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Bagassosis: An Epidemiological, Environmental, and
Clinical Survey

C. E. D. HEARN
From Caroni Limited (Tate and Lyle Limited), Trinidad, West Indies

An epidemiological and environmental survey of 170 bagasse workers employed by a raw sugar
producing company in Trinidad was carried out in order to assess the prevalence of respiratory symptoms
and to determine if exposure to bagasse was associated with alterations in ventilatory capacity.

The epidemiological survey failed to reveal a significantly increased prevalence of respiratory symptoms
in the more exposed group but showed that the group of Indian workers who were regularly and con-
tinuously exposed to bagasse had a significantly lower ventilatory capacity than the control group. This
diminished ventilatory capacity was demonstrated despite negligible dust concentrations in the plant.
However, the possibility that persistent exposure to low concentrations of bagasse may be the cause must
be considered.

During a five-year period, 17 patients with bagassosis were seen, the clinical picture being similar to that
described in extrinsic allergic alveolitis from other causes.

The systematic variations demonstrated in some indices of ventilatory function in different racial groups

are discussed.

Bagasse is the fibrous residue of sugar-cane after
the sugar has been extracted. The term was
originally applied in Provence to the refuse from
olive-oil mills, and its root is the Anglo-Saxon
‘baeg’ which referred to the olive skin as a bag. It
came to apply to anything worthless.

The tough fibrous nature of bagasse and its good
insulating properties have made it useful in the
manufacture of hardboard, acoustic and thermal
insulating materials, and certain classes of paper, and
in the production of refractory brick. Recently it
has been developed, on an experimental scale, into
a mouldable board which can be used in the build-
ing, furniture, ship, and automotive industries.
In countries producing raw sugar, bagasse finds
uses as a form of bedding in stables and in deep
litters for fowls, and as an inferior class of fertilizer,
apart from its primary use as fuel for the sugar
factory.

Inhalation of bagasse dust may give rise to the
respiratory disease known as bagassosis, the clinical
picture being similar to that seen in extrinsic
allergic alveolitis from other causes, the classical
example of which is farmer’s lung.

Bagassosis was first described by Jamison and
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Hopkins (1941) under the term ‘bagasscosis’ in an
employee from a hard-board plant in New Orleans.
Most of the reported cases have come from the
southern states of the United States of America,
especially Louisiana (Sodeman and Pullen, 1943,
1944; Jamison, Bryan and Day, 1944; LeMone,
Scott, Moore, and Koven, 1947; Sodeman, 1949;
McDaniel and Hull, 1952; Buechner, Prevatt,
Thompson and Blitz, 1958). There have also been
references to the disease in Italy (Cangini, 1951);
India (Ganguly and Pal, 1955; Singh, 1955;
Smetana, Tandon, Viswanathan, Venkitasubram-
anian, Chandrasekhar, and Randhawa, 1962), and
the Philippines (Dizon, Almonte, and Anselmo,
1962).

Castleden and Hamilton-Paterson (1942) reported
four cases of ‘bagassosis’ from a factory in London
and were the first to use this actual term. However,
Hunter and Perry (1946), when they conducted a
detailed follow-up investigation of the employees at
this factory, thought that two of these cases did not
show a condition which could be definitely regarded
as bagassosis. This investigation revealed that, of
21 men employed on a bagasse shredding machine
over a 15-month period, 11 developed bagassosis.
Hunter and Perry went on to describe two cases of
pulmonary fibrosis which they attributed to
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exposure to bagasse dust, although these two men
were less exposed than those who had developed
the acute syndrome.

In 1958, Buechner and his colleagues reviewed
the condition and reported three further cases,
bringing the total in the world literature to 60.
The conception of bagassosis as a rare clinical
entity came to an end when, out of a working
population of 140 at a paper mill in Puerto Rico
(Bayonet and Lavergne, 1960), 69 cases occurred.
The importance of bagassosis as an industrial
disease was emphasized by Buechner, Aucoin,
Vignes, and Weill (1964), who described the clinical
features of eight cases out of an estimated total of
200 that had occurred at a board-manufacturing
plant in Louisiana. A study of pulmonary function
in 20 cases (Weill, Buechner, Gonzalez, Herbert,
Aucoin, and Ziskind, 1966) described the restrictive
defect and impairment of gas transfer, with sub-
sequent reversal to normal on clinical improvement.

Sporadic cases are seen in Great Britain, the
first recorded example since 1946 being reported
by Hargreave, Pepys, and Holford-Strevens (1968).

Since Hunter and Perry (1946) carried out their
retrospective investigations of the cases that
occurred in a factory in London, no attempt has
been made to investigate this condition specifically
from the standpoint of occupational health or to
determine the extent of the hazard within an
industry. It was decided, therefore, to conduct an
epidemiological and environmental survey of a
group of 170 bagasse workers employed by a
raw-sugar producing company in Trinidad in
order to determine how far exposure to bagasse
was associated with respiratory symptoms and with
alterations in ventilatory capacity. A description
of the cases encountered, with special reference to
the cardinal features and the course of the disease,
is also given.

Operations in the Bagasse Baling
Department

The bagasse department consists of an area where
bales of bagasse are stored for drying purposes,
together with a small plant where they are processed
for shipment overseas.

After all the juice has been extracted from the
sugar-cane, the bagasse is bound into bales in a
primary baling plant which is only in operation for
five months of the year when the sugar crop is
being reaped. The primary bales are stored in large
stacks, each containing 1,000 tons of bagasse
(Fig. 1), for about 12 months to dry out.

In the process of destacking, the outer two layers
of bales, which are weathered and heavily con-
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taminated with fungal and bacterial growth, are
removed and discarded. The sound interior bales
are then transported by trailer to the secondary
baling plant for compression by a hydraulic ram
(Fig. 2) into smaller, compact secondary bales for
shipment overseas. It is here that workers are
continually exposed to dust from old, and
occasionally mouldy, bagasse. These men, em-
ployed in destacking operations and in the secondary
baling plant, are working throughout the year
operating an eight-hour shift system.

Population and Methods of Study

The Population The population studied consisted
of 118 Indians and 52 Negroes, all of whom were men.
The Indians in this study are the descendants of
indentured immigrants who were brought into Trinidad
between 1844 and 1917 to relieve the labour shortage
that had occurred on the plantations after the abolition
of slavery. They came from two ports of exit in India,
Calcutta, and Madras. The Negroes are of West
African origin, coming principally from Angola, the
Congo, and the Gold Coast.

