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Introduction

Brazil has been the largest world producer of coffee for the last 150 years.
It arrived to the country—then a Portuguese colony—in the mid-eight-
eenth century, initially grown for private consumption. This shrub from
the family Rubiaceae found ideal climate and soil to develop, to the point
that in 1854 the country—independent from Portugal since 1822—had
become the largest global coffee producer, surpassing also the traditional
exports, tobacco and sugar. By 1890, Brazil accounted for three-fifths of
the global production.! However, this was no simple success story. Many
obstacles hindered the vigorous path of expansion of coffee from the
Northeastern region, where it was first introduced, to Rio de Janeiro, the
Imperial capital, and the then province (now state) of Sio Paulo, which
became the main national producer still before the close of the 18c0s
(Fig. 1).

The basic source of the wealth which funded the development of the
Paulista industry—to this day Sao Paulo is the industrial powerhouse of
Brazil—intensive coffee farming was undoubtledly favoured by its vast and
fertile land. Yet, several challenges had to be overcome, such as unknown
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or hard-to-combat pests, which recurrently threatened the coffee planta-
tions. Then, following abolition in 1888, the slave manpower had to be
replaced, which was done with European immigrants, mainly from Por-
tugal, Spain, Italy and Germany. As might be expected, this freshly arrived
population took time to adjust to their new home, and their health soon
became a major source of concern. A young country, Brazil, naturally
including also Sao Paulo, had few scientific or technological resources or
institutions prepared to cope with this problem. As we shall argue, the
health of the immigrants brought to the country to work in the coffee
fields, and the pests which devastated plantations were some among the
main triggers for the early development of science and technology in
Brazil.

Coftee cultivation and the culture of coffee

For a good part of the nineteenth century, coffee production in Sio Paulo
was small compared to that of the province of Rio de Janeiro. Not only
the first seedlings were planted much later,” but coffee was grown as a
subsistence crop side side by side with beans, cotton and manioc, since
the focus of all attention was sugar, the main source of exports. As Affonso
de E. Taunay observed, mere 1,060 arrobas had left the main Paulista port,
in Santos, for Lisbon in 1806.> A more vivid picture was painted by the
French naturalist Auguste de Saint-Hilaire (1779-1853), while on a trip
from Sio Paulo to Rio de Janeiro in 1819:

Yesterday I had [just] begun secing coffee plantations, today [they are]
more numerous [...]. This alternation of coffee plantations and virgin
forest, maize fields [ .. .] valleys and mountains, these ranches, these small
shops, these small buildings surrounded by the blacks’ shacks, and the
caravans which come and go, endow this region with much variety [...].
It was just some twenty years ago that coffee, now the source of the local
wealth, began to be grown here. Before, these farmers only concerned
themselves with sugarcane and swine production.*

Yet, if in 1859 Sdo Paulo’s represented only 12% of the Brazilian coffee
production, it gradually replaced both subsistence agriculture and sugar-
cane to become the main crop in the last quarter of the 1800s.> Among
the factors which contributed to the development of coffee production in
Sdo Paulo and its new leading role, one was its favourable climate and
soil—while monoculture had already begun to exhaust the land in Rio de
Janeiro. Then, there was the increasing demand for coffee from developed
countries, allied to the introduction of the steamship, which substan-
tially facilitated long-distance trade and the integration of the Brazilian
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with the North American and European markets.® The focus on exports
and the inflow of capital from abroad afforded the financial conditions
required for technical development, including infrastructure, services, and
modernisation of the production and trade systems.’

However, the continued expansion of the coffee industry in Sdo Paulo
demanded ever increasing manpower, which the local producers sought
to supply by funding foreign immigration—at a later time, also the Paulista
government actively contributed to bring European workers. Thus about
130,000 immigrants came along the 1850s, and their number dramati-
cally increased starting in the mid-1880s. During the last decade of the
century, the destination of 65% of the immigrants arriving in the port of
Santos was Sao Paulo.?

