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DR. NELSON CARYL DAVIS

Dr. Nelson Caryl Davis, member of the field staff of The Rocke-
feller Foundation for eleven years, died suddenly on October 20,
1933, at Bahia, Brazil, where he was in charge of the Foundation's
yellow fever laboratory.

Dr. Davis was born on August 26, 1892, in Osceola, Nebraska.
He received the degree of Doctor of Medicine from the University
of Californiain 1921. In May, 1922, he became a regular member
of the staff of the International Health Board of The Rockefeller
Foundation. He began his field gervice in Brazil with hookworm
control and related studies. Next he was assigned to malaria
work in Argentina, His studies in hookworm and malaria re-
sulted in several publications of value,

In 1927 Dr. Davis wag granted study leave, and he spent a year
in the School of Hygiene and Public Health of the Johns Hopkins
University. After a brief supplementary period of study in 1931
he recelved the degree of Doctor df Public Health., 1In 1928, at the
end of his study leave, he undertook the establishment of a labo-
ratory at Bahia, Brazil, to carry on yellow fever research and also
to make laboratory studies fpr the extensive yellow fever control
service maintained jointly by the Government of Brazil and The
Rockefeller Foundation. He rapidly becarme one of the principal
contributors to new knowledge of yellow fever.

Dr. Davis was the first to verify Anopheles pseudopuncispennts
as the chief malaria vector in the Argentine, as well ag to digcover
A. dorlingé in the Amazon region, to demonstrate that this mos-
quito is one of the most formidable malaria vectors Indigenous to
Brazil, and to show that the recent African invader of Brazil, 4.
gambiae, possesses a capacity for transmitting malaria in Brazil
possibly exceeding that known for the species in its native home,
His contributions on the biology of Aedes aegypis and the larvae
of the Brazilian species of Mansonia, as well as those dealing with
the trangmisgion of yellow fever by mosquitcesg other than Aedes
aegypti and a diversity of other arthropods are likewise of out-
standing importance.

Dr. Davis was in the prime of life, with an expectancy of decades
of productive work, when he died, Through his death The Rocke-
feller Foundation and the acientific world have been deprived of
a mogt productive worker and hia family and friends have auffered
a cruel loss. But in looking back one cannot but feel that he is
to be envied for the satisfaction which must have come with the
succeases of his brief but rich life.
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To the Members of The Rockefeller Foundation,
New York.

Gentlemen:
I have the honor to transmit herewith an ac-

count of the work of The Rockefeller Foundation
for the period January 1, 1933, to December 31,
1933, including the reports of the Secretary and
the Treasurer of the Foundation, the Director of
the International Health Division, and the Di-
rectors for the Medical Sciences, the Natural
Sciences, the Social Sciences, and the Humanities.

The period has been marked by economic, so-
cial, and political stress in many parts of the
world, giving rise to pressing problems of na-
tional and international scope. A foundation
dedicated to the welfare of mankind, and which
has conceived its function in the broad as aid in
the process of the rationalization of life, can
neither remain indifferent to pressing current
problems nor relinquish the support of the funda-
mentals on which, in the long run, the control of
man’s destiny depends. In its work for the year
The Rockefeller Foundation has been conscious
of both types of needs.

While the Foundation has continued during
the year its activity in furthering the advance of

© 2003 The Rockefeller Foundation
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knowledge in the fields of public health, medical
science, natural science, social science, and the
humanities, its work in these fields has been
vitally changed in scope through selection, for in-
tensive work, of those subfields which contribute
more directly to the general problem of buman
behavior, with the aim of control through
understanding.

In the fields of medical and natural science the
major emphasis has been placed on the problem
of mental health and on the development of
those sciences whose advance is imperatively de-
manded to form the substantial scientific basis
for the rapidly evolving modern science of man.
In the social sciences the problems of economic
structure and process, international relations,
and community organization and planning have
been considered of principal importance. The
emphasis in the humanities has been on the en-
couragement of international cultural under-
standing and the preservation and interpretation
of American culture. In the International
Health Division, there has been increased atten-
tion to studies of disease in its environment, with
closely related laboratory investigations.

Early in 1933 a fund was set aside for projects
having to do with the present national and world
situation. The projects which have been sup-
ported fall under two general headings: studies
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providing for concurrent appraisal and studies
furnishing a factual basis for improved planning
of important sections of the recovery, relief, and
reconstruction program; and undertakings in-
volving the collaboration of private agencies in
the prosecution of the emergency programs of the
federal, state, and local governments.

Another emergency requiring special funds
was the displacement of eminent scholars in
Europe for political reasons and the consequent
interruption of important scientific work. Deal-
ing directly with wuniversities in Europe and
America which wished to add these men to their
staffs, the Foundation has contributed toward
their salaries. The situation was an emergency;
the solution of the problem is as yet on a tem-
porary basis.

The following separate reports of the directors
for the different fields present the work for the
year in detail.

Respectfully yours, 3
MAX MASON
President

© 2003 The Rockefeller Foundation
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SECRETARY’S REPORT

The members and trustees of The Rockefeller

Foundation during 1933 were:
John D. Rockefeller, Jr., Chairman

James R, Angell
Trevor Arnett

John W. Davis
David L. Edsall
Raymond B. Fosdick
Jerome D, Greene
Ernest M. Hopkins
Vernon Kellogg

Max Mason

John D. Rockefeller, 3rd
Walter W, Stewart
Harold H. Swift
Augustus Trowbridge
George H. Whipple
William Allen White
Ray Lyman Wilbur
Arthur Woods

Owen D. Young

The following were members of the Executive

Committee during the year:
The President, Chasrman

James R, Angel
Trevor Arnett

David L. Edsall
Raymond B. Fosdick

Jerome D. Greene

John D. Rockefeller, 3rd
Walter W. Stewart
Arthur Woods

The officers of the Foundation during the year

were,

John D. Rockefeller, Jr.
Max Mason

Thomas B, Appleget
Selskar M, Gunn

Alan Gregg, M.D.
Warren Weaver
Edmund E. Day

David H. Stevens

Frederick F. Russell, M.D.

Norma $, Thompson
Leflerts M, Dashiell
George J. Beal
Thomas M. Debevoise

Chatrman, Board of Trustees

President

Vice-President

Vice-President

Director for the Medical Seisuces

Disector for the Natural Sctences

Director for the Social Sciences

Direcior for the Humanities

Direcior, International Health Divi-
sion

Secretary

Treasurer

Comptroller

Counsel
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The following served as scientific directors
of the International Health Division of the
Foundation during 1933:

Edwin O, Jordan, Se.D., Ghairman
Alphonse R, Dochez, M.D. Waller S. Leathers, M.D.
John G, FitzGerald, M.D, Wilson G. Smillie, M.D,
Lewis R. Thompson, M.D.
Frederick F. Russell, M.D., Director of the Division, Secretary

Meetings

Regular meetings of The Rockefeller Founda-
tion were held on April 12 and December 13,
1933. Seven meetings of the Executive Com-
mittee were held during the year to execute
programs within general policies approved by the
trustees.

Financial Summary

The following is a2 summary of receipts and
disbursements of the Foundation in 1933. Dis-
bursements in many instances involved appro-
priations made in former years; on the other
hand, in some cases payments represented but
a portion of appropriations made during 1933,
remainders of which are payable during suc-
ceeding years.

© 2003 The Rockefeller Foundation
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Statement of Funds Available and Disbursements

During the Year 1933

Funps AVAILABLE
Balance available December 31, 1932
"To meet appropriations, pledges,
and authorizations, ..........
Avazilable for appropriation. . ...

$52,798,216.01
2,930,176.07

$55,728,392.08

Authorizations allowed to lapse, re-

verting to Principal Fund. .. ... 6,064,800.00

349,663,592, 08
Income and refunds received during

theyear1933................. 8,257,418.53 $57,921,010 61
DISBURSEMENTS
Universities and other educational
institutions
Education
Medical sciences............. $315,103.43
Public health............... 4,647.19
Nursing, ............counen. 449,990.72
Social sciences. ............. 198,482.93
Natural sciences. ......... .. 117,678.31
General.................... 2,500.00
Departmental development. . . .. 829,118.50
Research programs............ 2,235,670.87
Land and buildings............ 1,136,704.93
Research institutions and organiza-
tions
Education
Medical sciences............. 81,431,115
Social sciences, ... .......... 16,789.50
General,................... 10,200.00
General development. ., . ..,.., 538,287.05
Research programs............ 1,043,369.00
Land and buildings. ........... 7,162.06
Special committees and commission 132,370.64
Fellowships and grants in aid. ... 1,519,661.67
Studies of pressing economic prob-
lems., oo 120,568, 50
Miscellaneous....... ........... 1,268,040,22
Public health................... 3,286,063.01
General.............oviiiil, 699,492 .04
Administration, ................. 820,490.33 $14,753,822.05

© 2003 The Rockefeller Foundation
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BaLance
To meet appropriations, pledges,
and suthorizations............, $40,160,304. 39
Available for appropriation. ... ... 3,006,884.17 $43,167,188.56

Summary of Expenditures in 1933

Untversimies ANp Orrer EpvcaTioNal INSTITUTIONS
Medical Science Education

Albany Medical College, New York . ........... $20,0660.00
Brussels, Belgium, Department of Public Welfare.

Maintenance of St. Pierre Hospital .......... 10,000.00
China Medical Board, Inc., New York City...... 158,576.95
Chulalongkorn University, Bangkok, Siam....... 22,786.34
National Central University Medical School,

Shanghai, China............................ 9,059.12
Peiping Union Medical College, China......... 12,544.72
Shantung Christian University, Tsinan, China. ... 15,225.00
University of Lyon, France.................... 29,411.30
University of Montreal, Canada. ............... 37,500.00

$315,103.43
Public Health Education
Dajhousie University, Halifax, Nova Scotia...... $4,647.19

Nursing Education
St. Luke’s International Medical Center, Tokyo,

Japan. oo 400,000.00
University of Lyon, France........ . ..... . . 10,000.00
University of Toronto, Canada............. ... 16,154.69
Vanderbilt University, Nashville, Tennesgee. .. .. 17,500.04
Miscellaneous. ...............ociieinne enen 6,335.99

$449,990.72
Social Science Education
American University of Beirut, Syria. .. ........ £10,000.00
German School of Politics, Berlin. .. ............ 15,000.00
National Catholic School of Social Service, Wagh-

ington, D. C.o oo 12,560,060
New York School of Social Work, New York Clty 45,000.00
Tulane University of Louisiana, New Orleans. . 12,000.00
University of Chicago, 1linois.................. 47,482.93
University of Vienna, Austria, . ................ 4,000.00
Western Reserve University, Cleveland, Ohio. . .. 27,500.00
Yenching University, Peiping, China. ........... 25,000.G0

$198,482.93

© 2003 The Rockefeller Foundation
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Natural Science Education

Fukien Christian University, Foochow, China. ... $7,500,00
Lingnan University, Canton, China............. 10,000.00
Yenching University, Peiping, China.......... . 87,916.75
Miscellaneous, .. ..........ciiiiiiiinicnne.. 12,261.56

$117,678.31
General Education

New Education Fellowship, London, England. ... $2,500.00
Departmental Development

American University of Beirut, Syria........... $50,000.05

Harvard University, Cambridge, Massachusetts. .. 19,922.78

Keio Gijuku University, Tokyo, Japan.......... 10,744.55

London Schoo! of Economics and Political Science,

England. ....... ..o 37,912.08
MeGill University, Montreal, Canada.... .... . 15,256,48
Nankai University, Tientsin, China........ .. .. 9,417.23
Syracuse University, New York................ 15,000.00
Tohoku Imperial University, Sendai, Japan. ... . 10,766.28
University of California, Berkeley.......... .. 17,500.00
University of Chicago, Illinois......... Coe 415,864.85
University of Cincinnati, Ohio. . .......... ... 17,500.00
University of Leipzig, Germany..... ..... . 10,819.74
University of Paris, France........... A 5,471.30
University of Stockholm, Sweden. ... .. .. . 5,000.00
University of Szeged, Hungary........ .. ... 46,819.32
University of Washington, Seattle......... .... 4,715.70
Yale University, New Haven, Connecticut. .. .. 133,520.30
Miscellaneous. ............... Cee e 2,887 .81

