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although it  does not provide effective control of other 
organisms which cause fouling of ship bottoms. It. 
does not wash away in sea water over a four-month 
period, and i t  retains its effectiveness when incorpo- 
rated as a constituent of paint. Admixture of DDT 
does not appear to have a n  adverse effect on the 
drying properties or durability of the paint. These 
experiments suggest that a n  ideal ship-bottom finish 
could combine the more general effectiveness of copper 
bottom paint with the relatively specific antibarnacle 
effect obtainable with an admixture of DDT. 
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The discovery that folic acid is a n  effective substance 
in the treatment of pernicious anemia and nutritional 
macrocytic anemia marks the culmination of an epoch 
in the study of these diseases. The present report 
demonstrates that folic acid benefits persons with 
tropical sprue. 

Folic acid is a substance which is present i n  small 
amounts in liver, yeast, and other foods. The study 
of Spies and his associates (1,2) showing that there 
is a remarkable response of improvement in the blood 
picture of persons with Addisonian pernicious anemia, 
nutritional macrocytic anemia, and ,the macrocytic 
anemia of pregnancy, of pellagra, and now of tropical 
sprue reveals the close relationship existing between 
the field of hematology and that of nutrition. These 
new discoveries promise to open a new era for  the 
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study of the pathogenesis of the various types of 
macrocytic anemia. 

Macrocytic anemias occur throughout the world. 
Addisonian pernicious anemia occurs more in  temper- 
ate zones and sprue i n  the tropics. The British Medi-
cal Jou~raal ( 3 ), has recently stated that the British . 
Empire is the world's largest reservoir of nutritional 
macrocytic anemia and sprue. 

I n  order to cooperate in  a study of sprue in the 
tropics the senior author accepted the invitation of 
Drs. Morales Otero and Ramon M. Suarez to form a 
cooperative study between the University of Cincin-
nati and the School of Tropical Medicine, San  Juan,  
Puerto Rico. From a number of emaciated patients 
who had glossitis and diarrhea, and who passed light- 
colored, bulky, and frothy stools, we chose and 
hospitalized five patients. The criteria used in their 
selection were as follows: (1)The patient must have 
macrocytic anemia as determined by Wintrobe indices. 
(2) The bone marrow must show the typical erythro- 
blastic arrest seen in macrocytic anemia. (3)  The 
erythrocyte counts must be below 2,500,000. (4) The 
patient must be untreated, or he must not have been 
treated recently enough to interfere in any way with 
our evaluation of the effect of folic acid. ( 5 ), H e. 
must have persistently low reticulocyte counts during 

TABLE 1 

RBC Hg. Reticulo-
(millions) (grams) cytes ( % ) Of "litAcid 

meat 
prod-
ucts 
or 

al-
lowed 

the period of observation. (6)  H e  must have glossitis, 
and diarrhea characterized by fat ty  stools. 

Four  of the patients were restricted to a diet devoid 
of meat, kidney, yeast, liver, and other meat products. 
Case 5 received some meat and meat products. 

Following the oral administration of folic acid, the 
clinical improvement of the patients was so striking 
that all observers noticed on the third or fourth day 
an increase in tGe sense of well-being, strength, and 
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vigor. The patients who had been unwilling to eat 
now ate everything on their trays and requested more. 
A , p a r t  of the clinical improvement included a dis-
appearance of the "indigestion," anorexia, sore tongue, 
pallor, and exhaustion, and a decrease i n  the amount 
of the stools. This occurred a t  about .the time of the 
onset of remission. The remission itself was character- 
ized by a reticulocytosis beginning on the third or 
fourth'day and peaking around the sixth. As seen in 
Table I, the reticulocytosis, in turn, was followed by 
an increase in the number of red blood ceils and the 
hemoglobin. These patients showed a typical hema- 
topoietic response following the administration of 
folic acid under conditions which make it  certain that 
the folic acid produced the results. 

Accordingly, we must state that these findings 
demonstrate clearly that folic acid produces bene-
ficial effects in  persons with tropical sprue in relapse. 
These and additional patients are  being investigated 
to determine the long-time effects of folic acid on this 
disease. Some of them will receive a diet devoid of 
meat and meat products, and others will receive an 
antisprue diet. 
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Medical research on tsutsugamushi fever or scrub 
typhus has been .severely handicapped by the inability 
of investigators to culture mites of the family Trom- 
biculidae. The disease is carried to men by the larvae 
of Trombicula akamushi and closely related species. 
The larval stage is the only parasitic instar of trom- 
biculid mites. I n  order to culture these mites a 
satisfactory food must be ,provided for  the nymphs 
and adults, which are free-living. 

Ewing ( 2 )  discusses the attempts of previous work- 
ers to  rear .trombiculid mites. Engorged larvae have 
been reared to adults in  a few cases but never in  
numbers and never consistently. Ewing ' (1) used 
feces of millipedes and springtails as food f o r  nymphs 
and adults of Eutrombicula alfreddugdsi; Miyajima 
and Okumura ( 3 )  provided nymphs of Trombicula 
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akamushi with pieces of melons and potatoes; while 
decomposing vegetable matter was used by Nagayo, 
et al. (4) fo r  several species of Trombicula. 

Nymphs and adults of Neoschongastia indica were 
used in the present study on the food habits of trom- 
biculid mites. The larvae of N. h d i c a  were common 
in the ears of a wild subspecies of Rattus rattus that 
was common on Guam in the jungles adjacent to the 
laboratories of U. S. Naval Medical Research Unit 
No. 2. The nymphs, adults, and unattached larvae 
were common in the nests and covered runways of 
the rats. 

Live rats were supplied frequently by the Labora- 
tory of Mammalogy. These were kept i n  cages fo r  
a t  least seven days prior to removal of the larvae of 
N .  ilzdica from their ears in order that a supply of 
engorged larvae might be assured. The larvae thus 
obtained were placed in culture bottles, which were 
wide-mouthed, low-form, glass-stoppered, weighing 
bottles of 25-cc. capacity, coated on the sides and 
bottom with a thick layer of plaster of Paris black- 
ened by the addition of 5 per cent activated charcoal. 
These bottles were kept i n  a n  incubator in  which a 
temperature of 32' C. was maintained. Five days 
after the engorged larvae were placed in the culture 
bottles, nymphs emerged. The bottles containing these 
nymphs and similar bottles to which nymphs and 
adults captured in the field had been added were 
used as cultures fo r  testing the suitability of various 
foods f o r  the free-living stages of N. indica. The 
usual number of nymphs or adults in  a culture was 
about 30, but some contained only one while a few 
had as many as 100. Nymphs and adults remained 
active and apparently healthy i n  the culture bottles 
as long as the plaster was moist enough to produce 
droplets of condensed water on the inner side of the 
glass cover. 

Pieces of potato, papaya, apple, m d  decaying 
wood; feces of springtails, millipedes, rats, and noddy 
terns; concentrates of soil containing nematodes, roti- 
fers, protozoans, and various free-living mites; litter 
from the floor of the jungle; broth made from pota- 
toes; dried serum; a nutrient solution containing 
amino acids, sugars, and vitamins; fungi; and live 
springtails and millipedes were tried singly or  in  
various combinations as food f o r  the cultures. One 
adult developed in one of 11 cultures of younger 
forms fed on concentrates of soil, and a second in 
one culture of 11fed on litter from the jungle to  
which a live millipede had been added. . The above 
results are  similar to  those achieved by previous 
workers. 

Nymphs appeared to feed on many of the foods 
offered and even on the plaster itself. However, even 