These substantial and abrupt demographic changes had dramatic im-
pact on the labour relations, land occupancy, cultivation practices, diet
and nutrition in the province of Sao Paulo.” As relevant as these new social
configurations also were the epidemiological, health and sanitation con-
sequences of the massive arrival of foreign workers. To begin with, all the
immigrants disembarked at a single port, that of Santos, where they had
to wait for several days before they could be transported to the coffee
plantations. The obvious result was overcrowding, a well-known factor
associated with outbreaks of epidemics, made even worse by the lack of
immunity of Europeans against tropical diseases. To illustrate this point,
an Immigrant Inn was built in 1886-1888 in the Bras neighbourhood of
Sao Paulo, close to the railway station, to lodge up to 4,000 individuals.
Yet, the number of guests in 1888 more than doubled to about 9,000.1°

This mention to the railway is not fortuitous. This period was also
characterised by increasing resource to the train as mode of transporta-
tion. The growth of exports compelled the government of Sao Paulo to
develop efficient infrastructure to link the coffee production sites to the
port of Santos—until the mid-18c0s all goods had been transported by
mules."" The construction of the Paulista railway began in 1860, funded
by the wealthy local coffee producers as a means to streamline the pro-
duction,? to gain momentum along the 188o0s, precisely the period of
emergence of the large coffee production centres, consequently attended
by the highest immigration rates.” It is thus not by chance that epidemic
outbreaks became increasingly more frequent in the 189os—of yellow
fever, in particular, which is thus our focus in the present study. Epidemics
recurred with each new railroad track built, to the point that the health
authorities did not take long to become aware of the unequivocal relation-
ship between railway expansion and health situation.'
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Overcoming obstacles:
yellow fever at the turn of the twentieth century

Yellow fever had not been a public health concern in Brazil during the
first half of the nineteenth century. As the French physician Joseph F.X.
Sigaud (1796-1856), the founder of the Medical Society of Rio de Janeiro,
observed, cases were only sporadic, and the conditions for occurrence of
epidemic outbreaks did not seem to be met."” Yet a severe outbreak did
indeed take place in Rio de Janeiro in the summer of 1849/1850, which
affected more than one-third of its 266,000 inhabitants, and caused more
than 4,000 deaths.!® Of particular interest for the present study, yellow
fever appeared that same year in Santos—the entry point for immigrants
and the departure point of coffee—apparently brought by a ship arrived
from Rio."” The disease quickly extended across the coffee growing areas,
giving rise to an endless succession of outbreaks.'®

Among the victims, the European immigrants, unprotected against
tropical diseases and living in overcrowded conditions, represented a par-
ticularly susceptible group.” The high mortality among this population
did not pose a public health problem only, but also to trade and to the
distribution of people across the urban areas of a province then under-
going dramatic demographic expansion. The series of epidemic outbreaks
further interfered with the relations between the Brazilian government
and the European countries which had formulated strong migration poli-
cies, to the point that immigration was entirely banned on several occa-
sions. For instance, in 1886 the Italian Ministry of the Interior published
anotice in which it forbade all travels to Brazil, to Sao Paulo in particular,
as it was rated one of the “most unhealthy and inhospitable provinces in
the Empire.”? In addition, a large part of the foreign ships refused to dock
in the ports of Santos and Rio de Janeiro, compelling the immigrants to
disembark at Buenos Aires, Argentina, to then travel on land to Brazil.”!

The situation became so severe that in the 189os transmissible diseases
accounted for one-third of all the deaths in Sao Paulo.” To rise to the
challenge, scientific institutions were created, many of them devoted to
health care and research. A State Health Service, replacing the older
Province Hygiene Inspection Office, was established in 1891 to advise the
government on public health matters. This service coordinated several
institutions, such as the recently created Bacteriological Institute, Vaccine
Institute, Isolation Hospital (present-day Emilio Ribas Institute), Labo-
ratory of Chemical Analysis, and General Disinfection Centre. All these
institutions were the fruit of the dynamics involving the economy and
health management in Sio Paulo, both oriented to the production of
coffee.”
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The close relationship between migration flows, railway system exten-
sion, and expansion of yellow fever epidemics across the coffee production
areas was very clear to physicians and health authorities. The point in
debate was the aetiology of disease, which elucidation would change the
face of public health in Brazil, in addition to contributing to the global
development of the then incipient field of microbiology.

Miasma theory—i.e. the ages—old idea that disease was communicated
through contamination of the air—was still advocated by Brazilian physi-
cians for a good part of the 1800s.>* However, the new ideas on trans-
mission of diseases formulated from the end of the nineteenth century
onward—such as the germ theory and the role of vectors—triggered dis-
cussions among the Paulista physicians and investigators, which in turn
influenced the policies formulated by the health authorities to combat
epidemics.” Of particular interest, some doctors reported having identi-
fied an alleged ‘yellow-fever germ’ (germe amarilico) which contaminated
the environment around patients. This microbiological perspective might
have derived from the strong contemporary interest in the study of micro-
organisms, such as those which caused cholera, malaria and plague, among
other diseases.”® As an illustrative example, in 1892 Louis Pasteur (1822-
1895) sent Félix Le Dantec (1869-1917) to Sdo Paulo to conduct research
on yellow fever, who was immediately appointed director of the Bacterio-
logical Institute.”’

