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Changes in the pattern of mortality following
the eradication of hyperendemic malaria
from a highly susceptible community
GEORGE GIGLIOLI 1

The population of the sugar estates of the Guyana coastlands was 110 000 in 1966;
malaria was eradicated between 1945 and 1951. A study has been made of the pattern of
mortality before and after malaria eradication, during the 30-year periodfrom 1937 to 1966.

The decline in general mortality has greatly exceeded the fall in mortality specifically
related to malaria and has continued for almost 10 years after registration of the last
death from malaria. In infants, mortality has been reduced, mainly through a decline in the
number ofdeaths from prematurity and congenital debility that were due mainly to malaria
and its sequelae in the expectant mother. In children (1-14 years of age) the decline has
resulted from the disappearance of malaria and chronic nephritis as causes of death. In
adults, mortality has fallen mainly through the progressive decline in the incidence of a
number of diseases not overtly related to malaria: acute and chronic respiratory diseases,
chronic nephritis, and the anaemias. Cardiovascular diseases, on the contrary, have shown a
tendency to increase since malaria was brought under control.

POPULATION GROUP STUDIED

This investigation covered a period of 30 years
and was limited to the settled population of the
sugar estates of the Guyana coastlands. At the time
the study began, in 1937, the estate population num-
bered 66 600; by 1966 it had increased to 110 000.
The sugar estates constitute subsections of official

registration districts, the chief dispenser of each
plantation being responsible for the registration of
births and deaths. The system has not been changed
since its institution a great many years ago, so that
figures for successive years are comparable as they
refer, strictly, to the same population group. The
population is in fact stable; there has been almost no
immigration from outside during the past 50 years,
and only recently has there been some emigration of
young adults, because of the rapid increase of the
population and the inability of the estates to offer
full employment. The great majority, however, con-
tinue to live on the plantations even if they are
employed elsewhere.

' Hon. Government Malariologist, Guyana. Formerly:
Medical Adviser, Guyana Sugar Producers' Association
Ltd, 1933-66.

In Guyana, births and deaths that occur away
from the locality of residence, for instance in public
hospitals, are not referred back to the locality of
residence; rural returns are thus not always complete.
On the sugar estates this error is relatively small, as
the estate populations enjoy better medical amenities;
traditionally each plantation has its own hospital or
dispensary, staffed by trained dispensers and nurses,
and it is visited three times a week by a medical
officer (Giglioli, 1956). In practice, relatively few
patients, mainly those with surgical emergencies, are
transferred to public institutions.

This efficient medical organization and supervision
favours more accurate diagnosis and certification of
death; the great majority of the patients and their
medical histories are in fact well known to the
dispensers and medical officers, who have had them
under treatment for many years. This is particularly
true in respect of chronic ailments.

Census data are available for the population of the
estates but are not reliable. For this reason we have
relied mainly on crude death registration figures and
on rates per 1 000 deaths, both of which are known
accurately; because of the closed nature of the popu-
lation, such data allow valid comparisons to be
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made. The average estimated population over periosd
of several years can be accepted as fairly accurate.
The racial constitution of the estate population is

well reflected by the death registration returns: of
25 666 deaths (1937-66) 88.8% were East Indians,
9.6% were Negroes, and 1.5% belonged to other
races or were of mixed ancestry. During the 30-year
period, a total of 95 135 live births were registered.
The East Indians on the plantations constitute a

group that is remarkably homogeneous as regards
traditions, customs, social status, and standard of
living. Although they are very conservative in their
habits their economic conditions have undoubtedly
improved considerably, since the Second World War
and more particularly since the stabilization of the
plantation labour force was made possible by the
eradication of malaria around 1956. Qualitative die-
tetic habits have scarcely changed, however, and the
average diet, though more abundant, tends to remain
deficient in animal protein and B-group vitamins.
The elimination of malaria has restored a better
nutritional balance and clear deficiency syndromes
in adults have become rare. Borderline cases, how-
ever, remain frequent, particularly in women of child-
bearing age and in children.

ENVIRONMENT AND MALARIAL HISTORY

The coastal plantation villages have developed,
over the past 200 years, in close proximity to the
cultivated lands and in direct contact with the
immense irrigation network and the periodically
flooded cane and rice fields. Housing consisted of
" ranges ", long one-storey barracks, housing from
5 to 10 families. They were built directly on the
ground or elevated a few centimetres on brick pillars;
inside they were dark, damp, and smoky. Built
during the 19th century, for the housing of inden-
tured immigrants from India,' most of these build-
ings had reached an advanced stage of disrepair by
the time this investigation began (Giglioli, 1948b,
1952). In 1951, a remarkable effort was made to
rehouse the whole estate population on new sites in
the frontlands, in privately-owned one-family cot-
tages. This scheme did not really make much pro-
gress, however, until the late fifties. It is unlikely,
therefore, that rehousing had any measurable effect
on the general state of the health of the plantations
before about 1960.
On the plantations of East Demerara and West

Demerara and of the Berbice river estuary (popula-

1 Indentured immigration ceased in 1917.

tion in 1937: 48 600) malaria was heavily endemic at
the beginning of the study with spleen rates among
schoolchildren ranging from 30% to 75% (Giglioli,
1939). The presence, at all seasons, of a constant and
abundant population of Anopheles darlingi, from the
irrigation canals and flooded cane and rice lands,
caused malaria to be stable and severe. Occasionally,
during prolonged droughts, such as the one that
occurred in 1939-41, natural remissions in the inci-
dence of the disease were recorded. Conversely, in
years of exceptionally high rainfall (1938 and 1943),
severe exacerbations of malaria morbidity occurred.
The plantations of the Corentyne Coast (popula-

tion in 1937: 18 000, or 270% of the total) were much
less severely malarial and the spleen rates were low.
A real epidemic was recorded, however, in 1938
(rainfall 3 800 mm), when the spleen rate rose to
40 %; 3 600 cases were admitted to the three regional
estate hospitals in that year and 99 deaths from
malaria were registered. A milder exacerbation
occurred in 1943-44.
The trend of malaria morbidity and mortality is

well shown in Table 1, which refers to all estates and
gives, for each year, the number of malaria cases
requiring in-patient treatment in estate hospitals, the
number of deaths from malaria registered, and the
annual rainfall (Georgetown Botanical Gardens
Observatory).
The East Indians in Guyana were very susceptible

to malaria in comparison with the local Negroes: in
spite of continued and active transmission, they
rarely developed effective tolerance towards the in-
fection. High spleen rates among the children and
the almost universal incidence of splenomegaly, of
medium and high degree, and anaemia in adults
were the salient clinical characteristics of malaria on
the plantations. Adult Negroes, living in the same
environment and under identical conditions of ex-
posure, showed comparable parasite rates but little
or no splenomegaly and little anaemia. The term
"holoendemic " could not be applied to malaria
among the East Indians in Guyana, however intense
transmission might have been; this epidemiological
type of malaria appears to involve a racial factor and
is peculiar to parts of Africa and to the aborigines of
a few other areas. In the Western Hemisphere it has
been recorded only among the " Bush Negroes " of
Surinam (Swellengrebel & Van der Kuyp, 1940).
The high sensitivity of the plantation population

to malaria and to the immediate and long-term
clinical effects of continued exposure to infection
offered an unusually favourable situation for an
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Table 1. Admissions to plantation hospitals, deaths from malaria, annual rainfall, and epidemiological notes on
malaria, 1937-58

Per;od: Year | Rainfall No. of malaria | Malaria deaths Epidemiological notes
(mm) in-patients Infants ! Children Adults Total

