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Abstrakt

V poslednich letech se v chovech laboratomich mysi zacinaji vice vyuzivat moderni
technologiec umoziujici monitorovani zvifat a jejich prostfedi v chovné nadob¢ bez
nutnosti manipulace se zvifaty nebo s vlastni chovnou nadobou. Monitoring prostiedi
umoziuje vyznamné individualné prodlouzit intervaly vymény podestylky, a proto
hypotézou této prace je, ze pii delSich intervalech nedochazi k naruseni welfare a
zvySeni stresu.

Ve studii byl vyuzit systtm DVC (digitaln¢ ventilovana chovna nadoba), ktery
v prvni ¢asti studie definoval vhodny termin vymén podestylky pro jednotlivé chovné
nadoby a ve druhé casti studie nepfetrzit¢ monitoroval aktivitu zvirat, stanovil
cirkadialni rytmus a detekoval jeho odchylky.

DVC definovana doba prestylani odpovida poctu zvifat v chovné nadobé, kde u 1
zvifete v chovné nadob¢ prodlouzila interval az na 29 dni, zatimco u 5 zvifat zkratila
na 10 dni oproti béZzn¢ pouzivanému 14dennim intervalu. Krivka cirkadialnich rytmu
se mezi chovnymi nadobami s riznym poctem zvifat mirné odliSovala, pfi¢emz vyssi
aktivitu vykazovaly nadoby s vy$§im poétem zvifat a nadoby se samci. Samice naopak
vykazuji vys§si aktivitu bezprostfedné po piestlani. Obé pohlavi pak méla vétsi tendenci
vytvaret toalety v pfedni ¢asti chovné nadoby.

Digitaln¢ fizena doba vymény chovné nadoby optimalizuje interval prestylani dle
aktualni situace prostfedi v chovné nadob¢ bez naruseni welfare a zvySovani stresu
zvifat a umozinuje detekovat odchylky v jejich denni aktivité. Prodlouzeni intervalu
vede 1 ke sniZeni aktivity zvifat a miméjS$im reakcim na ptestlani a tim 1 klidnéjSimu

ustanoveni nové hierarchie.

Klicova slova: interval prestylani, digitalizace, chovna nadoba, welfare



Abstract

In recent years, modern technologies have begun to be used more in laboratory mouse
facilities, allowing monitoring of animals and their environment in a cage without the
need to handle animals or the cage itself. Monitoring of the environment allows to
significantly extend the individual cage-change intervals, and therefore the hypothesis
of this work is that there is no disruption of welfare or increased stress at longer
intervals.

The study was focused on the DVC (digitally ventilated cage) system, which in
the first part of the study defined a suitable date for cage-change for individual cages,
and in the second part of the study continuously monitored the activity of animals,
determined the circadian rhythm and detected its deviations.

The DVC defined cage-change corresponds to the number of animals in the cage.
DVC extended the interval up to 29 days for 1 animal in the cage, while shortened to
10 days for 5 animals in the cage compared to the commonly used 14-day interval.
The curve of circadian rhythms differed slightly between cages with different numbers
of animals. Cages with a higher number of animals and cages with males were showing
higher activity. Females, on the other hand, showed higher activity immediately after
the cage-change. Both sexes then had a higher tendency to create toilets in the front
arca of the cage.

The digitally controlled cage-change optimizes the interval according to the
current situation of the environment in the cage without disturbing the welfare and
increasing the stress of the animals and it also allows to detect deviations in their daily
activity. The extension of the interval leads to less activity of animals and milder

reactions to cage-change and calmer establishment of a new hierarchy.

Keywords: cage-change interval, digitization, housing, welfare
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Uvod

Obrovsky rozvoj modermich technologii v poslednich letech pfinasi nové materialy,
pfistroje a produkty, které lze vyuZivat i v oblasti pokusnych zvirat. Nové technologie
se do chovil i experimentalni/laboratorni praxe promitaji zvySujici se preciznosti a
citlivosti pristroju, analytickych kitt, anebo vétsi ,,vytéznosti* ziskavanych informaci
a snizenym poctem pouzitych pokusnych zvifat. Jednim ztéchto novych hi-tech
pristroju jsou i takzvané Digitaln€ ventilované chovné nadoby pro mysi (zkratka DVC,
z anglického slova Digital Ventilated Cage).

Zdravi zvifat v chovném zafizeni je ovlivnéno fadou faktord, které¢ byly béhem
mnohaletych celosvétovych zkuSenosti minimalizovany a v celé fadé modernich
chovnych zafizenich nastaveny adekvatné pozadavkum védeckého pracovisté
v souladu s aktualnimi trendy v ochrané¢ pohody zvitat (tzv. animal welfare, dale
v textu jen welfare) a dodrzovani konceptu tfi ,,R* - tedy Replacement (nahrazeni),
Reduction (snizeni poctu) a Refinement (zjemnéni postupt). Kazda nova technologie,
jejiz plné vyuziti kompletné narusuje a méni zavedené a osvédéené pracovni postupy,
vytvafi vyznamny rizikovy faktor vochran€¢ zdravi zvifat a nasledné
reprodukovatelnosti vysledku védeckych pokust. Proto je tfeba k novym technologiim
pristupovat pozitivng, ale zaroven i s respektem, a pred jejich masivnim pouZzivanim
vyhodnotit v§echny predvidatelné dopady.

Tato prace ma za cil vyhodnotit potencialni zdravotni rizika, ktera DVC mohou
zvifatim pfinést, a zaroven vyhodnotit efektivitu vyuziti tohoto systému v bézném

chovu laboratornich mysi.




1 Literarni prehled

1.1. Laboratorni mys jako pokusné zviie

1.1.1 Charakteristika mysi

Mysi (Mus musculus) patti do fadu Rodentia, ¢eledi Muridae, rodu Mus. Mysi jsou
vyznamnymi a nejlépe biologicky a geneticky charakterizovanymi laboratornimi
zvifaty (Johns Hopkins University, 2022). Nejstarsi zaznamy o védeckém pouziti mysi
sahaji do roku 1664, kdy Robert Hooke sledoval vliv zvyseni tlaku vzduchu na jejich
biologii (Hedrich a Bullock, 2004). V 19. stoleti byly vyuzivany k Slechténi dle barvy
srsti a sledovani mendelistické dédicnosti (Johns Hopkins University, 2022, Tucker,
2007). V prab¢hu 20. stoleti pak doslo k vytvoreni inbrednich a outbrednich kment,
které v dalSich védeckych pracich vedly kvyznamnému rozvoji boje proti
onemocnénim, za které bylo udéleno nckolik Nobelovych cen, a to v oblasti
imunologie, genetiky a biologie (Hedrich a Bullock, 2004, Tucker, 2007). Mezi
nejvice pouzivané inbredni mysi kmeny patii C57B1/6, BALB/c, C3H, mezi outbredni
pak ICR (Lawson, 2010, Johnson, 2012).

Mysi maji charakteristickou stavbu t€la s riznobarevnou kratkou srsti a dlouhym
bezsrstym ocasem. Na hlavé jsou typické vztyéené a zakulacené usi, vystupujici oci a
zaSpicatély nos s hmatovymi chlupy. Kazda ze ¢tyt koncetin ma pét prstu, ale prvni
prst na hrudnich konéetinach je zakrsly. Typicky zubni vzorec obsahuje v hornim
1 dolnim zubnim oblouku 2 hypselodontni fezaky a 3 pary stolicek (Moore, 2000,
Treuting a Dintzis, 2012).

1.1.2 Mysi v experimentech

Mysi jsou, dle statistickych udaju Ministerstva zeméd€lstvi, po rybach druhym nejvice
vyuzivanym Zivoéisnym druhem ve védé v Ceské republice (MZe, 2022). Jejich velky
podil na védeckém vyzkumu je dan predev§im vysokou podobnosti s clovékem
v oblasti anatomie, fyziologie, ale hlavn¢ genetiky. V priiméru jsou proteiny kodujici
oblasti mysiho a lidského genomu identické z 85 %, n¢které (evoluéné konzervovangé)
geny jsou identické dokonce z 99 %. Diky tomu jsou vybornym zdrojem informaci pii
zjiStovani pri¢in ¢i léCeni nemoci Clovéka (Maxwell, 2016, YourGenome, 2022).
S genomem mys$i je mozné pomérné snadno manipulovat a navodit tak fenotyp

podobny lidskému onemocnéni (Lawson, 2010).
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Mysi jsou vyuzivané zejména i pro svou malou velikost, nizké néklady na chov a
brzkou pohlavni zralost (jiz 6 tydni od narozeni) spojenou s vysokou rozmnozovaci
schopnosti. Jejich vyhodou je také kratky Zivotni cyklus (maximalni doziti do 2 let

véku) umoziujici védcum senescencni studie (Lawson, 2010, YourGenome, 2022).

1.1.3 Rozdéleni mysi dle mikrobialni kolonizace

Laboratorni mysi lze dle rozsahu mikroorganismu, které je u zvifat potieba sledovat,
na gnotobioticka, specifickych patogent prosta (SPF) a konvenc¢ni (Carter, P. B. et al.,
2020).

Gnotobioticka zviiata

Za gnotobioticka zvifata se povazuji zvifata, ktera nesou znam¢ a definované
mikroorganismy (Basic a Bleich, 2019). BéZna gnotobioticka my$ neni kolonizovana
mikroorganismy nebo obsahuje presné definovanou bakterialni mikrofloru, kterou
byla cilen¢ osidlena peroralnim podanim. Podané bakteriec pomahaji preklenout
nckteré digestivni problémy doprovazejici chov axenickych zvifat. Gnotobioticka
zvirata se ziskavaji hysterektomii nebo embryotransferem, nasledné musi byt chovana
ve sterilnim prostredi, které je chrani pred nezadouci kontaminaci (Heine et al., 1998,
Hedrich a Bullock, 2004, Lawson, 2010). Gnotobioticka zvirata se v prub&hu let stala
dalezitym nastrojem ke studiu komplexnich mikrobiotickych interakei v organismu

(Basic a Bleich, 2019).

Axenicka zvirata

Axenicka (germ free) nebo také bezmikrobni zvifata jsou prosta vSech
detekovatelnych mikroorganismu. Jsou ziskavana cisafskym fezem v prisnych
aseptickych podminkach nebo novéji 1 embryotransferem. Aby nedoslo ke
kontaminaci mikroorganismy, musi byt zvifata chovana v prostoru zamezujicimu
pfimému kontaktu s vnéj$im prostfedim a zaroveni je nutné veskeré¢ materialy, které
maji pfijit se zviraty do pfimého kontaktu, sterilizovat. To plati i pro krmivo, vodu, ale
1 vzduch. Zvirata zistanou bezmikrobni pouze tak dlouho, jak dlouho se podafi je
udrzet ve sterilnim prostredi (Lawson, 2009, Lawson, 2010, Asmakh a Zadjali, 2015).
K zajisténi germ firee statusu je tfeba zvirata pravidelné¢ monitorovat na pripadnou
kontaminaci mikroby za pomoci vSech dostupnych mikrobiologickych a
diagnostickych technik (Nicklas et al., 2015). Absence mikroorganismii vede u mysi

k morfologickym zménam jejich organismu. Pro germ free zvirata je typické zvétSené
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slepé stfevo, celkova nizsi télesna hmotnost, méné vyvinuté tenké stfevo s pomale;jsi
peristaltikou a redukovanou obnovou epitelialnich bunék (Asmakh a Zadjali, 2015).
To je pricinou $patného vstiebavani a vyuZiti zivin, spojeného s Castymi zazivacimi
problémy (Lawson, 2009, Lawson, 2010). Proto je nezbytné obohacovat krmivo
vy$§imi davkami vitaminu B a K, kter¢ si tato zvifata nemohou pfirozené syntetizovat

pomoci stifevni mikroflory (Hedrich a Bullock, 2004, Asmakh a Zadjali, 2015).

Specifickych patogent prosta zvirata

Specifickych patogenti prosta neboli SPF zvirata je tfeba odlisit od gnotobiotickych
zvitat. Zatimco u gnotobiotickych zvirat jsou definovany mikroorganismy, které jsou
ve zvifeti pfitomny, u SPF zvirat je tomu naopak, zname pouze mikroorganismy, které
ve zvifeti nejsou pritomny. U SPF jedinct je ale vzdy nutné dodatecn€ upfesnit seznam
mikroorganismu, kterych jsou zvirata prosta (Hedrich a Bullock, 2004). Kromé
vyspecifikovaného seznamu mohou byt zvifata nositeli vSech ostatnich
nevyjmenovanych mikroorganismiu a maji komplexni a nedefinovany mikrobiom
(Lawson, 2010, Basic a Bleich, 2019). Seznam specifickych patogenu se mize lisit
mezi zafizenimi nebo dodavateli (Lawson, 2010). M¢l by vSak obsahovat hlavni
patogeny pro dany druh zvifat, zoondzy a mikroorganismy ovliviujici vysledky
pokusu.

SPF zvifata se drive ziskavala cisafskym fezem, dnes se nejcastéji pouziva
embryotransfer, coZ je pfenos embrya do délohy SPF matky. K zabranéni kontaminace
nezadoucimi mikroorganismy musi byt zvifata chovana v zafizeni s dostateCnym
systémem dekontaminace vstupnich materialti, vzduchu a personalu. Nejcastéji se
k této ochran¢ zvirat vyuzivaji bariérové chovy nebo izolatory, ale SPF zvirata lze, pii
spravném dodrzeni postupu, uspé$né chovat i vIVC systémech (individualné
ventilovanych klecich) a izolatorech mimo bariéry (Heine et al., 1998, Hedrich a

Bullock, 2004).

Konvenéni zvirata

Laboratorni zvifata nazyvana konvencni jsou zvifata, jejichz mikrobiologicky status
neni znam a nelze jejich mikrofloru specifikovat. Mohou byt také nositeli patogent.
V pripad¢é pouziti takového zvifete v experimentu muze byt jeho vysledek témito
patogeny ovlivnény, ackoliv jsou jinak zvifata klinicky zdrava (Heine et al., 1998,

Hedrich a Bullock, 2004). Tato zvifat jsou vétSinou chovana v zafizenich bez
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jednoznacné ochrany a omezeni kontaktu s mikroorganismy z prostfedi (Lawson,
2009), s minimalnim zabezpecenim pred kontaminaci infekénimi agens (Hedrich a
Bullock, 2004). Konvenéni zvifata jsou relativné levna na produkci a chov a ¢asto jsou
vyuzivana pii vyuce a experimentech, u nichz nehrozi, ze by vysledek pokusu byl
ovlivnén pfitomnymi mikroorganismy. Naopak nevhodna jsou pro pouZiti napftiklad

v imunologickych studiich (Lawson, 2009).

1.2. Chovné systémy a chovné technologie pro mysi

Uroveii ochrany zdravi laboratornich mysi vzdy zalezi na zvolené strategii a poticbach
dan¢ho védeckého pracovisté. Dle toho lze chov mysi rozdélit do tfi zakladnich
kategorii: otevfeny, bari¢rovy a izolatorovy (Jebavy et al., 2014). V ramci kazdé
kategorie pak lze pouzit rizné technologie pro chov mysi podle aktualnich potfeb

ochrany zvifat pfed kontaminaci nebo Sifenim pfipadnych infekci.
1.2.1 Chovné systémy

Otevrieny systém

Otevieny systém chovu laboratornich zvifat je vysoce rizikovy na mikrobialni
kontaminaci zvifat a vysledky védecké prace je pak tfeba kriticky zhodnotit (Heine et
al., 1998). Tento systém chovu nema zadna specialni opatfeni k odd¢leni Cisté a
Spinavé ¢asti. Ma minimalni poZadavky na procedury souvisejici se vstupem personalu
a zpravidla neni poZadovana ani predchozi dekontaminace materialu pred vstupem do
chovu. Nicmén¢ urcita mira ochrany, napt. zavedenim adekvatniho toku vzduchu,
respektive pretlaku, je vhodna alespori k minimalni ochrané prostfedi pred Sifenim
infek¢nich mikroorganismu, které se jinak v chovnych mistnostech a prilehlych
chodbach nutn€ misi s ¢istym materialem. Ze stejného duvodu by mél personal nosit
obleceni uréené pouze pro prostory chovu véetné rukavic a rousky. Krmeni a voda
maji byt pro zvifata mikrobiologicky nezavadné, ne v§ak nutné sterilni. TotéZ plati pro
chovné vybaveni, které¢ je tfeba pravidelné Cistit a dezinfikovat, ale neni nutné ho

sterilizovat (Lawson, 2009, Hau a Schapiro, 2011).

Bariérovy systém
Bariérové systémy chovu zvitat jsou vzdy rozdéleny na tzv. Cistou a Spinavou ¢ast,

které od sebe vzajemné oddéluje bariéra. Bariéra je tvofena souborem stavebné-




konstruk¢niho a technologického vybaveni, ochrannych prostfedki a pracovnich
postupti, jejichz spolecnym znakem je snizovani rizika kontaminace lidi, zvifat,
materialt a prostfedi v bariérovych chovech (Lawson, 2009, Jebavy et al., 2014).
Schéma bariérového systému je vyobrazeno v Obr. 1.1.

Podstatou bariérového systému chovu zvifat je snaha v maximalni mozné mire
dekontaminovat veskeré materialy, krmivo, vodu, vzduch a osoby pred vstupem do
Cisté casti. Termostabilni materidly se dekontaminuji v prokladacich autoklavech pfi
vysokych teplotach (121°C - 134°C) a vysokém tlaku po dobu 7 nebo 20 minut
v zavislosti na zvolené dekontaminaéni teploté. Autoklavy se nejvice vyuzivaji
k dekontaminaci chovnych nadob, krmeni, podestylky nebo vody pro napajeni zvitat
(Heine et al., 1998, Lawson, 2009, Jebavy et al., 2014, Barnett, 2017). Termolabilni
materialy lze pfi nizSich teplotach dekontaminovat chemicky, a to parami vybranych
dezinfekénich pfipravki, zejména peroxidem vodiku nebo parami chlordioxidu.

Personal vstupujici do Cistého prostoru musi projit hygienickou smyckou. To je
v idealnim pfipad¢ systém tfi vzajemné oddélenych prostor: Spinavé Satny, kde dojde
k ¢astecnému nebo uplnému odloZeni svrski, mokré ¢i vzduchoveé sprchy a isté Satny,
kde se personal oblece do vysterilizovaného obleceni a obuvi ur¢en¢ho pouze pro
pohyb v Cistych prostorech. Specifické obleceni se dopliiuje o rousku, pokryvku hlavy,
pripadné¢ vousu, a rukavice (Heine et al., 1998, Lawson, 2009, Hau a Schapiro, 2011,
Jebavy et al., 2014).

Vzduch nasavany z vnéjsiho prostredi je pred vstupem do bariérového systému
vzdy upravovan ve vzduchotechnické jednotce. Nejprve je filtrovan od hrubych
necistot a nasledné odvlhéovan ¢i zvlhéovan, chlazen nebo dohfivan v zavislosti na
venkovnich klimatickych podminkach a dle pozadavki dané¢ho druhu zvifat na teplotu
okolniho prostfedi. Pied vlastnim vstupem do Cistého prostoru je vzduch docistén pres
HEPA filtry, zachycujici castice od velikosti 300 nm. Regulaci vymén vzduchu
v chovnych mistnostech a v celém cistém prostoru lze dosahnout pozadovaného
kaskadovitého pretlaku a toku vzduchu smérem od nejéist§ich casti bariérového chovu
ke Spinavym (Heine et al., 1998, Jebavy et al., 2014).

Vodu urCenou pro piti zvifat j¢ mozné¢ dekontaminovat ncékolika zpusoby
v zavislosti na pouzité technologii napajeni. Voda se vzdy musi nejdiive zbavit
mechanickych necistot pomoci hrubych filtrii, idealné nasledné zmekéit soli. Takto
upravenou vodu lze dodistit jemnymi filtry o velikosti 0,2 mikronu nebo pomoci

reverzni osmozy (Heine et al., 1998). Cista voda se nasledné sterilizuje v autoklavu,
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UV svétlem, anebo se okyseluje na pH 2,5 — 3,0, pfipadné chloruje na hodnoty 6 - 8
ppm volného chloru pii pH 5 (Hedrich a Bullock, 2004).

Vstup zvifat do bariéry je podminén jejich zdravotnim statusem, jejich pfipadnou
pfedchozi izolaci a vzdy nastava az po kontrole zdravotniho stavu. V zavislosti na
vybavenosti bariéry a servisu na pracovisti lze vyuzit k pfenosu zvifat za bariéru
metody embryotransferu nebo Zivych zvifat. Presun Zivych zvifat prochazi pfes
komory nebo prokladaci boxy s laminarnim proudénim vzduchu a vzdy je doprovazen
souborem dezinfekénich a operacnich procedur k zajisténi minimalizace pfenosu
kontaminace do Cisté ¢asti chovu. Po kazdém presunu zvifat je nutné komoru, resp.
laminarni box dekontaminovat dezinfekci nebo UV svétlem (Heine et al., 1998,
Lawson, 2009). Barié¢rové chovné systémy jsou nejvice vyuzivany k chovu zvifat, u
kterych je nezbytné vylouéit kontaminaci specifickymi mikroorganismy. V tomto
systému lze zvirata chovat jak v otevienych chovnych nadobach, tak v individualné
ventilovanych chovnych nadobach (IVC, z anglického individually ventilated cages)
(Hedrich a Bullock, 2004, Barnett, 2017), které ochranu zvirat a prostredi jesté zvySuji.

Vzduch
(vystup) Vzduch
(vstup)
Sterilizace/ Filter HEPA Filter
Uprava
Voda "
Pty
g Para
&
Vstup
=
Vetun personal
SPF
zvirat

= »

Preprava
zvifat

Obrazek 1.1: Schéma bariérového systému zjednodusSené popisuje prostorovou organizaci chovu,
se schematicky zniazornénymi vstupy a vystupy pro personal, chovana zvirata, vodu, vzduch,
krmeni a stelivo (pievzato a upraveno z Charles River Laboratories Inc.).
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Izolatorovy systém

Izolatorové systémy, jak uz nazev napovida, vyuzivaji principu fungovani izolatoru
k izolaci zvirat v pfistrojem daném prostoru, at’ uz za ucelem ochrany prostredi pred
potencialni mikrobialni kontaminaci od jinych zvifat, nebo nejcastéji k ochrané zvirat
pred kontaminaci z prostredi. Izolatory podobné jako bariérové chovy maji filtrovany
vzduch pres HEPA filtry jak na vstupu do izolatoru, tak na vystupu z néj. Veskery
material vkladany do izolatoru musi byt pfedem vysterilizovany a bezprostiedné pred
vlozenim do izolatoru chemicky povrchové dekontaminovany, a to postfikem
vybranymi dezinfekénimi pfipravky nebo napiiklad parami peroxidu vodiku. Prace
v izolatoru probiha pres prihlednou sténu vybavenou integrovanymi rukavy, takze
personal nepfijde do pfimého kontaktu se zvifaty. Izolatory jsou Casto vybaveny
otevienymi chovnymi nadobami a pfedstavuji tak jednu mikrobiologickou jednotku.
Izolatorovy systém je pro své dobré vlastnosti v ochrané zdravi zvirat hojn€ vyuzivan
pro chov SPF, SOPF nebo gnotobiotickych a axenickych zvirat (Heine et al., 1998,
Hedrich a Bullock, 2004, Carter, P. B. et al., 2020).

1.2.2 Aktualné pouzivané technologie pro chov mys§i

Vsechny technologie pro chov zvifat musi spliiovat minimalni pozadavky na fyzické
a behavioralni potfeby dan¢ho druhu. Mit dostatek prostoru pro enrichment, socialni
aktivity nebo soukromi, aby mohla mocit, defekovat, porodit a vychovat mladata.
Musi mit také dostateCny pristup k vodé a krmeni, ale také dostatek svétla,
regulovanou teplotu a vlhkost (Bamett, 2017). Vlastni rozmér technologii a chovnych
nadob je pak dan velikosti zvifete a je upravovan legislativou v poméru hmotnosti
zvifete vuci obyvané plose (Lawson, 2010, Vyhlaska 419/2012). Specificky vybér
technologic je zavisly na ucelu pouziti — zejména zda jde o kratkodobé nebo
dlouhodobé¢ umisténi zvifat, individualni nebo skupinové, resp. sbér klinickych nebo

metabolickych dat (Lawson, 2009).

