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SYNOPSIS

For over a century, spleen palpation has been the method used
for estimating the degree of endemic malaria in a community. As
there is no way of estimating the mean volume and weight of the
spleen on the live individual, the only alternative is to examine the
organ at autopsy.

There is very little published information concerning the weight
and size of the spleen in Africans, in spite of the obvious importance
and interest of this problem in holo-endemic malarious areas.

The first aim of the present study was to assess the biometric
constants for spleen- and liver-weights recorded in a large number
of autopsies in persons of all age-groups of the African population
from Lagos and its environs.

The relevant constants from autopsies of Europeans in a non-
malarious area were then obtained and the two sets of data were
compared.

Finally, the author determined to what extent the results of past
splenometric surveys in the live population of Lagos could be corre-
lated with the autopsy findings in the same area.

For over a century, the method of spleen palpation has been used for
estimating the degree of endemic malaria in a community. This time-
honoured procedure, which establishes the proportion of persons with
enlarged spleens and the respective average size of the enlarged organ,
has been recently described in a WHO monograph.25

Since the enlargement of the spleen, palpable in the live individual, is
due to the increased volume of the organ, it would have been preferable
to express this enlargement in terms of either volume or mass.

As this manner of measurement is obviously impossible, the most
practical alternative is to determine how far the spleen projects into the
abdominal cavity.

The palpation of the spleen gives us no information about the actual
size or weight of the organ hidden in the abdomen, separated from our
inquisitive hand by a variable thickness of subcutaneous tissue, by the
variable development and tension of the abdominal wall, by the varying
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slant of the costal border, and by the variable distension of the stomach
and the intestine.

As there is obviously no way of estimating the mean volume or weight
of the spleen in a live human community the only remaining possibility is
to assess it on an adequate material from autopsies. A certain amount of
pioneer work on the weights of human viscera and their correlations was
done in France by Richet ; 54 in Great Britain by Greenwood,34 and
Greenwood & Brown ; 35 and in the USA by Bovaird & Nicoll,6 Bean &
Baker,4 Pearl & Bacon,52 and Coppoletta & Wolbach.22

The interest of this investigation in malarious areas ofthe world is obvious,
and data on post-mortem weights of spleens are available from British
Guiana (Daniels ; 28 Daniels & Wilkinson 27) from India (Beli-Ram; 5
Buchanan & Daly; 10 Castor; 14 Christophers 16, 17), from the Andamans
(Covell 23), from the southern States of the USA (Darling29), from the
Caribbean area (Clark 20), from Indonesia (Oudendal 50), and from Brazil
(Lambert & Oliveira 39).

Taking into account the difficulties encountered in carrying out autopsies
in underdeveloped areas, it is not surprising that the amount of published
information on weights of human viscera and on correlations of such
weights in tropical Africa is exceedingly small (Haran; 37 Vint 66). There
is even less information on the size or weight of the spleen in African children,
in spite of the obvious importance and interest of this study in holo-endemic
malarious areas. A paper by Garnham 32 on the pathology of infant malaria
in East Africa contains a short series of data and gives the first tentative
comparison between the spleen-weights in African and European children.

The first aim of the present work was to assess the biometric constants
for weights of spleens and livers recorded in a large number of autopsies
of all age-groups of the African population from Lagos and its environs.
The next object was to obtain the relevant constants from autopsies of
Europeans in a non-malarious area and to compare the two sets of data.
The third aim was to find out to what extent the results of past splenometric
surveys in the live population of Lagos can be correlated with the findings
recorded on autopsies from the same area.

Any investigation of " standard" measurements of a characteristic
found in a defined and meaningful group must be regarded as the measure-
ment of " normality " of this group and should follow, as much as possible,
the lines of research and reporting summarized by McKinlay.43

In attempting to assess from autopsy records any characteristic of the
population, one has first to find out to what extent the " post-mortem
population " represents the general population. Greenwood 34 and Pearl 51
drew attention to the selective character of the " hospital population "
from which the " post-mortem population " is usually drawn. The raw
material gathered from autopsies is complex since it does not represent
the random sample of the general population, but is often unduly weighted
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by chronic or uncommon diseases and thus subjected to a highly selective
process. Autopsy records carry a further selection because not every patient
dying at hospital has a post-mortem examination.

The investigation of our African material was possible only because the
Department of Pathology in Lagos has a large collection of valuable autopsy
records dating from 1933 onwards. It was also fortunate that the inter-
pretation of autopsy data with reference to the general African population
is less difficult in Lagos than elsewhere. Lagos autopsies are of three
kinds: (a) " hospital autopsies ", requested by the medical officer,
(b) " coroner's autopsies ", and (c) " health autopsies ", requested by the
local health-authorities to disclose any acute contagious disease such as
plague, yellow fever, etc.

Hospital autopsies, which are the most highly selected and the least
representative of the general population, accounted for about 15 % of the
Lagos records, and health autopsies comprised about 20%. The bulk
(65 %) of all the Lagos records, was composed of coroner's autopsies
dealing with deaths due to accidents or to many cases of death at home
or in the street unaccompanied by a proper death certificate. Since the
latter autopsies were proportionately the most numerous and as they did
not undergo the usual hospital selection it seems that although the raw
biometric material from Lagos suffered probably from the same intrinsic
disadvantages as any other post-mortem series, it was nevertheless much
more representative of the general population than any records based on
hospital autopsies alone.

For the present investigation, 6700 Lagos autopsy records covering the
period 1934-50 were examined; 4560 of these were selected, of which 2020
referred to African infants and children, and 2540 to adults. The difference
between 6700 and 4560 is due to the fact that a number of autopsy records
were incomplete. A careful scrutiny of these records showed that the
omission of details was not due to any selective process but operated at
random.

To obtain a comparable series of data for weights of spleens and livers
in European infants and children we were fortunate in having been able to
use the autopsy records of the Department of Pathology of the Hospital
for Sick Children, Great Ormond Street, London. Here, a perusal of
records for the period 1936-50, gave 1035 entries, composed almost entirely
of hospital autopsies-an evidently selected sample with all its unavoidable
statistical shortcomings as far as the comparison with the general population
is concerned.

The method of collecting the necessary data consisted of extracting from
the records and putting on standard 3 x 5-cm punch-cards the following
characteristics: age, sex, weight ofbody (if recorded), cause of death, weight
of spleen, weight of liver, and relevant remarks. The cards punched out
according to a code were then sorted out manually.
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In order to obtain from the available post-mortem population a set of
data representing as closely as possible the general population, all cards
in which the disease confirmed by the autopsy was obviously linked with
a gross non-malarious enlargement of the spleen or liver were eliminated
from both series. Thus all autopsy cards with the diagnosis of congenital
syphilis, haemolytic disease of the newborn, sickle-cell anaemia, leukaemia,
portal obstruction, tumours of spleen or liver, etc., were removed. The
same was done with cases of prematurity, marasmus, gross malnutrition,
cirrhosis, etc., in which one or both organs were pathologically small.
A few cases of acute infectious diseases such as septicemia, typhoid

fever, etc., contributing to the enlargement of the spleen were also rejected.
Measles and chicken pox which may produce a transient enlargement of
the spleen were absent in our series of post mortems. Kala-azar is unknown
in southern Nigeria and all of the 50 cases of schistosomiasis recorded at
autopsy were due to S. haematobium which does not, as a rule, produce
an enlargement of the spleen or liver.

The autopsy records finally selected numbered 1896 infants and children
and 2389 adults in the African series. The European series was limited,
after a selection, to 933 infants and children, mainly English. It was not
considered necessary to collect a new series of biometric data for adult
Europeans as Greenwood's 34 and Greenwood & Brown's X records were
available, although they refer mainly to males.

