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Nutritional macrocytic anaemia is known to occur in countries with temperate

climates as well as in the tropical and sub-tropical zones (1—19). It is particularly

frequent in tropical countries where malnutrition is prevalent among large sections of

the population and is probably aggravated by the high fertility rate encountered in

these areas (1-15).

Since 1930, - when L« Wills described in detail this condition in pregnant women

in India (21, 22), a large number of reports have been published from various parts of

the world describing similar conditions under different terms, such as "Nutritional

anaemia," "Nutritional macrocytic anaemia," "Nutritional megaloblastic anaemia," etc.

Along with these descriptions, therapeutic attempts were also reported, and it was found

that some of these cases responded to treatment with folic acid, others to vitamin B^,
while others to vitamin C, to iron, to protein-rich diet, to anii-biotics and to a

variety of other substances (1-19). It seems, therefore, that the condition under the

heading "Nutritional anaemia" represents a heterogenous group of diseases rather than

one olinico-pathological entity, at least as far as the response to treatment is

concerned (20, 23).

The diagnosis of nutritional anaemia was based in the past mainly on the

morphological changes in the bone marrow and in the peripheral blood. These criteria,

however, were soon found to be insufficient since both vitamin and folic acid

deficiencies are usually associated with a megaloblastic transformation of the bone

marrow and the appearance of macro-and poikylocytosis in the peripheral blood. Further¬

more, when folic acid or vitamin deficiencies are associated with iron deficiency,

the morphological picture both in the bone marrow and in the peripheral blood is

considerably modified (24).



For the above reasons the classification of this condition on morphological

basis alone was generally replaced by that founded on the response to treatment.

This method was found to be inadequate as well, since the vast majority of macrocytic-

megaloblastic anaemias respond to treatment with folic acid, irrespective of their

etiology; this includes pernicious anaemia as well, - a vitamin deficiency

disease par excellence.

To overcome these difficulties, methods have been introduced in the past two

decades which enable us to estimate the blood, serum and tissue levels of the various

substances essential for normal blood production. It was found that low serum iron

values with a high unsaturated iron binding capacity, usually indicate the presence of

iron deficiency. It became also generally accepted that low serum vitamin level, -

as measured by any one of the several microbiological assays published, - manifest a

deficiency in this vitamin (23, 25). Serious difficulties were encountered, however,

when attempts were made to estimate the folic acid activity in the blood and serum.

To achieve this aim, several strains of different micro-organisms were isolated, and have

been found to depend for their growth on various metabolites of the folic acid group (26).

Thus Lactobacillus casei was said to utilise both the conjugated and the free forms of

pteroylglutamic acid (PGA) as well as its reduced metabolically active forms (i.e. folinic

acid*)_ Streptococcus faecalis. on the other hand, could grow in the presence of free
PGA and the folinic acid group, but could not utilise the conjugated forms and

N-5-methyltetrahydrofolic acid, while the reduced forms alone (except N-5-methyltetra-

hydrofolic acid) enable the micro-organism Leuconoatoc cifcrovorum (or Pediococcus

cerevisiae) to multiply under well defined conditions.

Of all these micro—organisms the S. faaealis was most widely employed in the

*The term folinic acid is used throughout this paper to denote the metabolically active
forms of PGA.
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estimation of the folic acid activity in the sera of patients with suspected folic

acid deficiency (27-30). However, as the quantity of free PGA and that of the

reduced forms to which S. faecalis responds in the seru# is extremely small (o,4

-1.5 mug/ml) (36), it is no wonder that no significant differences could be demon¬

strated between deficient and normal subjects. To overcome this difficulty, methods

of load liave been introduced. Girdwood in 1953 reported that if 5 mg folic acid is

given to a subject orally, following which the urine is collected over the 24-hour

period and the folic acid activity in it is estimated with S. faecalis. significant

differences can be demonstrated between normal subjects and those suffering from folic

acid deficiency; namely, the folic acid activity in the 24-hour urine specimen of the

deficient patients is much below that of the normal controls (27). Several years

later Mollin and his associates introduced the intravenous load technique, whereby

they measured the rate of disappearance of intravenously injected folic acid from the

serum over a period of 30 minutes after the injection, using S. faecalis as a test
1%t

organism. The above quthors cMmed that patients with folic acid deficiency show a

more rapid clearance of the injected folic acid than normal subjects (30). Other,

rather indirect methods have also been introduced, designed to detect a folic acid

deficiency state (31).

Doubtlessly all these procedures helped us in elucidating vailous aspects of

folic acid metabolism; however, the results obtained by any of the above methods have

to be interpreted with extreme caution since other factors than folic acid deficiency

may probably influence both the rate of disappearance from the serum and the urinary

excretion of injected or ingested folic acid (32, 33).

Distinct progress was made in this field when in 1959 Herbert and associates

used a different micro-organism, the L. casei. in estimating the folic acid activity
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of the serum. They found the folic acid activity in the deficient patients1 sera to be

significantly lower than that of normal subjects (34, 35). Estimations of folic acid

activity oarried out in a different laboratory, - using all three bio-assays

simultaneously on whole blood as well as on serum samples, - disclosed that the vast

majority of the folic acid metabolites, - both conjugated and free forms, - are present

in the circulating red blood cells, and only a small fraction of them can be recovered

from the serum (36-39). It has also been found that in folic acid deficient anaemic

patients the folic acid activity in whole blood is the first to drop, and this fall is

usually substantial before it becomes manifest in the serum (36). It seems, therefore,

that with the aid of the above bio-assays folic acid activity can be estimated reliably

in whole blood and serum, and that the values obtained by these methods may serve as

indicators for the state of the folic acid stores.of the body. Thus the classification

of the so-called nutritional anaemias can now procedd on the basis of direct measure¬

ments of the various haematinics in the blood or serum.

Anaemia ascribed to nutritional causes is extremely frequently encountered in

Burma. Many of the patients affected show a megaloblastic transformation of the bone

marrow with macrocytosis in the peripheral blood, while others show a normocytic or

dimorphic anaemia with a normoblastic bone marrow. Many of these patients are found

among pregnant women or lfomen shortly after delivery. Since this condition is so

highly prevalent here, it seemed worth while to investigate the nature of these anaemias,

their pathogenesis, the causative agents possibly responsible for their development,

their treatment and their possible prevention. A study was, therefore, undertaken

which includes the survey of 1000 women in various months of pregnancy, as well as a

few selected groups with severe anaemia in whom a more detailed study of this condition

was performed. The present paper deals with the results of these investigations.
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MATERIAL AMD METHODS

In order to establish the prevalence of anaemia among pregnant women

regularly visiting the Outpatient Department of the Dufferin Hospital, haemoglobin

was determined in one thousand unselected pregnant women. An attempt was made to

relate the haemoglobin values obtained to the month of pregnancy in which the

haemoglobin determinations were carried out, as well as to the number of previous

pregnancies in each case. These one thousand women comprise a part of the material

presented here which will be referred to hereafter as Group 1. The second group of

patients (Group 2), consisting of forty severely anaemic women, was admitted to the

Department of Medicine of the Rangoon General Hospital, In these patients, after a

careful history was obtained and a thorough physical examination was performed, the

peripheral blood smears as well as bone marrow smears were examined. Blood and serum

samples were obtained from patients in this group for serum iron (40), serum vitamin

(25) and folic acid activity estimations, the latter both in whole blood and in serum

(36). After the completion of the above studies, the patients were treated with blood

transfusions, folic acid, iron, and vitamin injections, either separately or in

combination, following which they were discharged.