Otevi‘ené klece

Oteviené nebo také konvenéni chovné nadoby se skladaji z pevné spodni ¢asti, ktera
je prekryta nerezovou mfizkou branici Uniku zvifat. Mrizka zaroven slouzi jako
zasobnik na krmivo, drzak na napajecku a umoziuje vizualni kontrolu zvirat (Obr 1.2)
(Lawson, 2010). Oteviené klece se vyrabi z riznych materialii. Mohou byt kovové, ale

vétSina je vyrobena zplasti sriznou turovni transparence a odolnosti vuci
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mechanickému a chemickému opotiebeni pii myti a dekontaminaci. Tento typ kleci se
nejvice pouziva v provozech s otevienym systémem chovu, kde je pak snazsi
monitorovat zdravotni stav zvirat, ale 1ze je vyuzit i v izolatorech (Heine et al., 1998,

Lawson, 2009, Lawson, 2010, Barnett, 2017).

Obrazek 1.2: Oteviena chovna nidoba (zdroj: Tecniplast S.p.A).

Statické mikroizolatory

Statické mikroizolatory jsou oteviené klece s plastovym krytem piekryvajicim celou
chovnou nadobu véetné¢ nerezové mrizky, krmiva a vody (Obr. 1.3). Viko obsahuje
filtr, ktery umoziuje pasivni vyménu vzduchu v chovné nadobé a udrzuje prach a
vétSinu mikroorganismu mimo chovnou nadobu (Hedrich a Bullock, 2004, Lawson,
2010, Hau a Schapiro, 2011). Diky viku je tak snizena prasnost v chovné mistnosti
veetné rozSifovani mikroorganismi a alergent, ale také dochazi ke zvySeni
koncentrace ¢pavku, oxidu uhli¢it¢ho a vlhkosti na urovni zvirat, coz miize vést ke

zdravotnim rizikim (Hedrich a Bullock, 2004, Hau a Schapiro, 2011).
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Obrazek 1.3: Staticky mikroizolator (zdroj: Tecniplast S.p.A).

Izolatory

Izolator je pln€ uzaviena a té¢sna chovna technologie, ve které se se zviraty manipuluje
pouze pres integrované rukavice (Obr. 1.4). Aktivni vyména vzduchu probiha pres
ventilaéni jednotku a vzduch je Cistén pres HEPA filtry na vstupu do izolatoru, a také
na odvodu vzduchu zizolatoru zpét do chovné mistnosti. Pro vstup predem
vysterilizovanych a hermeticky uzavienych materialti je izolator vybaven propusti,
kde je povrch materialu jest¢ dekontaminovan chemicky (Hedrich a Bullock, 2004,
Hau a Schapiro, 2011, Basic a Bleich, 2019). Izolatory maji diky svému uzavienému
prostredi Siroké moznosti vyuziti at’ uz pro chov gnotobiotickych nebo SPF zvifat,
respektive pii nastaveni izolatoru do rezimu podtlaku, tak také pro chov infekénich a

zdravotné rizikovych zvirat (Hedrich a Bullock, 2004, Hau a Schapiro, 2011).
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Obrazek 1.4: Izolitor (zdroj: Class Biologically Clean Ltd).

Individualné ventilované chovné nadoby (IVC)
Individualn¢ ventilované chovné nadoby (individually ventilated cages, dale jen IVC)
jsou uzaviené nadoby vsazené do stojanu s filtrovanym a regulovanym pfivodem a
odtahem vzduchu, které diky zvysené vyméné¢ vzduchu uvniti chovné nadoby rychleji
vysousi podestylku a snizuji tak hladinu ¢pavku, a tim mohou celkové zkratit interval
vymény chovnych nadob (Hedrich a Bullock, 2004, Barnett, 2017).

Kazda chovna nadoba ma plastovou transparentni spodni ¢ast, nerezovou mtizku
s krmitkem a transparentni plastové viko, které uzavira chovnou nadobu (Obr. 1.5).
Cirkulace vzduchu v chovné nadob¢ je zajisténa privodem vzduchu v Grovni zvirat,
anecbo kombinaci pfivodu a odtahu vzduchu integrovanymi do vika nadoby. Vlastni
viko nadoby ma u nové¢jsich typt jiz integrovany mikrobiologicky filtr umoziiujici

lepsi vyménu vzduchu a ochranu zvirat v pfipad¢ vypadku proudu a nucené ventilace.
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Vlastni chovna nadoba je vsazena do IVC stojanu, skrze ktery je napojena na ventilacni
jednotku. Nejcastéji je ventilacni jednotka uvnitf mistnosti a zasobuje az ¢tyii IVC
stojany vzduchem nasavanym z mistnosti, pro¢is§ténym pies HEPA filtry. Vzduch,
ktery je odsavany z chovné nadoby, opét prochazi filtraci pres HEPA filtry a nasledné
je vypoustén bud’ do prostoru chovné mistnosti, nebo je napojen na odtahové potrubi
vzduchotechnické jednotky (Hedrich a Bullock, 2004). IVC chovné nadoby véetné
IVC stojani je mozné sterilizovat autoklavovanim, IVC jednotky pak Ize
dekontaminovat napriklad pomoci par peroxidu vodiku.

Diky svym vlastnostem a schopnosti chranit mikroprostfedi na tirovni chovné
nadoby se IVC systémy pouzivaji v chovnych a experimentalnich prostorech, kde je
tfeba podpofit ochranu zvitat pred vnéjsi kontaminaci. K tomu napomaha moznost
nastaveni pozitivniho tlaku (tzn. pfetlaku) uvnitt chovné nadoby. Chovné nadoby
s nastavenym negativnim tlakem (tzn. podtlakem) jsou naopak vyuzivany k ochrané
prostiedi pfed kontaminaci mikroorganismy od chovanych zvifat a pouzivaji se
nejcastéji v karanténnich chovech a izolacich zvifat, nebo pfi praci s infekénimi
materialy.

Nedilnou a neméné dulezitou soucasti chovu experimentalnich mysi vIVC
systému a udrzeni ochrany pred vnéjsi kontaminaci je také proces vymény chovnych
nadob. Nezbytnou soucasti IVC systému je proto tzv. prestylaci laminarni box. Tento
box vytvari pracovni plochu chranénou laminamim proudénim vzduchu ocisténého
pres HEPA filtr. Po otevieni vika IVC chovné nadoby v kombinaci se spravnym
pracovnim postupem a vhodnou dezinfekei zajistuje kontinualni ochranu zvifat, resp.
okoli (Hedrich a Bullock, 2004). Dle Hedrich a Nicklas (2012) je problémem tohoto
systtmu monitoring zdravotniho stavu chovanych zvifat. Zvirata lze testovat
individualng, avSak potencialni velké mnozstvi testovanych zvifat je neekonomické.

Proto se provadi predevsim nepfimé testovani, prostfednictvim sentineli.
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Obrazek 1.5: Individualné ventilovana chovna nadoba typ GM500 (zdroj: Tecniplast S.p.A).

Digitalné ventilovana klec (DVC)

Digitalni ventilované chovné nadoby (digitally ventilated cage, dale jen DVC)
predstavuji novou technologii navazujici na IVC chovné nadoby typu GMS500,
Tecniplast (Obr. 1.5). Ackoliv nazev evokuje digitalizaci chovné nadoby, jedna se
primarné o digitalizaci IVC stojanu a prostoru kolem chovné nadoby (Obr. 1.6), tak
aby mohlo byt kontinualn¢ monitorovano prostiedi chovné nadoby bez potieby
vngjsiho zasahu. V DVC stojanech je pod kazdou chovnou nadobou umisténa tzv.
DVC monitorovaci deska (DVC board). Tato deska je vybavena 12 elektrodami
zalitymi do pryskyfice. Kazda z elektrod vytvari mimé elektromagnetické pole, které
m¢éii kapacitni odpor vSech materiala, vcetné zvirat vloZenych nad povrch desky, to
znamena na dno chovné nadoby, a to s frekvenci Ctyfikrat za sekundu (Goltstein et al.,
2018, Pemnold et al., 2019, Recordati et al., 2019). Diky tomu dochazi ke
kontinualnimu automatickému méreni nejen aktivity zvirat uvnitf chovné nadoby, ale
také zmén ve vlhkosti podestylky (Pernold et al., 2019).

Kromé DVC desky je chovna nadoba monitorovana z vice pozic, a to diky dalsim
senzorim. V listach po obou stranach chovné nadoby jsou umistény infracervené
detektory naurovni umisténi lahve a hladiny vody vlahvi, uréené k detekci
pfitomnosti lahve a jejiho naplnéni. Dalsi senzory jsou umistény v zadni ¢asti chovné

nadoby na urovni krmitka a jsou uréené k detekci pritomnosti krmiva. Posledni senzor
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je nad vikem chovné nadoby a detekuje pfitomnost konkrétni chovné nadoby
v konkrétni pozici stojanu. Diky tomuto senzoru lze chovnou nadobu identifikovat,
zjistit ¢i pfifadit vSechny potfebné udaje o kleci a zvifatech v ni umisténych. Tyto
udaje se pak sbiraji a automaticky analyzuji v programu dodavanému vyrobcem.

Pies dodavany software systém DVC komunikuje s uzivatelem, automaticky
poskytuje alarmova hlaseni ze senzort, napriklad o chybéjici 1ahvi, nizké hladin€ pitné
vody v lahvi nebo nedostateéném mnozstvi krmeni. DVC systém, podle informaci
z DVC desky anastaveni systému uzivatelem, denn¢ identifikuje chovné nadoby, které
je nutné prestlat z davodu zvysSené vlhkosti podestylky. Také informuje oSetfovatele o
nezvyklé aktivit¢ zvifat, ¢imz upozoriiuje na pfipadné zranéni, uhyn nebo onemocnéni
zvirete (Tecniplast, 2010). Monitoring v§ech téchto parametru je dulezity pro rychlost

reakce oSetfovatelll na pfipadny diskomfort zvifat a tim 1 pro jejich celkovy welfare.

Obrazek 1.6: Pozice pro chovnou nadobu v DVC stojanu s deskou na monitoring aktivity zvirat
a vlhkosti podestylky a postrannimi elektrodami (zdroj Tecniplast S.p.A).

1.3. Hygiena chovu a faktory ovliviiujici zdravi mysi

Zdravotni rizika jsou vzdy ovlivnéna metodikou chovu zvifat, zplisobem ochrany
prostfedi, typem ustajeni a frekvenci prestylani chovnych nadob. DVC jsou ve své
podstaté technologickou nadstavbou dnes jiz bézn€ pouzivanych IVC kleci. S novou
technologii dochazi ke zméné pracovnich navyki a vzniku novych neprozkoumanych

vlivi na zdravi zvirat, kdy jakékoliv naruseni standardniho prostfedi se mize projevit
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zvySenym zachytem nezadoucich mikroorganismu ve zviratech, zvySenym vyskytem
klinickych nebo histopatologickych pfiznakii onemocnéni, naruSenim welfare,
zvySenym stresem, snizenou porodnosti nebo také snizenym poctem narozenych a
odchovanych mlad’at (Heine et al., 1998, Heffner a Heffner, 2007, Castelhano-Carlos
a Baumans, 2009, Lawson, 2010, National Research Council, 2011, Turner, 2020).

1.3.1 Vyiiva a napajeni

Kvalita krmiva

Zakladnim predpokladem zachovani zdravi zvifat je pouziti krmiva pfed datem
expirace. Krmivo musi byt skladovano daleko od tepelnych zdroju, pripadné dle
sloZeni krmiva i v chladicich boxech. Pfed vlastnim zkrmenim je také nutna kontrola
baleni na pfitomnost kondenzované vody (Fridland, 2008). V soucasnych chovech
pokusnych zvifat se pouzivaji prevazné druhové specifickda krmiva s recepturami
pokryvajicimi vSechny nutricni naroky zvifete tak, aby nebylo nutné pfidavat
dopliikova krmiva (Heine et al., 1998). V konvenénich chovech se pouziva krmivo
pasterizovan¢é, v SPF chovech a chovech gnotobiotickych zvifat se krmivo pred
podanim sterilizuje radiaci (gamma zafenim 25 kGy) nebo autoklavovanim. Ve
druhém pripad¢ je krmivo pfed podanim dodatecn€ obohaceno o termolabilni vitaminy

a aminokyseliny (Hedrich a Bullock, 2004).

Kvalita vody

K napajeni zvirat se nejcastéji pouziva voda zvodovodniho fadu, ktera sice jiz
obsahuje diky chloraci niz§i podil mikroorganismu, ale k napajeni SPF nebo
gnotobiotickych zvifat je tuto vodu tieba jest¢ oSetfit filtraci pres jemné filtry nebo
reverzni osmozou. Takto upravenou vodu je mozné dale sterilizovat UV svétlem nebo
autoklavovanim (Heine et al., 1998). V pripad¢, ze je cilem zabezpedit zdravotné
nezavadnou vodu po vice dnu, je nutné vodu okyselit na pH 2,5 — 3, nebo chlorovat na
hodnotu 6-8 ppm pii pH 5 (Hedrich a Bullock, 2004). Takto upravenu vodu lze

v napéjecich lahvich nechat i 7 dni.
1.3.2 Mikro a makroklima prostiedi

Teplota a vlhkost
Teplota a vlhkost jsou zakladnimi parametry k vyhodnocovani vhodnosti prostiedi pro

chov zvirat. Prili§ velké teplo nebo naopak prili§ velka zima vedou ke stresu zvitete a
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ke zdravotnim komplikacim. Ob¢ veliCiny se musi prizpusobit druhu zvifete, véku,
vyvojovému stadiu, typu osrsténi nebo probéhlym pokusnym tkonam (Lawson, 2010,
National Research Council, 2011). Piestoze se termoneutralni zona u mysi pohybuje
v rozmezi 26°C — 34°C, jsou standardem pro chov mysi teploty v rozmezi 20°C —
24°C. Rozdily teploty si vSak mysi dokazi regulovat, pokud maji v chovné nadobé
moznost postavit si hnizdo (obohacené prostredi) (Gaskill et al., 2011, National
Research Council, 2011).

Vlhkosti je minéno mnozstvi vodnych ¢astic ve vzduchu. Vlhkost vzduchu by se
meéla pohybovat v rozmezi 30 - 70 %. Dlouhodoba nizka vlhkost mize vyvolavat
zdravotni komplikace respiraniho traktu nebo poskozeni kiize u potkanu tzv. ring-
tail. Vysoka vlhkost zase muze vést ke vzniku koznich plisni (Lawson, 2010, National

Research Council, 2011).

Podestylka

Jako stelivo se pro laboratomi zvifata pouzivaji materialy, které maji dobré absorpéni
schopnosti, jsou dobie sterilizovatelné, bezprasné, bez zapachu, bez Skodlivych
chemickych latek a idealné¢ pouzitelné i jako material k pfirozené potfeb¢ stavéni
hnizd. Nizka prasnost podestylky snizuje celkovou prasnost v chovné mistnosti a tim
1 potencialni rozsifovani suchych exkrementii a mikroorganismu, ale také iritaci a
zanéty sliznic u chovanych zvirat. Nejéastéji se pouziva m¢kké dievo o raznych
velikostech §tépky, v zahrani¢i pak kukuficna drt’ nebo produkty z celulozy. Dreveéné
hobliny nebo jiné pozustatky z pil nejsou vhodné pro velmi ostré hrany, jemné
mechanické Castice a chemicke latky, které mohou drazdit sliznice chovanych zvirat

(Heine et al., 1998, National Research Council, 2011, Barnett, 2017).

Intervaly vymény podestylky

Metoda, interval a intenzita vymény podestylky v chovnych nadobach je dana
fyziologii zvifat a jejich charakteristickym chovanim, velikosti chovné nadoby, a
hlavné podle jejich linie, pohlavi, véku a jejich poctu. Také zalezi na podminkach
okolniho prostfedi, na druhu pouzit¢ podestylky a na mnozstvi vymény vzduchu
v chovné nadob¢. Minimalni frekvence vymény podestylky neni dana a pohybuje se
mezi dennimi az ¢trmactidennimi intervaly (National Research Council, 2011). Prili§
Casta vyména podestylky vede u myS$i k chronickému stresu, snizovani télesné

hmotnosti a k vy$Simu uhynu mlad’at (Burn et al., 2006). Naopak dlouhé intervaly
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mezi vyménami vedou ke zvySenému mnozstvi ¢pavku a bakteridlni zatéze zvirat
(Ulthake et al., 2021).

V mnoha chovnych zafizenich je proto béznym standardem vyména podestylky
v chovné nadobé jednou za 7 dni. Tato frekvence vymény se bézné€ pouziva
u otevienych chovnych nadob a takzvanych mikroizolatorovych chovnych nadob.
Cilem je udrzet pozadovanou troven zdravi zvirat ve vhodném mikroprostfedi chovné
nadoby, a to pfi minimalnim stresu zvifete (Rosenbaum et al., et al., 2009). Je tedy
nevyhnutné udrzet vlhkost podestylky a relativni vlhkost uvnitf chovné nadoby na
takov¢ urovni, aby zamezovala rustu bakterii produkujicich ureazu (Gamble a Clough,
1976, Serrano, 1971, Potgicter a Wilke, 1996) a nepiekraovala hladinu ¢pavku, ktera
by jiz mohla drazdit muko6zni membranu sliznic zvifete (National Research Council,
2011, Ulfhake et al., 2021). U IVC chovnych nadob, které maji konstantni nucenou
vyménu vzduchu uvnitf chovné nadoby, tim padem snaz§i vysouseni podestylky a
niz§i hladinu ¢pavku, se bézn¢ prodluzuje interval vymény podestylky az na Ctrnact
dni (Hedrich a Bullock, 2004, Schondelmeyer et al., 2006, National Research Council,
2011).

Variabilni prostfedi a metody chovu laboratornich zvifat mohou ovlivnit
fyziologii a chovani zvifat. Napfiklad pomoci behavioralnich testii bylo zjisténo, ze
prestylani zvirat, samotna manipulace se zvifetem véetné jeho presunu do Cisté nebo
Spinavé chovné nadoby, vede k pfechodnému zvyseni kortikosteronu v krevnim séru
vztah mezi vyménou chovné nadoby a vznikem stresu u hlodavet (Hurst, 1993, Reeb-
Whitaker et al., 2001, van Loo et al., 2004). Proto byla také dfive vyména chovnych
nadob u mysi pouzivana k cilenému vytvoreni hypertenzniho stresu (Morimoto et al.,
1991, Watanabe et al., 1999). Duvodu vzniku stresu zvirat pii presunu do nové chovné
nadoby je n¢kolik: 1) absence feromonu, ktery mysi pouzivaji pfi udrZovani hierarchie
ve skuping; ii) svételna faze dne pii prestylani, kdy jsou zvifata ruSena v klidovém
rezimu, iii) vlastni metoda prestylani. Reakci na stres je obecné zvySena aktivita,
agresivita a souboje (van Loo et al., 2000, Rosenbaum et al., 2009). U samic je to pak
snizena chovatelska vykonnost, vyssi mortalita mlad’at nebo kanibalismus (Reeb-
Whitaker et al., 2001, Burn et al., 2008). Z téchto divodu je nutné adekvatné
prizpusobit termin a tedy i interval prestylani chovnych nadob podle naplanovanych
pokust tak, aby tato rutina méla pokud mozno co nejmensi negativni vliv na celkovou

pohodu zvirat (Rasmussen et al., 2011, Rosenbaum et al., 2009).
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Ventilace

V chovnych mistnostech by mélo byt za Gcelem snizeni akumulace odpadnich plyna
(zejména oxidu uhlicit¢tho a Cpavku) zajisténé dostateéné provétravani mistnosti
10 — 15nasobnymi vyménami objemu vzduchu mistnosti za hodinu (Heine et al.,
1998, Lawson, 2010, National Research Council, 2011). Vhodna ventilace mistnosti
také vede k odvétravani mikroorganismii, zlepSuje regulaci teploty a vlhkosti
v chovnych prostorech. Snaha o standardizaci prostfedi v chovech hlodavci vedla
k vytvofeni IVC chovnych nadob, kde je ventilace na urovni jedné nadoby a neni tolik
ovlivnéna urovni ventilace celé mistnosti (Lawson, 2010). Rychlost proudéni vzduchu
v IVC chovné nadobé, tedy na urovni zvirat, by neméla presahnout 0.2 m/s (Heine et

al., 1998).

Zvuky a vibrace

Zvuky a vibrace jsou jednozna¢nym stresovym faktorem zvifat a je obtizné je
z prostiedi upln¢ eliminovat. Oba faktory je vSak nezbytné co nejvice omezit, aby
nedochazelo ke snizovani chovatelské vykonnosti, k hormonalni dysbalanci nebo
zranénim. SlySitelné zvukové rozmezi zvifat je odlisné od lidského a lisi se 1 mezi
jednotlivymi druhy zvifat (Heffner a Heffner, 2007, Lawson, 2010). V chovech
hlodavceu je nutné se vyvarovat pouzivani pristroju nebo svétel emitujicich ultrazvuk
a celkovou hladinu hluku drZet pod urovni 60 — 70 dB (Heine et al., 1998, Turner,
2020). Podobné¢ je to s vibracemi, kdy vibrace z pfistroju ¢lovékem vnimany jako
jemné mohou u zvirat vyvolat silny stres. Proto by se neméla prekracovat hladina
0.025 g. Zvysen¢ hladiny hluku a vibraci tedy vedou k naruseni welfare zvirat a tim

ke zvysSeni variability védeckych vysledka (Lawson, 2010, Turner, 2020).

Osvétleni

Svételny rezim v nékterych chovnych zafizenich neni regulovany. Pfirozené denni
svétlo ze slunecniho svitu urcuje cirkadialni rytmy chovanych zvifat bez umél¢ho
osvétleni. V bariérovych chovech a v zafizeni, kde zaleZi na minimalizaci vlivu
prostfedi na pokusy, je nutné pouzit umélé osvétleni se stfidanim faze dne a noci,
obvykle v poméru 12 h svitu: 12 h tmy nebo 14 h svitu: 10 h tmy (Castelhano-Carlos
a Baumans, 2009, Lawson, 2010). Intenzita um¢lého pracovniho osvétleni by se méla
pohybovat v hodnotach 300 — 450 Ix, méfeno 1 m nad urovni podlahy. Chovné nadoby

v hornich fadach by mély byt chranény pred vyssi intenzitou svétla. Albinoticka
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zvifata by méla mit intenzitu osvétleni pod hodnotou 40 Ix (National Research
Council, 2011), resp. 60 Ix (Heine et al., 1998, Castelhano-Carlos a Baumans, 2009),
aby nedochazelo k patologickému poskozeni retiny a zvysSené aktivit¢ endokrinnich

organu (Heine et al., 1998, National Research Council, 2011).

Viiné a pachy

Mysi maji velmi citlivy olfaktoricky systém, ktery pouzivaji k rozpoznani prostredi a
komunikaci s ostatnimi jedinci. Vyména podestylky za Cistou, tedy bez pachovych
stop, tak miiZe vést ke stresu a nasledné agresivité z neznamého prostiedi nebo potrebé
reorganizovat hierarchie ve skupiné¢ (van Loo et al., 2000, Burn et al., 2006,
Rosenbaum et al., 2009). Dale také plati, ze oSetiujici personal, ale i védecti pracovnici
se musi vyvarovat pouzivani parfémi, kosmetickych pripravku a chemickych latek se

silnou vuni (Lawson, 2010).

Elektromagnetické pole

Elektrické pole je definovano pritomnosti elektrick¢ho napéti. Magnetické pole je
tvofeno elektrickym proudem. Elektromagnetické pole (EMP) vznika spojenim a
vzajemnym ovliviiovanim elektrického a magnetického pole (intemetovy zdroj
EMES). Zvysené pouzivani modernich technologii a tim také Cast¢jsi expozice zivych
organizmu elektromagnetickému poli vyustilo v diskuze o potencialnim terapeutickém
vyuziti, jelikoz naznacovalo, ze EMP muze mit biologické ucinky (SCENIHR, 2015,
Vadalaetal., 2015, Vadala et al., 2016).

DVC je vybaveno bezdratovou technologii, ktera vyuziva velmi nizkou intenzitu
elektromagnetického pole rozprostieného na plose 500 cm?, pii¢emz celkova spotieba
elektrické energie v jedné desce je priblizné 250 mW (Recordati et al., 2019).