$829,118.50

Research Programs i

Brown University, Providence, Rhode Island. . ... $11,988.76
California Institute of Technology, Pasadena. . 20,000.00
Columbia University, New York City......... 147,869.17
Cornell University Medical College, New York (.lt:. 24,581.82
Harvard University, Cambridge, Massachusetts. . 234,930.23
Harvard University and Radcliffe College, Cam-

bridge, Massachusetts. .. ...oovvnviennrnnnnn. 48,125,31
Iowa State College of Agriculture and Mechanic

Arts, AmMes. . .. iviinini i reieiiiianinanass 8,750.00
Johns Hopkins University, Baltimore, Maryland. . 101,645 .45
Leland Stanford, Jr., University, California. ... .. 51,550.00
London School of Economlcs and Political Science,

England........cooiviiiiiiiiiiina. 39,094.65
Massachusetts Institute of Technology, Cambridge 51,000.00

© 2003 The Rockefeller Foundation
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McGill University, Montreal, Canada...........
Qhio Wesleyan University, Delaware, Ohio. . . ...
Peiping Union Medical College, China..........
Tulane University of Louisiana, New Orleans, . ..
University of California, Berkeley. . ......... ...
University of Chicago, Illinois........... R
University of Hawaii, Honolulu. .., ............
University of London, England. . ...............
University of Michigan, Ann Arbor......... ...
University of Minnesota, Minneapolis. ..........
University of North Carolina, Chapel Hill. ... ...
University of Oregon, Eugene..................
University of Oslo, Norway. . ............ovtn.
University of Paris, France....................
University of Pennsylvania, Philadelphia........
University of Rochester, New York.............
University of Stockholm, Sweden. ..............
University of Texas, Austin....................
University of Toronto, Canada.................
University of Virginia, Charlottesville. . .........
University of Warsaw, Poland.................
Vanderbilt University, Nashville, Tennessee. .. . ..
Washington University, St. Louis, Missouri. . . ...
Yale University, New Haven, Connecticut.......

Miscellaneous. v .ovvivniiiarenanrnserriennns

Land and Buildings

Chulalongkorn University, Bangkoly, Siam. .. ....

London School of Economics and Political Sci-
ence, England. . ..........o.. i

McGill University, Montreal, Canada...........

State Institute of Public Health, Prague, Czecho-

University College, London, England. ..........
University of Breslau, Germany. . ..............
University of Geneva, Switzerland. .............
University of Géttingen, Germany..............
University of Lyon, France. . ..................
University of Oslo, Norway.................. ‘
University of Oxford, England. .. ..............
University of Stockholm, Sweden.,..............
University of Sydney, Austrabia. ...............

$39,811.74
10,513.00
12,152.42
11,250.00
5,000.00
£97,316.55
23,333.32
11,685.00
17,500.00
110,000.00
35,000.00
6,500.00
7,775.00
11,417.97
80,829.12
72,574.70
13,667.25
12,500.00
7,889.31
17,500.04
6,703.90
50,000.00
48,350.00
264,750.00
23,116.16

$2,235,670.87

$55,293.89

241,351.99
103,586.35

96,005.0}
9,212,94
50,000.00
24,409.12
39,164.64
100,682.20
56,873.55
104,928.09
34,916.65
220,280.50

$1,136,704 .93

© 2003 The Rockefeller Foundation
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ResearcH INSTITUTIONS AND ORGANIZATIONS
Medical Science Education
Chinese Medical Association, Shanghai .........

Social Science Education
Laboratory of Anthropology, Santa Fe, New
[V 31« T DA
Soctal Science Research Council, New York City.. .

General Education
Canadian National Committee for Mental Hygicne,

1 111 N

General Development

American Schools of Oriental Research, Baghdad

and Jerusalem,.............cociie e,
Bermuda Biological Station for Research, Inc......
Brookings Institution, Inc,, Washington, D, C.. ...
Canton of Geneva, Switzerland. Postgraduate

Institute of International Studies. ............
Economic Foundation, New York City.........,
Imstitute for Comparative Research in Human

Culture, Oslo, Norway. . ....oovevinvineent.
Institute of Economics and History, Copenhagen,

Denmark. ......ooiiieinineenennernnaninens
Institute of Pacific Relations, Honolulu, Hawaii. . .
International Institute of African Languages and

Cultures, London, England..................
Long Island Biological Association, Cold Spring
Harbor, NewYork. ...........coviiiiaiinnns
National Bureau of Economic Research, New
Yok City. .. ooov it

Social Science Research Council, New York City.. .
Woods Hole Qceanographic Institution, Massa-

L R P
Zoological Station of Naples, Italy. .. ..........
Misceflaneous. . .... .............. ... ...

Research Programs

American Council of Learned Societies, Washing-

tom, D G i
Australian National Research Council, Sydney. . . .
Austrian Institute for Trade Cycle Research,

Vienna. ..ot
Behavior Research Fund, Chicago, Illinois. . ... ...
Bernice P. Bishop Museum, Honolulu, Hawaii. .. .

© 2003 The Rockefeller Foundation

$1,431.15

$9,459.90
7,329.60

$16,789.50

$10,200.00

$48,769.58
6,000.00
75,000.00

63,611.75
25,000.00

10,008.11

6,000.00
30,000.00

28,894 .45
20,000.00

69,710.00
50,000.04

90,000.00
7,000.00
8,293.12

$538,287.05

$141,805 .98
16,577.22

7,917 .66
12,291.7}
6,500.00
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Canadian National Committee for Mental Hygiene,

TOront0, c oy et sttt ee i i
Community Council of Philadeiphia, Pennsylvania.
Council on Foreign Relations, New York City. . ...
Dutch Economic lnstitute, Rotterdam, Nether-

YV . .
Economic Foundation, New York City...........
Foreign Policy Association, New York City.......
Industrial Relations Counselors, Inc.,, New York

105
Institute of International Economics and Mari-

time Trade, Kiel, Germany.................
Institute for Psychiatric Research, Munich, Ger-

TOARILY .+ ottt tee et i e e
Institute of Social and Political Sciences, Heidel-

berg University, Germany.........ccoovvnn-.
Institute of Pacific Relations, Honoluly, Hawaii. . .
Kaiser Wilhelm Institute for Brain Research, Ber-

lin-Buch, Germany.........cooviiviiieninn,
Magsachusetts Department of Mental Diseases,

Boston. . .....oviiiiiiii et eaas
Massachusetts Society for Mental Hygiene, Boston
Medical Research Council, London, England. . . . ..
National Institute of Industrial Psychology, Lon~

don, England. ...coviiiriviiiiiiinn e
National Research Council, Washington, D. C.,. ...
New Zealand Department of Scientific and Indus-

trial Research (Apia Observatory,Western Samoa)
Notgemeinschaft der Deutschen Wissenschaft,

Berliny Germany. . .. ....coviiiiiinineiann.
Orthological Institute, London, England. ... .. ...
Royal Institute of International Affairs, London ..
Royal Institution of Great Britain, London .....
Rumanian Institute of Social Science, Bucharest. . .
Social Science Research Council, New York City.. .
Trudeau Foundation, Trudeau, New York. .......
Welfare Council of New York City..............
Miscellaneous. « ..o viviviii it i e

Land and Buildings

Marine Biological Association of the United King-
dom, Plymouth, England. ...................

SreciAL CommiTries AND CoMMISSIONS
International Commission for the Polar Year 1932~

33, Copenbagen, Denmark. .......oocvvivnenin

© 2003 The Rockefeller Foundation

$28,173.65
7,500.00
25,000.00

5,000.00
55,388.83
25,000.00

14,000.00
26,000.00
12,082.82 -

12,096.10
50,000.00

11,098.00

7,705.03
5,693.30
9,929.87

8,070.00
79,954.33

5,000.00

53,129.01
14,607.80
30,000.00
72,803.57
7,500.00
175,774.09
10,000.01
85,000.00
21,770.02

$1,043,369.00

$7,162.06

$13,489.00
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. National Research Council, Washington, D.C., .. ... $35,301.83
E Research Committee on Social Trends, Washington,
" 5 20 e 33,104.10
Science Advisory Board, Washington,D.C.......... 8,000.00
k Social Science Research Council, New York City.. . . . 36,828.25
. Miscellateous, . . covvvtvrnnanniviveieinsiinses §,647.46
B $132,370.64
o FeLLOWSHIPS AND GRANTS IN AD
American Council of Learned Societies, Waahmgton,
- D.C...... P $83,822.73
American School of Classical Studies at Athens,
- GrBECE, + v avveerversronnneseisnsnsrssnsansenn 7,600.00
Fellowships administered by The Rockefeller Founda-
-3 £ T 608,305.96
= Kaiser Wilhelm Institute of Physical Chemistry and
Electrical Chemistry, Berlin-Dahlem, Germany.. . . 10,758.31
i Medical Research Council, London, England. ....... 20,136.25
National Research Council, Washington, D. C...... 369,153.09
Notgemeinschaft der Deutschen Wiasenschaft, Berlin,
r: GeIMANY 2 s e vve et irnnrerrasiansesinansnian 12,100.22
- - Peiping Union Medical College, China............. 33,096.31
Research aid funds in the medical, natural, and sociai
gciences and the humanities. ................... 164,887.49
Research and developmental aid in the medical and
e natural geiences in China. . 15,249.17
3 Social Science Research Cou ncﬂ ‘New York Cit ty 159,442.40
=i Visits of individuals and commissions. .. .. R 5,680.31
3 Miscellameous. .........ovviiiiiniiiiiianaeanns 29,429.43
E $1,519,661.67
ae StupiEs oF Pressing Economic PropLEms
oy Appraisal and planning projects
d Columbia University, New York City,.......... $28,000.00 °
C T Brookings Institution, Inc., Washmgton, D.C.. 40,972.63
a Miscellaneous. .. ...ovvvveeivniineriinnnennen. 8,946.83
— Direct grants to operating government agencies
- Federal Emergency Relief Administration, Wash-
Whay ington, DL Counnnne e 13,000.00
o Subventions to coaperating private agencies
ly American Municipal Association, Chicage, Illinois 18,846.40
= Slum Clearance Committee of New York, New
i York City. ... oivvininiiiiiii e 5,000.00
i Administration. Speclal staffl. ... 5,802.64
z ———
- $120,568. 50
il
~ .
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MISCELLANEOUS
Abraham Lincoln Foundation, Dresden, Germany... .
American Geographical Society, New York City. . ...
American Psychological Association, Princeton,
New Jersey, . uveerinrnnieianennnssenerensnnes
American Sthool of Classical Studies at Athens,

OO, o v vivrrinrnroecanasasaconnnnsennans .

Citizens Family Welfare Committee of New York

2 | 1 P
Encyclopaedia of the Social Sciences, New York City.
Humanistic studies in Europe, ,.o0viviveninenon.
League of Nations, Geneva, Switzerland...........
Library of Congress, Washington, D. C............
Medical literature for Russia.....................
National Academy of Sciences, Washington, D. C...
National Regearch Council, Washington, D. C.. . ...
Prugsian State Library, Berlin, Germany..........
Social Science Research Council, New York City.. . . .
Unemployment relief, New York City.............
Virginia Historical Index, Richmond . ............
Miscellaneous. ... ... e anreretnrraear s

Pupric Heartu
Regular program of the International Health Divi-
sion in state and local health work, public health
education, control and investigations of specific
diseases. . .......coiiiiiiiii e e
League of Nations, Health Organization, Geneva,
Switzerland., . ... ..
Scheols and institutes of hygiene and public health
Bulgaria, Sofia.................... e
Italy. Rome.......covveiniininnnnannneornns
Japan, Tokyo.......ocvvviiviinieiiiiiiani
Rumania. Cluj........covvvieiiiiiiiiiinn-.
Turkey, Angofa.........c.iviviveeniinenneas
Miscellaneous., . .......civiiiii i

GENERAL ¥
Agricultural club work, Finland and Sweden. ... . ...

