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Choosing the right animal model for infectious disease
research

James R. Swearengen

ABALAC International, Fredenick, MD, USA

Abstract
Correspondence A complex biclogical system is often required to study the myriad of host-pathogen
James R. Swearengen, AAALAC . . . . . . . - - .
nternational, Frederick, MD, USA. interactions associated with infectious diseases, especially since the current basis of

Email: jswearengen@aazlac.org biology has reached the molecular level. The use of animal models is important for
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Nonhuman Primates and Translational Research:
. Progress, Opportunities, and Challenges
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Syrian hamsters as a model of lung injury with SARS-CoV-2 infection:
pathologic, physiologic and detailed molecular profiling

Joseph S. Bednash 2 [« Valerian E. Kagan « Joshua A. Englert » _.

Richard T. Robinson & * X e Show all authors « Show footnotes

* Published: November 02, 2021 * DOIL: hitps://doi.org/10.1016/).trsl. 2021 10.00¢

Figure 3

Figure 3: Infection with SARS-CoV-2 causes significant lung inflammation in hamsters. (A) BAL

total cell count and differential shows increased inflammatory cell infiltration with SARS-CoV-2

infection in hamsters. (B) BAL cell differential is dominated by monocytes and macrophages

1 ® n”oA_ N

across all timepoints. (C) Representative images from hamster lung tissue demonstrate
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Figure 1: Numbers of animals used for the first time by main classes of speciex in 2018

Figure 1: Numbers of animals used for the first time by main classes of species in 2017
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TABLE 1 - The rat’s age in months and its relationship in years
with human being in social maturity phase
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< > 30
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3 10 | Measurement mode Day23 Day30 Day59
3 % 285 P Gluc activity (RLU/s) a1 107
I r Time after implantation (days) Tumor volume (mm?) 33.5 53.0
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Humane Endpoints

Akey component of refining studies involving laboratory animals is the implementation of humane
endpoints. The use of humane endpoints in animal experiments describes the identfication of clear,
predictable and irreversible criteria which substifute for more Severe experimental outtomes such as
advanced pathology or death. By implementing humane endpoints pain and/or distress can be prevented
or alleviated whilst still meeting experimental objectives. While humane endpoints should be considered for
all expeniments involving animals, they are essential in studies where potential severe suffering or death
may be involved (2. acute foxicology, animal modets of infection, cancer and
neurodegenerativesinflammatory diseases). Itis now widely accepled that ‘death as an endpoint o a
procedure should be: avoided as far as possible and replaced by earlier, humane endpoints”.

Body temperature?, body weight’, benavioural changes (e.g. reduced exploraton’), pathological changes
observed using imaging tecnology* and blood ovygen saiuration® are examples ofcrtera that have been
used successfully to implement humane endpoints. When relevant criteria are identified, acfions such s
fiumane kiling, modification of the experimental design, analgesic administration and/or treaiment of the
animats can then be caried out fo prevent or alleviaie pain and/or disiress.
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rh _h<' ¢ "cHumane erdpoints
A 20% weight loss of normal weight

A 15% weight loss within 2 days

A Body condition score

A Abnormal behaviour/posture

A Drop in body temperature >4

A Tumour volume mouse max. 1.2 x 1.2 cm

A Tumour volume rat max. 2.5 x 2.5 @Workman et alGuidelines for
the welfare and use of animals in cancer resedsel.J Cancer 2010;102:1555)

A Tumour ulceration
A Ascites> 10% body weight
A Diarrhoea /incontinentia> 48 hrs
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2.4 Zvvoimoc apifudc Ledeov mov Ba ypyaiuomombety — texunpimwon fdosl otaniotiogc avdivanc

1. Avopopd oto wvpwo onueto exfocnc (primary outcome) pe facm to omolo Do mpuyuatomowstton M avdiveon

100

[MopdBzor tov ovapsvopevey Twoy (mean, sd) mov £yovv swwoyfsl OTO CTOTOTIG TPOYPUULLIE KL TH GYETIKY

Piprioypupia oty omoto Buﬁmrm-:s 1 ETLLOYT) TOY TGV CDTOY.

