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Introduction 

On commencing practice in Dar-es-Salaam, the medical practitioner is immediately 
aware that not only is anaemia a most important disease in its own right but that it 
complicates all other illnesses and dominates the clinical picture in the medical wards; 
this is no less so in the children's than in the adult wards and is a constant cause for 
concern in the obstetric 'hospital and antenatal cliriics. ,/ 

The great prevalence of severe anaemia in Dar-es-Salaam has been noted before 
,BLACKMAN, 1962; MEREDITH and EYEKUZE, 1962); these authors found maJaria to be 
lhc most important cause in young children, whereas iron deficiency was incriminated . 
in 50-70% of anaemic adults; in a majority the shortage of iron was attributed to hook
worm infection. BLACKMAN (1962) found megaloblastic anaemia in only 7%, most of 
thcsc patients being women and usually pregnant; this is in contrast to the 39% of 
85 anacmic patients reported from Nairobi by FoY and KONDI (1960), although here 
again more than half were women, almost all of whom were prcgnant or lactating. The 
anaemia resp<'pded to penicillin, oral folic acid or oral cyanocobalamin. 

In East Africa and India, protein deficiency and liver disease have not been stressed 
as a cause of anacmia; on the other hand WooDRUFF (1955) in Nigeria found an association 
between macrocytic anaemia, low serum proteins and liver disease, especially in children 
and pregnant women. The anaerriia did not respond to iron, folic acid or vitarriin 
Bl2 but there was a response to milk protein. 

* The author wishes to thank the Chief Medical Officet, Ministry of Health, Dar-es
Salaam, for permission to publish. 
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Thc paticnts showing macrocytic anacmia reported from Ceylon by RAJASURIYA 

et al. (1962) appear to havc becn suffcring from multiple dcficiencies; the authors con
cluded that protcin shortage was not especially important. ADAMS (1954) favoured 
the existence of macrocytic rather than megaloblastic anaem.ia as a rcsult of protcin 
deficiency in kwashiorkor. 

Incidence of anaemia in Dar-cs-Salaam 

This study docs not provide an estimate of the incidence of anaemia in the general 
l">pulation, but only in those pcrsons admittcd to hospital. 

Figurc 1 gives thc distribution of the haemoglobin (Hb) concentration of 4647 
consecutive specimens of blood from persons over the age of 5 years, submitted from the 
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FIGURE 1. 
DISTRIBUTION OF 
HAEMOGLOBIN 
CONCENTRATIONS 
IN MALE AND 
FEMALE 
NON-PAYING 
PATIENTS OVER 
THE AGE OF 5 
YEARS. 

wards of the Muhimbili Hospital to its laboratory over a period in 1963; for the patients 
supplying thcse samplcs the male :female ratio is 1 · 21:1 and the respective mean Hb 
conccntrations 8 · 85 and 7 · 86 g. pcr 100 ml. (SD 2 · 87 and 2 ·58). Considering both 
scxes togcthcr, the distribution is significantly asymmetrical and deviates significantly 
from normality; the presence of the Ionger tail towards the lower values and the rather 
squat appearancc of the histogram can be seen in Figure 1. 

Figure 2 records the distribution for the 853 specimens of blood receivcd from 
children under the agc of 5 ycars over the same period; the mean Hb concentration 
is 6 · 78 g. per 100 ml. (SD 2 · 32). This distribution does not deviate significantly 
from normality but is positively skewed, the Ionger tail being towards the higher valucs. 

In 1363 instances the packed cell vo1ume (PCV) was also measured and hence the 
mean corpuscular haemoglobin concentration (MCHC) was calculated. This is related 
to the Hb concentration in Figurc 3, from which it can be seen that the points lie close 
to a straight line. 

It may thcrefore be concluded that in hospital patients in Dar-es-Salaam anacmia 
is common, and that the MCHC behaves in a way similar tothat seen iniron deficiency. 
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FIGURE 2. DISTRil.lUTJON OF 
HAEMOGLOlllN CONCi,NTI<A· 
TIONS IN NON-PAYING CHIL
OREN UP TO 5 YEARS OF AGE. 
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FIGUHE 3. 
COHRELATION 
BETWEEN 
HAEMOGLOBIN 
CONCENTRATION 
AND MEAN 
CORPUSCULAR 
HAEMOGLOBIN 
CONCENTRATION 
FOR 1363 SPECIMENS 
OF BLOOD. 

Methods for the invesdgation of the anaemia 

The investigation depends on a single measurernent, thc haemoglobin concentration; 
the conclusion regarding the part playcd by the Iack of a substance in the aetiology of 
the anaemia is based on thc rise in Hb Ievel following the administration ofthat factor to a 
severely anaemic patient. 

Considerable care was therefore taken in the Hb estirnations. They were all carried 
out personally by the author, using the same pipettes for blood and diluent and the same 
haemoglobinometer (spectrophotometer) throughout the experiments. All hospital and 
~mtenatal specirnens were venous and obtained at approximately the same time of day; 
no less than 2 tubes of diluted blood were examined and no less than 3 readings were 
taken on each. 
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The investigation consists of a series of expcriments designed to estimate the effects 
of different factors administered to severely anacmic patients. Thc basic design is a 
factorial one andin Figure 4 this is shown in its simplcst form, 2 factors each being employed 
1\t 2 lllVI'l~. A fm;wtial dcsign has 3 im pottunt odvantagcs :-(i) there is a great saving 
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in clinical material as cach patient is used in the evaluation of thc cffcct of evcry factor; 
as compared with designs in which each factor is tested separately, a factorial design will 
give estimatcs with grcater precision for the same total number of patients, or with thc same 
precision for a smaller number of patients: (ii) it enables estimates of the interactions 
between 2 or more factors to be made, an evaluation impossible by other means; (iii) the 
effect of a givcn factor is obtained over a much wider set of conditions than when factors 
are testcd scparately. 

The factors examined and the doses at which they were usually applied were :-
Ferrous sulphate, 1·2 grammes 
Protein, 50 grammes (as skimm<;d milk) 
Folie acid, 15 mg. 
Ascorbic acid, 100 mg. daily, and given orally as a single dose 
Pyridoxine, 60 mg. 
Cyanocobalamin, 100 [Lg. 

In addition the effect of anthelmintic was investigated, tetrachlorethylene (TCE) 
and bephenium hydroxynaphthoate (Alcopar) being employed in adult doses of 4 ml. and 
5 grammes respectively. The dosage schedules varied, the smallest being 2 doses of TCE 
and the largest consisting of 3 doses of each anthelmintic. The worms expelled were 
counted; they were found to be predominantly Necator americanus. 

Although in all experiments treatments were randomly allocated to patients as they 
presented themselves, the groups taking part in a given comparison usuaily differed in 
respect of some feature such as age or initial Hb level. The investigation was partly 
concerned with the design of experiments and with means of increasing their precision, 
and as such features were thought to be of possible importance in the response to treatment, 
they were frequently used as covariates in multiple regression analyses or in analyses of 
covariance. These analyses will not be recorded here but whcre results adjusted for a 
particular feature are given, it can be assumed that they have been carried out. 

The patients 

Those patients taicing part in the experiments carried out in hospital were Mrican, 
were almost all adult, and were admitted because of severe anaemia. 255 were entered 
but 51 were withdrawn for a variety of reasons. In 15, it was thought that co-existing 
diseascs might infiuence the response; these included urinary infection, high feve1, 
carcinor~1a of the prostate and chronic renal disease. Other haematological disorders 
accounted for 14; 4 patients were found to have sickle-cell anaemia, in 5 the routine 
bone marrow examination showed the changes of megaloblastic anaemia. 5 others 
were withdrawn because they showed no response to any treatment given; the criticism 
that it is difficult to differentiate between these 'refractory' cases and those who responded 
badly, is valid. 9 patients left hospital during the experiment, in 5 a serious fall in Hb 
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concentration or the necessity for transfusion caused their removal; 3 patients died. 
In 3, such administrative accidents as failure to collect a stool and the taking of blood 
on the wrong day, rcsulted in their withdrawal. 

In addition to the experiments carried out in hospital, others were conducted in a 
prison and at an ante-natai clinic in Dar-es-Saiaam. 

Most patients taking part in the hospitai experiments were subsistence farmers 
or members of their families; their diet consisted aimost wholly of maize and boiied 
beans. Fish was eaten occasionally but meat hardiy at all; some fruit was avaiiable 
but little green vegetable was taken. 

