Cage Rack System and Method for sampling airborne particles from a cage rack system FIELD OF
THE INVENTION The present invention is directed to a cage rack system and a method for sampling
airborne particles from a cage rack system. The present invention relates particularly to so-called IVC
cage rack systems (individually ventilated micro-isolator cages) for laboratory animals.
BACKGROUND OF THE INVENTION Standardisation of husbandry and health parameters in animal
experimentation is a prerequisite for in vivo biomedical research. In order to provide accurate and valid
results, animals used for scientific research, in particular drug related research, have to be kept free of
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states are called "Specific Pathogen R ﬁﬁgﬂ%ﬁﬁﬁkﬂﬁﬁqﬂbormory animals that are tested
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Standardisation of husbandry and health parameters in animal experimentation is a
prerequisite for in vivo biomedical research. In order to provide accurate and valid
results, animals used for scientific research, in particular drug related research,
have to be kept free of infectious agents as infectious agents may cause diseases
or may even interfere with experimental results in the absence of clinically
observable symptoms or impaired host function. Defined hygienic states are called
"Specific Pathogen Free" (SPF), which refers to laboratory animals that are tested
free of particular pathogens. Use of SPF animals ensures that pathogens and
infections do not interfere with the experiments carried out, thus avoiding false
results which may prove vital at a later stage, e.g., in drug trials on humans.
Furthermore, using an animal carrying a disease for testing a substance that also
produces effects on the animals health may worsen the effects of the substance

being tested, thus causing the animal more suffering than necessary.

To prevent entry and spread of unwanted infectious agents, such as for example
bacteria and viruses, a high quality caging system has to be carefully chosen to suit
the specific requirements of the user. Over recent years, the use of individually
ventilated cage (IVC) rack systems in laboratory animal husbandry has increased.
IVC's not only allow for a control of environmental conditions such as humidity and
temperature, they also provide each cage with filtered air, which protects the
animals in the cages from airborne infectious or other noxious particulate agents

present in the environment (Cunliffe-Beamer and Les (1983); Laboratory Animal



Science 33, 495; Lipman et at (1993); Laboratory Animals 27, 134; Clough et at (1995); Laboratory
Animals 29, 139; Lipman (1999); Contemporary Topics 38, 9). In addition, exhaust air from the cages
is normally filtered before it is released into the room or into the exhaust air system of the building.
Thus, transfer of infectious agents from cage to cage within a given IVC rack or room is minimised
(Lipman (1999); Contemporary Topics 38, 9; Gordan et at (2001); Journal of Allergy and Clinical
Immunology 108, 288). The use of IVC rack systems in laboratory animal husbandry has posed new
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efficient monitoring of di at different times a large number of sentinel animals are required.
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enormous financial burden, it is also a less-desirable practice for ethical and animal-welfare reasons.
SUMMARY OF THE INVENTION It is an object of the present invention to provide an improved or
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such as exposure of sentinels to airborne infectious agents present in the room air are
inappropriate. Also sampling of random animals from the IVC rack is usually not
suitable, as it requires the use of large numbers of potentially valuable animals. Thus,
the use of sentinels exposed to soiled bedding has been developed (Thigpen ef al.
(1989); Laboratory Animal Science 39, 324; Nicklas et al. (2002); Laboratory Animals
36, 20; Wilhelm et al. (2002), 8th FELASA Symposium, Laboratory Animal Science-
Basis and Strategy for Animal Experimentation. Vol. 1, 23). However, soiled bedding

may not detect pathogens not transmitted by the faecal-oral route.



This object is attained with the subject-matter as recited in the claims. The present invention is related
to a cage rack system for animals, particularly for laboratory animals. It can be particularly used for
IVC cage rack systems. This system can accommodate or comprises a plurality of cages ventilated
individually or in groups. At least the majority of the cages comprise at least one air-inlet and at least
one air-outlet. The cages can be selected according to the race, size, the number and/or conditions
etc. of the animals. The invention further comprises an air 4 guidance system for delivering air to the
air-inlet and/or coIIectirI%g)ir from the air-outlet with integral or separated conduits. The air (%uidance
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parasitesgithogen or develop antibodies. Thus, by the time a pathogen is detected, a large

number of affected animals may have been infected and subsequently used in

experiments, thus rendering the results obtained questionable. Secondly, for efficient

monitoring of different racks at different times a large number of sentinel animals are

required. To sacrifice a large number of animals merely for monitoring purposes does

not only constitute an enormous financial burden, it is also a less-desirable practice for

ethical and animal-welfare reasons.

SUMMARY OF THE INVENTION
It is an object of the present invention to provide an improved or alternative cage

rack system and method for sampling airborne particles from a cage rack system.

This object is attained with the subject-matter as recited in the claims.

The present invention is related to a cage rack system for animals, particularly for
laboratory animals. It can be particularly used for IVC cage rack systems. This
system can accommodate or comprises a plurality of cages ventilated individually or
in groups. At least the majority of the cages comprise at least one air-inlet and at
least one air-outlet. The cages can be selected according to the race, size, the

number and/or conditions etc. of the animals. The invention further comprises an air



5 established by a plurality, such as two or three, of stages in order to minimize its size and/or
enhance its effectiveness. Alternatively or additionally a plurality of cyclones connected in series or
parallel with differently located ports can be connected to the air guidance system. The cage rack
system can have rails for the insertion of cages in columns and/or lines. The air guidance system can
be adapted to deliver and/or collect air jointly from a column or a line of cages. The cages of at least
one column or of at least one line can form a group of cages, respectively. At least one sampling-unit

can comprise a device for applying positive and/or negatjve pressure supporting the cyclonic flow path
establishEHEABSECAYSIGAVIIY Salvring RisitlR &G A 65@M§§u?8 andl/ Pg]\}g\%il%{fér and/or
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incorp(_)rated by reference. A sampling unit can be arranged or positioned at the lower end of the inner
cyclonic fathhAt leastcorRepranigit gatinibises acpiamiing aallefiiocoliestiels, aidrureeteddiotésthat a
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takes plag&r‘?ﬁgecélﬁrecf{?&§%9g3% 83?? Bg lﬂw&cﬂﬁﬁ@@%@eé@%‘%} }E%ne}'crgf)trﬂbeeg?@a?ev?/it yaavpolume
of 15 or 58BN rifkcirangeithtubenasd/ar sepaeatitbes teishrtidesntagadhsiyata he ssepliogfurther

standard evaluations of the particles collected th ) i i ,
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evaluating, investigating, controlling and/or monitoring the incoming air and/or the
outgoing air. The incoming air can be checked in order to have a basis for
comparing the respective results with the results from one or more components of
the air guidance system analysing, evaluating, controlling and/or checking the
outgoing air. In case one or more animals are infected with pathogens these
pathogens are delivered to the air either by the air exhaled from the animals or by
excretions of the animals or by any other contamination of the air by egesta at least

partially contaminating particles in the exhaust air.

The term animals in the context of the present invention refers to non-human
animals including laboratory animals suitable for use in experiments, including but
not limited to mice, rats, hamsters, gerbils, guinea pigs as well as cats or dogs.
Furthermore, in light of the recent concerns with respect to avian influenca viruses,

also avians, such as for example chicken, are encompassed by the term animals.

Not all pathogenes are conveyed in the air. However, even pathogenes contained in
excrements and/or urine will be conveyed by the air at least partially at some point
in time, e.g., when the excrements or urine dry and particles contaminated therewith

become airborne due to extensive drying due to frequent air changes in the cages.
Pathogens can comprise viruses, fungi, bacteria, spores, parasites etc.

The sampling unit can further comprise at least one cyclone and at least one

collection vessel being disposed downsiream of the cyclone. The cyclone can be



6 The sampling unit of the present invention is suitable for the collection and detection of biological
materials, particularly biological organisms such as viruses, fungi, bacteria, spores, including their
eggs and larvae, if applicable, and other biological pathogens. Preferred pathogens comprise, but are
not limited to Ectromelia virus (causative for mousepox), Hantavirus (causative for hemorrhagic fever
with renal syndrome (HFRS)), Kilham rat virus, La&tat dehydrogenase virus, Lymphocytic
choriomeningitis virus, Minute virus of mice, Mouse adenovirus FL, Mouse adenovirus K87, Mouse
cytomegalovirus, Mouse hepatitis virus, Mouse K virys, Mouse parvovirus, Mouse polyoma.yirus,
Mouse r(ﬁ%\ﬂhﬁflﬁ‘ﬁ)mﬁﬂ\ﬁéjﬁgé'iiﬁyﬁﬁ(?b/iﬂ%?%ﬁﬁe §tov E?P e H"]o%'iaevrirltl]?s %ﬁ%ﬁ’c‘é?lﬂ’ayoma
virus, RagipingteixdiusiRahparveyiafiediieonisys. tyhiesth &tivevrus tyiBioSeydal dlusglity of
Sialodacryoadenitis/Rat coropg virus, Simian virus- (ﬁ -5),.Lheiler's murine encephalomyglitis virus,
Toolan'swqo\'ﬂﬂ?s,@aﬂgaﬁg B?Oﬁ@ﬁlggpﬁéapéﬁﬁi)eja Xp fr%ﬁglééﬁ,n éYtrrg G rgaéﬁt%r%wgéstridium
piliforme ddrsetsddisenslir Goiiaabacigstam kutscheri, Helicobacter spp., Klebsiella pneumoniae,
Leptospira spp., Mycoplasma spp., Pasteurellaceae, Pasteurellaceae, Pasteurellaceae, Proteus spp.,
Pseudomonas aeruginosa, Salmonella spp., Staphylococcus spp., Streptobacillus moniliformis,
Streptocaus, Aaty apetssystprautizis spveCadsid@Enihencsentdtordaragasiduli;aBiardia applor
Protozoan flagellates, Spirqnucleus muris, Syphacig_ sp. ar . Trigh n T tt}ﬂ s are
well knoa)rfssth kil té'ﬁs%%%&?f%rrvviﬁ%ﬁ e %Cgé]leegftt eggﬁgségn%?gzg%ﬁc#ﬁ?t@g c!o ﬁeﬁ tion and
detectionfiefrhialogioalmsieclites sfuchigas piipeptde oif rai disistaaids cpbiysact itdriddeasipnre
hormone chemi}pals or trace eIFments. Material olPtained with the sampling unit is optionally further

processe%."?:fi?'%x%mb?e%%“g %acyagg ?yé%%?%%&’ the cell lysate may be separated and analyzed for
characteristic components such as proteins or DNA. 7 The term "detection of biological material”

refers to the identification, characterization, analysis and/ ificati he i [ erial.
Detectior{q‘né?/aﬁl 8&?0r%%ﬁlnsﬁ)ﬂlﬁen@btﬂ/nﬁﬁe?ﬁgdg(\)/vr%ﬁ%neovgn %@%ﬁ?ﬂ%@%ﬁé iﬁﬁgg%%@ample,
via ampIiﬁ@mw@fmaﬁmgrﬁsppommglmei@%@ﬁ@@@&h@@hcﬁm’@iehmﬁbg‘éﬁ@bﬁ éi_ﬁyl*@@riate |
macs spalL e P o LR e e e e o
DNA hybridization techniques, such as for example Northern or Southern blot assays or hybridisation
on DNA arrays as well as gssa e te ionL i di inited {Q ok fexchange
Chromat?)];ﬁap%ayrp E%%Ht?ﬁti%%@%%%gtg‘g%‘%%&, | ﬁl%(/% C?ﬁ?oorﬁgio%?g[%n Iﬁfg%rsegssqre Lri?tjid
Chromatagrapbgd HRLsEYiesimninoasamlis| sati/as inameniiEtonaianesosaht A86aEAlELISA),