They were divided into two groups on the basis of
their regularity of employment:

(a) Regular workers: These men are employed
throughout the year and either work in the secondary
baling plant or are concerned in the transport of bales
from the stacks to the plant. They are all exposed to
old bagasse.

(b) Seasonal workers: These are employed only for
six months during the sugar crop and work either in the
primary baling plant or out-of-doors stacking the
primary bales. They are in contact with fresh bagasse
only.

The Indian group consisted of 71 regular workers and
47 seasonal workers, while the Negro group was
composed of 17 regular workers and 35 seasonal workers.

From the group of regular workers it was possible to
identify a subgroup who were employed near the
compressor and in the unloading area and were in regular
contact with the maximum concentration of dust. This
group was classified ‘exposed’ in contrast to the remain-
der who were classified ‘less exposed’.

Control Groups Control groups of 100 Indians
and 52 Negroes were studied to establish normal
values for the population under investigation. The
subjects were drawn from cultivation and transport
workers as a stratified random sample so as to match
the age groups of the working population being studied.

The following criteria were used for acceptance as
a control subject: (1) no history of cardiac or pulmonary
disease; (2) no evidence of cardiac or pulmonary disease
on clinical examination; and (3) no record of having
worked at any time in the bagasse department. On these
criteria two subjects were rejected.

Respiratory Symptoms The presence of respir-
atory symptoms was assessed in the complete group of
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170 bagasse workers by using a modified questionnaire
based on the Questionnaire on Respiratory Symptoms
(Medical Research Council, 1960a, b). All interviews
were conducted personally, and where applicable the
case records of an employee were also studied. These
record details of all attendances at the clinic and/or
of all absences from work due to illness.

The definition of chronic bronchitis used in this
survey was that suggested by the Ciba symposium on
terminology (Fletcher, 1959), and the term refers to
subjects with ‘chronic or recurrent cough with expectora-
ation which is not attributable to conditions excluded
from chronic non-specific lung disease’. Chronic or
recurrent is defined as ‘occurring on most days for at
least three months in the year during at least two years’.

Ventilatory Capacity Tests Tests of ventilatory
capacity were performed on all subjects in a room
where the ambient temperature averaged 25°C. and was
not subject to undue fluctuations. The purpose of the
tests was carefully explained to each subject and the
technique was demonstrated by the investigator.

The height was recorded without shoes and the weight
in light clothes, i.e., singlet and shorts.

Forced vital capacity (F.V.C.) estimations and forced
expiratory spirograms were carried out using a dry
recording spirometer, the McKesson Vitalor.
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All measurements were made with the subject sitting.
A nose clip was not used except in those few subjects
who repeatedly attempted to take a second inspiration
before they had completed their forced expiration. After
two practice blows, the mean of three measurements
was recorded, provided they were technically satisfactory.
From the forced expiratory spirograms was calculated
the forced expiratory volume in one second, as a per-
centage of the forced vital capacity F.E.V.,.,/F.V.C.%.

All gas volumes are expressed at body temperature
and pressure saturated (B.T.P.S.).

The overall means, standard deviations, coefficients
of variation, and standard errors of the means for the
various tests (F.V.C., F.E.V.,,,, F.EV.,.,,/JE.V.C.%)
in the two racial groups are given in Tables I and II.

Dust Measurements The concentration of air-
borne dust particles was measured using the Hexhlet
sampler described by Wright (1954). The method of
sampling was based on the procedure described by
Roach and Schilling (1960) but was carried out at a
flow rate of 5o litres per minute during the whole
of an eight-hour shift. The instrument was placed at
breathing height as near a worker as possible without
interfering with his work.

Measurements were made of both the total dust and
the fine dust. The total dust is that which is collected

TABLE I

OVERALL MEANS, STANDARD DEVIATIONS, COEFFICIENTS OF VARIATION, AND STANDARD ERRORS OF MEANS OF
INDIAN GROUP

Regular Workers (71) Seasonal Workers (47) Controls (100)
Measurement
Mean | S.D. |C.V.% | S.E. | Mean | S.D. |C.V.% | S.E. Mean | S.D. |C.V.% | S.E.
F.V.C. (ml.) 3,280 529 16 | 6282 | 3,690 599 16 | 87°44 | 3,650 664 18 664
F.E.V.;,( (ml.) 2,700 462 17 | 5483 | 3,100 573 18 | 83:59 | 3,030 400 13 400
F.E.V.;.o/EV.C.% 82 6 7 072 84 6 7 086 83 3 4 034
. Age 37-8 7-8 21 093 | 297 99 30 144 | 346 | 103 30 1-03
Height (in.) 65-8 24 36 0-69 66-2 30 4'S 044 656 23 35 0-23
Weight (Ib.) 146 285 19 338 | 136°5 25°5 19 372 | 1355 | 246 18 2:46
The figures in parentheses denote the number of subjects in the different groups.
S.D. = standard deviation
C.V. = coefficient of variation
S.E. = standard error of mean
TABLE II
OVERALL MEANS, STANDARD DEVIATIONS, COEFFICIENTS OF VARIATION AND STANDARD ERRORS OF MEANS OF
NEGRO GROUP
Regular Workers (17) Seasonal Workers (35) Controls (52)
Measurement
Mean | S.D. |C.V.% | S.E. | Mean | S.D. |C.V.% | S.E. | Mean | S.D. |C.V.% | S.E.
F.V.C. (ml.) 3,960 592 15 | 143°68 | 4,130 623 15 | 108:46 | 4,100 618 15 85-7
F.E.V.;., (ml) 3,320 488 15 | 1149 | 3,380 540 16 94°01 | 3,420 487 14 | 675
F.E.V.;.,,/E.V.C.% 82 6 7 1-45 82 6 7 1-03 83 5 5 0-64
Age . 41-2 8-6 21 2:09| 308 106 34 1-84| 354 10°7 30 1-48
Height (in.) 669 33 | 49 o80| 677 51 7'5 o089 679 25 | 37 035
Weight (Ib.) 162 | 308 19 747 | 1485 151 10°1 263 | 1575 189 12 2-62

The figures in parentheses indicate the number of subjects in the different groups.
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on the filter paper when the sampler is run without the
elutriator. The fine dust is that which is collected on
the filter paper when the sampler is run with the
horizontal elutriator attached. The elutriator prevents
the passage of particles larger than 7-1 microns
equivalent diameter.

