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    This book chronicles a decisive struggle to make a lethal landscape livable. Sanitation in Panama presents the human and institutional will required to confront tropical disease during one of the most ambitious engineering enterprises of the modern era. William Crawford Gorgas writes not as a distant commentator but as a working physician-administrator whose task was to transform an environment hostile to large-scale labor into one compatible with sustained human effort. The result is a measured, purposeful account of how disciplined public health practice can shift the balance between nature and human design, inviting readers to consider the stakes of prevention in places where failure costs lives.

Authored by William Crawford Gorgas, a U.S. Army physician, Sanitation in Panama is a first-hand narrative set in the Panama Canal Zone during the early twentieth century and first published in 1915. Its genre sits at the intersection of medical history, public health memoir, and administrative report. The book’s setting encompasses cities, construction camps, and wetlands shaped by the canal works, with the isthmus itself serving as a constant protagonist. Gorgas writes from within the chain of command, documenting the evolving collaboration between health services and engineering units as they negotiated priorities, resources, and timelines amid a project that demanded reliability from both people and place.

The premise is straightforward and gripping: to build a canal, workers first had to survive the isthmus. Gorgas outlines how a comprehensive sanitary program was conceived, staffed, and executed, tracing its reach from individual dwellings to entire districts. The narrative voice is pragmatic and restrained, grounded in observation rather than flourish. Readers encounter a cadence of problems defined, experiments attempted, and measures standardized, producing a cumulative portrait of methodical progress. The mood is purposeful rather than sensational, attentive to systems, records, and routines. What emerges is both a procedural story and an ethical one, centered on responsibility for the health of a diverse labor force.

A substantial portion of the book details practical measures that reshaped daily life and work. Gorgas describes the surveillance of disease, the mapping of high-risk zones, and the organization of field crews devoted to drainage, larval control, and screening. He explains how habits—such as the use of bed nets, proper housing screens, and safe water—were institutionalized alongside structural improvements in waste disposal and supply. Hospitals and laboratories appear as partners to the field, enabling diagnosis, data collection, and feedback. The emphasis is on integration: no single tactic sufficed, but the steady alignment of many small interventions created a durable sanitary framework.

Equally vivid are the constraints that shaped each decision. Geography and rainfall complicated drainage plans; procurement and shipping influenced the pace of improvements; and the shifting footprint of excavation repeatedly remade the very ground that had been made safe. Gorgas recounts the administrative work of budgets, staffing, and reporting, along with the need to persuade colleagues whose priorities lay in excavation schedules, rail placement, or housing construction. Training local and imported personnel, coordinating multilingual crews, and sustaining compliance in scattered camps become part of the narrative’s texture, underscoring that public health success hinges on organization and communication as much as on clinical insight.

Thematically, the book is a study in applied science, demonstrating how a new understanding of disease transmission can be translated into policy and practice at scale. It probes the relationship between infrastructure and health, showing that canals, roads, and towns cannot be maintained without parallel investments in sanitation. Readers today may find particular resonance in its portrayal of prevention, the value of surveillance, and the ethics of managing risk across populations. It also invites reflection on governance in large international undertakings, where authority, accountability, and local conditions intersect, and where the measure of success is not only technical achievement but the safeguarding of human life.

For contemporary audiences, Sanitation in Panama offers a clear, detailed account of how disciplined public health can enable complex projects and protect communities. Those drawn to medical history, engineering history, or organizational leadership will find an instructive case study grounded in firsthand experience. The prose is accessible yet systematic, balancing narrative episodes with statistics, procedures, and administrative insight. Rather than courting drama, Gorgas builds credibility through accumulation—one method, one district, one season at a time—leaving readers with a durable sense of what practical health governance looks like under pressure and why its lessons remain relevant well beyond the Canal Zone.
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    Sanitation in Panama presents William Crawford Gorgas’s account of organizing and executing public health measures during construction of the Panama Canal. Written by the Canal Zone’s chief sanitary officer, the book explains why disease control was central to the project’s success. It opens by recalling the high mortality that undermined the earlier French venture and situates the American effort within advances in bacteriology and mosquito-borne disease theory. Gorgas outlines his mandate, the geographic and climatic challenges of the isthmus, and the need to protect a diverse workforce. The narrative introduces the scope: eliminating yellow fever, reducing malaria, and building durable urban sanitation systems.