3. Ag 07V, GE O£ LLE TOUS GTO0US TG EPEUVaL,
E’nxf:}inﬁn SIKOVIS OO TNV GvOALGT UE TO oTomoTke mpoypoupa (my. G*Power) omov ooivoviot ot w@

zyovy swwoybel kefog ko o amotEheone ™ mumr;mf 10 ;unf|

5. Avdluon TG OO0 P OO T T T o T POt e e T TO T UPTIII00 L0y OV OLLGOC Kot Tov
Tehwov (nrovpevon apdpov Cowmy.

6. Avopopd xm Texunpimon ue ffloypupikéc ovopopec GE TUYOV avOUevOpeve: ammAsiec (my. Aoym
Byvmowom o) Ko GYoMUCUOS TRV CUVETEIDY GTOV TeAKA amatovusvo apibuo (oay.

1. E& nepimtoor Tou d&V DIAPYOUY OYETIKG dsdopeva T T deluymyn avaiuong oo, tupabzon tov dabsoway
OE00ULEVEYV Ki TEKUTPIGCT) TN OVEYKIOTNTI, MAOTIKOD TEPUULUTUTLLOD.
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Emnicov myyec minpoeopyonc:

o. [TA 56/2013, xon stdwcotepa ote apBpa 12, 13, 33, 36, xm 37,

B. Eyypoupo gpyucios oysikd ue v afwlomon epyay kot evad popt] afwiomeon (EC 2013)
1. ARRIVE Guidelines

0. Evoewmum [frfiwoypopic 7o my avalymon evoihioxtkoy usfodav: https:/eurl-ecvam jrc.ec.europa.euwnow-
nnnnn o [ 5 [y, (. P, ([P [P S T — i, [ S [ £ NP, PO, [ S, [, N Sp—————jep——" I,
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F tevts - AMOSWA: Fixed affscts, special, main sffect: and interactions
Amalysis: A prioi: Computs reguired sampls size

Input: Effect zize £ = 3773303, L partial =025
. T panl = 0.05
Powar {1-F e popk) = (.80
Fumerator gf = 2
FNumber of sroups = &
Omtput: Toonesmirsliny parsmeatar b =14 e{elee(i] 5
Critical F = 3.2504443
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1tests - Means: Difference between two independent means (o groups)
Andysis: A prign: Compute required sample size
I Tzill=] = Two

Effectsized 1 4285714

wem grob = (.05

Poweer [1-f err grob! = 0.30

Allocation ratio M2 /NI =
Ouiput Moncentrzlity parameter & = 345832710
Critical = 1

Sample size group |
Sample size group 2
Tokl zample size

critical t = 2.073E7
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BioMedicine (155N 2211-8039) DOI: 10.1051/bmden/2019090208
June 2019, Vol. 9, No. 2, Article 8, Pages 2-12

Original article

Protective effect of Glycyrrhiza glabra roots extract on bone
mineral density of ovariectomized rats

Dimitrios Galanis"*, Konstantinos § oulumjf, Pavlos Lelovasl, Alexandros £ a"vasl, Pana gjotis Papadop uulosl,
Antonis Galanosl, Katerina Argyrop oulous, Maria Makrop uuluus, Anastasia Patmki“, Christina Pasm]il,

Anastasia Tsi.ngotjiduus, Stavros Kourkoulisﬁ, Sofia M.imkous, Ismene Dontas'

'Lahoratory for Research of the Musculoskeletal Systern (LEMS), School of Medicine, Mational and Kapodistriar
AT Hospital, Athens, Greece

1t Department of Crthopaedics, Mational and Kapodistian University of Athens, Faculty of Medicine, Attiko Ho

*Department of Pranmacognosy and Matual Products Chernistry, Faculty of Pranmacy, National and Kapodistiar 3 |:| _

Greece
*Hellenic Fed Cross Hospital, Athens, Greece
‘Lah. of Anatorry, Histology and Embryology, School of Veterinary Medicine, Faculty of Health Sciences, £