Western blot.analysis or | Ipitati i J ; idization
assay maq/] 'Bémdégj?r? tﬁ%%gtﬁ%ﬁ%? aét@i%gﬁg{ g?é)égggclﬁsééj& nega%é]segs%gc ro?‘tn%%scr‘#a%jllﬁg?ﬁ?g best
choice; if spetifieweightiomsige be detected, an immunoassay utilizing an antibody with specificity
toward that organism may be selected. Furthermore, a biosensor may be employed to detect the
biological material. Biosensors comprise an analyte or immobilised reagent integrated with an
electroniciinenseogsing haitresnidia e aatitaaghiandones seela Pribisngisal Mty datiehe

reagent tggers 4 eIRCIRal L ANEALRSRORS I aRsEhiss I ARSROBSAfon alied and
ev

relayed t0 Some annunciation ce. In theory a large number of these tinﬁébiosensors would form an

array capabiengledeesttiisg descoihedf iheldohrboBuded, meviehidohpapadiie s RERIRRSAIESrBYide rapid
entficatig.ps Wl ASHRIARY B 1030 me SRAKGUE! oF AU MICtRBIRbRIASEREOEY Wl be

designed with analytes t a specificity for microbiological components such as surface
componeins@r gysdeific pattabolites. The mechanisms by which the microbes are detected could
include electrochemical (amperometric, conductimetric or potentiometric) or electromagnetic (optical or

mass) means. )
At least one sampling-unit has a plurality of collection vessels, connected such that

a size- and/or weight-dependent rather than rough or exact separation of the
collected airborne particles takes place. The collections vessels can be microfuge
tubes and/or conical tubes, e.g. with a volume of 15 or 50 ml, (Eppendorf tubes
and/or Falcon tubes) which advantageously can be used for further standard
evaluations of the particles collected therein. Such evaluation methqd comprises

known techniques.



8 include, for example, RT-PCR and its various modifications such as gRT-PCR (also referred to as
Real Time RT-PCR). PCR is well known in the art and is employed to make large numbers of copies of
a target sequence. This is done on an automated cycler device, which can heat and cool containers
with the reaction mixture in a very short time. The PCR, generally, consists of many repetitions of a
cycle which consists of: (a) a denaturing step, whigh melts both strands of a DNA molecule and
terminates all previous enzymatic reactions; (b) an annealing step, which is aimed at allowing the
primers to anneal specifically to the melted strapds of the DNA_mqlecule: and (c) an extension step,
which eIJﬁb‘ﬁ?@éﬁﬂ%ﬁ%ﬁIgﬁ%ﬁrﬂﬁgeﬂg U'E\fﬁﬂqﬂa lﬁfa%%fgnf rr%v?d%oglg)(}t{ﬂe %enndlp%t{g %?Pgnd.
Generallyf R§iGogacabenpgdaene dfartextamplevioladitan| egaticsmrsixuoh castainieps, piufgl0 x PCR
buffer with 1.5 mM MgC12, 200 pM of each deoxynucieoside triphosphate, 0.5 pl of imer (10
pM), aboﬁ?‘it@%’l%?%fﬁf {@?2&5?5?@ %’\%& &993 ?&@%‘Wﬁ% gf ﬁ‘Fg%' 0 ;l/?hea;%dseqafﬁre %%%éﬁr)ééfgr
amplificagathetnbe labelled or be unlabelled. DNA amplification can be performed, e.g., with a model
2400 thermal cycler (Applied Biosystems, Foster City, CA): 2 min at 94C, followed by 30 to 40 cycles

consisting of annealing (e. g. 30 s at 50C), extension (e. g. 1 min at 72C, depending on the length of
DNA temptatersad therengmeusessdebatuniag(e. lgnitedstat Bétymetiaving temesdtiedwp at 55C

for 1 min as well as a fipal extension step at 72C for 5 min. Suitable pol| r fQ jth a DNA
template rﬁﬁ%ﬂﬁ?@% e %tﬁl |,r ¢ 2&? B\VSO| %e&gs%olr'gﬁ%' ?(Tﬁen\f)e\?v f%@?ngﬁﬁgll4£gﬁ(ﬁ’%%merase,
Tth polymierms)f,aq kphaneraset a hrasstatladtiVA piepgtazmissdatedifusm Themphoadisaticus
Vent, Amplitag, Pfu and KOD, some of which may exhibit prmf-readina funct}og ap /or,\ﬁgaesrent
temperatﬁ?@%%ﬁ}ﬂa'.”ﬂg\ﬁe\)'érrﬂ‘?hg@m‘@n MHED B tHB'SR: kOWE RoR 48 BptiHZe PTR Conditions for
the amplifgatienirfspegificMucisic agichreglgioviessyitiquieere patiiféerentdeddtiusadiovaamposition
or to scale down or increase I\Ze volum? of the reaction mix. The "reve(gﬁ)rlﬁ smi(%gse Ho%merase
chain reddRFE(RPIBAEY R (LRHSTHRRAYREAUYIEE atiRtSHEARYIHRConststs 6 RATCR as in
cases whgreRNirnaIsesareUs, fndatacttid. vilg tef miteydisdytsars ciiptaseatefensite wnusnzyme
that catalyzes the polymerization of deoxyribonuc]eosige triphosphates to, form-primer ex ion
products a&ﬂ%ﬁ%ﬁnen ﬁ?f'drﬁsribé‘?{ﬁgleic acid 881V6?5t3e.Ti$éognzyn{1’e ini %Rgg isyn\{ﬁggis at the
31-end offiatopEagbaddritietRatisdomwar thieus]-Sichafitheitesyplai® Vnti), syttledsidstermiriates.
Examples of sujtaple 9 polymerizi ents,that convey the RNA target se cer
complem@ﬂ%%%yﬁﬁﬁ (@BWA;]%}@ ﬁcPeI"aﬁeV 'él\lnsangr%%fg% gséé@ischlr%és%ﬁé\}lérg& %%a%as%ﬁ{)tase and
Thermus fiflegiidaphilQitiobcienlymedastiimther@iostakie N Ajifdymeradd widerevedisersescriptase

tivit keted by Perkin El . Typically, th [ A I mplate |
Cenat et BN  HARC R eLCAG Hremo ACA oL TR EEORER .
strand avajiphle Riyeoptasplificatipp. fenfasteuitditictempe RasteRdlipreddes Grasicirplinsenspecificity

and imprqved efficiency. 1).S. patent application Seri . Q7/046, 121, di gl(Q 192 describes
a "homog?g/FP &g ﬁ?HDCéJS?H(\E})erWC%n%% gg%@'Bﬂ?ﬁé%Qﬂ%@éﬁ%é ase éﬁﬁi@@ oth thear%'\’/erse
transcript®inepidttheil RE Rramjliiticainn Stemtpaoddih eArdactimrdsosntngduiie sptimfiseetistemhat both
reactions occur without a change pf reagents, The r | Rkylm S & tgrmostable
DNA polyﬁﬂeﬁ%%a&tgtz 83N fﬁHE?%Jnﬁ)’as & r@@ersspep tfaﬂbé%gt&a%éﬂﬁzgggu%ggs @or al?%ﬁr%mer e?(tler’lsion
steps, regayglessiafdemplaieidBothgrasesses Idwrsbepadinegeisoatchangtigkroupde tie teksilad change
or add reagents; only the temperature profile is adjusted between the first cycle (RNA template) and
the rest of goa{'mplification cycles (DNA template). The RI Reaction can be performed, for example, in
a 200 reaction mix containing: 4 pl of 5x AMV-RT buffer, 2 pl of Oligo dT (100 pg/ml), 2p1 of 10 mM
ANTPS, InL{ofal RN ROND L oL AMMyRvBrsedifacURiRae itk e Lo hilgaterlue, Jhe
reaction may be, 1r example, performed By using the following conditions: The reaction is held at 70 C
for 15 mirhitésdizalllovolecume sechaas criplipeplidese aciteiceanitsanely sagaharsiesd ivids, C for 1
minute to denature the RNA- I the reaction temperature undergoes two cycles of
95C for 1’3%%”88%%%’&%5’ Caqg)%&%gégc%%ﬁgfﬁ%wed by 38 cycles of 90 C for 15 seconds and 60 C
for 20 seconds. Finally, the reaction temperature is held at 60 C for 4 minutes for the final extension

step, coolghig by GrAllde!d A NldeURARIE Al NIBBKBIARSNARI 1K Scaallied sample. Any

of the above mentioned Reaction conditions Ifferent PCRs may be scaled up accordina1 to the

needs of ixaparteutelsasey Ihalysest prdcihedelhlysatmeray hafnrpaigtat ArdcenalyasmirVirus

PCR Assqy EANSLn L ARHORSH SSRRIRES IAdRAK 5t BuABlank et at (2004); Lab Anim (NY) 33:26).



