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Introduction 

Though extensive studies have been made of 
the subject, many gaps in our knowledge of the 
anaemias complicating pregnancy still exist. 
These gaps are particularly noticeable when in- 
formation is sought concerning the origin of 
anaemia, chiefly because most of the workers on 
the subject have been dealing with uncontrolled 
populations. I use the word origin instead of 
onset advisedly, because it implies some know- 
ledge of the aetiology of the disease and it is 

probable that more information about the onset 
will provide the clue to the aetiology of the 
disease. I have therefore taken advantage of 

my position as medical officer to a controlled 

population to study the onset and development 
of these anaemias. This work has been only the 
spare time occupation of a general practitioner, 
so that the amount of material is small and 
conclusions drawn therefrom await confirmation 

by other workers in the field. I shall feel 
satisfied if I can stimulate others who are in 

daily contact with tea garden labour to record 
their experience. 

Material 

This paper is based mainly on a series of 31 
women who were found to be anaemic at all 
stages of pregnancy, and in part on a study of 
182 women who were found to be anaemic after 
the 28th week of pregnancy, 107 of whom it was 

possible, to assign to definite haematological 
groups. The latter series was detected during 
routine examinations of all women receiving 
pregnant leave in a group of 13 estates over a 
period of 12 months in 1938, and has been fully 
analysed in a paper which appeared in the April 
number of the Indian Journal of Medical Re- 
search. The former series was detected in 1939 

* Read at the Annual General Meeting, Assam Branch 
B. M. A., Shillong, 1940. 
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in the following manner. During January 1939 
an accurate list was prepared of every woman 
of child-bearing age on one estate. During 
February and March each of these women y seen on two occasions and examined for C?1C^ signs of anaemia. Every case so detected w 
treated and her name was temporarily removea 
from the list : any found to be pregnant we 
struck off the list altogether. It was therefore 
possible to say that at the beginning 01 P 
every woman of child-bearing age was eitne 

clinically non-anaemic or was under treatme 
and would not be restored to the list until com- 
pletely cured. The few who were both pregnant 
and anaemic were not considered in this m"V es 1 

gation. 
. , These monthly inspections have continued 

and, in fact, the last one is now in progress b this paper deals only with the story up to 
end of January. From April onwards ei y 
Woman found to be anaemic was further exai 
as to pregnancy. If not pregnant s e 

treated and her name was not restore 
. list until she was definitely cured. If Pr?^ she was subjected to a series of monthly li?ma 

tological examinations. This method e 
?ne to say with some accuracy at wna P 
?f the year and at what period of her preg y 
each case became ansemic and also ma e 
sible to observe the progress of each case. 

Hcpjnatological classification 
The classification of anaemias in Pr?S^aP^y which I have adopted divides these cases into four groups as follows :? 

. <. , A. A microcytic-hypochromic group in w i 

^ the mean corpuscular volume is below 
^icrons and mean corpuscular hsemog o 22 

micro-microgrammes. Stained fi ms 
,, 

group show obvious microcytosis and, usua y, 
vacuolation is marked. 
. B. A normocytic hypo-orthochromic group 

which the mean corpuscular volu hes between 85 and 105 cubic mlc^onsQna^-oro. mean corpuscular haemoglobin is under 
UD ^icrogrammes. The stained films of != 

. 

^?e remarkable for the uniformity of cell 
There is practically no*anisocytosis. 
C. A micro-macrocytic hypo-orthochrom^^ group in which the mean corpuscula . 

Usually lies between 85 and 110 cu ^ scujar hut may be higher and the mean c p 
. haemoglobin is always below 30 mic - 

^ grammes. The stained films of this g P 
Yery marked anisocytosis and nucleated *?und in the majority of cases. 