Two methods were used for the study of quantitative relations between
the two viscera. The available material classified into 17 age-groups was
divided on the basis of absolute organ-weights in each age-group. Within
each group the following constants were calculated: arithmetic means and
their standard deviations, separately for each sex; and means, standard
deviations, standard errors of the means, coefficients of variation, and
medians for the two sexes combined.

According to the second method, more valuable for studying the regu-
latory phenomena of the organism, indices of mean liver/spleen-weight
ratios were calculated as well as the corresponding correlation coefficients
in each age-group sample. Moreover, an attempt was made to determine
the approximate weights of spleens and livers in relation to a unit of body-
weight in 11 age-groups of each series.

Results of the Investigation

The results obtained are shown in a series of tables and graphs dealing
with particular aspects of this investigation.

Cause of death in infants and children
Causes of death in the two unselected series of autopsies were classified

according to the WHO International Statistical Classification of Diseases,
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TABLE I. CLASSIFICATION AND FREQUENCY OF CAUSES OF DEATH
IN AFRICAN AND EUROPEAN INFANTS AND CHILDREN *

African European
Cause of death **

infants children infants children

(I) Infective and para-
sitic diseases 71 (14.6%) 469 (30.7%) 83 (11.5%) 98 (31.5%)

(II) Neoplasms 1 (0.2 %) 10 (0.6 %) 6 (0.8 %) 24 (7.6 %)

(Ill) Allergic, endoc-
ri ne system, me-
tabolic and nutri-
tional diseases 12 (2.5 %) 35 (2.3 %) 7 (1.0 %) 3 (1.0 %)

(IV) Diseases of the
blood and blood-
forming organs 18 (3.7 %) 68 (4.4 %) 45 (6.3 %) 32 (10.2 %)

(VI) Diseases of the
nervous system
and sense organs 20 (4.1 %) 62 (4.0 %) 93 (12.9 %) 34 (10.8 %)

(VIl) Diseases of the
circulatory system 8 (1.6 %) 29 (1.9 %) 10 (1.4 %) 11 (3.5 %)

(VIII) Diseases of the
respiratorysystem 267 (54.8 %) 482 (31.4%) 109 (15.1 %) 16 (5.1 %)

(IX) Diseases of the
digestive system 21 (4.3 %) 148 (9.8%) 159 (22.1 %) 47 (15.0%)

(X) Diseases of the
genito-urinary
system 2 (0.4 %) 33 (2.2 %) 27 (3.7 %) 24 (7.1 %)

(XII) Diseases of the
skin and cellular
tissue 1 (0.2 %) 6 (0.4 %) 5 (0.7 %) 0 (0 %)

(XIII) Diseases of the
bones and organs
of movement 0 (0 %) 2 (0.1 %) 4 (0.6%) 4 (1.3 %)

(XIV) Congenital mal-
formations 13 (2.7 %) 2 (0.1 %) 84 (11.7 %) 6 (1.9%)

(XV) Certain diseases
of early infancy 27 (5.5 %) - - 41 (5.7 %) - -

(XVI) Symptoms, andc
ill-defined condi-
tions 10 (2.1 %) 52 (3.4 %) 38 (5.3%) 5 (1.6%)

(XVII) Accidents, poi-
soning, and viol-
ence 16 (3.3 %) 135 (8.8 %) 9 (1.3 %) 11 (3.5 %)

Total 487 (100.0 %) I1 533 (100.1 %) 720 (100.1 %) ] 315 (100.1 %)

* Results of 2020 African and 1035 European autopsies.
** According to the International Statistical Classification of Diseases, Injuries, and Causes

of Death. I'
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Injuries and Causes of Death,69 and are shown in Table I separately for
infants and for children 2-15 years of age.

Davies 3 rightly points out that " it would give a false impression of
the pathology of the African if a bare list of causes of death was presented
without indicating those structural abnormalities and biochemical changes
that impair the functional efficiency of the body in specific conditions of
life in Tropical Africa ". Thus, any attempt at drawing conclusions from
direct comparison of the proportional frequency of causes of death in the
two series of African and European children might be misleading. Moreover,
the selection process of each of the two series was different and the standard
of the post-mortem diagnosis was not the same. Nevertheless, a few remarks
with regard to some salient points of the relative frequencies of the tabulated
causes of death might be of interest.

Among the African infants and children, bronchopneumonia was
diagnosed in about 34% of all autopsies, while in the European series,
the overall frequency of this disease did not exceed 12%. It seems that in
many of these African cases bronchopneumonia was present as a terminal
lesion and in a certain number of autopsies it was recorded as a diagnosis
of convenience. Among all infective and parasitic diseases, which composed
26% of African autopsies, acute malaria was recorded in 246 instances
and constituted 12% of all records for infants and children. The frequency
of tuberculosis in this group was 9%.

It is not considered that the relatively high frequency of tuberculosis
in the series of African children had any considerable bearing on the mean
spleen-weight of our age-groups. Russell 56a showed that the spleen-rate
in tuberculous children in Massachusetts, USA, is not significantly higher
than the overall spleen-rate in an unselected sample of children. The very
high frequency of haemolytic diseases of the newborn (including " kernic-
terus") was striking in the European series where it averaged 20% of all
autopsies, while in African babies it was recorded only twice. Sickle-cell
anaemia was found in just under 1 % of the autopsies ofAfrican children.
In the group of congenital malformations, hydrocephalus was one of the
main single causes of death in European babies. The paucity of congenital
malformations among the African infants is probably due to the fact that
few of them reach the autopsy table. The high (7.5 %) proportion of acci-
dents in the series of African infants and children was to be expected on
account of the high number of coroner's autopsies.

Biometric constants for spleen-weights

The frequency distributions of spleen-weights in the African and Euro-
pean series are shown graphically as percentages in Fig. 1-2. In nearly
every age-group of both series these frequency distributions are skewed in
the direction of higher spleen-weights, but they are generally more concen-
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FIG. 1. FREQUENCY DISTRI BUTION OF SPLEEN-WEIGHTS AT AUTOPSY
IN (A) 457 AFRICAN INFANTS AND (B) 666 EUROPEAN INFANTS
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trated around the mid values in European series, while rather more spread
out in the African series. In the second half of infancy in Africans, it is
possible that the frequency distributions can be divided into relatively
light spleens and much heavier spleens.

Tables II and III give the biometric constants for spleen-weights in
the African and European series of autopsy records. The tables are divided
into the neonatal period, comprising the first 4 weeks of life, into 6 bi-
monthly age-groups in infants, and into the usual S age-groups in children
including the adolescents. The African series includes also 2 adult age-
groups, one between 16 years and 39 years of life and the other over 40 years.

In some age-groups, the differences in totals between Tables II and III
and Fig. 1-2 are due to the fact that a few spleens, not initially removed
from the series on account of a lack of specific diagnostic picture, had
nevertheless a weight quite outside the usual range and were not included
in the table of biometric constants. These cases are shown in the histo-
grams as white rectangles.
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FIG. 2. FREQUENCY DISTRIBUTION OF SPLEEN-WEIGHTS AT AUTOPSY
IN (A) 1439 AFRICAN CHILDREN AND (B) 281 EUROPEAN CHILDREN
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It was of interest to find out to what extent the figures for mean spleen-
weights in English infants and children, obtained from autopsies carried
out at the Great Ormond Street Hospital in London differ from similar
records of previous investigators in Europe or in the USA. Table IV,
which shows the 5 series of data, indicates that the differences between
them are gratifyingly small and due probably to sampling errors.

The mean spleen-weights in similar age-groups of our series of Africans
and Europeans are compared in Table V. The differences between the
corresponding values in each age-group of the 2 series are considerable
and, with the exception of the 3-4 weeks group, statistically significant.