Another aspect of the invention is directed to a cage rack system for animals as described above and
alternatively and/or additionally comprising a sampling unit which is replaceably attachable at and/or
insertable into the conduit. This aspect is particularly aiming at a preferably modular possibility to
detect, analyse, evaluate, control and/or monitor the conditions of a certain cage or common group of
cages according to the needs which may be subjeat to change depending on the specific animals
contained in the cages at any given point in time. The conduit can comprise a flange and/or access for

the direct attachment of the sampling upjt. The sampling unit can be attachable at and/or jnto the
flange ant6r al¥&8s in%%"?@ht?ﬁarﬁigp%f@l\rarg@tgg}azysné it a £%up%}?g riW& %6(5:% Sdnet
coupling.ofBy=Rieeizatiaahiaganernaridiovycantdicatioe usetcThielogishlintate halveDr@dider which
is connected to the ﬂa?ﬁfeé' The connecm can qféealize%)b}/ a\r,%tg%a SLfgCﬁ? s.a E&er irr%g ection, an
integral c{i‘é‘é{p FaftCES _ @Bilﬁ%%“e;% ;ﬁiﬂél s! Q\%V'tkil d 5‘15@ f"? méﬁs : l()jf%zi %fb 0 (,)f‘corcel,O
positive, #iciionleonngcivnidicatian bé psttbgdrespatdiialsuiseid facitheequgiidescedisterafcan be
any material which is suitable, such as suitable plastics, ceramics and/qr metal. The cylipder
et i gl

preferabIQ%W%?T%SO&VQHBBQQR% nfE%¥Hls ‘e Slué)f\gﬁ d v aboentr?ar{%r'u 14N

es, a swirl
etc., can eneuntialy byuhemaci pieditidlhgicetds skeze miig apdotrcoradérobsssdhiethetiam

guidance system. A plunger.can be slidably arranged | inder in or vary the valume of the
cylinder. ?%18 %@ﬂ%@ﬁ'@f ?\'QSng@gl%?fﬁH SSH&Ee%r@é#&%ﬁg} Earlﬁ% esoc]i‘??ull\ﬁs)pé3‘1 gg@czgcﬁwnave an
absorberteghaiquasy subhrarimtuneawinieh Nosthitable tSbinithamd o takseythe phyticidsafiomerest.
The samplin face can be replacably attached to the plunger and,can be . .0f certain fibres,
paper etc?%ﬂ?%sagré%sfaﬂys/ R’r@wﬁ?n %ﬁgaalr?.r&?ﬁgesdar%liR&Og%ﬂaggt%%ﬁ?%el a@ggﬁ% ?o['ﬁwgoglunger
by any kripmitepositiyen fictitia e/ Qhetasttoigickiny aGbbFidtkadicro Giperatogaipny, TARNsuUres an
quick and-easy replacement of the sampling sur qQnce a U S li t replaced.
The sireacl) CLu A ABIIG Htacb i b cects e ALy T p b R hB s o
purposessainth may bezaieadnked smapedosodokaptetsaye (Finedlatéhestsordidinanalysisexdy known
evaluation device, A means forproviding turbule 0.increas ing effici rovided
upstreamp?ﬂ@%)r}ﬁrﬁ)cﬁ%?.'pll%"rl}s'oc%nl:p (5%1?/"&?2 c'#ﬁ %v%'r% ﬂ?&%&ﬁ%ﬁ%{%@ ’p%n%svegtt:&{l%éﬁm t%field of
aerodynamins b&hesedriduit e aletemiopyise dpdckettovieddelentagy otss spestrofoeihygiedeinsertion
of the sampling unit. In the unused situati 0, e li ' ; the
pocket olrp W‘?n%%év ﬁt\hghcgirlf[iélhm%rﬁgg?&ﬁ#eﬁcigvﬁ §ré Iiggggcrgt%é’ (%rﬁ?ﬁnrﬁgﬁ %(;ér%%: g%%@@)%zrso fit into
other pochstibodwinitiowpettifizity lewaad ¢heft thrg saiam onalfleecstlaniestial as the conduits. It may be
in-transparent, opaque or transparent. The sampling unit can be replaceably insertable into the pocket
in an air tight manner, preferably by a snap fit. Any other type of replacable connection known in the
art can alBorlecuserteThe shoseisgumay diaeasipieyend 1l cleteciedse apalegicaiereateéahner

cross-seaiaLah e 00MhaRr sietabl RO AihdBALe PSRRI HAE ANRA IPERARIRIEDY

40-60%. Even'in the case it doesn't fi e entire cross-section e conduit it may be sufficient to
cover onl{rpasdineeeof rectiemisaotkattsymbal oecairbbaieerititieshispmoatiertarialyars In this

oo MBS R IR DRI oS ) i oot o
response is then amplified and relayed to some annunciation device. In theory a
large number of these tiny biosensors would form an array capable of detecting any
one of the known viruses, bacteria or parasites and would provide rapid
identification as well as digital output to some controller or computer. Microbial
biosensors would be designed with analytes that have a specificity for
microbiological components such as surface components or specific metabolites.
The mechanisms by which the microbes are detected could include electrochemical
(amperometric, conductimetric or potentiometric) or electromagnetic (optical or

mass) means.

In a preferred embodiment, pathogens are identified via amplification of pathogen-

specific nucleic acid sequences. Methods of amplification of nucleic acid sequences



At least one flange, access, window and/or pocket is provided downstream of the air outlet of each
cage or each group of cages. As mentioned before, they can also be provided downstream of any
further cage or group of cages. This allows for a modular system allowing a suitable configuration for
any needs. The rack can have rails for the insertion of cages in columns and lines in a generally
known manner. The air guidance system can compgses at least a set of first conduits which are each
adapted to deliver and/or collect air jointly to and/or from a column or a line of cages and at least one

second conduit which is adapted.to deliver and/or collect air jointly to and/or from each of the set of
first condfﬂl‘g.“ﬁsﬁe gﬁrﬁﬁ%}a@hiéi)‘%é%b%’ﬁ&ﬁd@ﬂ"ﬂﬁ‘%%ﬂdd??ﬁjgwg LHUBRSTENGRER SISf the
second cmefmitésl)mté@mutpemmnmmFp(ﬁ:segw@kwﬁmrtorcmst&ﬂeaamwl m@@d th tof thet "
afore and/or pelow cage rack systems. E.g., a cage rack system _can have a cyclone and the insertable
sampling mﬁeﬁ"g&'ﬁ’%@&ﬁe}g rg%ﬁ?ﬁoﬁ%bﬁlmgg%%e%\éﬁ?cg 15155 PR AbARGIHG RRISHS for
simultaneoybyr eletistsestittebaariadyting dedsronoriisioging easdmiopxhaxsiraiimresgonse to
the sampling unjt. The sampling unit can com rise?filt r means, a sedimentation means, a gravity
means, ascyé%{ﬁi G& ﬁz‘gngdg%eﬁ@)ﬂﬁ? el MR %@iimeé{n@%‘?}“g%r ticCHRANYChifusion
means oramaisiEytif: &ssaydeeansing atypsontichatieitsheseoiFaederesenDiNvenitedsialsadlirected

hpd f lj nalysi d itori ith icl k system,
partcurary R Py 1 AT e e ) B o i AL e liatin

plurality chibagesyinthieidurathea itogenneslasieasfitayn&gorthe ohibéahgstsaridatdeagicomeni-inlet
cirouter B RoUp oI B S i o L A s The PR raL A ERe i p )0t e
air-outlet by an air guidance system.” The airborn [ d t | 99at least
one sampieginfutnitiiesarplidgdiby llas teayplatécstianwdaBetecaligcPOR aisbobecpeaftimiesdo cause
a separat}gp 8%%3 5 ﬁtr%céeg(gr%rlnré%%ﬁlérh mixture containing 5 pl of 10 x PCR buffer with 1.5
mM MgCI2, 200 uM of each deoxynucieoside triphosphate, 0.5 ul of each primer (10
uM), about 10 to 100ng of template DNA and 1 to 2.5 units of Taq Polymerase. The
primers for amplification may be labelled or be unlabelled. DNA amplification can be
performed, e.g., with a model 2400 thermal cycler (Applied Biosystems, Foster City,
CA): 2 min at 94°C, followed by 30 to 40 cycles consisting of annealing (e. g. 30 s at
50°C), extension (e. g. 1 min at 72°C, depending on the length of DNA template and
the enzyme used), denaturing (e. g. 10 s at 94°C) and a final annealing step at 55°C
for 1 min as well as a final extension step at 72°C for 5 min. Suitable polymerases
for use with a DNA template include, for example, E. coli DNA polymerase | or its
Klenow fragment, T4 DNA polymerase, Tth polymerase, Taq polymerase, a heat-
stable DNA polymerase isolated from Thermus aquaticus Vent, Amplitag, Pfu and
KOD, some of which may exhibit proof-reading function and/or different temperature
optima. However, the person skilled in the art knows how to optimize PCR
conditions for the amplification of specific nucleic acid molecules with primers of
different length and/or composition or to scale down or increase the volume of the
reaction mix. The “reverse transcriptase polymerase chain reaction” (RT-PCR) is
used when the nucleic acid to be ampilified consists of RNA, such as in cases where
RNA-viruses are to be detected. The term "reverse transcriptase" refers to an
enzyme that catalyzes the polymerization of deoxyribonucleoside triphosphates to
form primer extension products that are complementary to a ribonucleic acid
template.The enzyme initiates synthesis at the 3'-end of the primer and proceeds

toward the 5'-end of the template until synthesis terminates. Examples of suitable



Alternatively or additionally the sampling unit can be replaceably attached at or inserted into the
conduit. The present invention also embraces the use of a cage rack system and/or a method for
sampling airborne particles from a cage rack system according to any of the respective preceding and
below aspects and embodiments for detecting pathogens in the cages such as viruses, fungi, bacteria,
spores and/or parasites. 13 The present invention@an provide the advantage to provide a cage rack
system and a method for sampling airborne particles from a cage rack system, both of which being

The condiHEEATtb ZER S AV BB eI GrAHURGFoATI 6P PR G that no
unwanted¢epyrRKAiqRIDN Aodiipatintcobieeage endiobmstidakerdacscrbe pasanijnvsntion can
can even SElsTRATHEY GECRIRID 13 DA e A KB ASPor e GER S B0 Y SENGE SFF RSB Aration o
particles eavetisestrakedriptase aibifBclivanketadebyiterkinimitimapatepithiyprésenjamoenicon can
e R S bk g e Lo S e
in commahesiatizis tbedrsentracionftancetiain egvingnent cahlAe sivahuhtedaiiatsennasn amd
e A R e R R A e
preferrediemtmdicheffisiency. U.S. patent application Serial No. 07/746, 121, filed Aug. 15,