Gorgas traces the scientific and administrative foundations of the program to prior work in Cuba, where mosquito transmission of yellow fever had been demonstrated and controlled. He describes adopting those principles for Panama, adapting them to local conditions. Upon arrival in 1904, he encountered limited authority, budget constraints, and skepticism about feasibility. The book details the initial organization of a Department of Sanitation, the establishment of districts, and the recruitment of inspectors and technical staff. Early chapters explain the legal and logistical framework needed to conduct inspections, enforce sanitary rules, and coordinate with the Isthmian Canal Commission and the Republic of Panama.

The narrative then addresses yellow fever, the immediate and most feared threat. Gorgas recounts the 1904–1905 resurgence and the rapid deployment of house-to-house measures: sealing buildings, fumigation to kill adult mosquitoes, screening of doors and windows, isolation of patients, and tracing of contacts. He explains the rationale for focusing on Aedes aegypti breeding sites and indoor transmission. Administrative steps—permits, reporting requirements, and standardized procedures—were designed to ensure compliance. The chapters emphasize systematic, repetitive inspections and data collection to locate sources of infection and measure progress, presenting yellow fever control as a disciplined, citywide operation in Panama City and Colon.

Following these interventions, the book documents the decline and eventual disappearance of yellow fever in the Canal Zone and nearby cities. Gorgas presents timelines, case counts, and mapping to show how transmission chains were interrupted. He describes the transition from emergency response to maintenance, keeping fumigation and inspection teams active to prevent reintroduction. The account clarifies that elimination required both technical measures and sustained administrative support. While yellow fever ceased to be a principal threat after 1905, the program retained quarantine and surveillance capacities. This section underscores that success depended on uniform application of procedures across residential, commercial, and port areas.

The text then turns to malaria, characterized as a more persistent and widespread challenge than yellow fever. Gorgas explains differences in vector behavior of anopheline mosquitoes and the need for prolonged environmental management. He details drainage, ditching, filling, oiling, larviciding, grass cutting, and clearing to remove breeding places around camps, towns, and work sites. Housing was screened, and schedules were adjusted to reduce exposure. The program combined field inspections with medical measures, including prompt treatment and prophylactic quinine. Statistical reporting—parasite rates, spleen indices, and admission data—guided deployment of crews and resources, linking engineering works with public health operations over multiple seasons.

Beyond mosquito control, the book describes comprehensive urban sanitation. Gorgas outlines improvements to water supply, filtration, and disinfection; installation of sewers and safe privy systems; and organized collection and disposal of garbage and night soil. He recounts measures against bubonic plague through rat-proofing, trapping, and port sanitation, as well as vaccination and isolation for smallpox and other communicable diseases. Hospital services, notably at Ancon, provided diagnosis, laboratory support, and standardized treatment protocols. By integrating environmental engineering, clinical care, and laboratory methods, the health service aimed to reduce overall morbidity, not only vector-borne disease, and to maintain reliable services during the rainy season.

Organizational chapters describe the Department of Sanitation’s structure, districting of the Zone, and coordination with construction divisions. Gorgas notes training and supervision of large numbers of laborers and inspectors, use of standardized forms, and routine performance reports. Housing standards, screened buildings, orderly camps, and commissary hygiene are presented as integral to disease control. The program worked with municipal authorities in Panama City and Colon to align ordinances and enforcement. Contracts, budgets, and supply chains for oil, equipment, and disinfectants are addressed, emphasizing predictability. The account stresses how administrative clarity and steady funding allowed teams to apply labor-intensive measures consistently.

Results are presented through comparative mortality and morbidity figures, illustrating reductions in deaths and absenteeism and stabilization of the workforce. Gorgas contrasts conditions during the French era with outcomes achieved under the American program, while noting seasonal patterns that required continuous adaptation. He discusses costs in relation to benefits, arguing that sanitation expenditures represented a small fraction of total construction outlays and prevented disruptive epidemics. Tables and charts (described in the text) summarize trends by district and time period. The book also records remaining difficulties, such as maintaining drainage during heavy rains and addressing new breeding sites created by evolving construction landscapes.