1937

1938

1939

1940

1941

1942

1943

1944

1945

1946

Total

1947

1948

1949

1950

Total

1951

1952

1953

1954

1955

1956

1957

1958

Total

2 340 not recorded

3 800

1 669

1 760

2 289

2 834

3 087

2 116

2 396

1 828

2 604

2 389

2 985

2 738

13 721

8 642

4 170

2 387

5 818

8 574

10 486

8 984

6 101

68 883

2166

1 271

930

558

2 884

2 352

2 399

3 748

2 835

3 020

1 480

1 570

133

12

0

0

0

0

0

146

48

71

20

15

18

21

34

28

21

22

298

13

11

8

5

37

0

0

0

0

0

0

0

0

0

97

118

41

34

32

20

50

134

83

53

662

22

12

15

3

52

4

1

0

0

0

0

0

5

5

95

85

60

37

12

11

37

37

37

28

439

240

274

121

86

62

52

121

199

141

103

1 399

Average conditions

General exacerbation: epidemic on Corentyne

I Severe drought: natural malarial remission

Average conditions

Severe exacerbations

Severe exacerbations

DDT introduced: experiments

DDT control on estuaries

18 53 Country-wide DDT

10 33 J campaign: all estates sprayed except Corentyne

3 26
1 9 J Corentyne estates also brought under control

32 121

0 4

0 1

0 0

0 0 Spraying operations suspended, except along upper

0 0 estuaries

0 0

0 0

0 0

0 5

IV 1959-66 There were no deaths and no admissions due to malaria during the 8-year period

investigation such as the one reported here. The relief
brought about by the abrupt eradication of malaria
is, in fact, bound to be much more evident and
dramatic than would have been the case in a less
malarial environment or in a less susceptible popu-
lation group such as, for instance, the native Guyana
Negroes.
DDT spraying was introduced in Guyana in Feb-

ruary 1945 (Giglioli, 1948a, 1951), and was used ex-

perimentally during that year. In 1946, the area

around the estuaries of the Demerara and Berbice
rivers, with a population of 60000, and including
several sugar estates, was sprayed. In January 1947,
a country-wide DDT spraying campaign against
malaria, yellow fever, and filariasis was inaugurated;
it was concluded, on the coastlands, in 1952 and

1I
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resulted in the eradication of both An. darlingi and
malaria. The last death attributed to malaria was
registered on the plantations in 1952.

It should be noted that the DDT campaign was
not supplemented by additional therapeutic tech-
niques. Hundreds of thousands of infected persons
were left to recover by spontaneous processes. This
required time, probably 3 or 4 years. Irreversible
damage caused by the endemic endured, however,
until the death of the persons concerned.

GENERAL TREND OF VITAL STATISTICS 1937-66

For the purpose of our investigation the 30 years
under study have been divided into four consecutive
periods:

Period I 1937-46 (10 years)-no malaria control;
the disease was rampant, but showed marked annual
fluctuations in relation to unusual meteorological
variations.

Period II-1947-50 (4 years)-the DDT malaria-
control campaign developed.

Period III-1951-58 (8 years)-first post-malaria
eradication pediod.

Period IV-1959-66 (8 years)-second post-mala-
ria eradication period.
As these periods are not of equal duration, we

have used the annual mortality averages for each
period for comparative purposes, and these figures
have been included in most of our tables.
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Fig. 1. Annual number of live births, deaths from
malaria, and deaths from all causes.

Table 2 and Fig. 1 illustrate the trend (1937-66) in
the number of live births, the number of deaths from
malaria and the number of deaths from all causes in
males and females of all ages. The 10 years of
period I were characterized by unusual fluctuations
in the incidence of malaria; there was great instabi-
lity in the natality and mortality figures and a clear
correlation with the trend of malaria. In period II,
when the malaria-control campaign had started, ma-
laria mortality fell progressively; the annual varia-
tion in the number of deaths was very small; the
number of live births began to increase in the second

Table 2. Live births, deaths from malaria, deaths from all causes in males
and females, and average population by period

No.oodNo.oflefrm Deaths from all causes Average
Period ~~No. of live d

oo eaths from al ass
estate popu-Period ~births mealasria lation

Males Females Total (approx).

total 24 358 1 399 6 340 5 682 12 022
69 000

1937-46 ave. per annum 2 436 140 633 568 1 201

11 total 12 916 121 1 928 1 663 3 591
72 000

1947-50 ave. per annum 3 229 30 482 416 898

IlIl total 28 512 5 3158 2 719 5 877
85 500

1951-58 ave. per annum 3 564 0.62 394 340 734

IV total 29 349 0 2 276 1 900 4 176
105 500

1959-66 ave. per annum 3 669 - 285 238 522

DDT , '' A

- /'.. . Live births

/\ /

DOth fro malriDeaths I I III IIIIIIIIDeaths from a causes
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year of period 11 (1948). In period III, deaths from
malaria ceased after 1952; the number of live births
continued to climb, with only slight annual fluctua-
tions; births became stabilized at around 3 500 per
annum in 1952, only 2 years after the malaria cam-
paign had been completed.
The downward trend of the overall mortality fi-

gures began in 1950 and continued until 1962, after
which the level became stabilized. The decline in
mortality from malaria represented only a small
fraction of the fall in mortality from all causes: this
decline continued without interruption for over
10 years after the last death from malaria had been
registered.

Table 2 demonstrates the consistent preponderance
of male over female deaths in each period. Only in
1943, a year of severe exacerbation of malaria, did
the number of deaths of females exceed that of males.
This subject will be discussed again later when the
effects of malaria eradication are considered.

Table 3 shows, for each period, the distribution of
deaths by age group, the average number of deaths
per annum, and the mortality per 1 000 deaths re-
gistered in each age group and period. The infant
mortality per 1 000 live births is also recorded. There
was a progressive fall in the number of deaths in all
age groups, except for the > 71-year age group; this
decline was most evident among children and young
adults. In periods I and II, the peak mortality oc-
curred in the 51-60-year age group; in period III it
shifted to the 61-71-year age group, and in period IV
nearly as many died in the > 71-year group as in the
61-70-year group.
The rapid upsurge in natality, the reduced infant

mortality, and the decline in general mortality, more
particularly among children and young persons, have
all contributed to bring about a rejuvenation of the
estate population, and this has inevitably affected the
whole pattern of mortality. This pattern tends to
change with age; for this reason we analysed the
causes of death in more detail, before and after
malaria eradication, separately for infants, for chil-
dren aged from 1 to 14 years, and for adults over
15 years of age.

MORTALITY TRENDS IN THE FIRST YEAR OF LIFE

Table 4 gives the number of births for each period
and also the infant and neonatal mortality. Most of
the deaths that occurred in the first 10 days, and
many of those that occurred later in the first month,
were due to prematurity and congenital debility. The

figures for deaths during the first 10 days, however,
include all causes of death and include congenital
malformation, asphyxia, atelectasis, etc.

Table 4 shows:
(1) a progressive fall in the infant mortality from

119 to 42;
(2) a progressive fall in mortality in the first ten

days of life from 340 to 240 per 1 000 infant deaths;
(3) a progressive fall in mortality in the first month

of life from 410 to 300 per 1 000 infant deaths;
(4) a progressive fall in mortality in the first ten

days of life from 40 to 10 per 1 000 live births; and
(5) a progressive fall in the mortality in the first

month of life from 49 to 12 per 1 000 live births.
In the great majority of cases, neonatal mortality

is related to maternal causes. The great and progres-
sive improvements shown above are, doubtlessly,
related to improved maternal health brought about
by freedom from acute and chronic malaria and its
sequelae. We shall return to this subject at a later
stage.