In the secondary baling plant, samples were collected
(a) in the vicinity of the compressor, (b) in the covered
area where the bales are unloaded from the trailers
prior to compression, and (¢) in the storage shed while
bales were being stacked.

Clinical Survey Seventeen patients with bagassosis
were observed, all of whom were Indians. Eleven
patients were seen before facilities were available for
testing ventilatory lung function. In these, the tests
were done as a follow-up study after clinical recovery
had occurred, except in the case of one employee who
had left the Company and could not be traced. The
ventilatory capacity tests already described were carried
out, and in the six patients who were studied from the
onset of their illnesses, the F.E.V.,., and F.V.C. were
measured § minutes after the inhalation of 19,
isoprenaline sulphate as an index of reversible airways
obstruction. The mixed venous Pco, was measured
using the rebreathing method of Campbell and Howell
(1960, 1962). The technical difficulties in Trinidad of
measuring the transfer factor unfortunately precluded
its use as a field investigation.

Results
Respiratory Symptoms
Regular Workers In the group of 71 Indian
regular workers nine gave a history of respiratory

symptoms. Two of these had had an acute episode
which was clinically indistinguishable from mild
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bagassosis. This was characterized by the insidious
onset of shortness of breath and cough over a three-
week period, together with the presence of well-
marked basal crepitations. Radiological examination
of the chest showed no abnormality. The symptoms
and signs subsided rapidly and the men returned to
work in a week. They have suffered no recurrence
of symptoms and have continued to handle old
bagasse for six years and four years respectively
since the incident. These two subjects were seen
before facilities were available for the performance
of ventilatory function tests. Four workers had had
an episode of acute bronchitis. One worker suffered
from chronic bronchitis and one from asthma,
while one complained of wheeziness associated with
upper respiratory tract infections.

Two of the 17 Negro workers gave a history of
respiratory symptoms, one having asthma and one
being wheezy with upper respiratory tract infections.

The prevalence of respiratory symptoms in the
whole group was 12-5%, (Table III).

Seasonal Workers Of the 47 Indian seasonal
workers, one had chronic bronchitis, one had had
an episode of acute bronchitis, and two were wheezy
with upper respiratory tract infections. In the
Negro group of 35 workers, three were wheezy with
upper respiratory tract infections. The prevalence
of respiratory symptoms in the seasonal workers was
8:59% (Table III).

There is an appreciable difference in age in the
two groups, the mean age of the regular Indian
workers being 37-8 years and that of the regular
Negro workers 41-2 years, compared with a mean
age for the seasonal Indian workers of 29-7 years,

TABLE III
PREVALENCE OF RESPIRATORY SYMPTOMS IN BAGASSE WORKERS
Regular Workers Seasonal Workers
(Total 88 Subjects; Prevalence 12°5%) (Toral 82 Subjects; Prevalence 8-5%)
Age
Group Indian (9) Negro (2) Indian (4) Negro (3)
(years) 71 Subjects 17 Subjects 47 Subjects 35 Subjects
Mean age 37-8 yrs. Mean age 41-2 yrs. Mean age 29-7 yrs. Mean age 30-8 yrs.
20-29 | Acute episode! (2) Acute bronchitis (1)
‘Wheezy with U.R.T.I. (1)

30-39 | Acute bronchitis (1) Wheezy with U.R.T.I. (1) | Wheezy with U.R.T.I. (2)

Bronchial asthma (1)

Wheezy with U.R.T.I. (1)
40-49 | Acute bronchitis (3) | Wheezy with U.R.T.I. (1) ‘Wheezy with U.R.T.I. (1)

Chronic bronchitis (1)
50-59 Bronchial asthma (1) | Chronic bronchitis (1)

1A self-limiting illness of short duration which was indistinguishable from mild bagassosis.

U.R.T.I. = upper respiratory tract infection.
The figures in parentheses indicate the number of subjects.
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and for the seasonal Negro workers of 30-8 years.
This disparity would tend to result in an increased
prevalence of symptoms in the regular workers.
However, the observed difference of 4% in the
prevalence of respiratory symptoms in the two
groups is less than the standard error of the differ-
ence between the proportions (4-6) and hence is not
statistically significant.

Smoking Habits There was no major differ-
ence in the smoking habits of the different groups.
These are given in Tables IV and V where the
smoking habits of all workers are compared with the
appropriate controls. The Negro group was in
itself too small to permit any useful purpose being
served by an analysis of the smoking habits of the
regular and seasonal workers separately.

The smoking habits of the 71 regular Indian
workers were, however, analysed separately and

TABLE IV
SMOKING HABITS OF THE INDIAN GROUP
Age Non- Ex- | Light | Medium | Heavy | Total
Group |smokers|smokers
118 Indian,
Workers
-19 2 — — —_ —_ 2
20-29 16 — 19 2 43
30-39 10 I 10 11 — 32
40-49 20 I 5 5 — 31
50-59 5 1 1 2 I 10
Percentage| 45 3 30 19 3 —
71 Regular
Indian
Workers
20-29 5 — 7 2 — 14
30-39 8 I 7 8 — 24
40—-49 19 I 3 3 1 27
50-59 3 —_ —_ 2 I 6
Percentage| 49 3 24 21 3 —
100 Indian|
Controls
-19 2 — — — — 2
20-29 24 — 5 7 — 36
30-39 13 — 8 4 2 27
40-49 9 — 6 8 4 27
50-59 3 — 2 2 b4 8
Percentage| 51 — 21 21 7 —_

denotes a consumption of 1-14 g./day,
15-24 g./day, and heavy smoker 25 or

Light smoker
medium smoker
more g./day.
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TABLE V
SMOKING HABITS OF THE NEGRO GROUP
Age Non- Ex- | Light | Medium | Heavy | Total
Group |smokers|smokers
52 Negro
Workers
20-29 7 2 6 3 — 18
30-39 4 — 7 4 2 17
40-49 3 — 3 3 - 9
50-59 2 - 3 3 — 8
Percentage| 31 4 36 25 4 —
52 Negro
Controls
20-29 10 _ 7 1 — 18
30-39 9 — 4 5 - 18
40-49 2 — 2 4 I 9
50-59 1 I I 3 1 7
Percentage| 42 2 27 25 4 —_

Light smoker denotes a consumption of 1-14 g./day,
medium smoker 15-24 g./day, and heavy smoker 25 or more
g./day.

compared with those of the control group of
Indians (Table IV). There was no material differ-
ence in the habits of the two groups.