1991, describes a "homogeneous RT-PCR" in which the same primers and

polymerase suffice for both }the reverse ftranscription and the PCR ampilification

steps, and the reaction conditions are optimised so that both reactions occur without

a change of reagents. Thermus thermophilus DNA polymerase, a thermostable DNA

polymerase that can function as a reverse transcriptase, can be used for all primer

extension steps, regardless of template. Both processes can be done without having

to open the tube to change or add reagents; only the temperature profile is adjusted

between the first cycle (RNA template) and the rest of the amplification cycles (DNA

template). The RT Reaction can be performed, for example, in a 20ul reaction mix

containing: 4 ul of 5x AMV-RT buffer, 2 pl of Oligo dT (100 ug/ml), 2ul of 10 mM

dNTPs, 1ul total RNA, 10 Units of AMV reverse transcriptase, and H,O to 20yl final

volume. The reaction may be, for example, performed by using the following

conditions: The reaction is held at 70 C° for 15 minutes to allow for reverse

transcription. The reaction temperature is then raised to 95 C° for 1 minute to

denature the RNA-cDNA duplex. Next, the reaction temperature undergoes two

cycles of 95°C for 15 seconds and 60 C° for 20 seconds followed by 38 cycles of 90

Ce° for 15 seconds and 60 C° for 20 seconds. Finally, the reaction temperature is

held at 60 C° for 4 minutes for the final extension step, cooled to 15 C°, and held at

that temperature until further processing of the amplified sample. Any of the above

mentioned Reactibn conditions of different PCRs may be scaled up according to the

needs of the particular case.

In a most preferred embodiment, pathogens are detected using Virus PCR Assay
Panels, such as those described in Blank et al. (Blank et al. (2004); Lab Anim (NY)
33:26).



Fig. 1A-C a frontal, a lateral and a top view, respectively, onto a preferred embodiment of a cage rack
system according to the present invention; Fig. 2a flow chart exemplifying another preferred principle
arrangement of components in a cage rack system according to the present invention; Fig. 3a
preferred embodiment of a sampling unit in a cage rack system according to the present invention; Fig.
4a principle sketch of a preferred embodiment of d@yclone in a cage rack system according to the
present invention; Fig. 5a principle sketch of a further preferred embodiment of sampling unit in a cage

rack system according to the present invention;
Another aspect of the invention is directed to a cage rack system for animals as
described above and alternatively and/or additionally comprising a sampling unit
which is replaceably attachable at and/or insertable into the conduit. This aspect is
particularly aiming at a preferably modular possibility to detect, analyse, evaluate,
control and/or monitor the conditions of a certain cage or common group of cages
according to the needs which may be subject to change depending on the specific

animals contained in the cages at any given point in time.

The conduit can comprise a flange and/or access for the direct attachment of the
sampling unit. The sampling unit can be attachable at and/or into the flange and/or
access in an air tight manner, preferably by a snap fit, a coupling ring or a bayonet

coupling. Any other attaching means known can also be used.

The conduit can have a cylinder which is connected to the flange. The connection
can be realized by any type, such as a merging section, an integral or separate
connection of the components. Any kind of welding seam, brazing, glue, force,
positive, friction connection etc. can be used. The materials used for the air
guidance system can be any material which is suitable, such as suitable plastics,
ceramics and/or metal. The cylinder preferably comprises a variable volume. This
has the preferred advantage that turbulances, a swirl etc., can be controlled and or
adapted to the needs depending on the conditions within the air guidance system.

A plunger can be slidably arranged in the cylinder in order to vary the volume of the
cylinder. The plunger can have a sampling surface for collecting particles. This
surface can have an absorbent and/or any other structure which is suitable to bind
and/or collect the particles of interest. The sampling surface can be replacably
attached to the plunger and can be made of certain fibres, paper etc. which is
generally known in the art. The sampling surface may be attached to the plunger by
any known positive, friction and/or elastic locking and/or a Velcro type connection.
This ensures an quick and easy replacement of the sampling surface once a used
sampling surface has to be replaced. The already used sampling surface can then

be easily and quickly further handled for evaluation purposes and may be already



_14 Fig. 6a principle sketch of a further preferred embodiment of sampling unit with a monitoring means
In a cage rack system according to the present invention; Fig. 7a schematic view onto a preferred
embodiment of a cage rack system according to the present invention, particularly with different
sampling points for one or more sampling units; Fig. 8a photograph of a prototype of a preferred
embodiment of a sampling unit according to the present invention; Fig. 9a further photograph of the
prototype of the sampling unit according to

shaped or adapted to be immediately inserted into an already known evaluation

device.

A means for providing turbulence to increase sampling efficiency can be provided
upstream the cylinder. This can be any kind of known deflection shield, pins etc.

known in the field of aerodynamics.

The conduit can comprise a pocket, window or any other means for the direct
insertion of the sampling unit. In the unused situation a stopper, cover or lid can be
provided that closes the pocket or window in an air tight manner. The cover or lid
can be of standard format so as to also fit into other pockets or windows. It can be
made of the same or different material as the conduits. It may be in-transparent,
opaque or transparent. The sampling unit can be replaceably insertable into the
pocket in an air tight manner, preferably by a snap fit. Any other type of replacable

connection known in the art can also be used.

The sampling unit is dimensioned to fill out at least a part of the entire inner cross-
section of the conduit, preferably 20-100%, more preferably 30-70%, even more
preferably 40-60%. Even in the case it doesn't fill out the entire cross-section of the
conduit it may be sufficient to cover only part thereof in order to collect some of the
airborne particles to allow their analysis. In this case it also contributes to a turbulent
flow so that more particles will get in touch with another sampling unit located

downstream. Also losses in the conduits will be minimized.

At least one flange, access, window and/or pocket is provided downstream of the air
outlet of each cage or each group of cages. As mentioned before, they can also be
provided downstream of any further cage or group of cages. This allows for a

modular system allowing a suitable configuration for any needs.

The rack can have rails for the insertion of cages in columns and lines in a generally
known manner. The air guidance system can comprises at least a set of first
conduits which are each adapted to deliver and/or collect air jointly to and/or from a

column or a line of cages and at least one second conduit which is adapted to



Fig. 8; and Fig. 10A,B a schematic cross-section through a conduit with an access and with and
without a preferred embodiment of a sampling unit, respectively. DETAILLED DESCRIPTION OF THE
DRAWING Fig 1A shows a frontal view onto a cage rack system 1 according to the present invention.
Cages 4 can be positioned in the cage rack system 1 with an arrangement similar to a matrix. That is,
the cages 4 can be arranged in columns and linesiso that in an average cage rack system 1, a
relatively large number of cages 4 can be placed with a minimum loss of space and nevertheless

establishing a comfortabl space for \ertically prie d ral iz lly
oriented P4V EH IRNY UnoRHERH A HX ﬁa%ﬁfg) EHEOR or%a(fly oriented qEr]zfllljlsglﬂl %&engé 22&2 can be
lntroduceg,émﬂg@lgawm@sﬂ b@ncagepré\aampnts@eespe(:tthe dmge cailg igs Any/othier souacbﬂéhﬁeans for
positioning the ca es 4 he cage rack system 1 can also be used. The presence and the correct

position SPERNGS E' an be detected by respective mechanical, electric and/or electronic
indicators or swﬂches (not shown). In the back of the cage rack system 1 components, such as a first

set of conduits 4 can be ed to deliver and/or coll [ the
embodimErt h W omRGH P f rggtsp Bty (zgtrr]e'(pr}o%wdSe%FTT%rr¥e8a(%rr1;|1 % \E@r{ﬁo g%i?ﬂtd% the
embOlekﬂ’@t’ém\M)’b& iﬁ@w@ﬂag@wﬂu&)&’imd éEogxIJ@Ch&g&:MUﬁmamprambédef@ e¥eR®lumn of

cages 4. "’IH 8 %ﬁ%%% (%eg%oé 8pon gigfs lﬂ2H caaes(lgﬁ %Igﬁ%q%érﬂﬁgy @&Aend collecting the air to

and from e embo Iment shown |n Ig. 1A supplying conduit 21 is
arranged above the first set of each condwts 23, 24, and an exhaust conduit 22 is arranged below the

first set of each conduits 23, 24 in each ca F ent iha{p thi
embodlmtﬁ?tﬁé( gm/ecrﬂ?g %Sﬁdbﬁsezgq areﬁcgénr(gﬁégﬁgﬁe supp y?rll?ge éﬁ'gtﬁs@ I%%ﬁthe bOttOI}Y;l] enljs of

which arexalalyethgrbadiolientingaamgliite 2dr Fened) @losdibtss aidin iesiBemRsr toothensamdinderge with
or are co[}gﬁcted to the exhaust conduits 22.

The sampling unit can comprise a filter means, a sedimentation means, a gravity
means, a centrifugal means, a deflexion means, an inertia means, an electrostatic

means, a diffusion means or an analytic assay means or any combination thereof.

The present invention is also directed to a method for sampling, analysing, and/r
monitoring airborne particles from a cage rack system, particularly according to any
of the afore described kind. In a step the method comprises ventilating a plurality of
cages individually or in groups, at least the majority of the cages via at least one air-
inlet and at least one air-outlet. A further step is to deliver air to the air-inlet and/or
collecting air from the air-outlet by an air guidance system. The airborne particles
are then collected from the air by at least one sampling unit. The sampling unit has
a cyclonic flow path to collect the airborne particles to cause a separation of the

particles from the air.

Alternatively or additionally the sampling unit can be replaceably attached at or

inserted into the conduit.

The present invention also embraces the use of a cage rack system and/or a
method for sampling airborne particles from a cage rack system according to any of
the respective preceding and below aspects and embodiments for detecting

pathogens in the cages such as viruses, fungi, bacteria, spores and/or parasites.