American Association of Museums, Washington, D. C.

$10,000.00
14,000.00

6,282.37
14,000.00

150,000 00
102,410.13
8,873.61
81,174.50
10,000.00
14,920,22
10,500.00
102,913.09
10,000.00
§2,467.83
650,000.00
7,500.00
22,998.47

$1,268,040.22

32,464,858.16

263,170.45

25,312.01
317,927 .60
108,274.99

5,674.87
100,000.00
844,93

$3,286,063.01

$16,366.78
13,572.50

*‘These appropriations, while administercd by The Rockefeller Foundation under the

terms of the co
included in the present orogram of the Foundation.

nsolidation agreement, represent items which would aot. in gereral, be
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Commission on Interracial Cooperation, Atlanta,

GEOTEIA. s 1v v eeenenrsanersnatnersssesarsnnns $36,430.45
East Harlem Nursing and Health Service, New York

Gt e v erernreertrcnsntnerarnsasnsassivnsns 31,875.00
Fisk Umvmlty, Nashville, Tenressee, . ,....... 35,492.26
Institute of International Education, New York Cxty 24,000.00
Jean Jacques Roussean Institute, Geneva, Switzerland 7,000.00
Playground and Recreation Association of America,

New YorkCity. i iiiiiininaracanriineans 50,000.00
Society of the New York Hospital, New York City. .. 126,128.81
State University of lowa, JowaCity. .............. 88,378.16
Teachers College, Columbia University, New York

01 100,000.00
Umversxty of Cahforma, Berkeley,....ooveiiniines 53,087.90
University of Minnesota, Minneapolis. . ........... 71,551.25
University of Toronto, Canada. . .........c0veene. 17,671.71
Vocational Service for Juniors, New York City...... 7,180.85
Miscellaneous., . ...ovvvviveriirereraarrnsmsaeces 20,756.37

$699,492 04
ADMINISTRATION
Maintenance of New York, European, and Shang—
haioffices......oivivinininnciaroneiieinanes 820,490.33
Total. . .ovviviiiniiniannennnss ceereveenans B14,753,822.05
Funds and Property

As of December 31, 1933

Principar Fuup
Balance in The Rockefeller Foundation Principal

Fund as of December 31, 1932, ............... $147,522,644 .31

Funds reverting to the Principal Fund
Authorization allowed to lapse. .. ... ccoiiiiins 64,800.00
Authorizationrescinded. .. ....covvvvrinrienes 6,000,000.00
Contingent project cancelled. ................. 14,000.00
$153,601,444 .31

Less amount by which the proceeds of securities
redeemed and exchanged during the year failed to
equal their ledger valuation, . ................. 22,658,72

Balance, December 31,1933, .. v viivrerinnninns $153,578,785.59

© 2003 The Rockefeller Foundation
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Lanp, BuiLpings, EQUIPMENT
In Shanghai, China

Land for medical school, . . ..cvvvrievveeinanss $268,331.95
In New York
Furniture and equipment of offices., . . ........... 50,855.82
In Paris
Part interest in building occupied by the Paris |
OB, ittt et e s 65,901.61

$415,089.38
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The Public Health Program

From the time of its establishment in 1913
The Rockefeller Foundation has engaged in
public health work. At the outset it tock over
the work of the Rockefeller Sanitary Commis-
sion, which had been chiefly directed toward the
relief and control of hookworm disease, From
hookworm disease Foundation research and
control activities have been extended to other
diseases, such as malaria and yellow fever.
‘There has been, however, no attempt to cover
in any intensive manner the entire field of public
health. A selection is made and, within the
spheres selected, limited and practical programs
adapted to local situations in many parts of the
world are developed.

Attention to communicable diseases has led
to the support of various other activities essential
to the development of progressive public health
programs. A particular effort has been made
to further public health education. Aid has
been given toward the establishment and main-
tenance, at strategic world centers, of postgradu-
ate schools of hygiene and public health of
university grade. The upkeep of a supply of
highly trained workers in the public health field
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has been aided also by a liberal provision of
fellowships. An extensive fellowship program
has been in operation since 1917.

The work in public health is carried out by the
International Health Division, which is the only
one of the Foundation’s divisions which acts as
an operating agency. This division, through a
staff consisting of a director, associate, assistant,
and field directors, and special members, sta-
tioned both at home and abroad, cooperates
with government agencies throughout the world
in public health demonstrations and investiga-
tions. In this way the Foundation can assist
governments, which as a rule have no consider-
able margin of budget for studies involving ex-
perimental research. After the Foundation has
completed the specific demonstration or task in
hand, the government concerned takes over the
work to carry iton. The fight against disease is
anever ending one. It can properly be waged on
a permanent basis ouly by authorities who have
the power of taxation and law enforcement.

A private agency, such as The Rockefeller
Foundation, has a unique opportunity to aid
official agencies in the double task of applying
the latest tested and tried measures for disease
control and public welfare, and of conducting
research work in field and laboratory that may
lead to the discovery of even more efficacious
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methods of combating disease. Research work
of this type, on which the Foundation has always
placed considerable stress, differs from univer-
sity research in that it takes place in the field
and 1s a study of disease, not in hospitals but in
its natural environment. Foundation research
differs also from government research in that it
is not limited by national boundaries. The
Foundation is not committed to any one country
or place. It can follow a problem wherever that
problem develops and thus gain experience in
handling situations under a great variety of
conditions.

During 1933 studies of various diseases were
pursued with the aim of uncovering new knowl-
edge relating to efficient methods of control.
Throughout the year members of the staff
published in the medical press a variety of arti-
cles, embodying the results of their investiga-
tions. In all, during 1933 and the early part of
1934, more than seventy-five such articles have
appeared. The work described in these articles,
to which specific reference is made in later sec-
tions of this report, has all been carried out either
by the Foundation staff or under Foundation

auspices.
By means of planned demonstrations, follow-

ing carefully controlled experimental work, the
Foundation attempts to maintain the high
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scientific standards in the field of public health
which in the end alone can be successful in dis-
ease control. By acquiring new knowledge or
bringing such knowledge as has already been
obtained into practice in places where it was not
used before, the Foundation makes its contribu-
tion to human welfare in so far as this can be
furthered by decreasing disease and increasing
the span of normal life.

Yellow Fever

The yellow fever work in which The Rocke-
feller Foundation has for some years been en-
gaged took another important step forward in
1933 by the completion, in cooperation with
various governments, of an extensive survey
which disclosed with a considerable degree of
definiteness the areas in Africa where the disease
occurs. Such a survey was one of the main
objects in establishing in Lagos, Nigeria, eight
years ago, a field laboratory for the study of
yellow fever.

Delimitation of endemic areas of yellow fever
became possible only after much preliminary
work in the field and laboratory, in the course of
which the susceptibility of the Macacus rhesus
monkey and the white mouse to yellow fever
was demonstrated and a procedure known as the
protection test was developed. A person who
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has once had yellow fever does not, so far as is
known, contract the disease again. The blood
of such a person furnishes him protection from
yellow fever for the rest of his life; and when,
under suitable conditions, the serum from his
blood is injected into monkeys and mice that
are susceptible to the disease, it protects them
also.

For the protection test, blood serum from the
person under investigation is injected, together
with the yellow fever virus, into healthy mice.
If the mice survive, this is evidence that the
person furnishing the serum has at some time in
the past had yellow fever. The death of the
mice indicates that the person has not had yellow
fever. Thus the test is used to study the dis-
tribution of immunity to yellow fever. Such
immunity corresponds to the previous distribu- -
tion of the disease during the lifetime of the
individuals tested. The last appearance of
yellow fever in a community can be gauged by .
collecting blood specimens from persons of the
younger age groups. ,

With the discovery of the susceptibility of the
Macacus rhesus and the mouse to the virus of
yellow fever has passed the need for human
volunteers for experimental purposes which ex-
isted at the time of those first great successful
yellow fever studies carried out in Cuba in 1900
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and 1901 by Major Walter Reed, of the United
States Army, and his associates. Major Reed
first definitely proved that yellow fever is trans-
mitted by a well-known mosquito, the stegomyia,
and thus pointed the way to antimosquito cam-
paigns, which are still the only key to yellow
fever control.

On October 11, 1933, the Director of the Inter-
national Health Division of The Rockefeller
Foundation, at a special session of the American
Public Health Association, held at Indianapolis,
Indiana, in memory of Major Walter Reed and
his associates, read a paper stressing the per-
manent value of Reed’s work on yellow fever.
The paper reviews this work, points out its fun-
damental importance, and surveys briefly sub-
sequent yellow fever work down to the present
time.

Russell, F. F. Permanent Value of Major Walter Reed’s Work on

Yellow Fever. American Journal of Public Health, New York, 24:

1-7 (January) 1934,

In addition to the epidemiological survey in
Africa, many other kinds of yellow fever work
were carried on by the Foundation in 1933.
Control measures were continued in Brazil and
Bolivia. Studies of different aspects of yellow
fever by members of the Foundation staff were
reported in the medical press. During 1933
and the early part of 1934, twenty-seven papers
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on this disease were published. A brief account
of these studies and of other yellow fever work
follows.

Epidemiology of Yellow Fever

The extensive study of the epidemiology of
yellow fever mentioned above, in other words
the investigation as to where and in what manner
the disease occurs, has brought to light some
fundamental aspects of yellow fever previously
unknown. Formerly the disease was considered
above all a violent scourge of seaports. Even
after Reed had incriminated the mosquito as
the vector, and as late as 1920, the clinical and
epidemiological picture of yellow fever accepted
almost everywhere was a simple one.

The severe type of the disease was considered
typical. It was thought to be an essentially.
urban malady, transmitted by a single stegomyia
mosquito, Aedes acgypti. The key to control
was believed to be the cleaning up of cities. By .
this method conspicuous success was obtained in
banishing yellow fever from the seaports of
North America, certain parts of South America,
the West Indies, and the Panama Canal. But
the disease did not disappear entirely, and we
now know the reason why. Yellow {ever may
occur in the form of a mild disease native to in-
tertor populations. It has been found to be
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much more widespread than is indicated by
reported outbreaks. It can exist for years as a
rural malady and may occur even in places where
the stegomyia mosquito is not found. This means
that other mosquitoes can carry it, although the
stegomyia is undoubtedly the main culprit.
The control of yellow fever in large coastal towns
is not sufficient to cause the disease to die out
within a reasonable length of time in countries
where it is indigenous,

The new work has helped to clear up certain
puzzling factors, namely, the failure of yellow
fever to disappear from Brazil despite prolonged
control campaigns in key centers; the reappear-
ance of the disease in Colombia, in 1929, with no
evidence of reimportation from infected areas;
its occurrence in at least two places, one in
Brazil and one in Bolivia, where the stegomyia
could not be found. All these factors tend to
indicate that the epidemiology of yellow fever
is a complicated matter.

Since 1931 the Foundation has, with the coop-
eration of many governments, been carrying on
careful investigation of the distribution of yellow
fever, by collecting blood specimens, at random,
from healthy persons who had lived all of their
lives in the localities under investigation, and
testing these for their power to protect mice
against injections of yellow fever virus. Some
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25,000 specimens from many parts of the world
have been tested, 12,000 of them in the Founda-
tion’s New York laboratory, 9,000 in the Lagos,
Nigeria, laboratory, and 4,000 in the Bahia,
Brazil, laboratory.