The smoking habits of the Indian and Negro
groups in Trinidad are compared with those of
Europeans (Todd, 1966) in Table VI. It can
be seen that there is a much greater proportion
of non-smokers in the Indian and Negro groups.
In general, also, the proportion of light smokers
tends to be very much higher in the two groups
investigated in Trinidad than in Europeans.
However, it was not possible to effect a direct

TABLE VI

SMOKING HABITS OF THE INDIAN AND NEGRO GROUPS
IN TRINIDAD COMPARED WITH EUROPEANS

Europeans | Indians | Negroes
% % %

Non-smokers 17°1 46°3 342
Ex-smokers . . .. .. 153 14 30
Pipe smokers only . .. 43 0-0 0-0
Cigar smokers only 1-7 0-0 o-0
Mixed cigarette, cigar, and

pipe smokers 14°S 0-0 0-0
Cigarettes .. .. .. 471 523 628

Cigarette smokers include smokers of manufactured
cigarettes only, of hand-rolled cigarettes only, and of manu-
factured and hand-rolled cigarettes.

The figures for Europeans are taken from Statistics of
Smoking in the United Kingdom (Todd, 1966).
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comparison of the smoking habits according to the
amount smoked as Todd’s quantitative analysis
differs from the customary classification with
divisions at 15 and 25 cigarettes which has been
used in this analysis.

Ventilatory Capacity Tests The results were
expressed as linear regressions on age and height
rather than surface area, as the latter varies more
with the state of nutrition at the time and bears
a different relationship to weight and height for
Indians than for Europeans (Banerjee and Sen, 1955).

A pooled regression was derived for the three
categories of regular workers, seasonal workers,
and controls in both the Indian and Negro groups.
The pooled regression coefficients for these six
groups are given in Table VII. The mean F.E.V.,.,
and F.V.C. for the different groups have been
adjusted for age and height, and the adjusted means
are given in Table VIII. Comparisons were made
between the various groups and the differences
tested for significance (Table IX). In order to deter-
mine whether there was any correlation between the
number of years a worker was exposed and a lowered
F.E.V.,,, and F.V.C,, a partial regression on years
of exposure in relation to these two indices was
included. In neither case was it statistically
significant and it has been discarded.

Indian Group The adjusted mean values for
both the F.E.V.,,, and the F.V.C. in the group of
regular Indian bagasse workers were significantly
less than in the controls (P<o0-001). The adjusted
mean F.E.V.,,, in the regular workers was 2-82 1.
compared with a value of 3-08 1. in the control
group, while the adjusted mean F.V.C. was 3-41 L.
in the regular workers compared with 3-71 1. in
the controls.

The difference between the adjusted mean value
of the F.E.V.,,, for the regular workers was very
much less significant (P<o0-05). The adjusted
mean F.E.V.,,, in the seasonal workers was 2-99 1.
compared with a value of 2:82 1. in the regular
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TABLE VIII
ApJusTED MEAN F.E.V.,.; AND F.V.C. IN THE DIFFERENT
GROUPS
Group Adjusted Mean | Adjusted Mean
F.E.V.,o(ml)| F.V.C.(ml)
Regular Indians .. 2,820 3,410
Seasonal Indians . . 2,990 3,580
Control Indians .. 3,080 3,710
Regular Negroes . . 3,400 4,080
Seasonal Negroes 3,190 3,920
Control Negroes . . 3,340 3,990
Regular Indians exposed. . 2,810 3,430
Regular Indians less
exposed 2,820 3,400
Regular Negroes exposed 3,360 4,010
Regular Negroes less
exposed 3,420 45140

between the adjusted mean values for the F.V.C.
in the two groups, the adjusted mean value for the
seasonal workers being 3-58 1. compared with
3-41 1. for the regular workers.

The differences between the adjusted mean values
of the F.E.V.,,, and F.V.C. for the seasonal workers
compared with the controls were not significant
in either case.

The data were also examined to determine
whether there was any correlation between specific
occupations and lowered F.E.V.,., and F.V.C.
From the group of 71 regular Indian bagasse
workers it was possible to identify a sub-group of
31 workers who were employed near the com-
pressor and in the unloading area and were in
regular contact with the maximum concentration of
dust. A comparison of this sub-group with the
remaining workers, who were employed in destack-
ing and stacking operations and whose degree of
exposure to dust was considerably less, failed to
reveal significant differences.

Negro Group The differences between the ad-

workers. There was no significant difference justed mean values for the F.E.V.;.,, and F.V.C. in
TABLE VII
PARTIAL REGRESSION COEFFICIENTS (ML.) FOR AGE (YRS) AND HEIGHT (IN.) WITHIN THE S1X GROUPS
F.E.V. ., F.V.C.
Partial regression coefficient for age with hexght constant (bl) —25°5 —25°5
Standard error of b; .. . . 24 29
959% Confidence interval —25'5 + 46 —255 + §5°7
Partial regression coefficient for hexght wnh age constant (b,) 66-3 85-0
Standard error of b, .. . .. . .. . 9-0 110
95% Confidence interval 663 + 176 850 + 21°5
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TABLE IX
COMPARISONS OF THE DIFFERENCES BETWEEN THE ADJUSTED MEANS IN THE VARIOUS GROUPS
Comparisons! Difference (D) S.E. (D) t P
(ml.) (ml.)

F.E.V...,
Seasonal Indians v. Regular Indians 170 786 212 <0-05
Control Indians v. Regular Indians 260 634 4°13 <0-001
Control Indians v. Seasonal Indians 90 72-8 1-30 N.S.
Regular Negroes v. Seasonal Negroes 210 1236 1-69 N.S.
Regular Negroes v. Control Negroes 60 114°4 0-56 N.S.
Control Negroes v. Seasonal Negroes 150 909 159 N.S.
Regular Negroes v. Regular Indians 580 1103 5-30 <0-001
Seasonal Negroes v. Seasonal Indians 200 931 224 <0°0§
Control Negroes v. Control Indians 260 72°4 3'56 <0-001

F.V.C.
Seasonal Indians v. Regular Indians 170 96-2 1-76 N.S.
Control Indians v. Regular Indians 300 776 3-94 <0-001
Control Indians v. Seasonal Indians 130 89-0 1'53 N.S.
Regular Negroes v. Seasonal Negroes 160 151-2 1-08 N.S.
Regular Negroes v. Control Negroes 90 1399 0-66 N.S.
Control Negroes v. Seasonal Negroes 70 III-2 063 N.S.
Regular Negroes v. Regular Indians 670 1349 4°99 <0-001
Seasonal Negroes v. Seasonal Indians 340 1139 299 <o-01
Control Negroes v. Control Indians 280 88-6 3-10 <001

In each instance the group with the larger mean is the first mentioned.