Recordati et al. (2019) uvadi, Ze v chovnych mistnostech je za normalnich
okolnosti né¢kolik potencialnich zdroju EMP, napiiklad zasuvky, svétla, laminarni
boxy nebo intermetovy Wi-Fi signal. DVC deska umisténa tésn¢ pod chovnou
nadobou, tedy v nejblizsim kontaktu se zviraty, vyzarfuje EMP o frekvenci 5 Hz - 3
GHz naméfeno ve vySce 2,55 cm nad deskou. V pribéhu roc¢ni expozice EMP obou
pohlavi mysi kmene C57Bl/6NCrl v DVC nebyly zjistény zadné klinické priznaky ani
zvydena mortalita. Zadné vyznamné rozdily neodhalilo ani patologické,

hematologické a histopatologické vysetfeni exponovanych jedinci. Burman et al.
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(2018) tato tvrzeni dopliiuje o behavioralni testy (chovani souvisejici s uzkosti a

kognici) a dodava, Ze nenalezl signifikantni vliv EMP na chovani a welfare zvirat.

1.4. Zdravotni rizika zpusobena vnéjSim prostiredim

Onemocnéni 1ze definovat jako stav, ktery narusuje Zivotni pohodu zvifat. Lze je délit
na infekéni — zplisobena mikroorganismy a lze je pfenést na jina zvifata, a neinfekcni
— zpusobena vlivem vnéjsiho ¢i vnitiniho prostiedi (Lawson, 2009, Barnett, 2017).
Obecné muzeme neinfekéni nemoci rozdélit na nemoci zpusobené nutricnim
nedostatkem, dédicna onemocnéni a kongenitalni onemocnéni, ktera nemusi byt
dédi¢na — jako napf. kosterni deformity zpiisobené nedostatkem zivin, expozici
chemickym latkam v prubéhu gravidity nebo degenerativni onemocnéni spojena
s vékem zvirete. Mezi nejcast¢jsi neinfekéni nemoci mysi patii: alopecie, vykusovani
srsti (tzv. barbering), tumory, zanéty spojivek, dermatitidy, dystokie, malokluze,
kruhovité nekrézy ocasu (tzv. ringtail), traumaticka zranéni z boji nebo o enrichment
v chovné nadobg, sebeposkozovani a jin¢ behavioralni poruchy (Lindsey et al., 1991,
Lawson, 2009, Winnicker et al., 2012). Onemocnéni jsou krom¢ typickych priznaku
Casto doprovazena kombinaci projevi nemocnosti, jako je neobvykle nahrbeny postoj,
najezena a neupravena srst, absence pohybu ¢i agresivita, stranéni se ostatnich zvirat
ze skupiny a porucha pfijmu potravy a vody (Winnicker et al., 2012, Barnett, 2017).
Kazdodenni monitorovani zdravotniho stavu zvifat a kontrola podminek prostredi
je vyzadovana podle Zakona ¢. 246/1992 Sb., na ochranu zvifat proti tyrani. Pfesto
muze dojit ke zvySenému stresu, ktery ¢asto vznik onemocnéni doprovazi. Z vngjsiho
prostfedi mohou stres vyvolat naptiklad zvuky, vibrace, pfeprava zvirat, nuda, vysoké
pocty zvirat v chovné nadob¢ nebo v mistnosti. Mezi experimentalni a chovatelské
priklady vyvolani stresu rfadime také vyménu podestylky, nahlou zménu diety nebo

Spatnou manipulaci se zvifaty (Bamett, 2017).
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2 Hypotéza a cile prace

Vyuziti novych technologii ma vét§inou za ucel usnadnit ¢i zefektivnit praci, snizit

provozni naklady a zvysit senzitivitu zachytu mimotadnych udalosti. To vSechno

umoziuje nova technologie, provadéjici kontinualni monitoring chovné nadoby.

Otazkou vSak zistava, jak tato technologie pozitivné i negativné ovliviluje stres,

welfare a tedy i zdravi zvifat, pfi dlouhodobgj$im pouzivani. Dle literatury dlouhodobé

vystavovani zvifat EMP nema Zadny negativni vliv na jejich zdravi. Bylo také zjisténo,
ze intervaly vymény podestylky v IVC mezi 7 — 14 dny nemaji vliv na zvySovani
hladiny ¢pavku a zvifata to negativné neovliviluje.

Hypotézou této prace je, ze DVC systém umozni prodlouzit interval vymény
podestylky i na nékolik tydnu, v zavislosti na individualnich standardech jednotlivych
chovnych zafizeni. Tento predpoklad je ale pfimo zavisly na dostatecné aktivni
vyméné vzduchu v chovnych nadobach. Neni jasné, zda standardn¢ vyrobcem
nastavena vyména vzduchu v chovnych nadobach bude pfi intervalech prestylani
prevySujicich ¢trmact dni jest¢ dostacujici a nebude se tak v chovné nadobé¢ zvySovat
vlhké prostiedi vystavené vétSimu objemu exkrementi a moci a s nejveEtsi
pravdépodobnosti také vétsi koncentraci ¢pavku. To by pak mohlo vést k vétSimu
stresu pro zvirata a ovliviiovat jejich denni aktivitu. Na druhou stranu by mohl delsi
interval mezi prestlanim chovnych nadob, a tedy i delsi interval v naruseni socialniho
prostredi vést ke sniZeni stresu a zklidnéni zvifat, a tim i k zlepSeni jejich welfare a
celkovych chovatelskych vysledka.

Tato studie si tedy klade za cil:

1. vyhodnotit vyuziti technologie chovu laboratornich mysi v DVC chovnych
nadobach k definovani vhodného a zdravi neohrozujicitho prodlouzeni intervalu
prestylani chovnych nadob;

2. porovnat vliv riznych intervalu prestylani chovnych nadob na aktivitu a welfare

zvirat.
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3 Materidly a metodika

3.1. Experimentalni zvirata a prostredi

3.1.1 Experimentalni zvirata

V prvni ¢asti studie byly DVC chovné nadoby nahodné obsazeny Sirokym spektrem
SPF kmena mysSich linii (pfevazné standardni C57BI16 nebo transgennich zvirat na
C57BI6 pozadi), bez ohledu na pohlavi a vék zvifat, s rozmezim 1 - 5 ks zvifat v jedné
chovné nadobé¢. Druha ¢ast studie probihala vyhradn€ na SPF samcich C57B1/6NR;j ve
véku 3 tydnua rozdélenych do skupin po 2 ks, 3 ks a 4 ks na jednu chovnou nadobu.
Treti cast studie probihala na SPF samcich a samicich kmene C57BL/6JOlaHsd
dodanych ve véku 6 - 8 tydnt.

Zvirata byla na zacatku vsech casti studie prosta mikroorganismi uvedenych v
doporuceni FELASA pro zdravotni monitoring hlodavei véetné doplikovych
mikroorganismu (Méhler et al., 2014).

Vlastni prace se zvifaty v prib&hu studie nenapliiovala podminky pro podani
zadosti o schvaleni projektu pokustu pfislusnému statnimu organu ke schvalovani

projektu pokusu.

3.1.2 Vyziva a napajeni zviiat

Zvirata byla krmena dietou Altromin 1314 Forti (Altromin Specialfutter GmbH & Co.
KG, Némecko) sterilizovanou v autoklavu a napajena chlorovanou vodou
&isténou reverzni osmozou (Waterfilter s.r.o., Ceska Republika), a to v prab&hu prvni
a druhé c¢asti studie. V rameci tfeti ¢asti studie bylo pouzito krmeni SDS sterilizované

radiaci (25 kGy) (Special Diet Service, Velka Britanie).

3.1.3 Podestylka a hnizdni material

V prabé¢hu prvni a druhé ¢asti studie byla zvifata chovana na cca 140 g vrstvy
podestylky ztopolové Stépky (Safe Select, J. Rettenmaier Europa BS GmbH,
Némecko) a s hnizdnim materialem ve formé buniéité vaty (Batist Medical, Ceska
republika). Ve treti Casti studie bylo pouZito 100 g sterilizované podestylky z osikové
$tépky (Tapvei Estonia OU, Estonsko) a hnizdni material Bed-r’Nest (Datesand Ltd,
Velka Britanie).




3.1.4 Manipulace se zviraty

Manipulace se zviraty byla provadéna pouze pod ochranou laminarniho proudéni
v prestylacim laminarnim boxu (Laminar Flow Class II changing stations; Tecniplast,
Italie). Pouze v prab¢hu prvni a druh¢ ¢asti studie byla pii kazdém prestlani do nového
boxu pfenesena také mala ¢ast Spinavé podestylky nebo hnizdniho materialu za Géelem

snizeni stresu z nového prostiedi a zachovani hierarchie uvnit chovné nadoby.

3.2. Technologie chovu

3.2.1 Charakteristika chovnych zaFizeni

Prvni &ast studie méla tii faze a probihala ve zvéfinci Ustavu molekulami genetiky AV
CR, v. v. i. (IMG) ve Vestci u Prahy s dvoukoridorovym systémem oddéleni &isté a
Spinavé Casti a jednosmémym tokem materialu smérem z Cisté chovné mistnosti pfimo
do $pinavé chodby. Vstup do Cistého prostoru byl umoznén pouze pies hygienickou
tiikomorovou smycku s mokrou sprchou a naslednym oblecenim personalu do
sterilniho odévu. Druha ¢ast studie probihala v experimentalnim zvétinei IMG v Praze
s jednokoridorovym systémem provozu a omezenym vstupem bez mokré hygienické
smycky. Tieti ¢ast studie probihala ve zvéfinci Ustavu molekularni genetiky AV CR,
v.v.1. (IMG) ve Vestci u Prahy v experimentalni ¢asti s omezenym vstupem a nutnosti

prevleceni do sterilniho obleceni.

3.2.2 Chovné nadoby
Zvirata byla chovana v individualn¢ ventilovanych chovnych nadobach (IVC) GM

500 vlozenych do DVC stojantu (Tecniplast S.p.A., Italie) (Obr. 1.5 a 1.6).

3.2.3 DVC stojany

DVC stojany obsahuji odd¢lena potrubi pro pfivod a odtah vzduchu z ventilacni
jednotky do jednotlivych chovnych nadob. Kazda pozice chovné nadoby na stojanu je
vybavena deskou se zabudovanymi elektrodami umoziiujici automaticky 24hodinovy
sbér informaci o aktivité zvifat a Grovni vlhkosti podestylky bez naruseni prostredi
zvitat (Obr. 1.6). Stejn¢ tak elektrody po stranach chovnych nadob monitoruji
pritomnost napajeci lahve, krmiva a dostatek vody v lahvi. Vzduchotechnicka
jednotka adekvatné napojena na potrubi stojanu saje vzduch z mistnosti, filtruje ho

pres HEPA filtry H-14, vyméni vzduch v chovné nadobg, opétovné filtruje pres HEPA




filtry a vraci zpét do chovné mistnosti. Takto zajistuje 75 vymén vzduchu v chovnych

nadobach za hodinu a negativni tlak uvnitt chovné nadoby (-20 %).

3.2.4 Zajisténi Cistoty a standardnosti prostiredi

V obou provozech IMG ve Vestci a v Praze je personal oblecen do sterilniho odévu
s antistatickou upravou, rousku, pokryvku hlavy, pfipadn¢ vousenku, rukavice,
ponozky a obuv uréenou pouze pro pohyb v prostorech se zviraty.

V obou zvétincich byly vechny termostabilni materialy véetné zkompletovanych
chovnych nadob s podestylkou dekontaminovany parnim sterilizatorem
Vakulab/Sterivap (MMM Group CZ, Ceska Republika). Termolabilni materialy byly
dekontaminovany peroxidovou komorou DeconLock (IWT s.r.l., Italie) nebo pomoci

externiho vyvijece par peroxidu vodiku (Steris, USA).

3.2.5 Zoohygienické podminky v chovné mistnosti

Zvirata byla chovana ve svételném rezimu 12 hodin svétla a 12 hodin tmy. Teplota
prostiedi byla po celou dobu studie udrzovana v rozmezi 20°C — 24°C a relativni
vlhkost v rozmezi 55 £ 5 %. Vzduch byl ¢istén pres predfiltry, zchlazen, pifipadné
odvlhcen nebo dohfivan a docistén pres HEPA filtry. Regulaci vymén vzduchu
v chovné mistnosti bylo dosazeno kaskadovitého pretlaku smérem z centralni Cisté
chodby do chovnych mistnosti a dale do Spinavé chodby. Vymény vzduchu

v chovnych mistnostech se pohybuji v rozmezi 10 - 15x za hodinu.

3.3. Organizace experimentu prvni ¢asti studie

Pred vlastnim zahajenim prvni ¢asti studie bylo nutné DVC systém "naudit" (vytvofit
algoritmus) rozpoznat a vyhodnotit, ze je chovna nadoba dostate¢né zneciSténa a
urcena k prestlani. Tvorba algoritmu probihala na ¢tyfech skupinach chovnych nadob
s odliSnym poctem zvirat (Tabulka 3.1), a to az do pfestlani posledni chovné nadoby.
V nasem ptipadé cela ,,vyukova™ faze trvala 30 dni. Zvifata byla vlozena do ¢istych
chovnych nadob (den 0) a nasledné byla denn¢ adspekci vyhodnocena Cistota chovné
nadoby. V pfipad¢é nalezu dvou a vice mokrych oblasti na dné¢ chovné nadoby byla
nadoba prestlana a informace zadana do systému. Na zaklad¢ ziskanych dat byl

vytvofen algoritmus k vyhodnocovani hrani¢ni hodnoty zne€isténi chovné nadoby.




Tabulka 3.1: Rozdéleni zviiat do skupin pro vytvoreni algoritmu.

Skupina nadob  Pocet chovnych nadob  Pocet jedinci v chovné nadobé

1 20 2
2 20 3
3 20 4
4 20 5

3.3.1 Postupy hodnoceni digitalniho a klasického zpusobu prestylani v pribéhu
experimentu

Prvni faze sbéru dat probihala v obdobi od 15. 2. 2017 do 15. 5. 2017 (3 kalendaini
meésice) s 2429 registrovanymi chovnymi nadobami a bylo provedeno 7831 vymén
podestylky. Probihala bez aktivniho vyuziti syst¢tmu DVC, kdy po uvedenou dobu
systtm pouze monitoroval zneCisténi vice nez 2000 ks chovnych nadob a
zaznamenaval alarmova hlaseni aktivity zvifat, nepfitomnosti napajeci lahve, krmiva
a nedostatecného mnozstvi vody v lahvi. Po tuto dobu DVC systém nepodaval
obsluhujicimu personalu zadné pokyny k prestlani chovné nadoby, ani neposilal
alarmova hlaseni.

Druha faze probihala v obdobi od 16. 5. 2017 do 12. 8. 2017 (3 kalendaini
mgésice). Bylo v ni pouzito 2530 registrovanych chovnych nadob a provedeno 6091
vymén podestylky. Systém DVC byl jiz pIn¢ funkcni a obsluhujicimu personalu
aktivn¢ ud€loval pokyny k prestylani konkrétnich chovnych nadob. Rozesilal také
informace o alarmovych hlasenich prostfednictvim emailovych zprav a upozoménim
na pozadavky pii pfihlaseni do systému.

V cCase mezi druhou a tieti fazi probihal sbér informaci od oSetfovatelt, ktefi
srovnavali uroven zneciSténi chovné nadoby vyhodnocené systémem DVC
s vyhodnocenim oSetfovatele. To znamena, Ze oSetfovatelé davali pfi kazdém prestlani
do systému informaci, zda podle nich systém dobfe vyhodnotil miru znecisténi a
vlhkosti chovné nadoby, coz znamena indikaci k prestlani. Na zaklad¢ souhmnych dat
byl upraven algoritmus systému, ktery byl k detekci chovné nadoby vhodné k prestlani
prisngjsi.

Treti faze prob¢hla od 27. 2. 2019 do 27. 5. 2019 (3 kalendaini mésice). DVC
systém byl pln¢ funk¢ni a obsluhujici personal byl aktivné informovan o alarmovych

hlasenich a dostaval pokyny, jaké chovné nadoby a kdy prestlat.
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V prub¢hu vSech 3 fazi prvni ¢asti studie byl denn¢ sledovan zdravotni stav zvifat
a probchlo nckolik mikrobiologickych laboratornich vySetfeni v rozsahu
doporu¢eného seznamu mikroorganismii dle FELASA véetné dodatecnych

mikroorganismu (Méhler et al., 2014).

3.4. Organizace experimentu druhé ¢asti studie

3.4.1 Vybrané metody sledovani vlivu intervalu vymény podestylky na welfare
a zdravi zvirat
Zvirata byla rozd¢lena do tfi zakladnich skupin dle délky intervalu prestylani chovné

nadoby (Tabulka 3.2) a byly na nich sledovany parametry uveden¢ v Tabulce 3.3.

Tabulka 3.2: Rozdéleni skupin a po¢tu zviiat

. Interval Pocet jedinci Pocet chovnych
Skupina .
prestylani v chovné nadobé nadob v podskupiné
2 7
1 1 x 7 dni 3 7
4 7
2 7
2 1 x 14 dni 3 7
4 7
2 7
Dle DVC
3 3 7
systému
Y 4 7




Tabulka 3.3: Méfené parametry

Den
Parametr
0 Piestylani

Hmotnost zviiat + +

dista + +
Hmotnost podestylky

Spinava +

s Cerstvou vodou + +
Hmotnost napajeci lahve

se zbytkem vody +

nov¢ + +
Hmotnost krmiva

zbytek +
Lokalizace toalety +
Lokalizace hnizda +
Klinické zmény prubézné + +
Chovani zvirat prubézné + +

Vden 0 byla na digitalnich vahach (Kermn PBS4200-2M, Kern & Sohn GmbH,
Némecko) zvazena cista podestylka, voda, krmivo a zvifata. V den prestylani byla
zvazena Spinava podestylka, voda, zbytky krmeni a zvifata, a pak opét zvazena Cista
podestylka, Cerstva voda a doplnéné krmeni. Toto méreni probihalo po celou dobu
studie. V pripad¢ nutnosti vymény vody mimo termin prestylani probéhlo také vazeni
vSech polozek, jak popsano vyse.

V prubéhu celého trvani studie byla v ramci DVC systému a jeho softwaru na
analyzu dat (DVC Analytics) sbirana tato data: i) obecna aktivita zvifat; ii) doba
intervalu prestylani zvirat; iii) aktivita zvifat po pfestlani chovné nadoby; iv)
lokalizace toalety a hnizda; v) nezvykla aktivita zvifat v chovné nadob¢. Tyto udaje

jsou statisticky vyhodnoceny a zaneseny v grafech.
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3.5. Organizace experimentu treti ¢asti studie

Ve teti casti experimentu byla zvifata nahodné rozdélena po ¢Etyfech do 20 IVC
chovnych nadob. Deset nadob pro samce a deset nadob pro samice bylo stridavé
vlozeno do postrannich (A a F) sloupcu stojanu DVC (Obr. 3.1a). Centralni (B-E)
sloupy byly naplnény klecemi bez zvirat, ale s podestylkou a obohacenim podobnym
klecim se zvifaty. Kompletni vymény klece byly provadény kazdych 14 dni po dobu
péti po sob¢ jdoucich cykla. V pribéhu prestylani se jiz nepfesouvala Spinava
podestylka a ani hnizdni material do nového chovné nadoby, jako v piipad¢ prvni a
druhé ¢asti studie. Bé¢hem kazdého prestylani byla zvifata zvaZzena a jejich hmotnost
zaznamenana jakozto jeden z méfitelnych parametri sledovani dobrych Zivotnich
podminek zvifat. Pro zmiméni moznych efektii zpiisobenych riznymi urovnémi
osvétleni ve svislé ose byla kazda chovna nadoba béhem prestlani vzdy posunuta o
dvé pozice dola. Spodni dvé chovné nadoby na kazdé strané stojanu byly presunuty
do dvou horni ¢asti stojanu (Obr. 3.1b). Tato Cast studie probihala paraleln¢ na vice
pracovistich: Karolinska Institute, Svédsko (KI), Leiden University Medical Centre,
Holandsko (LUMC), Université de Grenoble Alpes, Francie (UGA).

Prestlani

——
kazdych 14 dni

o) DVC® Rack @& W DVC® Rack @

Obrazek 3.1: Umisténi chovnych nadob dle pohlavi do stojanu DVC a jejich rotace p¥i kazdém
prestylani (zdroj Ulfhake, Honetschliger et al., 2022).

3.6. Zpracovani a statistické vyhodnoceni dat

K méfeni aktivity zvirat v chovné nadob¢ byla pouzita metrika aktivacni hustoty klece,
tzv. DVC metrics. Nezpracovana data (tzv. raw data) byla sbirana kazdych 250 ms a

byla nasledn¢ agregovana do hodnot za jednu minutu (Iannello, 2019). Nasledn¢ byla
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vyhodnocena denni aktivita jako prumér vSech jednominutovych hodnot v ramci
denniho svételn¢ho rezimu, a to v priibéhu kazdého dne, a no¢ni aktivita jako pramér
aktivit v ¢ase nocniho svételného rezimu. Dale byla analyzovana aktivita v zadni casti
(zprimérovanim aktivity métené elektrodami 1-2-3-4-5-6, Rear area) a v predni
¢asti chovné nadoby (elektrody 7-8-9-10-11-12, Front area) v kazdé kleci samostatné,
pfiéemz pfedni i zadni ¢ast maji kazda plochu 250 cm? (Obr. 3.2). Na zakladé
rozdéleni plochy chovné nadoby na predni a zadni ¢ast a identifikaci polohy toalety
bylo mozné definovat tzv. frontalitu, coz je procento aktivity vykonavané v predni
casti klece z celkové cCinnosti provadéné pres celou podlahu klece. Protoze
nezpracovana data kapacitniho odporu DVC jsou ovlivnéna pfitomnosti vody nebo
moci, mohla byt pouzita technologie DVC k identifikaci polohy toalety uvnitf klece.
Poloha toalety byla definovana jako oblast s nejvys§im rozdilem mezi primérem
naméfenych hodnot kapacitniho odporu za posledni noc cyklu a primérem hodnot

naméfenych béhem prvni noci cyklu.

10 | |11 | |12 10 2

Obrazek 3.2: Rozmisténi elektrod v DVC desce a jejich prislu$nost k predni (front area) a zadni
(rear area) Casti chovné plochy (zdroj Ulfhake, Honetschliiger et al., 2022).

V prvni ¢asti studie byly pro kazdou registrovanou chovnou nadobu v systému
zméfeny intervaly mezi jednotlivymi vyménami Cisté podestylky az do ukonceni sbéru
dat, nebo do uzavieni chovné nadoby zduvodu utraceni zvifat, nebo jejich
prest¢hovani do jiného chovu. Pro kazdou chovnou nadobu pak byly vypocitany

pramémeé intervaly prestylani. Nasledn¢ byla data seskupena na zakladé stejného poctu
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zvitat v chovné nadobé¢, a pro tyto skupiny byl vyjadien aritmeticky praimér dle poctu
zvifat. Vysledkem jsou hodnoty primémych intervali vymény ¢isté podestylky pro
kazdou jednotlivou skupinu dle poctu zvifat v chovné nadobé, se smérodatnou
odchylkou. K vlastni statistické analyze byl pouzit program Graph-Pad Prism software
(Graph Pad Software, San Diego, California, USA). Pro porovnani délky intervala
mezi jednotlivymi fazemi prestylani byl pouzit statisticky neparovy Studentiv t-test.
Pro porovnani délek intervalt v nadobach s chovnymi zvifaty byl pouzit statisticky
jednostranny ANOVA test. V obou piipadech bylo jako signifikantni akceptovano p <
0.0001.

Ve druhé a treti casti byly hodnoty vyjadfeny primérem a smérodatnou
odchylkou, pficemz byl pouzit neparametricky ANOVA test, kde jako signifikantni se

akceptovalo p <0.05 a mén¢.