Fig. 3 represents graphically the mean weights of spleens in our two
series on a semi-logarithmic scale against age, and shows the trend of the
increase of the weight of the organ in different age-groups.

In order to assess better the relationship of mean weights of the sample
of all available post-mortem records and the unknown weights of spleens
in the general population, an attempt was made to calculate the mean
spleen-weights of autopsies carried out on subjects whose death was due
to accident or violence. If death caused by a disease acts as a selective
process and narrows down the value of the sample, then death due to acci-
dent should be regarded, as Greenwood pointed out, as a " normal death "
leaving the viscera healthy. Table VI compares the mean spleen-weights
of samples obtained from autopsies of cases of violent deaths with those
calculated from all post mortems. It indicates that there is no constant or
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TABLE IV. COMPARISON OF INVESTIGATIONS ON SPLEEN-WEIGHTS
IN AMERICAN AND EUROPEAN CHILDREN AT AUTOPSY

Mean weight of spleens (grams) according to:

Vierordt 6

(Germany)
Bovaird & Scammon,

NicolI1 6 quoted by
(USA) (GrJackson3in(S) (Great Britain)

Birth 10.7 12.2

1 weeks
2 weeks 1

3 weeks 10.8

4 weeks

1 month

2 months

3 months

4 months

5 months

6 months

7 months

8 months

9 months

10 months

11 months

12 months

1 year

2 years

3 years

4 years

5 years

6 years

7 years

8 years

9 years

10 years

11 years

12 years

13 years

15 years

14.2

t 12.5

1265

16.7

I 25.0

20.4

40.9

42.8

52.3

52.2

54.5

60.9

62.5

65.0

86.6

79.4

98.6

88.3

117.2

9.8

15.5

19.5

17.8

17.6

18.5

23.5

21.6

25.2

25.2

25.2

27.9

28.7

39.8

41.5

48.5

22.5

27.0

30.0

40.0

45.0

48.0

53.0

53.0-

60.0

67.5

75.0

82.5

100.0

Coppoletta & Hospital for
Wolbach 22 Sick Children

(USA) (London)

7.8 8.3

9.8 8.1

11.5 10.6

_ 10.8

12.9 12.0

12.9 12.7

12.8 12.3

13.9 14.7

15.6 16.6

15.7 17.4

17.7 17.7

19.2

19.5

18.8

21.5

23.8

23.9

27.6

31.5

37.5

38.7

46.6

61.4

66.3

66.3

73.7

83.0

85.5

94.2

16.5

18.6

16.0

25.0

22.1

26.3

30.5

38.8

41.1

53.8

55.9

71.8

67.7

77.1

79.0

98.5

100.9

103.0

Age

I.
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TABLE V. COMPARISON OF MEAN SPLEEN-WEIGHTS IN SIMILAR AGE-GROUPS
OF AFRICANS AND EUROPEANS*

* All means corrected for sex and age.
** Quoted after Greenwood3' and based on hospital autopsies.

FIG. 3. MEAN SPLEEN-WEIGHTS IN AFRICANS AND EUROPEANS
IN RELATION TO AGE
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Semilogarithmic scale

Mean weight of spleen African: African S.E. of
(grams) European minus differ- ValueAge-group weight European ence of " t

Africans Europeans weight

under 7 days 12.4 8.1 1.53 4.3 0.75 5.7

7-13 days 16.7 10.6 1.58 6.1 1.70 3.6

14-20 days 20.1 10.8 1.87 9.3 2.43 3.8

21-28 days 20.0 12.0 1.67 8.0 4.54 1.8

1-2 months 23.2 12.6 1.84 10.6 1.81 5.9

3-4 months 32.3 15.5 2.08 16.8 2.59 6.5

5-6 months 38.1 17.6 2.16 20.5 2.89 7.1

7-8 months 45.5 17.7 2.57 27.8 3.98 7.0

9-10 months 55.2 20.8 2.66 34.4 4.81 7.2

11 months - 58.1 24.1 2.41 34.0 5.78 5.9

1-2 years 82.2 33.1 2.48 49.1 2.92 16.8

3-4 years 109.7 48.7 2.26 61.0 4.86 12.6

5-7 years 120.4 65.5 1.84 54.9 6.47 8.5

8-10 years 144.2 84.0 1.72 60.2 9.26 6.5

11-14 years 195.5 101.9 1.92 93.6 8.51 11.0

adult males | 272.5 187.5 1.45 85.0 5.27 16.1
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TABLE VI. COMPARISON OF SPLEEN-WEIGHTS IN AFRICANS WHO DIED
FROM ALL CAUSES AND IN THOSE WHO DIED ACCIDENTALLY

1. Death due to 2. Death due to
all causes accidents and violence Difference

Age-group 12
Number of Weight of Number of Weight of (1-2)
autopsies spleen (grams) autopsies spleen (grams)

under 1 month 95 15.4 ± 7.9 7 11.4 i 6.6 + 4.0

1-2 months 59 23.2 ± 13.9 1 20.0 + 3.2

3-4 months 63 32.3 ± 19.4 4 32.5 ± 13.8 -0.2

5.6 months 65 38.1 ± 21.8 1 28.4 + 9.7

7-8 months 62 45.5 ± 29.7 - -

9-11 months 98 54.6 ± 34.6 3 59.0 ± 38.6 -4.4

1-2 years 475 82.2 ± 59.1 17 68.7 ± 34.3 + 13.5

3-4 years 363 109.7 ± 76.7 22 107.9 ± 47.3 + 1.8

5-7 years 255 120.4 ± 71.9 32 142.1 ± 64.2 -21.7

8-10 years 151 144.2 ± 78.0 22 150.5 ± 62.9 -6.3

11-14 years 184 195.5 ± 100.5 42 187.7 ± 90.6 + 7.8

15-39 years 1 464 290.8 ± 174.9 253 273.0 ± 161.0 + 17.8

40 + years 925 224.0 ± 144.9 81 203.9 ± 109.5 + 20.1

considerable difference between the 2 sets of our African data and confirms
the impression that they belong to the same statistical universe.

We thought that the assessment of comparative amounts of the splenic
tissue per unit of body-weight of Africans and Europeans might be of
interest, in spite of the fact that records of body-weights in our African
series of autopsies were incomplete. A series of proportionate figures
shown in Table VII was partly based on our own records of body-weights
of normal live African infants and children of corresponding age-groups,
and partly on known mean body-weights of African adults. On the other
hand, the relevant figures for European infants and children are based on
actual records of body-weights at autopsy. The value of any conclusions
drawn from comparing the two samples is, naturally, limited since the
spleen-weight and body-weight were not always measured in the same
individual.

Two graphs corresponding to Table VII are shown in Fig. 4 which
illustrates the differences in proportional weights of spleens, particularly
noticeable in Africans in early childhood.

Biometric constants for liver-weights

Constants for liver-weights in our 2 series were calculated in a similar
manner as those for spleen-weights. Table VIII gives the results obtained
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TABLE VIl. COMPARISON OF SPLEEN-WEIGHTS IN GRAMS
PER KILOGRAM BODY-WEIGHT IN AFRICANS AND EUROPEANS *

Approximate ratio of spleen-weight
Age-group to body-weight

Africans Europeans

under 7 days 4.1 2.5
7 days-2 months 5.2 3.4

3-5 months 5.7 3.2
6-11 months 6.1 3.0

1 year - 8.5 3.5
2 years - 7.9 3.2

3-4 years 7.6 3.2

5-7 years 6.3 3.6
8-10 years 5.8 3.6
11-14 years 6.0 -

adult males 4.4 2.8 **

* Computed from autopsy records consulted in London and in Lagos. All
means corrected for age and sex.

