sometimes by month; missing figures and printing
errors were encountered, but it was possible to impute the cor-
rect value from the totals provided.

Army recruits

Data are also available for tests carried out on 1063 volunteer
recruits of the Jamaica Contingent of the British West Indies Reg-
iment (BWIR) prior to embarkation to Britain to join the First World
Warin 1915 (NA CO/141/79, ‘Report of the Island Medical Depart-
ment’, Sup. Jam. Gaz. 39:14 [1916]). They were tested by the Bac-
teriological Laboratory, who did not specify the testing method
used.

No sources used in this article report on burden, hence we only
present analysis of prevalence.

Statistical analysis

To test for community-level associations between helminth par-
asites in the surveyed districts, a generalized least squares model
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Table 1. Prevalence of infection with and case numbers of parasitic helminths in Jamaica, 1913-1931. These results include both single and
multiple infections. Several species were referred to in these documents by generic names that are no longer used, including Trichocephalus for

Trichuris and Oxyuris for Enterobius. Here we use the present-day names.

Prevalence or case numbers

Government
Bacteriological  British West Indies
Hookworm Commission Laboratory, Regiment Hospital admissions
Parasite Surveys, 1927-1933 1913-1928 Volunteers, 1915 1916 1917
Hookworm 62.1% (n=41 758) 62.7% (n=30 607) 60.1% (n=1 063) 1665 cases (listed 1192 cases (listed
under A. duodenale)  under A. duodenale)

Ascaris 30.2% (n=41 758) 34.2% (n=30607) 27.8% (n=1063) 273 cases 206 cases
Trichuris (reported as 32.1% (n=41 758) 37.9% (n=30607) 33.6% (n=1063) - -

Trichocephalus)
Strongyloides (including 0.193% (n=18 171) - - - -

data from 31 districts reported on in 46

reported under districts

Strongylus)
Enterobius (reported as 0.0111% (n=13 570) - - 6 cases 2 cases

Oxyuris vermicularis) reported on in 30

districts

‘Filarial disease’ (term - - - 1 case 1 case

used in original report)
‘Hookworm disease’ (term - - - 434 cases 220 cases

used in original report)
Tapeworm (Taenia) ‘two or three cases’ in -

1929; ‘one case’in 1930

(assuming normality; gls from the nlme R package [R Founda-
tion for Statistical Computing, Vienna, Austria]) with an expo-
nential spatial correlation coefficient was fitted to maximize log-
likelihood against the logit-transformed prevalence of the first
parasite, with only the logit-transformed prevalence of the other
species as an explanatory variable. Districts were assigned a point
location (latitude-longitude coordinates) based on either histori-
cal maps or Google Maps.

The historical maps consulted were located in the
David Rumsey Collection (E. Stanford, Jamaica, 1901) and
NA CO/137/742, CO/700/JAMAICA37, CO/700/JAMAICAL4L,
CO/1047/513, CO/700/JAMAICAS0, CO 700/JAMAICA52, MFQ
1/885, W0O/252/1065, WO/78/2424 and WO/78/567.

To test the hypothesis that individuals were co-infected with
multiple helminths more often than would occur by chance inde-
pendent of year, the Cochran-Mantel-Haenszel test was used.
Fisher’s exact test was used on the subgroup of BWIR recruits.

Results

Prevalence of soil-transmitted helminth infections

Prevalence figures were consistent across data sources (Table 1).
Around 6 in 10 Jamaicans (62% in JHC surveys, 63% in laboratory
figures and 60% of BWIR volunteers) were infected with hook-

worm. Neither the JHC nor the Bacteriological Laboratory distin-
guished between Ancylostoma and Necator hookworms, report-
ing ‘hookworm’ only. Around 3 in 10 Jamaicans were infected
with Ascaris (30% in JHC surveys, 34% in laboratory figures and
28% of BWIR volunteers). A similar number were infected with
Trichuris (32% in JHC surveys, 38% in laboratory figures and 34%
of BWIR volunteers). These figures (compare Figure 2 below)
include both single infections with one parasite and multiple
infections with different parasites; individuals with both hook-
worm and Ascaris are included in the percentages for both para-
sites. Other helminth parasites were recorded infrequently. The
JHC reports for 1929 (in NA CO/141/93 Sup. Jam. Gaz. 54:17)
and 1933 (UWI) provide prevalence data for the common human
parasite Strongyloides, while the report for 1925 (NA CO/141/88
Sup. Jam Gaz. 48:7) noted Strongyloides intestinalis infection: for
this reason we have assumed that the prevalence data reported
under a column headed ‘Strongylus’ in the 1928 report (NA
CO/141/91 Sup. Jam Gaz. 51:5) represents Strongyloides infection
reported under a spelling error.

