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H EAVY HOOKWORM INFECTION is sooner or later associated with

iron deficiency anemia mainly due to continuous intestinal blood loss.

A mean daily intestinal blood loss of 0.031 ± 0.017 ml. per worm and 2.14

± 1.0 ml. of hlocd per 1,000 ova per gram of feces was found by means of

the erythrocyte Cral�tagging method.1’2’3 Thus, subjects with heavy hook-

worm infection harboring more than 250 worms, i.e., presenting more than

5.000 ova per gram of feces, lose daily over 10 ml. of blood which in subjects

�vitli hemoglobin values of about 15 Gm. per 100 ml. of blood means a loss of

more than 5 mg. of elemental iron. Although a proportion of about 30-40 pe��

cent of the hemoglobin iron is reabsorbed and utilized again,4’5 the final loss

will still be considerable and cannot be met from food iron alone. As a conse-

quence of this unbalance, iron storage becomes depleted and anemia de-

velops. The latter can be taken as a model for chronic iron deficiency anemia,

since no other factors besides blood loss has been shown to be responsible for

it in most cases.

Theoretically, the red cell survival in infected patients should reflect normal

erythrocyte destruction plus intestinal blood loss. A third factor will he shown

in the present paper to operate in the reduction of red cell survival in iron

(leficiency anemia.

MATERIAL AND METhODS

Forty hookworm-infected subjects with severe iron deficiency aneniia and with more

than 5,000 ova per gram of feces, two splenectomized subjects, four noninfected iron de-

ficiency anemia subjects and eight normal subjects were taken for this study. There was

no other condition besides hookworm infection which might have produced a disturbance

in hemopoiesis in the first group.

The following laboratory tests were performed:

(1) Red cell count, venous blood hematocrit, hemoglobin determination and reticulo-
cyte count every 3-4 days.

(2) Red cell survival.

(a) measured with Cr51. The erythrocytes were tagged with about 20-50 �zc. of Cr51 in

the form of sodium chromate and reinjected into the circulation. After 24 hours, blood
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74 LAYRISSE, LINARES AND ROCHE

was taken every 3-4 days and radioactivity in all samples was counted on the same day.

The results were plotted on semilogarithm paper and the apparent T/2 determined.

In three cases, erythrocytes were tagged with Cr51 three times: before deworming, soon

after de�vorming, and after correction of the anemia with iron treatment (circulating hemo-

globin 13 Gm./100 cc. of blood or over). Residual radioactivity from previous tagging

was always less than 5 per cent total radioactivity after retagging. If extrapolation from

the old curve was carried out and the new values corrected accordingly, it was found that

the new curve was not affected in any significant way. Blood drawn 2 hours after tagging

was taken as 100 per cent radioactivity.

( h) measured with DFP12. Forty to fifty �c. of P� in the form of di-isopropyl fluor-
phosphonate were injected each time to six infected subjects with severe iron deficiency

anemia, four noninfected iron deficiency anemia subjects and four normal subjects. Radio-

isotope was given intramuscularly to all subjects but one hookworm infected subject (J. L.)
and the noninfected iron deficiency anemia subjects, to whom the radioisotope was in-
jected intravenously. The hookworm infected subjects were tagged three times: before

deworming, during the first week after deworming and after iron treatment.

In three of the hookworm infected subjects, 600 �g. of DFP32 with a specific activity of

166 jsc./mg. DFP were injected. Fourteen days later, about 400 ml. of blood were with-

drawn from each subject, centrifuged at 1,000 rpm and the packed red cells transfused

into a normal compatible recipient. A transfusion of packed red cells proportional to the

amount withdrawn was injected to the infected subjects to prevent reduction of red cell

volume. In order to minimize as much as possible the dilution of the blood injected, sub-

jects weighing 35-50 Kg. were used as recipients.

Patient J. Ni. was treated differently. After deworming about 200 ml. of blood were

withdrawn and tagged with 120 �sc. of Cr51. After withdrawal of the plasma and washing

of the red cells, the final volume was divided in three aliquots and injected intravenously

into the donor, into one normal compatible recipient and into a compatible splenectomized

subject with normal hematologic values and no signs of increased red cell destruction.

This last patient had suffered from thrombocytopenic purpura before splenectomy. Blood

samples from the three recipients were withdrawn 2 hours after tagging and every 3 to

4 days, and the radioactivity was counted in a pulse height analyzer.

