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young children in our community at the present time. After
the first four weeks of life good antibody responses can be
expected. It is also possible that in some years R.S.V. recedes
in importance as a cause of respiratory infection and that
adenovirus, influenza, and other viruses then play a bigger part.
Finally there is apparently no close antigenic relationship
between measles and R.S.V., though this point needs further
investigation.

Sumluary
A serological investigation has been carried out on paired sera

from 148 children over the last three years in Newcastle upon
Tyne. The great majority of these children had serious infec-
tion of the lower respiratory tract, mainly bronchiolitis and
pneumonia. Serological evidence is presented that about 60%
of severe respiratory infections in the children are due to
respiratory syncytial virus. The immunological responsiveness
of infants to R.S.V. infection increases with age; this is directly
related to the decrease in maternal antibody, which disappears
by 3 months and is replaced by acquired antibody. Few of
the older children showed antibody responses, and this
coincided with high acquired antibody titres to R.S.V. Evidence
is presented which suggests that an antigenic relationship
between measles and R.S.V. is unlikely.

Professors S. D. M. Court and C. A. Green have been closely
associated with the investigation. The hospitals taking part in the
survey were: Royal Victoria Infirmary and Babies' Hospital, the
Fleming Memorial Hospital, Walkergate Hospital, and Newcastle

General Hospital, and we are indebted to Drs. E. G. Brewis, G.
Davison, W. D. Elliott, R. H. Jackson, and F. J. W. Miller for free
access to patients under their care and for the use of clinical records.
Our thanks are also due to Dr. E. G. Knox, Miss J. McQuillin,
and Miss A. White for their assistance in a variety of ways. This
work has been partly aided by a grant from the Scientific and
Research Subcommittee, for which we are grateful.
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Anaemia has long been recognized as a feature of tropical sprue.
Manson (1879-80) wrote that when the disease is of some
standing the patient is anaemic and sometimes the anaemia is
profound. Thin (1897) noticed that the anaemia closely
resembled pernicious anaemia, and Mackie and Fairley (1929)
found megaloblasts at necropsy in the limb bones of two
patients. Anaemia has been particularly prominent in the
descriptions of sprue from the Caribbean, where the syndrome
appears to have been prevalent in a population whose nutritional
state was precarious. Rodriguez-Molina (1939) found macro-
cytic anaemia in 90 out of 100 patients, and Perez-Santiago
and Butterworth (1957) described frank megaloblastic change
in 71% and mild megaloblastic change in a further 23% of
bone-marrows taken from another large series of Puerto Rican
patients with tropical sprue. On the other hand, tropical sprue
in British soldiers has not been associated with such a high
incidence of anaemia. Macrocytic anaemia was reported in
under a quarter of such patients in India. Marriott (1945),
however, stated that though a sprue-like syndrome was seen in
both British and Indian troops anaemia was almost confined
to the Indians. Gardner (1960) thought that the incidence of
anaemia merely reflected the duration of the disorder and the
previous nutritional state of the patient.

Fairley (1932) found that the megaloblastic anaemia of
tropical sprue responded well to liver. Rhoads and Miller
(1934) and Castle et al. (1935) also demonstrated a full response

but warned that the dose of liver required may be much larger
than that needed in pernicious anaemia. Spies et al. (1946)
and Suarez et al. (1947) reported a spectacular haematological
response to folic acid.
Low serum vitamin-B12 levels were *reported by Perez-

Santiago and Butterworth (1957) and confirmed by others.
Though there might be a moderate rise in these levels after a
haematological response to folic acid, in many patients the
serum vitamin-B12 level remained low, often in the range seen in
pernicious anaemia. Using small doses of folic acid and vitamin
B12 Sheehy et at. (1961b) found that some patients would not
respond to folic acid but responded to vitamin B,.
Malabsorption of vitamin B12 was demonstrated by Rodriguez-
Rosado and Sheehy (1961) and Rivera and Bernabe Preda
(1962). Sheehy et al. (1961a) concluded that malabsorption of
vitamin B12, a low serum level, and a haematological response
to that vitamin constituted evidence of vitamin-B,2 deficiency
in tropical sprue.