Experiment 1 
Purpose 

To investigate the relationships between the presence of hookworm infection, the 
Ievel of Hb and the period of detention in prisoners living under good sanitary conditions 
and on a liberal diet. 

Design 
All prisoners were male Africans, mostly 20-40 years of age, and were investigated 

in 3 ways:-
(a) A specimen of finger-prick blood and one of stool were obtained from 360 prisoners 

and the duration of their stay in prison was recorded; the Hb concentration of the biood 
was determined and the stool was examined for hookworm ova. 

(b) In 59 men who had been in prison no Ionger than 8 weeks another Hb estimation 
was made 4 weeks latcr. 

(c) In those who had been in prison for Ionger than 3 months when first seen and 
who were found to have hookworm ova in the stool, TCE 4 ml. was given on 2 successive 
momings; Hb estim;Jtions were made on the day before thc first dose and again 28 days 
later. In only 38 men was this investigation completed. 

Results 
(a) In Figure 5 are plotted the mean Hb concentrations of the prisoners according 

to their stay in prison and to the presence or absence of hookworm ova in the single 
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specimen of stool cxamined. The mean Hb Ievels for those with and without ova in 
the stools are 10 · 73 and 11· 66 g. pcr 100 ml., thc mean stay in prison being 5 · 9 and 
12 · 5 months respcctivcly. When corrcctcd for the pcrio\,1 of dctcntion thc diffcrence 
betwecn thc mcan Hb values narrows slightly to 0·86 g. per 100 tt\1., whll;h iA hi~hly 
significant. On the othcr band the corrclation bctween the Hb levcl and the stay in 
prison, suggcstcd by inspection of Figurc 5, is only just significant when the cftect of the 
prcscncc of hookworm is rcmoved. These findings suggest that a stronger relationship 
existed betwecn the Hb concentration and the prescnce of worms than between thc Hb 
level and the stay in prison. 

The proportion of prisoncrs in whose stools wcre found hookworm ova varied 
with thc length of dctention; the greatest change appeared to occur at about 3 months 
after admission. Up to that time 61% werc found infected, wht-reas in those who bad 
served a Ionger sentence the figure was only 31 %· There was no steady decline in 
incidence after about 12 wecks, and 7 of 20 men who bad been in prison for more than 
4 years still showed ova in the stools. 

(b) Those recently admitted to prison and observed over a period of 28 days 
showed Hb changes dependent on the prcscnce or absence of hookworm; the mcan 
change in Hb concentration was -0·29 and 0·43 g. per 100 ml. respectively. This 
difference remains highly significant after correction for initial Hb Ievel. 

(c) The effect of anthelmintic on the Hb Ievel depended on the initial Hb con
centration; where this was lower a rise was noted 28 days Iater, wherc it was higher a 
fall followed treatment. As a result of these observations it is suggested that (i) anthel
mintic treatment is followed by the greatest rise in Hb concentration in those with the 
lowest initial Hb Ievels, and this approaches zero as the highest initiallevels are reached; 
(ii) random (day to day) variation is greater in those with thc higher Hb conc~ntrations. 
Tbc combination produces the curve fitted to the obscrved values and shown in Figure 6. 

The findings in the prison experiment are summarized in Figure 7, from which 
it rnay be scen that the stay in prison influenced the hookworm load that itsclf was 
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important in determinating the initial Hb Ievel and the rise in Hb concentration following 
admission to prison; the duration of detention affected the Hb level to a smaller extent 
and it may perhaps be concluded that the prison diet did little to raise the concentration 
of haemoglobin. 

Experiment 2 
Purpose 

To obtain information on the importance of iron, protein and_anthelmintic against 
hookworm, in the treatment of severely anaemic patients. 

Design 

This consisted of a factorial expcriment with the 3 factors, a = iron, b = protein, 
c = anthelmintic, cach at 2 levels-present and absent. Only patients whose Hb con
centration was greater than 4 g. per 100 ml. were included because of the 50% chance of a 
more anaemic patient being allocated a treatment combination containing no iron, the 
factor expected to be of the greatcst importance; in fact, the mean initial Hb levelwas 5 · 30 g. 
pcr 100 ml. 

Treatments were randomly allocated to the 24 patients taking part, and administered 
for a 14-day pcri·><l, at the beginning and end of which Hb estimations were carried out; 
cach group contained 3 patients, the anthelmintic was TCE, 4 ml. given on each of 2 
succcssive mornings. 

Results 

The mean rise in Hb concentration for the various treatment groups is shown in 
Tablc I and the factorial effects in Table II. Only the main effect for iron is significant, 
those for protein and anthelmintic, and the interactions between the 3 factors, are not. 
Adjustment for both initial Hb concentration and age of the patient does not alter these 
results. 

Experiment 3 
Purpose 

To investigate further the effects of protein and anthelmintic. 
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T ABLE I. The mean rise in Hb concentration over 14 day pcriod in patients on various 
treatment schedules (initial Hb. concentration greater than 4g./100ml.) (Expt. 2) 

I Iron Overall I 
I 

(a) 
Anthclrnintic Protein I 

I 
(c) (b) Present Absent Anthelmintic Protein 

Present I 3·34 -0·26 
I Present 1·74 1·26 

Absent 3·39 0·50 
I 

Present 2·32 -0·35 
Absent 1·49 1·97 

Absent 3·47 0·50 

Overall 
l 

3·13 0·12 I 
I 

n = 3. Mean initial Hb. conc. = 5 · 30 g./100 ml. Total number of patients = 24 

TABLE II. Factorial effects (Expt. 2) 

Main Effects A 3·03 g. per 100 ml. Significant 
B -0·71 

" " " c 0·26 
" " " 

Interactions AB 0·10 
" " " AC 0·21 
" " " BC 0·30 
" " " ABC 0·25 
" " " 

A = Iron B = Protein c = Anthelmintic 

Design 

This experiment was run concurremly with Experiment 2, and the subjects included 
were thosc with an initial Hb concentration of less than 4 g. per 100 ml. Because of the 
very low 1\i, icvcl the administration of iron was thought to be obligatory, and immediate 
trcatmcnt with anthelmintic inadvisable. All patients were therefore given iron by mouth 
for 14 days. There then followed the treatment combinations of protein and anthelmintic 
forafurther 14 days, iron being continued in all patients. The experimentwas therefore 
planned as a 2 x 2 factorial design, the 2 factors being protein and anthelrnintic; no main 
effect for iron or its interactions with the otber 2 factors could be estimated. 

Hb cstimations werc carried out at the beginning of the preliminary period and at the 
beginning and end of the test period (i.e. days 0, 14, 28). 60 patients, 15 in each group, 
were allocated treatment combinations at random. The anthelmintic again was TCE, 
4 ml. given on each of 2 succcssive mornings. 

Results 

The mean rise in Hb concentration for the 4 treatment groups is given in Table III; 
no significant main effect for protein or anthelmintic has been demonstrated and no 
interaction between the 2 factors elicited. 

Adjustment for the age of the paticnt and for the initial Hb level does not alter 
these results. In. addition the rise in Hb concentration during the first 14 days on iron 
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TABLE III. Mean rise in Hb concentration over 14 day period in patients on 4 treatment 
schedules. (Hb concentration on admission less than 4 g./100 ml.). (Expt. 3) 

II . I 
I Protein (b) 

I Anthelmintic ----- -----

I 
(c) Prescnt Absent 

Prescnt 2·73 I 3·00 I 
I 

I I I 
1\bsent 

I 
2·65 I 2·54 I 

I 
I 

Overall 2·69 I 2·77 
I I 

Overall 

2·87 I 
2·60 

n = 15 
Mean initial Hb level = 6 · 19 

g./ml. 
Mean Hb level on admission = 

2 ·68 g./ml. 
Total number of patients = 60 
All patients given iron 

Main effects for protcin and anthelmintic and protcin-anthelmintic interaction all non
significant. 

alonc has bcen taken into account on the grounds that this may provide an estimate 
of the Hb-producing capacity of thc individual patient; adjustment for this also does 
not alter the findings. 

Experiment 4 

A brisk rise in Hb concentration following the administration of one factor may 
conceivably result in deplction of another; a similar situation occurs in respect of folic 
acid in haemolytic anaemia. Thc interaction betwcen 2 factors estimated by means 
of a factorial expcrimcnt providcs information on this possibility. In vicw of the markcd 
responsc to iron alrcady demonstratcd it was thought worth whilc to investigate further 
thc iron-protcin :md iron-anthelmintic interactions. 