Another group of 58 severely anaemic women admitted to the Department of Medicine

of the Rangoon General Hospital comprised the thir group of our patients (Group 3). In

addition to the clinical and laboratory examinations described in the previous group, the

following additional studies were performed in these patients: Haemosiderin was

estimated in the bone marrow at the time of admission and was repeated before the patient

was discharged in a much improved condition (41). Urinary ascorbic acid content was

*These determinations were carried out at the Hebrew University-Hadassah Medical
School in Jerusalem, Israel
At.™* JL*/*-*>£-•■■£**■ ftfhH60-*-*.



estimated in 25 of these patients (42). Repeated cultures were performed in their

stool samples in an effort to detect pathogenic micro-organisms in the intestinal flora.

In order to gain more accurate information about the food habits of these women, a

nutritional survey was carried out in their homes in the course of whioh, both the

quantity and quality of their daily food was estimated. In a limited number of the

patients of this group iron and vitamin B^„ absorption and iron utilisation studies were
59 60 / \

carried out with the aid of Pe and Co -Vitamin (43-45). Red cell survival was

51
estimated with the Cr technique in five patients. In five other anaemic women folic

acid load tests were performed according to the method described by Grossowicz et al. (39).

The latter examinations consisted of the intravenous infusion of 3.0 rag folic acid over

a two-hour period, prior to which both blood and serum samples were obtained to determine

the pre-load folic acid activity in them. The same determinations were repeated on blood

and serum samples obtained on the completion of the infusion, as well as one hour, three

hours, six hours, nine hours and twenty-four hours after the infusion had been completed.

After the haematological studies described above were completed, an attempt was

made to find the minimum.amount of folic acid necessary to induce a haematological recovery

in these patients. To this end the patients were divided into several sub-groups:

Group A of ten patients received a thousand ug of PGA intramuscularly dSgJLy; Group B

of ten other patients was given the same way five hundred ug of folic acid daily; group C,

including ten further patients, was injected daily one hundred ug of folic acid, and

Group D received 10 ug PGA daily aprenterally. Another group (Group E) of eight patients

was given 200 ug of leucovorin daily, while the last group of ten patients (Group F)

received 5 mg PGA orally daily. Haemoglobin determinations and reticulocyte counts

were repeatedly performed on these patients two to three times weekly during the treatment

♦Leucovorin was generously supplied to us by the American Cyanamid Co., New York, N.Y.
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period, and the response to therapy was evaluated twice weekly. The patients were

discharged when their haemoglobin levels reached about 8.0 gn$>, after which time, -

whenever possible, - they were followed up in the Haematology Outpatient Department once

% week.

In order to learn to what extent, if at all, pregnancy does contribute to the

development of the deficieny of the various haematinics studied, - haemoglobin, serum

iron and folic acid activity were estimated in blood samples of unselected women in various

months of pregnancy from the fifth month on up to term. This group of thirty-five

patients will be referred to as Group Ho,4.

As the only source of the developing foetus for substances essential for its

growth and development is the mother, and as the maternal samples were found to be

extremely depleted in their folic acid activity, a comparative study was performed between

the folic acid activity, serum iron and haemoglobin values in paired maternal and foetal

blood and serum samples. The thirty pairs included here form the fifth group of this

investigation Group 5).

The normal values for haemoglobin, red cell count, haematocrit, and folic acid

activity were established by testing the blood and serum samples of twenty-five healthy

adult males and twenty-five healthy adult females. The normal subjects comprise the

sixth and last group to be dealtj^ with here (Group 6).

The division of the material into groups and the various examinations performed

on each group are summarised in Table I.
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RESULTS

Group 1

The haemoglobin values were determined in 1000 non-selected pregnant women.

These women came fror their regular visits to the mother and child care stations and had

no complaints. The average haemoglobin value of the whole group was 8,2 gn$, with a

range of 5.4-12.9 gnif>. An attempt was made to correlate the average haemoglobin values

on the one hand with the month of pregaancy and/or the number of previous pregnancies, on

the other. Ho such correlation was evident from the analysis of the data. ^'hese

findings are summarised in Table II. It should be noted that in only 3.2$ of all these

women was the haemoglobin level within the range accepted as normal during pregnancy.

These normal values ranged from 10.4-12.9 gm$, with an average of 11.1 gin'/'.

Group 2

Symptoms and siand. The majority of these patients complained of fatigue, breathless-

ness, palpitation on exertion and dizziness. Seven of them were in the second half of

their pregnancy, the remainder were within eight months after their last delivery. In

eleven of these patients a previous history of chronic diarrhoea was obtained, the cause

of which was not known. Eight patients had fever at the time of admission, ranging from

100-103°F. Physical examination revealed a severe pallor of skin and mueuous membranes

in all these patients. In about half of them a tachycardia was found with a pulse rate

higher than 90 per minute. In all of them a soft blowing systolic murmur (Grade II)

could be heard over the praecordium, with a maximum intensity in the second inter-space

along the left sternal border. A moderate enlargement of the liver was noted in seven

of the patients, up to 2 cm below the costal margin. The liver was firm and not tender.

In four of" these latter patients the enlargement of the liver was associated with a
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moderate splenomegaly. In a few patients evidence of vitamin deficiency of Group B

could be 3een in the form of glossitis or cheilosis. Wo other findings were detected

at the time of admission. It should be stressed that no neurological signs were noted

in any of these patients.

Laboratory examinations. Routine urine examination - except for a few leukocytes in

the sediment, did not reveal any pathological findings. Microscopical examinations of

the stool specimens revealed no anomalies. The haemoglobin values in these patients

were extremely low and ranged from 1,0 gu£> to 7,0 gn$, with an average of 3,1 gm/. The

peripheral blood smears showed anisocytosis, poikylocytosiB and a large portion of

normocytes and microcytes. There

orphonuclear leukocytes. The bone

e was a marked erythroid hyperplasia,

s with all the characterisitc features

(Fig. 1). The younger myeloid elements

ntial number of typical giant stab cells

1). The megakaryocytes were scarce,
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ranged from 78-376 ugJo, with an

was higher than normal in most cases;

with an average of 656 uug/ml. The
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verage of 4.4 mug/ml. Similarly, low

e serum; the range found was from

rhe S. faecalis assay in the whole

und in the normal controls. The values
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nypercnromxc or normochromic macrpcytes along with

was a hypersegmentation of the nuclei of the polyn

marrow was extremely cellular in all cases, '^hei

the majority of the cells were typical megaloblast

of these cells and with no evidence of maturation

were much larger in size than normal, and a subste

were seen scattered throughout these smears (Fig.