Results of tests with the blood sera of inhab-
itants of those parts of North and Central
America where yellow fever once was present
are on the whole consistent with the belief that
the disease disappeared at about the time of the
last recorded cases. The same is true of Puerto
Rico and the northern coast of Colombia. Sera
from the interior of Colombia gave results which
indicate a considerable number of persons with
a recent history of yellow fever. 'The results for
Brazil are not yet ready for publication, but
it 1s known that yellow fever immunity is wide-
spread in the country. An intensive study of
an epidemic in a small Brazilian town has been
published. The areas throughout the world in
which evidences of recent yellow fever have been
found are much larger than would have been ex-
pected from known experiences with the disease,

Because of the somewhat startling findings,
the specificity of the protection test has been
questioned. Control tests were made with hu-
man sera from countries believed to have been
entirely free from yellow fever for generations.
Among 423 specimens from such regions, three
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(0.7 per cent) gave the wrong indication. These
misleading results of less than 1 per cent were
doubtless due to several sources of error. To all
intents and purposes, however, the testing of
this large number of specimens confirmed the
reliability of the results being obtained in other
regions.

Studies tn West Africa.—In 1925 the Founda-
tion established a West African Yellow Fever
Commission for the purpose of cooperating with
various colonial authorities in Western Africa
in an epidemiological survey to determine as far
as possible the distribution and limits of yellow
fever in that part of the world.

During the early years of the survey great
difficulty was experienced in the study of the
incidence, distribution, and epidemiology of the
disease by reason of the fact that although un-
mistakable cases were occasionally encountered
among natives, the great majority of cases in
these persons were so mild as to defy detection.
It was suspected that extensive epidemics might
be occurring without recognition. The difficul-
ties of the survey were in part overcome when
it became possible to develop a protection test,
using Macacus rhesus.

In 1929 and 1930 protection tests in rhesus
monkeys were carried out in Nigeria, Gold
Coast, and Sierra Leone with interesting results.
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But as these monkeys, the only test animals
available at that time, were expensive and diffi-
cult to obtain in large numbers, the scope of the
work was necessarily limited.

When the susceptibility of white mice to the
virus of yellow fever was demonstrated and a
relatively simple and practical protection test
with these animals was developed, there was
made possible an almost unlimited extension of
the work. More intensive studies were made
in Nigeria, Gold Coast, and Sierra Leone, and the
survey was extended to the other colonies of
West Africa, namely, Gambia, Liberia, Niger,
Sudan, and Dahomey. Later the work was
carried into the colonies to the south and south-
east, including the French Cameroons, French
Equatorial Africa, Belgian Congo, and Angola,
where yellow fever had rarely been recognized. -
This was done in an effort to ascertain the south-
ern coastal limits of the disease and to determine
whether there was any barrier to the disease
toward the east.

The results of the mouse protection tests
showed that in West Africa proper, yellow fever
is more prevalent than was previously supposed.
Approximately 25 per cent of all sera examined
gave positive results. Practically the entire
area covered by the survey was shown to be in-
fectible. The Sahara Desert, however, forms
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an effective barrier against the disease on the
north.

Findings confirm the opinion previously held
that an endemic area of yellow fever exists in
Southwestern Nigeria, It was not possible
definitely to exclude endemicity in other parts of
this colony, but meteorclogical conditions in
Northern Nigeria would seem to be unfavorable
to the permanent existence of the disease.

Protection tests in various age groups in cities
in the endemic area of Nigeria brought out facts
which are not in accord with opinions formerly
held by epidemiologists of the Western Hemi-
sphere on the basis of less exact methods of
investigation. It was shown that in endemic
centers yellow fever is not confined to children,
but that the percentage of those who have had
the disease increases gradually up to old age.
Some persons escape infection throughout life.

In the colonies to the south and southeast of
West Africa, except in the interior of French
Equatorial Africa, percentages of positive sera
were much lower than those found in the colonies
of West Africa proper. This is because the con-
ditions in the former region are relatively un-
favorable to the maintenance of yellow fever
infection.

In French Equatorial Africa, where yellow
fever had never been reported, 18.4 per cent of
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the blood specimens collected in thirty-seven
towns along the coastal area and in the interior
protected mice against yellow fever virus, The

Colonics of Africa in which protection tests have been carried out to
determine the distribution and limits of yellow fever.

high percentages of protective sera obtained
from both children and adults in the interior
towns indicate that yellow fever has been wide-
spread within recent years, as well as in the past.
Apparently no barrier against the invasion of the
disease toward the east exists in this region.
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The findings in the coastal area of this colony
show that although some yellow fever has been
present there in the past, almost no cases have
occurred during recent years. The practically
negative findings in the southern and south-
eastern portions of the Belgian Congo and
throughout the whole of Angola suggest that
the limits of yellow fever invasion in these
directions have been reached.

Studies in South America.—The site chosen in
Brazil for an intensive survey of some one com-
munity where the history of yellow fever was
known, was Cambucy in the State of Rio de
Janeiro. Results indicate that the distribution
of immunity in this town bears little relationship
to the recognition of classical cases of yellow
fever. It does, however, correspond to the dis-
tribution of recent cases of so-called “grippe
without respiratory symptoms.” Through the
protection test it was shown that the disease
masquerading as grippe had probably been
yellow fever.

The protection test as employed both in
Africa and in Brazil enables us to find out where
mild{cases of yellow fever have been occurring
whose discovery in the field under present con-
ditions would be practically impossible. In
Brazil, however, there has been developed a
widely used method of discovering fatal cases of
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the disease through the microscopic examination
of liver tissue from persons who have died after
brief febrile illnesses. A system of routine
postmortem removal of liver tissue from such
persons has been established. The protection
test gives us a picture of the past exposure of a
community to the virus of yellow fever. The
liver examinations show where, if at any place,
people are dying of yellow fever.

Routine collection of liver specimens was be-
gun in April 1930, in Natal, Rio Grande do
Norte, and was soon extended to both North
and South Brazil. It was much facilitated
through an instrument known as a viscerotome,
The routine postmortem examination of liver
tissue presents a definite and easily interpreted
method of investigating conditions under which
yellow fever occurs in endemic areas, and it .
permits immediate action to be taken to prevent
further dissemination of the virus. It also
furnishes information with regard to liver in- .
jury resulting from diseases other than yellow
fever, such as malaria pigmentation, and lesions
produced by Schistosoma mansoni.

A paper was published on the microscopical
examination at the Bahia laboratory, between
May 1, 1930, and June 30, 1933, of 29,593 liver
specimens from persons dying in Central and
Northern Brazil. Of these specimens fifty-four
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furnished a basis for the pathological diagnosis
of yellow fever, forty-three of this number being
from places where yellow fever was not known to
be present. In this way information was ob-
tained concerning typical cases of yellow fever-
in otherwise silent endemic foci. Evidence ob-
tained concerning the absence of yellow fever
from many centers and towns where antimos-
quito measures have been applied is, of course,
equally valuable,

In September 1932 a representative of the
Yellow Fever Service in Brazil visited San
Ramébn, Bolivia, an isolated village of 125 rest-
dents, where suspected cases of yellow fever had
occurred during the summer. In a thorough
survey of the village no dedes acgypii mosquitoes
were found. Examination of the first liver speci-
men taken in the community (May 1933) re-
sulted in a diagnosis of yellow fever. Positive
confirmation was thus obtained of the presence
of yellow fever in this village, in the absence of
Aedes aegypti, eleven months after the occurrence
of the first suspicious case of the disease. This
is the second clear instance of yellow fever
apparently being carried by some mosquito
other than the stegomyia. Information on a
simmilar occurrence in Espirito Santo, Brazil, was
given in the Foundation’s annual report of last
year.
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Sawyer, W. A. L’Enquéte sur Pimmunité vis-d-vis de la Fidvre jaune,
au moyen de PEpreuve de Protection de la Souris.  Bulletin mensuel
de POffice international d'Hygidne publigue, Paris, 26: 1057-1060
(June) 1934,

Soper, F. L. Some Notes on the Epidemiology of Yellow Fever in Brazil,
Revista de Higiene ¢ Saude Publica, Rio de Janeiro, 8: 37-61 (Febru-
ary) 1934, and 8: 73-94 (March) 1934,

Mahaffy, A, F,, Wray Lioyd, and H. A. Penna. Two Years’ Experience
with the Intraperitoneal Protection Test in Mice in Epidemiological
Studies of Yellow Fever. The American Journal of Hygiene,
Baltimore, 18: 618-628 (November) 1933,

Beeuwkes, Henry, and A, F. Mahaffy. The Past Incidence and Distribu-
tion of Yellow Fever in West Africa as Indicated by Protection Test
Surveys. Transactions of the Royal Society of Tropical Medicine and
Hygiene, London, 28: 39-76 (June 30) 1934,

Beeuwkes, Henry, A, F. Mahaffy, A. W, Burke, and J. H. Paul. Yellow
Fever Protection Test Surveys in the French Cameroons, French
Equatorial Africa, the Belgian Congo, and Angola. Transactions of
the Royal Society of Tropical Medicine and Hygiene, London, In
press.

Soper, F. L., and Alvaro de Andrade. Studies of the Distribution of
Immunity to Yellow Fever in Brazil. I1I. ‘The Disproportion be-
tween Immunity Distribution as Revealed by Complement-Fization
and Mouse-Protection Tests and History of Yellow Fever Attack,
at Cambucy, Rio de Janeiro. The American Journel of Hygiene,
Baltimore, 18: 588-617 (November) 1933.

Davis, N. C. The Microscopical Examination of 29,593 Human Livers
from Central and Northern Brazil, with Special Reference to the
Occurrence of Malaria and Schistosomiasis. The dmerican Journal
of Hygiene, Baltimore, 19: 567600 (May) 1934.

Soper, F. L., E. R. Rickard, and P. J. Crawford. The Routine Post-
mortem Removal of Liver Tissue from Rapidly Fatal Fever Cases,
for the Discovery of Silent Yellow FeverFoti,  The American Journal
of Hygiene, Baltimore, 19: 549-566 (May) 1934,

Lloyd, Wray, Log {ltimos cinco afios de investigaciones sobre la fiebre
amarilla. Archivos uruguayos de Medicina, Cirngia, y Especialidades,
Montevideo, 3: 252-276 (August)'1933.

Soper, F. L., H. A. Penna, E. Cardoso, J. Serafim, Jr., M. Frobisher, Jr.,

\ and J. Pinheiro, Yellow Tever without Aedes aegypti. A Study

of a Rural Epidemic in the Valie do Chanaan, Espirito Santo, Brazil,

1932, The American Journal of Hygiene, Baltimore, 18: 555-587
(November) 1933,

Kersz, J. A, and L. Patifio Camargo. Investigaciones sobre fiehre amarilla
en Muzo y Santandet. Revista de Higiene, Bogota, 2: 63-92 (March})
1933.
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Control of Yellow Fever

Brazil.—The aim of the yellow fever work in
West Africa has been to delimit the areas in
which this disease occurs. In Brazil the Founda-
tion has, for a number of years, not only engaged"
in the study of yellow fever but has aided the
government in measures for the control of the
disease. These activities were continued in 1933.

The viscerotome service for the routine collec-
tion of liver tissues from persons dying after
brief illnesses was further extended and intensi-
fied during the year; 21,846 liver specimens were
examined as compared with 14,422 the year be-
fore. Only nineteen cases of yellow fever in
eleven localities were confirmed by liver exami-
nation as compared with thirty-nine cases in
twenty-seven localities in 1932, There has
therefore been a decline in the number of con-
firmed cases of yellow fever. Fewer cases were
registered in 1933 than in any year since 1927.