N.S. = not significant—P > 0-05

the three categories of regular workers, seasonal
workers, and controls in the Negro group were not
significant in any instance.

Variations between Racial Groups The adjusted
mean values for the F.E.V.,,, and F.V.C. for the
different groups of Negroes compared with the
corresponding Indian groups all showed significant
differences, the Negro having a larger ventilatory
capacity than the Indian. In the control groups,
the adjusted mean F.E.V.,., in the Negroes was
334 1. compared with 3-08 1. in the Indians
(P<o0-001), while the adjusted mean F.V.C. was
3-99 1. in the Negroes compared with 3-71 1. in the
Indians (P<o-0o1). In the seasonal group of
workers, the adjusted mean F.E.V.,., in the
Negroes was 3-19 1. compared with 2-99 1. in the
Indians (P <0-05), while the adjusted mean F.V.C.
was 3-92 L. in the Negroes compared with 3-58 1. in
the Indians (P<o-01). In the regular group of
workers, the adjusted mean F.E.V.,., in the Negroes
was 3-40 1. compared with 2-82 1. in the Indians
(P<o-001), while the adjusted mean F.V.C. was
4-08 1. in the Negroes compared with 3-:41 1. in the
Indians (P < o0-001).

Dust Measurements One hundred samples
were collected and the dust concentrations are

shown in Table X. They were negligible in all
areas. The highest concentrations were in the
unloading area where the total dust ranged from
009 to I'42 mg./m.? with a mean of 0-71 mg./m.3;
and the fine dust ranged from 0-02 to 0-31 mg./m.?
with a mean of 013 mg./m.?

Clinical Features During a five-year period,
17 patients with bagassosis were seen, three of
whom were not workers in the bagasse baling plant
but grooms, who were exposed to bagasse used as
bedding in stables. The 14 cases in the bagasse
baling plant all occurred in workers employed in
the secondary baling plant, either on the com-
pressor, in the unloading area or as stackers. None
was seen in workers employed in the primary
baling plant who were only exposed to fresh bagasse.

The onset was insidious in 1§ and acute in two.
An acute onset, which was associated with pyrexia,
tended to occur after exposure to an unusually high
dust concentration. The period of exposure before
the development of symptoms varied from four
months to 12 years.

The presenting symptom in all patients was
increasingly severe and profound shortness of
breath. This was accompanied by a cough which
was usually dry and irritant but in six cases was
productive of scanty mucoid sputum. Haemoptysis,
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TABLE X
Dust CONCENTRATIONS IN THE BAGASSE BALING PLANT
Dust Concentration (mg./m.%)
Site No. of Fine Total
Q, 1,
i Mean Range Mean Range

Primary baling plant .. .. 15 0.06 0.04-0.08 0.26 0.08-0.71
Secondary baling plant

In vicinity of compressor .. 15 0-09 0°02-0°'16 042 0-08-1-63

In unloading area .. .. 15 0-13 0°02-0°31 071 0°09-1'42

In the storage shed .. .. 5 0-03 0°02-0-0§ o0-08 0:06-0°13

pleural pain, and sweats were not a feature, but
loss of weight, of 10 Ib. and 14 Ib., occurred in two
patients.

A constant feature on clinical examination was
the presence of crepitations, which were pre-
dominantly basal, but in the more severe cases
were generalized. There was no wheezing, and
signs of consolidation were absent.  Neither
cyanosis nor clubbing was seen.

The white blood count was within normal limits,
but the erythrocyte sedimentation rate was slightly
to moderately raised in all cases, the average value
being 23 mm. in the first hour (range 10-36). The
Mantoux test was negative in 11 cases. Histoplasmin
reactions were negative in 16 cases. In the remain-
ing case the test was not carried out as the patient
had left the Company and could not be traced. In
the six cases in which sputum was produced, no
tubercle bacilli could be demonstrated. The mixed
venous Pco, was within normal limits in all cases.

Radiological examination of the chest showed
fine micro-nodular shadowing in 15 cases, which was
either confined to, or, if more diffuse, was pre-
dominant at, the bases. The hilar glands were not
enlarged. In all cases there was complete regression
of the radiological changes with a return to normality
in an average period of eight weeks (range 4-21
weeks). At an early stage in four cases there were
no radiological changes, although clinical signs
were evident. In two cases the radiological
appearances were normal throughout.

In the six patients in whom ventilatory function
tests were performed from the onset of their
illness there was a moderate reduction in the
F.E.V.;,and F.V.C. The F.E.V,,  as a percentage
of the F.V.C. was in the normal range, and in no
case was it below 70%. There was no evidence of
reversible airways obstruction as shown by an
absence of improvement in the F.E.V., and
F.V.C. after inhalation of isoprenaline. @ The

3

ventilatory function tests returned to normal in all
cases over a period of two to four months (Table XI).
One of these patients (Case 11) had a normal chest
radiograph throughout his illness. In the 10
patients in whom ventilatory function tests were
carried out as a follow-up study after clinical
recovery had occurred, no significant departure
from normal was found. With the avoidance of
further exposure, spontaneous recovery occurred in
all patients in an average period of six weeks
(range 3- 13 weeks).

Two cases experienced a mild episode, with
typical symptoms and signs but no radiological
changes, which subsided rapidly. Each returned to
normal work and despite further exposure remained
symptom-free for six months before developing
a more severe and prolonged recurrence. These
two cases may be compared with the two Indian
regular workers who have had no recurrence over
a six-year and four-year period since returning to
their usual employment.

Representative case histories are presented
below, illustrating an insidious onset (Case 7)
and an acute onset (Case 13).

Case 7 An Indian aged 46 had been employed for the
previous 12 years unloading bales for compressing. He
presented with a two months’ history of the insidious
onset of shortness of breath associated with cough and
scanty mucoid sputum. The breathlessness forced him
to stop even when walking slowly. There was no
haemoptysis and no loss of weight. There were no
relevant features in the past history. He was a non-
smoker. On examination he was apyrexial, and there
was no cyanosis or clubbing. He had a frequent cough.
There was diminished air entry and profuse crepitations
at the bases of both lungs. The other systems were
normal.