Twenty days later, patient J. NI. was injected intramuscularly with 2 mg of DFP�2
with a specific activity of 144 �c./mg., given in two injections separated by an interval of

1 day. Ten days later, 500 ml. of blood were withdrawn and divided in two aliquots
which were immediately transfused to a normal and the splenectomized subject used for

the study of Cr51. A transfusion of packed red cell proportional to the amount withdrawn

was given to the infected subject. Finally, the patient J. L. after deworming was given

intravenously 2 111g. of DFP32 with a specific activity of 144 �c./mg. DFP. Four days

later, about 400 ml. of blood were withdrawn and the packed red cells injected into a

splenectomized subject who had hypoplastic anemia in partial remission (Hh 11.1 Gm.

per 100 ml. blood). A transfusion of packed red cells proportional to the amount with-

drawn was given to the infected subject.

For the study of red cell survival with DFP32 blood was taken every 3-4 days for about

25-40 days and processed according to previous reports.6.7 Briefly, the blood samples were

centrifuged 5 minutes at about 1,000 rpm, and the red cells were washed three times

with saline, and hemolysed with distilled water; the resulting hemoglobin solution contain-

ing about 110-140 mg. of hemoglobin per ml. was kept in the ice box until all the sam-

ples were collected. Filter paper was glued to aluminum discs 50 mm. diameter, and 0.5
ml. of a saturated casein solution (phosphate buffer; pH 9) were dropped on the filter

paper and allowed to spread uniformly. Two ml. of the hemoglobin solution sample were

pipetted on each planchet and dried under an electric bulb.

The material was counted in a Shielded Geiger-Muller detector with a background of

5-6 count/minute with nonradioactive normal hemoglobin (see Addendum).

(3) Estimation of intestinal blood loss. Two days after the patient red cells had been
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Fig. 1.-Relationship between the apparent Cr� T/2 and the intestinal blood

loss in 31 subjects with heavy hookworm infection.

tagged with Cr51, stools were collected in two 4-day periods. Triplicate aliquots of

homogenized stools from each period of collection were counted in a well scintillation

counter and compared with the radioactivity of the blood obtained from the patient at

the beginning of every collection period. Details of the methods are described else-

where.1’2

(4) Ova counting. Performed by the method of Caldwell and Caldwell from homo-

genized stools.8

(5) Plasma volume. Performed by the Evans Blue technic.9

(6) Fecal urobilinogen index. According to Giblett and associates.10

(7) Hemoglobinemia. According to the technic of Crosby and Furth’1

(8) Haptoglobins. By the method of Smithies.12

RESULTS AND COMMENTS

(1) Red Cell Survival Measured with Cr5’

The decrease of radioactivity of red cells tagged with Cr55 in hookworm

infected subjects is the result of three processes:

(a) decrease resulting from erythrocyte destruction into the circulation.

(b) decrease resulting from red cell Cr51 elution, and

(c) decrease due to intestinal blood loss.

If we assume that the erythrocyte destruction into the circulation is normal

and the elution goes on at a rate equal to that found in normal individuals,

the decrease in red cell survival in infected subjects should be directly pro-

portional to the blood loss. Individual analysis of the 31 cases studied indicate,

however, in most of them a lack of relation between the amount of daily in-

testinal blood loss and the marked reduction of apparent half survival time.

Certain cases, for instance, showed a daily blood loss between 20 and 40 ml.

of blood while the apparent half-life was 10-12 days, representing according

to Donohue and associates,13 a rate of erythrocyte destruction about 5-6 times

normal.
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Table 1.-Red
befor

Cell Survival
e Deworming,

Measured with Cr5’ in Hookworm Infected Subjects
after Deworming and after Iron Treatment -

T/2 Red Cell
Survival Hb

(Cr”) Gm./100 ml.
Cases days of Blood

Intestinal
Blood Loss
Meesured
with Cr”
ml./day

83.3

3.8

2.5

I Before deworming 10 3.0
S. A. .� After deworming 17 3.4

I. After iron treatment 24 13.0

I Before deworming 12 6.0 13,400 24.5
L. R. .� After deworming 18 5.4 2,300 6.4

t_After iron treatment 28 12.8 1,000 3.7

I Before deworming 16 7.4 8,683 11.6
1). R. � After deworming 17 7.3 228 2.2

I_After iron treatment 24 13.4 582 0.9

Figure 1 shows a comparison between intestinal blood loss and T/2 red

cell survival in 31 infected subjects. These two parameters correlated poorly.