Table 5 gives an analysis of the causes of 7 199
infant deaths registered on sugar estates between
1937 and 1966. For each period, totals and averages
per annum are given. Malaria was no longer a cause
of infant deaths from 1951 onwards. In period I,
neonatal deaths were always high but with marked
annual fluctuations; in the subsequent periods num-
bers declined and became more consistent. One notes
a similar trend in the mortality from infantile debility;
these were usually premature children who survived
the first month. The trends of mortality from respi-
ratory and gastrointestinal disease and from mal-
nutrition were not visibly influenced by the eradica-
tion of malaria.
Our findings suggest that in infancy more deaths

related to malaria were due, indirectly, to malaria
and its sequelae in the expectant mother than to
acute febrile attacks from infections contracted after
birth.

MORTALITY TRENDS IN CHILDREN 1-14 YEARS OF AGE

The steep increase in natality since 1948 and the
progressive decline of infant and child mortality
have brought about an equally progressive increase
in the child population. Unfortunately data are not
available on the age distribution of the estate popu-
lation during the different periods.

In infancy, malaria causes death either indirectly,
through antenatal damage due to maternal malaria,

4
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Table 4. Live births registered and infant deaths in the first month and the first 10 days
of life by period

Characterstic |Period I Period II Period IlIl Period IVharacteristic |(1937-46) (1947-50) I_(1951-58) (1959-66)

No. of live births 24 358 12 916 28 512 29 349

average per annum 2 436 3 229 3 564 3 669

No. of infant deaths 2 868 1 137 1 969 1 225

average per annum 287 284 246 153

Infant mortality per 1 000 live births 119 87 69 42

No. of deaths in the first 10 days of life a

number registered 989 345 512 303

rate per 1 000 live births 40 27 18 10

rate per 1 000 infant deaths 341 302 261 247

Deaths in the first month of life

number registered 1 188 430 605 372

rate per 1 000 live births 49 33 21 12

rate per 1 000 infant deaths 417 377 308 303

a Deaths were mainly due to prematurity and congenital debility, but deaths from all other causes
(congenital malformations, asphyxia, etc.) are included.

or directly as an acute or hyperacute disease. There
is not enough time for the manifestations of chronic
malaria to become apparent. In older children, chro-
nic forms are a characteristic part of the malarial
picture.

Table 6 shows the classification by age, by cause,
and by period of the 3 072 deaths registered in
children aged 1-14 years, between 1937 and 1966.
Malaria used to be by far the most important cause
of death; in period I there were 662 deaths due
directly to this disease, a rate of 412 per 1 000 child
deaths registered. Chronic nephritis ranked as the
fourth main killer with 127 deaths. Table 7 shows
the parallelism in the trend of mortality from malaria
and chronic nephritis before, during, and after the
eradication of malaria. In period I, these two diseases
accounted for practically half the mortality in
children (490 per 1 000).
The incidence of deaths from respiratory diseases

showed some progressive reduction in successive
periods. This reaction was already apparent in pe-
riod II before modem therapeutic methods became
generally available in estate practice; after 1953,
antibiotics undoubtedly played their part. Chloro-
mycetin was the cause of the fall in mortality from
enteric fever; it was introduced early in period III.
Mortality from gastrointestinal diseases (mainly gas-

troenteritis in 2- and 3-year-old children) and mal-
nutrition does not appear to have been influenced
by malaria eradication.

MORTALITY TRENDS IN ADULTS
over 15 YEARS OF AGE

Between 1937 and 1966, a total of 15 366 deaths
were registered on the sugar estates in persons over
the age of 15 years. In Table 8 these adult deaths are
classified, by period, and by the diseases that caused
them. The figures represent crude registration
returns and are not comparable. For the purposes of
comparison, Table 9 gives the rates of mortality per
1 000 deaths of adults registered for each period. For
most of the diseases, there appears to be a more or
less evident tendency towards reduction in successive
periods; cardiovascular diseases stand out, however,
as a glaring exception, while diabetes, malignant
growths, and accidental deaths show irregular varia-
tion and a tendency to increase.
Undoubtedly some other factors, besides malaria

eradication, have contributed to the shaping of these
trends. Powerful specific medications have been in-
troduced and have become established in sugar estate
medical practice. These medications have, however,
mainly become available in recent years, beginning
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Table 5. Causes of death in infants by period: rates per 1 000 births and per 1 000 infant deaths

Principal causes of death
No. of No. of

Characteristic live infant Gastro-
births deaths Death in Infant Malaria Respira- intestinal Malnu- Other and

first month debility tory disease disease trition unknown

Period I (1937-46)

total 24 358 2 868 1 188 177 298 410 452 252 94

ave. p.a. 2 436 287 119 18 30 41 45 25 9.4

rate per 1 000
births - - 49 7 12 17 19 10 4

rate per 1 000
infant deaths - - 414 62 103 143 157 88 33

Period 11 (1947-50)

total 12 916 1 137 430 79 37 174 270 116 31

ave. p.a. 3 229 2E4 108 20 8.6 44 68 29 8

rate per 1 000
births - - 33 6 3 14 21 8 2

rate per 1 000
infant deaths - 378 70 32 153 237 102 27

Period III (1951-58)

total 28 512 1 969 605 116 0 291 541 310 105

ave. p.a. 3 564 246 76 15 0 36 68 39 13

rate per 1 000
births - - 21 4 0 10 1 9 11 4

rate per 1 000
infant deaths _ 307 59 0 148 275 157 53

Period IV (1959-66)

total 29 349 1 225 372 30 0 204 393 177 49

ave. p.a. 3 669 153 47 4 0 26 49 22 6

rate per 1 000
births - - 12 1 0 7 13.5 6 1.7

rate per 1 000
infant deaths - - 303 25 0 166 321 144 40

in about 1954. Acute respiratory diseases, enteric
fever, and tuberculosis offer outstanding examples of
diseases in which the prognosis has been revolution-
ized by improved therapy. This does not, however,
exclude the fact that malaria eradication may have
also been a contributing factor to the decline in
mortality from some, at least, of these diseases. This
appears to have been the case in respect of lobar
pneumonia and bronchopneumonia, both of which
were major killers before malaria eradication.

Table 10 recapitulates the data on the trend of the
principal disease groups through successive periods.