An air guidance system 2 controls and may also monitor the supply and exhaust of air in a generally
known manner. At least one pump, ventilator, blower etc. (not shown) may provide positive pressure
and/or negative pressure in order to push and/or draw the air for the ventilation to and away from the
cages 4. Instead of the pump any other suitable means can be used for the purpose of ventilation,
such positive pressure tanks or already installed pgasitive pressure delivery pipes. The air guidance
system 2 can also comprise an electronic control unit with a display and any kind of inputting device,
such as a keyboard, to enable a user to manipulate and check the status of the air guidance system 2.
Software for providing already predetermined programs for running, controlling and/or monitoring the
air guidange pystesmt Ineantiorherbprprayeltt Fheantyeity @iosderddcagditeckdsystsaeand reduce
the risk of contaminating the air supplied to the cages. This can b ith N ' in.a
generallF KRG thdXn SRR A rr'?'?f&agﬁ fﬁé’%& & irclggr%irﬁ%ggi?s%ﬁlg&éog@eﬁp@g%é%hsuch as
biologicaheshgraissl tanstoduty sigaiddeatiens tedeesizE ctiveliticomfny amirsatsbparéatwarwith heat,
steam, bjologically and/or chemically active reagents and/qr radiation r [ ITlelcTy
contamiri8ht %%ﬁ%@%@{@ﬁfﬁuiﬁ o Hé‘r%?hgeaﬂega tﬁﬁs yé%%)f%ﬁé\ g%%qbglgginéélthougf@ﬁe
numbersrab 6ROEIAruy ¢liffemiskstisatly tiikencagewaokesystemexptiegie migstfigatian@hiBRimum
number of cages or with %a%a fraqtion thereof. The air guidance system 2 can be adapted to deliver
sufficientCaPFor HEXYRE lﬁet%é) gggé rack system 1 is fully occupied with cages 4 so that also in
cases with a reduced number of cages 4 sufficient air will be provided. The air guidance system 2 may
also deliver air upon having.determiped t f (YA ' stem. In
the latter Cas& ?ﬁ%@r'ﬁw"@a’ﬁ? Fn%?gh%%/n P{g%&%%%t%ﬂ%%gﬁg%ﬁﬁgﬁ dﬁgﬁﬁnldeg%%%rﬁ%@ r5 %f cages 4
in the sysiepaemddocaellyeintizia iafteotiagomeantier anguidanesasyhiensenaajednaseeidingdPealized

by any kg ot getectrs, el a2 sepparsPReraIRg il syiches-aarr dspbslecEedioimaton with

the numb&F: cages cou en be processed In a control device (not shown) in order to either
control otakghatectie air gffestiveeniEmaairiinitiierguppspasaduit 21 is then branched off into the
different delivering conduits 23 for each cage 4, a group of cages 4 or, as shown in Fig. 1A, each
column of cages 4. The air then enters each cage and the pressure may be reduced to a level
appropriaféapesemfananitdoraae haimaangethincagesdaiai man by genbalitingle 4a8¢sValve (not

shown in Fig. 1A).. This valve can g royj inyar Al thedshNerng senduihis fntphigach cage
4 orin ea%%&égaez)fdf THeatter %%sgs?t%ﬁ%ﬁ %%?u%!tgaﬁi\ﬁe'%%advantage that each cage 4 could determine
the air pressirpaaticotaingse ithedéedargnobeotenimmp BaYiBEREBRINALIANIFS PRRIREL R Bage 4.

Such valves if {he delvering cnduisAaer BAiAGRS 440Ul DevallANBadin aoifRigseaple manner.
After haviig passed the cages 4 in a generally known manner, the air is drawn or pushed into the
collectingsepatateBdoftheinthecsirionalg beintuhostechin BB EAMRERRIF each cage 4, a group of cages
4 or a column of cages 4, as shown in Fig. 1A. The air is then further collected in the exhaust conduit

22 and further conveyed or lead to the air guidance system 2.
BRIEF DESCRIPTION OF THE DRAWING

For a better understanding of the invention the following figures show or exemplify

preferred embodiments:

Fig. 1A-C a frontal, a lateral and a top view, respectively, onto a preferred
embodiment of a cage rack system according to the present invention;

Fig. 2 a flow chart exemplifying another preferred principle arrangement of
components in a cage rack system according to the present invention;

Fig. 3 a preferred embodiment of a sampling unit in a cage rack system
according to the present invention;

Fig. 4 a principle sketch of a preferred embodiment of a cyclone in a cage rack
system according to the present invention;

Fig. 5 a principle sketch of a further preferred embodiment of sampling unit in

a cage rack system according to the present invention;



17 One aspect of the present invention is already shown in Fig. 1A, namely that a sampling unit 3 is
provipled to collect airborne particles from the exhaust air. This sampling unit 3 can be placed in or at
j[he_ air guidance system 2, as shown in Fig. 1A, and alternatively or additionally downstream of each or
individually selected cages 4 or each group of cages 4, such as downstream of each or individually
select(_ed columns of cages 4. According to anothérdaspect of the invention, the sampling unit 3
;:r?mprlsles a; geasrt] one cyclone 30 and at least one collection vessel 35 being disposed downstream of
e cyclone 30. The cycIone@%h S allgea n specified abov 1 ribed also
bglow. A%Ebrging to ﬁié).rf['bg,' %%@tg a2 )é;%se ﬁtﬂ}e{) Ee@ﬁ r&%a%@?ﬁ%ﬁ%ﬁ?vﬁ# ror%ﬁﬁ%ﬁue‘?t?side in
Fig. 1A. It can be degingdaavethe megtica sardihericaptatak s dtamdaC2ord e teivbR PEasemibld the
cages 4. ltis particul,ar}lgl shown that the horizontal rails 12 engage a respective engaging device
attached or integrally't PR With each cage 4. Fig. 1B further shows the supply conduit 21 and the
exhaust Feduit 22 im csossraeticonieat thetdop prefehredattobodinisstiiglee casgpaatvetysdelivering

conduit 23 then branches ﬁé“tg(f%% ! elz)gE ?V%é}gHgti%% ea}ﬂ%gelé\ég{ﬁ:&féw %ﬂ}?,ﬁﬂ%énfa‘s%?ﬁ ﬁﬁ%%ea can

be attaghed to the d&REMN Ich engages a corresponding air-inlet 41 fixed to
respective cage 4. Apairestionedhalooveoeersalngtiog werdite; can be also provided which can be opened

and activated by the connection of the ¢ 4. Wi S hat 4is
insgrteq ﬁ%dg re_spe@tiéb %gg{%ébo?ﬁ]ae%ga%gt%gét@/egtégrﬁé%l%ﬁ%ﬁé@g gg‘cﬁféﬁ g??g E%é}gﬁj ehind the
delivering conduit 23uhiracscattiogtoihe thresetiesirgntionduit 24 for drawing or exiting the air from

the cages 4. The arrangement an i %]feﬁ SR iroutet 42
, providedﬁa’?t&in the ga%@jecra qg)g%ragac ar?])f g]'sg Eétpfs&(?ri beforg{.j‘é?lgﬁ]p¢I e AP
Fig. 8; and
Fig. 10A,B a schematic cross-section through a conduit with an access and with

and without a preferred embodiment of a sampling unit, respectively.

DETAILLED DESCRIPTION OF THE DRAWING

Fig 1A shows a frontal view onto a cage rack system 1 according to the present
invention. Cages 4 can be positioned in the cage rack system 1 with an
arrangement similar to a matrix. That is, the cages 4 can be arranged in columns
and lines so that in an average cage rack system 1, a relatively large number of
cages 4 can be placed with a minimum loss of space and nevertheless establishing

a comfortable space for the animals.

Vertically oriented rails 11 support horizontally oriented rails 12 in a known manner.
Into or onto the horizontally oriented rails 12 the cages 4 can be introduced like
drawers. The cages 4 comprise respective cage rails 43. Any other suitable means
for positioning the cages 4 in the cage rack system 1 can also be used. The
presence and the correct position of the drawers 4 can be detected by respective

mechanical, electric and/or electronic indicators or switches (not shown).

In the back of the cage rack system 1 components, such as a first set of conduits
23, 24 can be arranged to deliver and/or collect air to and from the cages 4. In the
embodiment shown, common first sets of conduit are provided for each column of
cages 4. In the embodiment shown a delivering conduit 23 and a collecting conduit

24 is provided for each column of cages 4.



Fig. 1C shows a top view onto one of the cages 4 placed into the cage rack system 1 with the
connections to the delivering conduit 23 and the collecting conduit 24 being attached to the air-inlet 41
and the air-outlet 42, respectively. Fig. 2 shows the arrangement of the components as described
before. In general, it shows an IVC cage rack system modified according to one aspect of the present
invention. The air guidance system 2 can be provit®d with a supply air unit drawing ambient room air
or air from the outer environment and comprising the elements described before, such as at least one
pre-filter, at least one ventilator and/or blower and/or at least one NEPA filter (NEPA = high efficiency
particle absorber). Downstream of the air guidance system a further sampling unit may be provided in
order to @BHEb A FONGHEdME INGoRiNG Airams bectrdviedd domiteieeringtiand aniesfied ibendiicages 4.
The already befgre mentigned sampling unit.3 is then, arrange BWﬁ £Rges of gach cage
4. Fig. 3 @(é’ﬁ\%ﬁﬁ%@aﬁi&? fr%r?&%?tsgg%ﬁqh" %/I%é ’:2;4&7‘1?)#}% %ﬁ%ﬁgﬁggﬁ [(}t e Iocationéé mentioned
before argfopigiryeoaduibehirdeemigeagetava gheursif satgefseachiiaoitieitsagdshotBHAM). At the
sampling point some qr all af the particles can be collecte ' .Uﬂéﬁ hegugh thesampling
unit or m&k ﬁjiecgﬁag'? H%@ﬁé&%%%i%e%’ﬁ’}’t gn(l‘f %esp%)gﬁﬁgggér%% conta?r’]eq therein onto or
into the seapplingaknis gstitarenvérotine Big.orl& pirishessreah Beediveribdsfrombpdiaiefbihm the
conduit 21-24 and, after somg.or essentially all of ' fallected, gan BsdsRddrek to the
conduit. ﬁﬁ@lﬂﬁﬁ%’%&%gﬁo 583 %?/%Poen%?ada ﬁtéegggﬁ)@fﬁﬁﬁ%r means, a sedimentation means, a
gravity meamsishcentritigad tebins, coliedlingonanduits, 2th haveiclasaddomandstiybilictieians, a
diffusion ns and/or an analyfic as, ' allstigRvessel 39 can be placed in
order to g??&ﬂh%ngasrt%%g?or urﬁe%%(égnﬁiﬁgﬁtég Egh% shows an embodiment of a cyclone having
a folded cyclonic path 31-33 consisting of a plurality (here three) sections 31-33. In the embodiment

shown these sections are located serial FeTeclo ShOURNHaERelY 19
serially i ﬁ'taﬁa'%%Paﬁ?eF%S%eanﬁ.ﬁncgﬁ%%gﬁyr%bo ﬁ%ﬁﬁﬁe{? sectioﬁés%?ﬁ?g] cyclonic path can be
folded coatreintrizafignérate &nbeaimennsiovh, legsipe i selarthyediteiaro Wﬁ"s@gﬁoﬁf‘@i-%

ey SRoRhf e i8Il BAAREade R ARtIGeRUgade BredstReiidocdantbibasko he
ana/or draw the air for the ventilation to and away from the cages 4. Instead of the
pump any other suitable means can be used for the purpose of ventilation, such

positive pressure tanks or already installed positive pressure delivery pipes.