A T/2 as low as 10 days for instance, was observed in patients who had 100

ml. daily of intestinal blood loss as well as in subjects who only lost 30 or 50

ml. of blood daily. This finding suggests that there is, besides blood loss, an-

other factor responsible for the decrease of erythrocyte survival.

In three infected subjects with various degrees of hookworm infection and

intestinal blood loss ( table 1 ) red cell survival measured with Cr51 before

deworming showed an apparent half survival time between 10 and 16 days.

The intestinal blood loss was considerably reduced after vermifugation, but

the T/2 was only partially corrected in two cases and remained practically

the same in the other one. In all of them the survival became normal after

iron treatment. Although the Cr5’ method is not fully reliable for the estima-

tion of the red cell survival since the rate of elution from intact erythrocytes

has a wide range in diseases ( 0.62-2.27 per cent ) ‘� the results again suggest

that another factor besides blood loss is involved. They also suggest that the

hemolytic process is not due to a toxin introduced by the hookworm into the

blood stream, since it remains after vermifugation when only a few worms are

present in the bowel of the patients (from 13 to 115 in our cases).

(2) Red Cell Survival Measured with DFP32

Red cell survival measured with DFP32 in 4 infected subjects and 4 normal

individuals confirm the results obtained with Cr51 (table 2). While the sur-

vival ranged from 106 to 129 days in normal subjects, it was between 43 and

60 days in the infected subjects before deworming and only partially cor-

rected after deworming. Red cell survival became normal after iron treatment

in two cases, and in two others (L. C. and A. J.) it was only 80 and 85 days,

respectively. A probably explanation for this low survival is that these pa-

tients exhibited low hemoglobin values and the peripheral blood still showed

hypochromic microcytic cells. (fig. 4).

In 3 infected subjects after deworming and after being tagged with DFP32,

400 ml. of blood were taken and transfused into normal recipients. It was

found that in normal recipients the transfused red cells had a short survival,
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Table 2.-Red
Infection,

Cell Survival Measured with DFP32 in
Subjects with Severe Iron Deficiency

with Hookworm Infection and Normal

Red Cell
Survival Hb

DFP3 Gm./100 ml.
days Blood

Subjects with Hookworm
Anemia Nonassociated

Subjects

Recipient

Hookworm
Ova per Gm.

of Feces

Probable
Intestinal

Blood Loss
ml./day

hookworm Infected Subjects

S. R.

L. C.

E. R..

A. J.

J.M.

J.L.

Before dewornsing 49 7.2 13,677 28.7
After deworming in

own recipient 67 7.6 279 0.6

After deworming in

normal recipient 60 12.6 0 -

After iron treatment 109 15.6 361 0.8#{149}

Before deworming 49 5.5 :35,20:3 73.9

After dewonning iii

own recipient 57 6.6 1,499 3.1

After deworming in

normal recipient 65 16.8 0 -

After iron treatment 80 12.5 1,321 2.8

Before deworming 41 5.0 42,042 88.3

After deworming 60 6.7 3,989 8.3

After iron treatment 110 13.8 1,061 2.2
Before deworming

59 6.0 13,208 27.7

After deworming in

own recipient 63 5.5 3,115 6.5

After deworming in

normal recipient 64 12.6 0

After iron treatment 85 12.6 -

After deworming in

own recipient 45 6.9 3,255 7.0

After deworming in

normal recipient

After deworming in

splenectomized

recipient

After iron treatment

in own recipient

52 16.8

9() 15.7

106 16.4

46 7.1

0

500 1.1

0

Hookworm Infection

0 -

0

0

0

16.6

16.0

15.2

16.0

#{176}Theintestinal blood loss was approximately estimated from

ova per Gm. of feces (2.14 ml. of blood per 1,000 ova).
the amount of hookworm

77

After deworming iii

own recipient

After deworming in

splenectomized

recipient

Subjects with Iron Deficiency

F. R.
R. H.

F. 1).

C. M.

M. R.
M. L.
A. T.
I). P.

81 11.1

Anemia Nonassociated with

60 6.3
50 7.9

47 7.4

90 10.5

Normal Subjects

108

105

119

110
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Fig. 2.-Case S. B. Red cell survival measured with DFP32 in three periods:

(a) before deworming, (b) after deworming in their own recipient, and normal

recipient, and (c) after iron treatment.

similar to that found in the donor’s circulation ( table 2, fig. 2 ) . Thus L. C.’s

red cells survived 57 days in their own circulation and 65 days in a normal

recipient, and A. J.’s red cells survived 63 days in their own circulation and

64 days in a normal recipient.