Acute respiratory diseases (ARD)
Lobar and bronchopneumonia caused nearly all

the deaths listed under this heading.
Table 11 gives the number of deaths from acute

and chronic respiratory diseases in adults, classified
by period. The numbers of deaths from malaria
(all ages) are also given.
Deaths from ARD used to be less frequent on the

more mildly malarial plantations of the Corentyne
Coast. While these estates accounted for 27% of the
total estate population, they gave only 11% of the
deaths frgm lobar and bronchopneumonia.
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Table 6. Causes of death in children 13 months to 14 years of age by period: age distribution, average annual
incidence and rate per 1 000 deaths registered in children

Causes of death
Age Total

(years) Malaria Chronic Respiratory Gastro- Malnutrition Enteric Other deaths
nephritis Rsiaoy intestinalEnei

Period (1937-46)

2 225 7 101 106 68 7 93 607
3 130 5 28 13 5 10 32 223
4 74 7 23 7 0 10 22 143
5 61 13 9 7 0 11 26 127
6-10 130 52 37 21 1 33 40 314
11-14 42 42 38 12 1 18 37 190

total 662 126 236 166 75 89 250 1 604
ave. p.a. 66.5 12.6 23.6 16.6 7.5 8.9 25.0 160
rate per 1 000 412 78 146 102 46 55 159 1 000

Period 11 (1947-50)

2 19 1 36 58 28 0 47 189
3 12 1 8 4 3 5 9 42
4 2 0 5 5 0 5 6 23
5 5 1 3 1 0 2 1 13
6-10 12 6 13 7 2 13 16 69
11-14 2 6 3 0 0 13 14 38

total 52 15 68 75 33 33 93 374
ave. p.a. 13 3.8 17 19 8.2 9.5 23 93
rate per 1 000 141 41 184 203 90 133 238 1 000

Period III (1951-53)

2 1 0 86 129 102 0° 110 428
3 0 3 20 18 10 3 28 82
4 2 1 16 7 0 0 19 45
5 0 0 8 6 1 1 12 28
6-10 2 8 12 8 2 5 39 76

11-14 0 1 9 3 1 3 14 31

total 5 13 151 171 116 12 222 690
ave. p.a. 0.6 1.62 18.9 21.4 14.5 1.5 23 86.0
rate per 1 000 7.3 19 223 253 172 18 306 1 000

Period IV (1959-66)
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Table 7. No. of deaths in children 1-14 years of age from malaria and chronic nephritis

Characterist. Period I 1 Period II Period III 1 Period IVCharacteristic (1937-46) (1947-50) (1951-58) (1959-66)

Total deaths in children
(1-14 years) 1 604 374 690 414

ave. per annum 160 93 86 52

Malaria: total deaths 662 52 5 0

ave. per annum 66.2 13 0.62 0.0

rate per 1 000 child deaths 412 141 8.8 0.0

Chronic nephritis: total deaths 126 15 13 0

ave. per annum 12.6 3.8 1.6 0.0

rate per 1 000 child deaths 78 41 19 0.0

Table 8. No. of deaths registered in adults (over 15 years of age) by period and by cause of death

Periods
Causes of death Il II l_l IV

(1937-46) (1947-50) (1951-58) (1959-66)

malaria 439 32 0 0

chronic nephritis 1 021 318 269 64

acute respiratory diseases 723 69 90 90

chronic respiratory diseases 1 753 417 470 191

pulmonary tuberculosis 93 16 22 5

gastrointestinal diseases 602 121 196 109

enteric fever 91 39 10 2

malnutrition 7 1 9 5

filariasis 15 4 2 1

diabetes 51 38 36 38

malignant growths 97 29 104 144

cardiovascular diseases 746 344 929 1 050

general debility 154 33 40 13

males 28 5 8 3

aneamias non-pregnant females 127 223 39 49 25 45 12 20

pregnant females 78 5 J 2 5

diseases and accidents of pregnancy 142 31 43 18

senility 761 343 557 265

accidental deaths 123 57 104 130

other or cause not known 499 139 292 392

total 7 550 2 080 3 218 2 537
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Table 9. No. of adult deaths per 1000 adult deaths registered by period and by cause

Periods
Cause of death 11 IV

(1937-46) (1947-50) (1951-58) (1959-66)

malaria 58.0 25.0 0.0 0.0

chronic nephritis 135.0 152.0 84.0 25.0

acute respiratory diseases 95.0 33.0 28.0 35.0

chronic respiratory diseases 230.0 199.0 147.0 75.0

pulmonary tuberculosis 12.0 7.6 7.0 2.0

gastrointestinal diseases 79.0 58.0 61.0 43.0

enteric fevers 12.0 18.6 3.0 0.8

malnutrition 1.0 0.4 2.8 2.0

filariasis 2.0 1.9 0.6 0.4

diabetes 6.0 18.0 11.0 15.0

malignant growths 13.0 13.8 32.0 57.0

cardiovascular diseases 98.0 165.0 288.0 413.0

general debility 20.0 15.7 12.0 5.0

males 4.0 2.3 2.5 1.1

anaemias non-pregnant females 16.0 30.0 18.6 23.2 7.8 14.0 4.7 7.8

' pregnant females 10.0 J 2.3 3.7 j 1.9

diseases and accidents of pregnancy 18.0 14.0 13.0 7.0

senility 100.0 164.0 173.0 104.0

accidents 16.0 27.0 32.0 51.0

other or cause not known 56.0 57.0 57.0 116.0

Table 10. Principal causes of death in adults by period and group of diseases: the total number of deaths registered,
the average number of deaths per annum and the rate per 1 000 adult deaths registered

Periods

II ~~~~~~~III IV
Diseases (1937-46) (1947-50) (1951-58) (1959-66)
Dlseases~ ~ ~ ~ at DetsAeaeRt

Deaths Average Rate Deaths Average Rate Deaths Average Rpate
regis- per 1 e0r regis- per 1 pe regis- per 1p000 regis- per 1 000
tered annum deaths tered annum deaths tered annum deaths tered annum deaths

malaria 439 44 58 32 8 15 0 0 0.0 0 0 0

acute respiratory 723 72 95 69 17 33 90 11 28 90 11 36

chronic respiratory 1 753 175 230 417 104 201 470 59 147 191 24 77

chronic nephritis 1 021 102 136 318 79 153 269 34 83 64 8 25

cardiovascular 746 75 98 344 86 165 929 116 288 1 050 131 413

gastrointestinal 602 60 79 121 30 58 196 24 61 109 14 44

anaemias 227 23 30 49 12 23 44 6 14 25 4 14
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Table 11. Mortality from malaria (all ages), and from
acute and chronic respiratory diseases in adults

Deaths in adults

Characteristic Malaria Acute Chronic
(all ages) respira- resOpira-(alae) tory tory

diseases diseases

Period (1937-46)

total for period 1 399 723 1 753

average per annum 140 72 175

rate per 1 000 adult deaths 180 96 230

Period 1 (1947-50)

total for period 121 69 417

average per annum 30 1 7 104

rate per 1 000 adult deaths 33 33 201

Period III (1951-58)

total for period 5 90 I 470

average per annum 0.62 11 59

rate per 1 000 adult deaths 0.9 28 147

Period IV (1 959-66)

total for period 0 90 191

average per annum 0.0 11 24

rate per 1 000 adult deaths 0.0 36 77

1937 1940 1950

Fig 2 shows graphically the trend in malaria and
ARD mortality: a distinct parallelism may be seen
between the numbers of deaths from malaria and
from ARD, both curves showing well-marked and
synchronized peaks and troughs in period I. The
control and eradication of malaria was accompanied
and followed by a rapid decline and stabilization of
the curve.
Lobar pneumonia and bronchopneumonia used to

be diseases of young and middle-aged persons: in
period I, 39% of deaths from these causes occurred
in subjects between 15 and 40 years of age. In the
subsequent periods the older age groups were more
affected (Table 12). The routine use of sulfa drugs
and antibiotics has certainly had a great influence on
the control ofARD and on the change in prevalence
of these diseases with age. It was not, however, until
about 1954 that their use became established on the
plantations.