Mollin (1961), reporting on work jointly undertaken by him
and Dr. C. C. Booth, described cases with chronic tropical
sprue, severe megaloblastic anaemia, gross malabsorption of
vitamin B12, and a serum vitamin-B12 level in the range seen
in pernicious anaemia. There was a haematological response to
folic acid, but vitamin B12 malabsorption and the low serum
level remained unaffected. One patient later had a haemato-
logical relapse with evidence of damage to the central nervous
system. There was a satisfactory response to vitamin B12,
though initially this was somewhat slower than in uncom-* Lieutenant-Colonel, R.A.M.C., British Military Hospital, Singapore.
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plicated vitamin-B12 deficiency, which suggested that there was

also some degree of folic-acid deficiency.
The significance of low serum vitamin-BI2 levels in some

patients with intestinal malabsorption is open to question.
Mollin and Ross (1954) described cases with megaloblastic
anaemia and low serum vitamin-B,2 levels which failed to
respond to vitamin B, but responded to folic acid. Later they
found that in some patients with megaloblastic anaemia the
serum vitamin-B12 levels might be 60-140 LjLg./ml. and yet
the absorption of vitamin B12 be normal (Mollin and Ross,
1957). These patients responded to folic acid better than to
vitamin B12:, and when the anaemia was corrected with folic
acid the serum vitamin-B12 levels returned to normal.

In this paper we present the results of haematological investi-
gation of 40 patients seen in Singapore during 1962-4 with
acute tropical sprue. This work was undertaken as part of
the Wellcome Trust study on tropical megaloblastic anaemia.'

Methods

The haematological methods were those described by Dacie
(1956). The level of serum folate activity was estimated by
Dr. D. L. Mollin at the Hammersmith Hospital by micro-
biological assay using Lactobacillus casei (Waters and Mollin,
1961). Serum vitamin-B,2 levels were also estimated by Dr.
Mollin by microbiological assay, using Euglena gracilis (Hutner
et al., 1956). Vitamin-B12 absorption was tested by the faecal-
excretion method (Heinle et al., 1952), and the results were

confirmed by a scintillation count over the liver after a week
(Glass et al., 1954). Intrinsic factor (Lederle) was given with a

dose of 0.5 ,ug. of 58Co-labelled vitamin B12 containing 0.5 juc
of 58Co. Faecal-fat estimations were carried out by the wet
method of van de Kamer et al. (1949); barium-meal examina-
tion of the small intestine was performed using Micropaque,
and an augmented histamine gastric test meal by the method
of Kay (1953). D-Xylose absorption was estimated by measuring
the percentage urinary excretion in five hours following an oral
dose of 5 g. (Santini et al., 1961). Jejunal biopsies were taken
with a Crosby capsule (Crosby and Kugler, 1957).

Patients Studied.-There were 21 men and 19 women in the
series. The clinical features were typical of acute tropical sprue.
There was diarrhoea with the passage of from two to eight light-
coloured, foul-smelling stools of the consistency of porridge.
Patients complained of anorexia, asthenia, glossitis, and con-

siderable loss of weight. The latter symptoms often preceded
diarrhoea by several months. Diarrhoea had been present for a

mean of 3.2 months, and only two patients had suffered from
this symptom for more than six months. The results of
gastro-intestinal investigation of these patients is shown in
Table I.

TABLE I.-Gastro-intestinal Investigation of 40 Patients with Tropical
Sprue

Mean daily faecal fat excretion ..

D-Xylose excretion in 5 hours
Absorption 58Co-Vitamin B12

A!_ _ !_! Jejunal biopsy

Dissecting Microscope
Villi or leavesa.
Thickened leaves
Convolutions . .

17-7 g. (range 5-3-34-9 g).
9 7% (range 3-2-18-7%)
13-0% (range 0-0-33-0%)

Histology
7 Normal
19 Minor abnormal change
13 Partial villous atrophy . .

Results

If the lower normal limit of haemoglobin be accepted as

12.5 g./100 ml. for men and 11.5 g./100 ml. for women, then

9 men and 13 women were ariaemic. Three out of the 21 men

had haemoglobin concentrations ranging from 5.2 to 10 g./100
ml. and 11 women had haemoglobin concentrations of 3.7 to

The participants in the Wellcome Trust study on tropical megaloblastic
anaemia are as follows: Chairman, Professor J. V. Dacie; Scientific

Secretary, Dr. D. L. Mollin; Secretary, Dr. Peter Williams; Pro-
fessor S. J. Baker (Vellore); Qr. C. C. Booth (Hom-nersmith Hos-
pital); Lseutenant-Colonel N. W. J. England (Singapore); Dr.

Henry Foy (Nairobi); Lieutenant-Colonel W. O'Brien (Singapore).
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10 g./100 ml. Eleven men and 17 women had red-cell counts
of under 4,000,000/c.mm.
There was evidence of megaloblastic change in the sternal-

marrow films of every patient. Twenty-two showed mild
megaloblastic change and 18 frank megaloblastic change. By
mild megaloblastic change we mean the presence of giant meta-
myelocytes with some erythroid cells displaying a relatively fine
nuclear pattern and the persistence of the nucleolus-associated
chromatin. Megaloblastic change was more severe in women.