The chest radiograph showed a fine mottling of both
lungs more marked at the bases and on the left side
(Figs 3 and 4). Sputum culture was negative for acid-
fast bacilli. The tuberculin skin test was negative to
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- TABLE XI
VENTILATORY FUNCTION TEST VALUES IN THE PATIENTS WITH BAGASSOSIS FOLLOWED UP THROUGHOUT THEIR ILLNESS
Patient No. Age Date F.E.V..,() EF.V.C. () M.V.V. (I./min.)

11 26 15. 2.63 2-20 268 74
15. 3.63 2-47 290 98

12. 4.63 279 3-38 117

12 24 15. 2.63 285 311 96
15. 3.63 3-22 365 110

12. 4.63 290 3:44 154

13 36 15. 2.63 1-66 1-99 62
8. 3.63 1-82 2-31 68

15. 3.63 2-09 2:63 80

12. 4.63 225 279 86

7. 5.63 242 3-01 107

14 26 16. 9.63 2-20 2-25 64
28. 9.63 2-58 279 75

5.10.63 3-01 3-38 128

23. 1.64 311 365 121

15 56 4. 2.64 1-56 2-20 52
29. 2.64 1-77 2-52 60

14+ 564 204 279 71

16 46 18. 4.63 1-93 2-25 72
16. 5.63 247 2-95 84

14. 6.63 312 3:49 108

100 T.U. The histoplasmin skin test was negative to
1: 100. E.S.R. (Westergren) was 14 mm./1st hr. (correc-
ted). W.B.C. was 9,800/cu. mm. (polymorphs 5,488
(56%), eosinophils 392 (4%), basophils nil, lymphocytes
3,528 (36%), monocytes 392 (4%)). Precipitins against
Micropolyspora faeni were present in the serum, and a
reaction was also obtained against Thermoactinomyces
vulgaris using higher antigen concentrations. An
inhalation test with an extract of Thermoactinomyces
vulgaris produced a response typical of a precipitin-
mediated type of hypersensitivity, but inhalations with
extracts of Micropolyspora faeni failed to produce any
reactions (Hearn and Holford-Strevens, 1968).

He was taken off work and treated symptomatically.
After two weeks he had improved sufficiently to be able
to walk slowly without breathlessness but there was no
change in the physical signs. In a further two weeks he
was breathless on mild exertion only and his cough was
less. Crepitations were still audible at both bases
although less in amount. The chest radiograph showed
considerable clearing. A fortnight later there was no
abnormal breathlessness and his cough had ceased,
although persistent crepitations were still audible at
both bases on deep inspiration. In a further week there
were no abnormal auscultatory signs. A follow-up
radiograph was carried out three weeks later and showed
complete clearing. Follow-up ventilatory function
studies carried out two years after the illness showed no
significant departure from normal.

Case 13 An Indian aged 36 was employed as a
groom. Bagasse was being used as bedding in one of the
stables and the bales were being broken up in the
confined and ill-ventilated space of an empty stall. No
protective measures were being taken. He had been
exposed to this hazard for four months before developing
symptoms.

He presented with an acute febrile episode associated
with malaise and dry cough and a temperature of
100*°F. Examination of the chest showed harsh
vesicular breathing and rhonchi. His occupational
exposure was not realized at this stage, and he was
considered to be suffering from acute bronchitis and was
treated symptomatically. He made an uneventful
recovery and returned to work in 10 days. He re-attended
a month later with a history that he had developed
shortness of breath and cough shortly after returning to
work and that this had got progressively worse. He was
now breathless even at rest. There was scanty mucoid
sputum. There had been no haemoptysis or loss of
weight. He was a non-smoker. On examination he had
a temperature of 100°2°F. There was no cyanosis or
clubbing. He had a frequent cough and his breathing
was very shallow as paroxysms of coughing were easily
provoked. There was diminished air entry at the bases
and profuse crepitations all over both lung fields. The
other systems were normal.

The chest radiograph showed a fine diffuse mottling
with some nodular shadows in both middle and lower
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F1G6. 3. Case 7. Chest film showing fine mottling of both lungs, more marked at the
bases. (Below) Enlargement of lower portion of right lung, showing the fine nodular
appearance of the shadowing.

zones, rather more marked on the right. Sputum culture
was negative for acid-fast bacilli. The tuberculin skin
test was positive to 100 T.U. The histoplasmin skin
test was negative to 1:100. E.S.R. (Westergren) was
36 mm./1st hr (corrected). W.B.C. was 7,200 per
cu. mm. (polymorphs 3,960 (55 %), eosinophils 216 (3%,),
basophils nil, lymphocytes 2,880 (409%b), monocytes
144 (2%). The mixed venous Pco, was 49 mm. Hg.
Precipitins against bagasse extracts were present in the
serum. An inhalation test with an extract of Thermo-
actinomyces vulgaris produced a response typical of a
precipitin-mediated type of hypersensitivity reaction
(Hearn and Holford-Strevens, 1968).

Ventilatory function tests (Table XI) showed a mod-
erate reduction in the forced vital capacity and in the
maximum voluntary ventilation. There was an absence
of airways obstruction as evidenced by the normal value
for the F.E.V.,.,/F.V.C.% and the lack of demonstrable
improvement in this index after the inhalation of
isoprenaline.

He was taken off work and further exposure was
prevented. After four days he was still pyrexial (99°*°F.)
but the dyspnoea was much less. Crepitations were now
confined to both lower lobes. He showed a gradual
improvement over the following two weeks and by then
the pyrexia had subsided and he was able to walk
slowly without breathlessness. Numerous crepitations
were still audible at both lung bases. The chest radio-
graph a month after he presented showed some clearing,
and in a further four weeks he was symptom-free and
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there were no abnormal auscultatory signs. The radio-
graph had also returned to normal. Follow-up ventilatory
function studies (Table XI) showed a steady improve-
ment to within normal limits.

Discussion

The epidemiological survey of the 170 bagasse
workers failed to reveal a significantly increased
prevalence of respiratory symptoms in the more
exposed group, although the difference in age
between the groups tended to favour an increased
prevalence of symptoms in the older regular
workers.