Again, on thc assumption that a preliminary pcriod of treatment on iron alone 
might provide some information on the individual's Hb-producing capacity, oral ferrous 
sulphate, 1· 2 grammes daily, was given to all patients for 7 days, the rise in Hb con
ccntration being measured. Thcrc then followed a pcriod of 7 days during which 
no treatmentwas given and this in turn was followed by the test period of 14 days during 
which the treatmcnt combinations wcrc administered. These again consisted of the 
groups of a factorial cxpcrimcnt with the 3 factors, iron, protein and anthelmintic at the 2 
Ievels, prcsent and absent. 

\Vhcn making a comparison betwecn 2 treatments it is obviously desirable that 
thc paticnts to whom thcy arc administercd havc cqual Hb-producing capacities. This 
principlc was obscrvcd in the current experiment and the patients wcre grouped according 
to thcir performancc during thc prcliminary 7-day pcriod on iron. The groups can 
bc madc smaller and hence the precision madc greater by means of a device known as 
'confounding.' Thc prccision of an cxperiment may be incrcased by grouping the 
patients according to some fcature such as agc, initial Hb Ievel or Hb-producing capacity, 
thc individuals comprising thc group being similar in this rcspect. It may then occur 
tbat thc comparison nccessary to estimate a main cffect or interaction consists of a 
comparison bctwecn groups; it is thcn not possiblc to know whether the difference 
observcd is due to the trcatment effcct or to the difference between the groups. The 
treatment effcct is then said to bc confounded, or mixed up, with groups. The price 
paid for this is thc inability to estimate ccrtain main effccts or intereactions; the particular 
effects so confoundcd may, howevcr, be chosen. 

In the current experimcnt there was little interest in the main effect for iron which 
had already becn shown to exist, in the protein-anthelmintic interaction adequately 
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REPLICATE 1. REPLICATE 2. 

INITIAL RISE IN RISE ON INITIAL R!SE IN RISE ON 
llb.CONC. TREATMENT TREATMENT Hb.COf\:C. TREATMENT TREATMENT 

(gm./100 ml.) COMBINA TION (gm./100 m1) (gm./100 ml.) COMBINA TION (gm./100 ml.) 

( 1 ) 0.43 - I. 30 
I. 75-1.99 0.75-0.99 

bc 0.29 - 0. 54 

b -0.17 3. 76 
I. 50-1.74 0.50-0.74 

0,49 2.54 

abc I. 71 2. 64 
I. 25-1.49 0.25-0.49 

a 4.17 5. 33 

ab 2. 86 -0.34 
1.00-1.24 0.00-0.24 

ac 2.67 0. 98 

a = !RON, b = PROTEIN c = ANTIIELMINTIC (I)= NO TREATMENT 

FIGURE 8 DESIGN OF 3 X 2 FACTOR!AL EXPERIMENT ARRANGED IN 8 BLOCKS OF 2 UNITS EACH, THE 

MAIN EFFECT FüR IRON AND THE BC AND ABC INTERACTIONS BEING CONFOUNDED WITH 

BLOCKS ( EXPT. 4) 

investigated in E"-11criments 2 and 3, or in the iron-protein-anthelmintic interaction 
which was unlikely to be important. It was possible to effect a great reduction in the 
size of the groups or 'blocks' by sacrificing this information, and the final design is 
shown in Figure 8; here also is recorded the rise in Hb concentration observed over 
the test period of 14 days for the 16 patients taking part. 

No main effect for protein or anthelmintic or interaction between iron and either 
prot_ein or anthelmintic was demonstrated. 

Because of great within-patient variation, no increase in precision was obtained 
by means of confounding carried out in this way; in addition, the age of the patient was 
found not to infiuence the response. 

Experiment 5 
Purpose 

To investigate the main effects of iron, protein, folic acid, cyanocobalamin, ascorbic 
acid and pyridoxine, and certain interactions between these factors. 

Design 
To obtain a single replicate of an experiment involving 6 factors each at 2levels requires 

64 patients; this number may not be available, and in addition the degree of precision 
obtained may be more than is required. It is possible to design an experiment consisting 
of a fraction of a complete replicate, but, as with confounding, this is at the expense of 
information. It may, however, be arranged that the information sacrificed concerns some 
high-order interactions unlikely to be of importance. 

The current experimentwas designed as a 1-replicate of a 26 design, a further t-replicate 
to be added if the clinical material was avai1able; in fact the ~-replicate was readily obtained, 
andin addition increased precision was attempted by means of confounding as in Experiment 
4. The patiems were grouped, i.e. blocks were formed according to the individual's 
performance ovcr an initial 7-day period on iron alone. There followed a period of 7 days 
during which no treatment was given and then the test period of 14 days in which the 
randomly allocated treatment combination was administered. 

,· 
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'"" UHE '. I 
DESI\;N: A HALF HEPL!CATE OF A 2' FAC-1 
TUIUAL EXI'!.:HI~1li:-.T ;\HHAi\:GED I:--; 4 
BLOCKS OF 3 l'XJ'Ii·::-.·rs, Tl !10: Br.o'cr.;s 
BEING FOH;\•!ED ACCORDJ:-JG TO HJSE IN 
HAEMOGLOBJN CONCENTHATlON OVER 
PHEVIOUS PEHIOD ON IROP<. (EXPT. 5) 

a " IRON, b " ASCORB!C ACID, c " PYRIDOXINE, 
d "CYANOCOBALAMIN, e" PROTEIN, 
f o FOLIC AC!D 

In this way were formed 4 blocks of 8 patients, the final design being shown in Figure 9; 
as in the other designs the inclusion of a letter in a trcatment combination (a, b, .... ) 
indicatcs that the corrcsponding factor was administered, its absence signifying that it 
was not. Thus the patient allocated the treatment combination 'bde' received ascorbic 
acid, cyanocobalamin and protein, while the one allocated 'ef' received prorein and folic 
acid only. 

Results 

Information was especially required about thc main effects of the 6 factors, and in 
view of the already demonstrated marked effect of iron, about thc interaction of iron 
and each of thc othcr 5 factors also. It was thought that the other 2-factor interactions 
and all higher-order interactions would be unimportant, and these were therefore not 
estimated. 

The required factorial effects have been obtained by the method of Yates quoted 
by CoCHRANi iild Cox (1957) and are given in Table IV. It can be seen that only 
iron gavc a signiücant main effect and that in no instance did the total for an interaction 
reach the 5% level of significance. 

It should be noted that once again the formation ofblocks according to the patient's 
performance over a preliminary period on iron alone, did not result in an increase in 
precision. 

TABLH IV. Factorial cffect totals for main effects and estimated 2-factor interactions 
(Expt. 5). 

Factorial Effect. Total 

a 50·:i8 Significant 
b -6·85 

Main c -0·04 
Effects d 4·10 

e -9·59 a Iron 
f 6·52 b Ascorl••· Acid 

c Pyridoxine 
d Cyanocobalamin 

ab -6·75 e Protein 
Estimated ac -6·25 f Folie Acid 

I 2-Factor ad -6·61 

I 
Interactions ae -4·35 

af 0·42 

1-
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Somc information regarding the carry-over effect of iron administered for a period 
of a weck can be obtained from this experiment. During the preliminary period on 
iron the mcan Hb conccntration increased by 1· 42 g. per 100 ml., and during the succeed
ing weck, during which no treatmentwas given, by 1· 01 g. per 100 ml. To investigate 
any Ionger carry-over effcct only those patients whose treatment combination during 
the test period did not contain iron are considered. For these patients the mean change 
in Hb level over the first 4 weeks of the experiment was:-

Weck 1 + 1· 36 g. per 100 ml. 

2 + 1 . 20 " " " 
3 -0·36 " " 
4 -0·32 " " " 

" 

iron given 
no iron 

" " 
" " 

It is concluded that the carry-over cffect of oral iron administered for one weck 
extends for no Ionger than a further 7 days. 

Experiment 6 
Purpose 

To investigate the effect of dose of oral ferrous sulphate on the rise in Hb con
centration in severely anaemic patients. 

Design 

Earlier experiments had shown that a substantial rise in Hb concentration followed 
treatment with oral ferrous sulphate for a period of a weck only. In the 48 patients taking 
part in Experiments 4 and 5 the mean rise in Hb level over the first 7 days was 1 · 34 g. per 
100 ml. Experiment 5 had also provided some evidence that the carry-over effect of one 
week's iron was restricted to a further 7 days. Previous experience had also shown that 
on oral iron the Hb level of severely anaemic patients continued to rise for 6 weeks. 