Liver examinations revealed the presence of
yellow fever in two widely separated localities
in the Amazon basin, one on the Brazilian
frontier opposite Colombia and Peru, and the
other at Rio Branco in the Acre territory in the
extreme western part of Brazil. Of the yellow
fever cases discovered in 1933, eight were in
Pernambuco, one in Parahyba, eight in Cear3,
one in the Amazonas, and one in Acre.
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For the work of control, Brazil has been di-
vided into four administrative districts, namely,
the Southern, Bahia, Northeastern, and Ama-
zonas sectors. By a decree passed in 1933, the
Government of Brazil delegated broad legal
attributes to the Yellow Fever Service, empow-
ering it to enforce the yellow fever laws of the
country. At the end of the year, this service
had 1,267 control posts, as compared with 676
at the end of 1932, and 374 at the end of 1931.
The increase in the number of posts occurred
chiefly in the known infected area in the north-
eastern interior, but control work was also ex-
tended to include the city of Manaos, the capital
of Amazonas. This is the last large center of
population in Brazil lying within the endemic
yellow fever zone to be supplied with antilarval
service.

In the control work somewhat less use was
made of larva-eating fish than in the past, and
more attention was paid to the application of oil
to all water containers in which mosquito breed-
ing was observed. Oil has proved most effica-
cious in reducing stegomyia indices.

The employment of squads for capturing adult
mosquitoes was also widely extended during
1933. The work done by these squads is useful
in giving an idea of the number and distribution
of stegomyia mosquitoes. Often it results in
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revealing the few remaining breeding foci, so
that work can be directed toward the practical
extinction of stegomyia from the area under
control.

Bolivia.—One case of yellow fever was con~
firmed in Bolivia during 1933. It occurred in
the small village of San Ramén, a four-day
mule journey from Santa Cruz. Epidemiologi~
cal investigations in this community have al-
ready been described.

Control work in Bolivia through a cooperative
yellow fever service was started in June 1932,
following a contract signed for this purpose be-
tween the Government of Bolivia and The
Rockefeller Foundation. This contract contin-
ued in force during 1933. There was close
cooperation with the federal, departmental,
municipal, and military authorities, as well as
with the press. At the end of the year there
were still twenty-five control posts in operation.
At the height of the work there were forty-nine
such posts, but many were closed as further in-
vestigation indicated that there was no danger
from yellow fever.

Paraguay—Developments throughout the
year indicated the apparent absence of yellow
fever at present in Paraguay and the slight
probability of invasion of the disease from the
Bolivian focus. All control posts were closed.
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Of the eleven viscerotome posts at one time in
operation, four on the main lines of river travel

were continued.

Vaccine

Vaccination against yellow fever by the injec-
tion of human immune serum and living yellow
fever virus fixed for mice was begun in 1931.
The number of persons vaccinated in the labor-
atories of The Rockefeller Foundation has now
reached fifty-six. These persons have been
principally members of the staff of the Founda-
tion assigned to yellow fever work, and gov-
ernment officials, missionaries, scientists, and
educators about to leave for countries in which
yellow fever was present. This method of
vaccination cannot be applied as widely as is
desirable on account of the difficulty of securing
the required amount of human immune serum,
which, of course, must be obtained from persons
who have had yellow fever or have been vac-
cinated against the disease.

Vaccination has been successful. Reaction,
when present, has consisted of a rise in tempera-
ture about thirty-six hours after the injection
of the virus, often accompanied by headache and
sometimes by generalized discomfort. In order
to obtain information as to the duration of
immunity in vaccinated persons, sera from eleven
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of these were tested two years after vaccination.
In every case evidence of protective power of the
serum was obtained, but in most instances the
titer or potency was found to be below the level
reached soon after vaccination. Four persons’
with low titers were given intradermal injection
of some of the virus preparation used in vaccina-
tion, with the usual injection of immune serum
omitted. The immune serum was unnecessary
because protective antibodies were already pres-
ent from the former vaccination. The titers
rose rapidly after the injection, and in two in-
stances reached their former high level. From
this it appears that revaccination can be per-
formed simply and effectively if found advisable.
More time will have to elapse before a definite
opinion with regard to the need for revaccination
can be formulated.

So far as is known, no person vaccinated
against yellow fever has contracted the disease.
There have been no cases of yellow fever among
the Foundation staff either in the laboratory or
in the field since vaccination was begun two and
a half years ago, although accidental infections
had previously been frequent and seemingly
unavoidable,

In experiments carried out during the year, it
was found that immune serum recovered from
animals, when injected into monkeys twenty-

© 2003 The Rockefeller Foundation



INTERNATIONAL HEALTH DIVISION 41

four to forty-eight hours after they had been
inoculated with yellow fever virus, was capable
of preventing or ameliorating the disease in a
significant proportion of the monkeys. After
forty-eight hours the effect was less definite. In
no instance did the monkey recover if the ad-
ministration of serum was delayed until his
temnperature had reached 104° F, This temper-
ature is the threshold of fever and the beginning
of illness in rhesus monkeys. FExperiments show
that there is no virtue in administering immune
serum therapeutically. The serum, in other
words, can be used only as a preventive and not
as a cure,

Sawyer, W. A. Notre Espérience de la Vaccination contre la Fiévre
jaune. Bulletin mensuel de I'Office international d’ Hygiéne publique,
Paris, 26: 1072-1077 (June) 1934.

Davis, N. C. On the Use of Immune Serum at Various Intervals after
the Inoculation of Yellow Fever Virus into Rhesus Monkeys. The
Journal of Immunology, Baltimore, 26: 361-390 (May) 1934,

Virus Studies

During 1933 additional studies were made of
tissue culture of yellow fever virus. The be-
havior of the viruses of yellow fever, smallpox,
and herpes in the laboratory was studied in the
presence of living and dead cells and tissue ex-
tracts. It was confirmed that these three types
of virus can be cultivated only in the presence
of living cells. Filtrable viruses can be culti-
vated in tissue cultures outside of the body.
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In the absence of living cells or when tissue ex-
tracts alone were used, survival of the virus for
a limited time could be obtained, but propaga-~
tion under these circumstances was not possible.
In the presence of dead tissue the virulence of
the virus cultures disappeared.

A special study was made of two strains of
mouse-adapted yellow fever virus in tissue cul-
ture, which had been cultivated through more
than one hundred generations without change in
pathogenicity, in a medium consisting of diluted
normal monkey serum and living chicken embryo
cells. Culture virus contained in this medium
may be kept virulent for more than half 2 year
if dried when in a frozen state. Virus which
has entered into the living cell in the culture
medium is not acted upon by immune serum.
Virus in dead cells is destroyed under these
conditions.

Investigations were made to discover whether
the sera of baby monkeys born of mothers im-
mune to yellow fever would display any protec-
tive properties against the disease. It was
found that the sera of five monkeys less than six
months old, born of such mothers, did display
protective properties. Sera of two of these
monkeys, when tested three months later,
showed no protective power. It is not deter-
mined whether the protective properties of the
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sera of the baby monkeys were derived from the
mother through the placenta or by way of the
maternal milk. There is a possibility that in
very young children there may be present a
temporary immunity to yellow fever transmitted
from the mother.

In the literature on immunity, mention is
made of hyperimmune serum, containing more
protective antibodies than are present in the
usual immune serum. Presumably such a serum
might be produced in an animal repeatedly in-
oculated with additional amounts of yellow
fever virus. A study to test this was undertaken
on five normal healthy Macacus rhesus monkeys,
but there seemed to be no significant increase
in the protective antibodies in the sera of the
five monkeys after repeated subcutaneous in-
jections of neurotropic yellow fever virus at
monthly intervals. Such repeated inoculations
evidently do not materially alter the serum of a
rhesus monkey already highly immune to yellow
fever.

Since the virus of yellow fever is filtrable,
it would be interesting to know just how small
or how large the particles are that pass through
the filters. During 1933 some preliminary work
was done on this problem. For fifty years
attempts have been made to develop a method
for preparing permeable collodion membranes
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with pores of graded and uniform size. A study
of the methods of preparing these membranes
was made, and one of them, Elford’s method, was
selected for further refinement. A formula was
used for the preparation of collodion from which.
satisfactory membranes of graded porosity could
be made. The pores of these membranes are
remarkably uniform in size.

With membranes prepared according to the
method of Elford, embodying certain minor
modifications adopted by Bauer and Hughes,
filtration experiments were carried out in connec-
tion with the virus isolated in cases of encephalitis
in the St. Louis and Kansas City epidemics of
1933, The virus passed consistently through
all membranes with an average pore diameter
greater than 66 millimicrons, but the amount of
virus passing through membranes with pore
diameters between 72 and 66 millimicrons ap-
peared to be greatly diminished. All collodion
membranes have a strong adsorptive affinity for
proteins, This adsorption naturally reduces the
diameter of the pores. Elford has estimated
that with membranes of greater porosity than
10 millimicrons, a particle must have a diameter
only one-third to one-half as great as that of the
pore in order to traverse it. In view of this it is
estimated that the diameter of the encephalitis
virus is between 22 and 33 millimicrons.
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A further virus study made in 1933 concerned
the partial purification of yellow fever virus
through adsorption and elution. By adsorption
" on kaolin, with subsequent selective elution by
dilute ammonia, preparations of yellow fever
virus were made possessing a high degree of
activity. This purification can be accomplished
with ease and rapidity.

Haagen, Eugen, Ueber die Notwendigkeit lebender Zellen zur Virus-
ziichtong, Weitere Untersuchungen liber das Gelbfieber-, Variola-
Vakzine- und Herpes- virus. Zentralblatt fiir Bakteriologic, Parasit-
enkunde, und Infektionskrankheiten, Jena, 129: 237-254, (abt. 1)
(August 15) 1933,

‘Haagen, Eugen, Yellow Fever Virug in Tissue Culture. Arehiv fiir
experimentelle Zellforschung, Jena, 15: 405-421, 1934,

Hoskins, Meredith, Protective Properties against Yellow Fever Virus
in the Sers of the Offspring of Immune Rhesus Monkeys. The
Journal of Immunology, Baltimore, 26; 391-394 (May) 1934.

Lioyd, Wray, and A. F.Mahaffy. The Serum Antibody Titer of Macacus
thesus Following Repeated Inoculations of Yellow Fever Virus.
The Journal of Immunology, Baltimore, 26: 313-320 (April) 1934,

Bauer, ].H, and T. P, Hughes. The Preparation of the Graded Collo-
dion Membranes of Elford and Their Use in the Study of Filtrable
Viruses, The Journal of General Physiology, New York. In press.

Bauer, J. H, G. L. Fite, and L. T. Webster. Ultra-filtration Experi-
ments with the Encephalitis Virus from the St. Louis Epidemic.
Proceedings of the Soctety for Experimental Biology and Medicine,
Utica, 31: 696-699 (March) 1934,

Hughes, T. P. A Partial Purification of Yellow Fever Virus through
i&dwrption and Elution. The fournal of Bacteriology, Baltimore,

n press.

Haagen, Fugen. Das Gelbfieber, Neuere Forschungsergebnisse.
Dentsche medizinische Wochensehrift, Leipzig, 26: 983, 1934.

Lioyd, Wray, and A. F. Mahaffy. The Survival of Neurotropic Yellow
Fever Virus in Testicular Tissues. The Journal of Immunology,
Baltimore, 25: 471-482 {December) 1933,

Hughes, T. P. A Precipitin Reaction in Yellow Fever. The Journal of
Immunology, Baltimore, 25: 275-294 (September) 1933.

