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.. Ponce, Puerto Rico, Nov. 24, 1899. 
Chief ~ll r gl'On , Sti ll J uan : 

Han ' this day proven the eause of many pe rnicious Ju"Og~ive 

anemias of this Island to Iw due to A Rkylo.domwm dIlOOt1lale. 

(Si gned) A S H FORD."(I) 

Truly a his to rical document, this telegram, sent by Capt. 
Ashford to the military authorities at San Juan, marked 8 

turning point in the medical his to ry of Puerto Rico. As n 
result of his disco very, the cause of the most prevalent 
unemin throughout the Island had been determined. It 
became evident that gast rointest ina l di sturbances, edema, 
marked pallor and weakness did not stand for separa te 
disease conditio ns, but were part of one clinical enti ty j that 
this symptomatology so frequently encountered among th e 
labori ng classes had a definite cause and was not depend ent 
upon predisposing accidents of environment, upon concomi
tant diseuse, mere poverty or bad hygienef") . 

In 1902 Dr. St ilesf "), working with Ashford's specimens 
of hookworm fr om Puerto Rico, and with others found sub
sequently in the United States, annou nced that , zoologically, 
the parusite belonged to n new species of Unci,utru. amen
('m UlJ later renamed by him Necator americasms. The mode 
of in festati on, symptomatology, morbid anatomy and treat 
ment of thi s pnrusite of the New World was similar to that 
of the Old World species, Atl-kylo~t o,na duodenale. 

The Puerto Rico ..·\Demia Commissionf"}, created in 1904 
for the pu rpose of beginning an active campaign against th e 
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disea se, marked the first era of the work against hookworm 
on this I sland. and the first demonstration of its endemic 
presence in American soil The names of Drs. W. ' V. King 
and Pedro Gutierrez Igaravfdez, who, with Dr. Hai ley K. 
Ashford, composed the first An emia Commission, have found 
a permanent place in the medical history of P uerto Rico. 
The observations of Rhoads and Cas.tle(·) on the etiology 
and treatment of the anemia associa ted with hookworm in
fes tation, suggest that dieta ry deficiency and gast r-ic secre
tory chan ges are of majo r etiological sign ificance. The more 
recent work of Dr. Ramon ~r. Suarez( ') deserves special 
mention in connection with the hematological investigations 
in thi s disease. In his sene" of C88es Dr. Suarez studied 
the clinical aspects of the disease, and for the first time. to 
our knowledge, electro-cardiographic tracings on patients 
with the anemia of hookworm diseuse were made. These 
authors empha sized the use of large doses of iron in th e 
treatment of the anemia associated with hookworm infesta
tion. 

Most, if not all, of the symptoms of hookworm disease 
are the result of the anemia which may range from very 
slight grades in the cases with mild infestations, to the most 
severe, in which the hemoglobin i8 reduced to 15 or 20 per cent 
or even lower, and the red cells as low a8.754,000 per c. mm. (1). 
The hemoglobin is usually reduced more tha n the red cell 
count, thus giving the low color index so characteristi c of 
secondary anemia. The type of anemia associa ted with hook
worm disease is similar to thut re sulting fr om chronic blood 
loss, and marked cha nges in the size and hemoglobin content 
of the red corpuscles may 11e encountered. ']'he cells are 
smaller than normal and their hemoglobin content may be 
greatly reduced. The consta nt drain on the hemoglobin 
supply of the body is strikingly compensated hy the udmin
iatrution of iron in these types of anemiaf "). 

The cause of the anemia is still a matter of controversy, 
some investigators claiming that it is produced by a hemolytic 
toxin(I) elaborated by the parasite, whereas others suggest 
that it may be due to a long continued blood los!' fr om the 
ulcerated mucous membrane of the small howe](IO). Analogy 
sugges ts also that thi s anemi a is due to the latter CRuse, since 
the blood picture resembles thnt observed in posthemor rhagic 
anemia. 
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Dori ng the COU f8e of a recent investigation on the effect 
of large doses of iron on the anemia of hookworm disease, 
we have had occasion to study the effect of other th erapeutic 
agents on the anemia, und to observe the comparative re
sponse of the blood to th ese agents. 