The results of this experiment indicate not only that a hemolytic process

is operating in subjects with severe iron deficiency anemia, due in these

cases to hookworm infection, but also that the excess hemolysis is due to an

intrinsic red cell defect.

Since blood loss has been reduced to a minimum after vermifugation, it

might be argued that the short life span seen in hookworm infected subjects

in that period is due to hemodilution produced by the continuous increase in

red cell mass. As pointed out in a previous report,2 the hookworm infected

patients with severe anemia maintain a constant red cell volume during the

period of observation. After deworming, bleeding is reduced to a minimum

but the patients still have severe iron deficiency and the increase in hemo-

globin will depend entirely on the iron absorbed from food. In these condi-

tions the patients take years to recover from the anemia. For this reason, we

can consider practically that after vermifugation these subjects can be con-

sidered to be in a steady state during the month or so needed for the second

survival study. The results shown in table 3 agree with this assumption.

The erythrocytes of patient J. M. tagged with Cr5’ and DFP32 were in-

jected in normal recipients and in a splenectomized subject who previously

had suffered from thrombocytopenic purpura. The Cr5’ half survival time be-
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Table 3.-Hemoglobin, Hematocrit and Blood Volume at the Beginning
and End of the Survival Study

Hb
Gm./100 ml.

of Blood

Beginning survival
S.R.’�

� Ending survival

7.3

7.8

L C � Beginning survival� Ending survival
6.5

6.4

26

27

4,147

3,712

902

872

RE. .

Beginning survival

� Ending survival

5.8

6.5

23

26

2,620

2,670

524

650

A � � Beginning survival� Ending survival
5.4

5.4

23

24

-

-

-

-

Blood volume was calculated from plasma volume measured with Evans Blue.

0

Fig. 3.-Survival of the red cell from an infected subject (J. M.) after deworin-
ing, in their own circulation, in a normal recipient and in a splenectomized recipient.

30
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Total Blood
Hct Volume

(j� ml.

30 3,595

32 3,434

Total Red Cell
Volume

ml.

938

956

fore deworming was 12 days (fig. 3), after deworming was partially corrected

in the subject’s own circulation and in the normal recipient, and became

completely normal when transfused into the splenectomized subject. The

same finding was observed when the survival was measured with DFP32.

The erythrocytes of patient J. L. were tagged with DFP32 and 4 days later

500 ml. of blood were withdrawn and injected into a splenectomized sub-

ject suffering from hypoplastic anemia. The mean red cell survival was only

46 days in their own circulation and 80 days in tile splenectomized subject

(table 2).

These results indicate not only that the excess hemolysis in cases with se-

0.
Li.
0

E
0

L

Cr,

a

(�1

25
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Fig. 4.-Peripheral blood of infected subjects with severe iron deficiency anemia.

(A) S. A. before deworming, (B) J. M. before deworming, (C) A. J. before de-
worming and (D) A. J. after deworming and iron treatment with hemoglobin value
of 12.6 Gm./100 ml.-hypochromic microcytic erythrocytes are still in evidence.

vere iron deficiency is due to an intrinsic factor but also that the spleen is prob-

ably the principal site of the excess red cell destruction in such cases. As the

spleen in infected cases is not markedly enlarged in most cases, it is probable

that this organ is functioning normally and the excess red cell destruction is

due to abnormalities of the erythrocytes. Peripheral blood smears show red

cells which are reduced to narrow ring, and a fair number of microcytes, some

of them practically erythrocytic fragments (fig. 4).

(3) Red Cell Survival Measured with DFP32 in Sub/ects with Iron Deficiency

Anemia Nonassociated with Hookworm Infection

In 4 cases taken for this experiment, iron deficiency anemia was secondary

to menorrhagia in one case (C. M.) and the hemorrhage during delivering

in the other three cases. The changes in the morphology of the red cells in

the peripheral blood suggest that they were already anemic during preg-

nancy. Survival studies were started after puerperium in the latters and

after menstruation in case C. M.
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Fig. 5.-Red cell survival
with hookworm infection.
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in subjects with iron deficiency anemia nonassociated

The mean red cell survival ranged from 47 to 65 days in the severe cases,

(table 2, fig. 5) with hemoglobin values below 8.0 Gm. per 100 ml. of blood,

while in the mild iron deficiency case ( C. M. ) with hemoglobin value of

10.5 Gm. the survival was slightly reduced (90 days).

These results seem to indicate that excess hemolysis takes place in cases

with iron deficiency anemia; depending on the severity rather than on the

cause of the anemia.