To test the effect of differing doses of ferrous sulphate, where each patient received 
one level of dosage only, would require a !arge number of patients, and the findings of 
earlier experiments suggested that several different dose levels could be conveniently 
administered to the same patient in sequencc. Regard would have to be paid to the 
preceding treatment and this was allowed for in the design. In view of the then unknown 
time-response curve for continuously administered oral iron it was thought advisable to 
take into consideration the position occupied by a given dose in any sequence. 

It was required to include doses in common usage, for example ferrous sulphate, 
1 tablet (200 mg.) or 2 tablet--. (400 mg.) 3 times a day, and also smaller dosages tn case 
conventional quantities proved larger than required; it was also thought advisable to 
include an even !arger dose than those commonly employed. In case response proved 
to be related to either dose or log dose, 7 levels of ferrous sulphate were included-200, 
400, 600, 800, 1000, 1200 and 1600 mg. daily, corresponding to 1, 2, 3, 4, 5, 6 and 8 st.andard 
tablets of ferrous sulphate. 

The original design provided for 6 treatments to be given in sequence to each patient, 
but for the purpose of the present account the first 3 periods only will be considered. 
The design is shown in Figure 10 from which it will be seen that each treatment is preceded 
the same number of times by every other treatment, and that this occurs at each position 
in the sequence. Haemoglobin estimations were carried out on days, 0, 7, 14, 21 and 28 
and the appropriate dose of ferrous sulphate was given as an aqueous solution once a daf. 

Results and analysis 

It will be seen from Figure 10 that each dose level was administered to 18 of the 
42 patients taking part in the experiment. The patients receiving the dose in question 
and the carry-over effect from the prcceding period, together with the week during 
which the treatment was given, are taken into account in the analysis; this provides 
the relative rather than the absolute rise in Hb concentration for the different dose 
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OTHER TREATMENT SEQUENCES ARE PERMUTATIONS OF:-

2, 3, 5- PATmNTS 19- 24 
2, 6, 8- PAT!ENTS 25- 30 
3, 4, 8- PATIENTS 31- ~6 
4, 5, 6- PATIENTS 37- 42 

DOSES 1, 2 ••.••••• 8 = 200, 400, ••..••••• 1600mg 
FERROUS SULPIIATE ONCE DAILY 

FIGURE 10 DESIG;-; OF CROSS OVER EXPERI:\1ENT 
TO INVESTIGATE EFFECT OF DOSAGE 
OF ORAL FERROUS SULPHATE ON HTSE 
IN HAEMOGLOBIN CONCENTRATION. 
(EXPT. 6) 

2 3 4 5 6 8 

FIGURE 11. 
RELATIVE RISE IN HAEMOGLOBm CONCENTRATION FOLLOWmG 

DIFFERENT DOSES OF ORAL FERROUS SULPHATE GIVEN 
DAILY FOR ONE WEEK (EXPT. 6) 
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levels. These are represented diagrammatically in Figure 11; there appears to be no 
trend of rcsponse with dosage. An analysis of variance s.hows that the responses to 
the various lcvcls of ferrous sulphate, adjusted for the carry-over effect from one preceding 
week, do not diffcr significantly. 

Assuming that iron absorbed is utilized almost imrnediately for haemopoiesis, 
any carry-over effcct will depend on the interval between incorporation of iron into 
the developing cell and the appearance ofthat cell in the peripheral blood; any relation
ship with dose would therefore be expected to be the same for both immediate and 
carry-over effects. This is so; although not shown here, the carry-over effects for the 
different dose levels did not vary significantly among themselves. 

It is concluded that the rise in Rb concentration following the administration of 
ferrous sulphate to these severely anaemic patients over a period of one week, does not 
vary within a dose range of 200 to 1600 mg. daily. 

,·_ 
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Experiment 7 
Purpose 

To comparc thc cffects of oral and intravenous iron in severely iron-deficient patients. 

Design 

Alu'lough a self-contained experiment is always the ideal, it was feit that .so much 
information on the response to oral iron had already becn accumulated, that to allocate 
oral and intravenous iron therapy randomly to patients as thcy presented themselves 
would have becn a waste of clinical material. It was thercfore dccided to treat 30 severely 
anaemic paticnts with intravenous iron and to compare the rcsults with those of the 60 
paticnts rcceiving iron alonc during the first 2 wecks in Experiment 3. 

In thc currcnt experiment 200 mg. of iron as saccharated oxidc of iron (Ferrivenin) 
werc given intravenously on 5 successivc days; Hb estimations were carricd out immediately 
before the first dose and again 14 days later, and the rise in Hb concentration was measured. 
The paticnts on oral iron received 1·2 grammes ferrous sulphate daily for 14 days, the 
increase in Hb level being estimated in the same way. On intravenous therapy the patients 
received 1 gramme of iron, on oral therapy 3 · 36 grammes. For the orally administered 
ferrous sulphate to provide the marrow with 1 gramme of iron, 30% would need to be 
absorbed, a proportion well below the maximum known to be possible in severely iron
deficient patients. 

Results and analysis 

Table V records the mean rise in Hb level following the 2 courses of trcatment, 
that for oral iron being slightly greater (0 · 23 g. per 100 ml.) than that following intra-

TABLE V. Rise in haemoglobin concentration over period of 14 days following a course of 
intravenous or oral iron (Expt. 7) 

Mean Mean rise in 
Mode of Administration n Age Hb. Goncentration 

(years) (g. per 100 ml.) 

Adjusted 
Unadjusted for age 

---
Intravenous 30 42·8 3·28 3·41 

Oral 60 34·9 3·51 3·44 

Difference 0·23 0·03 

Dose: 

Intravenous-200 mg. Ferrivenin daily for 5 days. 
Oral-1·2 grammes ferrous sulphate daily for 14 days. 

Mean 
Initial 

Hb. Gone. 
(g. per 

100 ml.) 

3·35 

2·68 

venous iron. It will be notcd that those receiving iron by mouth were younger and had 
a lower initial Hb level than those on intravenous therapy. As in both groups the rise in 
Hb concentration is age-dependent, correction has been made for this factor; the mean 
values adjusted in this way now differ by only 0 · 03 g. per l 00 ml. 

No correlation between the rise in Hb concentration and the weight of the patient 
could be demonstrated in those receiving parenteral iron, a finding that may be taken to 
indicate that the quantity of iron available for the marrow was as much as the marrow 
could use. The Hb level continued to rise for as long as 7 weeks without any further 
treatment. 
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It is concluded that intravenous iron in high dosage offcrs no advantagc over oral 
iron in respcct of risc in Hb conccntration over a 2-wcek period; this is obviously im
portant in anaemia latc in prcgnancy, whcre the greatcst possible rate of increase is 
rcquired. It should bc rcmcmbcrcd, howcver, that this lack of advantage haR becn 
hcrc dcmonstrated in extrcmcly anaemic and non-pregnant subjects and is not necessarily 
truc in thosc whosc anacmia is lcss severc and in whom a smaller proportion of orally 
administcred iron may bc absorbcd. 

Experiment 8 
Purpose 

To investigatc rhc cHcct of folic acid and ditfering doscs of ferrous sulphate admini
stered by mouth on thc Hb level of pregnant women. 

Design 

In 144 pregnant women attending an antenatal clinic for the first time in the current 
pregnancy, a venous sample of blood was cxamined immediately before beginning treatment, 
and again 14 days latcr. Thc 12 treatmcnt schcdules comprised a 2 x 6 factorial experiment, 
folic acid being at 2 levels, present at a daily dose of 15 mg., or abscnt; iron was at 6 levels, 
the doses being 0, 200, 400, 600, 800 and 1000 mg. of ferrous sulphate daily. The treatment 
combinations were allocated at random to the patients as they presented themselves, and 
enough tablets were given to last exactly 14 days. 

