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- TABLE 3
VIABLE COUNT OF 13 SAMPLES OF COTTON DUST USING SANDWICH PLATES AND 6% AGAR
SPREAD PLATES INCUBATED AEROBICALLY
S e % irent A Spread
Sample* Incubati% %tr83‘7°C. for Incubate7<; alllt l_“;2'2"C. for 37°C. for 48 hrs.
Millions Millions Millions Millions Millions

per g. per ml. per g. per ml. per g.

A 65 30 73 33 —
B 240 47 263 53 418
C 152 13 133 11 206
D 80 13 77 13 156
E 66-5 21 110 34 108
F 670 184 785 215 700
G 560 184 970 319 620

Gt 407 134 660 217 —
H 1,750 196 — — 4,000
K 1,860 185 2,640 262 3,420

L 670 240 480 172 —
M 500 102 660 135 700
N 187 64 192 65 296
P 195 74 188 71 350

* Samples A—E were from fine grade cotton, F—K from medium grade, and L—P from low grade.
+ After storage of the dust for 16 months in a stoppered jar in the laboratory.

grew but were disregarded. Colonies of Gram-
negative bacilli were counted and every well
separated colony subcultured. The viable counts
of Gram-negative bacilli on this medium are shown
in Table 4 ; comparing them with viable counts
on spread 69, agar plates it will be seen that the
counts on MacConkey’s medium are lower, with
one exception, but there is no uniformity in the
proportionate reduction ; it varies from 10 to 90%,.

The predominant genus was Bacterium* ; a few
strains were Bact. alkaligenes ; Achromobacter was
always present. The percentage of these genera occur-
ring on 6%, agar and on MacConkey’s medium for
four samples of dust is shown in Table 5.

A comparison of the two media using pure
cultures indicated that MacConkey’s medium
inhibited some strains of Achromobacter. Some
were completely inhibited and many others were
markedly affected yielding a scanty growth of thin
colonies. All strains were invariably indole-negative

* As defined by Topley and Wilson (1946).

and did not ferment lactose. They grew in Koser’s
citrate and were Voges-Proskauer positive. Methyl-
red tests and gelatin liquefaction were variable.

The strains of Bacterium were similar irrespective
of the dust from which they were isolated or the
medium used. With hardly any exceptions they
grew in Koser’s citrate and were Voges-Proskauer
positive. Only very few produced indole and
between one-third and one-half were methyl-red-
positive and this often coincided with a capacity
to liquefy gelatin. Most produced acid and gas in
glucose and sucrose in 24 hours. The results in
lactose were extremely variable ; only a few pro-
duced acid and gas in 24 hours, the majority
taking between two and three days; varieties
producing acid only or non-lactose-fermenters in
five days were common. On the whole these
organisms were atypical Bact. aerogenes. Whether
isolated from 69, nutrient agar or MacConkey’s
agar they invariably grew on both media and were
the most predominant Gram-negative organisms
(see Table 5).
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TABLE 4
BACTERIA ISOLATED FROM SURFACE CULTURES ON 6%, AGAR AND ON MACCONKEY’S MEDIUM
INCUBATED AEROBICALLY AT 37°C.
Aerobic Spore-formers Gram-negative Bacilli
Total On
Sample* No. of On 6%, agar On 69, agar MacCopkey’s
Colonies Medium
No. of Millions % No. of Millions % Millions
Colonies per g. Colonies per g. per g.
A 96 69 — 719 27 — 281 67
B 289 198 286 68-5 91 131 31-5 12
C 103 4 88 42-7 59 118 57-3 102
D 74 35 74 47-3 39 82 527 36
E 54 41 82 759 13 26 241 21
F 444 409 645 921 35 55 79 112
G 226t 135 370 59-7 88 241 389 164
H 370 354 3,828 95-7 16 172 43 —
K 80 53 2,266 66-25 27 1,154 3375 134
L 287 138 — 481 149 — 519 230
M 68 31 319 45-6 37 381 54-4 252
N 47 12 75 255 35 221 74-5 140
P 175 65 130 371 110 220 629 144

* Samples A—E were from fine grade cotton, F—K from medium grade, and L—P from low grade.

t Contained 3 micrococci.