(4) Fecal Urobilinogcn Index

The daily fecal urobilinogen index determined in 21 heavily infected pa-

tients before deworming showed a mean of 0.48 mg./Gm. total circulating

hemoglobin which is more than twice that observed in normal subjects (0.20

mg./Gm. Hb). A highly significant correlation (r = 0.80 ± 0.08, fig. 6) was

obtained by comparing this index with the daily amount of intestinal blood

loss measured with Cr51. A lesser, although significant correlation (r = -0.57
± 0.15) was found when the fecal urobilinogen index was compared with

the T/2 red cell survival measured with Cr51.

In a group of 14 infected subjects the fecal urobilinogen mdcx was de-

termined in three different periods: before deworming, after deworming and

after iron treatment (table 4). Before vermifugation the index was rather high

(X = 0.48), in 5 of them more than 0.90. It became reduced by about 40 per

cent after vermifugation and reached the normal range after iron treatment.

It is generally agreed that fecal urobilinogen excretion is an imperfect in-

dex of hemoglobin breakdown, since other sources may contribute up to

30 per cent in normal subjects’5 and over 50 per cent in some hematologic

disorders as occurs for example in pernicious anemia.’#{176} However, it is inter-

esting to mention that the increase of fecal urobilinogen output in hookworm

infected subjects with severe anemia found here has been also reported by

Fieschi,’7 Larriza and Ventura,’8 Cotti,’9 and by Layrisse and associates.2
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Fig. 6.-Relationship between intestinal blood loss and fecal urobilinogen index

in 21 infected subjects.

Further studies would be necessary to disclose whether this increase of fecal

urobilinogen is due only to an execss of hemolysis or to some other mecha-

nism.

(5) Reticulocytes in the Peripheral Blood

In infected subjects before vermifugation the absolute number of reticulo-

cytes in the peripheral blood was found to be about twice normal. Similar

observations have been previously reported.2 It was reduced to normal or

lower than normal after vermifugation (table 4). This suggests that chronic

bleeding in these cases activates the release of the reticulocytes from the

marrow to the peripheral blood while this activation is apparently suppressed

when the bleeding is considerably reduced, even though the hemolytic process

is still present. Further studies of bone marrow turnover before and after de-

worming would be necessary to clarify the mechanism of these findings.

The low reticulocyte count after vermifugation is not incompatible with

the excess hemolysis observed. Hemolytic anemia with reticulocytopenia is

not uncommon; it has been observed even in cases with severe hemolysis

due to autoimmune mechanism.2#{176}

(6) Hernoglobinemia

The determination of plasma hemoglobin, carried out in 15 infected sub-

jects with severe iron deficiency anemia, ranged from 0.5 mg. to 2.8 mg. per

100 ml. of plasma (table 5). These results do not lend evidence for an excess

of hemoglobin liberated into the blood stream.2’

(7) Haptoglobins and Hemoglobin Turnover

The determination of haptoglobin in the serum of 12 infected subjects with
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severe iron deficiency anemia showed the presence of either Hp1 or Hp2 or

both in all of them. With the exception of one case, they showed a normal

qualitative amount of that globulin ( table 5) . The hemoglobin turnover

pressed in grams of Hb. per Kg. of body weight produced daily was within

normal range (0.09) in all cases.

J ayle22 was the first to demonstrate that the haptoglobin carries the hemo-

globin in the plasma. Smithies’2 showed that it could bind up to about 125

mg. of hemoglobin per 100 ml. of plasma. Later studies23’24’25’2#{176} have shown

that this globulin was absent from the senim of cases with hemolytic ane-

mia, but not invariable. So Brus and Lewis23 have indeed shown that hemo-

globin turnover exceeding twice the normal value was accompanied by disap-

pearance of haptoglobins in most cases and haptoglobins remained present in

cases with an erythrocyte survival time reduced to one-third or one-quarter

of the normal.

The presence of haptoglobin in the plasma of all cases presented here is

in accord with the low hemoglobinemia and the low hemoglobin turnover

(table 5).

DIscussIoN

In hookworm infected subjects, intestinal blood loss undoubtedly con-

tributes in a significant way to the observed reduction in red cell survival, hut

there is poor correlation between survival, as measured by means of Cr51-

tagged erythrocytes, and the amount of blood loss. This suggests that an

added factor contributes to the rapid decrease of tagged red blood cells in

the circulation.