Restdts and analysis 

The mean rise in Hb concentration over the 14-day period for the 12 groups is 
shown diagrammatically in Figure 12; inspection suggests no markcd effect for folic 
acid and a response to iron showing no trend with dosage. This impression is sub-

RISE 

+ 

[J Folie: Acid, l5mg./day 

~ No Folie Acid 

0 

n ~ 12 

DAILY DOSACE OF IRON (TABS) 
2 3 4 OVERALL 

Hh. CONC. c::::J i'c"·i·.·,l~ t 0!0 ~ 

FALL 
MEAN INITIAL llh.CONC. •• 8.58[:m./100rnl. 
MUIN Nü~!BEf\ OF PRF:GNANCIES ~ 2. 96 
MEAN DURATION OF CURRF:NT PREGNANCY = 23.83 WEEKS 

FIGURE 12. 
MEAN CHANGE IN l!AEMOGLOBIN CONCENTRATION OVER PERIOD OF 14 DAYS 

IN 144 PREGNANT WOMEN ( 6 x 2 FACTORIAL EXPEIUMENT)(EXPT. B) 

stantiated by an analysis of variance which show~ no main effects for iron or folic acid, 
but a highly significant quadratic comparison for doses of iron; this merely indicates 
that the rises in Hb concentration may be fitted to a curve in which the smallest rcsponses 
result from the lowcst and highest doses of iron, and ti1e greatest responscs follow the 
medium doses. One explanation for this rather unexpected finding is that thc rise in 
Hb conccntration did incrcase with increasing dosage of iron but that the !arger doses 
were not taken. Expcrience with doses of the same order administered to patients in 
hospital showed that unpleasant side effects were unusual. 
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It is interesting that thc initial Hb level was ncgatively correlatcd with the duration 
of prcgnancy and thc duratio11 of prcgna11cy with the 11umber of pregnancies; it might 
be inferrcd from tbc lattcr finding that a{l increasi11g number of pregnancies reduced 
the urgency to attcnd thc antenatal clinic. 

lvkan valuc~ for the 144 paticnts were:-

Purpose 

8 ·58 g. per 100 ml. 
2·96 

Initial Hb concentration 
Number of prcgna11cies 
Duration of current prcgnancy 23·8 weeks 

Experiment 9 

To investigatc further thc cffect of oral iro11 in pregnant women. 

Design 
60 pregnant women attending the same antenatal clinic as those taking part in Experi

ment 8 were treated with folic acid 15 mg. daily and ferrous sulphate in a dose of 400, 800 or 
1200 mg. per day. Venous blood was taken immediately before and after 14 days of this 
treatment, and the rise in Hb was calculated. 

Results and analysis 

Figure 13 records thc mean rise in Hb concentration over the 14-day period according 
to the dose of ferrous sulphate administered, both u11adjusted values and values adjusted 

RISE 

t 

D 
w 

Unadjusted 

Adjusted for initial 
llb concentration 

0.73 

Mean initial Hb. conc. =9.16 grams per 100m!. 

Mean number of pregnancies = 3. 38 

Mean period of gestation = 25.3 weeks 

Dose 2-Dose 4 = 0.42 grams per 100m!. 
SIGNIFICANT 

Differences: 
Dose 2-Dose 6 = 0. 35 p;rams per 100m!. 

NOT SIG:-IlFICANT 

4 
DAILY DOSE OF !RON 

(TABS) 

FIG. 13 MEAN RISE IN HAEMOGLOBIN CONt:ENTHATION OVER PERIOD OF 14 DAYS 
IN 60 PftEGNANT WOMEN (EXPT. 9) 

for initial Hb Jcvel bcing given. It may bc seen that adjustme11t 11arrows the differences 
in the responses, o11ly the diffcre11ce betwee11 those reccivi11g 400 mg. and those receiving 
800 mg. each day bei11g sig11ifica11t, and then only at the 5% level. 

Again an u11expected result was obtai11ed, and as before the expla11ation may be' 
that the larger doses were not taken; 011 the other hand it may be concluded that there 
was 110 significant difference in the respo11ses to the 3 doses of iro11. The increase in 
the Hb conce11tratio11 of 0·37 g. per 100 ml. for the 60 women considered together is 
unlikely to have occurred by cha11ce (P <0·001). 
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Some support for thc conclusion that these women were iron-deficient is obtained 
from the examination of the relationship between Hb concentration and MCHC. The 
regression toefficient of 1·24% for MCHC on Hb leve1 is highly significant (n = 38). 

The corrclation betwccn rise in Hb concentration over the 2·week period on iron 
and thc initial Hb level was highly significant, as was the correlation between the initial 
Hb concentration and the nurober of pregnancies. 

The 204 women taking pai·t in the 2 antenatal experiments were somewhat anaemic, 
the mean Hb concentration bcing 8 · 75 g. per 100 ml. Although there was some evidence 
of iron dcficiency, the response to iron was small and was not related to dose in any 
obvious way; there was no evidence of folic acid deficiency. The relationship between 
initial Hb concentration and both duration of gestation and number of pregnancies 
suggests a lack of some haemopoietic factor, but the absence of any correlation between 
rcsponse and the number of prcgnancies, that is a rcficction of age, and between response 
and pcriod of gestation, suggests that these factors did not infiuence the utilization of 
the haemopoietic substances available. 

Discussion 
v;et 

Evidence regarding the importance of diet can be obtained from the prison experi
ment and from patients in hospital who were not receiving iron; in both institutions 
the quancity of food available was more than the inmates could eat. 

Although tlwse men recently admitted to prison and in whose stools hookworm 
ova were not found ~howed some rise in Hb concentration over a period of a month, 
the long-term changes in Hb level in both those with and without hookworm ova in the 
stools were not marked, and the general increase was certainly slow; it must be re
membered, however, that this was a cross-sectional rather than a longitudinal study 
(Figure 5). Furthermore, thosc hospital patients receiving no iron showed no rise in 
Hb concentration. In Experiment 2, the mean rise in Hb level, over a 14-day period, 
in 12 patients was 0·10 g. per 100 ml.; in Experiments 4 and 5, 24 patients who had 
received no iron foJ; a weck showed a fall in Hb concentration of 0·46 g. per 100 ml. 
over a similar 14-day pcriod. 

This Iack of response to an ample institutional diet may be due to the fact that it 
d iffcred little in composition from that taken by the patients in their own homes; there 
was more meat but thc bulk consisted of maize. It has been estimated that the diet 
of thc average rural African in Tanzania contains about 27 mg. iron per day. The 
high phytate content of maize would appear to be less important than originally con
Sldered; TURNBULL, CLETON and FINCH (1962) showed that in normal persons phytate 
reduced the absorption of ferrous iron both in the presence and absence of food. This 
reduction was not observed when organic iron in the form of haemoglobin was investi
gated, and in the presence of food phytate secmed actually to enhance absorption. 
It was also found that ascorbic acid increased the absorption of inorganic ferrous iron 
but that the absorption of haemoglobin iron was unaffected; in any case oranges are 
plentiful in the region round Dar-es-Salaam. Folie acid deficiency might have been 
expected as a result of the small quantity of green vegetables eaten, and perhaps vitamin 
B12 deficiency because of the almost complete lack of meat in the diet. 

It is concluded that the diet plays apart in the common anaemia seen in Dar-es-Salaam. 

Iron 
The haematological features of the anaemia were consistent with iron deficiency; 

especially marked was the relationship between the Hb level and the MCHC (Figure 3) 
and the c_omple_te apsenc:e of iron in the large number of bone marrows examined. 
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Therc is no doubt rcgarding the rcsponsc to oral iron; in thc 60 patients taking 
part in Experiment 3, the mean rises in Hb concentration over 2, 4 and 6 weeks were 
3 ·51, 6·24 and 7 · 35 g. per 100 ml. In 42 patients receiving various doses in Experiment 
6, the mean rises over 1, 2, 3, 4, 5 and 6 weeks were 1·19, 2· 92, 4·10, 4 · 90, 5 ·51 and 6· 42 
g. per 100 ml. 

There is evidence that the time-response relationship in those continuously on oral 
iron is linear over a large part of the range. This is illustrated in Figure 14 by the 
data from Experiment 6; analysis shows no deviation from linearity. A similar result 
is obtained by examination of thc Hb levels of the 16 patients receiving oral iron con
tinuously for 5 wceks in Experiment 4. Deviation from linearity is, however, demon
strated for the I :b Jevels of the 60 paticnts taking part in Experiment 3; from the graph 
this is obviously due to a single value, that for the 6th weck after the beginning 

FIGURE 14. 

MEAN HAF.MOGL013IN LEVEL OF 42 PATIENTS TREATED WITH VARYING 
DOSf;S OF ORAL ffiON OVER PERIOD OF 6 WEEKS (EXPT. 6) 
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of treatmcnt. These findings would suggest that thc marrow response is not a function 
of the cxisting lcvcl of hacmoglobin. In 12 paticnts rccciving ferrous sulphatc in the 
usual dosage, daily IIb estimations werc carried out for thc first fortnight. Analysis 
of the data shows no dcviation from linearity although inspcction of the graph suggests 
that the stcady risc in Hb concentration did not start until about the 3rd day of ad
r.ainistration; this is consistent with existing knowledge on the time taken for maturation 
of red cclls. 