Davis, N. C. The Survival of Yellow Fever Virus in Ticks. The Amer-
scan Journal of Tropical Medicine, Baltimore, 13; 547-554 (Novem-
ber) 1933,
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Frobisher, Martin, Jr. A Comparison of Certain Propertiea of the
Neurotropic Virue of Yellow Fever with Those of the Corresponding
Viscerotropic Virus, The American Journal of Hygisne, Baltimore,
18: 354-374 (September) 1933,

Lioyd, Wray, H. A. Penna, and A, F. Mahaffy. Yellow Fever Virus

Encephalitis in Rodents. The Admerican Journal of Hygiene,
Baltimore, 18: 323-344 (September) 1933.
Studies of Mosquitoes

In former annual reports of The Rockefeller
Foundation accounts have been given of papers
describing various mosquitoes other than the
stegomyia which are capable, to some extent at
least, of transmitting yellow fever virus. A
paper was published in 1933 on the transmission
of this virus by Culex fatigans, a mosquito which
rivals Aedes aegypti as a domestic pest in the
American tropics and subtropics. Previous
transmission experiments with this mosquito
had produced inconclusive results. Two experi-
ments are reported in which virus was trans-
mitted to rhesus monkeys by the bites of Culex
fatigans. In one experiment the extrinsic in-
cubation period was seventeen days; in the other
it was twenty to twenty-three days. In one lot
of mosquitoes survival of the virus was demon-
strated as late as thirty-nine days after the meal
on infective blood. The evidence indicates that
a great many mosquitoes in the experimental lots
were able to free themselves of the virus. It is
concluded that Culex fatigans is not an efficient
host of yellow fever virus.
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The life habits of certain Nigerian species of
mosquito which had been found experimentally
to be vectors of yellow fever were given further
study. Seasonal variations, feeding habits, and
areas of distribution were investigated. No
species was found to be active during the day
time. The aedines are crepuscular and the non-
aedines are nocturnal.

Although the main features of the life history
of Aedes (Stegomyia) aegypti are well known,
there is still some confusion about the conditions
of culture. In a paper prepared in 1933, a
technique is described for rearing stegomyia
larvae, which gives highly uniform results and
minimum mortality. Since the stegomyia is a
domestic species the laboratory environment is
not unlike that encountered by the mosquito in
nature. In another paper, the egg laying capac-
ity and longevity of the adult stegomyia are
discussed. The average length of life of the
blood-fed laboratory female stegomyia is about
nine weeks. During this time she lays about
350 eggs. The female stegomyia may transmit
yellow fever throughout her life. She continues
to imbibe blood as long as she lives, and may
also continue to lay eggs, but the number de-
posited toward the end of her life will be few.

Interesting attempts were made to determine
the amount of yellow fever virus injected by the
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bite of a single infected stegomyia mosquito.

Experiments indicate that during active feeding

each mosquito injects at least 100 infective doses

of the virus. Perhaps 1 per cent of the total

virus contained in the mosquito isinjected at the
time of the biting. Yellow fever virus within

the mosquito body appears not to increase but

rather to diminish in quantity.

A paper was published on mosquito breeding
in the water collecting in leaf-bases of bromeliads.
Larvae taken from these plants were bred out,
and adults of five species were obtained. One
of these species was a new one, which has been
named Culex microculex davist, in honor of Dr.
Nelson C. Davis, at whose suggestion this study
was first undertaken and who died in 1933.
Since no larvae of Adedes aegypti were found in
bromeliads it is probable that the mosquito
breeding in these plants is of no importance from
the yellow fever standpoint. Descriptions of
South American mosquitoes of the genus Man-
sonta and the subgenus Rhynchotaenia were pub-
lished. These are of considerable entomological
interest.

Davis, N. C. Transmission of Yellow Fever Virus by Culex fatigans
Wiedemann, Aunals of the Entomological Soctety of America,
Columbus, 26: 491495 (September) 1933,

Kerr, J. A, Studies on the Abundance, Distribution, and Feeding Habits
of Some West African Mosquitoes. Bulletin of Entomological Re-
search, London, 24: 493~510 (December) 1933.
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Shannon, R. C., and Putnam, P. The Biology of Stegomyia under Lab-
oratory Conditions. I. The Analysis of Factors Which Influence
Larval Development, Proceedings of the Entomological Society of
Washington. In prees.

Putnam, P., and Shannon, R. C. The Biology of Stegomyia under Lab-
oratory Conditions. II. Egg-laying Capacity and Longevity of
Adults,  Proceedings of the Entomological Soctety of Washington, In
press.

Davis, N, C. Attempts to Détermine the Amount of Yellow Fever Virus
Injected by the Bite of a Single Infected Stegomyia Mosquito.
The American Journal of Tropical Medicine, Baltimore. In press.

Kumm, H. W. Mosquitoes Breeding in Bromeliads, at Bahia, Brazil.
Bulletin of Entomological Research, London, 24: 561-573 (December)
1933,

Davis, N. C. Notes on Some South American Mosquitoes. II. The
Genus Mansonia, Subgenus Rhynchotaenia. Annals of the Entomo-
logical Society of America, Columbus, 26: 619-639 (December) 1933.

Shannon, R. C. The Genus Mansonia (¢ulicidar) in the Amazon Valley,
Proceedings of the Entomological Society of Washington, 36: 99-110
(May) 1934,

Philip, C. B. Mosquito Species Breeding in “Test” Water Containers
in West Africa. Additional Observations. Bulletin of Entomologi-
¢al Research, London, 24: 483-491 (December) 1933,

Soper, F. L., and J. Serafim, Jr. Note on the Breeding of Aedes (Taenio-
rhynchus) Auvlatilis, Lutz, in Astificial Water-Deposits, The
American Journal of Tropical Medicine, Baltimore, 13:589-590
(November) 1933,

Malaria Work

During 1933 The Rockefeller Foundation
assisted three states in the United States and the
health administrations of seventeen foreign gov-
ernments in conducting antimalarig work, The
states of the United States receiving aid were
Florida, Georgia, and Mississippi. The foreign
countries in which assistance was given were
Jamaica, Puerto Rico, Costa Rica, Nicaragua,
Panama, Colombia, Venezuela, Albania, Bul-
garia, Germany, Greece, Italy, the Nether-

© 2003 The Rockefeller Foundation



50 THE ROCKEFELLER FOUNDATION

lands, Portugal, Spain, India, and the Philippine
Islands.

As a rule a country or state is not aided in
dealing with its complete malaria problem..
Generally the Foundation makes studies in
connection with some typical problem or cooper-
ates in some specific demonstration within a
limited area which serves to show how the
malaria of that region can be controlled effi-
caciously and economically, that is, at a cost
well within the means of the communities con-
cerned. In the case of such a widespread disease
as malaria, the problem of successful control,
especially in the tropics, is one that requires
years of gradual effort by the people and the
governments themselves.

Control Problems

Malaria is carried by certain species of a single
genus of mosquito, the Anopheles, These
species of malaria-carrying Anopheles show great
variation in their breeding and feeding habits.
In connection with any malaria situation it is
important to find out which mosquitoes are re-
sponsible and then to study the habits of these
mosquitoes, so that the incriminated insect may
be attacked at its weakest point. After that
comes a survey of all methods of control to
determine which of them best suits the lay of the
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land and the general habits and economic level
of the community. It has been pointed out
that we now have available at least two weapons
against malaria not known when the Panama
Canal was dug; these are Paris green and
efficacious oil insecticides. The disease may
also be fundamentally attacked by means of
drainage, both subsoil and surface, by the use of
larva-eating fish, and by screening of various
sorts.

At Durres, in Albania, a distinct success was,
achieved in the control of the malaria vector|
(Anopheles maculipennis elutus) by the salin-,
ification of a lagoon in which it bred in large
numbers. This mosquito is of a type that does
not breed in salt water, and by rendering its
favorite breeding place salty, the problem of its
control was solved. Such an expedient hap-
pened to be possible in this particular area and is
an illustration of the strictly local and sometimes
unique measures that may be employed in
malaria prevention.

An occurrence at Mysore City, in India,
illustrates the dangers that sometimes attend
irrigation projects. After the completion of a
new dam there in connection with the installa-
tion of a hydroelectric plant, malaria began to
spread. In the area concerned there were a
thousand deaths from this disease. Here we
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have an example of man-made malaria, usually
controlled with comparative ease, but illustra-
tive of the principle that in drainage projects
the possibility of furthering instead of hindering
‘mosquito breeding must be taken into account,
In Bangalore, the chief city of the state of My-
sore, the malaria carrier, 4. stephensi, has been
controlled at low cost by the use of the small
top-feeding minnow known as Gambusia.

At certain demonstration points in Italy,
where intensive malaria work, comprising all
available antimosquito measures, has been con-
ducted for a number of years, conspicuous suc-
cess has been attained in the elimination of the
vector of the disease. During 1933, for the first
time in history, no Anopheles maculipennis
mosquitoes were found at either Fiumicino or
Sermoneta, two of the important demonstration
centers, and not more than one a week in
Siniscola, another important center. Antilarval
work of the latest and most advanced type is
now being widely applied throughout Italy,
Emphasis is placed on the use of Paris green.
This larvicide is prepared for use by mixing a
small amount of it with road dust or some other
diluent. Such a mixture, spread thinly on the
water, will kill anopheline mosquito larvae.

The problem of tropical malaria is well
illustrated by the work in the Philippines. At
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Automatic Paris green distribu-  The distributor is activated by a
wor used for the control of mosquito  paddie-wheel in the stream, The
larvae in streams in the Philippine larvicide falls from the container
Islands, and is carried by the stream.
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Spreading a mixture of Paris xreen and read dust along the shote of
Annotto Bay, Jamaica, British West Indics, to destroy mwsquito Jar ae.
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the Stotsenburg Army Reservation Camp, where
malaria has defied all efforts since 1903, it is
_ finally coming under control through army work
based on studies, made ‘in association with the
Foundation, of the breeding habits of the
mosquito (Anopheles funestus-minimus, subgroup
of King) chiefly responsible for the transmission
of the disease. It has been found that this
mosquito is one that breeds almost entirely in
streams. Accordingly, a Paris green distributor
motivated by the water current has been de-
vised. By dropping the larvicidal mixture from
a mechanical device onto the surface of the
stream, so that it is spread by the stream itself,
the cost of malaria control has been considerably
reduced. Well-planned drainage measures are
also employed. For the Philippines as a whole,
emphasis is placed on the use of bed nets.
Tropical houses are not always of sufficiently
strong and exact construction to make screening
effective, but bed nets can be used with great
success. The problem was studied and specific
recommendations were made regarding material
for these nets, their size, and the method of using
them.,

The foregoing are typical and random illus-
trations of a variety of malaria problems en-
countered. Wherever the Foundation under-
takes malaria work every emphasis is placed on
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Stripping abaca fibers to be woven into mosquito netting. The abaca
is a species of banana indigenous to the Philippines.
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research involving close study of the specific
situation. A brief account of such researches, as
detailed in various papers recently published by
members of the staff, will be given in succeeding

sections.

Russell, P. F. A Malaria Primer for the Philippines. The Health
Mesienger, Manila, 3: 4042 (April) 1934,

Russell, P, F. The Control of Malariz in the Philippines. Phdippine
Machinery Journal, Manila, §: 19-22, 42-43 (April) 1934,

Russell, P. F. Mosquito Nets for Malaria Prophylaxis in the Philip-
pines. Philippine Journal of Public Health, Manila. lIn press.

Mosquito Studies and Surveys

Results of a general mosquito survey made in
the Amazon Basin in 1931 were published during
1933. The survey took place in the latter part
of the rainy season, a time favorable for mosquito
life in the valley. One-half the known anophe-
line fauna of Brazil, fourteen species in all, were
observed. No new species were found, but
important information was obtained on several
that are little known. Nowhere were anophe-
lines found in such great density as is commonly
attained by the anophelines of certain regions of
the North Temperate Zone,

The Anopheles darlingi is probably the most
important vector of malaria in this Amazon
region. It was found in houses in appreciable
numbers. Further evidence obtained indicates
that it is primarily a species breeding in flood
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water. It 1s, therefore, absent in towns of
sufficiently high elevation to be free from flood-
ing. This explains the apparent lightness of
malaria in certain Amazonian towns. Along
the periphery of the basin it is possible that the
presence of A. albitarsis may complicate the
malaria problem.