and their nuclei showed changes in the chromatin e

the megaloblasts (Fig. 1). The serum iron values

average of 189 ug$. The serum vitamin level

the values ranged from 120 uug/ml to 1920 uug/ml,

whole blood folic acid activity, as measured by th

with a range of 1,2 mug/ml to 15.0 mug/ml and an a

values were obtained with the same bio-assay in th
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0.37-5.0,ug/ml, with an average of 2,39 mug/ml.

blood/Msclosed a much lower activity than that fo

ranged from 0.8mug/ml .to 6,8 mug/ml, with the aver
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assay revealed an almost complete absence of the activity in the whole blood samples

of the patients tested. The values ranged from quantities not measurable by this

assay up to 1.5 mug/ml,with an average of 0.5 mug/ml. The results of the laboratory

examinations described here are summarised in Table III. These results indicate that

there is an almost complete lack of folic acid activity in these patients' red blood

cells, since the values obtained in the whole blood and the serum samples were closely

similar. Further information was obtained when the haematological studies were extended,

the results of which investigations are described in the next chapter.

Group 3

Symptoms and signs. The symptoms and signs of the disease in these groups of patients

were very much similar to those described in Groups Fifteen patients had slight

liver enlargement, and in four of these the spleen was also palpable below the costal

margin. Forty-one patients had diarrhoea either within three months prior to admission

or at the time they were hospitalised. Ho neurological signs were found in any of

these patients.

Laboratory examinations. Routine urine examination disclosed occasional white blood

cells in the sediment. The microspopic examination of the stool specimens was negative,
f

and stool culture revealed the presence of Salmonella typhi (parathyphoid C? ) in thirteen

of the stool specimens examined. Haemoglobin values in this group of patients were

extremely low and ranged from 1.5-7.0 gm$. The reticulocyte count ranged from 0.1-2,2$.

The peripheral blood smears showed anisocytosis, poikilocytosis and hypereand normochromic

macrocytes and some microcytes. The bone marrow smears showed extreme cellularity with

a marked hyperplasia of the erythroid series. The morphological characteristics of the

bone marrow cells were similar to those described in the patients of Group 2. The serum

*Due to lack of typing sera, no specific identification could be made.



iron values ranged from 40 ug$ to 340 ug?a, with an average of 135 ug^. The serum

vitamin values ranged from 100 uug/ml to 600 uug/ml, with an average of 290 uug/ml.

The whole blood folic acid activity as measured by the L„ casei assay revealed extremely

low values with a range of 2.4 mug/ml to 40 mug/ml. The serum values in the same assay

were equally low. The folic acid activity measured by S. faecalis assay was much below

normal with a range from 0 mug/ml to 22.4 mug/ml and with an average of 3.3 mug/ml. The

whole blood folinlc acid assay disclosed a very low activity as mearued by P. cerevisiae.

The range found with this bio-assay was from 0 mug/ml to 20 mug/ml, with an average of

2.5 mug/ml.

The ascorbic acid estimations in the urine revealed low values as compared to

normal. They ranged from 0.83 mg/24-hour urine sample to 5.8 mg/24-hour urine sample,

as compared to the normal values of above 15 mg/24-hours. The above findings are

detailed in Table IV.

The data obtained from the nutritional survey of many patients are summarised in

Table V. It seems obvious that the daily caloric intake of the patients surveyed is

well below the required normal. The bulk of the calories in most cases is derived from

carbohydrates in the form of rice, whereas protein from animal source, fresh raw vegetables

and fresh fruit are almost complete^absent from the daily diet. The vitamin intake

calculated from the detailed data was alsoj^ markedly diminished, particularly those of

the B group as well as of ascorbic acid.

Out of the six patients in whom the Shilling test was performed, four showed

normal absorption of vitamin B^« while in two the absorption was diminished to much
below normal. It seems of interest that in the stool specimens of one of these latter

patients Salmonella was cultured.
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59Pe studies revealed a rapid or normal clearance of the intravenously Injected
. 59

iron with an average utilisation of Ao% in seven days. The Fe absorption test

revealed an average absorption of 61% of the administered dose. The red cell life

span was found to be shortened markedly in all five patients examined, with an average

half-life of 10,7 days. These data are summarised in Table VI,

Controlled therapeutic trial

In the ten patients who received 1000 tig of folic acid daily intramuscularly, a

marked response to treatment was noted within three to six days after the initiation of

therapy. This response was manifested by a rise in the reticulocyte count as well as

a gradual increase in the haemoglobin legel. When, - in addition to the folic acid, -

ascorbic acid was added to the treatment ten to fourteen days later (100 mg daily intra¬

muscularly), a further increase in both reticulocytes and haemoglobin was occasionally

noted. In two patients, - after a marked increase in the haemoglobin level following

folic acid therapy, - further improvement could be achieved only after ascorbic acid was

added to the therapy. These data are summarised in Table VII. It may be seen that

all these patients left hospital after a considerable improvement, and in those who were

followed up in the Outpatient Department, additional improvement in their condition was

recorded. Bone marrow smears repeated at the end of the hospitalisation revealed a

normoblastic marrow and an almost complete absence of haemosiderin granules.

In the other groups of ten patients each who were given 500 and 100 ug of folic

acid, respectively, daily intramusculary, - with or without later addition of ascorbic

acid, - the response was indistinguishable from that observed after the 1,0 mg dose of

folic acid. On the other hand, no appreciable therapeutic response followed the daily

intramuscular injection of 10 ug folic acid over a 10-day period. When this therapy, -
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after a suitable period of expectation, - was replaced by 200 mg of Leucovorin daily,

also given intramuscularly, a prompt and marked improvement could be observed in the

haematological picture (Table VII). Similarly, very good therapeutic response was

elicited by daily oral administration of 5 mg of PDA. It should be noted, however,

that the weekly average increase in haemoglobin during oral therapy was slightly less

than in patients to whom the drug was given parenterally (Table VII). (Some of.the

above data are graphically illustrated in figures 2,3,4 and 5). In a few patients

repeated serum iron determinations performed at the time of maximal response to folic

acid disclosed a marked drop in these values as compared to the pre-treatment levels

observed in the same patients. Folate activity was determined on the day of discharge

in most of these patients. It may be seen in Table IV that the activity increased

considerably with all bio-assays, though it did not reach the normal range as measured

by L. casei or P. cerevisiae. On the other hand, when the group treated orally with

5 mg PGA daily is considered separately, the post-treatment average folate activity

showed normal values: L. casei 62 mug/ml whole blood{ S. faecalis 35 mug/ml} and

P. cerevisiae 7.0 mug/ml whole blood.

Group 4

In this group of patients were included women in various months of their pregnancy

who had no complaints. Their haemoglobin values ranged from 5.6 gm$ to 12.6 gn$, their

serum iron values from quantities not measurable with the method employed here up to

110 ug$. The folic acid activity in the whole blood was markedly decreased as measured

by the L. casei assay in almost all of them. In about half of them values below normal

were found in whole blood with S. faecalis. Almost no activity could be detected in

any of the blood samples obtained from these women with P. cerevisiae assay. These
>%>

values are summarised in Table VIII. An attempt was made to relate the various
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haematological data to the month of pregnancy and/or the number of pregnancies. No

such correlation could be found between any of the above parameters.