-

Thessalonild School of Veterinary Medicine Ei'a 2 I:I 1
‘Department of Mecharics, National Techrical University of Athens (NTUAY, Matioral Techrical Urdversity of At :
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Fig. 3 - Graphical presentation of the mean percentage
changes of proximal tibia EMD from baseline to 3 and 6
months of the three groups a: P = 0.001 vs OV, c: P=0.05
¥5. baseline, d: 2= 0001 »s bhaseline. Controln =10, OVX n
=8, OVE+G n=8. OVX: Ovariectomy; G: Gireyrrhiza glabra
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Apbpo 22
Enapkeia Tou MpoowImKou
(ApBpo 23 Tnc Odnyiac 2010/63/EE)

1. 01 eyKaTQOTAOEIC EKTROPNC, TTPOUNBEIac Kal ¥pnomg
NMpenel va 3labeTouv EMAPKN apldpud nMpocwIiKou.

2 To npoowmKo e napaypag@ou 1 Twv EYKATACTAOE-
WV TWV EKTPOQEWV, TWV TIPOUNBEUTWY KAl TWV ¥pNoTwV
MPEMEL va Xl AAPEl KQTAMNAN MPAKTIKN KATAPTLON
Kal BewPnTIK El-cnﬂl'ﬁezucné NV EKTEAEOT TWV
aKohouBwv AEITOUDYLWV:

a) ekTeAeon Sadikaowv emi Jwwv,

B) oxedlaouoc SladiKkaolwy Kal Mpw ToKoAWY,

v) ppovTida Twv {wwv, Kal

8) Bavatwon Twv Jwwv.
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TAL TON ZOON NOY
XPHLIMOMOIOYNTAI MA ENIETHMONIKOYE IKONOYL

N

http://ec.europa.eu/environment/chemicals/lab anima]é/pdf/qljidance/education training/el.pdf

-— :
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http://ec.europa.eu/environment/chemicals/lab_animals/pdf/guidance/education_training/el.pdf
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EU Functions "és'

September 20 — October 1, 2021

The Laboratory Animal Science European Union Functions Course covers the Modules which
are necessary for people who perform the four functions, as stated in Article 23 of the
Directive 2010/63/EU: (a) carrying out procedures on animals; (b) designing procedures and
projects; (c) taking care of animals; or (d) killing animals, and additional task-specific
__..Modules.
- Modules Species: mice, rats
1. National and EU Legislation
2_ Ethics, animal welfare and the Three Rs {level 1)
3. Basic and appropriate biology — species specific (theory & skills)
w 4_ Animal care, health and management — spedes specific (theory)
 5.Recognition of pain, suffering and distress - species specific
6. Humane methods of killing (theory & skills)
| 8. Minimally invasive procedures without anaesthesia — species specific (skills)
9. Ethics, animal welfare and the Three Rs (level 2)
10. Design of procedures and projects (level 1)
11 Design of procedures and projects (level 2)
20. Anaesthesia for minor procedures
21 Advanced anaesthesia for surgical or prolonged procedures
22_ principles of surgery
' 23. Advanced animal husbandry, care and enrichment practices
Additional: Animal Models

L
Course Organizer The language of instruction is English.
Ismene Dontas, DVM, PhD, Registration on a first come, first served
Professor of Experimental Surgical Research, basis. The Course covers Functions A, 8, C and D.
Director, Laboratory for Research of the Certification for B or ACD Functions only is
Musculoskeletal System, School of Medicine, available if desired.
National & Kapodistrian University of Athens  Certificates issued after successful evaluation.

Course Coordinators
Argyro Zacharioudaki, DVM, MLAS, Dipl.LECLAM  Registration fee: g4s0¢
Pavlos Lelovas, DVM, MSc, PhD  Deadline for registrations: July 15, 2021
Theodoros N. Sergentanis, MD, PhD

Hdeni Saxicly o Boirediood
Supported by & Loooratory Arimal Stencs
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grasp by base of tail
bring arm close to cage
place on arm

insert arm in cage

allow animal to return freely

Argyro Zacharioudaki, DVM, MLAS 2018 LAS EU Functions Course




insert hand in cage, allow time

grasp by body and tail
 grasp body with your free hand
 grasp tail with your support hand

place on your arm (support hand)
* keep arm tight to your body

keep holding the tail (support hand)
cover rat with palm if moving (free hand)

get to know your rat!
practice

changing

orientation

Argyro Zacharioudaki, DVM, MLAS 2018 LAS EU Functions Course
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Restraint by hand (~10 sec.)