Epidemiological associations between hookworm,
Ascaris and Trichuris

At the community level, the prevalence of hookworm infec-
tion was positively associated with the prevalence of Trichuris
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Hookworm and Ascaris
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Figure 1. Logit-transformed prevalence of hookworm, Ascaris and Trichuris infections in 81 districts of Jamaica plotted against each other, 1927-1933.

Lines show Loess smoothing of model predictions for each district.

infection (t=2.56, p=0.0124) but not Ascaris infection (t=0.965,
p=0.337; Figure 1). However, the prevalence of Ascaris infection
was associated with the prevalence of Trichuris infection (t=12.1,
p<0.0001; Figure 1).

To test for associations at an individual level, data from
Jamaica’s Government Bacteriological Laboratory were used.
These gave the numbers of individuals testing positive for Ascaris,
Trichuris and hookworm alone and in each possible combination
(Figure 2). Hookworm, Ascaris and Trichuris were associated on
an individual level (Table 2). Hookworm was associated with both
Ascaris and Trichuris, but the latter two parasites were even more
closely associated with each other.

Infections among BWIR volunteers (Table 2, Figure 3) show
a similar pattern to that among hospital patients (Figure 2). In
the volunteers, hookworm infection was similarly positively asso-

ciated with Ascaris and Trichuris infection; Ascaris and Trichuris
were also positively associated (Table 2).

Community knowledge of helminths and anthelmintics

Hookworm, Ascaris and Trichuris were widespread in early 20th
century Jamaica. However, medical attention focused on hook-
worm, which was seen as one of the principal threats to public
health, alongside malaria and tuberculosis.'® Hookworm features
frequently in government reports, health education literature and
occasionally in the Journal of the Jamaica Agricultural Society
(JJAS). References to other helminths are harder to find: between
1926 and 1936, Jamaica Public Health published only one arti-
cle focusing on ‘roundworms’ (Ascaris). Five articles in JJAS,
discussed below, referred to medicinal plants effective against
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Figure 2. Percentages of 30 607 people found infected with soil-transmitted helminth infections in Jamaican Public General Hospitals, 1913-1928.
Data from NA CO/141/78-92, Annual Medical Reports, Sup. Jam. Gaz. 36:18-52 (1913-1929).

hookworm and provide useful information about knowledge of
other helminths. While the JHC reported the numbers of cases of
other helminthiases, they seldom provided any qualitative infor-
mation about these.

Four themes were identified in this literature: (1) early 20th
century Jamaicans were familiar with parasitic helminths, prin-
cipally Ascaris. This lent credibility to JHC assertions about hook-
worm, which was less familiar. (2) Medicinal plants, including
Chenopodium ambrisoides (known in Jamaica as semi-contract),
were used to treat these worms. This helped make the use
of chenopodium oil as an anthelmintic by the JHC acceptable
(here we use chenopodium to refer to the anthelmintic drug
and C. ambrisoides to refer to the plant). (3) The large, well-
known and highly visible Ascaris, when expelled by treatment
with chenopodium, provided dramatic and visible proof of the
effectiveness of JHC medication. (4) This was sometimes used by
the JHC to promote hookworm treatment.

Familiarity with Ascaris and other helminths

Jamaicans were sufficiently familiar with Ascaris to have given
it at least two common names and understood it to affect the

gastrointestinal tract, as shown in a 1928 Jamaica Public Health
article titled ‘Roundworms’:

The scientific name of the worm is Ascaris lumbricoides,
but in Jamaica it is commonly known as the “stomach”
or “greedy” worm. (Jamaica Public Health 3:12 [December
1928], pp. 5-6)

Familiarity with helminth parasites of livestock and their treat-
ment is also evident. As early as 1915, JJAS advertised the
usefulness of tansy (Tanacetum vulgare) against ‘the dreaded
Hook Worm’, noting that ‘Tansy tea has always been locally
used as a specific for worms in horses’, though apparently pre-
viously not in humans (JJAS 19 [1915], p. 402). While hook-
worm was by this point worrying medical authorities, no evi-
dence was encountered that either hookworm or Trichuris
were specifically known or distinguished from other intesti-
nal worms by folk medicine the way Ascaris was, though
they may have been recognized within a general category of
‘worms’.
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Table 2. Associations between infection with hookworm, Ascaris and Trichuris in faecal samples from Jamaican Public General Hospitals and
BWIR volunteers tested by the Jamaican National Bacteriological Laboratory.