A macrocy tic-hyper chromic ?*?"[!vavs which the mean corpuscular volume i 
. 

g above 100 and usually above 110 cubi 
^ the mean corpuscular haemoglobin 

^ 30 
micro-microgrammes. The stained 

this 
group usually show re??jLg and ^acrocytosis and always show normobla 

megaloblasts*. In practice some orthochromic 
cases require inclusion in this group. 
The percentage incidence of the various groups 

in the two series is shown in table I. 

Table I 

Percentage incidence of hematological groups in 
two series 

Hematological group 

Microcytic 
Normocytic 
Micro-macrocytic 
Macrocytic 

1938 series 

49.5 per cent 
14.9 ? 

23.4 ? 

122 ? 

1939 series 

48.4 per cent 
12.9 

? 

29.0 
? 

9.7 ? 

It is obvious that no significant difference 
exists between the two series. 

Features of the onset of ancemia 
I was able to show that, in the 13 estates in 

my charge, the incidence of anaemia in the third 
trimester of pregnancy during 1938 was fairly 
uniform throughout the year with the exception 
of the third quarter, July, August and Septem- 
ber, when there was a definite increase which 
was statistically significant. The distribution 
of cases in the 1939 series in each hsematological 
group according to the quarter in which they 
became anaemic is shown in table II. 

Table II 

Seasonal distribution of cases according to month 
of onset 

Quarter 

April, May and June .. 

July, August and Septem- 
ber. 

October, November and 
December. 

January, February and 
March. 

Hematological groups 

2 
2 

Nil 

Nil 

D 

Total 

1 7 
1 15 

2 1 

Nil Nil 

It is obvious that the third quarter of the year 
is the period of heaviest incidence of anaemia and 
this appears to apply with greater force in the 

[* We raised the question as to whether these cells 
were true megaloblasts, to which the writer replied:? 
'These are the marrow megaloblasts with basophil 

cytoplasm and a dense ropy nucleus. They are not, 
of course, the "megaloblast of Ehrlich" of pernicious 
anaemia. There seems to be a very marked division 
of opinion about the nomenclature of these cells? 
they seem to me to be more primitive than erythro- 
blasts 
From the description we do not think that these 

would be considered to be megaloblasts by most 
workers; the ordinary megaloblast has a finely-stippled 
nucleus: the particular cells described seem to us to 
be more like erythroblasts, or perhaps what some 
workers describe as 

* 

macroblasts?Editor, I. M. (?.] 
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case of group C but the difference is not statis- 

tically significant. 
Among the cases detected almost every period 

of pregnancy was represented. The earliest case 
was 11 weeks' pregnant and two women remained 
healthy until the 38th week of pregnancy. The 
distribution of cases according to duration of 

pregnancy at onset is shown in table III. 

Table III 

Distribution of cases in 1939 according to dura- 
tion of pregnancy at onset 

Hematological groups 

Duration of pregnancy 

10 to 19 weeks 

20 to 29 ? .. | 8 

30 to 39 ? .. 4 

Average duration in j 24.6 
weeks. 

B 

2 

1 

1 

23.0 

Total 

C D 

1 17 

5 1 ; 15 

3 1 9 

25.0 21.7 24.3 

It is evident that, though anaemia may arise 
at almost any period of pregnancy, it is much 
the most likely to do so during the third quarter 
and this is the case whatever the type of anaemia. 
Moreover there is no significant difference be- 
tween the mean values of duration at onset for 
each of the four groups. 

It is seldom possible to obtain accurate infor- 
mation as to a coolie's age, but in every case a 

note \vas made of the apparent age. Table IV 
shows the distribution of cases in each group 
according to quinquennial age groups. 

Table IV 

Distribution of 1939 cases according to age at 
onset 

Hematological groups 

Age group 

D 

Total 

15 to 19 years .. 3 

20 to 24 ? .. 4 

23 to 29 ? .. 3 

Ii0 to 34 ? .. 5 
Average age at onset 24.6 

in years. 