A monograph has been prepared on the
malaria mosquitoes of the Philippine Islands, ‘
with history and critical bibliography extending |
from 1898 to 1933, Malaria is endemic through- |
out the Philippines, but not uniformly so.
There are two malaria zones, one between the
coastal plain and the foothills and one on the
other side of the plateau, between the foothills
and the mountains beyond. The incidence
of malaria has fallen steadily and sharply in the
1slands, but the malaria problem is by no means
solved, Each year a large number of malaria
cases still occur, The disease is transmitted
chiefly by anophelines of the funestus-mintmus
subgroup, which breeds in streams, rivers, and
flowing irrigation ditches. These mosquitoes
have not been reported from salt water, rice
fields, or streams at altitudes higher than 2,000
teet,

A study was made of the flight range of the
funestus-mintmus subgroup of anophelines in the
Philippines. Stained mosquitoes were liberated
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and recovered at distances varying from 1
kilometer to 134 kilometers from the point of
liberation. It is concluded that these anophe-
lines fly a distance of at least 1 kilometer.

A new type of trap for catching adult mos-
quitoes was developed in the Philippines. It
consists of an earth-lined box imitating the
natural daytime resting places favored by the
chief local vectors of malaria.

A study was made of the possible value of
an animal barrier in malaria control in the
Philippines. During the first four months of
1933 collections of adult mosquitoes of the
funestus-minimus subgroup were made in one
locality. Some of the catches were made in the
daytime from the banks of streams, which are
the natural outdoor resting places of this mos-
quito, and some were made at night while the
insects were feeding on carabacs. One hundred
and thirty-three mosquitoes were caught in the
daytime and 572 at night, Five of the mosqui-
toes captured were infected; of these, four were
caught at night. There is strong presumptive
information that mosquitoes which had first
taken blood from an infected human being
were attracted to carabaos for a subsequent feed-
ing at a time when they were potentially dan-
gerous to man. This might indicate the possible
usefulness of an animal barrier, It is concluded,
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however, that when these animal barriers are
uncontrolled, they are of little use.

In the mountains of Northern Greece there
was found a species of mosquito, Anopheles
(anopheles) marters, heretofore known only in
Algeria. It is probable that this mosquito also
exists elsewhere in the mountains of Southern
Europe. Both in Algeria and in Northern
Greece, the larvae are found in small mountain
streams. Larvae, pupae, and adult mosquitoes
were obtained in Greece at an altitude of about
a thousand meters,

Results of observations and experiments on
mosquito breeding in pit latrines in Panama were
published. Because many species of mosquito
breed in pit latrines there arose some years ago
a popular fear that these latrines, useful in the
control of hookworm disease, might increase the
spread of malaria. FEight hundred and thirty-
five mosquitoes breeding in pit latrines were
caught and identified, but among them there
were no anophelines. Attempts to breed anoph-
elines under laboratory conditions in polluted
water failed. It is concluded, therefore, that
pit latrines are not important breeding places {or
anopheline mosquitoes and not a danger from
the standpoint of malaria propagation.

The only arca in Germany where tertian
malaria is endemic is the locality of East Fries-
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land in the vicinity of Emden. The epidemio-
logical type of East Frisian malaria is comparable
to the malaria found in the Netherlands. It
belongs to the North European type of benign
spring tertian malaria. The time of infection
is possibly the autumn or even the midsummer
of the previous year. The peak of the actual
epidemic of malaria lies in the spring months of
May and June. The races of 4nopheles maculi-
pennis (atroparvus and messeae) responsible for
this malaria were subject to an intensive study.
No confirmation of the so-called zoophile and
androphile habits of these anopheline races could
be derived from the observations. The resting
habits observed might be explained by certain
predilections with regard to temperature and
humidity. In the Northern European type of
benign spring tertian malaria the most decisive
factor seems to be climate. The warmer the
weather the more favorable are the prospects

for transmitting the disease.

Shannon, R, C. Anophelines of the Amazon Valley. Proceedings of the
Entomological Society of Washington, 35: 117-143 (October) 1933,

Russell, P. F. Malaria and Culicidae in the Philippine Islands. History
and Critical Bibliography, 1898-1933. Government of the Phifip-
pine Islands, Department of Agriculture and Commerce, Manila.
Technical Bulletin No. 1, June 23, 1934,

Russell, P. F., and Domingo Santiage. Ilight Range of the funestus-
mintmus Subgroup of Anopheles in the Philippines. First Experi-
ment with Stained Mosquitoes, The American Journal of Tropical
Medicine, Baltimore, 14: 139-157 (March) 1934.

Russell, P, F,, and Domingo Santiago. An Earth-lined Trap for Anoph-
eline Mosquitoes, Proceedings of the Entomological Society of Wash-
ington, 36: 1-21 (January) 1934,
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Ruseell, P. F. The Value of an Animal Barrier in Malaria Control.
Science, New York, 78: 101-102 {August 4) 1933,

Shannon, R. C, An Algerian Anopheline Found in Greece (Diptera,
Culicidae, An. marteri, S, and P.). Rivista di Malariologia, Rome,
12: 521-522 (May-June) 1933,

Schapiro, Louis. Observations and Experiments on Mosquito Breeding
in Pit Latrines in Panama. The Admerican Journal of Hygiene,
Baltimore, 19; 254-259 (January) 1934,

Weyer, Frite, Becbachtungen an Hausanophelen im Zusammenhang
mit der Rassenfrage bei Anopheles maculipennis, Zeitschrift fir
Parasitenkunde, Berlin, 6: 238-307 (December) 1933,

Weyer, Fritz. Verlauf der Malaria in Ostfriesland 1932 und 1933,
Archiv fir Schiffs- und Tropen-Hygiene, Pathologie, u. Pherapte
exotischer Krankheiten, Leipzig, 38: 131-132 (Marck) 1934.

Boyd, M. F., and W, K. Stratman-Thomas. The Comparative Suscep-
tibility of Anopheles quadrimaculatus Say and Anopheles crucians
Wied. (Inland Variety) to the Parasites of Human Malaria. T
American Journal of Hygicne, Baltimore, 20: 247-257 (July) 1934,

Russell, P. F. Terminology Used for Anopheles of the funestus-minimus
Subgroup in Recent Papers by Russell and Others. The Philippine
Journal of Science, Manila, 51: 553-554 (August) 1933.

Malaria Surveys

Although malaria has been known to exist in
various parts of Mysore State, India, for a long
time, no extensive study of the disease was
undertaken up to 1927. In that year a rapid
survey was made to determine the amount of
spleen enlargement in children. Following this
survey it was decided to select three representa-
tive areas for more intensive study. In these
areas an effort was made first to discover the
seasonal variation of malaria. Then many
other aspects of the malaria problem were stud-~
ted seriatim, and the results were published
in a number of papers,

© 2003 The Rockefeller Foundation



62 THE ROCKEFELLER FOUNDATION

A survey of anophelines revealed twenty-two
species, of which thirteen had been previously
recorded. Many thousands of these anophelines
were dissected. Infection was reported in A.
culicifacies and A. stephensi. A study was made -
of the relative frequency of the occurrence of the
parasites of benign tertian, malignant tertian,
and quartan malaria. Spleen and parasite re-
lationships were carefully gone into, especially
so far as age groups are concerned. These
studies comprise the subject matter of the first
three papers.

A fourth paper deals with experimental control
of malaria with Paris green. A fifth describes
the control of anopheline breeding in Bangalore
City, and goes further into the matter of malaria
prevention by means of Paris green, which
successfully controls 4. culictfacies breeding.
A. stephensi, which breeds in wells, was com-
bated by stocking these wells with small fish.
All the wells of Bangalore City were thus treated.
The costs were kept low, well under 1 per cent
of the normal receipts of the municipality.

In a sixth study, hemoglobin estimates made
in the three research stations before control work
began are discussed, with reference to sex and
age. A seventh paper gives more detailed in-
formation on the anopheline transmitters of
malaria. 4. culicifacies and A. fluviatilis are
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apparently the most important malaria vectors
of the rural areas of Mysore, and 4. stephensi
and 4. varuna are the minor carriers.

There are in Europe three epidemiological
varieties of malaria, distinguished by location,
namely, the Northern European type, the North
Italian type, and the South Italian type. The
North European type, which occurs in the
Netherlands and in Germany, has been carefully
studied. In 1933 there was published a similar
study of the seasonal variation of typical epi-
demic malaria in Northern Italy. The distribu-
tion of the various races of 4. maculipennis in
relation to the occurrence of malaria in this
region 1is discussed.

Sweet, W. C. Notes on Malaria in Mysore State. Partl., The Topog-
raphy, Meteorology, and Malarial Seasons of Myscre, Records of |
the Malaria Survey of India, Caleutta, 3; 635-661 (December) 1933.

Sweet, W. C. Notes on Malaria in Mysore State. Part 1I. The
Anophelines of Mysore State. Records of the Malaria Sureey of
Iudia, Calcutta, 3: 663-674 (December) 1933,

Sweet, W, C. Notes on Malaria in Mysore State. Part III. Spleen
and Parasite Rate Relationships, Records of the Malaria Suroey of
India, Calcutta, 3: 675-687 (December) 1933,

Sweet, W. C, and B. A. Rao. Notes on Malaria in Mysore State,
Part IV. ZEzperimental Control of Malaria with Paris Green and
Plasmoquine. Records of the Malaria Survey of India, Calcutta, 3:
689-718 (December) 1933.

Sweet, W. C,, and B. A, Rao, Notes on Malaria in Mysore State,
Part V. The Control of Anopheline Breeding in Bangalore City and
Its Cost in Mysore State, Records of the Malaria Survey of India,
Caleutta (June} 1934,

Sweet, W. C. Notes on Malaria in Mysore State. Part VI. Hazmo-
globin and Malaria, Records of the Malaria Survey of India, Cal-
cutta (June) 1934.
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Nursing, D., B. A, Rao, and W. C. Sweet. Notes on Malaria in Mysore
State. VII. The Anopheline Transmitters of Malaria. Records of
the Malaria Suroey of India, Calcutta. In press.

Missiroli, A. Tipo epidemico delle febbri malariche del Nord d’Italia.
Rivista di Malariologie, Rome, 12: 675-688 (July-August) 1933,
Missiroli, A., and P. Marino. Anweadung des Chinoplasmin zur
Malariasanierung, Archsp fir Schiffs- und Tropen-Hygiens, Patho-
Ioggie, . Therapie exotischer Krankheiten, Lelpzig, 38: 1-16 (January)

1934.

Ruseell, P, F, Plasmochin, Plasmochin with Quinine Salts, and Ata-
brine in Maleria Therapy. Archies of Internal Medicine, Chicago,
53; 309-320 (February) 1934,

Experimental Studies

With a view to determining whether human
malaria could be transferred to the lower
monkeys, an experiment was made in the trans-
mission of Plasmodium falciparum, the organism
of aestivo-autumnal malaria, to the howler
monkey (Alouatta sp.). The experiment showed
the possibility of temporary but undoubted in-
fections with P. falciparum involving several
asexual generations in howler monkeys. Nine
monkeys were successfully inoculated with para-
sites from man, and one through subinoculation
from another monkey. The longest infection
lasted eight days. It is suggested that P. falci-
parum may be so poorly adapted to this abnormal
host that it is largely self-limited and requires
little resistance on the part of the host. 2.
falciparum can be overcome and eliminated by
natural processes much more easily than P,
brasilianum, the common parasite of the monkey.
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However, it should be noted that the reaction of
the monkey to a large number of trophozoites
injected intravenously does not completely an-
swer the question of susceptibility, The sus-
ceptibility of monkeys to human malaria is of
epidemiological importance;.and from this epi-
demiological standpoint, not blood inoculation,
but the use of anophelines infected with human
malaria 1s the critical test.