The closing chapters draw general conclusions for public works in the tropics. Gorgas emphasizes that rigorous organization, careful surveillance, and practical engineering can control diseases that previously impeded large enterprises. He credits earlier scientific discoveries on transmission and highlights the necessity of legal authority, trained personnel, and consistent application. The book argues for continued maintenance after construction, warning that lapses can reverse gains. Sanitation in Panama thus presents the Canal as a case study in applied public health, demonstrating how coordinated measures in vector control, urban hygiene, and clinical services enabled sustained operations and shaped subsequent approaches to tropical sanitation.
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    William C. Gorgas sets Sanitation in Panama in the Canal Zone and adjacent Panamanian cities during the crucial decade 1904–1914, when the United States built the Panama Canal. The landscape—low-lying coasts at Colón and Panama City, hill slopes at Ancón and Balboa, and new towns like Gatun—combined heavy rainfall, tropical heat, and dense human settlement ideal for mosquito-borne disease. Politically, a newly independent Panama (1903) coexisted with a U.S.-administered Zone policed by the Isthmian Canal Commission. The book examines this uniquely militarized, infrastructural frontier, where engineering of locks and lakes intersected with ambitious public health measures, and where epidemiology became as decisive as steam shovels and dredges.

The French canal attempt (1881–1889) under Ferdinand de Lesseps, modeled on Suez, collapsed amid financial scandal and catastrophic mortality from yellow fever and malaria; estimates place French deaths at over 20,000. A successor company (1894–1898) maintained assets but achieved little excavation. These failures shaped global understanding of tropical disease as a strategic obstacle. Gorgas repeatedly references French graveyards, abandoned hospitals, and mortality tables as cautionary evidence. In his narrative, the French experience is both a foil and a data source, underscoring that sanitary engineering—absent in the 1880s—would be as essential as civil engineering if the isthmian crossing was to be completed under U.S. control.

The scientific breakthrough on yellow fever transmission unfolded with Carlos J. Finlay’s 1881 hypothesis that Aedes aegypti spread the disease, validated by Walter Reed’s U.S. Army Yellow Fever Board in Havana (1900–1901) through controlled experiments. As Havana’s Chief Sanitary Officer (1898–1902), Gorgas operationalized vector control—screening, fumigation, and destruction of breeding sites—eliminating urban yellow fever by 1901–1902. Sanitation in Panama explicitly builds on these Cuban lessons, translating laboratory proof into citywide administration. Gorgas details how Reed’s findings and Finlay’s ideas became practical ordinances, inspection routines, and mapping protocols, making the mosquito not only a biological enemy but an object of organized state action.

Panama’s secession from Colombia on 3 November 1903 and the Hay–Bunau-Varilla Treaty (18 November 1903) created a U.S.-controlled Canal Zone, administered from 1904 by the Isthmian Canal Commission and backed by Theodore Roosevelt’s Big Stick diplomacy. This legal framework empowered U.S. sanitary regulations in towns like Ancón and Cristóbal, yet required negotiation with the Republic of Panama for Panama City and Colón. Gorgas recounts early administrative resistance—particularly in 1904–1905, when some engineers doubted mosquito control—until Roosevelt intervened in 1905 supporting his program. The book thus mirrors the period’s imperial governance, showing how health policy intertwined with sovereignty, jurisdiction, and construction timelines.

The 1905 yellow fever crisis in Panama City and Colón triggered Gorgas’s full campaign: house-to-house inspections, compulsory screening of windows, sulfur dioxide fumigation of infected premises, hospitalization of cases, and meticulous elimination of Aedes aegypti larval sites in cisterns and barrels. Working from Ancón Hospital and district stations, his teams mapped breeding foci and enforced ordinances with fines. The last verified case in the Canal Zone occurred in November 1905, and urban yellow fever disappeared thereafter, removing the specter that had doomed the French. Gorgas’s book documents these operations with schedules, staff organization, and city plans, demonstrating how law, logistics, and entomology converged to extinguish an epidemic threat.

Malaria, carried by Anopheles mosquitoes breeding in puddles and swamps, became the longer war. From 1906 onward, Gorgas organized drainage, ditching, brush clearing, and systematic oiling of water surfaces; installed screened quarters and mess halls; and instituted quinine prophylaxis and nightly bed nets for workers. As Gatun Lake rose (1912–1913), crews extended larval surveys to new shorelines. The results were measurable: malaria mortality and hospitalization rates fell by more than two-thirds between the peak years after 1906 and the final construction seasons, enabling sustained labor strength for continuous excavation and lock building. In Sanitation in Panama, these measures appear as weekly routines—inspection routes, ditch maintenance logs, and supply tables.