Frank megaloblastic change was found in 11 out of 19 women

and in 7 out of 21 men. There was a close correlation between
the degree of megaloblastosis and the severity of the anaemia.
Thus in all patients with a frankly megaloblastic marrow the
red-cell count was below 3,000,000/c.mm.
The level of serum folate activity was below 4 m1jug./ml. in all

39 patients tested and below 2 mjug./ml. in 23. In two patients
with severe megaloblastic anaemia the level of serum folate
activity was 3.2 mjtg./ml. and 4 m~ug./ml. respectively. Both
these patients were iron-deficient and the serum folate activity
fell after iron was given.
The level of serum vitamin B12 was below 200 ,u~g./ml. in

26 patients (65%). The level of serum vitamin B12 in 150
controls was below 200 tqtg./ml. in seven (4.7%). The level
was below 140 /.yg./ml. in 16 patients. The mean serum

vitamin B12 in 10 patients who could absorb less than 10%
of 55Co-labelled vitamin B12 was 1'20 ttjug./ml. compared with
a level of 225 ,ujg./ml. for those who could absorb more than
10%. After treatment the rise in serum vitamin B12 was

proportional to the recovery of the power to absorb vitamin B,2.
The results of haematological investigation to these patients

are shown in Table II. There was little correlation between
the degree of intestinal malabsorption and the severity of the
megaloblastic anaemia. Thus there were two patients with
severe megaloblastic anaemia (haemoglobin 5.2 and 4.1 g./100
ml.), normal jejunal biopsies, and laboratory evidence of only
mild malabsorption.

In megaloblastic anaemia, whether due to deficiency of folate
or of vitamin B,2, a haematological response may be given to
the usual therapeutic doses of either of these two vitamins,
but if a dose of 200 jug. of folic acid is used a haematological
response will occur only if folate deficiency is present.
Accordingly 16 patients with megaloblastic anaemia were

treated with 200 ,tg. of folic acid by intramuscular
injection daily for two to four weeks. Eleven of these
patients gave a full haematological response (see Table III) as

shown by an adequate reticulocytosis and a subsequent rise in
haemoglobin and red-cell count. In all but one of these patients
the serum folate activity had risen to 32 mtg./ml. 28 days after
the beginning of treatment. Five patients had a suboptimal
response: in two this was due to an associated iron deficiency,
and a full response followed iron therapy; in the other three,
all of whom had severe megaloblastic anaemia though there was

an adequate reticulocytosis, the rise in haemoglobin and red
cells was suboptimal. In the latter three patients the serum
folate activity had risen to only 1.6, 2.5, and 5.6 mjug./ml. by
the twenty-eighth day. In one of these patients the lack of
response may have been due to an associated vitamin-B12
deficiency, but the serum vitamin-B,2 levels in the other two
patients were normal.

Five patients with megaloblastic anaemia were treated with
1 /ig. of vitamin B,2 daily by intramuscular injection for two
to four weeks. There was no haematological response.

TABLE II.-Haematological Investigation of 40 Patients wfth Tropical
Sprue

A. Mildly megaloblastic marrow (mean values in 22 patients)
Haemoglobin .. 13-3 g./100 ml. (range 10-15 g./100 ml.)
Red-cell count .. 4,000,000 c.mm. (range 3.100,00-5,300,000/c.mm.)
Serum folate.. .. 2-2 mpg./ml. (range 0-6-3-7 mpg./rrl.)
Serum vitamin B12 .. 215 ppg./ml. (range 95-480 ppg./ml.)

B. Frankly megaloblastic marrow (mean values in 18 patients)
Haemoglobin .. 8 g./100 ml. (range 3-7-12-1 g/100 ml.)
Red-cell count .. 2,000,000/c.mm. (range 1,300,000-2.900,0OIc.mm.)
Serum folate.. .. 1-6 mpg./rnl. (range 0-7-3-2 mpg./ml.)
Serum vitamin B12 .. 146 mpg./ml. (range 25-300 ppg./ml.)
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TABLE III.-Haematological Response to 200 jg. of Folic Acid Daily Intramuscularly

Reticulocyte Hb Response on Day: R.B.C. Response on Day: Serum Folate on Day: Serum Vitamin Bis on Day:
No. Response Day