The air guidance system 2 can also comprise an electronic control unit with a
display and any kind of inputting device, such as a keyboard, to enable a user to
manipulate and check the status of the air guidance system 2. Software for
providing already predetermined programs for running, controlling and/or monitoring

the air guidance system 2 can further be provided.

The incoming air should be filtered in order to reduce the risk of contaminating the
air supplied to the cages. This can be done with HEPA filters in a generally known
manner. Further means for sterilizing the incoming air can also be provided such as
biological, chemical and/or physical treatment devices. E.g. the incoming air can be
treated with heat, steam, biologically and/or chemically active reagents and/or
radiation reducing the number of contaminants being able to influence or harm the

health status of the animals.

Once the air has entered the air guidance system 2 it is delivered to the supplying

conduit 21 with a sufficient pressure in order to offer sufficient air for the cages 4



At the bottom of each section 31-33 a corresponding collection vessel 35-37, respectively, can be
place which collects the or at least some of the particles being separated by the respective section
31-33. According to Figs 5 and 6 a flange 25 is shown which branches off a conduit, here the
collecting conduit 22. A turbulence of the air flow within the flange 25 is further shown. The turbulence
is alone created by the additional volume radially lo6ated to the collecting conduit 22. The turbulence
can be controlled actively or passively by the volume of the flange. Any particles can be extracted by a

separator which can be a funnel-shaped device 27 as,shown. in Eig. 5. The payticles ¢ be
colIected%Vﬂ#@béE?e’l“é@%%@ﬂgs\ﬁﬁ. eRwlay, Vi?%g@ﬁ%ﬁg“%rg%%r%%?ﬁ/égrgég ggzﬁ%trep% ovided,
e.g. to anglysear menies hepmticlasueiiber corserdivelyitn sinlyltafrecticly.tAerestnfipke &rshown in
Fig. 6 where a monitoring means 38 is shown which can comprise an assay or IC wi rocessing
unit and SYUPNER YRS BiReF S} g&dﬁiﬂ%ﬁ%etgné%vﬁrfosr}‘r%}g?%arﬁ!%?qoég}éreat%ar.séligb}‘;f@%pIifies
locations 2,60k Q10 @ipéseh SRmplintythe airpydordtor cages sansplitigatiratsgnint shews )withga the air

can be sampled in the supply air conduit.21 upstream of the cages .4, in grder I F @)nitor the
quality of" ﬁ@ﬁ%mbﬁf‘gﬁ%egléﬁﬁ%f%wg) %&ﬁﬂ:i%%ﬂ?%% a%hﬁh%%rg{g?%%ggé&sﬁge air can
additionafyagr alteynativedy hsirsamptechdowgstietemauhtie: tagesutibarddr tabesesh pouayabout
any contamination or. pathogens in the entire e rack system 1. I o) 0 tgeam of the
upper mdafe %‘ﬁdfﬁgrqugnﬁ%ﬁkarﬂoim ﬁéecg%%{a Bﬁg\%é@ﬁ Pn%r@%%%%ﬁ%&z%“% rrrﬁorél(';%? the
conditionmtdhedartistder cagetmsitieethenayrbecnedd taigestbrin dhienaysiens puuifitordielvgice. Such
a sampling.point may be |ocated.behind each other 4 qr jus OURIheR Qfi{fdesired.
The cagetg WZ%TE%OP clgﬁ?a% ﬁn”égr%%&% %?&%r?t%”gmgv(fﬁqé%ﬁgﬁ%% o?suc sa?/mr')ling units
wherevergiesietectdngtharckanaglirg: psaTsiscaimatingt thitkenawitohsfsheditsclisicaiauitlhe before it
merges with the exhaust conduit 22. This.waould e t tor a cﬁgéé%%eﬁl4 & ol
specifical\QPﬁ{Qqﬁﬁf)@oWJ%n%? c!gjgnéée el;n%gccygsle r%)é%s;%)t@r%% 'P g%%?lrvgithout sayinag that also at the
end of thelethes cadiestiogcpindoitip Aofleitiyas@hitrmints eguete b 6irpyersiy anindows etc. can be
provided in order to be also able to analyze or monitor the remaining columns of cages 4. Instead of
the embodiment shown, the delivering and collecting conduits 23, 24 can also be oriented horizontally.
As is furtieredepidtechithiguppdy sumpdy dil ininifuie dvakcbepeifitdd theidetetorplb@ifibther
cage rack system, if desired (not shown). Fi a wan DR QkaisaEplinpuribgrranged
with a flar?ﬁ ?Q&%I%/ga%%lye rorr]n g (%Ié%ti%g&:%ﬁau%%% t%an ag;(%g arrangeld with or in any other
conduit ottieram glickegee4ystem. These figures show the flange 25 with a cylinder 50 attached to it
So as to branch off particles within the airflow from the conduit 22. The volume or extra space of the
cylinder 50 and the flange 25 can be controlled by a device, such as a plunger 51. The plunger can be
either moVée nairetiranaeiiess ceashrdggs asdo ineinTessurendreasdthderipdoloma aael
influence he t“rb‘gFe”%?u&r%&ﬁ%rﬁ%Hﬁtgzg‘?pk?\% OJrHPﬁaﬁ'éﬁ‘r%‘h?écﬁgé@em%ﬂ@ﬁpﬁe@%mQ?

arranged %%gf%oa% within the condul as already mentioned before. The plunger can have a
sampling satetiob X alctnist sholvolinly Bl dpe dTbis o ernpeithaeberar vidediiniarmb thean

e SR AL FIer Bl fPe S e ddeth dagel o TransRay plessinfly 1 oA

and B exemplify atross-section through the conduit 22 with a window or an access 26 provided in the

conduit 2vAddirhaxantpe advertagsttbahderchn pagRoftautd: SstfimibaldbaRifoMEstbifiuit as
described beforgnlh Fiohd W ARGk B FANC PR A AtHd Rasbasisllusgy asponding

to the shape o conduit 22. Attached to the lid 3a is a filter 3b for collecting the particles from the air
flowing thBueih viaévesriduine 2ativesisdrcpaduith@dier isnharcagesnd 6 bR ABAIAd Rer
cross-secp%) é)é ég@gorﬂgb%ég only or can also extend over the entire inner cross-section thereof. A
sealing (not'shown) can be attached to the lid 3a or the conduit 22 in order to seal the conduit 22 so
that no ambient air is drawn in or exhaust air can get out. The sampling unit 3 can be attached to the

conduit Z%A?t)ér having passed the cages 4 in a generally known manner, the air is drawn or
pushed into the collecting conduit 24. Again, a collecting conduit 24 can be provided
for each cage 4, a group of cages 4 or a column of cages 4, as shown in Fig. 1A.

The air is then further collected in the exhaust conduit 22 and further conveyed or

lead to the air guidance system 2.



21 any known means, such as a snap fit between the conduit 22 and the sampling unit 3, a positively
locking assembly, e.g. with a latch or a band around the conduit, a frictional or elastic locking
arrangement etc. In the embodiment shown a rim 3c is provided which can form the sealing and/or can
assist in the proper and definite attachment of the lid 3a to the conduit 22. In case no sampling unit 3 is
inserted a lid 3a without any further elements can be provided in order to close the conduit 22, see Fig.
10B. The invention also covers all further features shown in the figures individually although they may
not have been described in the afore descrigtion_. The pﬁr{%?]e t inventiog, coveA;s further embodiments

\7

with any CUMDRRRRI Of ERRUPSE SRS, BYRIERD iR rBebiidbdve. AR aNaiBRlaRguage
used in theypiewe) LaRPBCRLIpRJG deie tdeddifreembireendtparatiuas frshvidualbkpaweelbas This
combinations. The present inventic])nﬁal 0 covers the exact tgerms, features, values and ranges etc. in

case theSIPTBRIRD R Pea0 ARGeR /ARG Ah LIS A BIG 3N O YRGB PR sleh'ds about,
around, generahy, sidsiantiahy cesadaticiyaiy l6agirrigetira. ohlkadh3oshadivisoatyveekxasty 3 or

"essentially radial" shall aJso cover exactly radial). 22 Clajms 1.A cage rack system (1) for animals
comprisirf@%%sm%é%s%?g&r&‘d%‘gi(ﬁ@%eﬁlu%algﬁ @:?gégv(ﬁ}s\ﬁeerﬁﬁ@ﬁmsgidﬂam bzf'ﬁ%‘émﬂups, at
least the gangertied elbemeaasiscetjezomprising at least one air-inlet (41) and at least one air-outlet (42),

According to another aspect of the invention, the sampling unit 3 comprises at least
one cyclone 30 and at least one collection vessel 35 being disposed downstream of
the cyclone 30. The cyclone 30 has already been specified above and will be further

described also below.

According to Fig. 1B, the cage rack system 1 and the cages 4 are shown from the
left side in Fig. 1A. It can be derived how the vertical and horizontal rails 11 and 12,
respectively, can hold the cages 4. It is particularly shown that the horizontal rails 12
engage a respective engaging device attached or integrally formed with each cage
4,

Fig. 1B further shows the supply conduit 21 and the exhaust conduit 22 in cross
section, at the top and the bottom of this figure, respectively. A delivering conduit 23
then branches of the supply conduit 21 and delivers air to each cage 4. A socket
23a can be attached to the delivering conduit 23 which engages a corresponding
air-inlet 41 fixed to the respective cage 4. As mentioned above, a reduction valve
can be also provided which can be opened and activated by the connection of the
cage 4 with the socket 23a only. That is, when no cage 4 is inserted into a

respective location of the cage rack system 1, then the socket 23a is closed.