4 Vysledky

4.1. Vliv DVC systému na frekvenci prestylani chovnych nadob

Prvni cast studie méla tfi faze. Prvni faze sbéru dat (bez vyuziti aktivniho systému
DVC) probihala s 2429 registrovanymi chovnymi nadobami a bylo provedeno
7831 vymén podestylky. Data ukazuji primémy interval prestylani 13,40 = 4.25 dne
pro vSechny chovné nadoby bez ohledu na pocet zvirat v chovné nadob¢, po celou
dobu sbéru dat. Pro chovné nadoby s jednim zvifetem je interval 13,48 + 4,28 dne, se
dvéma zviraty 13,34 + 4,02 dne, se tfemi zvifaty 13,63 + 4,42 dne, se Ctyfmi zvifaty
12,97 = 4,04 dne a s péti zvitaty 13,50 = 4,73 dne. (Graf 4.1, Sedé sloupce)

Druha faze (aktivni vyuziti systému DVC) navazovala ihned na prvni a probihala
s pouzitim 2530 registrovanych chovnych nadob a provedenim 6091 vymén podestylky.
Celkovy prumémy interval pfestylani bez ohledu na pocet zvifat v chovné nadob¢ se
prodlouzil 0 8,37 dne na 21,77 + 7,27 dne. Pro chovnou nadobu s jednim zvifetem se
hodnota prodlouzila o 10,83 dne na 24,31 + 6,97 dne, se dvéma zvifaty se interval
prestylani prodlouzil o 10,39 dne na 23,73 + 6,66 dne, se tfemi zvifaty doslo
k prodlouZeni intervalu pfestylani o 7,55 dne na 21,19 + 6,04 dne, se ctyimi zvifaty se
interval prodlouzil jen o 1,44 dne na 14,41 + 2,97 dne a v kategorii chovnych nadob s
péti zviraty doSlo ke zkraceni intervalu prestylani o 1,28 dne na 12,22 + 3,08 dne.
Vysledky pro v§echny kategorie poctu zvifat v chovné nadobé byly signifikantni (p <
0.0001, Graf 4.1, oranzové sloupce)

Celkové je mozné konstatovat, ze vyuziti automatizovaného DVC systému
vyrazn¢ prodlouzilo interval pfestylani zejména u chovych nadob obsazenych 3 a
méng jedinci. Jenom mimé prodluZeni intervalu nastalo u chovné nadoby se Ctyfmi
jedinci a DVC systém dokonce doporudil zkraceni intervalu prestlani podestylky

u nadoby s péti jedinci (Graf 4.1).




40 Porovnani délky intervalli pfestylani prvni a druhé faze

O 1. faze
30F O 2. faze
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°
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Pocty zvifat v chovné nadobé
* p<0.0001 1. faze vs. 2.faze

Graf 4.1: Porovnani délky intervali piestylani chovnych nadob v prvni a druhé fizi pokusu

Treti faze (aktivni vyuziti DVC systému po upravé algoritmu) prob¢hla
s 3653 registrovanymi chovnymi nadobami a provedenim 11925 vymén podestylky.
Celkovy prumémy interval pfestylani bez ohledu na pocet zvifat v chovné nadob¢ se
v porovnani s prvni fazi, reprezentujici bézné pouzivany piistup k frekvenci prestylani
IVC chovnych nadob, navysil o 6,60 dne na hodnotu 20,00 + 6,60 dne, coz je o 1,77
dne mén¢ nez ve druhé fazi. Pro chovnou nadobu s jednim zvifetem se hodnota oproti
klasickému zptisobu pfestylani prodlouZila o 8,42 dne, na 21,90 = 7,20 dne a proti druhé
fazi zkratila o 2,41 dne. U nadob s dvéma zvifaty doslo k zachovani prodlouzeni
intervalu o 7.46 dne na prumémych 20,80 + 4,40 dne, ale prodlouzeni bylo opét ve
srovnani s druhou fazi celkové kratsi o 2,93 dne. Interval pfestylani pro nadoby se
tfemi zvifaty se prodlouzil 0 2,47 dne na 16,10 = 4,10 dne, coz je 0 5,09 dne kratsi nez
ve druh¢ fazi. U nadob se ¢tyrmi zvifaty doslo k prodlouZeni intervalu jen o 1,03 dne
na 14,00 = 2,50 dne, pricemz ve druhé fazi byla hodnota prodlouZeni intervalu o 0,41

dne delsi. Chovné nadoby s péti zviraty vykazovaly jiz ve druh¢ fazi zkraceni intervalu,
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ktery se ve tfeti fazi jesté o 0,62 dne snizil na hodnotu 11,60 = 1,60 dne a viici prvni fazi se
celkové zkratil o 1,90 dne. Vysledky pro vSechny kategorie poctu zvirat v chovné
nadob¢ byly signifikantni (p<0.0001, Graf 4.2, Zluté sloupce)

Po upraveni algoritmu DVC systému pro vyhodnocovani byly doporucené
intervaly nadale delSi, nez je standardni chovna praxe. Nedoslo tak k vyraznému
snizeni poctu dniit mezi dvéma vyménami podestylky pfi srovnani s druhou fazi
testovani (automatizovany DVC). Nadale pietrvava vyrazné prodlouzeni intervalu
prestylani u chovnych nadob obsazenych 3 a mén¢ jedinci. U chovnych nadob se
¢tyfmi jedinci byl interval shodny se standardnim postupem a u nadoby s péti jedinci
doporucil DVC systém (stejn¢ jako ve druhé fazi testovani) drivéjsi prestlani (Graf

42).

Porovnani délky intervalli pfestylani prvni a tfeti faze
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Graf 4.2: Porovnani délky intervali piestylani chovnych nadob v prvni a tieti fazi pokusu

Celkovy prumémy interval pfestylani bez ohledu na pocet zvifat v chovné nadob¢ se

v porovnani s prvni fazi prodlouzil ve druhé fazi méfeni o 38 % (Graf 4.3, oranzové
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sloupce) a ve tieti fazi o 33 % (Graf 4.3, Zlut€ sloupce). Nejvétsi extenze intervalu byla
zaznamenana u chovnych nadob s jednim zvifetem ve druh¢ fazi s navysenim o 45 %,
které se ve treti fazi snizilo na 38 %. Chovné nadoby se dvéma zvifaty zaznamenaly
extenzi 0 44 % ve druhé a o 36 % ve tieti fazi. U tfi zvifat bylo prodlouzeni o 36 % ve
druhé fazi s vét§im poklesem na 15 % ve tieti fazi. Chovné nadoby se ¢tyfmi zvifaty
jiz mély prodlouzeni intervalu nizsi, s hodnotou 10 % ve druh¢ a 7 % ve tfeti fazi. U
nadob s péti zvitaty doslo ke zkraceni intervalu pfestylani o 10 % ve druhé ao 16 %

ve treti fazi (Graf 4.3).

Primérné hodnoty zmény intervalu prestylani
v porovnani s prvni fazi (v procentech)
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Graf 4.3: Porovnani procentuilni zmény délky intervahi ve druhé a tieti fiazi pokusu

42. Vliv DVC systému na frekvenci prestylani chovnych nadob

s rodicovskymi chovnymi zviraty

Z celkového poctu nadob zarazenych do studie tvofily v jednotlivych fazich pfiblizné
jednu tfetinu chovné nadoby s rodicovskymi chovnymi zvifaty. Cyklus pfestylani
téchto chovnych nadob ma Casto sva specifika s ohledem na porodnost jednotlivych
kment nebo celkové mnozstvi mlad’at v nadob€. Z pohledu intervalu prestylani jsme

zaznamenali nasledujici vysledky. Do prvni faze se zapojilo 604 nadob, do druhé
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632 nadob a do tfeti 945 chovnych nadob s jednim, dvéma nebo tfemi zvifaty. Jedna
my$ v nadob¢ predstavuje samce nebo samici, dvé zvifata jsou chovnym parem (samec
a samice) a tfi zvifata v nadob¢ je tzv. trio (dv€ samice a jeden samec).

V celkovém priiméru se u nadob s chovnymi zvifaty v prvni fazi zaznamenal
interval prestylani 12,60 + 2,80 dne, ve druhé fazi se interval navysil o 89 % na
23,80 + 7,20 dne. Ve treti fazi doslo, dle ocekavani, ke zkraceni intervalu na 20,30
+ 5,30 dne, coz ale stale predstavuje prodlouzeni intervalu prestylani vaci prvni fazi
o 61 %. U chovnych nadob s jednim zvifetem byl zaznamenan v prvni fazi interval
prestylani 12,40 + 2,90 dne, ktery se ve druhé fazi prodlouzil na 28,00 £ 5.30 dne,
coz znamena prodlouzeni o 126 %. Ve treti fazi doslo k mirnému zkraceni intervalu
proti druhé fazi o 5,80 dne na 22,20 + 5,80 dne a tim k prodlouzeni intervalu viéi prvni
fazi o 79 %. Chovné nadoby s chovnymi pary dosahovaly v prvni fazi primémého
intervalu prestylani 12,70 + 2,40 dne, ktery se ve druhé fazi prodlouzil o 111 % az na
26,80 + 7,40 dne. Ve tfeti fazi nebylo prodlouzeni intervalu v porovnani s prvni fazi
tak velké a navysilo se 0 59 % na hodnotu 20,20 £ 3,90 dne, coZ je o0 6,60 dne mén¢
nez hodnota ve druhé fazi. Vsechny vysledky pro celkovy priimér, nadoby s jednim
zvifetem a nadoby s chovnymi pary byly pro vsechny faze signifikantni (p<0.0001).
Chovné nadoby s chovnymi trii zaznamenaly v prvni fazi interval prestylani 14.80 +
3,80 dne. Interval se ve druhé fazi signifikantné (p<0.0001) navysil o 62 % na 23,90 +
10,40 dne. Ve tieti fazi ale doslo ke zkraceni intervalu vuci druhé fazi o 9,30 dne na
hodnotu 14, 60 £ 2,70 dne a tim i zkraceni intervalu vuci prvni fazi o 2 %. Porovnani

dat prvni a treti faze jiz signifikantni nebylo (Graf 4.4 a Graf 4.5).




Porovnani délky intervall prestylani
prvni, druhé a treti faze

S0r O 1. faze
O 2. faze
[ 3. faze
40F

Pocet dni

1 2

Pocty zvifat v chovné nadobé

* p<0.0001 1. faze vs. 2., 3.faze
# p<0.0001 1. faze vs. 2. fize

Graf 4.4: Porovnani délky intervali prvni, druhé a treti fize v niadobiach s rodifovskymi
chovnymi zviraty
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Primérné hodnoty zmény intervalu pfestylani
v porovnani s prvni fazi (v procentech)
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Graf 4.5: Porovnini procentuilni zmény délky intervalu ve druhé a tieti fazi v nadobach
s rodi¢ovskymi chovnymi zviraty

4.3. Hodnoceni frekvence naruseni prostiredi chovné nadoby

Z pohledu welfare zvirat jsou zajimavé vysledky, které zachycuji, jakym zptisobem se
digitaln¢ indukovana zména frekvence vymény podestylky projevila na redukci nebo
navyseni poctu prestylani chovnych nadob, a tedy i naru$eni hierarchie a mikroklimatu
uvnitt chovné nadoby. V celkovém priméru v§ech chovnych nadob doslo v porovnani
s prvni fazi ke zmensSeni poctu prestlani o 38 % a ve treti fazi se celkova redukce poctu
prestlani mimé snizila na 33 %. V kategorii chovnych nadob s jednim zvifetem byly
redukce v priubéhu druhé faze s hodnotou 45 % nejvyssi a nasledné doslo v prabéhu
treti faze o pokles na hodnotu 38 %. Chovné nadoby se dvéma zvifaty zaznamenaly
redukci 0 44 % ve druhé fazi a o0 36 % ve tieti fazi. U chovnych nadob se tfemi zviraty
dosahla redukce nejdiive 36 % ve druh¢ fazi a nasledné 15 % ve treti fazi. Skupina
nadob se Ctyfmi zvifaty jiz zaznamenala vyrazné snizeni redukce poctu prestlani ve
druhé fazi pouze o 10 % a ve tieti fazi pouze 7 %. Naopak u chovnych nadob s 5

zvitaty se projevil opacny trend, kde doslo vlivem digitalniho fizeni k navyseni
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frekvence prestylani chovnych nadob o 10 % ve druh¢ fazi a 16 % ve tieti fazi (Graf
4.6).
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Graf 4.6: Redukce poctu piestlani v§ech chovnych nadob ve druhé a tieti fizi pokusu

Vyznamngjsi redukce poctu prestylani byla zaznamenana u nadob s chovnymi zviraty,
tzn. chovnymi pary nebo chovnymi trii. V celkovém priiméru doslo u vSech nadob bez
ohledu na pocet zvirat v nadob¢ k redukei poctu prestlani o 47 % ve druhé fazi a o 38
% ve treti fazi. Pocet prestlani u chovnych nadob s jednim zvifetem dosahl 56 % ve
druh¢ fazi a nasledné se snizil na 44 % ve tfeti fazi. Hodnoty redukce pfestlani pro
chovné pary dosahly 53 % ve druhé fazi a 37 % ve fazi tfeti. Pro chovna tria je
zajimavy posun redukce pfestlani o 38 % ve druhé fazi, ale naopak narlst poctu

prestlani o 2 % ve fazi treti (Graf 4.7).
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Graf 4.7: Redukce poctu piestlani ve druhé a ti‘eti fazi v nidobach s chovnymi zviiaty

4.4. Vliv ruznych intervali vymény podestylky na welfare a zdravi zvirat

4.4.1 Interval prestylani chovnych nadob

Pro sledovani vlivu intervalu prestylani na welfare jedinct v chovnych nadobach jsme
pouzili stejny algoritmus k identifikaci vhodnych nadob k prestlani jako ve treti fazi
prvni ¢asti studie. Ve druhé ¢asti studie se ale prim&ry interval vymény podestylky
fizené systémem mirng prodlouzil na hodnotu 24,09 dne pro skupinu se dvéma zviraty,
18,41 dne pro skupinu se tfemi zviraty a 14,29 dne pro skupinu se 4 zviraty (Graf 4.8).
Vliv na prodlouZzeni intervalu pfestlani méla pravdépodobné vliv zména personalu,
lokality méfeni a zejména mensi pocet sledovanych chovnych nadob a méfeni hodnot

pouze u jednoho mysiho kmene.
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Graf 4.8: Intervaly piestylani chovnych nadob béhem sledovini welfare zvirat

4.4.2 Prumérna aktivita zvirat v pribéhu 24 hodin

Primérma bézna aktivita zvifat byla méfena uprostfed sedmidenniho cyklu vymény
podestylky a sledovana v prubéhu 24 hodin. Ve druhé ¢asti studie, ve skupiné nadob
sdvéma zvifaty, byla naméfena hodnota aktivity zvifat 0,024 v dob¢ zapnuti
svételného rezimu v chovné mistnosti. Nasledné aktivita béhem prvni hodiny klesla na
hodnotu 0,011 a dale pal hodiny stoupala na hodnotu 0,0137. Po malém setrvani na
této hladin¢ zacala aktivita v priabéhu nasledujicich 6,5 hodiny nejdfive prudceji, pak
volngji klesat do klidového rezimu zvifat az na nejnizs§i hodnotu 0,0019, které dosahla
8 hodin po rozsviceni svétel. V klidovém rezimu o hodnotach kolem 0,006 se zvirata
nachazela v ¢asovém rozmezi od 3 hod do 11,5 hodin po rozsviceni svétel. 12 hodin
po rozsviceni nastal pfechod do noc¢niho reZzimu. Vypnuti svétel predchazel prudky
narust aktivity trvajici az do 12,5 hodiny denniho cyklu s vrcholem aktivity na hodnot¢
0,0281. Po kratkém vrcholu aktivity nastal béhem pul hodiny prudky propad na
hodnoty 0,0141 nasledovany prudkym, pozd€ji pozvoln¢j§im rastem ke tfetimu a

nejdéle trvajicimu vrcholu aktivity denniho cyklu, s maximalni hodnotou aktivity
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0,0239, ato 17 hodin po rozsviceni svétel. Nasledujici pozvolné pétihodinové klesani
aktivity dosahlo kratkého klidového rezimu s hodnotou 0,0062. Dv¢ hodiny pred
ukonéenim tmavé faze dne se opét prudce zvySila aktivita zvifat s vrcholovou
hodnotou 0,0277 ¢tvrt hodiny pred rozsvicenim svétel (Graf 4.9). Podobny trend je
patmy pii méteni aktivity jedincti mezi 14dennim prestlanim (Graf 4.10) i ve skupiné
DVC, méreno uprostied systémem doporuceného intervalu prestlani (Graf 4.11). Ve
skupinach s tfemi a Ctyfmi zvifaty jsou patmé podobné kiivky kopirujici kfivku
se dvéma zviraty. Vlastni hodnoty v kfivkach jsou ve skupin€ se tfemi a ¢tyfmi zvifaty
vys$Si nez ve skupin€ se dvéma zviraty a odpovidaji poctu zvirat ve skuping. Byly také
zaznamenany 1 drobné rozdily v urovni mimého zvyseni aktivity pfriblizné jednu
hodinu po rozsviceni svétel — zatimco ve skupinach s tydennim piestylanim je tato
aktivita vyrazngjsi, ve skupiné s pfestylanim jednou za ¢tmact dni lze jiz pozorovat
zmenSeni této aktivity a ve skupiné¢ DVC je tento vrchol jesté mensi a klesa rychleji

do klidové faze zvirat.
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Graf 4.9: Prumérna aktivita zviiat za 24 hodin naméfena uprosti‘ed piestylaciho cyklu 1 x za
7 dni
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Graf 4.10: Primérna aktivita zvifat za 24 hodin naméiena uprostied prestylaciho cyklu 1 x za 14

dni
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Graf 4.11: Prumérna aktivita zvifat za 24 hodin naméiena uprostied prestylaciho cyklu

doporuceného dle DVC
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Pfi porovnani primérnych hodnot aktivity zvifat za 24 hodin v chovnych nadobach
v ramci jedné skupiny zvirat, ale s riznym intervalem prestylani, je ve skupinach se
tfemi a Ctyfmi zviraty patmé celkové snizeni aktivity zvifat piestlanych podle
doporuceni DVC (Graf 4.13 a 4.14). Skupina se dvéma zvifaty vykazuje vyrovnané

intenzity aktivity u vSech tfech intervala prestylani (Graf 4.12).

Primérna aktivita zvirat
v pribéhu 24 hodin

2 mysSi
0.07 - ]
— 7 dni
0.06 - — 14dni
S — DVC
> 0.05-
=
=
(3] 0.04 -
ki
— 0.03 -
)
§ 0.02
[
(o]
0.01-
0.00 T T T T T T I 1
L) © o N 0 o = <
-~ - - N N

¢as po rozsviceni svétel (hod)

Graf 4.12: Porovnani prumérné aktivity zviiat za 24 hodin v chovnych nadobach se dvéma zviraty
a ruznym intervalem prestylani
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Graf 4.13: Porovnani priamérné aktivity zvirat za 24 hodin v chovnych nadobach se tiremi zviiaty
a ruznym intervalem prestylani
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Graf 4.14: Porovnani prumérné aktivity zviiat za 24 hodin v chovnych nadobach se ¢tyfmi zviraty
a ruznym intervalem prestylani
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Priméma aktivita zvifat za 24 hodin méfena uprosted prestylaciho intervalu ukazuje
u vSech skupin opakujici se kfivku klidngj§iho rezimu ve svételné Casti dne se tfemi
piky zvySené aktivity vtmaveé Casti dne. Tato zakladni kfivka méni pouze svoji
intenzitu podle poctu zvirat ve skupiné a ma primémé nizsi intenzitu ve skupinach
prestlanych podle doporuceni DVC.

Ve treti casti studie byla sledovana a porovnana pruméma aktivita zvirat za
24 hodin u obou pohlavi. V grafu 4.15 je zobrazena priméma aktivita zvirat napfi¢
partnerskymi institucemi zafazenymi do studie. Z tohoto grafu je také patmy podobny
trend aktivity napfi¢ partnerskymi institucemi s malou odchylkou pomalého nastupu
aktivity samctl po nastupu tmavé &asti dne v chovnych prostorach Ustavu molekularni

genetiky.
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Graf 4.15: Porovnini prumérné aktivity obou pohlavi za 24 hodin a mezi partnerskymi
institucemi (zdroj Ulfhake, Honetschliiger et al., 2022). IMG — Ustav molekularni genetiky; KI —
Karolinska Institute; LUMC - Leiden University Medical Center; UGA - Universite” de Grenoble
Alpes.

Graf 4.16a znazomuje primémou denni a no¢ni aktivitu a graf 4.16b relativni vliv
pohlavi na aktivitu zvifat ve vSech partnerskych institucich. Z téchto grafii je zfejmé,
ze u vSech partnerskych instituci byla denni aktivita vyrazné niz§i nez aktivita v noci.
Denni aktivita se také prili§ nelisila mezi pohlavimi (P = 0,481), ale jsou patmé rozdily

v aktivit¢ mezi institucemi (p = 1.2E-34). V tmavé casti dne byl zaznamenan
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vyznamny rozdil mezi intenzitou aktivity samcti a samic (p = 1,3E-16) a také rozdily

mezi a institucemi (p = 1.1E-3).
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Graf 4.16: a) Primérna aktivita obou pohlavi za 24 hodin v ramci 5 piestlani podestylky; b)
relativni vliv pohlavi na aktivitu zvirat (zdroj Ulfhake, Honetschliiger et al., 2022). IMG — Ustav
molekularni genetiky; KI — Karolinska Institute; LUMC - Leiden University Medical Center;
UGA - Universite” de Grenoble Alpes.

4.4.3 Aktivita zviiat po prestlani chovné nadoby

Me¢ieni aktivity jedincti v chovnych nadobach probéhlo bezprostiedné po prestlani,
pfi¢emz prvni méfeni probchlo po 1 hodiné od pfestlani. V detailnéjs§im pohledu na
aktivitu zvifat v tomto obdobi lze vidét, Ze ve skupin¢ se 2 zvifaty v chovné nadob¢ a
s intervalem vymény podestylky jedenkrat za sedm dni byla aktivita signifikantné
vyssi (p<0.01) nez v DVC skuping. Jako signifikantn¢ vyssi aktivitu (p<0.05) lze pak
povazovat, v porovnani s DVC skupinou, primémou aktivitu skupiny s pfestylanim
jedenkrat za 14 dni. Ve skupinach se tfemi a ctyfmi zviraty byla vzdy pfi porovnani

s DVC skupinou naméfena signifikantn€ vyssi (p<0.0001) aktivita zvitat (Graf 4.17).
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Graf 4.17: Aktivita zviFat 1 hodinu po prestlini chovné nadoby

Pozorované signifikantni zmény v aktivit¢ mezi jednotlivymi skupinami mysi, spojené
s frekvenci prestlani, nas vedlo k pozorovani a vyhodnoceni aktivity zvifat
bezprostfedné po vyméné podestylky, a to po dobu 180 minut, s 15minutovymi
intervaly méfeni. Aktivita dvou zvifat méfena v prvnich 180 minutach nasledujicich
po prestlani chovné nadoby ukazuje témeér stejny vzorec chovani mysi prestlanych
jednou zadvatydny av DVC rezimu. Konkrétn¢, DVC skupina byla na za¢atku o néco
méné aktivni, ale po 90 minutach dosahla stejné¢ urovné (0,050) jako zvirata
s dvoutydennim pfestlanim a po 180 minutach klesla aktivita obou skupin na hodnotu
0,025. Pritom zvifata s tydennim pfestylanim poklesu na stejnou uroven aktivity
dosahla jiz po 120 minutach (Graf 4.18). Ve skupiné tfi zvifat je patrna zvySena
aktivita po prestlani ve skupiné se sedmidenni a Ctrnactidenni frekvenci vymény
podestylky zacinajici u hodnot 0,175 s postupnym klesanim na 0,050 (14denni) a
0,025 (7denni). DVC skupina za¢ina na hodnoté 0,100 a zklidnéni na hodnotu 0,025
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nastava jiz ve 165. minuté (Graf 4.19). Ve skupin¢ CtyT zvifat je pocatecni aktivita po
prestlani opét vysSi nez v pfedchozich skupinach a pro jedince se sedmidenni a
¢trnactidenni frekvenci prestylani za¢ina na hodnoté 0,200 s poklesem na 0,050
(14denni) a 0,250 (7denni). DVC skupina za¢ina na hodnot¢ 0,160 a po 180 minutach
je, stejné jako skupina prestylana kazdych 14 dni, na hodnot¢ 0,050 (Graf 4.20).