The workforce’s composition and treatment were pivotal social realities. Tens of thousands of laborers were recruited from the Caribbean—especially Barbados, Jamaica, and Martinique—alongside U.S. and European skilled workers. The dual wage system—“gold roll” for mostly white, skilled employees paid in U.S. currency, and “silver roll” for largely West Indian laborers paid in local coin—produced segregated housing, hospitals, and commissaries. Disease burdens initially fell hardest on silver communities in low-lying camps. Gorgas’s account, while framed as universal public health, reveals how sanitation campaigns extended surveillance most intensively in these quarters, with mandatory inspections, latrine standards, and camp relocation shaping the everyday lives of a stratified workforce.

Beyond technical triumph, the book functions as a critique of the era’s political economy: it exposes how public health rationales justified far-reaching regulation, quarantine, and property intrusion under a U.S. colonial regime. By documenting gold–silver payroll divisions, segregated facilities, and unequal exposures to environmental risk, Gorgas inadvertently highlights class and racial hierarchies embedded in canal labor. His descriptions of compulsory screening, fines, and enforced hospitalizations underscore tensions between collective safety and individual rights. The narrative thus illuminates a Progressive Era paradox: scientific modernity delivered genuine life-saving reforms while reinforcing imperial authority and social stratification across Panama City, Colón, and the U.S.-administered Canal Zone.
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Yellow fever for two hundred years before
the Spanish-American War caused great
loss of life and much destruction of wealth. Every
few years portions of the United States would become
infected with this disease. In the earlier
part of this period the disease was more or less
local. As the Mississippi valley became more
thickly populated, the extent of the disease and the
injury caused became very much augmented. The
epidemic of 1878 was probably the deadliest and
most extensive epidemic of yellow fever which ever
affected the United States. In this epidemic over
thirteen thousand people in the Mississippi valley
alone lost their lives, and the loss of wealth is
estimated at considerably more than one hundred
millions of dollars.

It is very difficult to convey to a reader any idea
of the conditions which exist during an epidemic
of yellow fever. All business is entirely paralyzed,
the quarantines not allowing any communication
between the affected districts and those
not affected. In an epidemic of any extent this
means hundreds of local quarantines. Some idea
of the condition of affairs can be obtained by picturing
what would occur in any community if all
the income of that community should entirely
cease for six months. And this was the condition
of business all over the Mississippi valley every
time yellow fever gained entrance.

The population originally feared yellow fever
on account of the poverty, suffering and business
depression always caused by the quarantines
which had to be enforced to prevent its spread,
and in time people came to associate this idea of
dread with yellow fever itself. When this disease
was announced in a town, everybody left who
could. The sick were frequently left without care,
and often a great deal of cruelty and cowardice
was shown. If a person escaped from an infected
region and became sick with the disease, or sick
from any other cause, he was generally treated
as if he were a leper, and would often be left to
starve or die on the roadside.

It requires continuously warm weather for the
yellow-fever mosquito to breed in sufficient numbers
to propagate yellow fever; therefore, this
disease never became endemic in the United
States. I mean by endemic, existing all the year
round and over a number of years. The frosts
of winter, wherever they occur, either destroy all
the yellow-fever mosquitoes, or reduce their number
below the point at which yellow fever could be
propagated.

It was known in the United States that yellow
fever was always brought somewhere from the
littoral of either the Gulf of Mexico, or the Caribbean
Sea, and the city of Havana, located on the
northern coast of the island of Cuba, was known to
be the center of this endemic area.

Yellow fever in 1898 was looked upon as the
example of a filth disease, par excellence, and it
was thought that if Havana were put in a proper
state of cleanliness, it might cease to be the great
point of infection for the United States. It was
known that yellow fever had existed in the city
of Havana continuously for one hundred and fifty
years. It is interesting to note that the endemic
infection of Havana occurred in 1762, when Havana
was besieged and captured by American
troops. I say American troops, because the expedition
was largely composed of men from the present
United States, then colonies of Great Britain.
It is also interesting to note that this infection was
supposed to have been brought by a vessel from
Vera Cruz.

Yellow fever peculiarly affects shipping, and
time and again ships in the harbor of Havana
have had every living soul of their crew die from
this disease, and these vessels would have to lie
there for months until another crew could be obtained.