Behind the delivering conduit 23 there is also shown the collecting conduit 24 for
drawing or exiting the air from the cages 4. The arrangement and mechanism
between sockets and a corresponding air-outlet 42 provided at or in the cage 4 can

be the same as described before.



(b) an air guidance system (2) used for delivering air to the air-inlet (41) and/or collecting air from the
air-outlet (42), (c) at least one sampling unit (3) used for collecting airborne particles from the air,
wherein (d) the sampling unit (3) is adapted to collect the airborne particles by a cyclonic flow path to
cause a separation of the particles from the air. 2.A cage rack system (1) according to claim 2, wherein
the sampling unit (3) comprises at least one cyclone (30) and at least one collection vessel (35-39)
being disposed downstream of the cyclone (30). 3.A cage rack system (1) according to any of the

preceding claims, wherein the rack has rails (11,12) for the insertion of cages (4) in columns and/or
lines, the%dﬁ- gUiushewsrsiem (BWscHa nea thaiveoss Ao lasREIS ﬁ%%]ﬁ?g?r%ﬁ?%l‘c%‘ﬁmmor a line

of cages {4lvighdnahespiRdbifotroes (He Aiaiieas haalumB ehof aidessliadttinedadiaroup of

cages (4). respectively. 4. The cage rack system according to any of the preceding clai herei
ges ( )beingpattachgd to the air-inlet 41 %ngthe a?r—ou’ﬂgt 22, r%specﬁ\}oely. 'ng claims, wherein at

Fig. 2 shows the arrangement of the components as described before. In general, it
shows an IVC cage rack system modified according to one aspect of the present
invention. The air guidance system 2 can be provided with a supply air unit drawing
ambient room air or air from the outer environment and comprising the elements
described before, such as at least one pre-filter, at least one ventilator and/or blower
and/or at least one HEPA filter (HEPA = high efficiency particle absorber).
Downstream of the air guidance system a further sampling unit may be provided in
order to control or monitor the incoming air as well. The incoming air is then
conveyed to the cages 4. The already before mentioned sampling unit 3 is then

arranged downstream of the cages or each cage 4.

Fig. 3 exempilifies any of conduits 21-24 having a sampling point at any of the
locations mentioned before and/or above, e.g. behind each cage or a group of
cages or all of the cages (not shown). At the sampling point some or all of the
particles can be collected by either drawing air through the sampling unit or making
the air to touch the sampling unit 3 and depositing particles contained therein onto
or into the sampling unit 3. Moreover, the air or a part thereof can be diverted from
the air flow in the conduit 21-24 and, after some or essentially all of the particles are
collected, can be lead back to the conduit. The sampling unit can be a cyclone, a
filter and/or any filter means, a sedimentation means, a gravity means, a centrifugal
means, a deflexion means, an inertia means, an electrostatic means, a diffusion

means and/or an analytic assay means.

In Fig. 3 also a collection vessel 39 can be placed in order to collect the particles for

further examination.

Fig. 4 shows an embodiment of a cyclone having a folded cyclonic path 31-33
consisting of a plurality (here three) sections 31-33. In the embodiment shown these

sections are located serially. They may also be placed in parallel or both, namely



least one sampling-unit (3) comprises a means for applying positive and/or negative pressure
supporting the cyclonic flow path establishment. 5.The cage rack system according to any of any of
the preceding claims, wherein the sampling unit (3) comprises a folded cyclonic path (31-33). 6.The
cage rack system according to any of the preceding claims, wherein the sampling unit (3) comprises at
least an inner cyclonic path and an outer 23 cyclongc path, a sampling unit (3) being preferably
provided at the lower end of the inner cyclonic path. The cage rack system according to any of the
preceding claims, wherein at least ghe sam Iing-unit has a plurality of chIEction vessels ](3 -37),

I
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takes plaggeionic path can be folded concentrically. In the embodiment shown, a pipe close
to the bottom of each section 31-33 conveys the air and the remaining particles to

the next section 32, 33 or back to a conduit or to the atmosphere.

At the bottom of each section 31-33 a corresponding collection vessel 35-37,
respectively, can be place which collects the or at least some of the particles being

separated by the respective section 31-33.

According to Figs 5 and 6 a flange 25 is shown which branches off a conduit, here
the collecting conduit 22. A turbulence of the air flow within the flange 25 is further
shown. The turbulence is alone created by the additional volume radially located to
the collecting conduit 22. The turbulence can be controlled actively or passively by
the volume of the flange. Any particles can be extracted by a separator which can
be a funnel-shaped device 27 as shown in Fig. 5. The particles can then be
collected by the vessel 35 as shown. However, any additional or alternative means
can be provided, e.g. to analyse or monitor the particles either consecutively or
simultaneously. An example is shown in Fig. 6 where a monitoring means 38 is
shown which can comprise an assay or IC with a processing unit and a display or

any other or additional means to inform or warn an operator.

Fig. 7 exemplifies locations 26 for or points of sampling the air by one or more
sampling units (not shown). E.g., the air can be sampled in the supply air conduit 21
upstream of the cages 4 in order to analyze or monitor the quality of the incoming air
and to alternatively or additionally obtain a reference value. The air can additionally
or alternatively be sampled downstream of the cages 4 in order to have a picture
about any contamination or pathogens in the entire cage rack system 1. In the left
column downstream of the upper most cage another sampling point 26 can be
provided in order to analyze or monitor the conditions in the particular cage 4 as
there may be held laboratory animals of specific relevance. Such a sampling point
may be located behind each other cage 4 or just a selected group thereof, if desired.
The cage rack system 1 can have the modular structure to allow the insertion of

such sampling units wherever desired. Another sampling point is shown at the end



8.The cage rack system according to any of claims 2 to 7, wherein the collections vessels (35-37) are
microfuge tubes or conical tubes of e.g. 1.5 to 50 ml 9.A cage rack system for animals comprising: (a)
means (11,12) for accommodating a plurality of cages (4) ventilated individually or in groups, at least
the majority of the cages (4) comprising at least one air-inlet (41) and at least one air-outlet (42), (b) an
air guidance system (2) used for delivering air to tle@air-inlet (41) and/or collecting air from the
air-oultlet (42), the air guidance system comprising at least one conduit (21-24), (c) at least one
sampling unit (3) used for collecting airborne particles from the air, wherein (d) the sampling, ynit (3) is
replaceaﬁﬁltﬁﬁé@“%ﬁﬂqﬁt%{?{w&ﬂlii%%é??afﬁf@ i ageDNEDi{s183 ?.%FAOEQ&J; &k@gf\)@’%gt ) ©

accordingt251aif8 thaurereindhrpastditibesl£4hore specifically the left column of cages 4 in
the cage rack system 1. It goes without saying that also at the end of the other
collecting conduits 24 flanges 25, points of access 26, pockets, windows etc. can be
provided in order to be also able to analyze or monitor the remaining columns of
cages 4. Instead of the embodiment shown, the delivering and collecting conduits
23, 24 can also be oriented horizontally. As is further depicted in Fig. 7, a supply air
manifold could be provided in order to connect another cage rack system, if desired

(not shown).

Figs 8 and 9 show an example of a sampling unit arranged with a flange radially
away from a collecting conduit 22. It can also be arranged with or in any other
conduit of the air guidance system. These figures show the flange 25 with a cylinder
50 attached to it so as to branch off particles within the airflow from the conduit 22.
The volume or extra space of the cylinder 50 and the flange 25 can be controlled by
a device, such as a plunger 51. The plunger can be either moved more inwardly or
outwardly so as to minimize or increase the dead volume and to influence the
turbulence created in the region of the flange 25. Further deflectors could also be
arranged upstream within the conduit 22, as already mentioned before. The plunger
can have a sampling surface 52 which is particularly adapted to collect the particles
from the air. In Fig. 9 an example is shown how such sampling unit can be

integrated into the air guidance system.

Fig. 10A and B exemplify a cross-section through the conduit 22 with a window or
an access 26 provided in the conduit 22. As an example the exhaust conduit 22 is
shown but it could be also any other conduit as described before. In Fig. 10A the
sampling unit 3 can be provided with a lid 3a basically corresponding to the shape of
the conduit 22. Attached to the lid 3a is a filter 3b for collecting the particles from the
air flowing through the conduit 22 at least in part. The filter 3b can extend over a
portion of the inner cross-section of the conduit 22 only or can also extend over the
entire inner cross-section thereof. A sealing (not shown) can be attached to the lid
3a or the conduit 22 ih order to seal the conduit 22 so that no ambient air is drawn in

or exhaust air can get out. The sampling unit 3 can be attached to the conduit 22 by



comprises a flange (25) and/or access (26) for the direct attachment of the sampling unit (3) and the
sampling unit (3) is attachable at the flange (25) or access (26) in an air tight manner, preferably by a
snap fit, a coupling ring or a bayonet coupling. 24 11. A cage rack system (1) according to claim 9 or
10, wherein the conduit (21- 24) comprises a cylinder (50) which is connected to the flange (25), the
cylinder (50) preferably comprising a variable volupwe. 12. A cage rack system (1) according to claim
11, wherein a plunger (51) is slidably arranged in the cylinder (50) in order to vary the volume of the

cylinder (50), the plunger (51) preferably having a sampling surface (52) for collecting particles. 13. A
cage r&cﬁ%&éﬁéﬁ‘("ﬁﬁ%dﬁ‘r@c{'l)%Taﬂw?ﬁﬁpbf't%@?w&fém% ﬁ?é%’ét%% &%%.H?ﬁgsﬁ!ﬂ?l! %ﬂéﬁ‘?&
provided 3Ipstissmivas, QiR GHedbiy) eagevasksyatemdl asandliagimaniionsedaiqias 9 to
13, wherein the conduit (21-24) comprises a window or. pocket &%ﬁé for the direct inser_tioréof.the
samplingigiorg! plaelrstic RoisReuAl ?@P%W@BE@E%\HIE h&eh qﬁfbeﬂjfesb8¥‘@ta(ig?i @fvair tight
manner, pre{gaRRIYNIch sEap firdStfs Cagslirriamdriendd) aagetdingte anypasmecoidciaétisite to 14,
wherein the sampling unit (3) is dimensione%{t,oléigpﬁégrt at least a{ggr of the.igtire. inneé (gosl?-section
of the coRt@EPesl T SherdifhBR BB EONTHE SR 8035700 " B vore IPEfT ALty 90-60%.
16. A cagsyraaknhsystanyaeetiding éonamisotalaibes Srdvdetercordéleastiose fthage(h)itdiZess

and/or pocket F(26) IS Borovided downstream of the air-outlet (42) of each cage (4) or each group of
cages (4p€€ F19. 10B.

