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Measurement of air-borne pyrogens by the
in vitro pyrogen test (IPT) based on human
whole blood cytokine response
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Th e imp act of en vironment al micro-organisms as well as th eir fra gmen ts and comp onen ts, especia lly
en dotoxfns, on human health is lncreasla gly recogn ised . Differ en t syndromes have been described in
connection with inhaled air-bo rne microb iological cont ami nation, e.g, sick building synd rome,
hum idifier lu ng, organic d ust toxic synd ro me (O DTS) a nd "Monday illn ess" . Air-conditio ning
systems intensify this pr oh lem, as does the collecti on of biologica l waste in househo lds, which
rep resen ts a substa ntia l sou rce of al r-born e poll ulion .

In 1995 we described a ne w method for the detect ion or pyroge nic contam lnanon'-', T his sensiti ve
test (in vitro pyrogen test: IPT ) uses the nat ura l reac tion of th e immune system to dete ct a br oad
spec t rum of pyro gens in hum an blond. Sa fety tests in inj ectab le dr ugs represent the ma in applica tion
and th e test has been success fully validat ed for inclusion into the Euro pea n Pharmacopoeia .

Here, th e tes t was ada pted to the detection of en vironme nta l air-bo rne pyro gen s. Air was dr aw n
th ro ugh a filter which was Ihen incu bated directly wit h d iluted human whole blood . Th e re lease of
the tnttarnmatory cytoktne , interteukfn-If (II..~ I P), was measured by ELlSA . ln a nimal stab les, up to
3 x l lY'endo tox in equivalent units (EEU) were found per cub ic meter of a ir .

The problem

Both our well-being and our heal th depend substantia lly on
the quality of the air in our environment. The quality of the
room cl imate is mainly dete rmined by the co mpo nents '
humidity. air temperatu re and po llutant content, includi ng
dust , envi ronmental micro -organ isms and their decay
prod ucts

In particula r, funga l spores and bacter ia, as we ll as their
toxins, are the main microbio logical components of the a ir.
The pollution of interior air with bacteria and moulds
rep resent s the causa l factor for "s ick building syndrome'".
Th is syndrome is charac terised typically by lack of well­
bei ng, faintness, lack of concentration, headache. affection of
muco us membranes, and increased incidence of a llergy and
infection . Acco rd ing to a study by the World Healt h
Organi sat ion (WHO). 30% of the 3 million peop le employed
in air-condit ioned rooms suffer these symptoms'.
Investigat ions at the University of Kiel demons trated a
connection betw een pulmonary disease. Le. the frequency of
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infections and allerg ies. and the presen ce of environ men tal
micro -organi sms (bacteria and mould s) in household s' .

The main cause of micro biologic al contaminatio n of living
areas with bacteria and fungi is co ntinuous da mpness in or on
buildi ng materi als. Thi s prob lem is exace rbated by the
co ntinuous trend toward s more efficie nt sealing of buildings
to save energy . A co ntinuous exchange of a ir is obstructed by
these sealing measures. The resul t is moisture in the building
materials and subsequent increasing loads of microbio logical
po llutants in the a ir. Due to this connection, it can be ass umed
that the microbio logical burden in living and work areas wil l
increasing ly cause health prob lems in the next few years.
Therefore, research methods and evaluation criteria must be
imp roved for the characteri sation of environmental micro­
organism loads in living and work area s.

So far, microbio logical contamination of househ old s is
normall y, if at all, eva luated only by determ ination of the
concentration of fungal spores in room air. which is
insuffic ient for a global eva luation of the microbial load as:

Moulds represent only one form of micro biologica l
pollutant: an importan t causa l relevance is attributed to
Gra m-negative bacteria and the ir cndotoxins in "sick
bui lding syndrome" .
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The measurement of the load of air-borne moulds is
based on classical microbiological methods, Le. only
micro-organisms which can be cultured are
represented. Dead fungi and bacteria, which are not
detected in cultures, pose an additional health risk to
humans.
The determination of the concentration of micro­
organisms, Le. colony-forming units per air volume.
does not reflect the pathogenicity or inflammatory
potential of different fungi or bacteria for humans.

A comprehensive estimate of environmental micro­
organism load should include a variety of relevant micro­
organisms and their toxic metabolic products and reflect
their pathogenicity for humans.

Beside the micro-organisms themselves. their cell wall
constituents, i.e. what remains after the micro-organisms
are dead. represent a substantial risk factor for the well­
being and health of humans. These structures (eg.
endotoxins and glucans) are recognised by human immune
cells, e.g , after inhalation. leading to an inflammatory
reaction, the cause of the above mentioned health problems.
The load with such environmental micro-organisms is
approximately three times higher in households that collect
biological waste within the household; the fungal load is
about eight-fold higher. If carpets are used as floor
covering, these values rise dramatically up to 8OD-foldt-.