** Based on Greenwood's " records.

FIG. 4. COMPARISON OF SPLEEN-WEIGHTS IN GRAMS PER KILOGRAM
BODY-WEIGHT IN VARIOUS AGE-GROUPS OF AFRICANS AND EUROPEANS

In ew o e o >
_2 Cl A 0b 4 n i,

Age in days (awprox. ) at midpoint *.o 63o0

Semilogarithmic scale
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from the African series, while Table IX refers to the series of English infants
and children. The slightly smaller number of records in the African series
of liver-weights as compared to the number of spleen-weights is due to the
fact that in some 10°% of African autopsies the corresponding liver-
weights were not recorded. As far as one can judge, the omission of
liver-weights from these autopsy records was not caused by a selective
process but operated at random.

Comparing the mean liver-weights in our series of English children
with other European or American data (Vierordt; 65 Bovaird & Nicoll; 6

Coppoletta & Wolbach 22), it became obvious that in our series the means
of liver-weights were generally higher by 6 %-14 % (Table X).

TABLE X. COMPARISON OF INVESTIGATIONS ON LIVER-WEIGHTS
IN EUROPEAN AND AMERICAN CHILDREN AT AUTOPSY

In view of this, it was decided to compare our African series not with
our English series alone (as it was done with the spleens) but with means

calculated from all available records for liver-weights in children of Cau-
casian race, including our own data. It is admitted that this comparison of
results obtained by different workers and on different samples is of limited
value. Nevertheless, it seems that it is justified in this particular circum-
stance. The results are shown in Table XI, in which the mean for liver-
weights of adult Europeans and Americans was calculated from 5 different
sources: Richet; 54 Greenwood; 34 Vierordt; 65 Bean & Baker; 4 Gray.33

Mean weight of livers (grams) according to:

Age Vierordt *[ Bovaird & Coppoletta & Hospital for Mean of
(Germany) Nicoll ' Wolbach Sick Children observations

~~~~(USA) (USA) (London)

under 4 weeks 128.9 128.0 125.0 145.2 131.8

1-2 months 127.4 148.6 132.0 159.2 141.8

3-4 months 175.0 150.0 193.3 165.8
145.1

5-6 months J 196.5 194.0 246.2 195.4

7-8 months 247.6 240.5 273.9 246.8
225.3

9-10 months J 256.8 267.0 315.6 266.2

11 months- 322.5 286.7 282.5 307.5 299.8

1-2 years 363.6 326.6 354.0 401.5 361.4

3-4 years 514.3 492.1 467.0 564.5 509.5

5-7 years 620.2 - 639.3 686.1 648.5

8-10 years 762.7 _ 781.3 859.1 801.0

11-14 years 888.3 - 922.5 1 046.9 952.3
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TABLE XI. COMPARISON OF LIVER-WEIGHTS IN AFRICANS
AND CALCULATED MEAN LIVER-WEIGHTS IN CAUCASIANS

Liver/spleen correlations

Pearl 51 emphasizes that the absolute size of an organ is not a direct
measure of its ability to function well and that the general regulatory phe-
nomena of the organism are more precisely reflected in organ/weight ratios.
To assess, according to Pearl's postulates, the mutual biometric relationship
of the 2 investigated organs the liver-weight/spleen-weight ratio (Pearl's
Index B) was calculated from means found for standard age-groups of
the two series and tabulated as L/S index in Table XII.

Fig. 5 illustrates the trends of the L/S index in Africans and Europeans
in relation to their age.

Correlation coefficients of paired spleen-weights and liver-weights in
each autopsy were calculated for age-groups of both sexes by the product-
moment method. These two statistics are also shown in Table XII.

The test of significance of the correlation coefficients tabulated in
Table XII shows that, with the exception of 4 values for the African series
and 3 values for the European series, all correlation coefficients are sta-
tistically significant although only moderately high. Tests of correlation
coefficients giving values below the conventional level of significance are

followed by the minus (-) sign.

Mean liver-weight (grams) African: African weight
Age-groupCuain Caucasian wegt minus

Africans r auweightsCaucasian weight

under 1 month 141.5 131.8 1.07 + 9.7

1-2 months 160.7 141.8 1.13 + 18.9

3-4 months 197.0 165.8 1.18 + 31.2

5-6 months 266.1 195.4 1.36 + 70.7

7-8 months 285.3 246.8 1.16 + 38.5

9-10 months 325.9 266.2 1.22 + 59.7

11 months - 352.1 299.8 1.17 + 52.3

1-2 years 431.0 361.4 1.19 + 69.6

3-4 years 529.5 509.5 1.04 + 20.0

5-7 years 620.0 648.5 0.96 - 28.5

8-10 years 760.7 801.0 0.95 - 40.3

11-14 years 1 069.0 952.3 1.17 + 106.7

adult 1 548.0 1 560.0 0.99 - 12.0
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FIG. S. MEAN LIVER/SPLEEN-WEIGHT INDEX IN AFRICANS AND EUROPEANS
IN RELATION TO AGE
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Comparative value in malariometry of biometric constants for spleen-weights

During the period 1944-50 nearly 8000 African infants and children
from Lagos and its environs were examined for assessment of standard
malariometrical indices needed for malaria surveys. These children
constituted a reasonably random sample of the local population and
belonged to the same socio-economic stratum which furnished most of the
autopsy material described above. The possibility of comparing the bio-
metric constants for spleen-weights with the known malariometrical values
was tempting and the results of this investigation are shown below.

The method of spleen palpation used during these surveys was the one
adopted as a standard by the Federal Malaria Service, Nigeria: the child
stands in front of the investigator who sits on a low stool, so that the elbow
of the palpating hand is at the level of the middle of the child's abdomen.

Table XIII shows the age-group frequency distribution of 6 classes
(after Hackett 36) a of spleens found in 7969 infants and children, together
with the values of relevant malariometrical indices.

a See footnote to Table XIII for description of classification.
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The proportional frequency distribution of mean sizes of spleens found
in African children during malaria surveys in the vicinity of Lagos was
subsequently compared with the corresponding frequency distribution of
mean spleen-weights at autopsy in parallel age-groups (Fig. 1-2). No
attempt was made to correlate the weights of spleens with the usually
unreliable results of spleen palpation in infants.

From the two parallel sets of data an attempt was made to calculate
the mean weight of spleens belonging to each of Hackett's 6 classes; the
results are shown in Table XIV separately for each age-group. Where
necessary, the weights were calculated by interpolation. Classes 4 and 5
were represented by few observations only and are shown together.

TABLE XIV. CALCULATION OF MEAN WEIGHTS OF SPLEENS
OF KNOWN SIZES * IN AFRICAN CHILDREN IN LAGOS

Mean spleen-weight (grams)

Age-group Spleen-size *

0 ] 1 ] 2 ] 3 ] 4-5

1-2 years 37.3 ± 12.0 62.2 ± 10.0 95.7 ± 17.3 176.8 ± 75.0 332.5 ± 40.2

3-4 years 47.6 ± 13.2 73.6 ± 6.9 103.4 + 15.6 188.0 ± 47.0 411.4 + 84.0

5-7 years 59.9 ± 16.1 92.1 ± 10.7 136.3 ±: 17.9 218.0 ± 41.5 427.5 ± 97.5

8-10 years 86.3 ± 21.2 135.5 ± 11.7 186.8 ± 27.6 299.1 ± 33.0 495.0 + 72.0

11-14 years 129.7 ± 37.5 216.3 ± 21.3 329.0 ± 33.0 436.9 ± 41.5 619.0 ± 18.0

* Grouped according to Hackett's " classification (see footnote to Table Xil).

In order to find the possible differences between the calculated and actual
spleen-weights, 23 bodies of dead African children were palpated before
the autopsy and the results of spleen palpation and the actual spleen-weight
compared. In 19 children between 3 and 7 years of age, the difference was
well within the range of the standard deviation of the mean. In 3 children,
the spleen was actually about 20% lighter, and in 1 child it was 30%
heavier.

From figures quoted in the above table attempt was made to assess
the value of factors 3, 6, and 9 applied by Ross 56 for weighting his 3 classes
of " small, medium and large spleens ". It appears that the factors of Ross
are not applicable to our series of mean spleen-weights of African children
2-10 years of age. For Hackett's classes of enlarged spleens 1, 2, 3, and
4-5, the weighting factors in our series are 1.6, 2.3, 4.0, and 7.5 respectively.
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Discussion

Any attempt at drawing conclusions or forming hypotheses based on
such an admittedly crude material as records of post-mortem weights of
single organs must be carefully assessed.

The spleen may be regarded as a vast lymph-node in which, among
other specialized circulatory arrangements, the lymph sinuses are replaced
by venous sinuses. The organ is contractile and along the verges of venous
sinuses are arranged elements of the lymphoid-macrophage system, histio-
cytes, and undifferentiated mesenchymal cells.

The increased volume and subsequently greater weight of the spleen
might be due to the following more-or-less interrelated factors: congestion,
cellular infiltration, hyperplasia of fixed cellular elements and deposition
of pigments and lipoids (Perla & Marmorston 53).

Congestion of the splenic sinuses before death is the most variable
factor as far as the weight of the organ at autopsy is concerned. The influence
of this congestion (due to a rapid physiological response of the organ to
many stimuli) on the weight of the spleen was investigated by Barcroft 2, 8
who showed that the normal spleen of dogs is larger in the living animal
than in the dead. Thus it must be realized that the spleen-weight at autopsy
is only relatively indicative of the weight of the live organ, which is usually
heavier.

The congestion of the spleen, which operates in acute malaria and the
mechanism of which is still far from being understood (Maegraith 45), had
only a limited bearing on our African series since the relative overall pro-
portion of deaths due to acute malaria in Lagos did not exceed 10% in
children and reached the 14% level only in the 2-4 age-group.

The other factors acting on the size and weight of the spleen lead to
profound changes of the organ and reflect the metabolic conditions of the
organism in chronic infections. As a result of repeated attacks of malaria
or a prolonged subclinical infection, the spleen shows more permanent
changes in its structure due to the hyperplasia of follicular lymphoid cells
and the proliferation of reticular cells of the stroma. Both these elements
are the main source of the local accumulation of macrophages.

The increasing number of macrophages is due only in a small part to
the reticulo-endothelial hyperplasia; most of them are produced by a hetero-
plastic development from lymphocytes which thus constitute a mesenchy-
mal reserve (Taliaferro & Mulligan ). This process leads to the transfor-
mation of the spleen into a strategically-placed veritable macrophage organ
capable of an intense phagocytosis of parasitized erythrocytes and is
most probably associated with the specific acquired immunity to malaria
(Taliaferro 62, 63). Deposition of pigment and degenerative changes fol-
lowed by repair and scarring form the last phase of the histology of the
spleen in chronic malaria, and have an obvious bearing on its size and weight.
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It is doubtful if nutritional factors play any important part in the
spleen-weight of West African children. Bovaird & Nicoll 6 concluded that
the spleen-weight is not apparently influenced by the nutrition of the child;
this was partly confirmed by Jackson 38 who found that only in the case of
definitely atrophic infants the weight of the spleen tended to be subnormal
in relation to body-length. There can be little doubt that the described
pattern of distribution of frequency of spleen-weights in West African
infants and children is primarily due to endemic malaria.

In spite of the fact that the general racial, socio-economic and patho-
geographical composition of our two series of autopsies was very different,
a comparative biometric study of the African and European series of
weights of spleens and livers is of interest and warrants a more detailed
discussion of its results.

Spleen-weights in the new-born

An interesting finding of the present investigation is the fact that the
mean weight of spleens in new-born Africans compared with the weight
of spleens of new-born English babies does not correspond to the propor-
tion between mean body-weights of the two. The mean birth-weight of