The invention also covers all further features shown in the figures individually
although they may not have been described in the afore description. The present
invention covers further embodiments with any combination of features from
different embodiments described above. Any and/or language used in the present

application is intended to embrace alternatives individually as well as combinations.

The present invention also covers the exact terms, features, values and ranges etc.
in case these terms, features, values and ranges etc. are used in conjunction with
terms such as about, around, generally, substantially, essentially, at least etc. (i.e.,
“about 3” shall also cover exactly 3 or “essentially radial” shall also cover exactly

radial).



17. A cage rack system (1) according to any of claims 10-16, wherein the flange (25), access and/or
pocket (26) is closed with a stopper, cover and/or lid in case no sampling unit (3) is provided. 18. A
cage rack system (1) according to any of the preceding claims, wherein the rack (1) has rails (11,12)
for the insertion of cages (4) in columns and lines, the air guidance system (2) comprises at least a set
of first conduits (23.24) 25 which are each adaptexpto deliver and/or collect air jointly to and/or from a
column or a line of cages (4) and at least one second conduit (21,22) which is adapted to deliver
and/or collect air jointly to and/or from each of the set of first conduits (23,24), the sampling unit(s) (3)
being provided in each of the first conduits (23,§A§‘HH§Ior in the second conduit (21,22). 19. A cage
rack system (1) according to at least two of any of the preceding claims. 20. A cage rack system (1)
a_ccordlng to any of the preceding claims, wherein the system comprises monitoring means (38) for
simultandously Adcegesealtivepfemdilyfag amitelsneoni@ikigdhe air and/or exhaust air in response to

the sampling Ug%f%?éaé%g%&%%&éﬁﬂb@ WGP FLapuo| e eresadiagriaimsamnerein the

sampling unit ( ) comprises a ilter means, a Sedimentation means, a gravity means, a centrifugal
means, a deflexion negainsgeeLp@rtd feeahihanmaissity Rhdbeneagrs g@ifﬂ%ﬂﬂ ighag Rt dpafhr an

analytic assay mea_n%n??zai'?‘—i JaSkaRe ALl sreriaatedry pf the preceding claims, further

comprising a plurality of cages (4).

b) “an air guidance system (2) used for delivering air to the air-inlet (41)
and/or collecting air from the air-outlet (42),

(c) at least one sampling unit (3) used for collecting airborne particles from
the air,

wherein

(d) the sampling unit (3) is adapted to collect the airborne particles by a

cyclonic flow path to cause a separation of the particles from the air.

2. A cage rack system (1) according to claim 2, wherein the sampling unit (3)
comprises at least one cyclone (30) and at least one collection vessel (35-39)

being disposed downstream of the cyclone (30).

3. A cage rack system (1) according to any of the preceding claims, wherein the
rack has rails (11,12) for the insertion of cages (4) in columns and/or lines,
the air guidance system (2) is adapted to deliver and/or collect air jointly from
a column or a line of cages (4), and wherein the cages (4) of at least one

column or of at least one line form a group of cages (4), respectively.

4. The cage rack system according to any of the preceding claims, wherein at
least one sampling-unit (3) comprises a means for applying positive and/or

negative pressure supporting the cyclonic flow path establishment.

5. The cage rack system according to any of any of the preceding claims,

wherein the sampling unit (3) comprises a folded cyclonic path (31-33).

6. The cage rack system according to any of the preceding claims, wherein the

sampling unit (3) comprises at least an inner cyclonic path and an outer



23. Method for sampling airborne particles from a cage rack system, particularly according to any of
the preceding claims, comprising the steps: (a) ventilating a plurality of cages individually or in groups,
ventilating at least the majority of the cages via at least one air-inlet and at least one air-outlet, (b)
delivering air to the air-inlet and/or collecting air from the air-outlet by an air guidance system, (c)
collecting airborne particles from the air by at leasp@ne sampling unit, and (d) providing the sampling
unit with a cyclonic flow path to collect the airborne particles to cause a separation of the particles from
the air. 26 24.Method for sampling airborne particles, from a cage rack s_ystgm{ ﬂqaét'ﬁcularly agcording

to any of the préYElRAIF atAs 2cEAMPENGGURE GlaReing preferably provided a oweren

of the inner cyclonic path.

7. The cage rack system according to any of the preceding claims, wherein at
least one sampling-unit has a plurality of collection vessels (35-37),
connected such that a size and/or weight dependent separation of the

collected airborne particles takes place.

8. The cage rack system according to any of claims 2 to 7, wherein the
collections vessels (35-37) are microfuge tubes or conical tubes of e.g. 1.5 to
50 ml

9. A cage rack system for animals comprising:

(a) means (11,12) for accommodating a plurality of cages (4) ventilated
individually or in groups, at least the majority of the cages (4)
comprising at least one air-inlet (41) and at least one air-outlet (42),

(b) an air guidance system (2) used for delivering air to the air-inlet (41)
and/or collecting air from the air-outlet (42), the air guidance system
comprising at least one conduit (21-24),

(c) at least one sampling unit (3) used for collecting airborne particles from
the air,

wherein

(d) the sampling unit (3) is replaceably attachable at and/or insertable into
the conduit (21-24).

10. A cage rack system (1) according to claim 9, wherein the conduit (21-24)
comprises a flange (25) and/or access (26) for the direct attachment of the
sampling unit (3) and the sampling unit (3) is attachable at the flange (25) or
access (26) in an air tight manner, preferably by a snap fit, a coupling ring or

a bayonet coupling.



(a) ventilating a plurality of cages individually or in groups, ventilating at least the majority of the cages
via at least one air-inlet and at least one air-outlet, (b) delivering air to the air-inlet and/or collecting air
from the air-outlet by an air guidance system, (c) providing at least one sampling unit for collecting
airborne particles from the air, and (d) attaching and or inserting the sampling unit replaceably at or
into the conduit. 25.Use of a cage rack system and/gr a method for sampling airborne particles from a
cage rack system according to any of the respective preceding claims for detecting pathogens in the

cages such as viruses, fungi, bacteria, spores and/or parasites.
11. A cage rack system (1) according to claim 9 or 10, wherein the conduit (21-

24) comprises a cylinder (50) which is connected to the flange (25), the

cylinder (50) preferably comprising a variable volume.

12. A cage rack system (1) according to claim 11, wherein a plunger (51) is
slidably arranged in the cylinder (50) in order to vary the volume of the
cylinder (50), the plunger (51) preferably having a sampling surface (52) for

collecting particles.

13. A cage rack system (1) according to claim 11 or 12, wherein a means for

providing turbulence is provided upstream the cylinder (50).

14, A cage rack system (1) according to any one of claims 9 to 13, wherein the
conduit (21-24) comprises a window or pocket (26) for the direct insertion of
the sampling unit (3) and the sampling unit (3) is replaceably insertable into

the pocket (26) in an air tight manner, preferably by a snap fit.

15. A cage rack system (1) according to any one of claims 9 to 14, wherein the
sampling unit (3) is dimensioned to fill out at least a part of the entire inner
cross-section of the conduit (21-24), preferably 20-100%, more preferably 30-
70%, even more preferably 40-60%.

16. A cage rack system according to any of claims 9-15, wherein at least one
flange (25), access and/or pocket (26) is provided downstream of the air-

outlet (42) of each cage (4) or each group of cages (4).

17. A cage rack system (1) according to any of claims 10-16, wherein the flange
(25), access and/or pocket (26) is closed with a stopper, cover and/or lid in

case no sampling unit (3) is provided.

18. A cage rack system (1) according to any of the preceding claims, wherein the
rack (1) has rails (11,12) for the insertion of cages (4) in columns and lines,

the air guidance system (2) comprises at least a set of first conduits (23,24)
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which are each adapted to deliver and/or collect air jointly to and/or from a
column or a line of cages (4) and at least one second conduit (21,22) which is
adapted to deliver and/or collect air jointly to and/or from each of the set of
first conduits (23,24), the sampling unit(s) (3) being provided in each of the
first conduits (23,24) and/or in the second conduit (21,22).

A cage rack system (1) according to at least two of any of the preceding

claims.

A cage rack system (1) according to any of the preceding claims, wherein the
system comprises monitoring means (38) for simultaneously or consecutively
analyzing and/or monitoring the air and/or exhaust air in response to the

sampling unit (3).

A cage rack system (1) according to any of the preceding claims, wherein the
sampling unit (3) comprises a filter means, a sedimentation means, a gravity
means, a centrifugal means, a deflexion means, an inertia means, an

electrostatic means, a diffusion means and/or an analytic assay means.

A cage rack system (1) according to any of the preceding claims, further

comprising a plurality of cages (4).

Method for sampling airborne particles from a cage rack system, particularly

according to any of the preceding claims, comprising the steps:

(a) ventilating a plurality of cages individually or in groups, ventilating at
least the majority of the cages via at least one air-inlet and at least one
air-outlet,

(b) delivering air to the air-inlet and/or collecting air from the air-outlet by an
air guidance system,

(c) collecting airborne particles from the air by at least one sampling unit,
and

(d) providing the sampling unit with a cyclonic flow path to collect the

airborne particles to cause a separation of the particles from the air.
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Method for sampling airborne particles from a cage rack system, particularly

according to any of the preceding claims, comprising the steps:

(a) ventilating a plurality of cages individually or in groups, ventilating at
least the majority of the cages via at least one air-inlet and at least one
air-outlet,

(b) delivering air to the air-inlet and/or collecting air from the air-outlet by an
air guidance system,

(c) providing at least one sampling unit for collecting airborne particles from
the air, and

(d) attaching and or inserting the sampling unit replaceably at or into the

conduit.

Use of a cage rack system and/or a method for sampling airborne particles
from a cage rack system according to any of the respective preceding claims
for detecting pathogens in the cages such as viruses, fungi, bacteria, spores

and/or parasites.