Conventional doscs of ferrous sulphate are perhaps greater than required; in the eross
over expcrimcnt (Experiment 6) no diffcrence in rcsponsc to greatly varying doscs of 
ferrous sulphate was demonstrated, the conclusion being (i) that 200 mg. ferrous sulphate 
taken by mouth daily providcd thc marrow witl1 tl1e iron it requircd for maximum 
Hb production undcr the circumstances prevailing at the time, or (ii) the quantity of 
iron absorbcd did not vary with the dose of ferrous sulphate administered (Figure 11). 

Assuming a blood volume of 5 litres, and that the iron contcnt of blood with an 
Hb concentration of 14 · 8 g. pcr 100 ml. is 50 mg. per 100 ml., a rise in Hb concentration 
o[ 3 g. per 100 ml. would require about 500 mg. of iron. Such a rise in Hb level was 
cm:nmon ovcr a period of 2 weeks in the severely anacmic patients taking part in this 
series of experiments; this means that about 36 mg. of iron would have to be available 
to the marrow each day, and to providc this from 200 mg. of ferrous sulphate, the iron 
content of which is 20%, would necessitate 90% absorption from the gut. Studics 
with labclled inorganic iron have shown that, in anacmic patients, up to 94% may be 
absorbed and that all this may be utilized for Hb production (BEUTLER et al., 1963). 
Tlüs reasoning may apply only to the severely anaemic, those with a higher Hb level 
absorbing a smallcr proportion of ingested iron; to maintain thc same rate of Hb pro
duction undcr thesc circumstances a !arger oral dose is perhaps required. Experiment 
6 docs not give information on this point. 

In the pregnant women the Hb lcvel was much high er (mean = 8 · 75 g. per 100 ml.), 
the rise in Hb conccntration was much smaller, but the evidence again was that 200 mg. 
or 400 mg. of oral ferrous sulphatc dai1y ',qs adequate to provide the marrow with the 
iron it required to bring abour this rcsponsc. 

That in the sevcrely anacrnic patients, absorbed iron is rapidly utilized for Hb 
production, is suggestcd by the finding that the carry-over effect of a week's iron by mouth 
is limited to a further 7 days. 

There seems little indication for the use of intravenous 'iron in the treatment of 
vcry severe iron-deficiency anaemia. In those whosc Hb concentration was under 2 g. 
per 100 ml. vomiting was a common occurrcnce, but even in these oral ferrous sulphate 
was followed by a brisk response. Experiment 7 demonstrated that the speed of response 
is unlikely to be increascd by administering iron intravenously; it is thought improbable 
that a more rapid rise in Hb concentration would follow an even !arger dosage of parenteral 
lfOll. 

Protein 

Experiments 2, 3, 4 and 5 demonstrated no main effect for protein in the 132 severely 
anaerrüc paticnts taking part; moreover, no interaction between iron and protein was 
found in the 72 patients in whom this estimatc was possible. This indicates that protein 
supplies were adequate even for the greatly incrcased Hb production following treatment 
w1tn 1ron. In view of the finding of non-significant effects for both prorein and anthel
mintic, it is perhaps not surprising that no interaction between these 2 factors was 
demonstrated. 
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Support for the view that protein deficiency is not important in thc actiology of 
the anaemia investigated here is possibly provided by serum protein estimations carried 
out on a nurober of thc patients treatcd. In 124 of those trcated in hospital the mean 
serum albumin conccntration was 3 · 34 g. pct' 100 ml., nnd· in 23 prcgnam womcn ~cen 
at the antenatal clinic it was 3 · 32 g. per 100 ml. 39 patients taking part in Experiments 2 
and 3 who rcccivcd the protcin supplcment for 28 days and for whom the· results are 
known, showcd no significant changc in thc scrum albumin lcvel ovcr this · period. 

It is concludcd that protein dcfi.cicncy played no part in thc actiology ofthc anacmia. 
This may bc surprising in vicw of thc Jack of animal protcin in the paticnts' diets. Ocdema, 
although oftcn prescnt in the severely anacmic, was never gross and the skin changes 

. associated with protein malnutrition were very rarely seen. 

Other factors 
In the hospital patients no main effect for folic acid, cyanocobalamin, ascorbic acid 

or pyridoxine was demonstratcd, and no signifi.cant interaction between any one of 
these and iron was elicited; it is concluded that supplies were available for thc greatly 
increased haemopoiesis following administration of iron (Experiment 5). In the 144 
pregnant women taking part in Experiment 8, likcwise no main effect for folic acid or 
interaction of the vitamin with iron was demonstrated. 

Of the 255 patients entered for the experiments carried out in hospital, 5 showecl. 
megaloblastic hone marrow (2%). One man died and was found to have miliary tuber
culosis; the other 4 patients were warnen and all were treated witl1 folic acid. 3 re
sponded dramatically to 15 mg. per day but the 4th only slowly, the Hb c_oncentration 
later falling while she was on both folic acid and iron. 

It is concluded that defi.ciency of these factors played no important part in the 
aetiology of the anaemia. 

Hookworm 

In the prison experiment those found to have hookworm ova in the stools showed a 
Iower Hb concentration than those who did not, and the presence ofhookworm signi
fi.cantly infiucnced the short-term rise in Hb concentration in those recently admitted. 
There was also the suggestion that the effect of infection diminished with increasing 
detention, an observation perhaps related to an ample diet consumed over a long period 
of time; from this experiment there is perhaps evidence for improvement in Hb con
centration after an anthelmintic. It was concluded that the presence of hookworm 
was a more important factor than diet in determining the Hb level of prisoners. 

Hookworm infection, mainly by Necator americanus, was extremely common and 
was diagnosed in 231 of 233 severely anaemic patients admitted to the experiments 
in hospital; they were admitted before the stools had been examined. The infection 
was heavy, the mean worm load for these patients being 430. The fact that in earlier 
experiments the dose of anthelmintic employed was certainly too Jow implies that this 
mean load has been under-estimated. 

The finding of a signifi.cant correlation in Experiment 3 between initial Hb con
centration and worm load must be considered as a chance finding; patients came -to 
hospital because of symptoms and there is no reason why, for a given Hb level, symptoms 
should be more marked where the worm load is higher. 

In the 100 patients taking part in Experiments 2, 3 and 4, no main effect for anthel
mintic was demonstrated, and in Experiments 2 and 4 the response to iron was not 
influenced by administration of anthelmintic; furthermore, except in Experiment 5 
the response to treatment was not affected by the number of worms present. 



H. A. K. ROWLAND 163 

I: is concludcd that, in the absc'nce of iron, the cessation of blood loss following 
elimination of hookworms has no effect on haemopoiesis in the already sevcrcly anaemic, 
and that in thc prcscncc of iron thc Hb production following its administration is so 
much grcatcr than thc loss duc to hookworms that the lattcr cannot be detccted by the 
methods herc cmployed. 

Although hookworm infection probably playcd a part in the production of the 
anacmia, anthclmintic alone has no place in its immediate treatment. 

Factars influencing the response to treatment 

It was originally cxpcctcd that thc initial Hb concentration would be important 
in dctcrmining thc rcsponsc to treatmcnt and that for this reason a suitable corrcction 
;;i wuld bc madc in thc analyses. 

In Experiments 2, 8 and 9, significant correlation was found between the rise in 
Hb conccntration ovcr a 14-day pcriod and thc initial Hb level, a finding that might well 
be due to random variation; in Experiments 3, 5 and 7 no such correlation was observeci. 
In vicw of the linear nature of the time-response curve over a !arge part of its range 
(Figure 14), it might bc expected that the initial Hb levcl would not infiuence the respause 
to any great extent. 

The evidence for an effect of age on responsc to treatment was conflicting; about 
half thc cxperimcnts showed a significant corrclation while the othcr half showed none. 

In Experiment 3 the rise in Hb concentration over a 14-day period, during which 
all paticnts were treatcd a;ike, was taken as an estimate of the individual's Hb-producing 
capacity and uscd to correct the responses in the test period. In Experiments 4 and 5 a 
rather similar method was used to construct 'blocks.' In all3 experiments no increase in 
prccision resulted from these methods and it must be inferred that the performance by 
an individual during one period does not indicate what it will be during another period; 
there is therefore great within-paticnt Variation. 

