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MYSTERIES OF

MYCOBACTERI

or a number of years, the metal-
working fluid industry has suspected
that an occupational lung disease
known as Hypersensitivity
Pneumonitis may be caused by expo-
sure to metalworking fluid mists. In
the past decade, a number of clus-
ters of illnesses at metal removal
plants have caught the attention of
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researchers, union representatives
and plant operators.

As a case in point, in November
2001 the Centers for Disease Control
reviewed a situation that involved the
hospitalization for respiratory illness
of three machinists from an automo-
bile brake manufacturing facility in
Ohio. A review of the facility person-



nel records found that 107 (27 per-
cent) of 400 workers had been placed
on work restriction by their physi-
cians during the preceding 11 months
because of respiratory conditions; 37
(35 percent) of these 107 workers
remained on medical leave and 70 (65
percent) had returned to work.
Thirty-two workers had either full- or

Research Delves into Metalworking

Fluid Risks

part-time work duties in the machin-
ing portion of the plant; the median
length of time working at the plant
was 18 years (range: 3 to 32 years).
Initial symptom onset for this clus-
ter occurred during October 2000
with continued cases being reported
through April 2001. The peak report-
ing frequency occurred in December
2000. From February through July
2001, multiple samples of bulk metal-
working fluid from all central plant
systems were analyzed. This testing
revealed the predominant growth of a
newly proposed species of the
Mycobacterium abscessus /
Mycobacterium chelonae group, with the
name of Mycobacterium immunogenum.
This bacterium was found
at population levels of up to 10°
(1 million) bacteria per milliliter.
Based on this and related incidents, a
limited number of scientists and indus-
trial health-care professionals have pro-
posed a link between M. immunogenum
and metalworking fluid related
Hypersensitivity Pneumonitis (HP).
However, the link between
Mycobacterium and HP remains a
hypothesis at this point with a num-
ber of research groups around the
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world starting to work on definitively
proving or disproving the connection.

What are Mycobacteria?
Arguably, the most notorious
Mycobacterium known to man is the
tuberculosis-causing organism
Mycobacterium tuberculosis.
Tuberculosis is a major global health
problem plaguing hundreds of mil-
lions of people worldwide. The equal-
ly sinister but somewhat better con-
trolled pathogenic member of the
genus Mycobacterium is the leprosy-
causing organism M. leprae. Almost
everyone has a visceral reaction to
any mention of leprosy despite the
fact that the disease has been virtual-
ly eradicated except for a few isolated
areas, such as certain parts of Brazil
and India.

Species of the genus Mycobacterium
are broadly grouped into two major
categories on the basis of pathogenici-
ty for animals and humans. Since the
isolation and characterization of the
causal agent of tuberculosis by Koch
in 1882, many species were rapidly
identified. M. avium was associated
with a tuberculosis-like disease in
fowl (1891); M. paratuberculosis was



isolated from cattle and sheep with
chronic enteritis (1895); and M.
lepraemurium, the rat leprosy bacillus,
was described in 1903. During this
same period, a number of saprophyt-
ic species, such as M. phlei and

M. smegmatis, were also identified.
(“Saprophytic” denotes an organism
that feeds on dead organic matter.)

Beyond this, the genus Mycobacterium
is fairly innocuous. The organism M.
marinum causes a form of tuberculosis in
fish that plagues aquarium keepers, and
a variety of environmental mycobacteria
have from time to time been implicated
in minor disease outbreaks.

The International Journal of
Systematic Microbiology now recog-
nizes more than 30 species of mycobac-
teria, more than half of which were not
identified until after 1950. Not all of
these produce disease, so a distinction
must be made between potential
pathogens and commonly saprophytic
species. The extremely pathogenic
organisms M. tuberculosis and M. leprae
are obligate parasites (they must trans-
fer directly from host-to-host without
residence in the environment), but the
majority of species — such as M. smeg-
matis and M. terrae — are ubiquitous in
the environment.

The advent of HIV infections in the
early 1980s made it necessary to
understand and mitigate the patho-
genic potential of environmental
mycobacteria in immuno-compro-
mised individuals, but outside the
realm of the immuno-suppressed pop-
ulation (such as recent organ transfer
recipients, AIDS patients, sepsis
patients, etc.) environmental mycobac-
teria are fairly innocuous. However, as
mentioned above, the species M.
immunogenum has been implicated as a
cause of the infrequent but serious
lung condition Hypersensitivity
Pneumonitis.

The occurrence of HP has been
strongly correlated with chronic expo-
sure to metalworking fluid mists, and
the bulk of the metalworking industry

has started to examine methods for
the control of mycobacteria with an
aim toward elimination of HP.

Seeking Answers Given the ubig-
uitous nature of the genus
Mycobacterium, one might ask: Just
how dangerous are environmental
mycobacteria? How does one detect
and quantify mycobacteria? Why
would mycobacteria proliferate in
preference to other environmental
bacteria? In order to feel more com-
fortable in a world inundated with
environmental mycobacteria, it would
help to have a basic understanding of
these ubiquitous organisms.

The mycobacteria are unicellular,
aerobic, weakly Gram-positive but
still acid-fast bacteria (i.e., once
stained with one of the basic dyes
such as fuchsin, they resist decoloriz-
ing with mineral acids or with acidi-
fied organic solvents).

The cell walls of mycobacteria are
rich in mycolic acids (long-chain fatty
acids about 40-97 carbons in length).
This lipid-rich cell wall limits move-
ment of dye either into or out of the
cell. Stain may be taken up uniformly,
but cells usually appear beaded or
granular, with heavily stained areas
separated by non-stained spaces.