The working environment represents another relevant
area where workers are increasingly exposed to air­
conditioning systems; for example, in 1993 three million
people in the Federal Republic of Germany worked in
offices with air-conditioning' . Today, the following health
problems are described in connection with air­
conditioning systems: sick building syndrome, building­
related illness, infections and allergies

The detection of endotoxin as a marker for
contamination with pathogenic micro-organisms is
considered a very important factor; six-fold increased
endotoxin quantities, Le. 36-800 nglm3 air are considered
a significant load ", Gram-positive micro-organisms are
also found to a substantial extent; however they do not
seem to correlate with the pathogenic importance
suggested by micro-biological investigations, Le. based
on the count of living organisms that can be cultured.
However. it should be noted that there is no specific in
vitro test system to detect dead material from Gram­
positive bacteria as there is for Gram-negative endotoxin,
Le. the Limulus Amoebocyte Lysate assay (LAL).
Therefore. a more detailed evaluation is still awaited;
similar considerations apply to fungal constituents.

The WHO estimated more than 10 years ago that about
one third of all new or reconstructed buildings are so­
called potentially "sick" bu ildings". Since the health
problems apply less to naturally ventilated than to fully
air-conditioned buildings, the numbers are increasing in
parallel with the increasing use of air conditioning.
Systems which operate with air humidifiers appear to
represent a special risk factor since high humidity favours
contamination and micro-organism growth. Due to energy
saving measures, the regulation of the humidity is often
omitted and humidity increases. Both Gram-negative and

Gram-positive bacteria. as well as fungi and amoebae, are
causally related to "humidifier lung", which is particularly
common in the printing industry' . The so-called
"humidifier fever" is directly correlated with e ndotoxl ns",

It is well known in a variety of working environments
that illnesses frequently occur on Mondays, when the
body is abruptly confronted with a multiplicity of air­
borne contaminations after a recuperative period over the
weekend. This "Monday syndrome" , character ised by
general malaise combined with shortage of breath.
coughing and thoracic tightness. improves during the
course of the working week. Inhalation of organic dust,
endotoxins and other factors are thought to be causes of
this illness, known in the cotton industry by the name
"byssinosis'".

People employed in pet shops, animal stables, zoos.
poultry farms or refuse sorting facilities are also affected
In addition, workers in the steel industry are particularly
exposed, because the reclrculating cooling emulsions (oill
water mixtures) spread pyrogenic pollution after
microbiological overgrowth especially with Pseud omon as
species. This is exacerbated by the high temperatures and
the damp environment.

Detection possibilities

Essentially, the following procedures are available:
1. Microbiological testing methods, where sample

material is incubated together with a nutrient
substrate. Depending on the substrare. specific micro­
organisms can grow, which can then be identified.
Incubation takes up to 14 days.

2. 'Rapid tests' for live microbiological contamination
are bioluminescence and impedance monitoring,
which also require previous growth of the organism.
The optical system of direct epifluorescence is very
time-consuming, insensitive and unsuitable for
routine analysis of large sample numbers. With
methods of direct fluorescence marking (e.g
ChemScan system, based on measurement with an
ultrasensitive laser scanner), living micro-organisms
are detected very rapidly. It is intended for raw
materials or finished products, e.g. in pharmaceutical
manufacture, and unsuitable for air control. because
the naturally occurring micro-organism spectrum
would disturb this test substantially.

3. Test of endotoxin content. After separation of air­
borne endotoxins from filters. these structures can be
detected specifically and very sensitively in the
Limulus Amoebocyte Lysate test (LAL) (see also
procedures for the determination of the endotoxin
concentration in the working environment, BIA
working folder "Measurement of dangerous
materials", Index 9450).

These microbiological different iation methods arc useful
for analysing the living micro-organism spectrum while
dead ones escape detection. Notably, these methods are
very labour and material intensive. This is hardly useful
for routine purposes, and the direct effect on humans is not
reflected. In addition, putatively infectious material is
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without the filter or to the eo-inc ubation of LPS with
untrea ted filters.

Air samples from ani mal stables were then examined.
The con tamination of air in anima l stab les is particularly
problematic for humans working there " and was used
here to check the applicab ility of the test.

Air was drawn onto Sum nitrocellulose filters
(Sa rtorius, Germany) with a PGP dust sam pling sys tem
(Str6hlei n GmbH, Ger many) at a rate of 3.5 Ilmin for 60
min. The expose d filters were incubated with 8ml saline
and 2ml blood overn ight in a Petri dish. IL· l p release was
measured in the supemataru. Co ntrol endotoxi ns
employed in increasi ng concent rations on cle an filter
material induced an increasi ng inter leukin-l B release, i.e.
there was a conce ntration/response- relationship (Figure
2, left part). Conta minate d samp les from a sheep stab le
showed clear sign al respo nses (Figure 2, right part)
dependent on their load.