Studies of red cell survival after deworming show that excess hemolysis

continues after more than 90 per cent of the parasites are removed. Tagged

red blood cells from infected subjects, when transfused into normal recip-

ients continue to exhibit a short survival time, indicating that this is due to

an intrinsic defect in the cells. After iron treatment and return to normal

blood values, survival becomes normal. Finally, the fact that red cells from

one infected subject after deworming survive normally in splenectomized

recipients indicate that the spleen is the principal site of red cell destruc-

tion in these cases; a similar pattern is observed in congenital spherocytic

anemia, where survival of red blood cells is short in the patient and in nor-

mal recipients, but normal in splenectomized subjects.27

The above observations are in accordance with clinical and autopsy find-

ings. Subjects with severe iron deficiency associated with hookworm do not

exhibit jaundice; their spleen is not palpable, although it may at times ap-

pear enlarged to percussion. At autopsy, the spleen is normal in size or slight-

ly enlarged, lymphoid follicules appear normal, no hemosiderin or sclerosis

is generally seen; myeloid metaplasia of various degrees is practically always

present.28 All this suggests that splenic function is not pathologically increased,

but rather that this organ is acting physiologically at a more rapid rate, “cull-

ing”29 the abnormal circulating red cells and thus leading to a decrease in

red cell survival.
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Table 5.-Serum Haptoglobins, Hemoglobinemia

Heavily Hookworm Infected Subjects with Se

and Hemoglobin Turnover in 12
vere Iron Deficiency Anemia

Serum Haptoglobin

Hemo-
Semi- globinemia

Pheno- Quantitative mg./100 ml.
Cases type Amount Plasma

Apparent

T/2 Red
Cell Survival

Hb Measured Hemoglobin
Gm./100 ml. with Cr’s Turnover

Blood Days Gm./Kg./day

BA. 2-1 +++ 1.5 3.5 18 0.030

L. M. 1-1 ++++ 0.7 3.9 6 0.171
T.P. 2-1 ++++ 2.7 4.8 13 0.088

J. M. 1-1 +++ 1.6

P. NI. 1-1 +++ . 2.9

4.4 10 0.078

4.1 10 0.103

T. R. 1-1 +++ 2.1 7.6 17 0.056
T. N. 2-1 + - 3.9 11 0.092

J. 0. 2-1 +++ -

J. L. 2-1 +++ 1.0

B. M. 2-1 +++ 2.5

6.0 18 0.057

4.6 10 0.094

5.9 20 0.041
FT. 2-1 ++± - 5.3 16 0.056

M. 2-1 +++ 0.8 6.5 12 0.111
Mean +++ 1.8 5.0 16 0.081

Normal

subjects +++ <4.0 15 27 0.09

Studies on hemolysis both in hookworm infection and in iron deficiency

anemia may be found in the literature. Since both factors may in theory be

operative in our infected subjects, we shall comment on each separately.

Most early students were in agreement that the extract of the parasite,

especially that obtained from the cephalic glands, induce hemolysis in vitro

whether from Ancylostoma duodenale ( Allesandri,3#{176} Prieti,31 Wh32

Schwartz3’ ) Necator americanus ( Noc,14 Whipple32 ) or Ancylostoma caninum

( Whipple82 ) . This extract is thermostable according to Noc,34 and thermo-

labile according to Whippl&2 and Schwartz33 The authors mentioned agree

that the hemolysin is not specific, since it hemolyses human red cells as well

as red cells from various animal species.

A circulating hemolysin in infected patients has also been suspected. Ac-

cording to Garbi and Vadela ( 1901 )�5 the serum from hookworm infected

subjects contains a hemolysin against rabbit’s red cells. Schupifer and De

Rossi36 found this hemolysin in some infected cases only. De Blasi37 observed

a hemolysin in the serum heated at 62 C., interpreting this phenomenon as

a consequence of an anti-hemolysin present in the fresh serum which in-

hibits the hemolysin produced by the parasite. The same observation was

made by Hayashi.38 Alessandri3#{176} considered the genesis of hookworm anemia

as due to a hemolytic toxin liberated by the parasite. Ramachandra39 was of

the same opinion.

The assumption made by the mentioned authors that the hemolytic process

in the severely infected patients is due to either parasitic toxins or hemolysins

in the serum, was based only on in vitro studies. Clinical studies made by

Langen and Djamil4#{176} at that time did not show evidence of excess hemolysis.

