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Single cell protein as an occupational hazard
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ABSTRACT Single cell protein (SCP) intended for animal feed purposes was produced in a pilot
plant. The SCP consisted of Methylomonas methanolica, a pseudomonas species which is an
obligate methanol user. The SCP was cultured in fermenters and later dewatered and dried in a
spray-drier. Seven of eight research workers had febrile reactions 6-12 hours after exposure to
SCP dust. All workers had high titres of IgG and IgM antibodies against the pseudomonas species
as measured with indirect ELISA and passive haemagglutination techniques. The mechanism
behind the febrile reaction is judged to be a non-immunological reaction caused by endotoxins.
By increasing the particle size of the SCP through using different drying procedures, a product
which generated less dust was obtained.

Different means by which to guarantee the global
supply and distribution of available sources of pro-
teins were discussed in the 1960s.' At that time
there were doubts of the ability of agriculture and
the fishing industry to supply the increasing need for
protein feed supplements. An exploitation of mic-
roorganisms was considered as one possibility to
cover the protein shortage.2 Many microorganisms
have a high protein content and may be produced in
large quantities by industrial fermentation from
simple raw materials with a low or no nutritional
value. A new technology was developed that
exploited fungi, yeasts, and bacteria to produce
so-called single cell protein (SCP) with a high nutri-
tional value from inorganic nutrients and simple
organic chemicals, such as hydrocarbons, alcohols,
or carbohydrates.34 During the past 20 years several
SCP processes have been developed, and in the
1970s pilot and full-scale plants were built.! 6
We describe an occupational hazard associated

with the production of SCP intended for animal feed
purposes and discuss some aspects on solving the
problem of SCP inhalation.

Production procedure and description of the disease

An obligate methylotrophic bacterium, a
pseudomonas species (Methylomonas methanolica),
was used as the production strain.78 In a pilot plant
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the organism was cultured under aerobic conditions
in a substrate containing methanol and nutrient
salts. After fermentation the culture was initially
concentrated in a continuously operating separator.
Later, a more efficient dewatering method was
developed, using a flocculation/flotation procedure.
Finally, the product was dried in a conventional
spray drier with a rotating atomiser and then bag-
ged.9 Atomisation of the wet material by the rotat-
ing sprayer produced a very dusty product, espe-
cially when, initially, the cells were not flocculated
before drying. Later still, the conventional spray
drier with the rotating atomiser was exchanged, and
a drying tower with stationary nozzles was tested for
drying the flocculated suspension.
The microorganism, being methanol dependent, is

not considered pathogenic to man and no personal
safety equipment was initially used by the workers.

Eight people were engaged in the pilot plant. A
short time after the start-up of the spray-drying and
bagging procedures, the first symptoms occurred in
the exposed group, and during the following months
seven of the workers fell ill oti one or more occa-
sions. Six to twelve hours after exposure to SCP dust
they had attacks of an influenza-like illness with
shivering, fever, tightness of the chest, and, in some
cases, dry coughing and muscle pains. Usually the
complaints started in the evening after exposure and
disappeared by the next morning. Five of the work-
ers also had acute symptoms of conjunctivitis,
rhinitis, or coughing immediately after contact with
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SCP dust. Two others, not engaged in the produc-
tion and not included in this study (the wife of one of
the workers and the hygienist doing the dust meas-

urements) experienced symptoms at their first
known exposure to the SCP dust. Obligatory use of
respirators in the spray-drier and silo rooms pre-

vented all symptoms except conjunctivitis, since the
respirators did not protect the eyes.

Subjects and methods

The health problems among the workers were

observed during the initial stage of the development,
before the dewatering methods were changed, and
at this stage the level of air-borne dust was meas-
ured in the plant by stationary pumps placed at the
work sites and mobile pumps worn by the workers.
The pumps were connected to Millipore filters on

which the dust was collected. The stationary equip-
ment was placed close to the working zones, and the
filters of the mobile equipment were placed on the
shoulder, 10-15 cm from the nose of the worker.
The filters were weighed after drying before and
after the dust collection.
The particle size distribution of the dried product

was measured on a Retsch sieve DIN 1171 before
and after the change of the dewatering technique.
For the preparation of antigen, fresh cells of

Methylomonas methanolica were suspended in distil-
led water and disintegrated by stirring for 15
minutes at 5000 rpm in the presence of 0.5 mm glass
beads. The supernatant obtained after centrifuga-
tion for 20 minutes at 6000 g was used as the antigen
in the immunological tests.