The validity of answers given to a questionnaire
such as this must be critically assessed in relation
to the population to which it is applied. It could
perhaps be queried whether a group of unskilled
workers in a developing country with a serious
unemployment problem might be liable to deny
the presence of symptoms. The average employee
has a paradoxical attitude towards illness. Although
he tends to make much of minor departures from
health and to magnify the inconsequential, he will,
on the other hand, show an astounding degree of
lack of awareness and lack of appreciation of many
obvious and ominous symptoms. Such factors do
not render the assessment of a questionnaire any
easier, but in the present investigation would
probably tend to give a bias in the direction of the
presence of symptoms in a group of workers who are
aware of the possibility of an environmental
hazard.

In applying tests of ventilatory function in a field
survey such as this, special attention must be given
to the psychological characteristics of the population
and the possible effect that motivation may have
on the results. Paul, Fletcher, and Addison (1960),
in a comparative study between Europeans and
Africans in the mining industry in what was then
known as Northern Rhodesia, drew attention to the
failure of Africans to make an adequate inspiratory
effort for the taking of chest radiographs. In fact,
they had to give their patients specific preliminary
instruction before they could get satisfactory films
which were otherwise taken in the mid-expiratory
or expiratory phase. This characteristic may be
due to a lack of appreciation of the necessity for
making the effort, or to a natural reluctance
occasioned by the tropical ambience, or a com-
bination of both.

As many tests of ventilatory function depend on
an initial full inspiratory effort, this characteristic
of the African is important. A similar tendency
was noted in the population under study and was
a feature of both racial groups, although more
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marked in the Indian. It was not, however, a
greater problem in the workers than in the controls.
It merely underlines the importance of careful and
detailed explanation to the individual subject, and
of the need to win the co-operation and confidence
of someone who may be suspicious of the motives
of the investigator. However, the problem of
ensuring an adequate effort by all subjects can be
overcome if a spirit of competition is fostered,
encouraged by a reward for the highest value.

It was noticed early in the investigation, during
1962, that the values for the F.E.V., , and F.V.C.
in both the Indians and Negroes were lower than
those that would be expected for Europeans of the
same age, height, and weight. These systematic
variations in the normal values of some indices of
lung function shown by people of different racial
groups have only recently attracted attention.
Cotes and Malhotra (1965), in comparing in the
same laboratory 17 Indian military personnel with
30 Welsh factory workers, have shown that the
F.E.V.,,, and F.V.C. in Indians are smaller than in
Europeans, while similar variations have been
demonstrated in Polynesians (Glass, 1962). Gilson,
Stott, Hopwood, Roach, McKerrow, and Schilling
(1962) found the I.M.B.C. to be lower in East
Africans than would be expected for Europeans of
the same age, the smaller size of the African
accounting for only part of this difference.

Pulmonary function studies involving estimations
of vital capacity, forced expiratory volume, and
maximum breathing capacity have been reported
from India (Singh and Prabhakaran, 1957; Gogate,
Gaula, and Patil, 1961; Khandare and Sen, 1962).
Such studies have used medical students and the
staff of medical colleges as subjects, and, owing
to the selected population and more restricted age
groups, do not permit of direct comparison with the
population under study.

For comparative purposes the predicted values
for the F.V.C. and F.E.V., for an Indian in the
control group aged 23 years, height 67 in., were
compared with the mean values obtained by Cotes
and Malhotra (1965) in 17 Indian military personnel,
their data having been standardized to the same age
and height. It can be seen from Table XII that the
values are closely similar.

Cotes (1965) has pointed out that the lowered
ventilatory capacity, when standardized for age
and size, of Indians as compared with Europeans is
related to the subdivisions of the lung volume and
does not extend to the airway resistance. The
analysis of the 100 Indians in the control group in
Trinidad supports Cotes’ findings in relation to the
smaller vital capacity of Indians, and also shows
that the difference does not extend to the proportion
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TABLE XII

PREDICTED VALUES FOR AN INDIAN IN THE CONTROL
GROUP, AGED 23 YEARS, HEIGHT 67 INCHES, COMPARED
WITH MEAN VALUES OBTAINED BY COTES AND
MALHOTRA (1965) IN INDIAN MILITARY PERSONNEL
STANDARDIZED TO SAME AGE AND HEIGHT

Indian
Military
Indian Personnel
Measurement Units Control | (Cotes and
Group, | Malhotra,
Trinidad 1965)
FV.C. .. litres
B.T.P.S. 4°10 4-18
F.EV..., litres
B.T.P.S. 3:42 3°49
F.E.V.;.,,/E.V.C. X 100 % 834 834

of the forced vital capacity which can be expired in
one second. It is of considerable interest that the
figures for the Indians in the control group in
Trinidad should have been so closely similar to the
values obtained by Cotes and Malhotra (1965).
The average Indian sugar worker tends to be in
poor physical condition and it might have been
expected that his ventilatory capacity would have
contrasted with that of military personnel. That
this is not so underlines the relative importance of
inherited racial characteristics rather than acquired
physical attributes in determining the ventilatory
capacity of a group.

The predicted values for the F.V.C. and F.E.V.;
for a Negro in the control group were then com-
pared with the mean values obtained by Cotes and
Malhotra (1965) for Europeans, the same standard-
ization obtaining with regard to age and height
(Table XIII). ,

It can be seen that the Trinidadian Negro ha
an appreciably smaller vital capacity than the

TABLE XIII

PREDICTED VALUES FOR A NEGRO IN THE CONTROL
GROUP, AGED 23 YEARS, HEIGHT 67 INCHES, COMPARED
WITH MEAN VALUES OBTAINED BY COTES AND MALHOTRA
(1965) IN EUROPEANS, STANDARDIZED TO SAME AGE

AND HEIGHT
Negro Europeans
Control | (Cotes and
Measurement Units Group, | Malhotra,
o Trinidad 1965)
FV.C. .. litres
B.T.P.S. 434 493
F.EV..., litres
B.T.P.S. 3-68 406
F.E.V.;.,/E.V.C. X 100 % 848 825
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European, and again that this difference does not
extend to the proportion of the forced vital capacity
which can be expired in one second. The Trinidad-
ian Negro is of West African origin, coming
principally from Angola, the Congo, and the Gold
Coast. Although some variations have been noted
in East Africans (Paul et al., 1960; Gilson et al.,’
1962), there is no information on the value
encountered in the West African.