When we went to Havana in 1898 we knew no
more of the sanitation of yellow fever than we
had known a century before. The army which
went to Santiago suffered as severely from yellow
fever and other tropical diseases as any military
expedition into the tropics had suffered before
that time, and its death rate, had it remained,
would have been just as high as was that of the
French army of similar size, which was exterminated
in the island of Haiti just one hundred
years before.

A very deep impression was made upon me
by the condition of our army at the end of two
months’ campaigning in this tropical region. It
was utterly used up and of no value whatever as
a fighting machine. Fully four-fifths of the men
were having fever. This small army of sixteen
thousand men was as fine a body of soldiers when
they landed at Siboney as could probably be gotten
together, but after two months’ campaigning
in this tropical jungle, and after several weeks
of fever from which no one was free, their stamina
and morale were completely gone. After the surrender
of the Spanish garrison there was a complete
let-down on our side. Everybody wanted to
go home. No one could see any need of staying
in Cuba, and every individual was perfectly certain
that he would die if he remained there a
month longer. Officers and men became nervous
and hysterical. I commanded the base hospital
at Siboney, and it was my disagreeable duty to
select from day to day those who would have to
remain. Many times every day the poor fellows,
officers and men, would break down and cry when
told that they could not leave on the next ship. I
could form some idea of what it must have been
among the French at Haiti when they knew that
they could not get away, but had to stay and die.

Being immune to yellow fever, I made application
to go with the troops that took possession of
Havana. We arrived there in December, 1898.
The military authorities concluded that this was
the opportunity which the United States had been
awaiting for the past two hundred years. Thinking
that yellow fever was a filth disease, they
believed that if we could get Havana clean enough,
we could free it from yellow fever. It was felt
that if we could eliminate Havana as a focus of
infection, the United States would cease to be
subject to epidemics. This meant so much to the
United States, financially and otherwise, that the
authorities determined to make all other efforts
secondary to this sanitary effort.

The city was cleaned as well as it was possible
to cleanse it. This remark applies as well to the
private premises as to the public highways. Energetic
and capable Army officers were placed at
the head of various municipal departments, and
these departments were thoroughly organized and
made as efficient as possible. By the middle of
the year 1900 all the city governments were perfectly
organized, and were accomplishing all that
it was possible for them to accomplish. I believe
that Havana was cleaner than any other city had
ever been up to that time.

The health regulations of the Sanitary Department,
such as the isolation and care of yellow-fever
patients, were thoroughly and carefully carried
out. But in spite of all this work and care,
yellow fever had been steadily growing worse ever
since we had taken possession of the city, and in
1900 there were a greater number of cases than
there had been for several years. The Cubans
twitted us with the fact that all our cleaning up
and expenditure not only had not bettered things,
but had even made them worse. They called attention
to the fact that the very cleanest and best
kept portions of the city were by far the worst
sufferers from yellow fever, and the evidence was
so staringly before our eyes that we had to acknowledge
the truth of what they said.

The health authorities were at their wits’ end.
We evidently could not get rid of Havana as a
focus of infection by any method we then knew.

A few years before this period, an Italian
savant had announced in Brazil that he had discovered
the organism which caused yellow fever.
This organism was known as the bacillus icteroides[1]
of Sanarelli, and it was quite generally accepted
that Sanarelli had proved this to be the
causative agent in yellow fever.

Drs. Reed and Carroll had proved that the
bacillus icteroides of Sanarelli was identical with
the hog-cholera bacillus. They made this demonstration
while comparing the bacillus X of Sternberg
with the bacillus icteroides of Sanarelli.
The work was carried on by them during the years
1897 and 1898, at the laboratory of the Army
Medical Museum in Washington. The investigation
was undertaken at the request of General
Sternberg.

In 1899 our Public Health Service published the
report of a board of medical officers who had been
sent to Havana to investigate Sanarelli’s organism.
This report made a great impression.
Surgeon-General Wyman, in his letter transmitting
the report says:


The findings of this Commission, verifying the
discovery made by Sanarelli, and making still further
advances than did Sanarelli himself by determining
the specificity of the bacillus icteroides,
and that the primary infection of yellow fever is
received through the respiratory tract, in other
words, verifying one discovery and making others
of almost equal importance, at the same time
eliminating incorrect theories, must be considered
a notable achievement in medical science and one
of the greatest practical value to the people of the
United States and other countries infected, or
liable to be infected by yellow fever.