Class specific circulating antibodies against the
antigen were determined by an indirect ELISA
technique.10 The test was performed essentially as

described by Wasserman et al."I Polystyrene mic-
rotitre plates were coated with the antigen by incu-
bation at a concentration of 20 ,g protein/ml in a

0-05M sodium carbonate buffer, pH 9-6 for a
minimum of 24 hours at 4°C. After washing the
plates, serum samples diluted in the ratio of 1:1000
for IgM and 1:10 000 for IgG determination were
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added to the wells. The plates were incubated for 90
minutes at 37°C and then washed. Alkaline phos-
phatase conjugated to antihuman IgG or IgMI
was added, and the plates were incubated at room

temperature overnight. After washing, p-

nitrophenyl-phosphate was added. The reaction was
stopped after one hour, and the absorbance was

measured at 405 nm. The ELISA values are expres-

sed as absorbance at 405 nm x 1000 as measured by
a Multiscan plate reader (Flow Laboratories, Stock-
holm).
The presence of antibodies against the organism

used for the production of SCP was also determined
by the passive haemagglutination technique.'2 The
concentration of the antigen used for coating the
cells was 100 gg/ml. Two-fold dilution was used and
the haemagglutination titres were expressed as
reciprocals of the dilutions.

Results
DUST MEASUREMENTS
As shown in table 1, the dust levels were low when
the process was not running. The main part of the
dust emerging from the process presumably con-
sisted of SCP. When the fermentation and drying
processes were running, the dust level in the process
hall was still low. In the spray drier and the silo
rooms, however, the dust levels were considerably
higher, especially when the product was packed into
bags.

Table 2 shows particle size distribution of the
product before and after the change of the dewater-
ing technique. Initially, a significant fraction of the
air-borne SCP dust was respirable. The particle size
increased as soon as the flocculation/flotation proce-
dure was introduced, and when the drying tower
with stationary nozzles was used the size was further
increased.

MEDICAL EXAMINATION

Only one person had a history of earlier allergic
disease (allergic rhinitis). All those examined were

asymptomatic at the time of examination. Pulmo-
nary radiographs were normal throughout.

Table 1 Air-borne dust levels at different work sites and activities

Work site Activity Time for dust Time-weighted average Dust collector
collection (min) of airborne dust

(mglm3)

Process hall Process surveyance 420 < 0-2 Mobile
Process-off 66 < 0-2 Stationary
Starting-up 212 1-4 Stationary

Spray drier Starting-up 222 4-0 Mobile
Process-operation 290 4-0 Stationary
No process going 440 0-2 Stationary

Silo Sack-filling 27 19-3 Stationary
Sack-filling 62 22-3 Mobile
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Table 2 Particle size distribution of spray dried cell
concentrates (sieve analysis), for cell suspensions treated
with different methods according to text

Particle size Sample I Sample 2 Sample 3
distribution,
weight%

<10 30 3 0
10- 19 38 13 0
20- 39 30 57 0
40- 59 2 21 0
60- 89 6 0
90-119 2
120-179 1 1
180-249 45
250-349 19
>350 23

Pretreatment None Flocc/flot Flocc/flot
% Evaporable
material before
drying 95 80 80
Type of spray Rotating Rotating Stationary
drier atomiser atomiser nozzles

Floc/flot = Flocculation/flotation.

Spirometry and exercise testing on an ergometer
cycle, combined with arterial blood gas analysis at
rest and work, gave normal results in all examined
cases, as did the routine blood tests, including ESR,
Hb, and leucocyte differential count. All those
examined had normal levels of total IgE-antibodies
and normal eosinophil leucocyte counts.
As shown by the ELISA technique, all those

exposed to the dust had serum antibodies against the
water soluble extract of the SCP (table 3). In four
cases there was an increase of IgM, and in five cases

of IgG antibodies from the first specimen to the sec-

ond taken about two to three months later. Thus the
relative ELISA value for IgM or IgG of at least one
serum specimen was higher than those of unexposed
controls (healthy blood donors) (table 4). Six
patients had also raised haemagglutination titres,
and there was fairly good agreement between the
results obtained with the two methods.