Group 5

The haemoglobin values as well as the results of the serum iron'determinations

and folic acid activity in paired maternal and cord blood samples are summarised in

Table IX. The average maternal haemoglobin values as well as those of the serum iron

were very low, 6.6 gnand 25 ug$, respectively. A rather surprising finding was the

low average haemoglobin and relatively low serum iron in the corresponding cord blood

samples, having been 9.7 gra?S and 98 ug$, respectively. It should be noted that in

some of the cord samples no iron could be demonstrated by the method employed here.

The £at±sxaazdzaeizzttyx average folate activity in the maternal blood was well below

normal, with all three bio-assays; L. easel showed an average of 18.4 mug/ml,

S. faecalis - 6.3 mug/ml, and P. cerevisiae revealed 3.9 mug/ml whole blood. The

activity in the foetal blood .samples was also below those found in cord blood samples

of infants bom to non-anaemic mothers (/7). The L. casei assay revealed 68.1 mug/ml,

the S, faecalis showed 27.7 mug/ml, and the P. cerevisiae assay showed 42.3 mug/ml cord

blood. These data are summarised in Table IX.

Group 6

The normal range and averages for the various haematological examinations were

based on Jtjiifty healthy adult subjects. These values are summarised in Table X.

Surprisingly low folic acid activity was found in the whole blood samples of healthy

individuals whose haemoglobin, serum iron and serum vitamin levels were within the

normal range. In some instances the folate activity was the same in normal subjects

as in patients with megaloblastic anaemia.
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Polio acid load

The slow intravenous administration of 3 Kg PGA to patients with severe

megaloblastic anaemia was followed by a sudden rise in folate activity as measured with

L. easel and S. faecalis. These values decreased gradually, without, however, reaching

the pre-injection levels. A slighti delayed rise was observed with the P. cerevisiae

assay 6 hours following the load which persisted throughout the period of observation.

These changed are summarised in f-'j ■ 6.

DISCUSSION

The data presented here indicate that the macrocytic anaemia due mainly to folic

acid deficiency is vexy common in Rangoon and its vicinity. It was found particularly

frequent among women of child-bearing age, although more moderate degrees of anaemia

were also encountered among maleB of all ages (^). The peripheral blood showed a

pronounced macrocytosis and poikylocytosls. The bone marrow smears showed megaloblastic

transformation of the ervthroid cells in most instances, with almost complete lack of

evidence for maturation. When these marrow smears were stained for haemosiderin,

BaAgjmfaByxtMXKTimcgH moderate to large amounts of positively staining granules could be

observed. ^hese findings correlated well with the very high serum iron values observed

in these patients before therapy was initiated. It should be noted that in those few

instances where the serum iron values were low, few - if any - haemosiderin granules

could be detected in the bone marrow smears. It seems safe to conclude, therefore, that

at the time of admission most of these patients had sufficient iron with which to

produce adequate quantities of haemoglobin, and apparently the available iron was not

btained utilised. When serum vitamin was determined in these patients the values o

of were high in most patients, a finding which practically excludes the possibility

vitamin B.0 deficiency as a cause of the anaemia described here.
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The most revealing findings were obtained when whole blood and serum folic

acid activity was estimated utilising three micro-organisms simultaneously, namely

L. oasei. S, faeaalis and P. cerevisiae. Prom the data obtained with these assays it is

evident that folic acid activity was extremely low in almost all patients in whose blood

samples these determinations were performed. This was particularly true in the patients

with severe megaloblastic anaemia, though to a lesser drtent the same findings were

observed in pregnant women without any subjective complaints and a less severe degree of

anaemia. Analysing the data obtained in the folic acid assays it seems equally obvious

that the circulating red blood cells which normally oarry about 90 per cent of the total

circulating folic acid activity were almost completely devoid of any activity at all.

This conclusion could be reached by comparing the folic acid activity in the serum with

that of whole blood which was closely similar.

The folate activity in a limited number of non-anaemic, he&lthy subjects was low,

with some micro-organisms as low as that found in patients with severe megaloblastic

anaemia. In view of the folate activity found in a large number of bio-assays performed

on blood and serum samples of normal individuals in various parts of the world, one cannot

escape the conclusion that the "control" subjects selected for this study had a marked

folic acid deficiency. This deficiency, however, was not manifested in anaemia yet, since

the folic acid derivatives still available were probably sufficient to keep up normal blood

production. The depletion of essential haematinics may precede the actual development of

anaemia, as has been shown with regard to vitamin in patients with pernicious anaemia

as well as in patients with nutritional megaloblastic anaemia (/^). Similar observations

have been made with regard to the folate activity as well.

It has been found (2-6) that ingested (and absorbed) or injected PGA is either

excreted in the urine as such or reduced into one of its metabolically active forms (i.e.
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folinic acid) and utilised, or several folic acid molecules combine to form polyglutamates

to be deposited as such in the red blood cells. It is also known that the conjugation

of folic acid molecules or their deconjugation is performed by enzyme or enzymes which

are referred to a3 conjugases (26). Furthermore, it has also been observed that one

mechanism of conversion of PGA into one of its metabolically active forms is effeoted by

enzymes which require the presence of reducing substances (49). Among these latter

substances ascorbic acid is one of the important ones. In a fair number of our patients

the bio-assays performed with S. faecalis showed measurable, and sometimes even normal

activity. It was surprising that in most instances almost no activity could be detected

with P. cerevisiae measuring the reduced forms of folic acid. This finding indicates that

not only was there a depletion of folic acid activity in theso patients, but also they

seemed to be unable to convert the available PGA into one of its metabolically active forms.

Hence the finding of extremely low urinary ascorbic acid excretion in these patients, as

compared to normal subjects, indicating a severe vitamin C deficiency, gains additional

importance.

The therapeutic efforts undertaken seem to bear out the above conclusions. When

folic acid was given alone to these patients, a substantial improvement of the clinical and

haematological status was achieved in almost all instances. In some patients, after a

marked initial response to folic acid therapy alone, no further improvement could be

achieved unless ascorbic acid was added to the therapy. From the data obtained in the

course of these therapeutic triads it seemed obvious that a faster and better response could

be obtained with the combination of folic acid and ascorbic acid therapy given for up to

two weeks. In some instances repeated bone marrow smears showed a complete lack of

haemosiderin granules. Accordingly, parenteral iron therapy was instituted which was

associated with a marked further improvement in the haemoglobin value. The therapeutic

trials performed were designed to find the minimal amount of folic acid required to induce
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a haematological remission in these cases. It was found that as little as 100 ug of

folic acid was sufficient to achieve that response in these severely depleted subjects.