In the open cane fields, exposure to prolonged rain
is inevitable at some seasons, and could be an etio-
logical factor in the production of ARD. Exposure
may also precipitate malaria relapses, and heavy and
persistent rainfall favours the multiplication of Ano-
pheles mosquitos and malaria transmission. The par-
allelism in the trend of the malaria and ARD mor-
tality curve might therefore be only coincidental.
High rainfall in 1938 (3 800 mm) was accompanied by
rises in both curves. After malaria eradication, how-
ever, rainfall had little or no effect on theARD curve:

1960 1966

Fig. 2. Annual number of deaths from acute respiratory diseases registered and the number of deaths from malaria
(all ages).
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Table 12. Distribution of deaths from acute respiratory diseases in adults by age:
no. of deaths per 1 000 adult deaths registered

Total
deaths from Age group (years)

Period acute res-

diseases 15-20 21-30 31-40 41-50 51-60 61-70 >71

1 723 7 1 149 173 226 233 118 28
(1937-46)

1 69 87 58 159 246 246 145 58
(1947-50)

III 90 66 66 77 164 220 220 187
(1951-58)

Iv 90 30 50 10 40 170 360 340
(1959-66)

in 1954, for instance, the rainfall was 3 748 mm and
the ARD curve showed no interruption in its decline.

Chronic respiratory diseases (CRD)
Before malaria was eradicated chronic respiratory

diseases used to be by far the most frequent cause of
death among adults on the sugar estates. During the
30-year period under review, 2 831 deaths from this
group of diseases were registered. Males accounted
for 60% of cases, and in 76% of cases the age at
death was over 50 years. Included in this group are
deaths from chronic bronchitis, chronic asthma
(40 %), and emphysema. It is difficult to draw a clear
clinical distinction between these conditions, which
probably represent stages of one and the same
disease.

In period I, out of a total of 7 550 adult deaths,
1 753 were due to CRD; the average annual number
of deaths was 175 and the rate per 1 000 adult deaths
was 232. Table 11 shows the number of deaths from
CRD registered during each period and Fig. 3 com-
pares the trends in mortality from malaria and
CRD. The relationship between the two curves is
similar to that described for ARD; the decline in
mortality from CRD, however, was slower, was
somewhat delayed, and continued longer; the curve
became stabilized in about the year 1960, 9 years
after the closing down of the malaria-control cam-
paign and 8 years after the last death from malaria
had been registered. Rainfall did not influence the
trend of the curve after malaria eradication had been
achieved. The role of modem treatment in relation
to the decline in mortality from CRD was probably
not important: these diseases are hardly amenable to
antibiotics and sulfa drugs. Housing improvements

played no appreciable part. These first began in
1951, but because of great difficulties made very little
progress throughout the fifties. Little change in living
conditions had been achieved by the time the mortali-
ty curve from CRD had already completed its down-
ward trend and had become stabilized.

Chronic nephritis
On the sugar estates, before malaria was eradi-

cated, chronic nephritis used to be the second most
frequent cause of death among adults: between 1937
and 1946 there were 1 021 deaths; 2.3 times as many
as were caused by malaria (439 deaths). On the more

1950 1960 1966

Fig. 3. Annual number of deaths from chronic respira-
tory diseases (chronic bronchitis, asthma, and emphy-
sema) registered in adults over 15 years of age and the
number of deaths from malaria (all ages).
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Table 13. Deaths from chronic nephritis, by age and by period

Deaths from nephrosis and chronic nephritis Deaths Chronic nephritis:
Charac- from all deaths per 1 000
teristic -Children 1530 31-50 >50years Total causes deaths registered

CIlden years years

Period I (1937-46)

total 127 171 397 453 1 148 12 022 95

ave.p.a. 13 17 40 45 115 1 202 95

Period 11 (1947-50)

total 16 33 116 169 334 3 591 93

ave. p. a. 4 8 29 42 83 898 92

Period III (1951-58)

total 10 20 75 174 279 5 877 47

ave. p. a. 1.2 2.5 9.3 22 35 734 47

Period IV (1959-66)

total 0 6 1 3 45 64 4180 1 5

ave. p. a. 0 0.7 1.6 5.6 8 522 15

mildly malarial Corentyne Coast plantations (27%
of the estate population) chronic nephritis was less
common (20% of all deaths registered).

Table 13 and Fig. 4 illustrate the trend in mortality
due to chronic nephritis from 1937 to 1966. Before
malaria eradication the chronic nephritis mortality
curve was very irregular and was generally parallel
to the one for malaria. After malaria control was

1937 1940 1950 1960 1966

established the number of deaths diminished regu-
larly, becoming stabilized at a level of about 10
deaths per annum after 1957, 7 years after the
conclusion of the eradication campaign and 5 years
after the last death from malaria was registered. The
rapidity with which the mortality curve declined
varied with age, being less rapid in middle-aged and
older people; this is well shown in Fig. 5.

r

Fig. 5. Annual number of deaths from chronic nephritis
by age group.

Fig. 4. Annual number of deaths from chronic nephritis
registered in adults over 15 years of age and the
number of deaths from malaria (all ages).
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It is difficult to see what other factors, except the
eradication of malaria, could have brought about
this remarkable decline in mortality from Bright's
disease. It has been suggested (Gabaldon, 1961) that
DDT, by decimating the population of haemato-
phagous arthropods, may reduce the incidence of
cutaneous streptococcal infections. This was hardly
likely on the Guyana coastlands, where the use of
DDT was short-lived (1946-51) and where a large
proportion of the biting insects were hardly affected
by the insecticide (Ae.taeniorhyncus and Culexpipiens
fatigans) or became resistant to it (bed bugs and
fleas). " Endemic nephritis ", the ancient scourge of
Guyana, remained rampant until malaria was con-

trolled.

The anaemias

Death certification under this heading is frequently
vague, as the nature of the anaemia is rarely specified.
In the 30-year period, 345 deaths were registered
under this diagnosis; in only four instances was

ancylostomiasis incriminated.
Prior to the eradication of malaria grave anaemia

was very common on the plantations, particularly in
females of reproductive age, whether pregnant or
not. Males were much less frequently affected and
cases usually occurred among middle-aged or elderly
men. Most of the fatal cases were due to megalocytic
anaemia of nutritional origin in subjects suffering
from protracted chronic malaria. Pregnant females
contributed a very large proportion of such cases

(Giglioli, 1934).
Table 14 gives the number of deaths from anaemia

registered on the sugar estates between 1937 and
1966 in males, non-pregnant females, and pregnant
females. It cannot be excluded that some of the cases
listed as non-pregnant may have been in the early
stages of maternity or may have been delivered
recently. Males accounted for only 46 deaths, or

13.3% of all deaths from anaemia; 58% of them
were over 40 years old. There was only one death
of a male under 20 years of age. Since the eradication
of malaria there has been some reduction in the
number of deaths of males but the age pattern
has been maintained.
There were 199 deaths of non-pregnant females,

more than four times as many as in males. After the
eradication of malaria there was a clear reduction in
the number of deaths, and the age pattern has
recently begun to resemble the one described for
males. In period I (10 years), 22% of the 122 deaths
from anaemia were girls under 20 years of age; 46%
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were females between 21 and 30 years of age and
only 13% were over 40 years old. In periods III
and IV (16 years), there were only 38 deaths from
anaemia in non-pregnant females; there was a single
death of a female under 20 years of age and 42% of
the deaths were of persons over 40 years old.

In pregnant females, 100 deaths were recorded over

the whole period of the survey (1937-66); 24% were

aged under 20 years and none were over 40 years.

There has been a very marked reduction in the inci-
dence of such deaths in successive periods, parti-
cularly among the younger women. Thus, while in
period I, 27% of cases concerned females under 20
years of age, 51 % were between 21 and 30 years old
and only 9% were over 30 years old; in periods III
and IV, 50% of the deaths occurred in females over

30 years of age.