Before the workers were examined at the hospi-
tal, respirators had been used for some time, and no
serious reactions had occurred during the weeks

Table 4 Antibodies against water soluble extract ofM
methanolica in sera from unexposed subjects (control sera)

IgM (absorbance) IgG (absorbance)
(n=9) (n =16)

Range 34-314 61-349
Mean-SD 150± 86 130± 73

Table 5 Levels ofC3 and C4 in serum in two patients after
slight exposure to SCP dust

Patient Day after acute C3 gil C4 g1/
reaction

1 1 0-54 0-22
2 0-60 0-25
4 0-72 0*25

2 1 0-58 0-29
Normal value in 0-55-1-20 0-20-0-50

the laboratory

preceding the examination. Two workers, however,
were examined on the day after a slight acute reac-
tion. They had entered the spray-drying room with-
out respirators, and they possibly had a slight fever
reaction in the evening and felt tired. The symptoms
had disappeared at the examination. The blood was

analysed for C3 and C4 complement factors to see if
complement activation had occurred (table 5). Both
had somewhat low C3 values in the morning after the
attack. It was possible to check one of them for four
days and during this period the C3 increased
significantly while the C4 did not change during the
same period.

Discussion

Untoward reactions against SCP have been
described.13 The symptoms (asthma and rhinitis)
were thought to be mediated by allergy of the
immediate type.
The observation that respirators prevented the

acute reactions indicates that they were elicited by
dust exposure. The aetiology could hardly be infec-
tious because the microorganism is methanol

Table 3 Antibodies against water soluble extract ofM methanolica in sera from exposed people at first examination
(specimen 1) and about two to three months later (specimen 2)

Patient No of disease IgM (absorbance) IgG (absorbance) Passive haemaglutination
attacks (reciprocals of dilution)

Specimen I Specimeni 2 Specimen I Specimen 2 Specimen I Specimen 2-

1 5-10 950 586 444 837 256 128
2 3- 4 760 - 1400 - >1024 -
3 3 2500 3700 879 8000 >1024 >1024
4 2- 3 25 342 95 115 <8 <8
5 2 346 332 539 4000 256 >1024
6 1- 2 205 364 422 17 <8 256
7 1 1025 3800 162 12000 >1024 >1024
8 - 160 170 278 400 <8 -
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dependent and cannot be considered as pathogenic
to man. Theoretically, however, the pathogenic
mechanism could be of an immunological or non-
immunological type.
Type III immune reactions"4 can occur after repe-

ated exposure to inhaled antigens. The antibodies
responsible for these reactions belong to the IgG
and IgM classes. Type III-reactions typically occur
several hours after exposure to the specific antigen,
and are connected with complement activation
along the "classical pathway." This is the mechan-
ism behind extrinsic allergic alveolitis, for example.
The patients described here had raised titres of

circulating antibodies against a water extract of the
microorganisms. This does not necessarily indicate,
however, that the acute symptoms were due to
antigen-antibody reactions, because exposure to
airborne organic dust often results in raised titres of
antibodies against dust components even though no
symptoms are elicited. This was also observed in one
of our patients.

Certain microorganisms, especially Gram-
negative bacteria, produce pyrogenic endotoxins,
and endotoxin fever has also been described in
occupational settings-for example, sewage puri-
fication plants'5 and greenhouses.'6 Inhalation of
endotoxins is considered to result in activation of
complement along the "alternate pathway," when
C3 and later acting components of the complement
system are consumed, while the early acting com-
plement components, including C4 , are not
affected. '7
The following observations support the theory of

endotoxin fever as the aetiological mechanism.
Allergic reactions-usually occur only in a low per-
centage of exposed people, but here, seven of the
eight workers fell ill on one or more occasions. The
observation that C4 did not change after an attack
combined with the indication of C3 consumption
might also suggest activation along the "alternate
pathway," as in reactions caused by endotoxins.
Two subjects developed rhinitis and conjunctivitis at
their first known exposure to the SCP.

Irrespective of the pathogenic mechanism, how-
'ever, it must be considered important to keep air-
borne dust levels under strict control in the SCP
plants. The airborne dust content in the spray drier
room was only about 1-4 mg/m3 when the drier was
in operation, indicating the high aggressiveness of
the dust. Experiences from the use of subtilisin, a
protease-active protein, in the detergent industry
indicate that granulation of the protein powder
could effectively decrease the health risks for
exposed workers because the protein could be hand-
led as granules with minimal dust generation.'8 In
the fermentation plant the technique for drying was
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changed. A more efficient dewatering method was
developed, using a flocculation/flotation procedure,
and later the conventional spray drier with the rotat-
ing atomiser was exchanged and a drying tower with
stationary nozzles was used for drying the floccu-
lated suspension. This resulted in a dried end pro-
duct mainly containing large, non-respirable parti-
cles. In this way the risk connected to handling the
final product is reduced. This must be considered
important, since SCP is used as a protein supple-
ment in animal breeding and, consequently, is hand-
led in many occupational settings where dust control
is inadequate.
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