3 3 2 11 
1 Nil 3 

1 Nil 
Nil 3* 
20.5 23.2 

Nil 
Nil 
18.0 23.1 

There is a tendency for the microcytic type 
to occur at any age, whereas the other types more 
commonly occur before the age of twenty-five. 
This particularly applies to the macrocytic group 
but the differences are not significant. 

Pregnancies involved in the 1939 series varied 
from the first to the ninth. The distribution is 
shown- in- t^ble VI.- .. . 

Table V 

Distribution of cases according to pregnancy 
involved 

Hematological groups 

Pregnancies involved 

BCD 

1st and 2nd .. 6 2 5 3 

Total 

16 

3rd and 4th .. j 7 1 2 Nil 10 

5th and subsequent .. 2 1 2 Nil j 5 

The first and second pregnancies are obviously 
the most dangerous but this is due to the pre- 
ponderance of early pregnancies in types B, C 
and D. The risk of microcytic anaemia is evenly 
distributed throughout the child-bearing period. 

Effects of maternal ancemia on the mother and 
the fcctus 

Of the 27 women who had delivered before 
the end of January 1940, three died as a direct 
or indirect result of their anaemia. One other 

patient died four weeks after delivery but this 
death was directly due to an acute fulminating 
attack of dysentery which she contracted when 
her blood picture had returned almost to normal. 
I therefore propose to ignore this death. Other- 
wise the distribution of cases and mortality, 
together with the mortality in the 1938 series, is 
shown in Table VI. 

Table VI 

Distribution of cases and mortality in series 1939 
and mortality in series 1938 

Hematol- 
ogical group 

A 

B 

C 

D 

Total 

Cases 

12 

n ,1 Percentage1 Percentage Deaths : mortality mortality Jn ig38 

Nil j Nil 

4 Nil Nil 

2 25.0 

1 ? 33.3 

27 

3.8 

Nil 

12.5 

23.1 

11.1 7.5 

Though the mortality in the 1939 series was 
rather higher than in the 1938 series, the rela- 
tionship between the various groups as regards 
case mortality was well preserved. 

In the former series I was able to show that 
the risks of prematurity and of still-birth were 
enormously increased in anaemic deliveries as 

compared with those non-anaemic, and that pre- 
mature still-birth was a very common result of 
anaemia in pregnancy. This observation has 
been amply confirmed in the 1939 series as is 
shown in. table .VII..... v ~ \v 
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Table VII 

Fate of the child in the 1939 series 
of anamics 

Hematol- 
ogical group 

Total 
cases 

Cases Description 

12 

n 

Full-term Living j 
? 

Still-born iV" 

D 

Premature Still-boin 
Living 

Full-term Living 
Still-born 

Premature Still-bom 
Living 

Full-term Living 
Still-born 

Premature Still-born 
Living : 

Full-term Living i * 

Still-born , 

Premature Still-born 
i 

Living JV 

3 
2 
2 

Ar?7 
2 
3 
3 

Nil 
2 

Totals 

Cases Description CaseS 

13 
Full-term living ? ? ! q 

Full-term still-born . ? 

Premature still-born ? ? 

^ 
Premature living 

Percentage 

48.1 
11.1 
18.5 
22.2 

It would appear that 
the risks e 

^-en^ 
above are relatively increased to son 

f 
? 

jv 
ln the macrocytic group but 

are others 

evenly distributed throughout 
the gioup.. 

Features of the progress of 
the antenna 

In a previous paper [Hare (1939a)]| I c,e^e 
cribed certain cyclical changes occurring 
blood pictures of untreated 

cases of _ai 

pregnancy and pointed out that, 
in t la 1 

^ 
ular series, which was a small 

one, I 

to find any evidence of 
a change ^romrr<? e 

?f amemia to another in any 
case. 1039 

experimental attitude was adopted 
in 

viipn 

series and treatment was only gi^ e1 

absolutely necessary. . ,. i,nfi 

Of the 15 cases listed as microcytic, 
n 

, 

received any anti-anaemic treatment 
an 

were undelivered on 31st January. . ue 

remaining 12 had ever been 
or looked hk y 

anything but microcytic and hypochromic, 
was an early abortion case, 

two arose late 
in 

Pregnancy and two, arising 
at 30 and 31 > 

refused to undergo monthly exannna 
io . 