Init. Peak 0 14 28 0 14 28 0 14 28 0 14 28

2 0.1 17-0 10 7-9 99 11-5 2*1 31 4-1 1*7 - 32 75 - 125
28 3-8 15-0 10 7-9 11-7 - 2-0 3 0 - 2-0 3-6 32 285 - 250
10 2-0 26-0 9 8-3 9.1 11-9 2-2 2-3 3-5 1-6 - 32 210 - 290
11 0-6 20-0 7 8-3 10-8 12-6 2-0 2-8 3-6 1-2 5-0 32 155 195 300
19 3-0 10-9 1 9-8 10-4 - 2-3 - 4-0 1.1 5-5 - 285 - 280
30 0 8 5-1 9 10-8 12-5 - 3.3 3-5 3-7 - - 5-8 140 - 130
26 3-0 5-7 7 10-8 12-8 - 2-2 3.9 - 1-0 4-4 32 575 - -

22 1-4 7-5 8 11-5 12-0 13-3 3-5 3-4 4-0 2-6 12-5 32 220 130 100
6 1-6 6-9 6 11-8 13-3 13-6 2-3 2-9 4-2 2-0 3-2 32 - 275 -

23 1.1 7-0 8 12-1 14-1 - 3-0 3-0 - 2-2 - 32 255 - 290
27 0-7 5-0 18 10-8 11-1 12-7 2-5 3-3 3-7 1.1 4-9 11-6 _ - -

Thus in most of these patients the megaloblastic anaemia was
proved to be due to folate deficiency. The cause of the failure
of three to respond is not clear. It is of interest that in two of
these patients who failed to respond steatorrhoea continued
unabated.

Discussion
On the whole the degree of anaemia was not severe in male

patients, of whom only 3 out of 21 had a haemoglobin of less
than 10 g./100 ml. As might be expected anaemia was more
common and more severe in women, and 11 out of 19 had
haemoglobin concentrations of less than 10 g./100 ml. Never-
theless megaloblastic change was found in every bone-marrow,
approximately half showing frank megaloblastic change and
half mild megaloblastic change. Dacie and White (1949)
pointed out that the degree of megaloblastic change and the
extent to which cells deviate from normal are closely linked
with the severity of the lack of haemopoietic factor. Herbert
(1959) found intermediate megaloblasts and large myelocytes
in the bone-marrow at the earliest stage that folate or vitamin-
B12 deficiency could be recognized haematologically. Mollin
(1959) stated that when there are minor deficiencies in vitamin
B12 or folic acid intermediate megaloblastic change is the
characteristic marrow reaction and that only such change may
be expected when the haemoglobin level is above 8-9 g./100
ml. and the red-cell count over 3,000,000. That the megalo-
blastic change was due to folate deficiency was shown by the
response to small doses of folic acid and the lack of response
to small doses of vitamin B12.
These patients also suffered from malabsorption of vitamin

B12) and this was reflected in the serum levels of this vitamin
even at an early stage of the disease. In two patients with severe
megaloblastic anaemia there was a rapid rise in serum vitamin
B12 coincidental with a brisk haematological response to folic
acid. These two patients thus resembled those of Mollin and
Ross (1957), and the low serum vitamin-B12 levels were thus
partly at least due to folate deficiency. This explanation could
not account for the low levels in other patients. The megalo-
blastic anaemia, however, was not due to vitamin-B12 deficiency
in acute tropical sprue.

Folate deficiency has long been recognized in tropical sprue.
Girdwood (1948) suspected that the megaloblastic anaemia he
had seen in Indian soldiers with a sprue-like syndrome was
due to folic acid deficiency. In 1953 Girdwood demonstrated
malabsorption of folic acid in sprue. Herbert (1962) showed
that an individual on a folate-free diet developed megaloblastic
change in the bone-marrow and a low serum within 23 days.
It would not be surprising, therefore, if intestinal malabsorption
of folate resulted in rapid folate deficiency. In many of these
patients, however, there was evidence, which we hope to present
at a later date, that folate deficiency preceded the onset of sprue.

Summar
The results of haematological investigation of 40 patients

with acute tropical sprue are described.
The degree of anaemia varied, being mild in men and more

severe in women. Every marrow showed evidence of megalo-

blastic change. In half there was mild megaloblastic change
and in half frank megaloblastic change.
The level of serum folate activity was reduced in every patient

to a level consistent with megaloblastic anaemia. There was
a full haematological response in most patients to very small
doses of folic acid. The megaloblastic anaemia was thought
to be due to folate deficiency.

Every patient had malabsorption of vitamin B,,, and this
was reflected in reduced serum levels of this vitamin. At this
early stage in the disease, however, the megaloblastic change was
not thought to be due to this deficiency.
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