Throughout the 30 years under study, there were

only 4 deaths from anaemia in which hookworm was

given as the primary cause; all of these occurred in
period I. The registration of deaths, therefore, gives
no information on the trend of this disease, which
used to be so prevalent in Guyana. On the sugar

estates of Demerara, systematic surveys were made
in 1939 and 1959. The 1959 survey showed a remark-
able decline in the incidence of the infection and
even more in the degree of infestation. Such changes
cannot be explained by improved environmental
sanitation, which in 1959 left much to be desired; to
this day the overwhelming majority of the population
do not wear anything on their feet. The rate of
infection with Ascaris in both adults and children
was actually found to be much higher in 1959 than it
had been in 1938, yet hookworm had lost nearly all
its former clinical importance. It has been tentatively
suggested (Giglioli, 1962c) that the improvement in
general nutrition, which followed malaria eradication
and which has brought about the disappearance of a

variety of trophic cutaneous abnormalities of the
lower extremities, has integrated and reinforced the
natural cutaneous barriers against invasion of hook-
worm larvae.

Enteric fever

The decline in typhoid fever mortality shown in
our tables was, without doubt, a direct result of the
introduction of chloramphenicol treatment in about
1953.
In rural Guyana enteric fever is predominantly a

disease of children and the mortality tends to be
relatively low. Over the past 12 years, since haemo-
culture has been used for the diagnosis of a consider-

able proportion of cases, Salmonella typhi has been
found to be the only organism involved. Ashcroft &
Richie (1962), on the Demerara coastlands, in the
course of 26 months, and in a series of 4 055 blood
cultures and 5 956 stool cultures from children of
school age, isolated S. typhi 552 times. S. paratyphi A
was identified twice and no case of S. paratyphi B
or C was discovered. These findings contrast with
the author's on the Demerara river in the 1920s:
S. paratyphi C was isolated 90 times, and was three
times as frequent as S. typhi (Giglioli, 1930). In a
series of 350 blood samples taken at random from
residents of coastal and near-coastal areas, " H "
type agglutinins for S. paratyphi C were found in
19.4 % and " 0 " agglutinins in 28.8%. Taking into
consideration only titres of diagnostic significance
(1: 40 and over) the rates still remained high-I 1.7%
and 9.4%, respectively (Giglioli, 1933). On the Ber-
bice sugar estates, between 1933 and 1937, the author
again isolated S. paratyphi C from 9 patients (18%
of positive blood cultures). There thus can be no
doubt as to the widespread distribution and fre-
quency of this infection in the past.

Paratyphoid C has been recorded from tropical
and temperate countries, usually associated, clini-
cally and epidemiologically, with malaria, relapsing
fever, and typhus. In Guyana, the association with
malaria was clearly evident (Giglioli, 1933a). In spite
of the fact that no death from this parenteric fever
was recorded on the sugar estates between 1937 and
1966, its disappearance in recent years, since its
bacteriological diagnosis has become established as a
routine, deserves to be recorded.

Distribution of deaths by sex and by age group

Out of 25 666 deaths registered between 1937 and
1966, 13 702 were males and 11 964 were females: a
12.6% excess of males over females (Table 2). This
disparity was consistent throughout the whole period,
with the exception of 1943 (when there was a serious
exacerbation of malaria-see Table 1), when there
were 715 deaths in females against 682 in males.
Deaths of females exceeded those of males again in
1962, but only by 2. Considering only adults over 15
years of age, the same imbalance is found with a
12% excess of males.
Table 15 shows, separately for each period, the

number of deaths, in males and females, classified by
age group. The figures are crude registration data
and refer to adults over 15 years of age. Consistently
in periods I, II and III there was an excess of deaths
of females in the 15-40-year age groups; a marked
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Table 15. Deaths in adult males and females by age group and by period

Age group (years)
Characteristic Total

15-20 21-30 31-40 41-50 51-60 61-70 > 70

Period (1937-46)

Total

males 158 294 405 792 1161 779 379 3 968

females 266 457 429 514 753 688 475 3 582

males and females 424 751 834 1 306 1 914 1 467 854 7 550

Rate per 1 000 deaths in
age group

males 374 391 485 606 610 531 443 525

females 626 609 515 394 390 469 557 475

Period 11 (1947-50)

Total

males 41 51 74 189 308 288 147 1 088

females 45 75 103 137 207 226 199 992

males and females 86 126 177 326 515 514 346 2 080

Rate per 1 000 deaths in
age group

males 476 405 417 580 598 560 425 526

females 524 595 583 420 402 440 575 474

Period 11 (1951-58)

Total

males 26 51 64 197 472 544 363 1 708

females 42 89 99 184 298 409 365 1 480

males and females 68 140 163 381 770 953 728 3 218

Rate per 1 000 deaths in
age group

males 382 364 392 517 613 571 497 536

females 618 636 608 483 387 429 503 464

Period IV (1959-66)

Total

males 30 58 88 135 343 428 326 1 403

females 22 49 62 97 201 328 379 1 134

males an females 52 107 150 232 544 756 705 2 537

Rate per 1 000 deaths in
age group

males 577 542 587 582 631 563 462 553

females 423 458 413 418 369 437 538 447
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Table 16. Principal causes of death in females of reproductive age (15-40 years) by period

Period I Period II Period IlIl Period IV
(1937-46) (1947-50) (1951-58) (1959-66)

Cause of death
Ttl Average Avertal Average Tta Average|Total |per annum Total per annum eTotal perannum Ttal per annum

all causes 1 152 115 223 55 230 29 133 17

malaria 128 12.8 7 1.8 0 0.0 0 0.0

chronic nephritis 192 19.2 52 13 19 2.4 10 1.3

anaemia 103 10.3 32 8 18 2.3 3 0.4

anaemia of pregnancy 78 7.8 5 1.2 11 1.4 4 0.5

toxaemia of pregnancy 47 4.7 17 4.2 17 2.1 6 0.7

haemorrhage 10 1.1 4 1.0 10 1.3 8 1.0

sepsis 9 0.9 1 0.25 2 0.25 0 0.0

syncope and exhaustion 35 3.5 6 1.5 4 0.5 2 0.2

other accidents of pregnancy 9 0.9 3 0.8 11 1.4 4 0.5

total live births 24 358 2 436 12 916 3 229 28 512 3 564 29 090 3 636

excess of males over females in the 41-70-year groups
and also an excess of females in the over-71-year age
group. In period IV, 9-16 years after the establish-
ment of malaria eradication, the position in the
15-40-year age groups is reversed, deaths of males
exceeding those of females as in the other age groups;
the situation amongst the aged remains the same.

Table 16 shows the trends in the successive periods
in the incidence of the principal causes of death
(crude figures) in females aged 15-40 years, with
special reference to death related to diseases and
accidents of pregnancy and parturition. The table
helps to clarify the mechanism by which the balance
has been restored between the number of deaths of
males and females of reproductive age. The progres-
sive decline in the incidence of chronic nephritis,
anaemia of pregnancy, toxaemias, death from syn-
cope and exhaustion during labour, and sepsis (the
latter was not frequent and has been controlled by
antibiotics) are all confirmed by routine clinical prac-
tice on the estates.
These findings confirm the wide-ranging influence

of endemic malaria on the female of reproductive
age. The above data deal exclusively with deaths; the
clinical damage must have been far greater. The
eradication of malaria, the primary cause of so much
ill-health among potential mothers, was the principal
and immediate cause of the great increase in the
birth rate.