OR: hookworm
infection as a risk
factor for Ascaris

OR: hookworm
infection as a risk
factor for Trichuris

OR: Ascaris infection
as a risk factor for

Group infection 95% CI infection 95% CI Trichuris infection 95% CI

Hospital patients ~ 2.24 (p<2.2x10716)  2.12t02.37  2.00 (p<2.2x10-16)  1.90t02.10 7.22 6.88t07.59
(p<2.2x10716)

BWIR soldiers 3.18 (p=1.50x10"1%) 2.33to 4.35 2.02 (p=3.09%1077) 1.54to0 2.65 2.12 1.60to 2.79
(p=1.54x10"7)

OR: odds ratio; CI; confidence interval.

Cochran-Mantel-Haenszel test used for hospital patients and Fisher’s exact test used for BWIR volunteers. Data from NA CO/141/78-92, Annual

Medical Reports, Sup. Jam. Gaz. 36:18-52 (1913-1929).

Folk usage of C. ambrisoides

C. ambrisoides was widely used as an anthelmintic in early 20th-
century Jamaican folk medicine. JJAS reported:

With reference to our paragraph in the October JOUR-
NAL that a strong infusion of Tansy has been found to be
useful in eradicating Hook Worm, a medical man writes
that a decoction of Bitterwood is better, but the plant
called locally Wormweed (chenopodium [sic] ambrisoides)
promises to be the best remedy of all; better even than Thy-
mol...Wormweed is commonly known and used for ordi-
nary intestinal worms. (JJAS 19 [1915], p. 477)

In 1924, JJAS reported that C. ambrisoides

has long been used as a “bush tea” by wise old women...We
know of a case where a family running with their barefeet,
- as most children do when at home, - but getting a dose of
this particular bush tea every Saturday, were, on test, found
to be free of the pest [hookworm], whereas the father who
always wore boots and who never bothered about “bush
tea” was found highly infested. (JJAS 28/9 [1924] p. 320)

The JJAS returned to their advocacy of bush tea in 1926 on the
grounds that weekly use of ‘such homeopathic doses prevented
infection of Hookworm’ (JJAS 30/3 [1926], p. 84). They had pre-
viously, in the 1924 article discussed above, urged their readers
to

Get some Chenopodium or Semi-contract in a corner of
your garden along with other herbs, like Mint. We can sup-
ply seed. (JJAS 28/9 [1924], p. 320).

The enthusiasm of the Jamaica Agricultural Society for C.
ambrisoides was based not only on its endorsement by
biomedicine, but also on its status as a widespread, effective and
time-honoured folk remedy.

Expulsion of Ascaris demonstrated anthelmintic effectiveness

The dramatic effect of chenopodium on Ascaris provided a valu-
able advertisement for hookworm treatment. The medical report
for 1929 remarks that

These [Ascaris, Trichuris and Enterobius] and two or three
cases of tape-worm infection, have responded well to the
Chenopodium and Thymol, the efficiency of which is often
judged by the native from the number of “greedy” worms
(ascaris) expelled. (NA CO/141/93 ‘Annual Medical and San-
itary Report for the Year 1929’, Sup. Jam. Gaz. 53:2 [17 April
1930])

This anecdote is presented as a curiosity, but it is more useful to
see it as an entirely sensible metric of anthelmintic action. Ascaris
(150-350 mm long) are much larger than hookworms (7-13 mm)
and consequently far easier to see when expelled.?*?? This report
also demonstrates that many Jamaicans knew Ascaris to be a
threat to their health and took the opportunity offered by the JHC
to remove it.

On the other side of the Caribbean in St Lucia, Dr Stanley
Branch similarly noted that chenopodium’s ‘efficacy as a lumbri-
coid expellant has I think helped to persuade’ patients to take
treatment (Rockefeller Archive Center, RG 5/3.457H/190/2344 St.
Lucia—Hookworm, Quarterly, Semi-annual and Annual Reports,
1917). ‘Lumbricoid’ refers to Ascaris lumbricoides.