Air samples from two pig stab les (K and V) and
samp les from outside air were gained by impingemer u'".
The air was bubbled thro ugh 5Dml pyrogen-free water
(Aqua ad iniectabi le, Braun Mcls ungen AG, Melsungen,
Germany) in order to dissolve the pollution by AGI -3D
impingers (AG I = All G lass Impinger) ope rated for 20

Figure 1: Release of IL-ljJ by human whole blood in response to
nitrocellulose filters coated withdifferent concentrations of LPS in
comparison to LPS without filterS and incubation of LPS with
untreated fillers.

Pyrogens are intla mmation- inducing subs tances which,
depending upon the route of uptake, can lead to genera l
malaise, breath ing problems, fever, circulatory and orga n
failure up to fatal shock in humans. These disease
symptoms can also manifest after uptake of endotox in via
the lung and are nowadays regarded as a unique syndro me
in environ menta l medicine10.

The human immune system reacts very sensitively to
enviro nmental micro-organisms or their products and
initiates appropriate defence mechan isms. It is unimportant
for the host defence whether microbiological material
(living micro-orga nisms, endotoxlns or other pyrogens)
threatens the organism directly via the blood, skin or the
respiratory system. After contact with relevant
contaminations, white blood ce lls (monocytes/
macrophages) release pro-inflammatory signal molecules
such as intcrle ukin- IB (lL·l P). The pro-inflammatory
cytok ines change the set-point for thermo-regulation in the
brain and cause a fever reaction in the organism. We used
this reaction to deve lop a test for pyrogenic contaminations
in drugs based on whole blood incubation'A'!'! ' . Blood from
a healthy donor is diluted in clinical saline and incubated
with the liquid sample at 37"C for 6--24 hours. IL- l P release
is quantified by ELlSA measurement . Recovery of an
endotoxin spike in the sample rules out interference.

For adaptation of the test to the detection of air-borne
pyroge ns, air was drawn onto 8mm nitroce llulose filter s
(Sartorius, Germany) using a PG P dust sampling system
(Strohlein GmbH, Ger many) or bubbled through pyrogen­
free water using AGI-3D impingers. The blood can be

~:::I:t~~t~i;:~:ie;;~hl i~;i:l ter in a Petri dish or with a r-------------------,

New method : IPT

produced and has to be processe d and disposed of under
appropriate safety conditions.

Endotox ins can be used as markers for con tamination
with Gram-negative bacter ia. The LAL test is a well
estab lished and sensitive method. However, only a rinsing
solution of the contaminated filter can be exa mined.
Tightly bound and non-ex tractable endotoxins escape
detection .
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Figure 2: Release of I L· 1 ~ in human whole blood initiated by
nitrocellulose filters contaminated with defined LPS-concenlrations or
tillerscontaminatedin a shee p stable by collecting 3.5 IImin of air for 1
hour(S1toS4)

Results of the new whole blood method
(IPT)

First, we tested whether the nitrocellulose filters interfe re
with the whole blood test. Different concentra tions of
lipopolysaccharide (LPS) from Salmonella abortus eoui
were applied to the filters in a volume of ID!!1and left to
dry. The IL- IP response to these filters placed in 24-well
tell culture plates and cove red with I ml whole blood
di luted 1:5 in sa line was compared with the response of
the blood to LPS witho ut filters or to untreated filters plus
LPS added direc tly to the incubation . As can be seen in
Figure I, the filter alone does not induce significant
cytokine re lease. However. it appears to improve the L- ----'

present ation of LPS to the blood, resu lting in a more
sensitive I L-I ~ response (l2.5pg were detected) and in
higher levels of cyto kine release compa red to the sa mples



Table 1: Overviewof the microbialaircontaminationin the investigaled stables

air hygen ic parameters sh eep stab le pig stable K pig stable V Qutsideair

inhalabledust (mg!m3] 0.5 3.1 2.e 0.1

inhalableendotoxin(EUIfn3) 512 3 994 3841 15

Gram-negative
bacteria [CFU/m3) 10 115 100 3

totat bacteria[CFU/m3j 40 000 175000 132 000 2055

moulds [CFU/m3j 9400 7 247 230 n.c

IPT[mg IL-1IYm3) 0.4' 25.8t 12.3t O.1t

Arithmetic average 01at least 5 measurements
n.c.'"not done
CFU'" colonylorming units
EU'" endotoxin units
' measured on titters
t measured by impingement

We showed that in the prob lemat ic fie ld of anima l stables
air co ntamination with living enviro nmental micro­
organisms and dead materi al ca n be asses sed with the in
vitro pyrogen test. The test method was ada pted for these
speci fic co nditions (filtrat ion and impinge ment for the
co llection of air-bo rne co ntamination). Air-borne pyrogcns
are not only of importan ce in animal stables. bu t for the
entire human living and working area . The specia l
adva ntages of the test lie in its specie s-spcciflclty. the
med ica l re levance . the bro ad detect ion spectru m and the
possibil ity of check ing the blood of the affec ted person
directly. There is no co mparable test sys tem that ca n cove r
both dead and liv ing materia l in an integra l manne r.