In view of the widespread interest which the
report will excite and the practical deductions to
be drawn therefrom, I have respectfully to request
authority to have the same printed.



The findings of this Commission were:

First. That the microörganism discovered by
Professor Giuseppi Sanarelli, of the University
of Bologna, Italy, and by him named “bacillus
icteroides” is the cause of yellow fever.

Second. That yellow fever is naturally infectious
to certain animals, the degree varying with
the species; that in some of the rodents local
infection is very quickly followed by blood infection,
and that, while in dogs and rabbits there is
no evidence of this subsequent invasion of the
blood, monkeys react to the infection the same
as man.

Third. That infection takes place by way of the
respiratory tract, the primary colonization in this
tract giving rise to the earlier manifestations of
the disease.

Fourth. That in many cases, probably a majority,
the primary infection, or colonization, in the
lungs is followed by a “secondary infection,” or a
secondary colonization in the blood of the patient.
This secondary infection may be complicated by
the coinstantaneous passage of other organisms
into the blood, or this complication may arise
during the last hours of life.

Fifth. There is no evidence to support the
theory advanced by Professor Sanarelli that this
disease is primarily a septicemia, inasmuch as
cases do occur in which the bacillus icteroides cannot
be found in the blood, or organs in which it
might be deposited therefrom.

Sixth. That there exists no casual relationship
between the bacillus X of Sternberg and this
highly infectious disease; and that this bacillus
X is frequently found in the intestinal contents of
normal animals and of man, as well as in the urine
and the bronchial secretion.

Seventh. That, so far as your Commission is
aware, the bacillus icteroides has never been found
in any body other than of one infected with yellow
fever; and that whatever may be the cultural
similarities between this and other microörganisms,
it is characterized by a specificity which is
distinctive.

Eighth. That the bacillus icteroides is very susceptible
to the influences injurious to bacterial life,
and that its ready control by the processes of disinfection,
chemical and mechanical, is assured.

Ninth. That the bacillus icteroides produces in
vitro as well as in vita a train of the most marked
potency; and that, from our present knowledge,
there exists a reasonable possibility of the ultimate
production of an antiserum more potent than
that of Professor Sanarelli.

About the same time an officer of the Public
Health Service, Dr. H. R. Carter, was making in
Mississippi his epoch-marking observations upon
the extrinsic incubation of yellow fever. Measured
by the results produced, this was one of the
most important papers ever written. Yet as high
an authority as the Surgeon-General of the Public
Health Service expected the greatest results to
flow from the conclusions reached by this Board,
and did not notice the report from his subordinate
concerning the extrinsic incubation of yellow
fever. The conclusions of his Board turned out to
be all wrong and useless as to results. The report
of Carter turned out to be pure gold, and was one
of the great steps in establishing the true method
of the transmission of yellow fever. I do not say
this in criticism. It is almost impossible for contemporaries
to judge the true value of discoveries,
or to give the proper position to the men of their
own time who make these discoveries.

General George M. Sternberg, the then Surgeon-General
of the Army, was one of the leading bacteriologists
of the profession, and was also one
of the best known authorities on yellow fever. He
doubted the findings of this Board, and obtained
authority from the Secretary of War to appoint
a board of Army medical officers to investigate
this same subject. He appointed on this now
famous and immortal board Reed, Lazear, Carroll
and Agramonte. They came to Havana, and
spent several months in investigating Sanarelli’s
organism. They proved beyond peradventure that
it had no causative relation to yellow fever, and
identified it as a well-recognized organism.

It is an interesting historical fact that one of
the yellow-fever patients in whom the Board of
Public Health Service found Sanarelli’s organism
was a patient of mine. He was a soldier, Private
Patrick Smith, Eighth Infantry, a non-immune
living in an infected part of Havana, so that I
thought that he ought to be reported as a suspect.
The case continued nine days, long enough to convince
me clinically that the disease was not yellow
fever. The symptoms in a case of yellow fever
dying on the ninth day are always so well marked
that the diagnosis should not be in doubt. But
the Board found Sanarelli’s organism, and being
themselves convinced that this was the organism
of yellow fever, they believed the case to be that
disease. It shows the necessity in scientific matters
of being on one’s guard, and of approaching
investigation with an open mind.