This is subst'lntiated by evidence from Experiment 5 in which 16 patients received 
iron during the prcliminary 7-day period. For the next 21 days they received no iron 
but there then followed a weck during which ferrous sulphate was again administered. 
The rise in Hb conccntration during these two 7-day periods was compared; although 
the mean values do not diffcr significantly, there is no correlation between the rise in 
Hb during one period and the rise during the other. 

This within-patient variation obviously reduces the effect of using a previous 
haematological response as a means of increasing precision in an experiment where 
great variation also cxists betwcen patients. 

It is gencrally concith 1cd that the severe and prevalent anaemia in adults in Dar-es
Salaam is almost cntircly due to iron deficiency, that inLravenous iron offers no advantage 
over oral iron from the point of view of speed of response, and that the maximum response 
possible under the cxisting circumstances may be achieved with 200-400 mg. of oral 
ferrous sulphate It i~ also concluded that the factorial designs employed here 
are suitablc for this sort of investigation, that allowance for the age of the patient may 
result in an increase in precision, but that great within-patient variation precludes the 
use of previous knowlcdge regarding the individual's Hb-producing capacity, for this 
means. 

Summary 

The aetiology of the gross anaemia occurring in 204 patients admitted to the Muhim
ibil Hospital, Dar-es-Salaam, was investigated by means of a series 0f experiments. 
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In addition 204 prcgnant women attending an antenatal clinic were investigated on a 
more limited scale. 

The investigation depcnded on the estini.ation of the Hb concentration only, a 
rise in Hb level following the administration of a given factor being taken as an indication 
of deficiency in that factor. 

The basic design employed was that of a factorial experiment, although such proce
dures as fractional replication, confounding and the formation of blocks were also em
ployed. 

Only for iron was a main effect dcmonstrated; no effect for protein, folic acid, 
cyanocobalamin, ascorbic acid or pyridoxine was elicited, and all interactions between 
iron and thesc other factors were found to be non-significant. In addition, treatment 
with anthclmintic showed no main effcct or interaction with iron or protein. 

No difference in the speed of response could be detccted for oral and intravenous 
iron, and at the Hb levels encountered here there appeared to be no benefit in giving 
more than 400 mg. ferrous sulphate daily by mouth. 

Investigations carried out on 360 prisoners indicated that hookworm infection 
was a morc important predictor of Hb concentration than was diet as estimatcd by the 
stay in prison. What effect could be attributed to diet appeared to be extremcly slow 
and this perhaps also accounted for the lack of benefit derived from the hospital diet 
in those admitted; hookworm infection was almost universal in the hospital patients 
and the loadwas heavy. 

Factarial designs proved appropriate for this type of investigation. Within-patient 
variation scemed to preclude the use of designs depending on the formation of blocks 
based on a previously determined Hb-producing capacity. Although the response 
to treatment was dependent on age in some experiments, this was not always the case. 
A time-response curve which was linear over a !arge part of the range perhaps accounted 
for the failure to increase precision by correcting for the initial Hb level. 
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DISGUSSION 

Professor A. W. Woodruff: I should likc to congratulate Dr. Rowland on this 
vcry finc piccc of work. Ir forms a bcautiful cxample of what can bc done with simple 
apparatus and constructivc thought. Virtually the only laboratory procedure essential 
for thc study was hacmoglobin cstimation; othcrs such as cxamination ofthe marrow and 
of the stools for parasitcs werc incorporatcd and have addcd to the value of the work but 
thc main results could havc bcen obtaincd without them and even so the laboratory 
procedures requircd remain simple. 

Thi~ work forms anothcr chapter as it wcre in a scries of investigations on anaemia 
in this gcographical rcgion carricd out by personnel associated with the Dcpartment of 
Clinical Tropical Mcdicine, at the London School. I rcfer here especially to the work 
clone by STOTT (1961). These studies cnable us to build up a picture ofthe anacmias of 
public hcalth importancc in this part of East Mrica and Mauritius. The results obtaincd 
by Rowland and by Stott agree very closely; both found a low incidence of megaloblastic 
anaem.ia, iron deficiency cmerges as the predominant cause of anaemia on a public health 
scalc in tJ}.C region, factors such as administration offolic acid, vitamin Bl2, an anthelmintic 
or protcin do not under the conditions of the experiments have any significantly beneficial 
effec"ts. 

The results which have been observed are perfeetly clear and precise and the 
statistical design and control ensure that there is absolutely no possibility that thcy 
arosc by chance. This then is what has been observed and thcre is no argument about 
it; interprctation of the rcsults presents further problems. The experimental design 
and the statistical approach mean that we know exactly what each of the different faetors 
employed will do under these given circumstances, but Dr. Rowland knows too much 
about this subject to infer that if thc circumstances were different or if the factors were 
used at different levels or for different periods oftime the measurable results might not be 
different. W e can, I think, infer quite clearly from this work that folic acid deficiency and 
vitam.in Bl2 deficiency do not form large problems in Dar-es-Salaam any more than they 
do in Mauritius, but we know that there are some cases in which these deficiencies exist 
even though such cases may be uncommon. Concerning the lack of any observed effeet 
of an anthel.mintic this again does not mean that the anthelmintic has had no effeet which 
would ultimately be ofbenefit to the anaemia; Dr. Rowland has demonstrated a correlation 
between anaemia and hookworm load, significant at the 5% level. The lack ofhaemato
logical response to the anthelmintic treatment surely indicates that even when one cut off the 
lo~s of iron which hookworms imposed on these infected persons they did not absorb a 
suiticient quantity of iron from their dict to bring· about a haematological response 
mcasureable during thc time interval which elapsed between administration of the 
anthelmintic and conclusion of the experiment. It does not mean that the anthelmintic 
had donc the patient no good. 

In the same way, concerning the lack of demonstrable rcsponse to administration of 
prorein during the 2-and 4-week periods of observation employedin experiments 2, 3, 4 and 
5, one has to rr:call that the work of ALLEN and the late Professor DEAN (1965) recently 
rcported in thc Transactions of this Society, showed that over periods of this order of 
duration protein administration caused an expansion of plasma volume in those who wcre 
malnourished, this increase in plasma volume naturally caused haemodilution and masked 
therefore any increase in haemoglobin level which might otherwise have been obscrvcd. 
The increased plasma volume did, however, mean that even when the haemoglobin 
level remained the same as before treatment, or even slightly diminished, the amount of 
circulating haemoglobin had nevertheless significantly increased. Even bearing this 
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fact in mind, howcver, it seems that protcin dcficiency is not a cause of anaemia on a Iarge 
;>ublic hcalth scale in Dar-cs-Salaam or Mauritius. Here a point is that in Dar-es

;:,.,;;,;un the staple diet of the poor is maize containing round about 7% protein, whereas in 
many parts of West Africa thc staple of the poor is cassava containing less than 1% of 
protein. 

One conclusion which, I think, emerges from this work and that of Stott, is that 
ways of counteracting iron dcficicncy are assuming increasing public health irnportance 
and that there is an urgent nccd for hygienists and perhaps politicians to co-operate in 
exploring the ways. 

The final point which I would like to make isthat Dr. Rowland was the precursor or 
prototype for the Dcpartment of Technical Co-operation (D.T.C.) lecturers and was 
appointed nearly a year before thc Porritt scheme came into being. To use the simile of the 
production line I am sure that you will agree that if the later models perform as weil as 
the prototype, the D.T.C. will have made a pretty good investment. 
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Dr. S. G. Browne: To take up the question of practical measures to combat 
widespread hookworm anaemia, I would emphasize that it may not be necessary to await 
administrative or political blessing before embarking on an inexpensive scheme based on 
existing medical services. Faced with severe anaemia in Congolese schoolchildren 
in a rural area, an anaemia due principally to hookworm infection, I was able to 
eRlist the Co-operation of an efficient rural health service to give regular doses of 
iron to over 20,000 children. Before worming was done on a large scale, the 
h;;emoglobin rose to satisfactory levels, and thereafter anthelmintics reduced the 
worm load. Regular blood and stool examinations were made by the medical assistants, 
who also gave lessons in the local schools. Teachers reported an increase in mental 
alertness and in mischievousness m their pupils as they responded to these medical 
measures. 