the 43 babies of our English series was 3200 g, i.e., slightly below the gener-
ally accepted mean birth-weight for Europeans. The mean birth-weight
of 21 of our African babies was 3150 g. This is close to the figure of 3200 g
found in the course of one of our previous investigations (Bruce-Chwatt 8)
and is in good agreement with other records from tropical Africa.

It is well known that a Negro baby weighs at birth about 200-350 g
less than a new-born Caucasian baby (Bakwin 1) and this difference seems
to be of racial rather than of nutritional origin. Yet the mean spleen-
weight in our 21 new-born African babies was 11.5±3.8 g while the
spleen-weight in the 43 English new-born was 8.1±3.3 g, a figure very
close to the data published by other investigators in Europe and in the
USA (Vierordt; 65 Bovaird & Nicoll; 6 Scammon, quoted by Jackson; 38
Ross; 55 Coppoletta & Wolbach; 22 Leenhardt; 40 Boyd 7).

During the first week of life the overall weight of the body changes by
not more than one-tenth and there is no reason to suppose that the spleen-
weight varies to any greater degree. Thus the spleen-weights in the first
week of life cannot be very different from those found at birth. Our records
of spleen-weights in both series at the average age of 4.4 days show a
statistically significant difference of 4.3 g between the Africans and the
Europeans. Taking into account the mean birth-weight it appears that the
African new-born has 3.9 g of spleen per kg of body-weight, while a new-
born English baby in our series of hospital data has 2.5 g of spleen per kg
of body-weight or about 40% less.
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There are, unfortunately, no available data on the weight of internal
organs in new-born American Negroes to answer definitely the obvious
question of whether the differences in the neonatal amount of splenic
tissue between the Africans and Caucasians are of racial or of patho-
geographical origin. A few available estimates or records of weights of
normal spleens in American Negroes (Bean & Baker; 4 Pearl & Bacon; 52
Darling; 29 Boyd 7) indicate, however, that the normal Negro spleen outside
Africa weighs throughout life about 25% less than the spleen of the Cau-
casian subject of corresponding age.

Why the spleen of a new-born baby in West Africa should be one-and-
a-half times as heavy as a " white " spleen can only be guessed at at the
present time. In view of the exclusion from our records of all obvious
causes of gross splenic enlargement occurring before birth, there remain
only 2 possible explanations of the high innate amount of splenic tissue
in our series of African new-born: the high frequency of various hemolytic
anaemias in West Africa and, particularly, the association of sickle-
cell anaemias with splenomegaly. The high incidence of the sickle-cell
trait in West Africa may theoretically produce an incidence of about 1%
of sickle-cell anaemia (Edington, personal communication). But this
frequency of the disease, even if it should cause severe clinical symptoms
in the new-born, is definitely too low to explain the constancy and frequency
of the high spleen-weight in our sample of African neonates.

Thus it seems that the only obvious cause of the enlargement of the
spleen is associated in some way with holo-endemic malaria.

Although the prevalence of malaria in urban centres in Nigeria has
greatly decreased in recent years, few changes have taken place in semi-
rural and rural areas. Most of the autopsy records belong to the period
before the introduction of efficacious methods of malaria control and there
is little doubt that they refer to an African population with a high level of
collective immunity such as is generally seen in holo-endemic areas of
tropical Africa (Wilson, Garnham & Swellengrebel 70).

The importance of the spleen in the mechanism of the natural and
acquired resistance to malaria is well established, though the interplay
between the phagocytic activity of this organ and the humoral factors of
immunity is still far from being understood. It is certain, however, that
the spleen is responsible for the formation of antibodies or of some inter-
mediary product of the antibody. The increased phagocytic activity of
the spleen is characteristic of the phase of the acquired and maintained
immunity to malaria and set in motion by the presence of specific anti-
bodies acting either on the lymphoid-macrophage system (Taliaferro 64)
or on the parasitized erythrocytes by sensitizing them (Coggeshall 21). It
is also possible, as suggested by Maegraith,45 that the lymphoid-macrophage
system is stimulated primarily by the antigenic products of parasitic origin.
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Our knowledge of the relation of antibody production to the lymphoid-
macrophage system is still unsatisfactory. According to Sinton,59 the
specific activity of macrophages is augmented by the intermediary action
of humoral antibodies, which might be concentrated in the internal organs
and difficult to detect in the peripheral blood. Mulligan, Sommerville &
Swaminath49 believe that specific antibodies are not fully effective unless
the lymphoid-macrophage system is sufficiently stimulated.

The specific stimulation is probably produced in the lymphoid-macro-
phage system by the ingested parasites acting as an antigen, with the result-
ing sensitization of macrophages and an outpouring of antibodies from
them (Sinton 59).

That the increased volume of the spleen is directly correlated with the
antibody production was recently demonstrated by Mountain48 who found
that the larger the spleen of rabbits immunized against Salmonella the
greater the antibody-forming capacity of a given mass of the spleen.

There can be little doubt that " congenital malaria " due to the direct
transfer of parasites across the human placenta is exceedingly rare in tropical
Africa (Covell; 24 Bruce-Chwatt 8) and a hyperplasia of the foetal spleen in
Africans due to a direct passage of malaria parasites across the placenta
is most unlikely. On the other hand, the evidence for the importance of
humoral immunity transmitted by the African mother to her new-born
baby is constantly increasing (Covell; 24 Bruce-Chwatt; 8, 9 Draper &
Davidson 31). Could it be that among the maternal antibody complex
passing across the placenta there is an immune fraction which has a specific
effect on the foetal lymphoid-macrophage system generally and on the
largest single collection of mesenchymal macrophage tissue in particular
by activating it in utero, in preparation, as it were, for the early encounter
with the malaria parasite ?

Mulligan, Sommerville & Swaminath49 who worked on simian malaria,
found that the humoral and cellular agencies in the defence mechanism
against malaria are so closely interdependent that a full measure of one is
relatively ineffective in the absence of an adequate measure of the other.

If we admit, on the basis of epidemiological evidence, that specific
antibodies may be transmitted across the placenta then it is not incon-
ceivable that a specific fraction of this antibody complex (or perhaps an
antigenic product of the parasite) can produce some stimulation and proli-
feration of the foetal spleen. It is of interest that the possibility of such a
mechanism of protection was suggested by Sinton 39 in the following words:

" Any immunity or tolerance of malaria in newly born or suckling infants is more
probably due to an immunity acquired in utero by the child as a result of the stimulation
by the toxins absorbed from the maternal circulation i.e. any specific immunity in man
is probably diaplacental and not colostral."

The importance of genetic aspects of immunity in the new-born was
well emphasized by Moncrieff47 and its mechanism might fit reasonably
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well into Burnet's 1 "communication theory" of immunity. It is not
impossible that the entry of a specific antigen during embryonic life pro-
duces two effects: a temporary relative tolerance of some products of the
parasite metabolism and a relative intolerance of the presence of parasites,
leading to speeded up activity of specific " recognition units " of the lym-
phoid-macrophage system.

An attempt at investigating the histological structure of several spleens
examined at the autopsy of apparently normal new-born African babies
was disappointing. The structure of the spleen undergoes rapid changes
after death and the interpretation of sections is difficult, as was pointed
out by Taliaferro.2 The hyperplasia of the normal cellular elements which
constitutes an intimate expression of the early splenic reaction does not
lend itself easily to a quantitative evaluation. In the few instances in which
a more definite histological picture could be seen, the sections showed
some degree of proliferation of lymphoid cells around the follicles and a
mild hyperplasia of large reticular cells of the stroma. Except for a moderate
degree of erythrophagocytosis seen in 2 sections, the picture was vague
and the limited amount of material does not allow, at the present time, for
any conclusions.

Spleen-weights in infants and children

The smooth progression of mean spleen-weights from values found at
birth, through the neonatal period to infancy proper, as seen in the curves
in Fig. 3 enhances the validity of the two series of data. The comparison
of mean spleen-weights in African infants and children with those of rele-
vant age-groups of English children shows that the spleen of the West
African is constantly and considerably heavier. The proportion of com-
parable weights of the two series of spleens varies in our age-groups between
1.53 and 2.66. Generally speaking, the West African spleen is more than
twice as heavy as the European in late infancy and early childhood.
After that, the relative weight of the African spleen decreases but remains
one and a half times as heavy as the European spleen practically throughout
life.

Calculation of approximate weights of the splenic tissue per kg of body-
weight in Africans and Europeans reveals that while in the latter the pro-
portionate amount of the spleen remains relatively constant through life,
in the former the spleen/body ratio is much greater and subject to a greater
variability. The overall spleen-weight/body-weight index of 3.2 per 1000
found in our English series is very close to the mean relevant figure of 3.0
(Vierordt 65), 2.9 (Gray ), 3.1 (Bovaird & Nicoll 6) 2.8 (Coppoletta & Wol-