The Army Board having satisfied themselves
that Sanarelli’s organism bore no relation to yellow
fever, but was simply the ordinary hog-cholera
bacillus, turned their attention to other matters,
though they were always working in relation to
yellow fever. They spent a great deal of time in
examining the intestinal flora in cases of recognized
yellow fever, but could find nothing that
seemed to have any relation to this disease in a
causative sense.

Being at that time the health officer of the city
of Havana, and in that capacity having charge of
all cases of yellow fever which occurred in the city.
I necessarily came in contact with this Board a
great deal, and with its various members. I was
naturally much interested in the work, and kept
in very close touch with it. The Sanitary Department
of Havana had a commission of medical men
to whom all cases of yellow fever were referred for
diagnosis. I was a member of this Commission,
and Dr. Carlos Finlay[2], Dr. Antonio Albertini and
Dr. John Guiteras were the other members. Each
of us had had a very large practical experience
with yellow fever. It is likely, therefore, that our
Commission was as accurate in its diagnosis of
this disease as it was possible for fallible doctors
to be. Most of Dr. Reed’s experimental cases
were seen and passed upon by this Commission.
Dr. Reed requested us to do so, in order that the
diagnosis of his cases might be upon the same
footing as the diagnosis of the other cases occurring
in the city of Havana.

Dr. Carlos Finlay, of Havana, the physician
just mentioned as being a member of our Commission,
had ever since the year 1881 been investigating,
thinking of and writing about the relation
of the mosquito to yellow fever. He had convinced
himself that this insect was the means
whereby the disease was conveyed from person
to person. Others before Dr. Finlay’s time had
referred to the possibility of this being the case,
notably Dr. J. C. Nott, of Mobile, Alabama. In
March, 1848, he published in the New Orleans
Medical Journal an article in which he maintained
that the spread of yellow fever could not be explained
by the assumption of a diffusible miasm
in the atmosphere. But Dr. Finlay had given
more attention to this subject than anyone who
had gone before him. He had written upon it
constantly from the year 1881. His argument
from the then known facts with regard to yellow
fever, showing from these facts that it was probably
the mosquito that conveyed this disease, was
most beautiful and logical. But a still more
beautiful piece of reasoning was the induction that
it was the stegomyia mosquito, out of the six or
seven hundred species of mosquitoes, that conveyed
yellow fever.

Dr. Finlay, in the twenty years before we
went to Havana, had done a great deal of experimenting
on the human subject with regard to yellow
fever. But he had not been successful in
transmitting the disease. He had no means of
knowing that it took the mosquito twelve days
from the time when she swallowed the blood of a
yellow-fever patient to become herself infectious.
Not knowing this fact, it was perfectly natural
for Dr. Finlay to use his mosquitoes upon his
experimental cases within the first four or five
days after they had bitten a yellow-fever patient.
At any rate, in a large number of experimental
bitings of the human subject he did not have a
single case in which the evidence was conclusive
that yellow fever had been conveyed by the mosquito.
Reed says of Finlay: “To Dr. Carlos Finlay,
of Havana, must be given, however, full
credit for the theory of the propagation of yellow
fever by means of the mosquito, which he proposed
in a paper read before the Royal Academy in that
city at its session on the 14th day of August, 1881.”

The Reed Board, after many months of inconclusive
work in other directions, turned their attention
to Dr. Finlay’s mosquito theory. Dr.
Reed discussed the matter with Dr. Finlay a good
deal before he commenced his mosquito work, and
was thoroughly familiar with Dr. Finlay’s arguments
and ideas on the subject. Indeed, we all
knew Dr. Finlay well, but were rather inclined to
make light of his ideas, and none more so than I.
He and I met every day on the yellow-fever Commission
above referred to, and it is probable that
every day for more than a year we had more or
less discussion on this subject.

Dr. Finlay is a most lovable man in character
and personality, and no one could be constantly
thrown with him as I was daily for several years
without becoming warmly attached to him and
forming the highest estimate of his scientific honesty
and straightforwardness. Being very familiar
with yellow fever, both historically and
clinically, I was constantly bringing to his notice
instances in the past which could not be accounted
for on the mosquito theory. He, with the greatest
ingenuity, was equally ready to explain how the
mosquito theory could be turned so as to meet just
this condition.