TABLE 5

PERCENTAGE DISTRIBUTION OF GENERA OF GRAM-NEGATIVE BACTERIA GROWING AEROBICALLY AT 37°C. ON 6%, NUTRIENT
AGAR AND MACCONKEY’S MEDIUM

On 6% Nutrient Agar On MacConkey’s Medium
Sample Bacterium | Achromobacter \Bact.alkaligenes|  Bacterium | Achromobacter |Bact.alkaligenes
B 67-8 322 0 727 273 0
G 77-8 22-2 0 93-75 625 0
K 94-7 5-3 0 94-7 53 0
L 741 185 7-4 72:72 22-74 4:54

Some strains of Bacterium formed mucoid
colonies on MacConkey’s agar but only slightly
mucoid colonies on nutrient agar. This mucoid
appearance was associated with large capsules and
appeared to be derived from lactose, as nutrient
agar containing 1%, lactose also produced markedly
mucoid colonies and large capsules (Duguid, 1948).

The general picture of the aerobic flora of the
dust from these different grades of cotton was
remarkably similar.

Isolation of Anaerobic Bacteria.—A 1% suspension of
dust “ H” was heated for 10 min. at 80°C., inoculated
on plates of 69 nutrient agar containing 7% horse
blood, and incubated anaerobically. One strain of
Cl. welchii type A was isolated, four other strains of
Clostridium (not Cl. welchii) were accidentally lost.

Pathogenicity of Bacteria in Cotton Dust.—Each

of three samples of dust was injected intramuscularly
into two guinea-pigs one hour after giving 0-2 ml.
of 10% calcium chloride. Five animals died from
infection due to CI. welchii type A. CI. histolyticum
was isolated from one animal. Other anaerobes
were also isolated which did not seem to correspond
with any recognized species; one of them was
possibly pathogenic. Aerobic bacteria were also
isolated from the guinea-pigs; they were not
primarily pathogenic, and their identity and charac-
ters suggested that they probably came from the
dust.

The injection of suspensions of cotton dust into
guinea-pigs without tissue damage, e.g. intraven-
ously, did not result in death.
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After subcutaneous injection one animal died
21 days later from a CI. welchii infection. Some
animals died within five days, probably from
infection with a Clostridium which was seen in films
and culture but not isolated or identified ; the
colonies were not like those of Cl. welchii. Aerobes
similar to those found in cotton dust were recovered
from the animals.

The incidence and identification of clostridia in
cotton dust merits further study. There is no
indication that they are concerned in the aetiology
of byssinosis or infect those exposed to the dust.

Mycological Examination of Dust

Isolation of Fungi.—Czapek-Dox agar pH 42
with the addition of 3%, sucrose was used for the
growth and isolation of fungi, as a combination of
low pH and a synthetic medium prevented the
growth of some aerobic spore-formers which inter-
fere ; both malt agar pH 4-5 and Czapek-Dox
agar pH 7-0 supported their growth.
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Identification of Predominant Genera.—The fungi
have been identified by their macroscopic appear-
ance on spread plates and by microscopic examina-
tion after staining with lactophenol containing
0-059%, cotton blue. The predominant genera were
Aspergillus, especially A. niger, and Penicillium, but
other genera have been found and the plates were
often rapidly overgrown by Mucor which prevented
the identification of slower growing fungi. The
incidence of the predominant genera in a number
of samples of dust is shown in Table 6.

Spores seen on microscopical examination were
similar to those found in cultures of Aspergillus
and Penicillium. The viable count would indicate
spores rather than mycelia, as fragments of hyphae
which could pass through a 90-mesh sieve would
normally be too small to remain viable in the dust.

The amount of contamination of different grades
of cotton by fungal spores did not run parallel to
the number of bacteria, but probably too few
samples have been tested to generalize on this point.