The resulting uncertainty as to the mechanism of transmission of yellow
fever led to the adoption of eclectic preventive practices, often combining
those recommended by the advocates of miasma theory, and the ones
deriving from the emerging germ theory and the assumption of a germe
amarilico.®® As a result, measures included disinfection of clothing, per-
sonal objects, furniture and houscholds, as well as the isolation of the
sick, in the attempt to reduce the odds of contact with sources of infection.
At the same time, major sanitation projects were developed, including
cleansing and channelling of creeks, construction of water supply net-
works, wastewater removal, and waste disposal systems.”” As epidemics
spread together with town residents fleeing urban outbreaks, the san-
itation measures also targeted the railway system, including heaters at
stations to disinfect clothes and luggage, and eventual isolation of pas-
sengers.*

These measures succeeded for a while, but failed to prevent the recur-
rence of outbreaks along the following years, which moreover tended to
occur always in the same locations. This fact led the health authorities to
consider other mechanisms of transmission of yellow fever.’! The first
hints came from the identification of the mosquito-borne transmission of
malaria and lymphatic filariasis in the second half of the 1890s.2 Soon
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after, also a significant part of the Paulista medical community began
considering yellow fever as a vector-borne disease.

Such approach was strongly advocated by the physician Emilio Mar-
condes Ribas (1862-1925) who chaired the State Health Service from 1898
to 1917. As health inspector, Ribas had succeeded in controlling malaria
in several municipalities in the state of Sio Paulo, as well as a severe out-
break of yellow fever in Campinas in 1895.% Previously an adherent to the
microbiology view, Ribas had actively promoted disinfection and isolation
to hinder contact with infecting matters, such as the alleged germe amari-
lico. However, field experience began to undermine his beliefs.

During a visit to Jau, a town in the interior of Sio Paulo, in 1896, Ribas
noticed that the children of immigrants killed by yellow fever did not
develop the disease. This observation raised in him the suspicion that
yellow fever did not spread through direct contact, as was the necessary
corollary of germ theory.** A few years later, from the end of 1899 through
the beginning of 1901, Ribas observed that health officers transferred to
the town of Sorocaba developed yellow fever, which had not occurred
while they were in Sdo Paulo, the state capital and disease free, even after
having been exposed to direct contact with patients.®

By this time, Ribas took notice of the work performed by the Cuban
physician Carlos J. Finlay (1833-1915) and a United States Army medical
team chaired by Walter Reed (1851-1902) in Havana. In 1881 had Finlay
run several tests to prove the hypothesis that yellow fever was transmitted
by mosquitoes. About twenty years later, in the attempt to protect soldiers
allocated to Cuba from yellow fever, the government of the United States
sent a medical team to the island to acquaint themselves with Finlay’s
work. Chaired by Reed, this team conducted experiments with mosqui-
toes, which allowed confirming they were, indeed, the vectors of yellow
fever. This perception led to spectacular success in the combat of disease
by protecting the sick from mosquito bites and eliminating mosquito
breeding sites.

The results were communicated in February 1901, during a Pan Amer-
ican conference in Havana,*® and soon reached Ribas. The vector-borne
transmission hypothesis clearly fit with the epidemiological data collected
during outbreaks in Sio Paulo, including the observation that mosquitoes
were abundant in epidemic sites.”’ In addition, it provided an explanation
for the dramatic success Ribas had attained in the aforementioned out-
break in Campinas: for no particular reason, among the cleaning actions
implemented, he had made all sites with stagnant water be dried, thus
hindering mosquito breeding.*® Ribas did not need further proof: from
1902 onward he became strongly persuaded that yellow fever was trans-
mitted by mosquitoes.*
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Yet, not all were similarly convinced,* and Ribas set himself to replicate
the Havana tests from December 1902 through May 1903 at the Isolation
Hospital, in the city of Sio Paulo, which was held to be disease free. The
aim of the first phase of the study was to confirm vector-borne transmis-
sion. For this purpose, six volunteers—including Ribas and Adolpho Lutz
(1855-1940), the director of the Bacteriological Institute—were exposed
to infected mosquitoes; three of them developed the disease. Then, trans-
mission through the alleged germe amarilico had to be refuted: a group of
freshly arrived Italian immigrants without any previous contact with the
disease were exposed to contaminated clothing, objects, and even urine,
vomiting and body fluids of individuals with yellow fever, but none of
them fell ill. To Ribas and colleagues these results were conclusive: both
the miasma and the germ theories had been refuted.*!