bach 22), 3.3 (Scammon, quoted by Jackson 38), though rather lower than
3.8 quoted by Richet.54
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On the other hand, the average spleen-weight/body-weight ratio in the
Africans lies within the range of 4.1 to 8.5 and shows a trend not unlike
that of the curve of the spleen-rate on age in holo-endemic areas, and
undoubtedly reflects the changes of the host parasite relationship in malaria.

This trend shows that the spleen-size is directly related to the age of
maximum intensity of malaria in African children, and thus to the rapidity
with which they develop their acquired tolerance to the infection
(Macdonald 41).

To our knowledge, there are no comparable published records of spleen-
weights in American Negro children which would enable us to assess defi-
nitely the value of our data in relation to racial factors. Darling 28 estimated
that the normal spleen of an American Negro child, between 2 years and
12 years of age, weighs 75 g or approximately one-third less than the mid-
point weight of the spleen in our African series. Smith 60 who examined
several hundred white and Negro schoolchildren in the eastern States of
the USA reported that palpable spleens are much more common in whites,
and maintains that " the lower prevalence of palpable spleens in Negro
children is probably a racial characteristic". This statement applies not
only to parts of the USA where malaria does not occur but also to areas
of that country where, until recently, malaria was very common. Carley &
Balfour 13 attributed to racial factors the difference in spleen-rates in Negro
and white children living under the same chances of malaria infection in
the Mississippi Delta. Later, Carley 12 noticed a similar occurrence in
Panama and concluded that splenomegaly as a sign of malaria is more
constant in the mestizo than in the Negro child and that one-third of his
Negro children had no palpable spleens, in spite of the presence in the
blood of malaria parasites. Boyd 7 says that " probably all spleens detect-
able by palpation in American Negro children are enlarged but it is likely
that many of the smallest detected in white children are not " and suggests
by inference that the average size of the spleen in Negro children is smaller
than in whites.

Christophers 17 estimated the weight of a normal spleen in Indian
children 6.4 years of age at 50.5 g, that is, slightly less than the corresponding
spleen in our English series. His records of actual weights of 22 spleens
from autopsies of Indian children in Delhi give a mean figure of 109 g
for the 5-7 age-group, i.e., slightly lower than our African mean, while
his records for the 8-10 and 11-12 age-group of Indian children are 240 g
and 420 g respectively, both figures considerably higher than our African
means. The distribution of spleen-weight frequencies seems to be different
in West Africa from what it was in Delhi. African spleens are uniformly
heavier from birth and early infancy, they increase regularly and rapidly
in weight during childhood without showing many excessively heavy spleens
and remain at the uniformly high weight-level until late childhood when
the increase of their weight begins to slow down. The bi-modal frequency
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distribution of spleen-weights in some of the older African infant-groups
is not unlike the distribution pattern of spleen-sizes described by
Christophers in his Singbhum and Nalbari series and suggests that in these
age-groups the spleens would seem to be found in two conditions: (a) normal
and (b) considerably enlarged.

Spleen-weights in adults

The mean European figure for the weight of the adult spleen is 171 g
(Richet; 54 Greenwood; 34 Vierordt; 65 Ross; 55 Gray 33) which is very close
to the mean figure of 160 g obtained for American whites (Bean & Baker; 4

Scammon, quoted by Jackson: 38 Boyd 7). The mean adult spleen-weight
for both sexes of our African series is 265 g, that is, approximately 60%
more. That the difference in favour of African spleens is not due to a racial
factor but somehow related to the geographical pathology can be evidenced
by the fact that the spleen-weights in American Negroes average 100 g,
according to Bean & Baker.4 These two authors, who carried out a direct
comparative study of racial differences of weights of internal organs, con-
clude that spleens of white Americans are about 25% heavier than spleens
of American Negroes and add that this difference holds true, not only
for the means, but also for the extremes of their two arrays.

Published records of weights of adult spleens from tropical Africa are
very few and all of them refer to hospital autopsies, so that their means
generally exceed our Lagos figures. Haran 37 found that the mean adult
spleen-weights in his sample of 160 male autopsies was 369 g, while Vint 66
recorded the mean weight of 389 g in 445 autopsies which comprised 8 %
deaths from acute malaria.

There are few data which compare the spleens of Negroes with those of
other races in tropical areas. Daniels 26 found that in British Guiana the
spleens of West Indian Negroes had a mean weight of 220 g while the
indigenous Indians had a mean spleen-weight of 454 g. Clark,'9 working
in an endemic malarious area of the Caribbean, found that the spleens of
Negroes who died of accidents had a mean weight of 150 g while those
who died of all other causes had a spleen-weight of 280 g, i.e., very close
to our African figure. On the other hand, the Spanish-American inhabitants
of that area had an average spleen-weight of 600 g.
A few figures referring to the mean spleen-weight of other races should

be quoted here for comparison. Beli-Ram 5 quoted a high mean figure of
480 g from the Punjab, while Buchanan & Daly 10 recorded in the Bengalis
a mean spleen-weight of 268 g. Waddell (quoted by Castor 14) found that
in central India the mean adult spleen-weight was 273 g while Castor 14
obtained the figure of 199 g for Indian and Burmese males, and Powell
(quoted by Christophers 17), in Bombay, recorded a corresponding figure
of 270 g. A very high mean figure of 525 g was recorded by Covell 23 in
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the Andamans on the basis of 529 autopsies of male convicts. In Java,
Oudendal 50 concluded that a spleen of a normal Indonesian weighs about
100 g though this author's actual records based on 383 autopsies from
an endemic malarious area give an average spleen-weight of 413 g.

Although the available data are admittedly limited, it can be said that
the spleen-weights in normal subjects of the Negro race are probably very
much the same as, or slightly lower than, those of the Caucasians. In
endemic malarious areas outside Africa, spleens of Negroes are substantially
heavier than, but not as heavy as, spleens of other races exposed to the
same amount of infection. In holo-endemic areas of Africa, approximately
80% of adult spleens exceed the " normal " spleen-weight and the average
spleen of the indigeneous inhabitants is 1 l/2-2 times as heavy as the " nor-
mal" spleen. Nevertheless, the frequency of exceedingly heavy spleens is
low and the extreme increase in weight is most probably due to causes
other than malaria.

The spleens of Africans between 40 years and 70 years of age are about
20% lighter than the spleens of young African adults. This is certainly due
to the atrophy of the lymphoid tissue and fibrotic changes in the affected
organ; and the ratio of difference between the weight of the spleen of these
two age-groups is less than the corresponding figure of 30% computed
for Europeans from Vierordt's data 65 or quoted by Gray.33

Liver-weights in Africans and Europeans

Comparative figures for the African series and for the means of all
European records show that during the first month of life the livers of
Africans are either of the same weight as the others or perhaps slightly
heavier, the difference not exceeding 7%. Later, this difference becomes
more pronounced and averages 16.6% during the first two years of life.
After the third year, the difference is irregular, gradually smaller and during
late childhood the African liver tends to be somewhat lighter than that of a
European of comparable age. Finally, the mean liver-weight in the West
African adult (1548 g) or East African adult (1504 g, calculated from
Haran's records 37) is very close to the mean figure of 1560 g computed for
Caucasians from 5 different sources (Richet; 54 Greenwood; 34 Vierordt; 65
Bean & Baker; 4 Gray 33) though rather more than the 1322 g recorded for
livers of American Negroes by Bean & Baker.4 The mean figure of 1200 g
quoted for the weight of Indian livers is of interest here (Beli-Ram; 5
Buchanan & Daly; 10 Castor,14).

The fact that the difference between the mean weight of African and
European livers is most pronounced during the first 2 years of life is of
considerable interest since it confirms to some extent the results of investi-
gations of McGregor & Smith 42 in Gambia, according to which the symp-
tomless hepatomegaly is common in early childhood in Africa. Our finding
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adds weight also to the work of Walters & Waterlow68 who suggest that the
enlargement of the liver seen in Gambian children is associated with the
prevalence of malaria, although this disease is not necessarily the single
etiological factor involved.

The mean amount of liver per kg of body-weight was found to be 35.6 g
in our African series as compared with 38.3 g in the European series. The
corresponding figure for the Europeans and Americans recorded by other
workers are: 34.8 g (Richet 54), 33.0 g (Vierordt 65), 34.0 g (Bean & Baker4),
and 32.3 g (Coppoletta & Wolbach 22).

As in the case of the spleens, the livers of African adults between 40 years
and 70 years of age show a decrease in weight of about 6% when compared
with the livers of young adults. The corresponding decrease in Europeans
quoted after Vierordt 65 iS 15 %.

Biometry of spleens and livers

Statistics measuring the type and variability of our two series of weights
of spleens and livers can be regarded as " normal " values only in so far as
they represent averages applicable to a stated period of time and determined
by geography and all the biological, socio-economic and other conditions
governing the collection of basic data. Restrictions described earlier were
applied to the two arrays to enable us to present the best descriptive values
as " norms " for the two series.