The studies presented here demonstrate on the other hand that although
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86 LAYRISSE, LINARES AND ROcHE

a hemolytic process takes place in infected subjects with severe iron defi#{232}iency,

the excess of hemolysis remains after deworming when only a few worms are

anchored to the jejunal mucosa, and disappears when anemia is corrected.

This indicates that the parasite per se does not induce hemolysis in vivo when

sucking blood from the mucosa.

The literature on red cell survival in iron deficiency anemia is relatively

scarce. With the method of differential agglutination, Brown and associates4’

demonstrated a normal survival of red cell suspensions prepared from stored

blood not more than 6 days old, transfused into subjects with hypochromic

anemia. Trincao et al.42 transfused erythrocytes from four hookworm infected

subjects “without anemia” into four infected subjects with anemia, and vice

versa. They observed that the survival time in both groups did not differ, but

made no comment about total length of survival. Perusal of the charts shows

that all survivals but one were short ( of the order of 60 to 80 days ) . It must

be mentioned that the individuals “without anemia” had hemoglobin values

of 8.8, 10.25, 10.4 and 11.4 Gm./100 ml., respectively. It seems that Trincao

et al.42 did demonstrate the short survival time from hookworm infected sub-

jects with anemia, but failed to interpret their results. Larriza and Ventura’8

studied the red cell survival by the Ashby technique injecting normal red

cells into infected subjects, red cells from infected subjects into other infected

subjects and finally erythrocytes from infected subjects into normal subjects.

The authors did not find marked differences in the survival of the three

groups, but gave no information about the degree of infection and anemia.

As far as we know, studies of red cell survival time in iron deficiency ane-

mia measured with Cr51 have been reported in three instances. Keidelling�3

found a moderate shortening of life span in some subjects, Rash and asso-

ciates44 found a T/2 mean of 17 days in 14 iron deficient infants and Saif45

who reported a T/2 ranging between 21 and 27 days in three cases with

heavy hookworm infection and a T/2 of 7 days in another infected case.

Previous experience from the authors has not been in accordance with the

present results. Roche et al.46 corrected the observed Cr51 survival time in

12 heavily infected subjects by measuring Cr5’ fecal loss; they found that

the curves so corrected became normal in five of the subjects, remained still

shorter than normal in another five, and were longer than normal in two (45

and 53 days respectively ) . The mean corrected survival time was 27 days.

On the basis of these observations, they felt that there was no hemolytic

process in iron deficient hookworm infected subjects. The method of cor-

rection used was obviously inaccurate, and over simplified in view of the

complexity of the problem, and the interpretation then given to our results is

here modified, in the light of the more recent knowledge. A normal life span

of erythrocytes from infected subjects transfused into four normal recipients

was briefly commented by Layrisse et al.2, i’ 62 Unfortunately, because of a

change in laboratory, it has not been possible to check the protocols in the

patients who were then studied. In two reviews on red cell survival recently

made, one by Aufderheinen47 and another by Berlin, Walman and Weissman48

only the works of Brown and associates and Rash and associates are men-

tioned.
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Summing Up the literature reviewed, it has never been satisfactorily demon-

strated that erythrocyte survival in iron deficiency anemia is normal, in ac-

cordance with what seems to be the generally held belief; on the contrary,

several isolated observations have demonstrated a shortened erythrocyte life

span in this condition.

The results presented here indicate that excess hemolysis takes place in

severe iron deficiency anemia, with marked changes in the morphology of

the red cells, due either to hookworm infection or to some other causes of

iron loss.

To date, with the exception of iron deficiency anemia, all types of anemias

have been reported to show an excess hemolysis, reflected in a decrease of

red cell survival. It appears now that iron deficiency anemia is no exception

to that rule. However, the importance of such hemolysis to decrease circulat-

ing hemoglobin varies. In so-called hemolytic anemias, it is a major etiological

factor, if not the only one; whereas at the other extreme, as in iron deficiency

anemia, it is the result of the anemic process rather than its cause. It is doubt-

ful whether such hemolysis contributes significantly to the anemia, since the

iron freed by red cell destruction is probably promptly and efficiently re-

utilized.

SUMMARY

An excess hemolysis was found in subjects with iron deficiency anemia as-

sociated with hookworm infection. Red cell survival, measured with Cr�’ and

DFP32 in the subjects before deworming, showed a marked disproportion

between the decrease of the survival and the amount of daily intestinal blood

loss in most eases. Excess of hemolysis was still present after more than 90 per

cent of ‘the parasites were removed. Red cell survival became normal after

correction of anemia through iron treatment. Excess of hemolysis was also

present in noninfected subjects with iron deficiency anemia due to other

causes.