Z grafu je mozné vyhodnotit, Ze pokud se jedna o chov skupiny mys$i o poctu tfi a
vice, nizsi frekvence prestylani u takovéto skupiny nema negativni vliv na jejich
aktivitu. Da se predpokladat, Ze mysi jsou klidngjsi, jejich , startovaci aktivita v ¢ase
bezprostfedné po prestlani je nizs§i a rychleji pak dosahuji klidového rezimu. Toto
pozorovani vSak neplati pro skupinu dvou jedinct, kde jejich aktivita byla srovnatelna
se l4denni frekvenci vymény podestylky, i kdyz DVC prodlouzil interval na 24 dna.
Zajimavy je vSak fenomén snizené aktivity u DVC mysi ve skupiné ¢tyf jedincu, ktery
byl optimalné stanoveny na vyménu podestylky po 14 dnech chovu. Vysledné zmény
v chovani by se tedy nemély vyrazné lisit od skupiny Etyf jedincu prestylanych

kazdych 14 dni. U DVC mysi je ale patrna snizena aktivita jiz bezprostfedné po

vyméng podestylky.
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Graf 4.18: Porovnani aktivity zviFat po piestlini chovné nadoby ve skupiné 2 mysi
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Graf 4.19: Porovnini aktivity zviFat po piestlani chovné niadoby ve skupiné 3 mysi
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Graf 4.20: Porovnini aktivity zvifat po piestlani chovné niadoby ve skupiné 4 mysi

57



4.4.4 Rozdily v aktivité zviirat po piestlani dle pohlavi

Graf 4.21 ukazuje rozdilnost primémé aktivity jednotlivych pohlavi bezprostiedné po
prestlani zvirat v prabéhu 5 po sob¢ jdoucich prestylacich cyklu v ramci treti ¢asti
studie. Z grafu je patrng, Ze aktivnéjsi jsou samice nez samci a celkova aktivita je vzdy
vétsi bezprostiedné po prestlani chovné nadoby s klesajici tendenci o 25 % v ramci
dnu. Tento vzorec vyssi aktivity samic se projevuje jak ve svételné, tak v tmave Casti

dne.
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Graf 4.21: Porovnéni prumérné aktivity samic a samci v 5 po sobé€ jdoucich prestylacich cyklech
(zdroj Ulfhake, Honetschliger et al., 2022). IMG — Ustav molekularni genetiky; KI — Karolinska
Institute; LUMC - Leiden University Medical Center; UGA - Universite” de Grenoble Alpes.

4.4.5 Nezvykla aktivita zvirat v chovné nadobé pied vyskytem zranéni a uhynu
v pribéhu pokusu

V prub¢hu sbéru dat se vyskytly étyfi pfipady zranéni zpusobenych vzajemnymi
souboji. Konkrétn¢ dva pripady pokousani v oblasti beder, jeden v oblasti genitalii a
jeden pripad pokousani na bfise. Zran¢éna zvirata byla separovana od skupiny a do
experimentu se jiz nevratila. Zranéni se objevila vzdy ve skuping se ¢tyfmi zvifaty,
ztoho jednou ve skupiné s prestylanim jednou za 7 dni, jednou ve skupiné
s prestylanim jednou za 14 dni a dvakrat ve skuping s prestylanim fizenym DVC. Ve
skupiné s tydennim pfestylanim a dvéma zviraty se vyskytly dva pfipady vykousavani
srsti (tzv. barbering). Nahly thyn zvifat byl zjistén pouze u skupiny s pfestylanim
fizeném DV C (Tabulka 4.1).
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Tabulka 4.1: Zranéni a ihyny v priubéhu sledovini zvirat

Zranéni a uhyny v pribéhu sledovani zvirat

Pocet mySi v

chovné nadobe Interval prestylani ~ Barbering Zranéni Uhyn

1 x 7 dni 2x
1 x 14 dni
DVC

1 x7dni

W

1 x 14 dni
DVC

1 x 7 dni Ix
4 1 x 14 dni Ix
DVC 2xX 2xX

Aktivita zvifat zaznamenana den pred zjiS§ténim zranéni (Graf 4.22, Graf 4.23) nebo
uhynu (Graf 4.24) ve vsSech pripadech ukazuje velké mnozstvi kratkych vrcholu
aktivity nasledované Casto rychlym poklesem aktivity bez ohledu na tmavou nebo
svételnou cast dne. Vrcholy aktivity se v dob¢ rozsvicenych svétel pohybuji v nizsich
pramémych hladinach a v tmavé ¢asti dne jsou pruméme vyssi. Z grafu je také patmé,
ze klidové faze i faze aktivity trvaji kratkou dobu. Dva uhyny zvifat a jedno zranéni
v DVC skupin¢ se ¢tyfmi zviraty bylo objeveno vzdy v jedné chovné nadobé, kde byl

zfejm¢ pritomen agresivngjsi jedinec.
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Graf 4.22: Aktivita zvifat den pied zjisténim zranéni zad
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Graf 4.23: Aktivita zviFat den pi‘ed zjiSténim zranéni zad a penisu
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Porovnani pramérné aktivity s aktivitou den
pfed ahynem mysi v DVC
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Graf 4.24: Porovnani primérné aktivity zvirat uprostied prestylaciho cyklu s primérnou
aktivitou 1 den pied ihynem v chovné nadobé se ¢tyimi zviraty ve skupiné DVC

Zadna z objevenych zranéni nebo thynii uvedenych v Tabulce 4.1 Gasové nesouvisela
s prestylanim nebo jinou manipulaci se zviraty nebo manipulaci s chovnou nadobou,
ale byla pravdépodobné vyvolana agresivitou jedince. Vyrazné zmény v aktivité den
pfed zranénim nebo thynem je mozné povazovat za dobry indikator nestandardni
situace v chovné nadobé a impuls k moznému predejiti zranéni nebo alespoil

v€asnému oSetfeni zranéncho zvifete.

4.4.6 Zmeény lokalizace toalety a hnizda v chovné nadobé
V ramci druhé ¢asti studie byly lokalizace toalety a hnizda v chovnych nadobach
detekované systémem DVC shodné s lokalitami zaznamenanymi oSetfovateli v den
pfestylani. Vzajemna pozice toalet nebo hnizda se bez ohledu na pocet zvifat
v chovnych nadobach nebo interval prestylani ménila a nebyla v jejich vzajemnych
pozicich zjisténa Zzadna statistickd vyznamna zména. Rovnéz nebyly zjistény
statisticky vyznamné rozdily ve zméné pozice toalety a hnizda po pfestlani v ramci
jedné chovné nadoby.

Ve treti Casti studie se pozice toalety po prestlani ménila, ale ve dvou tfetinach
pripadi byla umisténa do puvodni lokality pred prestlanim. VEtsi tendenci k presunu
toalety méli samci. Samice 1 samci méli vEtsi tendenci vytvaret toalety v predni ¢asti

chovné¢ nadoby (Grafy 4.25a a 4.25b).
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Graf 4.25: Pozice toalety. a) procentuilni vyjadieni piipadu beze zmény lokality toalety po
prestlani. b) procentualni vyjadieni umisténi toalety v pi‘edni (front latrine) nebo zadni Casti (rear
latrine) chovné nddoby (zdroj Ulfhake, Honetschliiger et al., 2022). IMG — Ustav molekulirni
genetiky; KI — Karolinska Institute; LUMC - Leiden University Medical Center; UGA -
Universite” de Grenoble Alpes.

Sledovani mist se zvySenou aktivitou zvifat a jejich porovnani s umisténim toalety
vedlo k definovani preference traveni aktivit v pribéhu dne v dané casti chovné

nadoby neboli frontality (Grafy 4.26a a 4.26b).
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Graf 4.26: a) Frontalita ve vztahu k pozici toalety v prubéhu 14 dmi po piestlini chovné nadoby
pro obé pohlavi. b) Relativni vysledek frontality mezi pohlavimi a pozici toalety, kdy bilé pozadi
znadi toaletu umisténou v piedni &isti chovné niadoby. Srafované pozadi znadi toaletu umisténou
v zadni &isti chovné nadoby (zdroj Ulfhake, Honetschliger et al., 2022). IMG — Ustav molekuldrni
genetiky; KI — Karolinska Institute; LUMC - Leiden University Medical Center; UGA -
Universite” de Grenoble Alpes.

Procentualni aktivita v pfedni ¢asti chovné nadoby se obecné zvysuje v pripadé
umisténi toalety v zadni ¢asti chovné nadoby a snizuje v pfipadé umisténi toalety
v predni ¢asti chovné nadoby. Toto chovani bylo signifikantni po celou dobu sbéru dat
(p =9E-34 az p = 1.2E-04).

Samice mys$i maji tendenci v oblasti toalety snizovat aktivitu o 5 az 10 % jiz
béhem 2. tydne po vyméné chovné nadoby, zatimco samci vykazuji mnohem
vyrazngj§i aktivity v prostoru bez toalety jiz prvni den po prestlani. Poloha toalety ale
neméla v IMG a v KI Zadny statisticky vyznamny (p = 4,4E-01) vliv na preferenci

samic mys$i pro frontalitu v priibchu celé tieti casti studie.
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5 Diskuze

5.1. Vliv DVC systému na frekvenci prestylani

Vysledky prvni faze monitoruji béZznou praxi velkokapacitnich chovii vybavenych
individualné ventilovanymi chovnymi nadobami a jsou ve shodé¢ s obecnym
doporucenim popsanym v literatute (Lawson, 2009, Barnett, 2017, National Research
Council, 2011). Mirna odchylka 0,37 — 1,03 dne od pozadovaného 14denniho intervalu
prestylani je prijatelna. Je zpuisobena dalSimi neplanovanymi pozadavky na vykony
personalu v prubéhu daného obdobi a nutnosti odpovidajicim zptisobem flexibilné
prizpusobit navazujici prace. Dal§imi duvody zkraceni intervalu muze byt spojeni
drobnych procedur na zviratech (napft. znaceni zvirat, odbér biologického materialu)
s prestlanim chovné nadoby nebo vyliti vody z napajeci lahve.

Vysledky druhé faze ukazuji vyrazné prodlouzeni intervalu prestylani az na
pramémych 21,77 dne. Markantn¢jsi prodlouzeni intervalu se dle o¢ekavani projevilo
zejména ve skupinach sniz§imi poéty zvifat a potvrdilo tak vSeobecné rozsifené
zkuSenosti s pfimou umérou poctu zvifat v chovné nadob¢ a intenzitou zneciSténi
chovnych prostor. Minimalni navySeni intervalu tedy bylo ve skupiné chovnych nadob
se Ctyfmi zvifaty, zatimco ve skupiné s péti zvifaty v chovné nadobé doslo naopak ke
zkraceni intervalu oproti béZzn¢ pouzivanému standardu na 12,22 dne.

Ve tieti fazi vysledky ukazaly celkové zkraceni intervalu pfestylani vac¢i druhé
fazi o 1,77 dne na praimémych 20,0 dne pro vSechny chovné nadoby bez ohledu na
pocet zvifat. Zkraceni intervalu prestylani bylo sledovano u vSech skupin zvifat a je
pravdépodobné zapficinéno casovym odstupem od druhé faze, kdy se zaatkem druhé
faze zacal i sbér informaci a postieht od osetfovateli, ktefi hodnotili iroven znecisténi
chovné¢ nadoby definované systétmem DVC. Tato data pak vedla ke zpfesnéni
algoritmu pfed zapocetim tfeti faze a tim ke zkraceni intervall prestylani vici druhé
fazi. Z vysledki je zfejmé téméf idealni standardni nastaveni intervalu prestylani pro
skupinu se ¢tyfmi zvifaty. Dulezité je zjisténi, ze u skupiny s péti jedinci 1ze doporudit
zkraceni intervalu vymény podestylky na 11,6 dne (proti 14denni ruting). Je to vhodné
zejména z pohledu welfare zvirat a jejich pripadného vystavovani zdravotné zavadné
nadmémé vlhkosti z prostiedi (Rosenbaum et al., 2009).

Rodicovské chovné nadoby jsou velmi specifické. Pocty jedincii v chovnych

nadobach se ¢asto méni, at’ uz z davodu vytvareni novych chovnych part, chovnych
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trojic, nebo naopak ,,odhazovanim® samic po detekci kopulacnich zatek, nebo nahlym
navySenim poctu zvifat v chovné nadobé po porodu. S témito zménami se méni i
intenzita zneciStovani chovnych nadob, a tedy i naroky na intervaly vymény
podestylky. V rodi¢ovskych nadobach sjednim zvifetem je prodlouZeni intervalu
pfestylani vyraznéjsi nez u pruimérnych intervali vSech zvirat v chovu. Miize to byt
dano tim, Ze specifické skupiny chovnych zvirat, jako napriklad samice uréené pro
casovanou brezost nebo brezi samice, zlstavaji v naSem zafizeni urcitou dobu samy
v chovné nadobé. U nadob schovnymi pary lze také v porovnani s primémymi
intervaly v§ech chovnych zvirat pozorovat oproti oéekavani delsi intervaly prestylani.
Jina situace byla pozorovana ve skupin¢ tfi chovnych zvirat, kde dokonce ve treti fazi
doslo k vyraznému zkraceni intervalu oproti druh¢ fazi, ktery si lze vysvétlovat vétsim
poctem nadob s mladaty.

Zajimavé by mohly byt také vysledky sledujici vliv poétu narozenych a
odchovanych mlad’at ve vztahu k intervalu prestylani. Vzhledem k pozorovanim v této
studii lze ocekavat vétsi klid matek, méné stresu a tim i vEtsi pocty odchovanych
potomkui. Sanderson (2010) sice ve své studii dosel k zavéru, Zze prestlani chovnych
nadob s ¢erstvé narozenymi mlad’aty nema negativni vliv na chovatelskou vykonnost,
ale praxe v raznych chovech jednoznaéné podporuje pfimou souvislost mezi zvySenim
uspésnosti odchovu mlad’at a ponechanim matek s mlad’aty v del§im klidu po porodu.
Celkovy klid v chovné nadobé ma podle Reeb-Whitaker et al. (2001) a Burn et al.
(2006) vliv na mortalitu mlad’at, a proto by mohl mit vliv i na lepSi pfijem a konverzi
krmiva, tim 1 vy§§i hmotnost zvirat pfi odstavu nebo v dob¢é pohlavni zralosti.

Prodlouzenim intervala prestylani chovnych nadob dochazi zaroveri i ke snizeni
poctu zasaht oSetfovateli do prostfedi a socialnich vazeb zvifat. SniZeni poctu
otevirani chovné nadoby o 33 % u v§ech nadob v zafizeni a 0 38 % unadob s chovnymi
zvifaty muze vést k nepfimému pozitivnimu vlivu na péci o zvifata (vice casu
oSctfovatell), a samoziejmé také na ekonomickou stranku chovu experimentalnich

zvirat.

5.2. Vliv ruznych intervali vymény podestylky na welfare a zdravi zvirat

5.2.1 Interval prestylani chovnych nadob
Intervaly vymény podestylky dle DVC se ve druhé ¢asti studie vyznamné nelisily od

intervali naméfenych v prvni ¢asti. Mima odliSnost byla pravdépodobné dana
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rozdilem poctu monitorovanych chovnych nadob, riznymi kmeny zvifat, variabilitou
véku, pohlavim a vlivem skladby chovnych nadob v prvni ¢asti, kde bylo pracovano
i s chovnymi nadobami s chovnymi pary a neodstavenymi mlad’aty. Jisty vliv mohl

mit i jiny personal a odlisna lokalita umisténi experimentu.

5.2.2 Primérna aktivita zviiat v pribéhu 24 hodin

Data aktivity zvifat v priub&éhu 24 hodin ukazuji, Ze bez ohledu na jejich poéet v chovné
nadob¢ nebo frekvenci prestylani vykazuji vSechny skupiny v zasad¢ stejny vzorec
chovani se stfidanim vétsi aktivity v dobé zhasnutych svétel v chovné mistnosti a
celkové snizené aktivity v dobé, kdy jsou svétla v chovné mistnosti rozsvicena. Ve
sledovaném ¢asovém useku se pravidelné objevuji 3 vyrazné vrcholy aktivity zvirat, a
sice dva kratké po rozsviceni svétel a po jejich zhasnuti a jeden delsi vrchol zvySené
aktivity priblizn€ uprostted noci. Pernold et al. (2019), Fuochi et al. (2021) 1 Ulthake
et al. (2022) ve svych pracich zahrujicich srovnani aktivity zvirat i z dal§ich instituci
popisuji v podstaté stejny vzorec chovani, kde se vyrazné¢ zvySuje aktivita zvifat po
zhasnuti svétel a zlistava na variabilni urovni po dobu prvnich dvou tfetin tmavé faze
dne s naslednym klesanim aktivity az na uroven klidové faze pozorované za svételné
¢asti dne. Pred prechodem do svételné faze dne je pozorovano, stejné jako v této studii,
rychlé zvySeni aktivity pokracujici i1 kratce po rozsviceni svétel. Porovnani aktivity
mezi jednotlivymi institucemi v ramci prace Ulfhake et al. (2022) ukazuje, Ze je sice
zakladni vzorec aktivity stejny, ale jednoznacné bude na urovni jednotlivych instituci
a zvifetniki ovliviiovan dal§imi environmentalnimi faktory a faktory razného
pracovniho pristupu personalu a pracovniho biorytmu uzivatelskych zafizeni. Stejny
vliv budou mit rozdily mezi pohlavimi zvifat s jednoznacné vyssi aktivitou samic,
nebo zvoleny typ podestylky, tvrdost krmiva, typ hnizdniho materialu, ale i mnoZstvi
a pestrost enrichmentu.

Rozdily v intenzit¢ aktivity v ramci jednotlivych skupin s riznou frekvenci
prestylani chovnych nadob jsou bezesporu dany rozdilnym poétem zvifat v jedné
chovné nadobé, totéz doklada i Vagima et al. (2020). Zajimav¢ jsou rozdily v tirovni
mimého zvyseni aktivity pfiblizn¢ jednu hodinu po rozsviceni svétel, kdy je tato
aktivita nejmensi v DVC skupinach, a v DVC skupin€ se tfemi a ¢tyfmi zvifaty lze
také pozorovat mirné snizeni hladiny vrcholii aktivity oproti ostatnim skupinam. Je na

zvazeni a dal§im pozorovani, zda pruimémé snizena frekvence prestylani zvifat sice
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nevedla ke zméné rytmu denni aktivity zvifat, ale mohla vést ke sniZeni vlastnich

aktivnich fazi, a tedy i k vétsi relaxaci zvirat.

5.2.3 Aktivita zviiat po prestlani chovné nadoby

Vysledky ve vSech sledovanych skupinach ukazuji vyssi aktivity zvirat ihned po
prestlani bez ohledu na pocet zvifat ve skupin€ a snizeni aktivity v prab&hu
nasledujicich 180 minut na téméf stejnou uroven. VyS§i pocatecni aktivita byla
pfisuzovana zméné prostiedi a rozdilnému olfaktorickému vjemu. Rasmussen et al.
(2011) ale tuto hypotézu ve své studii nepotvrzuje, a naopak jako jeden z moznych
faktort uvadi zptsob manipulace se zviraty béhem prestylani. Aktualné preferovany
zpisob pfestylani mys$i pomoci rulicky papiru, mensi nadoby nebo v ,misce®
vytvofené zdlani vede, podle nékterych publikovanych praci, ke snizeni tzkosti
bchem piestylani, mensimu vylu¢ovani béchem manipulace a mensimu strachu z lidské
ruky. Je pravdépodobné, Ze takto manipulovana zvifata budou vykazovat odli$né
pocateéni krivky aktivity a lze se jen domnivat, Ze u téchto zvifat také dojde
k rychlej§imu sniZeni aktivity na jejich zékladni uroven. Za povsimnuti stoji, ze DVC
skupina vykazuje v porovnani s ostatnimi skupinami vzdy nizsi pocatecni aktivitu po
prestlani, kterou si udrzuje v pfipad€ nadob se dvéma zviraty az 75 minut, v pripadé
nadob se tfemi zvifaty 180 minut a u nadob se Ctyfmi zvifaty 135 minut. Skupiny
s tydennim a ¢trnactidennim prestylanim zacinaji aktivitu na témér stejné urovni. U
skupiny s tydennim pfestylanim je ale vzdy patma nizsi hladina aktivity nez u skupiny
se ¢trnactidennim tydennim prestylanim, skupina s tydennim pfestylanim dosahuje
nejnizSich hladin aktivity také po 180 minutaich. DVC skupiny pusobi celkové
klidn€jsim dojmem mozna zpusobenym vét§im obdobi klidu pred prestylanim.
Vyjimkou vsak byla skupina se dvéma zviraty, kde nebyly rozdily na zacatku kfivky
ani v jejim prubéhu tak markantni, prestoze byl v této skupin¢ interval prestylani

nejdelsi.

5.2.4 Frontalita a lokalizace toalety v chovné nadobé

Nase studie poodhaluje prvni poznatky zkoumani behavioralniho chovani mysi a jejich
preference k umisténi toalety, hnizda a mista, kde travi v pribchu svételné nebo tmavé
¢asti dne nejvice Casu. V uvedené studii a diky moznosti porovnani vysledku s dal§imi
tfemi institucemi lze konstatovat, ze samice méné¢ Casto méni pozici toalety po

prestlani chovné nadoby a preferuji jeji umisténi v predni ¢asti chovné nadoby. Samci
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jsou v tomto chovani vice variabilni, vice tedy méni pozice toalety po pfestlani a
zaroven preference umisténi toalety, jak vyplynulo z vysledki dosaZenych v ramci
sledovani v raznych institucich. Ze studie Ulhfake et al. (2022) je zfejmé, ze zvirata
obecné travi vice Casu na opacné strané¢ chovné nadoby, nez si zvolila pro toaletu.
Moznou pri¢inou této skutecnosti jsou jednak olfaktorické duvody, ale 1 zvySujici se
koncentrace amoniaku v souvislosti s akumulaci trusu. V nasi studii koncentrace
amoniaku ale pfi 14dennim intervalu vymény podestylky v IVC nedosahovala hodnot,
které by mély jasn¢ prokazatelny vliv na zdravi zvirat nebo na histologické zmény
v rostralnich ¢astech respiracniho aparatu. Vyse popsana frontalita mize byt ovlivnéna
stejn¢ jako u cirkadialniho rytmu dal$imi environmentalnimi faktory a faktory rizné¢ho
pracovniho pfistupu personalu a pracovniho biorytmu uzivatelskych zafizeni.
Napriklad v pfipadé umisténi stojanu ke zdi sousedici s vytahem lze ocekavat snahu
zvifat travit vice Casu v predni ¢asti chovné nadoby, a naopak v pfipad¢ vétsiho
pohybu v chovnych mistnostech se zvirata lokalizuji vice do zadnich ¢asti chovnych
nadob. V ramci druhé casti studie jsme sice nezjistili statisticky prikazny rozdil v
ramci pozice hnizda a toalety, ale bylo zaznamenano nékolik pfipadii, kdy si mysi
samci vytvorili hnizdo v blizkosti toalety, které udrzeli az do doby nasledujiciho
pfestlani nadoby. Otazkou také zistava, zda je vEtSinova preference zvifat umistit
toaletu do predni casti chovné nadoby dana snahou o niz§i kontaminaci krmiva
exkrementy vzhledem k umisténi krmitka v zadni ¢asti chovné nadoby, coz vede k
vétsimu vyskytu zbytka potravy v podestylce v této oblasti, nebo zda je toto chovani
vice ovlivnéno designem pouzité individualné ventilované chovné nadoby. Zvolené
chovné nadoby maji pfivod i odtah vzduchu ve viku nadoby. Pfivadény vzduch tak
proudi na dno chovné nadoby pies krmitko nebo tésn€ za nim a v predni ¢asti chovné
nadoby se staci k viku nadoby a vraci se do odtahového ventilu. Diky tomu jsou mozna
Iépe ztoalet umisténych v pfedni ¢asti nadoby odvétravany nezadouci pachy a
amoniak. Zajimavé by bylo srovnani stejné studie s dal§imi vyrobci IVC, ktefi maji
vzduch pfivadény ve spodni ¢asti chovné nadoby v trovni zvirat, nebo systémem,

ktery ma pfivod a odvod vzduchu v ramci celého vika IVC nadoby.