Cardiovascular diseases
In many acute and chronic diseases, cardiac failure

may be the final accident and thus it appears on the
death certificate. We have classified all such cases
under the primary diseases (pneumonia, chronic
bronchitis, chronic nephritis, etc.). In 18% of the
3 047 cardiovascular deaths registered on the sugar
estates between 1937 and 1966, however, the diag-
nosis was " cardiac failure " without further specifi-
cation; obviously these cases cannot be properly
classified.

In Table 17 cardiovascular deaths have been di-
vided into two groups: deaths due to arterial
diseases (including cerebrovascular accidents, hemi-
plegia, hypertension, and coronary occlusion) and
deaths due to " other cardiac diseases " (including
heart failure, myocarditis, valvular diseases, endo-
carditis, and aortic diseases). Some overlapping in
the " cardiac failure " group is likely.

Table 17 and Fig. 6 show that the trends in the
incidence of deaths from these two groups of di-
seases, in successive years, are not the same: the
number of deaths from " other cardiac diseases"
remains more or less at the same level, with some
annual fluctuations, throughout the 30 years. On the
contrary, the number of deaths from arterial diseases,
which was relatively stable up to 1948, began to
increase progressively from 1949, so that in period
IV the number of deaths from these diseases was
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Table 17. Deaths from cardiovascular diseases by year and by period

Deaths from arterial diseases Deaths from other cardiac diseases

Characteristic Cerebro- Coronary Hpr Cadia Cardiac Moa- Ed- Ari oa
vascular occlu- tHepeon Total ariac organic Myoitcisr cEanditis dists
accidents sion tninfiue~ ea~ dts criidiseases

Period (1937-46)

total 305 7 9 321 41 75 253 46 10 425

ave. p.a. 30.5 0.7 0.9 32.1 4.1 7.5 25.3 4.6 1.0 42.5

rate per 1 000 deaths 40.4 0.9 1.2 42.5 5.4 9.9 33.5 6.1 1.3 56.3

Period 11 (1947-50)

total I 148 12 16 176 22 31 101 12 2 168

ave. p.a. 37 3 4 44 5.5 7.7 25.2 3.0 0.5 42.0

rate per 1 000 deaths 70.8 5.7 7.6 84.2 10.5 14.8 48.3 5.7 0.9 80.8

Period III (1951-58)

total 415 51 62 528 244 17 121 16 3 401

ave. p.a. 51.9 6.3 7.7 66 30.5 2.1 15.1 2.0 0.4 50.1

rate per 1 000 deaths 129.5 15.9 19.3 164.8 76.1 8.3 37.7 5.0 0.9 125.1

Period IV (1959-66)

total 430 '133 165 728 258 124 37 1 2 322

ave. p.a. 53.7 16.6 20.6 91 32.2 3.0 4.6 0.1 0.25 40.2

rate per 1 000 deaths 168.8 52.2 64.8 285.9 101.3 9.4 14.5 0.4 0.8 126.4

Fig. 6. Trends in mortality from hypertensive and other cardiovascular diseases in adults over 15 years-of age, and
the number of deaths from malaria.
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nearly three times that in period I: the rate increased
from 42.5 to 285.9 per 1 000 deaths registered.

Within the group of " other cardiac diseases"
there have also been some changes: myocarditis
accounted for 33 % of all deaths from cardiovascular
disease in period I, for 32% in period II, for 13% in
period III, and only 3.6% in period IV. It is difficult
to evaluate this dramatic change and to decide how
much is related to the eradication of malaria and
how much to changing diagnostic methods. Daniels
(1894), in his studies of 1 300 autopsies conducted in
the Georgetown Hospital, found remarkably little in
the way of chronic cardiac changes other than
valvular damage and some fatty degeneration in
anaemic cases; myocarditis was not even mentioned.
The increase in the incidence of deaths from coro-

nary occlusion is very remarkable, from 7 cases in
period I to 133 in period IV. Their geographical
distribution also suggests that this increase is related
to the eradication of malaria. As has been mentioned
earlier, the plantations of the Corentyne Coast (27%
of the total estate population) were always more
mildly malarial than those of the rest of the country;
the distribution of deaths from coronary disease in
this area compared with that in other areas is shown
below.

period I
period II
period III
period IV

Total

(1937-46)
(1957-50)
(1951-58)
(1959-66)

Corentyne
estates

6
12
18
60

96

Other
estates

1
0

33
73

107

DISCUSSION*

The number of deaths occurring in infancy is ob-
viously influenced by the number of births: Table 2
and Fig. 1 demonstrate the immediate rise in natality
that followed the start of the malaria eradication
campaign. Newman (1965) also showed that, both in
Guyana and in Ceylon, the natality curve not only
rose steeply but became stabilized with much reduced
annual fluctuations.

In infancy, the manifestations of malaria infection
are essentially acute or hyperacute. In period I,

before malaria was controlled, 298 infant deaths
were due, directly, to malaria. There were also 989
deaths that occurred within 10 days of birth, mainly,
but not exclusively, caused by prematurity and con-

genital debility. A large proportion of these deaths
were the result of malaria, acute or chronic, and its
sequelae (chronic nephritis, anaemia) in the expectant
mother. With the elimination of malaria the situation

has improved rapidly and substantially: the number
of infant deaths under 10 days per 1 000 total infant
deaths was reduced by 30% between the first and
last periods and the number per 1 000 live births was
reduced by 75 % (Table 4).

In children between the ages of 1 and 14 years,
malaria used to be by far the main cause of death: in
period I there were 662 such deaths. Chronic nephri-
tis was another important cause of mortality, partic-
ularly between the ages of 5 and 14 years; 126 deaths
were registered between 1937 and 1946. Both these
important causes of death in children disappeared
completely after 1955, as shown in Table 6.
The eradication of malaria appears to have had no

appreciable influence on the mortality of children
from respiratory and gastrointestinal diseases and
from malnutrition (Table 6).

In period I, before malaria was controlled, it
accounted for only 58 deaths per thousand in adults
over the age of 15 years. Chronic diseases were the
main causes of mortality, and chronic respiratory
diseases and nephritis together caused no less than
396 deaths of every 1 000 registered. These chronic
conditions have declined rapidly and substantially
since malaria control began to be effective.
From Fig. 3 and 4 it can be seen that the mortality

curves for chronic bronchitis and nephritis are prac-
tically identical and have the following character-
istics:

(1) During period I, when malaria was rampant,
the curves were irregular and variable, their varia-
tions showing a positive correlation with the malaria
mortality curve.

(2) In period II, while the malaria control cam-
paign evolved, the curves became more regular, with
smaller annual variations, and began to show distinct
downward trends.

(3) In periods III and IV, with malaria eradicated,
the curves remained remarkably smooth, with an
uninterrupted downward trend, and finally became
stabilized at a low level.

(4) The downward trend of the general mortality
curve (Fig. 1), of the chronic bronchitis (Fig. 3) and
chronic nephritis (Fig. 4) curves continued for almost
10 years after the last death from malaria was re-
gistered.