The folic acid requirements of normal human subjects are not known. Attempts have been

made to determine these requirements on patients suspected of suffering from folic acid

deficiency (50, 51). It was found that as little as 25 ug of folic acid are capable of

inducing a haematological remission. The data presented here are in agreement with the

few reports published on that subject. In view of the folate activity found after treat¬

ment in whole blood samples of our patients, the question arises whether the small amounts

of PGA administered daily parenterally are sufficient to correct the deficiency state.

The haematological response to such doses of folic acid was very good, the low folate

values after treatment, however, indicate that the total amount given by the parenteral route

was not sufficient to replenish the folic aeid stores of the body. When 5 mg of PGA were

il> ouja
given daily orally to these patients an equally good, so somewhat slower, haematological

response followed, and the post-treatment folate activity in the blood became normal.

Apart from the quantitative difference between the parenterally and orally given PGA in

the course of the present therapeutic trial, other factors have to be considered in trying

to account for the difference found between the two groups in their post-treatment folate

activity. It is probable that the intramuscularly injected folic acid, - often having

been absorbed rapidly, - reached high values in the blood stream and most of it was

eliminated, whereas the relatively s±bkszx more slowly absorbed PGA from the gastrointestinal

tract allowed the metabolic processes to take place which are necessary for adequate storage

and utilisation of this vitamin. Although this latter statement cannot be proven on the

basis of our data, they seem to indicate that patients with nutritional megaloblastic

anaemia should be given oral folic acid at least 5 rag daily for 2-4 weeks in order to

replenish their depleted stores.



- 19 -

As stated in the introduction of this paper, a large number of reports have

been published on the prevalence of anaemia in tropical countries and on the response

to treatment with various substances in the same areas (^f ). In many of these

reports the conclusion was reached that the most frequent type of anaemia encountered

here was that due to iron deficiency alone. The observations made in the course of

this study indicate that anaemias due primarily to folic acid deficiency are also

extremely frequent in tropical areas. therefore, the widely propagated and indiscriminate

use of iron in the treatment of anaemia in tropical countries is not warranted and may

even be harmful.

The cause of nutritional anaemia due to folic acid deficiency is not known.

Malnutrition haB been mentioned as one of the possible factors bringing about this type

of anaemia. The nutritional survey in the limited number of cases carried out here seems

to confirm this possibility. While the overall caloric value of the food specimens

examined, - derived mainly from carbohydrates, - seems to have been only slightly

diminished, its relatively low animal protein content and the almost complete absence

of fresh raw vegetables and fruit from it, - (the main sources of dietary folic adid), -

may be largely responsible for the development of the folic acid deficiency observed.

The impression was gained by the author, both through years of clinical

experience and from the limited number of patients included in this study, that this

type of anaemia is much more frequent among women than among men, and that it is

particularly prevalent during pregnancy or in the intervals bireen pregnancies. The

possible role of pregnancy in the causation of this anaemia was therefore investigated.

From the data obtained the conclusion seems to be justified that pregnancy with its

depleting effect on the maternal stores of essential substances, such as iron, folic
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acid, vitamin B^» etc., has a marked accelerating effect on the development of
nutritional anaemia. Further evidence for this assumption was obtained by comparing

the values of various haematinics in paired maternal and cord blood samples. It was

shown that the cord blood samples contain a higher concentration of all the haematinics

than their corresponding maternal counterparts. It seems of particular interest that in

many of the cord blood samples examined, both the haemoglobin and the serum iron values

were much below those found in the cord blood of newborn infants delivered to non-anaemic

mothers. We are not aware of any similar observations reported from any of the other

centers where anaemia of pregnancy is prevalent. Although follow-up studies have not

been carried out on the infants of anaemic mothers so far, one is tempted to speculate

about the deleterious effects the congenitally depleted infantile stores may have on

host resistance in the course of the first two years of life. A study is now in progress

to investigate this problem.

A fairly large number of patients included in this report suffered from diarrhoea

somo-time within the past three months before the symptoms of the disease became manifest.

The isolation of Salmonella from the intestinal flora of a large percentage of patients

examined may account for the clinical signs of diarrhoea on the one hand, and, - by

bringing about a rapid peristaltic movement, - it may also be responsible for the

improper decomposition of the food as well as the decreased absorption of substances

normally liberated by the gastro-intestinal enzymes. This ^possibility was evidenced

by the lack of absorption of vitamin in one patient in whose gastric juice free

hydrochloric acid was present in abuddant quantities and from whose stool samples

Salmonella was isolated. It seems therefore warranted to conclude that in addition to

the nutritional factors and the depleting effect of repeated pregnancies, the defective



- 21 -

absorption from the gastro-intestinal tract has to be regarded as an additional

causative agent responsible for the above anaemia.

59
The Fe studies disclosed a rapid turnover and itilisation of the intravenously

injeoted iron in some instances, while these values were normal in others. These

findings could be correlated with the serum iron values and the amount of haemosiderin

granules present in the bone marrow at the time of examination. In patients with low
T

werum iron and lack of haemooiderin granules in the bone marrow, the ~ and the utilisation

59
of the Pe were faster than normal, whereas in those with normal or high serum iron, the

rate of clearance was within normal limits. Although no jaundice was evident clinically,

a %)emolytic component participating in, and aggravating this condition had also to be

taken into consideration. Increased red cell destruction in macrocytic anaemia has been

TwimrtR demonstrated, and it x*as thought to be due to the gross morphological anomalies

of the red cells usually associated with these conditions. ^he beat kntrelh among these

is the pernicious anaemia (52). In view of this possibility, red cell survival studies

51
were carried out on a limited number of patients with the aid of Cr . A markedly

shortened red cell survival was obtained in all the patients studied.

Cl3t\C&J&4&lA>o •

.j-to- ji-ujr c ■ Considering all that was said above it may be conoluded that nutritional

macrocytic anaemia is prevalent in the Rangoon area. It is due primarily to folic acid

deficiency, probably associated with ascorbic acid deficioncy. It responds readily to

treatment with the above two substances. ?he cause of this deficiency is complex, and

the factors responsible for its development are as follows: malnutrition, particularly

lack of adequate^ amounts of protein from animal source and a virtual absence of fresh

vegetables and fresh fruit from the patients' diet. Repeated pregnancies, with the

known depleting effect of the developing foetus on the maternal stores. Intestinal
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infections,(such as Salmonella infections) with associated diarrehoea bringisfc about

diminished or lack of absorption of substances essential for normal blood production.

As an aggravating factor the increased red cell destruction should be mentioned which,

however, is the consequence of the disease rather than its cause.

Any therapeutic or preventive measures aimed at the solution of this problem

on a large scale have to be based on the findings described above. Such a preventive

scheme has already been put into operation on a limited scale by this investigator, the

results of which will be reported in due time.



LEGENDS TO FIGURES

Fig. 1 Bone marrow smears showing typical megaloblastis and giant stab cells

(x 1,600).