The early subdivision of the “atypi-
cal” mycobacteria into “groups”, on
the basis of pigment production and
speed of growth, was proposed to
provide a more systematic basis for
study and discussion of these organ-
isms. Even today, many clinical labo-
ratories and global reference labora-
tories find it convenient to subdivide
the mycobacteria on the basis of pig-
ment production and growth rate,
thus enabling a more rational selec-
tion of the key tests needed to pre-
cisely identify an unknown
Mycobacterium species.

Although most mycobacteria are
not very fastidious once they have
adapted to in vitro growth, many
investigators still feel that a “richer”
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medium is necessary for primary iso-
lation. In terms of cellular morpholo-
gy, Mycobacterium colonies on egg-
potato or serum-agar base formula-
tions often appear granular.

How to rapidly quantify the micro-
bial population is a fundamental prob-
lem in the investigation of the occur-
rence of Mycobacterium in complex
environments like metalworking flu-
ids. Mycobacterium are slow-growing
organisms that are difficult to quantify
with traditional culture techniques.
The problem of accurate measurement
is so fundamental to this field that an
entire symposium has been scheduled
for Dec. 5, 2004, in Tampa, Fla. The
symposium, “Recovery and
Enumeration of Mycobacteria from the
Metalworking Fluid Environment,” is
jointly sponsored by ASTM
Committee E34.50 on Health and
Safety of Metalworking Fluids and
Committee D0O2.L.1 on Metalworking
Fluids. (See www.astm.org.)

Tools and Tests Recently, the analy-
sis of Mycobacterium species has been
fostered by HPLC (High Pressure
Liquid Chromatography), via a proce-
dure that isolates, separates and com-
pares each sample’s mycolic acid profile
with a library of known profiles
obtained from a range of mycobacteria.
However, mycolic acid-HPLC separa-
tions must be performed at elevated
temperatures, and it is essential that
separation and detection temperatures
be precisely and reproducibly con-
trolled. So, while HPLC offers an
improvement over traditional culture
techniques, it is more likely that inves-
tigations using modern methods based
on immunological techniques or DNA
will ultimately prove or disprove the
link between Mycobacterium sp. and HP
One well-known immunological
technique is called ELISA (Enzyme-
Linked ImmunoSorbent Assay). In
this multi-step assay, high-affinity
“capture” antibodies specific to a par-
ticular strain of mycobacteria are



used to indicate the concentration of
those mycobacteria in a given sample.
ELISA is relatively fast and easy to
perform in most medical laboratories,
but its accuracy can be affected by
how selective the antibody is to the
mycobacteria in question.

More recently, DNA technology has
initiated a new era in environmental
microbiology. Nucleic acid based

response to a change in the environ-
ment. The authors of this article have
been applying these methods to
Mycobacterium detection, identification
and population size determinations in
metalworking fluids.

The undisputed success of detec-
tion assays based on the polymerase
chain reaction has been largely due to
PCR’s speed in comparison with

Comparing Mycobacteria Assay Methods

Typical Sensitivities and Time

Method Detection level Time to complete assay
Culture 107-10° 4-10 days

ELISA 10°-107 48 hr

DNA Probes 10° 48-72 hr.
Polymerase Chain 10°-10° 24 hr

Reaction (PCR)

Sanrce: Atofina Chemicals

methods provide specific, sensitive
detection of microorganisms from a
variety of environments. Information
can be obtained about the kinds of
organisms present (phylogenetic
assessment) and/or about the specific
capabilities of the organisms present
(functional assessment). This tech-
nology has become an invaluable tool
for detecting specific organisms
and/or their functional genes.

One widely used nucleic acid tech-
nology is polymerase chain reaction,
or PCR. The only traditional limita-
tion of PCR was that it was not quan-
titative, but as technology has
advanced, this limitation has been
overcome, and quantitative (real-
time) PCR is now possible.

Quantitative PCR (qPCR) is possi-
ble through the combined use of spe-
cialized PCR reagents (e.g., TagMan)
and refined instrumentation. This
advance is particularly useful in envi-
ronmental microbiology because the
population size — the amount of a
particular organism — can be deter-
mined, and thus population changes
can be tracked over time or in

many conventional diagnostic meth-
ods, such as cultures (see table).

In addition, microbial agents that
are difficult to propagate outside
their natural host often remain unde-
tected by techniques relying on cul-
tural enrichment. The enormous
potential of DNA amplification assays
with respect to specificity and sensi-
tivity demands a continual eye on the
current developments in this area.
PCR has the ability to amplify specif-
ic DNA sequences in an exponential
fashion by in vitro DNA synthesis. It
is possible to produce millions of
copies of a characteristic genomic
segment starting from just a few mol-
ecules of template DNA. The PCR
technique can be used to detect,
identify and differentiate microbial
agents present in either clinical or
environmental samples.

With PCR based techniques, a thor-
ough and complete analysis of sus-
pect metalworking fluids has become
possible. Through statistical analysis
of a large number of metalworking
fluids, along with clinical analysis of
any associated lung disease, an accu-
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rate assessment of the connection
between Mycobacterium and HP will
ultimately be made.

Arkema (formerly Atofina
Chemicals) is currently conducting
several statistical studies
of the influence of our high-perform-
ing Synergex™ amine additives as
inhibitors of mycobacteria. The next
generation of Synergex™ additives
will be optimized for mycobacterial
control. New additives will be avail-
able by June 2004.

Larger and more thorough studies
aimed at a comprehensive under-
standing of the real danger of
Mycobacterium contamination in metal-
working fluids are being carried out
by a number of other groups, too,
such as NIOSH. With a combination
of commercial and public efforts, the
role of Mycobacterium species in metal-
working fluid related respiratory
health issues will ultimately be under-
stood and controlled. 1
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