(5) For acute respiratory diseases (Fig. 2) the fall
of the curve was more rapid and more closely syn-
chronized with that of malaria mortality. The curve
became stabilized within a year or two of the last
malarial death.
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Plasmodium malariae is known to be specifically
related to some forms of nephrosis and chronic
nephritis (Giglioli, 1930, 1962a, 1962b). In Guyana it
used to be found, on average, in 10% of positive
blood slides; a very large proportion of the popula-
tion must therefore have become infected during
their lifetime. It is the most long-lived and persistent
of the malaria parasites. Our findings indicate that
all forms of chronic nephritis, in all age groups, were
affected by the eradication of malaria, the reaction
of older people being somewhat delayed in relation
to that of children and young persons (Fig. 5).
The continued decline in the curves for almost 10

years after the last death from malaria was registered
might suggest that factors other than malaria eradi-
cation were responsible for the falling mortality.
Malaria eradication on the Guyana coastlands was
achieved entirely by DDT spraying of houses, with
no attempt to cure the hundreds of thousands of
existing infections. These were left to evolve to a
spontaneous cure, a process usually estimated to
require 3 or 4 years or longer in the case of quartan
malaria. There was therefore a lag between the
cessation of malaria transmission and malaria mor-
tality, and the complete disappearance of the clinical
and pathological effects of malaria infection. Our
findings suggest that much of the damage caused to
the tissues and to the haemopoietic and immuno-
genic systems by life-long exposure to malaria was
irreversible. Affected subjects continued to suffer
from such damage until death; they were not re-
placed, however, by new victims, as in the past.
This would explain the characteristic shape of the
curves we have described.

It has been shown that before malaria eradication,
the mortality in females of child-bearing age (15-40
years) was consistently higher than that of males in
the same age bracket. In all other age groups, except
very old people, the mortality of males exceeded that
of females. This situation has been changed, but the
process was slow and the change did not become
fully evident until period IV, 9-16 years after the end
of the DDT campaign. These findings indicate the
high vulnerability of potential mothers to the effects
of endemic malaria and explain the very high neo-
natal mortality that used to prevail.
When one considers that every death from chronic

nephritis, chronic respiratory disease, and anaemia
was preceded by months of sickness, disability, and
suffering, one begins to have some idea of the effect
that malaria eradication has had on the health,vitality,
and well-being of the population of rural Guyana.

The progressive rise in the mortality from cardio-
vascular diseases on the plantations, so clearly shown
in Table 17 and Fig. 6, is confirmed by all the
plantation medical officers.
The decline of myocarditis, which until about 1947

was the most frequent diagnosis, is worthy of note
but difficult to evaluate; more striking is the upsurge
of cerebrovascular accidents and hypertension and
the gradual increase in the occurrence of coronary
occlusion, which, although a very rare cause of death
in period I, is relatively common now. Both cerebro-
vascular accidents and coronary occlusion are now
among the common causes of death on all the
plantations, whereas before malaria eradication they
tended to be much more frequent on the mildly
malarial Corentyne estates.
The most characteristic and constant clinical effect

of malaria on the circulatory system is a loss of
vascular tone with a fall of blood pressure. Accord-
ing to James (1920), " Even during the 'hot' stage of
an acute attack the minimum blood pressure (which
represents the true arterial tension) is much below
normal, although the maximum pressure may be
somewhat increased. The diminution of the blood-
pressure is greatest shortly after the febrile attack,
but persists throughout the apyrexial intervals be-
tween the relapses even when these intervals are of
several weeks' duration. The average pressure read-
ings for a strong, healthy man should show a maxi-
mum of about 120mm. Hg and a minimum of about
80 mm. Hg; but according to Plehn,1 in many sol-
diers who contracted malaria in Macedonia during
the War, the maximum pressure reading was usually
not more than 80 or 90 and the minimum between 40
and 50, or even less."

Information on the effect of heavy endemic mala-
ria on blood pressure and blood cholesterol titres are
sadly lacking. No such systematic surveys were ever
made amongst the East Indians on sugar estates
before malaria was eradicated. One can only suspect
that, in that milieu of constant malarial saturation,
the blood pressure of a large proportion of the
population was permanently depressed. This might
explain the moderate incidence of the more serious
and fatal manifestations of arterial hypertension.
Today, with the malarial damper removed, the num-
ber of cardiovascular deaths has doubled and mor-
tality from hypertension (per 1 000 deaths registered)
has increased more than six-fold.

1 Plehn in the Muenchener medizinische Wochenschrift,
7 February 1919, p. 146.
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RtSUMti
MODIFICATIONS DU TABLEAU DE LA MORTALITE CONSECUTIVES A L'ERADICATION
DU PALUDISME HYPERENDAMIQUE DANS UNE COLLECTIVITE TRES RECEPTIVE

En 1966, on evaluait la population stable des planta-
tions de cannes a sucre de la Guyane a 110 000 personnes,
dont 90% etaient originaires des Indes orientales. Avant
l'introduction du DDT en 1945, le paludisme y regnait de
fagon meso-endemique a hyperend6mique, la transmis-
sion se maintenant A un niveau relativement constant
avec cependant de fortes fluctuations en periodes de
secheresse ou d'inondations exceptionnelles. L'eradica-
tion de la maladie a ete r6alisee entre 1947 et 1950 grace
i des pulverisations domiciliaires de DDT.
On a suivi 1'evolution de la mortalite au sein de cette

collectivite entre 1937 et 1966. Durant ce laps de temps,
se sont succedees: une periode de 10 ans (1937-1946)
caracterisee par I'absence de toute mesure de lutte; une
periode de 4 ans (1947-1950) au cours de laquelle s'est
deroulee la campagne d'eradication; deux periodes de
8 ans (1951-1958 et 1959-1966) posterieures a l'eradica-
tion. Les tendances de la mortalite globale et de la mor-
talit6 sp6cifique (par grands groupes de maladies) ont ete
etudiees chez les nourrissons, les enfants et les adultes,
ainsi que l'evolution de la natalite. Sur l'ensemble de la
p6riode de 30 ans, on a enregistre environ 25 000 deces
et 95 000 naissances vivantes.
La lutte contre le paludisme a eu pour r6sultat imme-

diat une baisse de la mortalit6 due a cette affection; le
dernier deces qui lui est imputable remonte a 1952. On a
assiste simultanement a un declin de la mortalite par
autres maladies, qui s'est poursuivi pendant plus de
10 annees. Chez les nourrissons, le taux de la mortalite

due a la prematurite et a la debilite congenitale (ayant
pour origine principale le paludisme et ses sequelles chez
la femme enceinte) a diminue de 75 %. Chez les enfants de
1 a 14 ans, la mortalit6 par paludisme et nephrite chro-
nique, affections responsables de 49% des deces dans ce
groupe d'age avant l'eradication, a ete reduite a n6ant.
Chez les adultes, les mortalites relatives aux affections
respiratoires aigues ou chroniques et a la nephrite chro-
nique ont 6volue de faron tres semblable: phase initiale,
marquee par une tres grande instabilite synchrone des
fluctuations de la mortalit6 par paludisme; phase de
stabilisation coincidant avec la mise en ceuvre des
mesures de lutte antipaludique; phase finale, couvrant
8 A 10 ans, oiu l'on a assiste a une diminution progressive
du nombre des deces. Au cours de cette derniere phase, on
a enregistre n6anmoins un certain nombre de deces dus,
directement ou indirectement, aux sequelles irreversibles
d'une infection paludeenne de longue dur6e et continue.
Avant l'eradication, la mortalite parmi les femmes en

age de procreer etait superieure a celle des hommes.
Apres l'eradication, la situation a ete invers6e et on a
enregistre davantage de deces dans le sexe masculin,
sauf chez les sujets tres ag6s.
La tendance, en ce qui concerne les maladies cardio-

vasculaires, apparait completement differente. Chez les
sujets de plus de 15 ans, la mortalite par hypertension et
troubles apparentes, qui etait avant l'eradication de
42,5 par 1000 dec's enregistres, est passee a 285,9 entre
1959 et 1966.
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