Dr. Finlay is still living in retirement and comfortable
old age in the city of Havana. When the
American forces were withdrawn from Cuba in
1902, Dr. Finlay succeeded me as health officer
under the Cuban Government. He has since been
retired on a pension by that Government. I called
on him in Havana several years ago, and found
him enjoying his more than eighty years of age,
and the honors that were being heaped upon him.
He is one of the few great men who has had his
work recognized during his lifetime.

Dr. Reed got from Dr. Finlay the eggs from
which he raised the mosquitoes used in his experimental
work. Dr. Finlay says on page 1 of his
“Agreement between the History of Yellow Fever
and Its Transmission by the Culex Mosquito”:
“The experiments made by Drs. Reed, Carroll,
Agramonte and Lazear were started in June,
1900, with a brood hatched from eggs of the identical
insect which at Dr. Lazear’s request I had
handed to him. All the successful experiments
have hitherto been made with that particular mosquito.”

Dr. Reed says in his paper, “The Etiology of
Yellow Fever, Preliminary Note”: “We here desire
to express our sincere thanks to Dr. Finlay
who accorded us a most courteous interview and
has gladly placed at our disposal his several publications
relating to yellow fever, during the past
nineteen years; and also for ova of the species of
mosquito with which he had made his several inoculations.
An important observation to be here
recorded is that according to Finlay’s statement,
thirty days prior to our visit, these ova had been
deposited by a female just at the edge of the water
in a small basin, whose contents had been allowed
to slightly evaporate; so that these ova were at
the time of our visit, entirely above contact with
the water. Notwithstanding this long interval
after deposition, they were promptly converted
into the larval stage, after a short period, by raising
the level of the water in the basin. With the
mosquitoes thus obtained we had been able to conduct
our experiments. Specimens of this mosquito
forwarded to Mr. L. O. Howard, Entomologist,
Department of Agriculture, Washington,
D. C., were kindly identified as culex fasciatus—Fabr.”
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After consultation, the Reed Board determined
to experiment to see whether the mosquito
really did convey yellow fever. But it was
necessary to have a good deal of money and sufficient
authority before starting in. The Board had
come to Cuba for entirely different investigations,
and had not been supplied with sufficient funds for
these experiments. Fortunately for the cause of
science and of humanity, we had as Governor-General
of Cuba at that time General Leonard Wood[3],
of the United States Army. General Wood had
been educated as a physician, and had a very
proper idea of the great advantages which would
accrue to the world if we could establish the fact
that yellow fever was conveyed by the mosquito,
and his medical training made him a very competent
judge as to the steps necessary to establish
such fact.

General Wood during the whole course of the
investigations took the greatest interest in the
experiments, and assisted the Board in every way
he could. Dr. Reed outlined to General Wood
the course he expected to pursue, and General
Wood was so convinced by Dr. Reed’s argument
that he authorized the expenditure from Cuban
funds of a sufficient sum and gave Dr. Reed ample
powers as to the method of expenditure.

The Board then went to work in earnest along
lines which seemed calculated to develop the facts
in the matter. They started a laboratory at
Camp Columbia, the American military station a
short distance out of Havana. Here they bred
their mosquitoes from eggs procured from Dr.
Finlay, and here the first three experimental cases
occurred. The first case was severe; the second
case was that of Dr. Carroll, a member of the
Board, and was well marked, and Dr. Lazear, another
member of the Board, died of the disease.
Dr. Lazear visited Las Animas Hospital and was
bitten by the mosquito on September 13, 1900;
was taken sick September 18th and died September
25th. Previously on August 16th, he had
been experimentally bitten by a mosquito which
had ten days before bitten a yellow-fever patient
in the fifth day of the disease. We know now
that ten days is too short a time for incubation
in the mosquito, and the fifth day a period too late
for the yellow-fever patient to be infectious.


Dr. Carroll was intentionally bitten. Dr. Lazear
told me after he was taken sick, and a day or two
before he died, that he recalled being bitten by a
stegomyia[4] three or four days before he was taken
sick, and while he was at work at Las Animas, our
yellow-fever hospital in Havana. He said that
he had noticed the mosquito enough to recognize
that it was a stegomyia, and had allowed it to fill
and fly away without disturbing it. These three
cases satisfied the Board that the stegomyia mosquito
was the means of conveying yellow fever,
but they determined that they would make such a
demonstration of the matter that there could
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