Dr. J. C. White: Dr. Rowland has given a wonderful demonstration of the over
whelming importance of iron deficiency in the causation of this group of anaemias in 
Dar-es-Salaam, and has used the most powerful statistical methods to this end. It is 
most interesting to find that folic acid deficiency is a relatively trivial factor in this group, 
as are othcr clcarly dcfincd hacmatological disorders. I would like to enquire whether 
the assessment of the iron status in the bone marrow samples was made both by examination 
of iron stores in reticulum cells and presence of stainable iron granules in the erythro
blasts, and also whcthcr rc-assessment of the bone marrow iron was made aftcr treatment. 
It appeared from thc correlation of haemoglobin levcl with MCHC that the latter seldom 
in fact reached anormal value, and remained at 31 or below. If the MCHC values in 
the routine work of a haematological laboratory are plotted as a histogram there is 
certainly a marked lcft skcw, but I think that only values of 32 or above can be considered 
to represent thc normal population. It appears possible that some abnormality remained 
cven after treatment in this series. 

At Hammersmith Hospital, in collaboration with Mr. G. Dixon and Dr. G. H. Beaven, 
we have been intcrestcd in the anacmias of pregnancy in coloured immigrants to West 
London. These comprisc West Indians, West Mricans, Indians and Pakistanis, and 
Middle Asians in this order of frequency. These anaemias are usually moderate in 
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dcgree, with haemoglobin Ievels between 9 and 11 g. per 100 ml. Iron deficiency anaernia, 
with or without hookworm infection, is not such a major causative factor in this group, 
and gcnetic abnormalitics of the haemoglobin molecule (traits for S, C and rarer abnormal 
h;,cmoglohins) or of hacmoglobin synthcsis (thal3s~acmla~likc trnits) arc frequcntly 
!>i:,;niticant. I wonder to what extcnt thc thalassaernia trait may have occurred in the 
prcsent serics, and lirnited the responsc to treatment, and whether thc investigation of 
such paramcters as the osmotic fragility of the red cells and electrophoretic and alkali
denaturation properties ofthe haemoglobin, would have detected this condition ? 

Dr. C. C. Chcstcrman: Could Dr. Rowland suggest why the dict of his paticnts 
ap-oears to be lacking in iron ? Is it merely the lack of grcen leaves, so 'lvidely uscd in 
S0>11C parts of tropical Africa ? If so, could not this be remedied rather than introducing 
mcdicinal iron into thc dietary ? 

Dr. Cicely Williams: Dr. Rowland is certainly tobe congratulated on an important 
paper. For a long tin1c we have been struggling with anaernias in Mrica and to my 
mind the consumption of green leafy vegetables plays a major part in treatment and in 
prevcntion. 

PLATT (Chemical Analysis of Tropical Foods) gave the following analysis, and that 
of soya bean is given for comparison : 

TABLE 

Per 100 g. edible portion 

Cal- Pro- 1--::----·------ ---
mg. 

CH Ca Fe LU. ascorbic 
ories tcin Vit.A acid I 

I Fresh dark green leaves 
1-----------------

of cassava, cowpca, 44 4 4 6 210 3 13000 100 
spinach, sweet potato 

---------------
Sun~dried leaves 264 24 2·4, 36 1260 18 7800 42 

------------------
Soya bean 382 35 18 20 220 7 -

I 
-

In many rural areas in East andin West Mrica the people eat a deal of green leafy 
vegetables. In some arcas this is lirnitcd by dry weather and in most urban areas green 
leaves are only obtainable in small quantities and do not compete :in prestige value with 
white bread and Coca Cola. Some people even preserve the green leaves. The Wagogo, 
for instance, use over 20 varieties and in the more provident households they are kept in 
the form of cakes or powdcr and used throughout the dry season in stews or in the 
cereal meals. In somc areas it is considered more "lucky" to use the leaves growing 
wild than those that have been cultivated. 

The nutritiorüsts have failed to emphasizc the importance of green leaves in the diet. 
It is sad to hear from Dr. Rowland that with all the attcntion given to nutrition and to 
agriculture this is still ignored in the hospitals, in institutions, andin teaching. 

Ten years ago we were urging that the production, the preservation and the use of 
green leafy vegetables should be encouraged at every level. Twice I was in Tanganiyka 
as a Nuffield Visitor and later to report on a fan1ine in the Central Province (1955) and 
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on Child Health (1956) and suggested that more invcstigation was necdcd to provc which 
arc the lcavcs with bcst nutritional value, what are thc bcst mcthods of prescrving and 
usins thcm, how much of the iron and the protein, etc., are available and so forth. Thc 
u~c of grccn lcaves iR ;~n ;~dmirahlc indigcnous form of dict, surely morc cmlld havc becn 
clone to insure that it is not completcly abandoned ? Surely it is bcttcr to do this than 
to continuc handing out tablets, of which only a small proportion rcach those who are 
most in need. 

One othcr point: anacmia is very common in young children, sometimcs in a fulmina
ting type which is oftcn fatal. Among young children Ascaris is more prcvalent tban 
hookworm, and is oftcn a major factor in malabsorption. In 1953 the out-paticnt figures 
for Tanganyika were tapewarm 9,000, bookworm nearly 30,000, and Ascaris 22,000. 

Dr. P. ]. S. Hamilton: I would like to join in congratulating Dr. Rowland. 
Professor Woodruff has already mentioned tbe work of Dean and Allen on plasma 

volume in children with anaemia and kwashiorkor. Recent work in Kampala on adult 
paticnts with idiopathic splcnomegaly and severe anaemia has shown that, although such 
paticnts comc with very low haematocrit and haemoglobin values, their red ccll mass 
whcn measured by a 61 Cr technique is usually in the normal range or may even be raised. 
Their anaemia is in fact due to markedly raised plasma volume (RICHMOND, J. H., 
DoNALDSON, G. W. K., WILLIAMS, R., HAMILTON, P. J. S., HUTT, M. S. R. (in press)). 

The mechanism oftbis increased plasma volume is not understood. There is early 
evidence that such a dilution factor may also be present in severe hookworm anaemia. I 
wonder if this dilution may not account for some of the anaemia in these cases and particu
larly in thosc refractory cases whcre it is so difficult to get the haemoglobin value above 
10·0 to 12·0 g. per 100 rnl. I would like to ask Dr. Rowland what the evidence of 
splenomegaly was among his patients and whether he has any evidence on the problern · 
of dilution anacmia. 

Dr. Rowland (in reply) : The points raised by Professor Woodruff are perfectly 
valid in that inferences must be drawn only within the limits of tbe experiments carried 
out; anthclmintic administered in the absence of iron might result in a rise of Hb level 
over a period oftime Ionger than that used in these experiments. Regarding the possibi
lity that the protein given resulted in an expansion of plasma volume which could mask 
an increase in total circulating haemoglobin, it is interesting that the factorial effcct for 
prorein shown in Table II is in factanegative amount (B=-0·71 g. per 100 ml.); 
thus the administration of high doses of protein was followed by a fall in Hb level. 

The assessment of iron status by bone marrow exanlination was based on the presence 
or absence of iron storcs; in a large number of patients a repeat examination was made 
after about 6 weeks on oral iron, and little changewas observed. As Dr. White inferrcd, 
the MCHC was rarely above 30% in specimens of blood from the general hospital 
population; many ofthe severely anaemic patients were followed for long periodsandin 
them also the MCI-IC seldom rose above 30% despite continucd iron. Hb electro
phorcsis and osmotic fragility tests werc not carried out. 

l do not know the answer to Dr. Chesterman's question regarding the apparent lack 
of iron in.thc diet. As was mentioned, the average iron intake in Tanganyika has been 
estimated at 27 mg. per day and it might be suggested that this is not in a form suitable 
for absorption. Whether the addition of green leaves to the diet would increase the 
quantity of iron absorbed is not known, ~10r is the opposition that might be encountered 
if this was advised. As Dr. Williams has mentioned, green leaves are used in parts of 

I 
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Africa, and cspccially in countdes such as Sierra Leone; although greens werc sold in 
till~ 111arkets ofDar-es-Salaam, thcy did not appear tobe a regular constituent of the diet. 

Dr. Brownc's is an admirable suggestion, but there necds tobe somc administrative 
m .. 1dcu~, cithcr ofiicial t?t' vohmtnty, to cnnblc iron and mnhdtnintic to he dü;tributcd on 
a largc sca]c. 

Rcgarding Dr. Hamilton's suggestion that therc may be an increased plasma volume 
and hcncc a false low ~-1 b level in patients having an enlargcd spieen, splenomegaly was 
not a conuuon finding in Dar-es-Salaam and it is doubtful whcther a palpable spieen was 
prcsent in morc than 5% of the severcly anaemic paticnts. As no blood volume estima
tions were carricd out it is not possiblc to estimate the dfcct ofthis in those patients wbose 
Hb level did not rcach 'normal' values after prolonged treatment with iron. 