Perspex Restrainer (5 min.)
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Overall group effect: p=0.00b & < w _
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Mouse

Small Animal X
Large Animal \ ™ T e, _m ECG

Transmitters P R oy } 'aé‘ ] ‘
.-"'-.__ L il 1

bulti-unit activity EEG

Receiver | Temperature
1 reading

FIGURE 1 | Schematic of a general telemetry setup for wireless and automated measuring of
physiological parameters. lustration by Kim Caesar.

Telemetry for small animal physiology
Niemeyer JE. Lainim2016;45:2557

Socialhousing and use of doubtiecker cages in rat telemetry
studies. Skinner M et alPharmacolToxicoMethods 2019; 96:
87-94

Switch
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Outbred strains (Wistar, Sprague-Dawley)
Inbred strains >20U U0 UaG@Ua (e ex olksstyald
F1 hybrids (inbredl x inbred2)

AeU bYld Ud €903 8bosagaads:

Germ free (GF)
Specific pathogen free (SPF)

Conventional (CV)
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C57BL/6 mouse models

Wildling mice: A new preclinical tool to study human disease

Wildling mice combine the low genetic diversity of inbred laboratory mice with 2 wild mouse microbiota harboring

bacteria, fungi, and viruses<IRis generates a more translationally relevant animal model of human disease for —_—>
studying host-microbiota interactions, as wellas Tor prearctmg the outcomes of aman chnical trials.

C57BL/6 laboratory mouse Pseudopregnant wild mouse Wildling mouse
Low genetic variability High genetic variability Low genetic variability

Mouse
embryos

Microbiota with limited Microbiota with high Microbiota with high
diversity and resilience diversity and resilience diversity and resilience
Preclinical disease Enables better mechanistic Preclinical disease
model with limited understanding of natural model with high
translational value host-microbiota interactions translational value
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Pathogen Free Rats Respond
Differently to Anesthesia and
Surgical Trauma

Hayley L. Letson (), Jodie Morris, Erik Biros & Geoffrey P. Dobson

Specific-pathogen free (SPF) animals were introduced in the 1960s to minimize disease and infection

as variables in biomedical research. Qur aim was to examine differences in physiological response

in rat colonies bred and housed in a conventional versus SPF facility, and implications for research.

Sprague-Dawley rats were anesthetized and catheterized for bloed and pressure monitoring, and
lanted. b |

electrocardiogram (ECG) leads img H gy was d, and coagulation profile

¥ T >

Homody nansics after Isoflursse Ancithesis with Surgical Trauma
SPF Ram:
Decraasad biood prosare waveform

128 sy S04 sy
l D9 80 a 4 el

£ saudly
b | Cooveationsl Watx:
| Saable aricral Mood prcase
136 suabidy SP L1283 cmally
or. 7
| L b uu.
0 by W 362 4 19 byee
|
|
S mn 7.5 men 10 men

Figure 1. Representative blood pressure traces from SPF (a) and Conventional (b) male Sprague Dawley rats
taken under isoflurane anesthesia following surgical instrumentation. Values represent mean & SEM ofn=35
rats from each coloay. SP = systolic pressure; DP = diastolic pressure; PP = pulse pressure calculated from SP
DP; MAP = mean arterial pressure; HR = heart rate. *p < 0.05 compared to Conventional rats. Power (1-3 err
prob) =0.97 (Critical t= 1.86, Df = 8, o = 0.05, outcome measure = PP).