Age-group specific means for the weight of the two organs were tabu-
lated in the previous parts of this paper and commented upon. The amount
of variability of the weights of the two organs confirms the findings of
Greenwood,34 Greenwood & Brown,35 Pearl & Bacon,52 and Pearl 51 in
that the spleen is the most variable organ in the human body, while the liver
is one of the least variable. The mean coefficient of variation of the spleen-
weights for all age-groups was 57% in our African series and 45 % in the
English series, both figures close enough to 51 % quoted by Greenwood 34for
his general hospital population, though higher than his 38 % found in the
" healthy organs " series. This high variability of the spleen reflects the
part played by this organ in the maintenance of general metabolic balance
of the human body. The higher variability of the spleen-weight in Africans
is undoubtedly due to the changing host/parasite relationship in holo-
endemic malaria, and confirms Greenwood's 34 statement that the general
effect of disease is to increase the variability of affected organs.

The mean variability of livers in our two series was 32% in Africans and
30% in European children as compared with Greenwood's34 figures of
21% for the general hospital population and 15% for the " healthy organs"
series.

Since the absolute size of the organ is not a direct measure of its ability
to function well the regulatory phenomena of the body are more precisely
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reflected in organ/weight ratios which have a constancy and stability that
transcend the influence of race and sex (Pearl 51). The liver/spleen index
introduced by Pearl was therefore calculated for our two series with inte-
resting results. In the African series, this index varies from 9.4, during the
first week of life, to 5.3 in young adults, while in the European series, this
index is almost twice as high and varies from 14.5 to 10.0 respectively.
The same index calculated for Haran's 37 series of African adults is 4.1, i.e.,
sufficiently close to our figure. On the other hand, Pearl & Bacon 52obtained
for American Negroes an index of 12.7 which is close to 10.1, found in
American whites, to 10.0, recorded in Europeans by Vierordt,65 or to 10.3,
found by Greenwood & Brown.35 The high value of the liver/spleen index
for the American Negroes is due to the fact that the mean spleen-weight
in their series is considerably lower than in Africans, while the liver-weight
shows much less difference.

For English children of our series, the L/S index (11.9) is close to the
figures (11.1 and 10.1) obtained from data collected by Coppoletta &
Wolbach 22 and Bovaird & Nicoll 6 in two series of American children.

The downward trend of the L/S index with increase of age is obvious
in our series. This result is contrary to that of Pearl & Bacon 52 who con-
cluded that in their sample of autopsies there was no definite or regular
change of the index with, possibly, an exception in Negroes who showed
an ascending trend of the regression line of this index with increase of age.
The difference between our results and those of Pearl & Bacon is probably
due to the fact that the American series was composed mainly of adults,
while our series contained a considerable proportion of young age-groups.

Estimation of weight of the enlarged spleen in Africans

Results of this part of the investigation detailed previously in Table XIV
(page 534) should be compared with similar estimates made in other parts of
the world by Christophers 16 and Darling.29 This is shown in Table XV in
which Hackett's classification of spleen-sizes is compared to Christophers'
early method of measurement by finger breadths below the costal margin,
later amended by Darling.

The estimated values shown in the last column of Table XV were
obtained from figures detailed in Table XIV, with the exception of the 11-15
age-group not relevant in this case. The mean values for the Lagos series
were rounded up to the nearest 5 g.

Thus it appears from Tables XIV and XV that, on an average, the
estimated mean weight of the moderately enlarged spleens in Africans is
very close to the values recorded by Christophers and by Darling. When
larger spleens are concerned, our estimated mean weights are generally
lower, probably because of the rarity of the very large (or very heavy)
spleens in African children and the subsequent lack of adequate statistical
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TABLE XV. ESTIMATION OF WEIGHT OF ENLARGED SPLEENS
IN THE CHILD POPULATION 2-10 YEARS OF AGE

Spleen-size according to: Spleen-weight (grams) according to:

Hackett J Christophers Darling 2 Christophers 16 [ Darling 2 Lagos series

0 normal negative 50 75 60

1 - palpable 90
onirdeep 105 90

2 1 finger 1 finger breadth 100 125 130
2 fingers 2fingerbreadths 160 150

3 3 fingers 3fingerbreadths 250 180 220
4 fingers - 400

4 hands-breadth - 550 1

420
5 umbilicus and

beyond umbilicus 730 + 220

samples. Another reason for the discrepancy may be due to the fact that
the use of the umbilicus as an important topographical point in Hackett's
classification of spleen enlargement may be subject to error in young
African children whose abdomen is generally distended and in whom the
umbilical hernia is very common. This was recognized by Macdonald 4
in Sierra Leone in his correction factor to Christophers' method of trian-
gulation of the apex of the spleen in African children.

Our figures of " normal" spleen-weights in European children (66.0 g)
and of mean weights of non-palpable spleens in Africans 2-10 years of age
(60.0 g) are gratifyingly close and this allows for the drawing of some
tentative conclusions with regard to the " palpability threshold " of enlarged
spleens in African children in general. Thus it appears from Table XIV
that the spleen of the African child becomes palpable when its weight (and
presumably also its volume) is at least 1.6 times the weight (and volume)
of the " normal " spleen.

This is not the case for African adults whose mean spleen-rate in southern
Nigeria is about 15 %. The propoition of non-palpable spleens in African
adults is therefore 85 % and the frequency distribution of weight of adult
spleens at 85 %-levels gives, after some interpolation, a spleen-weight of
421 g. Ifwe assume that the normal weight of an African adult spleen is the
same as in American Negroes or in Europeans, then it appears that the
" palpability threshold " of the spleen of the West African adult is 2.5 times
the size of a normal organ.

In a malarious area of the Caribbean, Clark 19 found that some 40%
of spleens twice as heavy as the normal organ were not palpable. Failure
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to palpate these and even some heavier spleens was attributed by Boyd 7

to the difficulty in feeling the spleen through the highly muscular abdominal
wall of Negroes. This is most probably the reason for the apparently low
spleen-rate in West African adults, though their mean spleen-weight is
much higher than expected.

It is of interest that Dionisi's old dictum that the spleen must be enlarged
to twice its normal size before it can be detected is approximately correct,
though its estimate is by about a quarter too high in African children and
by the same amount too low in African adults.

The amount of knowledge of the cause and mechanism of the splenic
enlargement, gained since A.D. 1723 when Stukeley 61 referred to our
"ignorance of Nature's intention in forming the curious organ of the
Spleen" can be judged from the following quotation of a summary of a
recent review of the subject:

" Hypersplenism is an increase of the functions of the spleen. But our relative ignor-
ance of normal spleen functions renders imprecise any definition of the hyperfunction
syndrome. Not only is the spleen the graveyard of the red blood cells and the cradle of
the lymphocytes, but it also has other important metabolic functions, the study of which
has hardly begun. An increase in any of the functions of the spleen probably corresponds
to one particular form of hypersplenism-whether metabolic, chemical, haemato-
logical, or immunological ... The importance, the limits, and the very nature of the
phenomena which are grouped within the term of hyperspienism are still subject to dis-
cussion. There are considerable differences in opinion concerning one essential aspect of
hypersplenism-namely, its definition." (Translated from Mantz & Mantz-Le Corroller 46)
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RItSUM1t
Faute de meilleurs criteres, on d6termine l'hypertrophie de la rate par palpation, en

6valuant le volume approximatif qu'elle occupe. Cet examen ne donne aucun renseigne-
ment pr&is sur le volume et le poids reels de cet organe.

La mesure et la pesee de la rate A l'autopsie constituent les seuls moyens d'evaluer la
spl6nomegalie avec une approximation satisfaisante.

L'auteur a pu etudier des series de rapports d'autopsies effectuees de 1934 A 1950 sur
des Africains de la region de Lagos, repr6sentant tous les groupes d'age, et comparer le
poids de la rate et du foie avec ceux d'une serie analogue provenant de sujets europeens.
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11 a constate que le rapport du poids moyen de la rate au poids moyen du corps est de
1 A 1,5 fois plus eleve chez les nouveau-nes africains que chez les nouveau-n6s europ6ens
dans les series consider&es. Apres avoir tenu compte de facteurs pathologiques, tels
que les anemies, qui peuvent provoquer une hypertrophie de la rate, l'auteur conclut que
la difference constatee doit etre associee au paludisme holoende'mique. Elle pourrait
s'expliquer par la proliferation des tissus spleniques du fcetus, sous la stimulation, soit de
fractions du complexe anticorps provenant de la m&re, soit meme d'antigenes provenant
du parasite present chez la mere. Le poids moyen des rates d'enfants africains est toujours
plus eleve que celui des rates d'enfants europ6ens (jusqu'a deux fois plus elev6). Quant
aux rates d'adultes, le poids moyen de 80% d'entre elles depasse le poids normal dans les
zones d'holoendemie ; le poids moyen est de 1,5 A 2 fois celui des rates normales.

L'auteur etablit ensuite le seuil de palpabilite de la rate: chez l'enfant africain, la rate
devient palpable lorsque son poids, et probablement son volume, est 1,6 fois celui de
la rate normale. Ce seuil est de 2,5 chez l'adulte de l'Afrique occidentale.
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