5.2.5 Nezvykla aktivita zvirat v chovné nadobé pied vyskytem zranéni a ahynu
Aktivita zvifat zaznamenana den pred zjiSténim zranéni nebo uhynu je ve vSech
pripadech charakteristickd Castym stfidanim prudkého nartstu aktivity a jejiho

nasledn¢ho poklesu. V porovnani se vzorcem denni aktivity jsou patré velmi kratké
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doby odpocinku, ale i kratké trvani vrcholu aktivity, kterych je vyrazné vyssi pocet.
Lze usuzovat, Ze zvifata jsou po vétSinu dne ve stresu, zaméstnana kratkymi souboji.
Uhynulé zvife a zranény jedinec v DVC skupiné byli nalezeni vzdy v jedné chovné
nadobg, kde byl zfejmé pritomen agresivnéjsi samec. Nemayji tedy primou souvislost
s intenzitou pfestylani, manipulaci nebo chovnou nadobou. Podle van Loo et al.
(2001), ktery doporucuje maximalni pocet zvifat ve skupinach samct omezit na 3, bylo
mozn¢ vyS§i agresi ve skupin€ Ctyf samcu predvidat. Nase pozorovani jeho tvrzeni
¢astecn¢ podporuji, protoze zranéni zplisobena agresivitou byla zaznamenana pouze v
chovnych nadobach se Ctyfmi samci. V pribéhu studic jsme ale v této oblasti
neposbirali dostatek dat, abychom ze studie dokazali vyvodit, zda ovlivnéni frekvence
prestylani chovnych nadob miiZze zpusobit vyssi agresivitu u zvifat. Je ale zfejmé, Ze
systém dokaze nezvyklou aktivitu spolehlivé detekovat a muze oSetfovatelum pomoci
identifikovat zranéna nebo nemocna zvifata a poskytnout jim vc¢asnou odpovidajici

peci.
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6 Zavér a doporuceni pro praxi

Vysledky této prace potvrzuji hypotézu o moznosti vyuziti systtmu DVC
k prodlouzeni intervalu vymény podestylky i na vice nez ¢trnact dni v zavislosti na
poctu zvirat v chovné nadob¢ za soucasn¢ho zachovani vhodnych mikroklimatickych
podminek pro zvifata uvnitf chovné nadoby. DVC systémem fizena doba pfestylani
intervaly vymény podestylky dle aktualniho stavu prostfedi v chovné nadobé
prodluzuje nebo zkracuje. Vysledky potvrdily, ze béZzn¢ pouzivany interval prestylani
jedenkrat za ¢trnact dni je idealni pro chovné nadoby se Ctyfmi zvifaty, ale je
nevyhovujici pro chovné nadoby s péti zviraty. Je tedy ke zvazeni, zda i pfes
nenaplnéni legislativniho limitu maximalniho poctu zvirat, respektive limitu celkové
zivé hmotnosti na plochu chovné nadoby nebude vhodné v nejvice pouZzivanych
nadobach typu II L pocty zvifat omezit na maximalni pocet ¢tyt kusii na jednu nadobu.

Uvedené zmény intervalu prestylani chovnych nadob DVC systémem je tieba
kriticky vztahovat pouze k danému zafizeni, poctu a kmeni zvifat. Dale také
k personalu a lokalnim zvyklostem péce o zvirata, stejn¢ tak i k lokalnimu vnimani
urovné zne€isténi podestylky a naléhavosti jeji vymény. Konkrétni hodnoty se tedy
mohou v ruznych zafizenich liSit. Pestré zastoupeni raznych kmenu zvifat a velky
pocet sledovanych chovnych nadob nam ale poskytuje moznost nami zji§téné hodnoty
doporucit zafizenim, ktera nedisponuji DVC technologii. Aplikace naseho doporuceni
umozni zménit denni rutinu intervalu prestylani chovnych nadob, a to jak ve prospéch
pohody zvirat, tak s ohledem na ekonomicko-ckologické vyhody ve formé¢ 30%
redukce poctu prestlani.

Diky neustalému monitoringu aktivity zvifat bylo mozné stanovit zakladni vzorce
denni aktivity a ov¢rit, Ze se replikuji bez ohledu na intervaly pestylani a pocet zvifat
v chovnych nadobach. K naruseni vzorcu aktivity dochazi zpravidla v dob¢ prestlani
a manipulace a velmi pravdépodobn¢ i v pripad¢ procedur se zvitaty. Tyto poznatky
mohou vést k lep§imu planovani nastaveni svételného rezimu zvifat s ohledem na
rutinni ¢innosti v chovnych mistnostech, ale i planovani experimentu tak, aby byly tyto
¢innosti provadény pfednostné v prvnich 4 hodinach po rozsviceni svétel a dochazelo
tak k co nejmensimu narusovani klidové faze zvirat.

Tato prace také potvrdila druhou cast hypotézy, Ze prodlouzeni intervalu
prestylani chovnych nadob, a tedy i delsi pobyt zvifat v nenaruSeném chovném

prostfedi nepovede ke zvyseni hladiny stresu nebo ke snizeni urovné welfare zvifat
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s naslednym narusenim zdravotniho stavu. ProdlouZeni intervali nevede k
vyznamnému zvySeni boji mezi zviraty. Naopak, po prestlani u skupin s del§im
intervalem lze sledovat celkové mensi aktivitu zvifat, mimngj§i reakce na zménu
prostredi a hierarchie. Automaticky monitoring prostfedi chovnych nadob a aktivity
zvifat mize v chovech zvySovat pravdépodobnost zachytu pfipadnych problému
s napajecim systémem a upozornit na zvySenou vlhkost podestylky napf. pfi vyteceni
napéjecich lahvi nebo zaplaveni chovné nadoby. To umozni predchazet zdravotnim
rizikim zvitat. Diky znamému vzorci denni aktivity zvirat dokaze systém upozornit
na odchylky, a tedy i na pfipadny vyskyt zranéni po bojich nebo vznik klinickych
priznakt onemocnéni zvirat. V tomto smyslu mohou byt vysledky, dosazené v ramci
této studie, vyuzity ijako nastroj k detekci tzv. ,lwmane endpoints™ v prubéhu
experimentd, to znamena detekcei takové trovné zhorseni klinického stavu, kdy je z

etickych divodi nutné experiment ukoncit utracenim zvitete.
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Abstract

Mice respond to a cage change (CC) with altered activity, disrupted sleep and increased
anxiety. A bi-weekly cage change is, therefore, preferred over a shorter CC interval and is
currently the prevailing routine for Individually ventilated cages (IVCs). However, the build-
up of ammonia (NH3) during this period is a potential threat to the animal health and the liter-
ature holds conflicting reports leaving this issue unresolved. We have therefor examined
longitudinally in-cage activity, animal health and the build-up of ammonia across the cage
floor with female and male C57BL/6 mice housed four per IVC changed every other week.
We used a multicentre design with a standardised husbandry enabling us to tease-out fea-
tures that replicated across sites from those that were site-specific. CC induce a marked
increase in activity, especially during daytime (~50%) when the animals rest. A reduction in
density from four to two mice did not alter this response. This burst was followed by a grad-
ual decrease till the next cage change. Female but not male mice preferred to have the
latrine in the front of the cage. Male mice allocate more of the activity to the latrine free part
of the cage floor already the day after a CC. A behaviour that progressed through the CC
cycle but was not impacted by the type of bedding used. Reducing housing density to two
mice abolished this behaviour. Female mice used the entire cage floor the first week while
during the second week activity in the latrine area decreased. Measurement of NHz; ppm
across the cage floor revealed x3 higher values for the latrine area compared with the oppo-
site area. NH3 ppm increases from 0—1 ppm to reach <25 ppm in the latrine free area and
50-100 ppm in the latrine area at the end of a cycle. As expected in-cage bacterial load
covaried with in-cage NH3; ppm. Histopathological analysis revealed no changes to the
upper airways covarying with recorded NHz ppm or bacterial load. We conclude that housing
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of four (or equivalent biomass) C57BL/6J mice for 10 weeks under the described conditions
does not cause any overt discomfort to the animals.

Introduction

The mouse (Mus musculus) is the species most used in biomedical research. The cage environ-
ment and husbandry procedures are designed to ensure welfare and health of the animals,
which in their turn impact experimental outcome and reproducibility and may introduce con-
founding effects [1-6]. In the care of small rodents, the recurring cage change is a routine pro-
cedure to prevent over soiling of the internal cage milieu. The interval between subsequent
cage changes is the subject of a large body of studies considering different types of housing sys-
tems [7-24], housing density [7, 13, 19, 20, 24-26], strain, age and sex of the animals [13, 14,
19, 20, 24, 25, 27], and bedding materials used [16, 17, 23, 25, 28-31]. In several studies, the
build-up of ammonia (NH;) during the period between cage changes has been reported as a
critical parameter [9, 10, 13, 14, 16, 17, 19-21, 23-25, 27, 28, 31-34], because of its potential
threat to animal health [7, 9, 13, 16, 20, 21, 24, 25, 35-38] (see also Toxicological Review of
Ammonia Noncancer Inhalation [CASRN 7664-41-7] Supplemental Information, September
2016).

However, the issue of the extent of that threat remains unresolved. The outcomes reported
from facility studies with similar type of holding systems (e.g. different types of individually
ventilated caging systems, IVCs) are not consistent except for static microisolators where the
reports are in general agreement [16, 17, 21, 24, 33]. Some studies report low NH; values for
IVC systems even with a prolonged cage-change interval of 2, 3 or even 4 weeks, while others
observed higher NH; values even with weekly changes [7, 9, 11, 13-17, 19, 20, 22, 23, 39]. A
separate issue is the question of the safe exposure limit for small rodents [11, 13, 21, 22], and if
the commonly adopted human work-place exposure limit is relevant for mice (25 ppm on
average across 8h with accepted peak values of 50ppm; see EPAs Toxicological Review of
Ammonia Noncancer Inhalation [CASRN 7664-41-7] Supplemental Information, September
2016)? Studies looking into in-cage microenvironment and reporting histopathological analy-
sis of the animals are inconsistent and across studies histopathological observations do not
seem to correlate with observed in-cage NH; ppm (c.f. [7, 16, 20, 24, 33, 40]). As reviewed else-
where, the different techniques used for assessing in-cage NH; ppm may explain some of these
differences [41]. Questions remain to what extent the recorded NH; ppm:s correspond to the
real exposure of the animals and if the histological stigmata observed can be ascribed to envi-
ronmental NH; exposure with certainty [33]. In the facility studies cited above, the NH; ppm
was most often obtained with a probe inserted through a passage in the cage wall taking a
point measurement at a level 1-3 cm above the bedding (idem). The sampling was then
repeated on a daily, weekly or once per cage change basis and used as a proxy for the real expo-
sure of the animals (idem). A single point in-cage NH; measurement may not be sufficient
considering the variance in NH; ppm across the cage floor [16, 42] and combined with the dif-
ferent NH; detection technique used, help to explain the lack of consistency between studies as
well as the disagreement with histopathological observations of the airways in small rodents
after controlled acute and chronic exposure to NH; (nose-only or chamber with clamped
NH; ppm [33, 38, 40]).

Although most facility studies on in-cage microenvironment including those with extended
cage-change period report different health outcomes, data on the spontaneous in-cage pattern
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of rest and physical activity is missing. We recently published cumulative records of the spon-
taneous in-cage activity of female C57BL/6] subjected to a weekly cage-change, including the
impact of cage-change and other husbandry routines [2]. Although the cage change results in a
decrease of the in-cage load of mould and bacteria, hence NH; concentration (ppm), and an
increase of soil-free cage floor space [43, 44], the animals react with altered behaviours and
responses, increased hart rate and mean arterial blood pressure, disrupted sleep patterns, and
increased levels of stress hormones [1, 2, 9, 45-51].

We report here on a multicentre study where we recorded and analysed cumulative records
of spontaneous in-cage activity and NH; ppm across the cage floor during five consecutive bi-
weekly cage-change cycles. The four participating centres used identical husbandry protocols,
and both male and female C57BL/6] mice were kept in digital ventilated cages, i.e. IVCs com-
plemented with an external sensor-board enabling collection of in-cage acitivity data 24/7
(DVC™; Tecniplast S.p.A.) [2, 52]. Three times a week, ammonia concentrations were mea-
sured under flow conditions across the front, middle, and rear of each cage. At one centre,
additional experiments were performed assessing in-cage bacterial load, varying cage-change
intervals, bedding materials, and numbers of animals per cage. At the end of the experiment,
tissues of the upper airways from one randomly chosen animal from each cage was analysed
for histopathological changes (n = 20). As a reference served germ-free (GF) animals of the
same strain, sex and age, as GF mice are known to have lower endogeneous levels of NH; and
are devoid of bacteria responsible for generating NH; from urea in the cage environment [53-
55].

Materials and methods
International centres

This study was conducted at four European centres during summer-early autumn 2018: Karo-
linska Institute, Sweden (KI site), Leiden University Medical Center, The Netherlands (LUMC
site), Institute of Molecular Genetics of the Czech Academy of Sciences, Czech Republic IMG
site), Université de Grenoble Alpes, France (UGA site). Three centres (KI site, LUMC site and
UGA ssite) recorded animal locomotion data and performed ammonia measurements while
IMG site recorded in-cage activity only.

Ethical considerations

The care and use of all mice in this study were under national animal protection regulations in
accordance with EU Directive 2010/63/EU. They were approved by the respective institutional
Animal Welfare Committees (AWB).

License no. KI: by the Regional Ethics Council (Stockholms Djurforsoksetiska nimnd)
project license N116-15

License no. LUMC: the study plan ‘Ammonia detection in IVC cages in a DVC® rack with
mice under flow conditions during normal husbandry and care procedures’ was approved by
the LUMC Animal Welfare Body

License no. IMG: 66866/2015-MZE-17214 from the Ministry of Agriculture

License no. UGA: C 38 516 10 006, from Direction Départementale de la Protection des
Populations.

Animals and husbandry

In this study, all centres used specific pathogen-free (SPF) C57BL/6] mice (Mus musculus) of
both sexes, delivered by commercial breeders at the age of 6-8 weeks (Table 1). The SPF status
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Table 1. Husbandry routines.

Start of the Project

Animal strain
Animal identification
Nesting

Bedding

Cage Change method
PPE

Rotation of cages
after cage change

Diet
Water

Dark-Light Cycle
hours

Light Levels [lux]

mean (1%-3"
quartiles)(min-max)

Room T and R.H.
[*C] [%]
Mean(1%'-3"¢
quartiles)(min-max)

! Reverse osmosis.

IMG
14th August 2018
C57BL/6]OlaHsd (Envigo, Italy)

Ear tag

(National Band & Tag Co)
Bed-r’Nest

(Datesand)

Aspen 5x5x1mm- 100g
(Tapvei)

Tail

Gloves, face covering, hair cover,
gown

Yes

SDS R3 (irradiated)

RO chlorinated water in bottles.
Water bottle changed every week

Dark period 4:00 pm—4:00 am
with 10min of dawn and dusk

A rack column:
66(58-68)(57-78)

F rack column
45(42-46)(39-54)*
T within 22-24 °C

R.H. within 40-60%

KI

20th June 2018

C57BL/6]

(Charles River, Germany)
Ear punch

Bed-r'Nest

(Datesand)

Aspen 5x5x1mm- 100g
(Tapvei)

Forceps prevailing or hand

Gloves, no face covering, hair
cover, gown

Yes

SDS R3 (irradiated)

Weakly chlorinated tap water.
Water bottle changed every week

Dark period 4:00 pm—4:00 am
without dawn and dusk

A rack column:
32 (21-40) (17-57)%

F rack column:
33 (23-42) (16-59)*
T =20.2 (20.1-20.4)(19.3-22.6)*

R.H. = 59 (52-63)(44-75)*

2 Order of values: mean (1st—3rd quartile)(minimum—maximum values).

https://doi.org/10.1371/journal.pone.0267281.t001

LUMC

20th July 2018

C57BL/6J

(Charles River, Germany)
Ear punch

Bed-r’Nest

(Datesand)

Aspen 5x5x1mm- 100g

(Tapvei)

Tail

Gloves, face covering, hair cover,
gown

Yes

SDS R3 (irradiated)

Autoclaved, non-chlorinated tap
water. Water bottle changed every
week

Dark period 7:00 pm—7:00 am with
30min of dawn and dusk

A rack column:
11(8-11)(7-21) 2

F rack column:
11(8-11)(7-21)?
T =21.0 (21.0-21.1)(19.7-22.5)*

R.H. = 47 (42-56)(38-64)*

UGA

11th September 2018
C57BL/6JR;

(Janvier Labs, France)

Ear punch

Bed-r’Nest

(Datesand)

Aspen 5x5x1mm- 100g
(Tapvei)

Forceps

Gloves, face covering, hair
cover, gown

Yes

SDS R3 (irradiated)

RO! water filtered (0.3p).
Water bottle changed every
week

Dark period 7:30 pm—7:30 am
without dawn and dusk

Only F rack column:
20(14-28)(12-34)?

T=21.7 (21.2-22.2)(19.5-
23.5)?

R.H. = 40 (31-50)(17-64)*

at all four institutes was defined as to exclude all the recommended infectious agents to moni-
tor for laboratory mice listed by the FELASA recommendations for health monitoring [5, 6].
Mice were observed daily by the animal care staff for signs of ill-health and compromised
wellbeing according to local requirements by national regulations under the EU Directive
2010/63/EU [56]. Animals were weighed every other week at the time of the cage-change.
According to the centre’s standard routine, the animals were marked by ear punch or ear

tag upon arrival. Separated by sex, the animals were randomised (for details see S1 File, Rando-

misation) to different groups and housed 4 mice per cage on a single rack (DVC™ rack, Tecni-
plast). The mice were kept in modified (see in the DVC™ equipment section for further
details) Individually Ventilated Cages (IVC GM500, Tecniplast SpA), equipped with DVC™
boards positioned underneath the cage and fixed to the rack.
All cages were prepared with 100g of autoclaved aspen chip (AC) bedding (Tapvei,
5x5x1mm) and provided with one puck of Bed-r’Nest as nesting material (Datesand). The bed-
ding quantity was based on the target volume consistent with Tecniplast’s standard require-
ment practice. These requirements are defined as to reach the best compromise between air
ventilation efficiency based on GM500 air-flow dynamics, sufficient bedding depth to provide
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Fig 1. a) Modified IVC GM500 cage with holes drilled in the long side, sealed with screws and nuts inserted into the DVC®rack. b) Lateral view of the modified
IVC GMS500 cage with the NH3 detector probe inserted across the width of the cage to perform the ammonia measurement. c) Driger X-am® 8000 device with a
40 cm long rubber tube, dust filter and copper probe.

https://doi.org/10.1371/journal.pone.0267281.g001

the animals with the opportunity to perform digging activities, and to reduce bacterial growth
as much as possible under animal holding room conditions as per Annex 3 of 2010/63/EU.
Likewise, based on the manufacture’s advice the amount of corn cob (CC) used as alternative
bedding at KI (Bed-0’Cobs %" from Datesand) was set at 200gms per cage.

All animals were fed ad libitum with irradiated diet (Standard Diet RM3, Special Diet Ser-
vice), and had ad libitum access to Reverse Osmosis (RO) chlorinated water, weakly chlori-
nated tap water or autoclaved tap water depending on the centre. At all centres, the holding
room temperature (T) and relative humidity (RH) were set to keep relative humidity and tem-
perature within the legally defined ranges as per Annex 3 of 2010/63/EU (Table 1). Mice were
kept in a 12h light/dark cycle, with or without dawn and dusk dependent on the holding room
standard of the centre (Table 1). The cage change procedure was performed every second
week and carried out by forceps or tail handling depending on the centre’s routine. All the rel-
evant husbandry information is reported in Table 1. Recorded time of day of the five cage
changes at the different sites is shown in Fig 1 of S1 File.

DVC™ equipment

All centres were equipped with the same type of DVC™ rack (Tecniplast SpA) with 60 cage-
positions. The equipment is a standard IVC rack with electronic boards in all cage positions. It
enables automated, nonintrusive 24/7 recording of spontaneous in-cage floor (500 cm?) activ-
ity [2, 52].

All cages were individually ventilated by an Air Handling Unit (SmartFlow blowers, Tecni-
plast SpA), providing HEPA-14 filtered air to all inserted cage at 75 air changes per hour
(ACH) and negative pressure inside the cage (-20%, negative mode).

All centres were provided with modified IVC cages with three holes drilled 1.5 cm above
the bedding level along the cage’s lateral wall corresponding to the rear, middle, and front area
of the cage floor. When not in use, each hole was sealed by a screw and a nut (Fig 1a).

Ammonia (NH;) concentration (ppm) measurements

The recording of ammonia levels, i.e. NH; ppm values, from every cage while inserted in the
rack under airflow conditions, was carried out using an industrial ammonia detector device
(Driger X-am™ 8000, Driger) with an electrochemical sensor connected via a dust filter and a
40 cm long rubber tube to the open end of a copper probe with multiple perforations at equal
distance along its axial dimension. The copper probe’s length was designed to extend across
the full length of the cage’s shorter planar dimension when introduced from the side of the
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modified cage (see Fig 1b and 1c). According to the supplier datasheet, the Driger X-am®™
8000 has a dynamic range spanning from 0 to 300 ppm of NH;. All detectors were calibrated
by Driger immediately before the start of the experiment. Methods and technology used to
measure intracage NH; levels have been reviewed by Morrow et al. [41]

Experimental protocol

On the day of arrival, animals were randomly assigned to IVC cages to form 10 groups of 4
male mice each and 10 groups of 4 female mice each(for details see above). The 10 cages with
male animals and the 10 cages with female animals were inserted in alternating rows of the lat-
eral (A and F) columns of the DVC™ rack (Fig 2). This lateral placement was needed to allow
insertion of the ammonia detector probe from the cage’s lateral side to perform each NH;
measurement under flow condition. The central (B-E) columns were filled with cages without
animals, but with bedding and enrichment similar to the cages with animals. The animals were
allowed to acclimatise to their new environment for 14 days.

Full cage changes (cage body plus cage top) were performed every 14 days for five consecu-
tive cycles resulting in a total of ten weeks. Neither dirty bedding nor part of the used enrich-
ment was transferred from the dirty to the clean cage. Between two cage changes, operators
took ammonia measurements inside the cages at six instances for LUMC site (days 2, 4, 6, 8,
11, 13 just before the next cage change procedure) and five for the others (days 2, 5, 7, 9, 13).
For a detailed protocol of NH; measurements see S1 File.

During each cage change procedure, animals were weighed as one aspect of animal welfare
surveillance.

To mitigate possible effects due to different light levels along the vertical axis of the rack col-
umns used, each cage was moved two positions down at each cage-change. The bottom two
cages on each side of the rack were moved to the top two positions (see Fig 2b).

b

) DVC® Rack

© W DVC®Rack &

Fig 2. a) Lateral DVC™ rack columns were alternately filled with cages with female (orange) and the cages with male mice (light blue). The central (B-E)
columns were filled with empty cages (white). b) Cage movement scheme at each cage change.

https://doi.org/10.1371/journal.pone.0267281.g002
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In-cage bacterial growth in-between cage-changes and tissue harvesting for
post hoc histopathological examination

At the KT site, all cages were swabbed for bacterial load assessment. Swabbing was done at the
end of the five bi-weekly cage-change cycles, at the end of the two cycles of weekly cage change
and at the end of the second cycle, each cage was swabbed once more. Swabbing included all
four walls and corners at the level of the bedding material. After swabbing, each swabs was
stored in media from the service provider Eurofins (Swedish branch). According to instruc-
tions from the service provider, the swabs in media were shipped to Eurofins for analysis of
aerobic microorganisms at 30°C (LPPOC-1, UM4PK-1) according to AFNORM (Certificate
no 3M 01/01-09/89; by Eurofin Food and feed Testing, Sweden) within 24 h at ambient tem-
perature. Results are in colony-forming units (CFU) and analysed after log conversion to nor-
malise the data.

Twenty animals (ten males and ten females), one from each cage, were randomly selected,
and euthanised, followed by dissection of the upper airways for histopathological analysis.
Briefly, the animals were decapitated under isoflurane anaesthesia. Skull and brain together
with lower jaw were removed, and the remaining specimen was irrigated with 4% buffered
(pH 7) paraformaldehyde (PFA) [24, 57]. The tissue was kept in 4% PFA for 24 hours at4°C
and then transferred to 70% ethanol and stored at 4°C until decalcification in 85% formic
acid/citrate (pH 2.2) until soft. Coronal sections of the nasal cavities at different levels were dis-
sected and embedded in paraffin. Paraffin blocks were cut in 4 pm sections on a rotary micro-
tome. Sections were mounted on coded slides, and stained with haematoxylin and eosin (HE)
for analysis by light microscopy. Histopathological analysis was performed in compliance with
previously published protocols [13, 24, 57] and executed blinded and independently by two
histopathologists (CR and RK).

As a reference of mice with a facultative low exposure to NH; [58, 59] served twenty, age
and sex-matched C57BL/6] mice raised, maintained and shipped as germfree (GF) (Animal
Research Center, Ulm University, Oberberghof, Ulm, Germany). See (S1 File, Germ free mice)
for details on the generation and maintenance of the GF colony at the Ulm center. GF mice
have been shown to produce less NH; in their intestines and to have lower serum levels than
mice with microbiota [53]. Importantly, urea excreted with the urine deposites will not be cat-
alyzed to NH; in a germ-free environment [54, 55]. Upon arrival in Stockholm, Sweden, the
animals were immediately euthanised by decapitation while under isoflurane anaesthesia, dis-
sected and the tissue processed as described above. Upon breaking the cylinder seals, materials
from each transport cylinder was secured by aseptical technique and sent back to the service
provider for analysis to confirm the germ free status upon arrival at KI.