Isoflurane Anesthesia with Surgical Trauma

a SPF Rat: Arrhythmogenic ECG
Ve celar Salves Peematere
Tachycasda Venncular
‘ Comraction

i fim ’

’ i 111 |
L{ 4 i ,{l 474‘ L1 .1{.7“ 4‘#‘,{,«4,14*' AAA ‘j_,;r.r '

.\nphujc m\V)
-

Conventional Rat: Normal ECG

Anmgphisade im\V) o
L‘_‘
—_—
-

Figure 2. Representative kead 11 electrocardsograms (ECG) from SPF (a) and Conventional (b) male Sprague
Dawley rats taken under isaflurane anesthesia following surgical instrumentation (n= 20 each group). SPF rats
were arrhythmogenic with incidences of ventricular tachycardia, Salvos, bigeminy, and premature ventricular
contractions. See Table | for data.
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Zmpste24 deficiency in mice causes spontaneous
bone fractures, muscle weakness, and a
prelamin A processing defect

Martin O. Bergo*t%, Bryant Gavino*, Jed RossS, Walter K. Schmidt?, Christine Hong*, Lonnie V. Kendalll,
Andreas Mohr**, Margarita Meta®**, Harry Genant**, Yebin Jiang**, Erik R. Wisnerl, Nichelas van Bruggent®,
Richard &. D. Caranof, Susan Michaelis?, Stephen M. Griffeyl, and Stephen G. Young**.tt

*Gladstone Institute of Cardiowascular Disease, University of California, San Francisco, CA 24141-2100 *Cardiowvascular Research Institute, University
of California, San Francisco, €A 94143 SGenentech, Incorporated, South San Francisco, €A 94080; "Department of Cell Biology, The lohns

Hopkins University School of Medicine, Baltimore, MD 21205; lom parative Pathology Laboratory, Wniversity of California,

Davis, CA 95616; **Department of Radiology, University of California, San Francisco, CA 94143; and HfDepartment of

Medicine, University of California, and the Medical Services, San Francisco General Hospital, San Francisco, CA& 94110

Communicated by Richard 1. Hawvel, University of California, San Francisco, €A, August 1, 2002 (received for review lune 25, 2002)

Zmpste24 is an integral membrane metalloproteinase of the endoplasmic reticulum

PNAS | October1,2002 | vol.99 | no.20 | 13049-13054
as

Body Weight (g)

10

Age &%m, e Zmpste24-/- Zmpste24+/+

(4 5

Fig. 1. (3) Retarded growth in male Zmpste24—'~ mice (n = 4) vs. littermate male Zmpste24*'* mice (n = 13). Similar results were obtained with female mice T
(not shown). (b) Photograph of a 2-month-old Zmpste24 -/~ mouse and littermate Zmpste24+/* mouse.
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Nude Mouse Models
“aused by a genetic mutation, nude mouse models lack a normal

immune system and thymus gland. They have a repressed immune
system due to reduced number of T cells. Nude mice are ideal For
tumor and tissue studies because they have no rejection responses
and are hairless, making it easier to identify tumors.
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MiIR-27b-3p Inhibition Enhances
Browning of Epididymal Fat in
High-Fat Diet Induced Obese Mice
Jing Yu''T, Yifan Lv ™, Fengliang Wang?®", Xiaocen Kong ', Wenjuan 87, Juarn Liua?,
Yuniu Sheng?, Shan Lv' and Guoxian Ding ™
A B C i NCD D ~&- o
5 1309 —4—nco g, °GTY Pr s o " - o
33.04 @ wo £, e '
;sa. % Yt 2
28 g8
H 23, .i : e a6
18 -
g 1. s g -
NCD PO N 23 iscT s tonniziy & o 15 30 0 % 10 & °T o T o0 e im0
Tieme (week) Mantues afer ghucose Infusion Minisues after Insulin infusion
H IWAT eWAT rWAT
E F 2.
) NCD
)
s = - =
: H&E
=o. HFO
IWAY  oWAT rWAT MWAT oWAT rWAT 2 k >
I
=
§ J TWAT K oWAT L CWAY
: §_ 5 5.
i i i 3
-4 e ; ey .
F iz i 3 3 3
. Adpoq  Vistatin Leptin Resistin MCP-1 ASpoq  Vistetin Leptin Resistin NCP.1




[

N\ —
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The Streptozotocin-Induced Diabetic Nude
Mouse Model: Differences between Animals
from Different Sources

Melanie L Graham,” Jody L Janecek, Jessica A Kittredge, Bernhard | Hering, and Henk-Jan Schuurman

A h [ry (7' >. v T<7T1 7 h npOMMDH M

65