remaining seven all showed 
changes in 

picture of the same order as those 
desci 

the previous paper. n 

1 
Of the four normocytic cases 

one wceiveda 

^ort course of iron round about 
thes 28th wees, 

but none showed any sign of alteration 
o . 

and all showed the cyclical changes. 
There were three macrocytic cases, 

hyperchromia the others orthodromic. 

were macrocytic at their first examinations 
at 

22, 12, and 31 weeks and all received a good deal 
of treatment with liver extracts, but none showed 
any alteration in type before delivery. After 

delivery two became microcytic and the other 
died. 
The number of cases listed as micro-macro- 

cytic numbered nine. Seven of them were of 
that type at their first examinations, but two 

originated as typical microcytic-hypochromic 
anaemias. One was first examined at 11 weeks 
and altered in type at 23 weeks : the other was 
first examined at 20 weeks and altered in type 
at 32 weeks. In the first case the alteration in 

type was accompanied by a sudden collapse, but 
in the second the alteration was not accom- 

panied by any symptoms. Of the nine cases, 
one had not delivered by the 31st January, two 
arose late in pregnancy and one aborted early. 
Of the remaining five, four had no treatment 
before delivery but all showed cyclical changes. 

I consider that the facts enumerated above 

justify the claim that these cyclical changes do 
occur and provide positive evidence in support 
of Napier's belief that the microcytic type of 
anaemia may alter in type. A study of the 
graphical representations of the changes in the 
blood picture leads one to believe that the altera- 
tion in type is actually an exaggeration of the 
normal changes and may therefore bear the 
same explanation. In the former paper I put 
forward a theory that variation of the foetal 
demand for haemopoietic substances, in the pre- 
sence of a stationary maternal intake, produces 
the normal variations in the blood picture. If 
the maternal intake of extrinsic factor drops at 
the same time as the fcetal demand increases, 
the deficiency is likely to become absolute 
rather than merely relative. In this way an 

actual alteration of type would occur. If this 
is the mechanism, why does not the opposite 
change (from macrocytic or micro-macrocytic 
into microcytic anaemia) also occur ? I think 
the reason is that the extrinsic factor deficiency 
is, so to speak, the dominant deficiency, so that 
reversal can- only be brought about by very 

heavy doses of liver extract or by removal of the 
fcetal demand as occurs after delivery. In the 
absence of these two necessities no material 
reduction in cell size occurs but a reduction 
occurs in the corpuscular haemoglobin so that 
an orthochromic anaemia becomes hypochromic. 

Discussion 

It would appear that, at any rate in the dis- 
trict in which I am working, half the cases of 
anaemia in pregnancy are microcytic and hypo- 
chromic, one-tenth are of the very dangerous 
macrocytic type, another one-tenth are of the 

type which I term normocytic and which is, by 
coolie standards, a mild type of macrocytic 
anaemia and the remaining three-tenths are of 

the relatively dangerous micro-macrocytic 
variety. 
Anaemia tends to arise most commonly in the 

third quarter of the year and the probability is 

???HI 
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that the seasonal variations apply equally to 
all the hematological groups. Now it has been 
shown by Napier and his assistants that while 
the microcytic type may show some correlation 
with the weight of hookworm infection, what he 
calls the 