The observations reported in the pre sent study were 
obtained from five carefully selected eases of advanced hook
worm di sease. The patients were all males between the ages 
of 20 ami 30 years. One of them carne from the northern 
coas tal plain and the others f rom th e mountain di stricts of 
Puerto Rico. ~Iore than one th ousand worms were r ecovered 
from each individual, after anthelminti c treatment. All but 
one of the patients were hospitalized for a minimum per-iod 
of 50 days during which hlood studies were carr -ied out three 
times u week. Other clinical studies, such 8 8 determination 
of basal metabolic rute. measurement of henrt diameters, 
blood chemistry, gastric analysis and other hematological 
tests were also done. but will not he discussed in thi s paper. 
During hospitalization four of the five patients received an 
iron-deficient diet. F or ten days after admission no drugs 
were adminis tered with the view of studying the exten t and 
type of anemia during' a period of stnndnrdizntion. After th is 
period the drug therapy used in each case was insti tuted, and 
the MIlle dose administered daily until the pati ent s were 
discharged from the hospital. Thi s procedure enabled us to 
observe the effect of the differen t thera peuti c agent s on the 
anemia before the removal of the worms lmrhored hy each 
pati ent. On the fort ieth day after admission the patients 
received anthelmintic treatment (2.5 cc . ca rbon tetrachloride) 
und the worms recovered from the fecl:'s were recorded. 
Hematoloz ieal studies were continued duri ng n per-iod of ten 
oays after the admini strati on of the anthe lmintic for the 
purpose of observing any change in the blood values after 
removal of the worm hurden. 

Therape ut ic agetlt.rr tMed : 
Cases Nos. 1 and 2 received 6 gma. of iron ammonium 

citrate dai ly. 
Case Xo. 3 received 45 cc. of liver ext ract with iron by 

month, dail y : thi s represented npproximntely 350 grog. of 
rnl\" liver and 3 gms. of iron ammonium cit ra te. 
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CW5C XO. -I received 6 gms. daily of a well known eom
mercial preparation conta ining a gast ro-hepa tic concentr a te 
and 2.0 grus. of ferr ic ammoniwu cit ra te. 

Case No. 5 received full hospital diet alone. 
Aft er the discharge of patient s from hospital an attempt 

was made to perform weekly hematologica l stud ies for 8 

min imum period of two month!' on each pa tient with the 
ohjec t of observing th e effect of envi ronment, home diet and 
new infe...tations 0 11 the blood picture and well-being of the 
patient. 

Results: 
The duration of the illnesses of the five patients und er 

study va ri ed from two months to several years. Xone of 
them had r eceived anthelmintic treatment previous to hos
pital iza tion. T he most promin ent sym ptoms were those 
referable to the anemia such as pal lor, weakn ess, and inability 
to work. One individual pr esented marked edema of the 
legs and gave a history of epigas t ric pain with anorex ia. 
The former symptom became so distu rbing during hospitaliza
t ion that opiates were required on several occasions for its 
relief. Xone of the patients showed evidence of emaciat ion 
on admission to the hospital an d all gained weight during 
the course of the experiment. A slight afterno on temper
uture was present in all patient !': during hospitnliznt ion. 

The anemia encounte r ed 0 11 ndmisaion ann during period 
of standardization was of the microcytic hyp ochromic type, 
or one in which th e mean cell volume, as well 8!': HI(' hemo
globin content of the cells, was greatl y r edueed ", Mark ed 
variation in the size and shape of the red cells 'vns encoun
tered and these appea red poorly stained and uehromic. No 
nucleated r ed cells were obse rved at any time durinrr thi s 
study. 

The red cell count "" on admi ssion and during period of 
standardization ranged between Lfi mill ion to it!) millions 
and the hemoglobin- from 4.2 gms. to 5.3 gms. (29 to 36.4%) . 
(Newcomer -K let t hemoglobinometer was employed. 14.5 ~Ill S . 

of hemoglobin per 100 ee: of blood = 100%) . 