TABLE 6

VIABLE COUNTS OF FUNGI GROWING ON CZAPEK-DOX MEDIUM AND PERCENTAGE INCIDENCE OF Aspergillus
AND Penicillium

o Percentage of Total Fungi
Sample* Millions Millions
P per g. per ml. Aspergillus A. niger Penicillium
(all varieties)

A 112 50-8 55-8 42-2 19
B 96 189 — — —
C 31 2-6 — — 95

D 400 61-6 100 — —
E 60 18-6 90 90 33
F 18 49 — — —
G 12 39 42-1 21-1 21-1
H 85 0-95 90-7 18:6 —
K 36 35 44-4 27-8 27-8
L 54 19-5 92-8 92-8 36
M 72 147 75-0 41-7 42
N 70 23-8 71-4 60-0 86
P 44 166 829 65 49

* Samples A—E were from fine grade cotton, F—K from medium grade, and L—P from low grade.

Spread plates gave much higher counts than
pour plates (incubation for four days at 22°C.) and
were more suitable for the isolation and identifica-
tion of the fungi.

Viable Counts.—Spread plates were read after
incubation for two days and four days. Some
colonies were small and at this stage could not be
identified. Occasionally a rapidly growing species
necessitated an earlier final reading before over-
growth interfered. The results with the same
samples of dust as were examined bacteriologically
are given in Table 6.

On the whole the fungal flora, like the bacterial
flora, is similar for cotton of different grades and
origins.

Summary and Conclusions

Samples of fine dust obtained from waste removed
by the cleaning machinery during the processing
of different grades of cotton, as well as from the
atmosphere near these machines, have been examined
for their physical characters and for their content
of bacteria and fungi.

Dust from the air-cleaning plant was lighter
than that from the cleaning machinery and its ash
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content was less. There was some indication that
larger numbers of bacteria were found in the
lighter organic matter derived from the cotton
plant than in the heavier inorganic material.

Microscopically Gram-positive cocci and bacilli,
bacterial spores, fragments of mould hyphae, and
mould spores were seen. Gram-negative bacteria
were not easily detected though they were revealed
by culture. The Gram-positive cocci were probably
dead as only once were they found in culture. As
it was not feasible to estimate the total number
of bacteria, fungi or their spores, the ratio between
viable and dead organisms could not be determined.

The technique of counting viable bacteria requires
cultural conditions which prevent spreading growth
while allowing the maximum number of bacteria
to develop colonies. The addition to agar of
1:10,000 sodium azide, 5-69 alcohol or 6%,
sodium chloride inhibited spreaders but reduced
the counts so that none of these chemicals was
satisfactory ; * sandwich plates > were better than
any of the chemicals tried ; surface inoculation on
69, agar plates was the best method.

The viable counts of aerobic bacteria at 37°C.
ranged from 108 to 4,000 millions per g. The
counts at 22°C., in most samples, would have been
higher, to judge from the results obtained with
sandwich plates.

Among the aerobic bacteria the genus Bacillus
usually predominated ; the remainder were Gram-
negative bacilli, of which about 709, or more were
Bacterium and the rest Achromobacter except for a
few Alkaligenes in one sample.

A few aerobic actinomyces were found in three
samples and a few colonies of micrococci in one
sample.

Details of the cultural and biochemical characters
of the aerobic bacteria are given. They appeared
not to be pathogenic for guinea-pigs.

Of the anaerobic bacteria, ClL welchii (type A)
was isolated once by direct plating on blood agar
and from each of three samples of dust by inoculat-
ing dust and calcium chloride into guinea-pigs.
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Cl. histolyticum was obtained from one sample.
Several other clostridia were isolated which did not
correspond with any recognized species. There is
no indication that these bacteria are concerned in
the aetiology of byssinosis or constitute a special
risk to persons exposed to the dust.

Viable counts of fungi ranged from 85 to 400
millions per g The predominant genera were
Aspergillus, especially A. niger, and Penicillium.

On the whole the bacterial and fungal flora was
similar for cotton of different grades and origins.
The possible relation of dead and viable micro-
organisms in dust to the aetiology of byssinosis has
yet to be determined.
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