Lgs. 2. 3. 4. 5 Schematic illustrations of the hoematological response due to varying

parenteral doses of P.G.A.

iff. 6 Folate activity in whole blood before and various intervals after intra¬

venous P.G.A. load.
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Table II

No, of Women Month of Pregnancy No. of Pregnancies Haemoglobin gm^

249 - 1 AY,: 7.5
Range: 5,6-12,6

337 - 2-3 Av.: 8,1
Range: 5.6-12.9

205 - 4-5 Av,: 8.1
Range: 5.6-11,2

208 - 6+ Av,: 7,8
Range: 5.6-12.6

229 5th - Av,: 7.9
Range: 5.6-12,6

237 6th - Av.: 8.6
Range: 5,6-12.6

220 7th - Av.: 7.7
Range: 5,6-12.4

172 8th - Av.: 8.6
Range: 5,4-11.2

142 9th - Av.: 8,3
Range 5.6-12,6

(*)
33 ' - - Av.: 11,1

Range: 10,4-12,9

Table II summarises the data obtained in a survey on 1000 unselected pregnant
women. Note the lack of correlation between the month of pregnancy and the
average haemoglobin level as well as that between the number of pregnancies and
the average haemoglobin values. The differences between the average haemoglobin
values from group to group are not significant.

(*) Of the 1000 women examined, 33 were found to have haemoglobin values within
the normal range.



Table
III

No.
ofPatients

Haemoglobingn$

Serum
Iron

ug$

Vitamin
B

uug/ml

Folic
Aci
d

Studies

L.

casei

S.faecalis
P.

cerevisiae

Whole
Bloodmug/ml

Serummug/ml

Whole
Bloodmug/ml

Whole
Bloodmug/ml

40

Av.:
3.1Range:1.0-7.0
Av.:
189Range:78-376
Av.:
656Range:120-1920
Av.:
4.4Range:1.2-15.0
Av.:
2.39Range:0.37-5.0
Av.:
2.2Range:0.8-6.8
Av.:
0.5R«nge:0.0-1,5

I

Average
ranges
and

values
obtained
in
40

patients
with
severe

megaloblastic
anaemia.



Table
IV

No.
ofPatients

Haemoglobingu$

Serum
Iron

ug$

Serum

Folic
Acid

Studies

L.

casei

S.faeoalis
P.cerevisiae

UrinaryAscorbic
Acid

mg/24
hours

Vitamin
B

uug/ml

Whole
bloodmug/ml

Whole
bloodmug/mi
Whole
bloodmug/ml

508

Av.;
3*56Range:1.5-7.0
Av.:
135Range:40-340
Av.:
290Range:100-600

BeforeTreatment
Av,:
10.8Range:2.4-40.0
Av,:
3,3Range:0-22.4
Av.:
4.2rRange:0-20.0

Av.:
2.41Range:0.83-5.8

AfterTreatment
Av.:
31,0Range:35-130
Av.:
10.1Range:0-80
Av.:
4.2Range:0.5-20

Average
ranges
and

values
obtained
in508

patients
with

severe

megaloblastic
anaemia.



Table V.

Protein Protein
Intake of of vege¬
in 24 animal table Carbo¬ Vitamin B

erial hours source source hydrates Lipids Vitamin C group
No. Calories gm/24 hrs gm/24 hrs gm/24 hrs gm/24 hrs mg/24 hrs mg/24 hrs

1. 1977 19,5 37,6 347 31.0 15.96 10,0

2. 1106 2,1 19.7 195 22,7 18.4 6.0

3, 1384 4,1 23,4 • 260.8 22.0 17.3 7.0

4. 2074 16,1 40 382 44.0 19.0 10.3

5. 2172 10,2 37,2 438 29,8 8,8 10,8
172 10.2 3^,2 430 2y,o t>,o IU.O

372 12,8 < 22.3 249 26,4 8,4 6,5 6.

358 46.6 6.7 9.2 (• dVdl io,«£

504 15.5 3,6 12,0 8, 2376 7,6 47,6

188 23,2 20,0 11,0 9. 1110 2.3 18,4

270 24.0 16,0 8.0 10, 1365 3.9 22,3

401 42,0 21,0 13.0 11. 2100 15.3 37,6

361 28.5 16.0 9,0 12. 2000 21,0 36,0

Legends see in text



/CLO-Zl xtf6±t: « j.

Lai

P

Radio¬

activity
in 24 hr.
urine

specimen
Percent of

injected
dose

T/2
Pe 59
min.

Plasma
turnover

ugm/kg/hr

Percent
of Pe59
absorbed

Percent
of Pe59
utilized
on 7th
day
after
injection

Day of
irtwri rmim

utilization

following
Pe59 admin¬
istration

T/2 in days
as measured

by the Cr51
technique

y 22.0 - - - - - -

• 12.8 - - mm - mm mm

§ 1.8 - - - - - -

9 3.2* mm - ~ - -
•

a 24.0 mm - mm - - Ml

• 14.4 - - - - mm

9
- 55 127.4 - 71 7th

9
- 136 71.6 - 27 7th

mm 25 61.2 - 69 5th •

•
- 13 0.64 - 46 8th

9
- 15 0.72 - 55 6th

•
- - - 89 62 12th

•
- - - 57 57 14th -

9
mm _ 48 Not ex¬ - -

•
.. - - 62 amined

If
- -

9 - - - - - 13.2

*
- - - - - - 7.6

9
- - - - - 9.4

•
«*» - - - mm - 12.5

•
- - - - - - 11.2

* Salmonella cultured from stool specimen.

Legends see in text.



Table
VII.

s

Employed

AverageHaemoglobinIncrementWeeklygm^

Initial

Maximum

HaemoglobinValues
onDischargegn$

id

Leucovorin

So.
of

HaemoglobinValuesgn$

ReticulocyteValues

Days
ofTreatment

Drugs
Em]

1.6

Patients

4

Folic
Acid

-Ly

10

Av•*
3,6Range:1.8-5,0
Av.:
7.3Range:5.0-9.0
Av.:
8,5Range:7,6-9.6
16-24

1000
ug

i.m.
daily
ly

1,6

10

AY.:
3.6Range:2»0-5,0
Av,:
6,9Range:4.0-11,0
Av.:
8,6RejTge:7.6-10,0
16-20

500
ug

i.ra,

daily
iy

1,5

10

Av.:
3,8Range:1.5-7,0
Av.:
7.3Range:3.6-11.0
Av.:
8,4Range:7.8-9.2
16-20

100
ug

i.m.
daily
ly

0.4

10

Av.:
3.7Range:2,2-5.2
Av,:
3.0Range:1.6-4,0
Av.:
4.5Range:3.6-5.6
12

10
ugi.m.

daily

1.4

10

Av.:
3,46Iiange:2,0-4.3
Av.:
12.6Range:6,6-20.0
Av.:
8.9Range:7,6-10,0
20-2820

5

ragorallydaily

200
mg

i.m.
daily

1,7

8

Av.:
3.3Range:2.9-5,6
Av.:
10.1Range:4-14.2
Av.:
8.5Range:7.1-11.0
12-20

Legends
see
in

text



Table
VIII

No.
ofwomen

Age

Monthof

preg¬nancy
No,
of

Serum
Iron

Ug<yo

Folic
Acid
St:

previouspreg¬nancies

Haemoglobingn$

L,

casei'Whole
blood

mug/ml

S.