When the adjusted mean values for the F.E.V., ,
and F.V.C. for the different groups of Negroes
were compared with the corresponding Indian
groups (Table IX) it was shown that the ventilatory
capacity of the Negro was significantly higher.

The analysis of the ventilatory function tests
carried out in the bagasse workers showed that the
mean values for the F.E.V.;, and F.V.C. were
significantly lower in the 71 regular Indian workers
than in the control Indian group (P <o-0oI1).

In attempting to assess the importance of the
difference between the mean values for the F.E.V., ,
and F.V.C. shown by the regular Indian workers as
compared with the control group, it has been
established that there was no material difference in
the smoking habits of the two groups that could be
held accountable. All the tests were carried out
between 8.00 a.m. and 10.30 a.m., so that the
circadian variation in ventilatory capacity described
by Walford, Lammers, Schilling, Genderen, and
Veen (1966) carnot be a factor.

The control group was selected to the extent that
two subjects from the sample were rejected as they
had respiratory disease. In the group of regular
Indian workers there were nine individuals with
respiratory symptoms. The actual F.V.C. of each
of these has been compared with the predicted
F.V.C. as calculated from the data.

It will be seen from Table XIV that only three
individuals (Subjects 15, 33, and 96) have values
markedly below normal. This constitutes such
a small group that it could not have influenced the
regression to any appreciable extent and cannot
therefore be the explanation of the difference in
the mean values that has been demonstrated.

The possibility that persistent exposure to low
concentrations of bagasse may be the cause of the
diminution in ventilatory capacity shown by the
group of Indian regular workers must be con-
sidered. It is of interest that this diminished
ventilatory capacity was demonstrated despite dust
concentrations in the plant which were negligible.
Although absolute concentrations of dust are
admittedly not the important factor, but rather the
degree of fungal contamination and antigenicity,
they do give some indication of the degree of
environmental contamination.
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TABLE XIV

ActuAaL F.V.C. coMPARED WITH PREDICTED F.V.C.
IN NINE SUBJECTS WITH RESPIRATORY SYMPTOMS IN
REGULAR GROUP OF INDIAN WORKERS

F.V.C.| F.V.C.
Subject Diagnosis Actual | Predicted %
(litres) (litres) | Predicted
7 Acute episode! 404 411 98
15 Acute bronchitis 2:66 383 69
33 Acute bronchitis 223 3°44 65
35 Acute bronchitis 3-29 3-98 83
38 Acute episode?! 425 3-91 109
74 Bronchial asthma | 4-19 357 117
96 Chronic
bronchitis 2:43 3°49 70
10§ Wheezy with
U.R.T.I 312 3-69 84
123 Acute bronchitis 279 3:32 84

1A self-limiting illness of short duration indistinguishable
from mild bagassosis.

A comparison of the sub-group of 31 workers
employed in the vicinity of the compressor and in
the unloading area with the remainder of the group,
who were apparently less exposed, failed to reveal
a significant difference in ventilatory capacity. The
differentiation into ‘exposed’ and ‘less exposed’
groups is, however, not absolute as some irregular
interchange occurs when workers have to act for
short periods as a relief in the other group at times
of illness or during holidays.  Further, the
apparently ‘less exposed’ group were employed in
stacking and destacking operations outside, a
considerable distance away from a source of
compressed air, where it was not possible to carry
out dust measurements. It may be that their degree
of exposure, although intermittent and variable, is
greater than it appears to be.

The sporadic incidence of bagassosis in the
working population, the individual susceptibility
shown by the exposed employees, and the occur-
rence of the disease only in those exposed to old, as
opposed to fresh, bagasse are characteristic of
pulmonary hypersensitivity disease due to inhaled
organic antigens.

The clinical picture shown by these cases was
similar to that seen with other causes of extrinsic
allergic alveolitis. It should be stressed, however,
that the chest radiograph may be normal throughout
even though there are clearly defined clinical signs
and objective changes in ventilatory function. This
may be seen, for example, in case 11 whose ventil-
atory function test values are shown in Table XI.
As the majority of the regular workers were Indians,
the possibility of any specific racial susceptibility
being present would be largely obscured.
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The technical difficulties in Trinidad of measuring
the transfer factor unfortunately precluded its
use as a field investigation. The ventilatory function
tests showed a restriction in the forced vital
capacity with an absence of airways obstruction.

Dust suppression is important, and this has been
effectively applied to the control of the disease in
the past (Hunter and Perry, 1946). Efforts to
minimize airborne dust may include the introduc-
tion of exhaust ventilation, the use of a wet process
instead of a dry one when this is technically
practicable, the enclosure of the machinery, or a
combination of such methods. Nevertheless, it
can be seen that the suppression of dust has
limitations in its value as sporadic cases were still
being encountered in the presence of negligible
dust concentrations. Masks are probably of some
value, although it is difficult to secure an effective
mask which will prevent the inhalation of spores
without at the same time causing interference with
breathing. There is the further problem, in the
tropics, of securing the co-operation of employees
who are reluctant to be encumbered with a face
mask in a hot and humid environment.

The problem of the avoidance of further exposure
merits brief consideration. This may present
difficulties in the case of the self-employed patient
or if alternative employment is not availalbe. In
such circumstances, as re-exposure does not
inevitably lead to a recurrence of symptoms, a
patient may reasonably be allowed to resume his
usual occupation after recovery from a single
episode. If he should then develop a recurrence,
the disease would have to be regarded as potentially
disabling in his case, and it would become
important to ensure that further re-exposure was
avoided as far as possible.

The majority of patients with bagassosis recover
spontaneously within four to 12 weeks. It seems
probable that, with repeated and reasonably heavy
exposure to contaminated bagasse, diffuse pulmon-
ary fibrosis could develop as with farmer’s lung.
In the cases studied, and with the facilities for
pulmonary function testing which were available,
it was not possible to demonstrate any residual
disability although it would be unlikely that
permanent disability would arise from a single
episode. The statistically significantly lower
ventilatory capacity shown by the group of Indian
workers is, however, of concern. In this context it
is of interest to note that the two cases of pulmonary
fibrosis described by Hunter and Perry and
attributed by them to bagassosis were, in fact, less
exposed than those who developed the acute
syndrome (Hunter and Perry, 1946). Those
exposed to higher concentrations of dust would
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tend to have a greater liability to develop the more
acute form, and by virtue of so doing would avoid
further continued exposure.
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