Seven different histopathological entities (Table 2) were ranked on a scale from not present
(0) to severe (5). From each animal, one serial section (n = 40) was immunostained with
cleaved-Casapase 3 (asp175) (cat. No. 9661, Cell Signaling Technologies) for the assessment of
apoptosis [60]. The number of cleaved-Casapase-3 positive cells were counted in the olfactory
and respiratoy epithelium in the half upper portion of the nasal cavities, and their number was
normalised for the length of the evaluated epithelium. In total, nine variables were included in
the analysis (Table 2).

Impact of bedding material and housing density on in-cage activity and
NH; levels
At the KT site, additional experiments using different bedding material and different housing

density were carried out during late autumn and winter 2018/2019. Specifically, two groups of
ten cages with four male mice in each (same strain, breeder, and age as in the main study
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Table 2. Histopathological variables and anatomical location.

Location

Nasal septum

Respiratory epithelium (RE)(Septum,
turbinates)

Olfactory epithelium (OE)(dorsal meatus)

Other
https://doi.org/10.1371/journal.pone.0267281.t002

Stigmata Reporting Interpretation
Accumulation of Background, common spontaneous nasal lesion, age- Chronic; not reversible?
“amyloid” related [13]

Hyalinosis Chronic; reversible
Hyalinosis Spontaneous change, age-related [13] Chronic; reversible
Apoptotic cells Possibly pathological Acute; not reversible
Inflammatory cell [13,24] Acute/subacute/chronic;
infiltrate reversible

Nasal gland cysts [13] Acute/subacute; reversible

described above) were housed on either aspen chip (AC) bedding or corn cob (CC) bedding
(200g of Bed-0’Cobs %” from Datesand). Cages with AC and CC, respectively, were inserted in
every other slot of the lateral columns of the DVC™ rack. These 20 cages underwent the same
procedures explained in the previous section, but this time only for three consecutive cycles of
bi-weekly cage-change. During the cage change at the end of the third cycle, the housing den-
sity was lowered to two animals per cage. Another two complete cycles were performed to col-
lect animal activity and NH; measurements during the bi-weekly regime.

DVC™ data processing, data computations, and statistical analyses

DVC®™ metrics. We used activation density metric to measure animal activity in the home
cage [52]. Data (raw data resolution is one sample per 250 msec) were aggregated in bins of
one minute. We considered day time activity (average of all one minute bins within the lights-
on period of each day), night time activity (average within the lights-off period) and, as previ-
ously reported [2], diurnality, which is the percentage of daily activity performed during
lights-on over the total activity during the 24 hours day (considered as the sum of lights on
and lights off activity). Nocturnal species like Mus musculus typically display a reversed circa-
dian rhythm [2]. We then analysed activity in the rear (by averaging activity measured by elec-
trodes 1-2-3-4-5-6) and in the front (electrodes 7-8-9-10-11-12) areas (250 cm? each) of the
cage separately (Fig 3). We decided to divide the cage floor into two parts and not in multiple
minor areas, based on the records of latrine position (see below and the Results section). This
allowed us to calculate Frontality, which is the percentage of activity performed in the front
part of the cage over the total activity performed across the cage’s entire floor. We used this
metric to assess the spatial distribution of activity over time in relation to NH; measurements
and latrine position.

Since raw DVC™ capacitance readings are affected by the presence of water and therefore
urine [52], we used the DVC™ technology to identify the position of the latrine inside the
cage. We determined the latrine position as the area with the highest difference between the
average of capacitance readings of the last night of the cycle and the average over the first night
of the cycle (for further information see Fig 5 in S1 File). This procedure was validated towards
measured ppm NH; and the standard routine where latrine position is determined by visual
inspection at cage-change.

It should be noted that since the animals were group housed, all activity data presented in
this study are the collective floor activity of all mice in the cage.

PLOS ONE | https://doi.org/10.1371/journal.pone.0267281 May 25, 2022 8/34


https://doi.org/10.1371/journal.pone.0267281.t002
https://doi.org/10.1371/journal.pone.0267281

PLOS ONE

A multicentre study on spontaneous in-cage activity and micro-environmental conditions of IVC housed mice

1 ILEB 1 2 3

» AREA, o ||s |[s

10 11 12 10 12

\_ ) \ J

Fig 3. DVC"™ board with 12 electrodes. The rear half of the cage (Rear Area) is covered by electrodes 1-2-3-4-5-6. The
front half of the cage (Front Area) is covered by electrodes 7-8-9-10-11-12.

https://doi.org/10.1371/journal.pone.0267281.g003

Statistical analysis

To test differences across sites or sexes, cage-change cycles, and days, we performed repeated
measures analysis, using the rank-based analysis of variance-type statistic (ATS), as imple-
mented in the nparLD R Software package [61, 62]. We chose a non-parametric test instead of
Repeated Measures ANOV A because normality assumptions were violated in some cases. We
considered cages as subjects; time, event, and observation-order as within-subject factors
(“sub-plot” repeated factors), and sex and site as between-subject factors (“whole-plot” factor).
According to authors’ terminology [55], we used either F2-LD-F1 (sex and site as whole plot
factors and observation order as the repeated factor) or F1-LD-F2 (sex as the whole-plot factor
and event and observation order as the repeated ones), and F1-LD-F1 or LD-F1 when only
observation order was used as subplot factor. The statistical analysis of time-series with
nparLD is based on rank-order of the observed data, with the relative effect size (p;) as effect
size measure [62]. The difference towards parametric tests being that instead of the mean dif-
ference between observations, the rank-order is used to assess the probability that two sets of
observations differ (p, = 0.5 means that there is no difference in rank-order), and with longitu-
dinal data if the relative effect size varies across the time-series within the sets of observations.

Comparison of two independent samples, and paired samples, were conducted using non-
parametric Mann-Withney U statistics (U-test and Wilcoxon’s test for matched pairs). In
these instances we used the common language (CL) effect size statistics [63-66]. The CL effect
size is based on the rank-order (rank sum) of the observed values, and indicates the relative
frequency with which the rank sum from one set of observations will be larger than the rank
sum of a second set of observations.
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Correlation was conducted with the nonparametric Spearman rank correlation. The Spear-
man correlation coefficient (r;) indicates the effect size with a range from a perfect inverse
covariation (r = -1), through no covariation (r = 0) to a perfect positive covariation (rs = 1) of
the ranks for two parameters.

We used Python to process and visualize data and R to run the statistical tests.

Histopathological analysis by two independent specialists of coded slides from 20 animals
(10 of each sex) and 20 germfree animals (same age, both sexes) of the nostril region, middle
and rear part of the upper airways included ranking the prevalence (from 0 = negative to
5 = prevailing) of a range of parameters in each of the three regions (see Table 2). This set of
ordinal data from each of the three regions was first analysed using multiple covariance analy-
sis (MCA) [67] controlling for sex and axenic status, and subsequently, run against the in-cage
NH; ppm and bacterial load records (continuous data) using a mixed model principle compo-
nent analysis (mixPCA) [68, 69].

Results
Animal health and body weight

During the study, no animal was lost at any of the sites due to unexpected death or removal
because of ill-health. Bodyweight time series (Fig 4) showed growth rates of both males and
females comparable between sites and to those published for C57BL/6].
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Fig 4. Body weight time series for male and female C57BL/6] mice at the four sites. The different sites have been

indicated by colour (see the key to symbols), male data are represented by stippled lines while female data are
represented by continuous lines. Data (dots) are mean values + SEM for each sex and site.

https://doi.org/10.1371/journal.pone.0267281.g004
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lights on (ZT 0-12, day) and light off (ZT 12-24, night) (ordinate is % of maximum activity at each site across all cages
and cage-change cycles). In greater detail, the graphs represent the average activity pattern across the 24 hours by
considering the activity time series (1,440 minutes) for each cage and day (except the day of cage-change), smoothing it
with a moving average of 60 minutes and normalising to peak activity [2].

https://doi.org/10.1371/journal.pone.0267281.g005

Circadian rhythmicity of activity during lights-off and lights-on

Most laboratory mice strains like C57BL/6] are nocturnally active and rest during the lights-on
phase [70, 71]. C57BL/6] mice show a characteristic and reproducible circadian rhythm to
lights-on (zeitgeber time (ZT) 0-12, day time) and lights-off (ZT 12-24, night time) (Fig 5A
and 5B; for a corresponding raw data plot see Fig 2 in S1 File). This pattern reproduced well
across the four sites and confirm the previous observations [2]. The only minor deviation was
the rather slow increase in activity among male mice following lights off at the IMG site.

Across the participating sites, the cumulative night time activity was about x3 that observed
for day time and the diurnality appears to be different between sexes. In Fig 6, box plots show
the metrics for the average day and night time activity and the relative effect of sex at the four
sites (Fig 6a and 6b; see also Fig 3a, 3b in S1 File). Day time activity (Fig 6a and 6b) did not dif-
fer significantly between sexes (P = 0.481) but between facilities (p = 1.2E-34) and across cage-
change cycles (p = 6.2E-10). During the active period with lights off there was a highly signifi-
cant difference between males and females (p = 1.3E-16) and also some difference between
sites (p = 1.1E-3) with a significant interaction between site and sex (p = 3E-6) (Fig 6a and 6b).

Consistent with this, the fraction of daily activity occurring during lights on, showed a sig-
nificant difference between sexes (p = 4.7E-14) and sites (p = 1.4E-10) and also across cage-
change cycles (p = 5.8E-20) (Fig 3a, 3b in S1 File).

Spontaneous home-cage activity across a cage-change cycle by sex and site

A key rationale of this study is our previous observation that cage-change brings about a major
alteration in spontaneous home-cage activity [2]. In order to compare the change of activity
over days, irrespective of the total amount of activity, we normalised the activity of each day by
the peak of activity during that cage change cycle.
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analysis see Fig 4 in S1 File.

https://doi.org/10.1371/journal.pone.0267281.g007
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As evidenced by the data presented in Fig 7a, the highest in-cage activity was recorded
immediately after cage change (at day 0-1 for lights off and day 1 for lights on; Fig 7) for both
male and female mice followed by a gradual decrease in activity by 25%-50% (normalised data,
p =4E-129 to p = 6E-20; non-normalised data, p = 4.3E-14 and p = 7.3E-97; see Fig 3 in S1
File) and a difference between the day time and night time responses indicating that the most
marked impact occurs during day time when the animals normally rest (Fig 7b; light as a sub-
plot factor, normalised data, p = 5E-37 to p = 2E-2; non-normalised data p = 0 and p = 3.1E-
87; see Fig 4 in S1 File). An effect by sex on this response was statistically significant only at the
IMG and KT sites (Fig 7b; normalised data, p = 2E-8 and p = 6E-7, respectively; non-normal-
ised data, p = 1.2E-4 and p = 3.2E-3, see Fig 4 in S1 File).

Impact by housing density and bedding material on in-cage activity

Both cage housing density and the suitability of different types of bedding materials are cur-
rently subject of multiple studies (for references see Introduction). At the KI site, we compared
in-cage activity using aspen chips (AC) with corn cob (CC) and different mouse holding densi-
ties (Fig 8; for experimental details see Material and methods).

Irrespective of the bedding material used and the housing density, the activity declined to
the same extent and with a similar progression post cage change as in the multicenter study
reported above (Fig 8a; p = 6.6E-69, 4 mice per cage; p = 7.4E-36, 2 mice per cage). There was
a small but significant difference in activity decrease between housing on AC and CC with
four mice per cage but not with two mice per cage (Fig 8a and 8b; p = 1.5E-4, 4 mice per cage;
p = 0.41, 2 mice per cage).

Use of cage-floor and position of latrine

The in-cage life of mice shows a clear organisation with a hierarchy of the standing of the indi-
viduals in the group, the building of nest(s) and the assignment of one or more areas as latrine
(s). To alarge extent, this cage life order is disturbed when we perform a cage-change.
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Fig 8. (a) Activity normalised to peak activity (%) during the light (upper panels) and dark (lower panels) periods, for
n = 4 (left two panels) and n = 2 (right two panels) mice per cage, housed on aspen chips and corn cob (see the key to
symbols). Data are average normalised activity values + SEM. For day time, day 1 is the day that follows upon a cage
change day while for night time day 0 is the night that follows upon the cage-change which took place during the
preceding day time (day 0) (for a corresponding plot of non-normalised data see Fig 5 in S1 File). (b) Box plots of the
relative effect size of type of bedding material on changes in activity during lights on (clear background) and lights off
(hatches background) across the cage-change cycle for each housing density shown in (a) (see Material and methods).
Aspen chips (blue) and corn cob (green).

https://doi.org/10.1371/journal.pone.0267281.g008
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As described in Materials and methods (see details in, Fig 6 in S1 File), the positions of
latrines were defined by the recorded drop in capacitance across the cage-change cycle due to
the wetting of the bedding in and around the latrine. We found that the latrine predicted by
DVC™ agreed in 85% cases with the area with the highest ammonia concentration and that
the placement of the latrine(s) varied between cage-cycles in all cages. The latrine was re-
assigned to the same area of the cage in less than about 2/3™ of the cases, with males being
more prone to shift localisation than females (Fig 9a). As depicted in Fig 9b, female mice
tended to create the latrine(s) in the front of the cage, while male mice showed no clear prefer-
ence for front vs rear position of latrines at the UGA, LUMC and Kl sites. At the IMG site,
males showed a similar preference as the females for having the latrine in the front.

The decision on the placement of the latrine(s) by the mice occurred shortly after cage-
change. As shown in the heat map of the Frontality of activity (i.e. the percentage of activity
that occurred in the frontal section of the cage floor) vs. latrine position across cage-change
cycles (Fig 10 showing an example from the UGA site; examples from other sites are shown in
Figs 7-9 in S1 File), male mice are more active in the regions of the cage floor being devoid of
the latrine(s) already the day after a cage change. A trend that continued till the end of the
cage-change cycle at each of the sites (see below).

Expanding on the in-cage activity (Figs 6-8 and 10) and latrine position data presented
above (Fig 9), we deepened the analyses of Frontality (Fig 11) for each day of the cage-change
cycle in relation to the locations of the latrines across all five cycles at each site. The data plot-
ted for each site illustrate that the percentage of daily activity recorded from the frontal half of
the cage-floor increases over time when the latrine is positioned in the rear, while it decreases
when the latrine is in the front. This was significant at all sites (interaction between day and
latrine position, p = 9E-34 to p = 1.2E-04).

Male and female C57BL/6] mice appear to differ in the evolution of Frontality over time,
female mice tend to reduce activity by 5-to-10% in the latrine area and this occurs during the
274 week of the cage change (lower panels) while males disclose a much more robust (~25%)
shift of the activity to the latrine free area already on day one at the IMG, KI and UGA sites
and on day two at the LUMC site (Fig 11a). This shift in activity was significant at the UGA
and LUMC sites but not at the other sites (Fig 11b; interaction between sex, day and latrine
position, p = 2.7E-02 and p = 1. 1E-02 respectively; while p = 4.4E-01 at IMG and p = 8.3E-02
at KI). Thus, latrine position had no statistically significant effect on female mice preference
for frontality at the IMG and KI sites across the full cage-change cycle (Fig 11b).
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Fig 10. Minute-based frontality and latrine positions day-by-day across cage-change cycles. Heatmap showing the
Frontality for each minute of one male example cage at the UGA site for the five cage-change cycles (for corresponding
information of the three other sites see Figs 7-9 in S1 File). Frontality is the percentage of activity performed in the
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position of the latrine(s) during each cycle is indicated at the right of the heatmap. Note the switch from summertime
to wintertime week 47 (to 70).

https://doi.org/10.1371/journal.pone.0267281.g010

In the separate experiment performed at the KI site, animals housed 4 to a cage tended to
be less and less active in the region of the latrine (Fig 12; latrine factor, p = 2E-62; interaction
between latrine and day, p = 2.8E-92), irrespective of the type of bedding materials used (bed-
ding type factor, p = 0.61). In contrast, animals housed two per cage didn’t shift their activity
span resulting in no impact on frontality by latrine position irrespective of the type of bedding
materials used (latrine factor, p = 0.32; bedding type factor, p = 0.11).

Intra-cage NH3 levels across cage-change cycles

NHj levels (ppm) were measured repeatedly between successive cage changes across the front,
the middle and the rear area of each cage floor under flow conditions at KI, LUMC and UGA
(see Material and methods). Fig 13 shows the average NH; ppm calculated for each cage area
(latrine area, and area opposite, which can be front or rear, and middle) at the end of the
14-days cycle, for each sex and site.

In Figs 10-12 we show that with days passing between cage changes the mice allotted more
and more of their activity to the latrine free part of the floor. For this reason and also the obser-
vation that the latrine was never found to be in the middle portion of the cage, we deepened
the analysis of NH; levels by analysing the NH; in the latrine area of the floor vs the opposite
latrine free floor area (Fig 14). As evident from the plots, there is an increase in NH; ppm with
more days post cage change (KI p = 6.6E-51, LUMC p = 2.2E-77, and UGA: p = 1.7E-90) with
significant differences between the latrine area and the opposite latrine free area (KI p = 3.7E-
6, LUMC p = 7.1E-11, and UGA: p = 5.1E-43) and between sexes (KI p = 4.1E-03, LUMC
p = 1.8E-2, and UGA: p = 3E-8). In the latrine area, the NH; ppm remained at 0 on day 2 at
both LUMC and UGA, and was slightly above 0 at KI. For males, it then increased and
exceeded 25 ppm on day 5-6 and at KI and UGA exceeded 50-75 ppm, towards the end of the
cycle (Fig 14). At LUMC, the progression was delayed during the first week, but then acceler-
ated to >75 ppm towards the end of the cycle. In cages with females, ammonia levels in the
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latrine zone at KI and UGA remained below or touched 50 ppm across the whole cycle while
during the second week NH; ppm increased rapidly to reach the same end values as for males
at LUMC. The floor area opposite the latrine showed only small differences between sexes,
progressed more slowly and remained below or was about 25 ppm as end values at all three
sites. As expected based on the ventilation dynamics of the IVC cages, the ammonia levels

across the cage-change cycle were higher in the latrine area when this was located in the rear

compared to the front area (Fig 14). There was a correlation between NH; ppm measured in
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area = clear; latrine-free area = hatched), respectively, across the cage-change cycle at each site. Males in blue and females

in pink.

https://doi.org/10.1371/journal.pone.0267281.g014
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Fig 15. NH; measurements in relation to latrine position on different days post cage-change with aspen chips and corn cob,
and either 4 or 2 animals per cage at KI. Plots show the average +SEM of NH; ppm in the latrine and opposite area of the cage
floor for latrine in the front (left four panels) and latrine in the rear (right four panels) of cages with mice on either corn cob
(green) or aspen chips (blue) bedding and with a housing density of four (upper two panels) or two (lower panels) animals per
cage at the K1 site. (b) Boxplots showing the relative effect of bedding material (aspen chips in blue, corn cob in green) on
recorded ppm NHj across the cage-change cycle in the latrine and latrine-free (latrine area = clear; latrine-free area = hatched)
cage-floor areas, respectively, at the housing density of two and four mice.

https://doi.org/10.1371/journal.pone.0267281.9015

the latrine area and in the opposite latrine free area at the three sites (Spearman rank correla-
tion; cages males rs = 0.72, p = 1.8E—17 down to ry = 0.48, p = 3.7E-9, when the latrine is in
the rear; r; = 0.87, p = 2.2E-44 down to ry = 0.31, 5.9E-5 when the latrine is in the front; female
cages rg = 0.82, p = 2.4E-16 down to ry = 0.62, 1E-11 when the latrine is in the rear, r; = 0.82,

p = 8E-45 down to r, = 0.59, p = 1.1E-20 when the latrine is in the front) suggesting a gradient
of NH; ppm across the cage floor (see also Fig 13 and [42]).

Housing density, latrine position and bedding material impact on in-cage
activity and NH3 levels

At the KT site, animals were also kept on CC and housed at a reduced density (Fig 15a and
15b). With four animals, the small difference in average NH; ppm values between beddings
was not statistically significant (15b, p = 0.47). The ammonia levels increased with both bed-
dings types (Fig 15a; p = 2.8E-35) as time progressed post-cage-change and there was a signifi-
cant difference between the latrine area and the opposite latrine free area (p = 1.2E-8). These
results are consistent with the multicenter study reported above. With a housing density of
two animals per cage, the levels of NH; ppm remained very low throughout the cage-change
cycle albeit with a small difference (p = 1E-4) between AC and CC (Fig 15a and 15b). Also in
these sets of cages, there was a significant covariation of NH; ppm measured in the latrine and
latrine-free cage-floor area (Spearman rank correlation, four mice on CC r = 0.85, p = 5.2E™"
and = 0.60, p = 4.3E"'®, with latrine in the rear and in the front, respectively; four mice on AC
r=0.90,p=6.8E> and r = 0.71, p = 6.1E*; two mice per cage on CC r = 0.90, p = 8.3E>° and
r=0.74, p = 4E % two mice on AC r = 0.84, 22E > and r = 0.75, p = L.2E™").

Number of animals, biomass and in-cage NH; ppm

A direct comparison of NH; ppm in cages with male mice and that in cages with female mice
at all three sites revealed a statistically significant difference with higher NH; ppm in cages
with male compared to those with female mice (Fig 16). Since the excretion of urea, a key com-
ponent of nitrogen homeostasis, is to some degree proportional to the biomass of the organ-
ism, we used the collective body mass of each cage to compute average NH; ppm per gram
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Fig 16. Boxplots of average NH; ppm in cages with four female or four male mice (see key for male and female)
across five cage changing cycles at KI, LUMC and UGA. Left panel (a): A direct comparison of NH; ppm in cages
with male mice and that in cages with female mice (left panel). Effect size by sex was large at each site (CLgg: 0.84, 0.75
and 1.0, respectively; see material and method). Right panel (b): NH; ppm per gram biomass in cages with male mice
and in cages with female mice (p values for Mann-Whitney U-test have been indicated). With NH; ppm normalized to
in-cage biomass, the effect by sex was still high (CLgg: 0.98) and statistically significant at UGA but lower and did not
reach statistical significance at KI (CLgg: 0.7) and LUMC (CLgg: 0.6).

https://doi.org/10.1371/journal.pone.0267281.9016

biomass. We then found that the difference in NHj; level between sexes across cycles did not
reach significance at KI and LUMC but remained significant at the UGA site (Fig 16b).

Vertical slot position, light level, NH; ppm, and in-cage activity

As detailed in the Materials and methods section, we rotated each cage at every cage change to
mitigate an impact by light level or potential non-uniformity of the ventilation. Post hoc analy-
ses of the activity and NH; ppm data collected from each slot (covering ten different cages
each inserted for two weeks) revealed no gradient of either activity or NH; ppm with slot posi-
tion (see Figs 10-14 in S1 File).

Intra-cage bacterial growth and NH; levels during bi-weekly and weekly
cage-changes, and post hoc histopathological examination of the upper
airways

At the KT site, bacterial load (CFU) inside the cages was assessed (n = 20) through swabbing at
the end of the five cycles of bi-weekly cage-change (see Material and methods). The cage-
change routine was then shifted to weekly cage change for two rounds and at the end of the
second round all cages were swabbed again for assessment of CFUs. Pair-wise analysis of bac-
terial load with bi-weekly and weekly cage changes, respectively, revealed only small difference
in CFU between the cage change intervals (p = 0.095; Fig 17).
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Fig 17. Bacterial growth load (CFUs) and average of NH; ppm across the cage-change cycle in cages changed bi-
weekly (filled circles) vs. weekly (open circles). Data from male and female cages are colour coded, see key in
diagram. Inserted in the diagram is a box plot of bacterial load for both samples and the obtained p-value for the
statistical pair-test (Wilcoxon matched pair).

https://doi.org/10.1371/journal.pone.0267281.9g017

Measurements of NH; ppm was continued during the two weekly cage-changes to allow us
to assess covariation between CFU and in-cage NH; ppm. In both the weekly and bi-weekly
data sets of NH; ppm and CFUs there was a significant correlation between the two metrics
(Spearman rank correlation, weekly: r = 0.88; bi-weekly: r = 0.76; Fig 17, see also Fig 15 in S1
File).