Use of Ascaris to promote health efforts

The JHC eventually recognized that Ascaris could be used to pro-
mote hookworm treatment. Jamaica Public Health regularly fea-
tured, alongside instructional articles and health advice, stories
penned by Washburn in which his child protagonists learned to
‘keep well’ and instructed their parents in what they learned.*®
In one of these, published in 1930, folk healer Aunt Eliza was
only persuaded to take hookworm medication (which she notes
‘smell like semi-contrac’ tea’) after Mrs Francis reports that, post-
treatment,
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Figure 3. Percentages of 1063 Jamaican volunteer soldiers of the BWIR found infected with soil-transmitted helminth infections, 1915. Data from NA
CO/141/79 ‘Report of the Island Medical Department’, Sup. Jam. Gaz. 39:14 (7 September 1916).

My daughter, Retinella, is passing, such big, tall, round
worms and they are all alive. It must be good for her and
I am glad that the dispenser has come here and truly
glad for the medicine. (Jamaica Public Health 5 [1930],
pp. 30-31)

Following this, Aunt Eliza, ‘swallowing her medicine’, says ‘me
wan fi see de worms’ [I want to see the worms], concluding that
‘Di hookworm medicine fi good’ [the hookworm medicine is a
good thing]. This is an idealized account authored by a propa-
gandist, but it shows that Washburn recognized that the spec-
tacle of Ascaris expulsion could be a valuable advertisement for
hookworm medicine and a means to persuade reluctant patients
of its efficacy.

Discussion

Co-infections

Ascaris, Trichuris and hookworm were all prevalent in this period,
with other intestinal parasites being recorded less frequently.
However, these data, being based on faecal examinations, likely
underestimate the prevalence of Strongyloides and Enterobius

(pinworm).?*?* Those infected with hookworm were around
twice as likely to be infected with either Trichuris or Ascaris as
those without any parasite infections. Ascaris and Trichuris were
even more closely associated: infection with Ascaris or Trichuris
was associated with a sevenfold increase in the risk of infection
with the other parasite in hospital patients and a twofold increase
among BWIR volunteers. Similar prevalences of both single and
multiple infections and comparable odds ratios were obtained for
both hospital patients and BWIR volunteers, who were required to
be healthy adult men, mostly in their 20s.2>:26 This suggests that
the three helminths were associated regardless of the health of
the host.

Positive associations between hookworm and other parasites,
including Ascaris and Trichuris, are commonly reported.?’-3°
Ascaris, Trichuris and hookworm share similar modes of trans-
mission in that their transmission phase is found in soil that has
been contaminated with human faeces. This results in overlap-
ping risk factors: all three are positively associated with warmer,
wetter and more vegetated areas and negatively associated with
improved sanitation.?’¢ Identical modes of transmission and
very similar age-prevalence profiles result in Ascaris and Trichuris
being strongly associated and commonly found together.??
Likewise, individuals who are immunologically vulnerable to one
helminth can also be expected to be vulnerable to others. It is
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also likely that immunomodulation of the host immune response
plays a role in the positive associations between these helminth
parasites.’? Hookworms in particular downregulate host pro-
duction of a variety of immunoproteins and lymphocytes while
upregulating T cell apoptosis and T regulatory cell populations,
while Ascaris and Trichuris are known to block dendritic cell
function, thereby reducing T cell activity.?’->° However, the
particularly strong association in this study and others between
Ascaris and Trichuris suggests that faecal-oral transmission,
rather than immunomodulation, may be of primary importance
in co-infections.

Knowledge of helminths

We have shown that familiarity with Ascaris and other intesti-
nal parasitic helminths of humans and livestock lent credibility
to claims about hookworm: the JJAS encouraged its readers to
use herbal treatments for hookworm (tansy and C. ambrisoides)
on the basis of their pre-existing use as a treatment for other
helminths. Use of C. ambrisoides to treat Ascaris and other
‘ordinary intestinal worms’ was widespread. The expulsion of
Ascaris similarly provided vivid visual proof of the effectiveness
of chenopodium oil and other drugs used by the JHC.

The JJAS reported folk usage of C. ambrisoides as an
anthelmintic in Jamaica between 1915 and 1926, with the impli-
cation that this was long-standing. Use of C. ambrisoides to
treat pinworm in children in Central American folk medicine dur-
ing this period is reported by Palmer,*® while its use as a ver-
mifuge has likewise been reported in present-day Jamaican folk
medicine by Payne-Jackson and Alleyne.’ The RF and colonial
authorities were primarily concerned with hookworm, but ordi-
nary Jamaicans used the hookworm campaign to improve their
own health outside of the bounds set by the colonial govern-
ment; they saw Ascaris as a threat to their health and took the
opportunity presented by the hookworm campaign to remove it,
as demonstrated by positive responses to Ascaris expulsion. The
framing of Ascaris as ‘greedy’ further underlines that Jamaicans
understood that Ascaris was devouring the food they had eaten
and thereby depriving them of nourishment. Hookworm was not
the only worm they cared about.