Vector-borne transmission implied that the control and eradication of
yellow fever required efficient strategies to eliminate the mosquitoes.*
Still in 1903 Ribas had an occasion to test this hypothesis. That year, 810
cases of yellow fever occurred among the 15,000 residents of Ribeirio
Preto, a large part of whom were Italian immigrants working at coffee
plantations. Ribas banned disinfection, but commanded the sanitation
agents to exclusively implement mosquito elimination procedures. The
outbreak was immediately stopped, which provided confirmation of the
experimental results relative to the role of vectors in the transmission of
yellow fever.®

Ribas’ work became a national reference. Just one month after his tests
at the Isolation Hospital, the Sanitation Service Board presented Prophy-
laxis of yellow fever at the 5th Medicine and Surgery Conference in Rio de
Janeiro, where following strong debate, the new theory was accepted as
valid.* Ribas further launched a broad scoped mosquito elimination cam-
paign across the entire state of Sio Paulo,” which succeeded in reducing
incidence from 2,000 to just two cases from 1901 to 1903. The shift in the
focus of prophylaxis later served as model for other Brazilian states, result-
ing in the complete elimination of disease for a long period of time. As
for Sao Paulo, it lost its reputation as a ‘foreigners’ grave’: the immigra-
tion flow was restored, with the additional advantage that ‘acclimatisa-
tion’ became no longer needed, but the immigrants could be immedi-
ately transported to the coffee plantations upon arrival, thus reducing
urban overcrowding and its harmful consequences for public health.

Overcoming obstacles: pests in coffee plantations

The extraordinary development of the coffee industry in Brazil made the
problem posed by agricultural pests particularly acute. As early as 1861,
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plantations were attacked by the moth Leucoptera cofeela (Guérin-Méne-
ville) which, popularly known as ‘coffee leaf miner,” is considered one of
the worst pests of coffee. At that time, control could only be achieved by
destroying entire plantations in Rio de Janeiro, Sio Paulo and Minas
Gerais, i.e. the main cultivation areas (Fig. 1).%

Identification of the causative agent, therefore, did not ensure success
in the control and eradication of pests. This is why investigators and far-
mers became understandably concerned when, in the last three decades
of the nineteenth century, coffee leaf rust, a devastating disease caused by
the fungus Hemileia vastatrix (Berk. and Broome) practically annihilated
the lush plantations in Ceylon to rapidly extend across the Indian and
Pacific coastland.”” The Swiss-Brazilian naturalist, Emil August Goeldi
(1859-1917), for instance, devoted an entire article to the perplexity cof-
fee leaf rust caused to scholars all across the world in the 1880s.*® The
response, in Brazil, was to establish institutions devoted to natural and
agricultural resources. Open to receive and exchange experiences with
foreign experts, these institutions considerably contributed to the transit
of science and technology between well-known international centres and
the incipient Brazilian ones.*

The concern with coffee, e.g., led to the creation in 1887 of the Impe-
rial Agronomic Station of Campinas, in the interior of Sao Paulo. Since
its foundation and along its first decade of existence, the Station was ran
by Franz W. Dafert (1863-1933), a respected Austrian scientist who had
received expert training in Germany.”® Dafert soon established well-
equipped laboratories for chemical and biological analyses, as well as
greenhouses for experimental cultivation. He also hired a highly qualified
staff, including Brazilian and foreign experts, to develop original research
systematically adjusted to the local conditions. The consistency and suc-
cess of the work done in both fundamental and applied research was not
hampered when Brazil became a republic in 1889. On the contrary, the
end of the Empire and the transferal of the Station to the government of
Sio Paulo did not mean a mere change in name—Agronomic Institute of
Campinas—but further reinforcement of research, which was crucial to
the coffee industry.”" As an offshoot, a short while later the state govern-
ment created the powerful Secretariat of Agriculture, Trade and Public
Works to oversee crop transport, management, control and research.*

While at the turn of the century epidemics, particularly of yellow fever,
had remained as the main focus of attention, signs of a new pest threate-
ning the coffee plantations became evident in the 1910s. Retrospective
analysis allows inferring that the pest in question was the coffee berry
borer, Hypothenemus hampei (Ferrari),” which effectively devastated the
coffee plantations in the 1920s. Although this beetle had called attention
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at Agronomic Institute of Campinas for some time, following its spread
across Brazil and other parts of the world, the development of effective
measures of control eluded all attempts. For this reason the Secretariat of
Agriculture created a special Committee for Study and Combat of the
Coffee Berry Borer (1924-1927) including experts from many research
institutions in the country.**