We intend to eva luate this inno­
vative method further with partners
from environmental and occupa ­
tional med icine wad. safety and
industry to opeimise the methodo­
logical deve lopment s described
here and to adapt them to the
di fferent environmental conditions
relevant to humans. The cruci al
advantage of the new test is that the
reaction mimics the reaction that air
contami nation would cause in
humans. thereby reflecting potential
dangers for humans. First resu lts
pro mise that a simple. standardised
method will be ava ilable short ly for
the measurement of air-borne
pyrc gens. es pec ially since a stan­
dardise d kit versio n of the IPT is
now available (Charles River

I ,
I

Anderse n samplers were operated for I min at an air
no w rate of 28.3Vmin to obtain the total number of
airborne aerobic bacte ria (on 5% shee p blood agar) and for
20 min to obtain the num ber of airborne Gram-negative
aerobic bacteria (on MacConk ey 3 agar. Oxoid. w esel.
Ge nn any). The shee p blood agar plates were incubated at
37°C for 24h ; the MacConkey agar plates were incuba ted
at 37"C or 22 <>C for 24h. All bacte ria grow n on
MacConkey agar were tested for the ir Gra m-reaction by
staining to give the rea l number of Gram-negative bacteri a
in the samples. For the airbo rne moulds the samplers were

~LJ!ILJIIILJIII---LJ!ILJlllLII'-----,,-=-=....IIII0L I eq uipped with DG-18 agar plates and operated for I min ati an air now rate of2 8.3 Vmin. The exposed agar plates we re
8: incu bated at 37"C for 48h and at 22"C for 72h.
lIJ The data gained with the whole blood method with filters

L .::"".::mp.::'"=-- --..J or by impingement were related to the contamination in 1m3

Figu re 3: Measurement 01 contaminated air via impingement: Air- for co mparison with the other measured parameters.
borne pyrogens couldbe detected in pig stables (K1-K4. V1-V4) while The signa ls measured in the whole blood test co rre late

::;~~~~t:~~a~: ;~~i~lel:~r~~~:~UCed low signals . Data ~~U7~~y ~~~:r~hn~ I:;:~~e~f ~n~~r~~~1 :~~ti~~i~~~O~~~~:~
minutes at an a ir flow rate of 12.5Vmin. Sa mples of this ex peri ments will be necessary to exa mine in more detail
washing liqu id co ntaminated with air-borne materials how we ll this method reflects the risk of exposure of fann
were employed in the whole blood test as liquid sa mples workers or highly sensi tive ind ividua ls and to optimise the
( IOOJ!I sample. 900tI 1saline and lOO~1 blood ) (Figu re 3). methodology. Le. op timisa tion of fil ter material. pore size.

The microb iological co ntamination in the exam ined furthe r simplifica tion of incu ba tion proced ure. etc .
animal stables was also characterised in co mparison to the

outs ide a ir with standard cu lture proce dures and the LA L Conclusion
test in para llel wi th the whole blood test (T a ble 1). The
PGP dust-sam pling sys tem (Strohlein GmbH. Genn any)
was used to collect the inhalable dust fraction. The PGP
sys tem was operated at an airflow rate of 3.5Vmin for 60
min. For measure ment of endo tox in. the ex pose d
nitrocellulo se filters were roc ked (22rp m; WS 5 shake r.
Edmund Btihler GmbH. Tubingcn. Germ any) for 2h in 50
ml pyrog en-f ree water . After ce ntrifugation of the
washing fluid with 20(Xlg. an allquor was meas ured in the
LAL assay QCL 1000 (Biow htuaker. Walke rsville, MD .
USA) as recom men ded by the manufactur er. The amount
of endotox in in the supernatant of the sampler flu ids was
co nve ne d from EUlml to EUlm l using the airflo w rate of
the sampler and the sampling time.



Endosarc). This is an important prerequisite for the
development of international guidelines and thresholds and
respective preventive measures in the long term. The test
may even be adapted to gauge the inflammatory reaction of
animals living in the stables and to compare their
sensitivity to that of humans.
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