Ascaris expulsion following treatment also functioned as
‘theatre of proof’ for the JHC, dramatically demonstrating
the effectiveness of their medicine.*! Palmer,*>*? in his study
of Guatemala, Nicaragua, Costa Rica, Panama, British Guiana
(Guyana) and Trinidad and Tobago claims that chenopodium’s
dramatic effects on Ascaris made it favoured over other drugs by
RF doctors, suggesting a similar use of Ascaris elsewhere in the
circum-Caribbean to that which we have shown here.

Existing knowledge of Ascaris similarly made biomedical
claims about another dangerous intestinal worm (hookworm)
credible. Hookworms are not readily visible to their host; people
infected with them, even where symptoms were acute, often had
no idea of their presence, especially as their primary symptom
(anaemia) is neither distinctive nor obviously related to the diges-
tive system. The existence of hookworms is not self-evident.
In contrast, the larger and more migratory Ascaris was far more
visible and familiar to Jamaicans, who already regarded it as a
medical threat requiring treatment. While hookworm was unfa-

miliar, the knowledge that intestinal worms caused illness was
widespread.

Noting that notions of worms causing illness are near-
universal across medical knowledge systems, Palmer*? has
argued that RF doctors were able to use this non-biomedical
knowledge to promote their own epistemologies of hookworms
causing disease. This ‘worm theory’ created an epistemic mid-
dle ground facilitating exchanges of medical knowledge. Payne-
Jackson and Alleyne!* have shown that worms are directly linked
to stomach problems in present-day Jamaican folk medical epis-
temologies; here we have shown widespread knowledge of the
dangers of Ascaris and other ‘ordinary intestinal worms’ in the
early 20th century. Palmer’s discussion of ‘worm theory’ accords
well with our results, as well as with Stuart’s** account of RF doc-
tor Sylvester Lambert’s encounter with a Papuan medical knowl-
edge system that blamed worms in the belly for illness—which
for Lambert highlighted the uncomfortable similarities between
himself and those he viewed as ‘witch-doctors’. We go beyond
Palmer in showing that this extended to treatment: just as famil-
iarity with Ascaris made hookworm programs credible, familiar-
ity with C. ambrisoides made treatment with chenopodium oil
acceptable. Furthermore, we show that ‘worm theory’ was under-
pinned by the ecological relationships between worms: the fact
that Ascaris was widespread, familiar and positively associated
with hookworm enabled Washburn and the JHC to use it to pro-
mote ‘worm theory’. Many of those whom the JHC had to per-
suade to take treatment for hookworm were already familiar
with, and often also infected with, Ascaris. Had Ascaris been less
widespread, or not associated with hookworm, the JHC’s task
might have been significantly more difficult.

Conclusions

Hookworm, Ascaris and Trichuris were widespread across early
20th century Jamaica, and Ascaris was familiar to Jamaicans
as the ‘stomach’ or ‘greedy worm’. Those infected with one of
these parasites were at increased risk of infection with another;
around as many Jamaicans were infected with both hookworm
and the more visible and familiar Ascaris (26.4%; Figure 2) as
were infected with hookworm alone (25.3%; Figure 2) while
far fewer were infected with Ascaris but not hookworm (7.8%,
Figure 2). Familiarity with Ascaris lent credibility to JHC claims
about hookworm, as did pre-existing folk usage of one of the
same anthelmintics used by the JHC (C. ambrisoides). Simultane-
ously, expulsion of Ascaris provided further proof of the effective-
ness of JHC medication, helping to drive public engagement with
hookworm treatment. Ecological relationships existed between
hookworm, Ascaris and Trichuris, as the three species com-
monly co-occurred and co-infected people. This enabled an epis-
temic relationship to emerge, as knowledge of Ascaris and other
helminths shaped knowledge of hookworm. This epistemic rela-
tionship was exploited by public health workers concerned with
hookworm. Knowledge of Ascaris, known to be a threat to health
and treated with C. ambrisoides, helped persuade Jamaicans to
engage with the JHC and also persuaded them of the effective-
ness of JHC treatment; folk medical knowledge can be a valuable
aid to biomedical health education. It can be useful for medical
and public health workers to engage with how folk knowledge
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can aid health programs, as researchers in the present are already
doing.1%:44
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