faecalis
Whole
bloodmug/ml

6

17-24
5

2.1

Av.:
7.9

Av.:
31

Av,:
30.1

Av,:
5.4

1

-

5

Range:7.0-9.8
Range:0-65

Range:16,0-44,0
Range:1,2-9,6

6

18-31
6

2.3

Av.:
8,1

Av.:
23

Av.:
18.3

Av.:
5.1

1

-

8

Range:7.0-9.8
Range:0-80

Range:10-26,0
Range:1.3-9,3

6

17-38
7

3.1

Av.:
7.8

Av,:
10

Av,:
24,2

Av«:
6,8

1

-

8

Range:6,7-9.8
Range:0-20
ft

-

6

17-31
8

1.8

Av,:
7.1

Av.:
48

Av,:
18.8

Av.:
8,6

1

-

3

Range:5.6-8.4
Range:0-110
Range:10.8-28,8
Range:4.7-12.6

6

21-35
9

3.3

Av.:
8,05

Av.:
35

Av,:
12,6

Av.:
2.3

1

-

6

Range:7.0-12.6
Range:0-75
Range:4,0-25.6
Range:1.5-4.2

t

u

d

i

e

s

Legends
see
in

text

.6

P.

cereviaiae
Whole
bloodmug/ml

Av,:
1.17Range:0-2,35Av.:

0.17Range:0-0.7Av,:
0

Av.:
0,16Range:0-0.65Av.:

0Range:0-0



E

Ho.
of

Haemoglobin
Serum
Iron

Pairs

ugi*>

Av.
:

6.6

Av.
s

25

20

Ranges
5*8-8.4
Range:
0-105

Av.
:

9.7

Av.
:

98

Range:
8.3-17.5
Ranges
0-275

Table
IX.

A

T

E

R

N

A

L

Folic
acid

studies

L.

casifei

S.

faecalis

cerevisiae

Whole
blood

Whole
blood

Whole
blood

mug/ml

mug/ml

mug/ml

Av.
:

18.4

Av.
:

6.3

Av.
:

3.9

Range:
1.5-21.4

Range:
1.5-11.4
Range:

0.5-7.1

ETA
Av.
:

68.1

Av.
:

27.7

Av.
:

42.3

Range:
10.6-147
Range:

4.5-44.8
Range:
2.6-70

J>
S



Table
X.

No,
ofsubjects

Age

Sex

Haemoglobin
Vitamin
B

„

uug/ml

Folic
A

c

i

d

St
u

d

i

e

s

L.

caseimug/ml

S.

faecalismug/ml
P.

cerevisiaemug/ml

15

19-24
M

Av.:
13,5

Av.:
595

Av,:
14,1

Av.:
4.34

Av.:
2.45

Range;12,1-15,5
Range:330-910
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DISCUSSION.

The data presented here indicate that macrocytic anaemia due mainly to
folic acid deficiency is very common in Rangoon and its vincinity. It was found

particularly frequent amoung women of child-tearing age, although more moderate

degrees of anaemia were also encountered amoung males of all ages (i+6). The

peripheral hlood showed a pronounced macrocytosis and poikylocytosis. The
tone marrow smears showed megaloblastic transformation of the erythroid cells in
most instances, with almost complete lack of evidence for maturation. When
these marrow smears were stained for haemosiderin, moderate to large amounts
of positively staining granules could te observed. These findings correlated
well with the very high serum iron values observed in these patients before

therapy was initiated. It should be noted that in those few instances where

the serum iron values were low, few - if any - haemosiderin granules could be
detected in the bone marrow smears. It seems safe to conclude, therefore, that at
the time of admission most of these patients had sufficient iron with which to

produce adequate quantities of haemoglobin, and apparently the available iron
vitamin

was not utilised. When serum^B^ was determined in these patients the values
obtained were high in most patients, a finding which practically excludes the

possibility of vitamin deficiency as a cause of the anaemia described here.

The most revealing findings were obtained when whole blood and serum folic

acid activity was estimated utilising three micro-organisms simultaneously,
namely L. casei, S. Paecalis and P. cerevisiae. Prom the data obtained with

these assays it is evident that folic acid activity was extremely low in almost
all patients in whose blood samples these determinations were performed. This
was particularly true in the patients with severe megaloblastic anaemia, though
to a lesser extent the same findings were observed in pregnant women without

any subjective complaints and a less severe degree of anaemia. Analysing the
data obtained in the folic acid assays it seemsequally obvious that the

circulating red blood cells which normally carry about 90 per cent of the total

circulating folic acid activity were almost completely devoid of any activity at
all. This conclusion could be reached by comparing the folic acid activity in

the serum with that of whole blood which was closely similar.

The folate activity in a limited number of non-anaemic, healthy subjects
was low, with some micro-organisms as low as that found in patients with severe

megaloblastic anaemia. In veiw of the folate activity found in a large number
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of "bio-assays performed on blood and serum samples of normal individuals in

various parts of the world, one cannot escape the conclusion that the
"control" subjects selected for this study had a marked folic acid deficiency.
This deficiency, however, was not manifested in anaemia yet, since the folic
acid derivatives still available were probably sufficient to keep up normal blood

production. The depletion of essential haematinics may precede the actual

development of anaemia, as has been shown with regard to vitamin i-n patients
with pernicious anaemia as well as in patients with nutritional megaloblastic
anaemia (48). Similar observations have been made with regard to the folate

activity as well.

It has been found (26) That ingested, (and absorbed) or injected PGA is either
excreted in the urine as such or reduced into one of its metabolically active
forms (i.e. folinic acid) and utilised, or several folic acid molecules combine
to form polyglutamates to be deposited as such in the red blood cells. It is also

known that the conjugation of folic acid molecules or their deconjugation is

performed by enzyme or enzymes which are referred to as conjugases (26).
Furthermore, it has also been observed that one mechanism of conversion of PGA
into one of its metabolically active forms is affected by enzymes which require
the presence of reducing substances (49)• Araoung these latter substances ascorbic
acid is one of the important ones. In a fair number of our patients the bio-assays

performed with S.faecalis showed measurable, and sometimes even normal activity.
It was surprising that in most instances almost no activity could be detected
with P. cerevisiae measuring the reduced forms of folic acid. This finding indicates
that not only was there a depletion of folic acid activity in these patients,
but also they seemed to be unable to convert the available PGA into one of its

metabolically activ^orms. Hence the finding of extremely low urinary ascorbic
acid excretion in these patients, as compared to normal subjects, indicating
a severe vitamin C deficiency, gains additional importance.