When Culex pipiens mosquitoes are fed upon
birds which carry the organism of avian malaria,
some become infected, others do not. A study
was made of the susceptibility of the mosquito
Culex pipiens to infection with Plasmodium
cathemerium and Plasmodium relictum, organisms
of bird malaria. In all, eighty mosquitoes were
fed upon birds with P. cathemerium infections
and fifty-seven on birds with P. relictum in-
fections. Then the 137 stomachs of these
mosquitoes were dissected and examiped, Of
the mosquitoes fed upon birds with P. cathe-
merium infections, forty-three showed normal
parasites and thirty failed to show any infection.
Of those fed upon birds with P. relictum infec-
tions, twenty-three showed normal parasites and
thirty-two had failed to become infected.

The degree of infection in a susceptible mos-
quito appeared to be an inherent characteristic
of the mosquito, not subject to variation in any
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\When a nialarta control campaign was begun in Salinas, Puerto Rico,
there were in the vicinity of the 1own between 400 and 300 miles of open
ditches of this ty pe, where anopheline mosquitoes bred in large numbers,
Subsoil drainage, for which concrete pipe from four to thirty inches in
diameter is used, has eliminated practically all of these ditches.
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The main pipes of the Bafinas dramage ststem discharge inte open
Jdizthes which are sitvaied close to the ocean.
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marked degree. FEarlier experiments present
some evidence that this characteristic as well
as the mere susceptibility of the mosquito is
hereditary. Heredity is perhaps the most im-
portant factor in determining natural suscepti-
bility to infection within the species of mosquito.
It is possible that some of the hitherto unex-
plained differences in the ability of a single
species of mosquito to transmit malaria in areas
geographically separated may be explicable on
a genetic basis. Estimates indicate that mos-
quitoes ingest from 53,200 to 266,000 game-
tocytes at each blood meal.

Since the introduction of malaria therapy for
general paresis, a number of strains of malaria
apparently free from gametocytes have been
reported. In the United States a study was
made of a strain of the canary malarial parasite,
Plasmodium cathemerium, obtained from Rome.
This strain gave rise during biweekly passage by
blood inoculations to two atypical strains, which
for ten months failed to produce any gameto-
cytes (sexual organisms). Another strain re-
mained poor in, but not free from, gametocytes;
and still other strains having the same original
source continued to produce gametocytes. No
correlation was found to exist between the degree
of infection in the bird and the number of gameto-
cytes produced. The gametocyteless (atypical)
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strain differs from the typical strain in that it
has lost its periodicity of reproduction, and seems
to be somewhat more virulent. It also has
slightly different staining affinities. The two
strains, however, show complete cross immunity
to each other. When birds with latent atypical
infections are inoculated with typical parasites
no patent infection is produced, but the super-
imposed strain is maintained as a latent infection
for at least eight months. There is no inimical
influence of the atypical upon the typical strain
when both are present in the single host. How-
ever, further experiments are needed before it
can be concluded that strains of human malaria
definitely lose the power to produce gametocytes.

Talialerro, W. H,, and L. G. Taliaferro. The Transmission of Plasmo-
dtum falciparum to the Howler Monkey, Alonatta sp. 1. General
Nature of the Infections and Morphology of the Parasites. The
American Journal of Hygiene, Baltimore, 19: 318-334 (March) 1934.

Taliaferro, W. H,, and P, R. Cannon, The Transmission of Plasmodium
faltiparum to the Howler Monkey, Alouatta sp. 11, Cellular
Reactions. The dmerican Journal of Hygiene, Baltimore, 19: 335-
342 (March) 1934,

Huff, C. G. Comparative Studies on Susceptible and Insusceptible
Culex pipiens in Relation to Infections with Plasmodium cathemerium
and P. relictum. The dmerican Journal of Hygiene, Baltimore, 19;
123-147 (January) 1934,

Huff, C. G, and Gambrell, E. Strains of Plasmodium cathemerium with
and without Gametocytes. The American journal of Hygiene,
Baltimore, 19: 404415 (March) 1934.

Induced Malaria

Studies of induced malaria, as employed in the
therapy of paresis and other related affections
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of the central nervous system, were carried out
in the Florida State Hospital over a period of
two years, ending in June 1933, Similar studies
have now been undertaken in New York, where
close cooperation with various medical institu- -
tions is possible. Modern clinical studies of ma-
laria as a disease, studies of the mental changes
in the patients, and pathological studies are
being made in cooperation with Cornell Uni-
versity. As the work has developed the mos-
quito problem involved has been changed com-
pletely by the successful rearing of anophelines
in captivity. An insectary has been set up in
the Foundation laboratories in New York, and
work on the breeding of Anopheles quadrimacu-
latus was in progress throughout 1933,

The work in Florida included 109 successful
inoculations with P. zivax, nine with P. falci-
parum, and five with P. malariae parasites. It
should be noted that transmission of quartan
malaria (P. malariae) to humans was effected
by means of anopheline mosquitoes. It was
shown that the prerequisite for successful inocu-
lation is an adequate supply of anopheline mos-
quitoes, preferably secured by rearing. Since
this mosquito has been successfully reared in cap-
tivity for the past two years, sufficient vigorous
uninfected mosquitoes (Anopheles quadrimacula-
tus) are available at all times, Another requisite
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is that there be available a continuous supply
of patients for whom malaria therapy is indi-
cated and in whom the strains of malaria para-
sites may be successfully propagated. Such
services are organized in conjunction with
mental hospitals,

The Negro race was found to exhibit a high
degree of refractoriness to inoculation with P,
vigax, but adults of the white race were uniformly
susceptible to this parasite unless the subject
harbored a latent infection with an homologous
strain. Since Negro patients are tolerant to
P. vivax, they mustbe treated with P. falciparum;
but P. vivax and not P. falviparum is indicated
in the treatment of whites, as it is less likely to
produce untoward reactions. P. malariae is not
practical to use in malaria therapy, because of its
long intrinsic and extrinsic incubation periods
and the great difficulty in infecting mosquitoes
with this parasite, owing to the extremely scanty
production of gametocytes.

A study was made of the duration of the in-
fectiousness of anophelines harboring P. wvax.
When, on the first exposure to the bites of such
mosquitoes white patients fail to become in-
fected with P, wvivax, the cause does not lie
in the refractoriness of the patients. It is more
likely that a factor of moment is the depletion
of the supply of sporozoites in the mosquito.
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No inoculation succeeded when attempted with
mosquitoes after more than fifty days had
elapsed since the completion of the extrinsic
incubation period. Inoculation during the sec-
ond ten-day period gives most successful results. -
Thereafter comes progressive deterioration. Ap-
parently two factors decrease infectibility: de-
pletion of numbers of sporozoites, and deteriora-
tion of the sporozoites themselves.

Boyd, M. F, Observationa on Naturally Induced Malaria. The South-
ern Medical Journal, Birmingham, 27; 155-159 (February) 1934,

Boyd, M. F., and W. K, Stratman-Thomas. Studies on Benign Tertian
Malaria. 5. On the Susceptibility of Caucasians, The American
Journal of Hygiene, Baltimore, 19; 541-544 (March) 1934.

Boyd, M. F., and W. K. Stratman-Thomas, On the Duration of In-
fectiousness in Anophelines Harboring Plasmodium vivas, The
American Journal of Hygiene, Baltimore, 19: §39-540 (March) 1934,

Research on Qther Diseases and Public
Health Problems

Hookworm Disease

With the aim of determining more accurately
the present status of hookworm disease in the
coastal plain of Palestine, intensity of infestation
was studied in about 2,200 persons from selected
villages near Jaffa. Frequently the disease was
severe enough to cause definite clinical symp-~
toms. In certain villages from 50 to 80 per cent
of the residents were found to harbor hookworms.

Studies of the epidemiology of helminth in-
fections were carried out in an Egyptian village
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in the Delta of the Nile. Habits of soil pollution
were found to be widely prevalent; but owing to
climatic conditions there was no heavy infesta-
tion of the soil with hookworm larvae and the
worm infestation of the population, as shown by
egg counts, was slight.

A study was made of the racial and age group
incidence of the common intestinal helminths
among Malays, Chinese, and Indians in the
Straits Settlements. The study was based on
data obtained during a survey made between
1925 and 1928, comprising 27,000 examinations.
The incidence rates for hookworm, roundworm,
and whipworm were higher in Malays than in
Chinese or Indians. Chinese have the lowest
incidence rates in all age groups for hookworms
and roundworms, but the incidence of whip-
worms tends to be significantly higher in the
Chinese than in the Indians. Hookworm in-
fection among the three races tends to become
greater in the older age groups. Roundworm
and whipworm infections tend at first to rise and
then to fall as the age increases, regardless of
race. Conditions at the present time are pos-
sibly very different from those prevailing when
the survey was made, because of the thousands
of sanitary latrines installed since then.

On the basis of data obtained by experimental
infection of dogs with the common dog hook-
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-worm, Ancylostoma caninum, a special study was
made of the nature and cause of hookworm
anemia. It was concluded that it is not neces-
sary to postulate a toxin to account for the
anemia of hookworm. The anemia is of the
type which is clinically associated with chronic
hemorrhage. It responds well to iron therapy.

The anthelmintic properties of certain alkyl
phenols were investigated. In the search for a
safe and effective human ascaricide, some 500
substances were tested. Hexylresorcinol was
found to have as great activity as any. Itis a
safe and effective remedy for ascaris, and it is
also relatively effective against hookworm dis-
ease. There were no cases of intoxication from
this drug when it was properly administered, but
there were reports of local irritation at the mouth
caused by hexylresorcinol pills. Attempts were
made to overcome the irritant properties of the
drug. Ordinary methods failed, and a study
was therefore made of several series of related
compounds, alkyl phenols. None of these were
as effective as hexylresorcinol however, and it ap-
pears doubtful whether a drug will be found in
this series of compounds which will be as active
as hexylresorcinol and yet have no local irritant
action, For uncomplicated hookworm disease
tetrachlorethylene is, according to present knowl-
edge, the best drug available.
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A group infestation of seven cases of acute
hookworm disease occurring in Puerto Rico was
reported. The infection was contracted during
sea bathing in water highly poltuted from a rain-
swollen overflowing stream. There was sudden
onset of symptoms, which included initial der-
matitis followed by marked throat discomfort in
the form of a sensation of obstruction. Within
two to four weeks a sharp diarrhea with colic
appeared. All the patients complained of an
unusual degree of weakness; all were pale and
lost weight rather rapidly. The treatment recom-
mended for this acute form of hookworm disease,
which fortunately is unusual, is the prompt use
of efficient anthelmintics, iron in large appropri-
ate doses, blood transfusion when the patient is
suffering from profound anemia, and in the case
of the pernicious type of anemia, liver extract by
injection.

A larval phase of hookworm disease is described
which is characterized by loss of strength and
weight, anemia, irregular fever, a definitely high
eosinophilia and leucocytosis, possibly diarrhea,
and a light intestinal worm burden, indicating
that only a small percentage of larvae had been
able to reach the intestines, the rest remaining as
a wandering or arrested group in the tissues.
There may be no worms at all in the intestine, no
ova from which to make a diagnosis, and only the
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blood and the history of the case to suggest a
larval invasion and a {frustrated uncinariasis.
No adequate remedy has as yet been found for
this larval stage of the disease.

Endamoeba Histolytica

Studies of Endamoeba histolytica and other in-
testinal protozoa were continued in Tennessee.
An attempt was made to determine the im-
portance of 