• W ln trobe·. ""....loerlt .... eIDpJoJ't"<i ..... d~tI'rmh •• t he • .,h."", .,r pacte'" ftd ~Ik 
p<>r 100 ceo of W<><l<l.• 
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DultH. 8t...... B,......... of Studanla.
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During the period of observation before th e anthelmintic 
was given, the r esponse of the blood was quite simila r in all 
cases irrespect ive of the th erapeutic agen t admi nistered. 
There occurred a gradual and pers istent ri se in both the red 
cell count and hemoglobin percentage until a certai n level was 
attained, after which no fu rther sign ificant increase in th ese 
val ues was obse rved. Th e highest figures during thi s per iod 
varied from 3.5 to -:1 .3 millions, and from 10.6 gms. ( 72.9~ ) 
to 12.2 gms . (8.1.-:1% ) in all cases. The highest red blood cell 
count and hemoglobin values were observed in one of th e 
two patie nts who recei ved 6 gms. of iron ammonium citra te 
daily, and th e lowest values wer e obser ved in the patient on 
the Cull hospita l diet. The peak of the red blood cell count 
and hemoglobin was attained abou t two weeks sooner in those 
patients who received iron alone, than in the others who did 
not. In no case did the blood r each normal limits befor e 
admin istration of the an thelmintic. However, there WM 

definite clinical improvement in all cases, more marked in 
those who received iron (6 gms. daily). 

' Vithin a week aft er th e adm inistra tion of an anthelmintic 
the red cell count rapidly rose to normal limits runging 
between 5 and fj mill ions in all case s : the hemoglobin, how. 
ever, did not follow the same rapid ri se and remained around 
11 .4 gr1l8. (78.4% ) in three of the five cases. In the remain. 
ing two indi vid ual s who had received 6 gm s. of iron da ily, 
the hemoglobin rapidly rose to norma! values ranging from 
Hi.3 gms. (106%) , to 16.3 ~'IT" . (112%) . 

Two of the fin patient s in this group have been studied 
for eight weeks nf'tcr discharge. :\'0 medication was used 
during this period, but both had r eceived iron (6 gma. daily) 
during hospi tnlizntion. Three weeks afte r discharge both 
presented evidence of a light infestation of worm s. Th e 
results obta ined in th e study of the hlood of these pa tients 
have been s t r 'ikingly opposite. [n one indi vid ual the r ed cell 
count continued to r ise aft er discharge to 5.8 million cells 
per c. mm. and the hemoglobin iuer eased to 17.0 gms. (116%) , 
while the other suffered n 1 ()8~ of one million cells and 2.4 gme. 
hemoglobin (15% ) in the same per iod of t ime. 

Summary (I"d Conclusion...·: 
1. Observations in th e present study of a small number of 

cases suggest tha t iron admi nis tered in la rge daily doses (6 
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~III ~ .) is the t reatment of choice ' in the a nemia ussocin ted 
with hookworm di sease us cempnred to liver ex t ruc t wit h 
iron by mouth, to a wid ely-known eonn uerciul p reparatio n 
used in th e t reatment of f't"C 'U111lury um-miu, und to l\ wel l
balanced full hospita l diet. 

2. The adm ini stra t ion of t'ut"h Hf tilt, therapeutic ngente 
used (lu ring II period uf thirty t ltly~ without removal of th e 
worm s resulted in 8 r -i se of the red cell cou nt and hemoglobin 
pe rcentage to a pructienlly cons tant sulmormul level. T his 
level W 8 !' reached ilion' quickly hy thtl ~t· pa tie nts receiving 
iron nlone. .\ fte r this r- isr- tln-rr- wus no fur ther significnnr 
increase previ ous tn reruovul of the worms . 

3, Administ ration of un uut hehninti e was followed in nIl 
cases h~v 8 rapid (!") to 7 days } inc rease in the red cell count 
to normal val ues. In the two patients who r eceived iron 
alone n ra pid increase in hemoa lohin parallel to the increased 
red cell coun t W8S ohse r-ced. 

4. It i8 infer red f rom these studies thut 1111 intensive i ron 
therapy and u well-hal aur-od IUlII nutritiou s di et aided by an 
effect ive a nth elminti c seeru to provide the opt imnm condi 
ti ons of 8 rapid recovery from the ch ronic uuemiu en
counte red in hookworm diseuse. 
. ' 
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