1 liver-marmite group 
' is much more 

intimately related with haemolysis due to chronic 
malaria. My own previous work has also 
shown that splenic enlargement is njuch more 
frequent in the macrocytic and micro-macro- 

cytic groups and that chronic malaria plays very 
little part in the aetiology of the microcytic type. 
It is very tempting to suggest that the seasonal 
variation in the incidence of group C coincides 
with the seasonal variation in malaria incid- 
ence but the seasonal variation in group A is 
similar. Maplestone has shown that the incid- 
ence of hookworm infection is not steady 
throughout the year, but is maximal in the 

spring and the autumn so that the incidence of 
microcytic anaemia should show two peaks with 
a trough between them. Again the uniform 
distribution of macrocytic anaemia throughout 
the year suggests that acute, as opposed to 

chronic, malaria does not play an important 
part in its incidence. It appears to me that 
whatever part hookworm infection and malaria 
play in the aetiology of the different types of 

anaemia, their action is probably uniform 

throughout the year and we must look for some 
other factor to account for the seasonal 
variation. 

It is rather striking that, whatever the type 
of anaemia, the period of pregnancy at which 
the majority of cases arise is the same. If the 

primary cause of each type were different this 
would be surprising : actually it suggests that in 
all the groups the primary cause is identical. 
The observations regarding age and parity may 
be said to be inter-connected since it is obvious 

that, in the long run, the majority of the earlier 
pregnancies will be in the younger age groups. 
Any theory of causation must take into account 
the slight difference in age incidence in group D 
as compared with the others. 

I would suggest that the primary cause of 
these anaemias is excessive fcetal demand for 

haemopoietic substances where the maternal in- 
take is minimal. This theory, I think, ade- 

quately explains many of the puzzles presented 
by these anaemias. According to the level of 
the maternal intake the deficiency may be rela- 
tive or absolute. Absolute iron deficiency (with 
which may be included deficiency of other 
minerals and of vitamin C) will cause the most 
severe' cases in group A. Absolute deficiency of 
the extrinsic factor will be responsible for group 
D. Relative iron deficiency will cause the 

majority of the group A cases and relative defi- 
ciency of extrinsic factor results in the group B 
cases. A relative deficiency of both iron and the 
extrinsic factor is responsible for group C. 

Theoretically chronic malaria is capable of 

causing a normocytic haemolytic anaemia and 
the anaemia caused by chronic blood loss due to 

hookworm infection should be of the microcytic- 
hypochromic type. Therefore the tendency of 
these two serological factors, which I consider 
to be accessory factors, will be, on the one hand, 
to reinforce whatever deficiency may be present, 
and, on the other, so far as malaria is concerned, 
to introduce the haemolytic element into the 
anaemia. 

It might be thought that the younger age 
incidence in group D militates against this 

theory since one would expect the deficiency to 
affect all age groups and degrees of parity 
equally, as it does in the microcytic group. 
There is, however, a possible explanation for 
this. It is believed that the extrinsic factor, 
though probably not vitamin Bx or B2, is closely 
associated with those substances, being present 
in foods which include them and absent from 
those which do not. Now vitamin Bx is the anti- 
beri-beri factor and beri-beri is definitely a 

disease of young adults. In other words, the 
difference in age incidence actually supports the 
dietetic theory of causation and is probably due 
to early adult life making excessive demands 
for the extrinsic factor. 

This theory of causation also accounts for the 
variation in seasonal incidence. The bulk of the 
coolies are able to partake freely of green leafy 
vegetables from November to March and can 
still obtain some varieties in April and May but 
from June to October their intake is virtually 
nil. I am informed that a similar variation in 
their rice-eating habits prevails. From Nov- 
ember to April they normally purchase dhan 
from the market and home-pound it themselves: 
during some of that period they are using the 
dhan they have grown themselves. From May 
to October they are dependent on milled rice 

only. Now Macdonald has shown that a signi- 
ficant difference exists between the mean haemo- 

globin of families which normally use home- 

pounded rice and families which use milled rice, 
the former having the higher value. I suggest 
that, during the rains when the rise in anaemia 
incidence occurs the intake of iron, vitamin C 
and extrinsic factor is at a minimum. 
The only point about the tables dealing with 

mortality and fcetal survival is that they em- 
phasize the wastage due to these anaemias and 
the urgent need of prophylactic measures against 
them. 
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