The Committee soon succeeded in identifying contaminated sites and,
more important, conducted studies leading to effective methods of pest
control. The results were widely divulgated among coftee farmers, and
facilities were established to help in disinfestation.*® All this process took
just three years, and the outcomes were internationally acknowledged. For
instance, by the German entomologist Karl L. Escherich (1871-1951) in
a paper published after a trip to Sio Paulo and Minas Gerais to observe
the work done, and by Karl Friederichs (1879-1969), a German entomo-
logist hired by the Dutch government to lead the combat of the coffee
berry borer in Java.*

Having accomplished its main goals, in 1927 the Committee was replaced
by the recently created Biological Institute of Sao Paulo for Agricultural
and Animal Protection,” larger and better equipped. As chair of the cor-
responding section was appointed the American-Brazilian entomologist
Adolph Hempel (1870-1949) who had actively participated in the
Committee’s activities, in addition of being a staff member at Agronomic
Institute of Campinas and the Museum of Sao Paulo.”® When the Great
Depression hit the Paulista coffee industry, threatening the continuity of
the successful coffee berry borer control program, Hempel lost no time
in looking for new and less expensive alternatives. By this time Dutch
researchers had conducted interesting experiments in Java with the Afri-
can wasp Prorops nasuta Waterston, a parasitoid of the coffee berry borer,
and thus an excellent tool for biological control of the pest. Commissio-
ned by the Biological Institute, in 1929 Hempel brought about 1,000 live
wasps from Uganda, which quickly reproduced at the Institute’s labora-
tory to reach a population of 30,000, and were distributed among about
forty coffee farms.” With the Institute’s support, wasp farms were esta-
blished all across the coffee growing areas, ensuring the production of
coffee in Sao Paulo all throughout these turbulent years.*

Final considerations

Coffee brought incredible riches to Brazil, but also tremendous chal-
lenges—including agricultural pests and human diseases—which in the end
proved to be opportunities for scientific and technological development.
Interestingly, the relations between science and politics were quite similar
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in the cases of yellow fever and the coffee berry borer. Within a global
and local scenario characterised by profound social and economic trans-
formations, the threats to coftfee production—involving both manpower
and the plants—were the immediate trigger for the creation, starting in
the Imperial period, of important science and technology institutions.

The Brazilian investigators were aware, made thorough use of, and
adapted innovations developed abroad. They also sought to create local
conditions to overcome scientific and technological challenges, which in
some relevant cases resulted in substantial contributions to global efforts
to eradicate epidemics and pests. Ribas’ confirmation of the vector-borne
nature of some diseases led to effective eradication practices, and also
contributed to the then emergent microbiology and entomology. Both
sciences were also crucial to the approach to pests which decimated coffee
plantations.

The aspect of the global-local integration of science, technology and
innovation is patent in the case of the Brazilian coffee industry, for which
reason we chose it to illustrate the dynamics of the transit of knowledge.
The demonstration of the fundamental role of science and technology in
the solution of practical health and agricultural problems led to the crea-
tion, in Sao Paulo, of several institutions, which in the first decades of the
twentieth century were mature enough not only to translate and cross-
culturally adapt the voice of foreign science, but also to have a voice of its
own on the global stage.
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Abstract

Coffee—riches and sorrows: how diseases and pests contributed to science, technology and in-
novation at the turn of the twentieth century in Sdo Paulo, Brazil. Cristiana Loureiro de
Mendonca Couto, PhD in History of Science, Centre Simao Mathias of Studies in
History of Science (CESIMA), Pontifical Catholic University of Sio Paulo, Brazil,
criscouto@criscouto.com; Ana Maria Alfonso-Goldfarb, PhD in Social History,
Centre Simdo Mathias of Studies in History of Science (CESIMA ), Pontifical Catho-
lic University of Sio Paulo, Brazil, aagold@dialdata.com.br

Coffee became one of the main sources of wealth in Brazil, the state of Sio Paulo in
particular, from the second half of the nineteenth century onwards. However, several
problems threatened production, including diseases—mainly infectious—which deci-
mated the workforce, and devastated agricultural pests. In the present study we argue
that these factors were some of the triggers for the development of science and tech-
nology in Brazil. The local investigators made thorough use of innovations developed
abroad, and also sought to create local conditions to overcome scientific and techno-
logical challenges. In some relevant cases they contributed to global efforts to eradicate
epidemics and pests, and thus to the emergent microbiology and entomology. The
case of the coffee industry in Sdo Paulo clearly illustrates aspects of the global-local
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integration of science, technology and innovation, and of the dynamics of the transit
of knowledge.

Keywords: Coffee, Brazil, nineteenth century, science and technology, microbiology,
entomology