The therapeutic efforts undertaken seem to bear out the above conclusions.
When folic acid was given alone to these patients, a substantial improvement of
the clinical and haematological status was achieved in almost all instances. In
some patients, after a marked initial response to folic acid therapy alone, no

further improvement could be achieved unless ascorbic acid was added to the

therapy. From the data obtained in the course of these therapeutic trials it
seemed obvious that a faster and better response could be obtained with the



combination of folic acid and ascorbic acid therapy given for up to two weeks,
In some instances repeated bone marrow smears showed a complete lack of haemosiderin

granules. Accordingly, parenteral iron therapy was instituted which was

associated with a marked further improvement in the haemoglobin value. The

therapeutic trials performed were designed to find the minimal amount of folic acid
required to induce a haematological remission in these cases. It was found that
as little as 100 ug of folic acid was sufficient to achieve that response in these

)

severely depleted subjects. The folic acid requirements of normal human subjects
are not known. Attempts have been made to determine these requirements on

patients suspected of suffering from folic acid deficiency (50,5l)» If was found
that as little as 25 ug of folic acid are capable of inducing a haematological
remission. The data presented here are in agreement with the few reports published
on that subject. In view of the folate activity found after treatment in whole
blood samples of our patients, the question arises whether the small amounts of
PGA administered daily parenterally are sufficient to correct the deficiency
state. The haematological response to such doses of folic acid was very good,
the low folate values after treatment, however, indicate that the total amount

given by the parenteral route was not sufficient to replenish the folic acid
stores of the body. When 5 rag of PGA were given daily orally to these patients an

equally good, though somewhat slower, haematological response followed, and the
folate activity

post-treatment j^in the blood became normal Apart from the quantitative difference
between the parenterally and orally given PGA in the course of the present therap¬
eutic trial, other factors have to be considered in trying to account for the
difference found between the two groups in their post-treatment folate activity.
It is probable that the intramusculaly injectecj. folic acid, - often having been
absorbed rapidly, - reached high values in the blood stream and most of it was

eliminated, whereas the relatively more slowly absorbed PGA from the gastro-intestinal
tract allowed the metabolic processes to take place which are necessary for adequate

storage and utilisation of this vitamin. Although this latter statement cannot be

proven on the basis of our data, they seem to indicate that patients with
nutritional megaloblastic anaemia should be given oral folic acid at least 5 mg

daily for 2-4 weeks in order to replenish their depleted stores.

As stated in the introduction of this paper, a large number of reports have
been published on the prevalence of anaemia in tropical countries and on the

response to treatment with various substances in the same areas (1t19K In



many of these reports the conclusion was reached that the most frequent type of
anaemia encountered here was that due to iron deficiency alone. The observations

made in the course of this study indicate that anaemias due primarily to folic--
acid deficiency are also extremely frequent in tropical areas. Therefore, the
widely propagated and indiscriminate use of iron in the treatment of anaemia
in tropical countries is not warranted, and may even be harmful.

The cause of nutritional anaemia due to folic acid deficiency is not known.
Malnutrition has been mentioned as one of the possible factors bringing about

this type of anaemia. The nutritional survey in the limited number of cases

carried out here seems to confirm this possibility. While the overall caloric
value of the food specimens examined, - derived mainly from carbohydrates, -
seems to have been only slightly diminished, its relatively low animal protein
content and the almost complete absence of fresh raw vegtables and fruit from it,
- (the main sources of dietary folic acid),- may be largely responsible for the
development of the folic acid deficiency observed.

The impression was gained by the author, both through years of clinical

experience and from the limited number of patients included in this study, that
this type of anaemia is much more frequent amoung women than amoung men, and that
it is particularly prevalent during pregnancy or in the intervals between pregnancies.
The possible role of pregnancy in the causation of this anaemia was therefore

investigated. Prom the data obtained the conclusion seems to be justified that

pregnancy with its depleting effect on the maternal stores of essential substances,
such as iron, folic acid, vitamin , etc., has a marked accelerating effect on

the development of nutritional anaemia. Further evidence for this assumption
was obtained by comparing the values of various haematinics in paired maternal and
cord blood samples. It was shown that the cord blood samples contain a higher
concentration of all the ha&matinics than their corresponding maternal counterparts.
It seens of particular interest that in many of the cord blood samples examined, both
the haemoglobin and the serum iron values were much below those found in the cord blood

of newborn infants delivered to non-anaemic mothers. We are not aware of any

similar observations reported from any of the other centres where anaemia of

pregnancy is prevalent. Although follow-up studies have not been carried out

on the infants of anaemic mothers so far, one is tempted to speculate about the

deleterious effects the congenitally depleted infantile stores may have on host
resistance in the course of the first two years of life. A study is now in
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progress to investigate this problem.

A fairly large number of patients included in this report suffered from
diarrhoea some-time within the past three months before the symptoms of the
disease became manifest, The isolation of Salmonella from the intestinal

flora of a large percentage of patients examined may account for the clinical

signs of diarrhoea on the one hand, and, - by bringing about a rapid peristaltic

movement, - it may also be responsible for the improper decomposition of the
food as well as the decreased absorption of substances normally liberated by
the gastro-intestinal enzymes. This possibility was evidenced by the lack of

absorption of vitamin i° one patient in whose gastric juice free hydrochloric
acid was present in abundant quantities and from whose stool samples Salmonella
was isolated. It seems therefore warranted to conclude that in addition to

the nutritional factors and the depleting effect of repeated pregnancies, the
defective absorption from the gastro-intestinal tract has to be regarded as an

additional causative agent responsible for the above anaemia.
59

The Fe studies disclosed a rapid turnover and utilisation of the

intravenously injected iron in some instances, while these values were normal in

others. These findings could be correlated with the serum iron values and the amount

of haemosiderin granules present in the bone marrow at the time of examination.

In patients with low serum iron and lack of haemosiderin granules in the bone marrow,
T 59the — and the utilisation of the Fe were faster than normal, whereas in those

with normal or high serum iron, 'the rate of clearance was within normal limits.

Although no jaundice was evident clinically, a haemolytic component participating
in, and aggravating this condition had also to be taken into consideration.

Increased, red cell destruction in macrocytic anaemia has been demonstrated, and it
was thought to be due to the gross morphological anomalies of the red cells usually
assocaited with these conditions. The best known among these is the pernicious
anaemia (52). In view of this possibility, red cell survival studies were carried

51out on a limited number of patients with the aid of Cr. ' . A markedly shortened
red cell survival was obtained in all the patients studied.

Conclusions:

Considering all that was said above it may be concluded that nutritional

macrocytic anaemia is prevalent in the Rangoon area. It it rlno primarily to
folic acid deficiency, probably associated with ascorbic acid deficiency. It

responds readily to treatment with the above two substances. The cause of this



deficiency is complex, and the factors responsible for its development are as

follows: malnutrition, particulary lack of adequate amounts of protein from
animal source and a virtual absence of fresh vegetables and fresh fruit from the

patients' diet. Repeated pregnancies, with the known depleting effect of the
developing foetus on the maternal stores. Intestinal infections, (such as

Salmonella infections) with associated diarrhoea bring about diminished or

lack of absorption of substances essential for normal blood production. As an

aggravating factor the increased red cell destruction should be mentioned which,

however, is the consequence of the disease rather than its cause.

Any therapeutic or preventive measures aimed at the solution of this problem
on a large scale have to be based on the findings described above. Such a preventive
scheme has already been put into operation on a limited scale by this investigator,
the results of which will be reported in due time.