At the end of the five cycles of bi-weekly cage changes and the two final cycles with weekly
cage-change, one animal per cage was randomly selected for histopathological analysis [13, 24,
57] of the upper airways to assess acute and cumulative impacts by in-cage bacterial load and
ammonia (SPF group; Fig 18a). Mice of the same strain, sex and age but bred and housed
under germ-free (axenic) conditions served as reference group with no lifetime exposure to
NH; (GF group, Fig 18a). The tissue section analyses were conducted blinded on coded slides
by two histopathologists ranking (0-5) the presence (>0) and extent (1-5) of each of the seven
parameters (Fig 18a). The concordance between assessors was high (>90%; Fig 18a). In addi-
tion, the number of Caspase-3 positive cells mm ™ was counted in the respiratory (RE) and
olfactory (OE) epithelium, respectively. There were no signs of tissue necrosis or scarring
while seven of the nine morphological features assessed (Table 2) were encountered in both
SPF and GF animals. Inflammatory cell infiltrate in the vomeronasal organ was more prevalent
in GF mice while hyalinosis in both the olfactory and respiratory epithelium, and Caspase-3
+ cells in the RE were more frequent in SPF animals. The remaining five histological hallmarks
present in both groups showed no difference between groups (Fig 18b). Thus all-in-all 4
parameters were either exclusively present in SPF animals or at least significantly more
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Fig 18. (a) is a tabulation of the ranks for the nine included variables (see Material and methods) with univariate statistics (Mann-Whitney U) of
differences between the GF and the SPF groups and the common language (CL) effect size of the difference between groups. (b) shows the loading of
qualitative and quantitative, and supplementary qualitative variables on F1 and F2 in the mixed PCA. The SPF mice separated by sex on F1. (c) shows the
contribution by each observation, numbers <10 are males while >10 are females.

https://doi.org/10.1371/journal.pone.0267281.g018
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prevalent in this group. These four histological hallmarks (qualitative variables) were included
in a mixed model PCA to assess covariation with CFUs and NHj levels (quantitative variables)
while controlling for sex (Fig 18c). The covariation of qualitative and quantitative variables
was low (F1 plus F2 ~45%). NH; ppm and CFUs contributed mainly to F1 while inflammatory
cell infiltrate in the OE contributed to F2. SPF animals were well-separated by sex along F1
(Fig 18b and 18c).

Discussion

Here we report the results of a multicentre study at four research institutes in Europe con-
ducted in 2018-2020. The rationale was to shed light on the in-cage activity of a commonly
used laboratory mouse strain across a cage change cycle of two weeks and to what extent in-
cage levels of NH; impacted animal activity, dynamics of the use of cage floor space relative to
the location of the latrine, and health of the mice. Another objective was to analyse to what
extent the data reproduced across facility sites. This is the first report of a study involving the
measurement of in cage NH; concentrations, where in each cage measurements were taken at
three positions across the cage floor covering the entire width of the cage at all three positions
under IVC flow conditions. In-cage ammonia concentrations were measured at different time
points between cage changes using a commercially available portable electrochemical sensor
device [41]. Male and female mice of three different C57BL/6] substrains were housed in
GM500 IVC cages. Cages were changed every other week. Spontaneous activity on the cage-
floor was recorded 24/7 with DVC™ technology [2]. Novel to this study is that we used the
DVC™ electrode capacitance readings to decide on the location of in-cage latrine(s), enabling
us to relate both NH; ppm and activity to the position of the latrine(s). At the KI site, bacterial
load was measured and the airway histology of the SPF mice was compared to that of a separate
cohort of germ free C57BL/6] mice. At none of the sites, animals were lost or had to be
removed from the study prematurely. At the four sites, all animals exhibited weight increases
similar to what is considered normal for C57BL/6] mice during the study period of 10 weeks
and the additional 2 weeks at the KI site. In addition, the effects of reduced cage occupancy,
two versus four animals, and different bedding types, corncob versus aspen chip, on the
increase in NH; concentrations and on the spontaneous activity of the animals were investi-
gated at the KI site only.

Although housing conditions were standardised as much as possible there were differences
between sites with respect to the timing of lights on and lights off and the presence of a dawn
and dusk period. At two centres, animals were handled with forceps while the two other cen-
tres used tail handling. Obviously, the caretakers differed between sites. It has been reported
that the sex of the experimenter can affect apparent baseline responses in behavioural testing
[72]. At the LUMC, all staff members involved in the experiments were male, while at the
other sites the team consisted of male and female caretakers. Since all animals were housed in
IVC cages and cages were only opened under laminar flow conditions in downflow cage
changing stations, the effect of the sex of the experimenter on experimental outcomes is
thought to be minimal.

In-cage activity and impact by position of latrine(s)

Our cumulative records show a distinct circadian rhythmicity of in-cage activity. The data rep-
licated well across sites and confirm previous observations [2]. The only notable difference was
the rather slow onset of activity increase following lights off at the IMG site. This deviation
could not be explained by light off being sudden or through a passage in dusk since two sites
had no dawn and dusk period and two sites did of 10 and 30 minutes respectively. Also the
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timing of the lights on and off could not explain the difference, since both IMG and KI had set
lights off at 4:00 pm and lights on at 4:00 am. The onset of activity increase following lights off
at KI was rather similar to the other two centres (UGA and LUMC) with lights off set at
7:30pm.

Our results confirm that female C57BL/6] mice are more active than age-matched male
mice [2]. However, we found that the higher female activity appeared to be constrained to the
dark phase. Hence, the difference between day and night time activity was greater in female
than in male mice. In response to a cage change, male and female mice exhibited an instant
increased of activity during both day and night time. The enhanced activity decreased during
the first week at all participating sites and continued to decline at slower pace during the sec-
ond week. This is in line with an earlier study with female C57BL/6] mice with weekly cage
changes [2]. The amplitude of the increase after cage change and the following drop in activity
varied between 25 and 50% during the first week depending on the site and the sex, levelling
off during the second week (~-10%). Similar results were found during the extended experi-
ment at KI with different bedding types and only two animals per cage, showing that this reac-
tion following a cage change event is extremely robust across sites, sexes, animal housing
density and independent from bedding types. In relative terms, the impact of the cage change
on in-cage activity was more marked during day time when the animals rest than during lights
off when the animals are active. Our findings are in line with others reporting altered behav-
iours and responses, and disrupted sleep patterns [1, 9, 45-49, 73].

An alternative approach to a predetermined fixed time interval between cage changes is the
cage change on demand or ‘spot cleaning’. Under that regime, the technician decides when a
cage needs changing most often based on an SOP with images representing different degrees
of soiling. Our results confirm that a cage change impacts the activity and sleep patterns hence
are likely to impact scientific results. It should, therefore, be considered an experimental vari-
able and included when designing the experiment. This is easier with a fixed cage change fre-
quency than with cage change on demand. A bi-weekly cage change is then preferred over a
weekly cage change.

We used the drop in electrode capacitance that occurs with increasing water content of the
bedding to estimate the location of the latrine(s) across the twelve electrodes covering the floor
area [52]. Considering all sites, the latrine position identified by the DVC technology agreed in
85% of the cases with the area with the highest NH; concentrations measured. In the remain-
ing 15% of the cases, NH3 values were extremely low and comparable between front and rear
positions and therefore less informative to assigning the actual latrine position. In all cases, the
latrine position was determined by visual inspection as well.

Our data show that even though food and water were presented more towards the rear of
the DVC™ GM500 cage type used and the rear of the cage was the more shaded area of the
cage, male mice showed no clear preference for creating the latrine in the front or rear of the
cage while female mice showed a preference for the front of the cage. Only at IMG, both male
and female mice had a preference for the front of the cage inspite of the higher light intensity
measured across the front of the rack compared to the other centres. This finding could not be
linked with a causing factor except that that rack was placed against a wall bordering a corridor
albeit with low traffic intensity and no detectable transmission of sound in the audible range
for humans.

Depending on the location of the latrine, mainly male mice exhibited increasingly more
activity at the opposite site of the cage away from the latrine as the time between cage changes
progressed. More in detail, independent from the latrine position, immediately after cage
change (day 0) males are already more active in the area opposite from the latrine and this will
become more pronounced during, in particular, the first week but progresses at a slower pace
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during the second week at two (KI and UGA) of our fours sites. Still at the end of the two
weeks, 20%-25% of the daily activity across all sites is in the latrine part of the cage floor.
Females show a different pattern of activity with no change in preference for the two floor
areas during the first week, followed by a tendency (5-10%) to allocate more of the daily activ-
ity in the latrine free area. A tendency that became statistically significant at the LUMC and
UGA sites only. These patterns are highly reproducible between sites also in the extended KI
experiment with the two bedding types. However, this shift in activity span of male mice disap-
peared entirely when the cage occupancy was reduced to two animals per cage, implying that
housing density can be a significant factor.

Whether the shift in activity span is accompanied by an increase in anxiety or stress levels
will have to be confirmed in a subsequent study. The European Directive, 2010/63/EU, pre-
scribes 330 cm” as the minimum enclosure size with defined floor area dimensions per animal
depending on their body weight [74]. These minimum enclosure dimensions were set after the
recommendations of the Council’s Group of Experts on Rodents and Rabbits. The expert
group concluded that figures for minimum cage sizes and maximum stocking densities can
never be scientifically ‘proven’ for reason that the crucial point is the interaction between
space, the structure of the cage, the animals and the type and quantity of enrichments provided
[75] (see also [76]. In operant conditioning experiments, female C57BL/6 mice continued to
exit the enriched cage and enter the empty one at all the costs imposed, but did not discrimi-
nate between the amounts of additional space offered [77, 78]. The author argued that the
motivation to exit the enriched cage and enter the empty cage was due to monitoring, patrol-
ling or information gathering, independent of any attraction or aversion to either of the cages.
Based on these findings Gaskill et al. suggest that when considering space offered by larger
cages, this may mean that mice will patrol the perimeter of the larger cage, but spend most of
their time near the nest [79]. Determining the optimal combination of available floorspace and
the floorspace area ‘agreeable’ to mice should be subject of future studies. These studies should
incorporate measurements of physical and mental wellbeing parameters and consideration of
the observed difference between sexes.

Ammonia (NH;5)

A likely explanation for the shift of activity away from the latrine is that the animals avoid the
areas of the cage that are becoming soiled with increasing concentrations of chemicals associ-
ated with the latrine [15, 19, 26]. The reduction in housing density from four to two animals
lead to lower NH; concentrations and less soiling suggesting that NH; may drive this beha-
vioural response. However, controlled NH; exposure studies indicate that levels up to

100 ppm are not aversive (preference test with clamped chamber) to mice [32]. In a study of
voluntary wheel running (Swiss strain) Tepper et al. [80] found no consistent impact on activ-
ity by exposing the mice to 100 ppm NH; for 2 days while exposure to 300 ppm NHj; substan-
tially reduced the spontaneous activity.

Consistent with studies examining both sexes [7, 21, 81], the measured levels of NH; were
significantly higher in cages with male than with female mice (Fig 16a). A difference that can
be explained in part by the larger biomass of the males (Fig 16b). Our conclusion is that strain
information, number of animals and sex need to be complemented with biomass in order to
safely control in-cage NHj levels. Notably, the difference in NHj levels between sexes was
larger in the latrine area than in the latrine free area. In line with previous studies [13, 21], the
increase in NH; showed some variability between cycles and within cycles. Variances within
series of measurements of NH; may be generated by the in-cage activity preceding the
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measurement, for example timing of the use of the latrine and activity at the latrine(s) which
both may facilitate release of NH; from soaked bedding.

Since we measured NHj3 at the front, middle and rear of each cage, we could clearly demon-
strate an NH; gradient with higher concentrations over the latrine area and lower NH; con-
centrations detected over the adjacent middle and opposing areas of the cage floor (see also
[10, 16]). Overall, NH; concentrations in the front of the cage were lower than those in the
rear of the cage irrespective of sex, housing density or bedding type. Possible explanations for
this finding are the direction of the airflow from the rear top of the cage towards the front then
down and back across part of the cage floor up to the rear top, and the spill of diet under the
hopper situated closer to the rear of the cage creating favourable conditions for urease produc-
ing bacteria to grow (see also [10]).

For female mice the level of NHj; across the five cage-change cycles were at, or below,

25 ppm in the latrine free area of the cage irrespective whether the latrine was in the front of
the cage, upstream, or in the rear of the cage, downstream from the airflow. In the latrine area,
the NH; concentration remained below 25 ppm until day 12 of the cage change cycle at the
three sites where NH; was measured (KI, LUMC, and UGA).

With males, NH; exceeded 25 ppm on the final day before the cage change in the latrine
free area while ammonia levels exceeded 25 ppm during the first week at KI and UGA but not
until the middle of the second week at the LUMC. While NH; ppm continued to increase at
the LUMC (up to 75 ppm) until the final day of the cage-change cycle, the corresponding pro-
gression levelled off at the two other sites (end values at ~50 ppm). This may be explained by a
different dynamics of in-cage bacterial growth between sites as discussed below.

As demonstrated by Rosenbaum and co-workers [11] (see also [9, 15, 16, 28]) varying the
air change rate or the amount of the bedding material can modify in-cage NHj levels. Here we
used the seventy-five air changes per hour (ACH) and the amount of bedding material recom-
mended by the vendor to optimise in-cage conditions (see Material and methods). Lower rates
of ACH may compromise the in-cage environment with higher holding densities (> two ani-
mals) but higher ventilation rates may also have disadvantages since air turbulence and a
strong laminar flow may compromise the wellbeing of the mice [8]. Rather than changing the
ACH, choosing the right type and amount of bedding material is a better way to optimise the
in cage microenvironment (see also below). Tateryn et al. reported corn cob to show better
NHj control than aspen chips already as early as 4 days after cage changing and throughout
the 2-week measurement period [31]. Using a housing density of either 4 or 2 male mice, we
could, however, not replicate these observations in the current study suggesting that this issue
deserves further investigation.

Given the choice, data in the literature indicates that mice prefer aspen chips over corn cob
[82]. However, consideration should also be given to the fact that both wood chips and corn
cob are complex organic composites that contain a range of chemicals potentially posing a haz-
ard to the animals’ health and/or interference with experiments on the animals. In particular,
corn cob and pine chips have been considered toxic or troublesome in a variety of contexts
[83-87], but also other wood shavings like the widely used aspen chips have only been tested
for a non-exhaustive library of chemicals and the users are left uninformed about potential
interference or toxic components of this bedding. A leap forward in improving housing stan-
dards for small rodents would be to introduce a synthetic bedding material with a texture and
composition meeting the animal’s need, is tolerated well and reduces the risks for aversive
chemical side-effects at the same time, including exposure to NH;. To our best knowledge
there is only one such effort published to date [29].

Our results show that male mice decrease the amount of activity in the latrine zone of the
cage floor already before NH; levels increased, indicating that other urine associated chemicals
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and odours affect their behaviour. C57BL/6] is a highly inbred strain resulting in different
male mice possessing the same chemo-signals in their urine associated with MUP and MHC
peptides [88, 89]. This should act to prevent C57BL/6] males from discriminating odours of
male mice of the same inbred strain, regardless of their age. Thus, it seems unlikely to be chem-
icals associated with the marking of territorial boundaries that repelled male mice from being
active in the latrine zone. In contrast, C57BL/6] males did display discriminative deposition of
urine marks toward outbred CD-1 males and toward adult C57BL/6 females [90]. Also, single
housed C57BL/6] male mice marked more than pair-housed males. Hence, this issue certainly
deserves further attention.

Bacterial load and ammonia levels

The low level of NHj; across the first few days post cage-change is the results of the process by
which NH3 is generated and that we used autoclaved cage materials including bedding and
irradiated food, thus the conditions in a new cage were close to sterile. The production of NH;
from urea by bacteria-derived urease escalates as bacterial load increases overtime. The origin
of these bacteria is the microbiota of the SPF animals and the accidental contamination with
agents, like Staphylococcus aureus, by staff. This was also the rational to include germ free mice
of the same strain and age as a no NH3 exposure reference group in this study [53-55]. Our
data on bacterial load (CFU) are in agreement with previously published data [17]. Notably,
the difference in CFUs between cages subjected to weekly and biweekly cage-change was small
indicating that the colonisation became saturated towards the end of the first week. This could
explain the levelling off of in-cage NH; build-up during the second week post cage change at
KIand UGA. The slower increase of NH; ppm recorded at LUMC, may have been caused by a
more protracted bacterial colonisation during the first days after cage change which caught up
during the second week to generate NH; en-par with the other sites towards the end of the
cycle. Differences between sites may well be caused by differences in microbiota with animals
coming from different vendors. All three facilities maintained an SPF status considering the
FELASA recommended list of agents to be tested for as exclusion list [5].

In both the bi-weekly and weekly data set there was a significant correlation between CFU
and NH; concentration. However, while low levels of in cage NH; (<25 ppm) covary closely
with CFUs, high ppm values (31-65 ppm) were more scattered especially in cages changed bi-
weekly. The poorer covariation between high levels of NH; (>25 ppm) and CFUs may be
explained by the shifting towards urease producing bacterial strains at the expense of other
bacterial species as time progresses. Another not mutually exclusive explanation is that NH;
being a sticky molecule may accumulate in the organic bedding material until the bedding
becomes saturated after which the concentration of the gaseous NH; will increase.

Histopathology

NH; has attracted considerable attention as a significant micro-environmental factor in hous-
ing of small rodents because it may induce lesions in the upper airways compromising health
and it is a potent irritant of sensory nerve endings of the nose and the eye [7, 9, 13, 16, 20, 21,
24,25, 35-38, 40]. The levels of bacterial CFUs and in-cage NH; ppm recorded in this study
induced no overt impact on the health of the animals. However, a number of studies have
reported histopathological findings in the nasal cavity and/or lung following one to several
weeks of in-cage NHj levels corresponding to those measured in our study [13, 20, 91]. There-
fore, at the end of the last cage-change cycle, 10 male and 10 female animals were randomly
selected from each cage at the KI site and their upper airways dissected for histopathological
analysis (see Material and methods). These SPF mice were compared with a group of mice
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raised and kept under axenic conditions (GF). No overt signs of tissue necrosis or scarring
were observed in either group. In general the scoring of histopathological parameters (see
Table 2 in Material & methods) was low and never exceeded three on a scale 0-5 in both
groups. Where signs of tissue alterations were present in both SPF and GF mice (7 of 9 param-
eters), these may be driven by other environmental factors such as dust or chemicals deriving
from the bedding material rather than exposure to bacteria or NH;. The presence of hyalinosis
and apoptotic cells (Caspase-3+) in the RE of SPF mice were significantly more prevalent than
in the GF mice. Furthermore, hyalinosis and inflammatory cell infiltrates were exclusively
encountered in the OE of the SPF animals. Inspite the significant difference between the obser-
vations made in SPF and GF mice, these parameters showed no, or a very low covariation
(mixPCA) with NH; ppm and bacterial load (CFU) in the SPF group. The absence of marked
histopathological alterations in the upper airways and the low degree of co-variation with NH;
level and bacterial load is not surprising but rather expected against the results published [32,
33, 38, 40, 92-94] where exposure levels were well-controlled showing that weeks of exposure
to >56 ppm NHj are needed to induce tissue alterations to the upper airways in mice and rats.
Furthermore, our results are in line with several studies assessing histopathological changes
and in-cage measurement of NHj levels (<100 ppm) under different mouse housing para-
digms [7, 11, 14, 16, 21, 24, 42]. Given the results from controlled exposure studies (see above),
the explanation of the discrepancy found in the literature (see above) concerning histopatho-
logical airway alterations in small rodents housed under similar in-cage NH; ppm (<56) may
be due to measured NHj levels not corresponding closely to the individual animal’s exposure
to NH; and, in addition, that differences in NH; measuring technique used between studies
may preclude closer comparisons of the results [41]. Another not mutually exclusive explana-
tion is that histopathological changes to the upper airways were generated by other environ-
mental chemicals and/or dust, not being NH;. This may then explain that seven of the nine
parameters examined were present also in the GF mice. Bolon et al. [33], compared nose histo-
pathology after controlled exposure to 0 and 300 ppm NHj; during 6 hours per day over 5 or
10 days, and observed that high NH; ppm was associated with anterior nasal lesions but not
lesions of the olfactory epithelium (see [40]). This is consistent with the lack of correlation
between observed in-cage NH; ppm and inflammatory cell infiltrate of the olfactory epithe-
lium reported here.

Finally, as shown in this study the animals prefer spending more time away from the areas
with the highest concentrations of NH; and that these areas overlap with the latrine area with
limited spill over to adjacent areas. This is irrespective of the location of the latrine.

Exposure limits to NH; specific for mice are missing

From our results and those of others as reported above can be concluded that a consensus on
an evidence based exposure limit for mice is missing but much warranted. To date most small
rodent facilities use the work place NH; exposure limit for humans (see papers and guides
cited above), being an average exposure of <25 ppm NH; with peaks of <50 ppm during eight
hours per day. These thresholds were derived from field and laboratory studies with human
subjects, using self-reported discomfort and objective assessment of pulmonary ventilation
(static/dynamic spirometry) (for a detailed recent review see EPAs Toxicological Review of
Ammonia Noncancer Inhalation [CASRN 7664-41-7] Supplemental Information, September
2016). The controlled exposures studies on small rodents (rats and mice) cited above indicate
that <56 ppm (= 40 mg/m’) NH; does not inflict signs of discomfort, clinical symptoms or
histopathological changes to the airways even at prolonged exposure. In contrast to humans,
NHj; appears not to be aversive or impact physical activity of mice even at constant exposure
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levels of 100 ppm [33, 80]. Clinical symptoms as eye-blinking, and histopathological changes
to the anterior compartment of the nose have been reported for controlled prolonged expo-
sures in the range 100-150 ppm [40, 92]. Humans respond to high levels of NH; (500 ppm)
with an increased pulmonary ventilation [95]. In contrast, rats and mice decrease their breath-
ing rate (a 50% reduction at 300 ppm NH3;) seemingly protecting their airways from exposure
to NHj; [36, 37]. In summary, the existing literature of controlled exposure studies on small
rodents seems to suggest an average NH; exposure of <56 ppm with peak values <75-

100 ppm a rational exposure limit for mice based on current knowledge.

Concluding remarks

The objective of this study was to deepen our insights into the longitudinal changes of the cage
microenvironment and the spontaneous in-cage activity of a widely used mouse strain housed
in IVCs with a cage change cycle of two weeks. By gathering longitudinal data, it was possible
to compare the first and second week of the cage-change cycle. By analysing repeated biweekly
cage change cycles, variations across cycles could be assessed. Finally, the study was conducted
in parallel at four sites in different countries within EU, enabling distinction of features which
reproduced across sites from those that did not.

Cage change induced a marked increase in activity (~40%) being more pronounced during
day time when the animals normally rest than during night time. The subsequent decline from
this activity burst occured mainly during the first week. Our data strongly support the notion
that from the animal’s perspective, bi-weekly cage change is to be preferred over weekly cage
change. Irrespective of the cage change frequency, the impact of a cage change is such that it
must be incorporated into the experimental design as a variable.

Following a cage change, the mice quickly assigned a location(s) for the latrine(s). Females
but not males showed a clear preference for having the latrine(s) in the front of the cage. In
cages with males, the mice more or less instantly prefered to be active in the latrine free part of
the cage floor. A behaviour that progresses through the cage change cycle. This behaviour was
equally detected on both AC and CC. Reducing housing density to two mice per cage abol-
ished it. Female mice displayed a different pattern of in-cage activity, using the entire cage
floor the first week while during the second week the amount of activity in the latrine area
decreased by about 5-10%, a trend that was significant only at two out of the four sites.

Measurement of NH; ppm across the cage floor revealed a gradient with three times higher
values for the latrine area than the opposite area. As expected, in-cage bacterial load covaried
with in-cage NH; ppm. Across the cage change cycle, NH; ppm increased from 0-1 ppm to
reach ~25 ppm in the latrine free area and 50-75 ppm in the latrine area at the end of the
cycle. While the latter values exceed the exposure limits set for humans, the literature on the
impact of controlled NH; exposures in small rodents suggest that these limits may be too
restrictive for mice.

Post hoc histopathological analysis of the nose cavity revealed mild to moderate signs of
abnormalities that did not covary with the recorded in-cage NH; ppm. Seven out of the nine
stigmata were also present in the germ free reference group with no lifetime NH; exposure
suggesting that these may be instigated by other in-cage components than NH; such as dust or
chemicals from the bedding material. Further studies on bedding materials are needed. How-
ever, an optimal solution would be a nontoxic and dust free material with properties that con-
siderably reduce the production of NH; while meeting the demands of the mice.

We conclude that housing of four (or equivalent biomass) C57BL/6] mice for 10 weeks
under the described conditions does not cause any overt discomfort to the animals.
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