The reduction in the survival of the erythrocytes from infected subjects

transfused into normal recipients shows that the hemolytic process is due to

an intrinsic defect of the red cells. The low values of hemoglohinemia and

the presence of haptoglobins in the plasma indicate that hemoglobin has not

been liberated in excess intravascularly. Finally, the fact that the red cells

from an infected patient taken after deworming survived normally in sple-

nectomized recipients indicates that the spleen is probably the principal site

of the red cell destruction. The clinical and autopsy findings suggest that

splenic function is not pathologically increased, but rather that this organ is

acting physiologically at a more rapid rate, “culling” the abnormal circulating

red cells and thus leading to a decrease in red cell survival.

The studies presented here also indicate that the hookworm infection per

se does not induce hemolysis.

SUMMARIO IN INTERLINCUA

Un excesso de hemolyse esseva trovate in subjectos con anemia a carenlia

de ferro associate con infection ancylostomal. Le longevitate del erythrocytos,
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-�--�- Table 6.-Self-Absorption of DFP32 in Hemoglobin Solutions

Hemoglobin
Samples Sample Radioactvity Specific Activity

(mg) Counts/Minute (Counts/Minute/200 mg Hb)

494.00

54 4�6.04 492 1,822
496.40

909.42

102 941.93 929 1,821

934.16

1,713.49

200 1 ,700.60 1 ,682 1,682

1,633.12

1,728.07

212 1,718.27 1,750 1,651

1,802.17

2,365.25

276 2,348.;2 2,329 1,688

2,274.56

2,492.41

302 2,502.43 2,500 1,655

2,504.12

2,840.35

348 2,751.11 2,788 1,602

2,773.19

#{176}Thcvolume of each samplewas 2 ml. before drying.

mesurate con Cr3’ e P�2 ( in le forma de di-iso-pro-pyl-fluoro-phosphonato)

ante le disvermification del subjectos, monstrava un marcate disproportion

inter le longevitate e Ic quantitate del diurne perdita intestinal de sanguine in

le majoritate del casos. Un excesso del hemolyse esseva ancora presente post

que plus que 90 pro cento del parasitos habeva essite eliminate. Le longevitate

del erythrocytos deveniva normal post le correction del anemia per therapia a

ferro. Excesso del hemolyse esseva notate etiam in non-inficite subjectos con

anemia a carentia de ferro con altere causas.

Le reduction del longevitate de erythrocytos ab inficite subjectos post br

transfusion ad in recipientes normal monstra que le processo hemolytic es le

effecto de un defecto intrinsec in be erythrocytos. Le basse valores de hemo-

globinemia e le presentia de haptoglobinas in le plasma indica que hemo-

globina ha non essite liberate in quantitates excessive in sitos intravascular.

Finalmente, le facto que be erythrocytos ab un inficite patiente, obtenite post

le disvermification, superviveva normalmente in splenectomisate recipientes

indica que le splen es probabilemente be sito principal del destruction de

erythrocytos. Le constatationes clinic e necroptic suggere que be function

splenic non es augmentate pathobogicamente sed plus tosto que iste organo

age physiologicamente de maniera accelerate, i.e. que illo abstrahe le erythro-

cytos anormal ab le circulation e causa assi un declino del bongevitate erythro-

cytic.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/25/1/73/572257/73.pdf by guest on 19 M

ay 2023



EXCESS HEMOLYSIS WITH IRON DEFICIENCY ANEMIA 89

Le studios hic presentate indica etiam que le infection per ancylostomas

per se non induce hemolyse.

ADDENDUM

As self-absorption is the chief problem when �32 is counted in 1)htflChetS, especially in

the determination of red cell survival where the amount of hemoglobin may vary in the

samples, about 200 ml. of blood was taken from a subject 5 days after the intravenous
injections of DFP32, and three aliquots from each hemoglobin concentration, ranging from

20 to 180 mg. per nil., were counted. The results obtained with each hemoglobin concen-
tration were then converted to counts per 200 mg of hemoglobin in 2 ml. solution. As

can be seen in table 6, the counts obtained with hemoglobin concentrations of 27 and 51

mg. per ml. were about 10 per cent higher than those found with hemoglobin concentra-

tions over 100 mg per ml. Howt’ver, only random differences in radioactivity were ob-

tained with hemoglobin concentrations between 100 and 150 mg. per ml. indicating that

the rate of self-absorption is practically uniform at this range.
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