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Evidence hierarchyiEiE B IR &4 88

* Levels of evidence are based on the value of the evidence for making the
appropriate decision.

o UREE A S TN H T 2 R E B UESE B EL
« How to evaluate quality of scientific evidence?
o WA PEOT AL AR Y i
 Quality of the evidence iF# ) i &
 Design %1t
o Rlsk of bias %=X

Bias is a systematlc error, or deviation from the truth.

o fRZER R RGN R, B & H .

« Different biases can lead to underestimation or overestimation.

o ANFEIFIR L2 T B AL B S

« Selection bias, information bias, and confounding (similar concept to
blocking factors).

PPk e (B S MERRARIER COUT B =8
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Overview of Epi studies SZISHFFLHER

Analytic studies

Descriptive studies

Case
series

Case report Survey

Experimental

Observational
Also hybrids of these I
Lahoratory
studies
Case Cross Cohort
control sectional
HIGH EXTERNAL HIGH
VALIDITY INTERNAL
VALIDITY

Increasing strength of evidence

Source: Lean et al, 2009. doi: 10.3168/jds.2009-2140
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clinical
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Descriptive studies #iRH4HF 5%

« Description of the nature and distribution of a outcome.
o OXNTHE R HINE AL AT B A o
 Limitations: FR#:

 Don’t have a comparison (control) group.

« BEIXERA GHE4AD .

* Not appropriate for testing hypotheses (e.g. disease causation, risk factors or

efficacy of interventions).

- AEENEEER (B, mwRE. elRERITmERNEE) .
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Case Reports and Case Studies — S
e k=R E SV b

- Applications: N H:
 Describe what happened in a series of cases or events that shared common
features. fHIARTE— R4 B A I [FHFAE ) B 8 FH AP k4L TH A

 Describe frequency of a disease or condition, or to describe features related to

clinical presentation or disease progression and prognosis.
o IR B AE FUARA, B 5l R R B B 3k R AN TS AH S BRI
- Hypothesis generating studies. %1% K 7% -
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Before and after trials A% E 5 8S

« Applications: N H:
«  Good for product screening.i& & 7= i i ik -
*  Most useful in demonstrating the immediate impacts of short- term programs.
o (EURRRLHRI B U T A H
« Effect size (large)of the treatment - may be not need a experimental trial.
o RITRUR KA CR) >REA T E IR MERLE
« Use Statistical Process Control (SPC) to apply some statistical rules.
o fEHZHEREER] (SPC) KR H LG .
 Limitations: [R#1:
« Less useful for evaluating longer term interventions. 7£ ¥4 & 8 75 it 5 T VR F 88/
«  Validity of the measurement. Il &[4 &% 14
« Can be biased by time-frame: season, group disease status, disease progress, other events that
impact outcomes, etc.
o AIREDNIIS TRAEZE M S A L T BEAORARAS . ok, HAhR S RN ES.
«  NO CONTROLS Tl
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Design and examples #1745

Time #1/4]

Vaccine A JZ 5 A Vaccine B /Z B

% Change intervention

7 \::7ﬁ H A
» Vaccines comparison. ¥ L AT e
» Changes on antibiotics. J14E K K121k
- Management changes. & FIATH
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Sow deaths/week EWMA SPC

Evaluation of

Training i%i}ll"ﬂz{ﬁ * 23 weeks 23 weeks
e e e i o 3 R A ucL
« Weekly sow deaths per . '
week S - .

o BRI
— 4.25% reduction in

annualized sow
mortality

— FERE TR R
4.25%
* 16.75% to 12.5%
» Chi-squared test for

proportions (before and S e A "
after training) + ¥ +

Group Summary Statistics
16

10

N T T T T T T T T T Y T P T : T T T e T T T T T T T T i T RV T TR T
* wﬁj-ﬁm% (T}”%ﬁﬁ}ﬁ) 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47
IOWA STATE UN

Group

Number of groups = 47 Smoothing parameter = 0.4

EXtenSj_OIl and OutreaCh Center = 15.86957 Control limits at 3*sigma g
StdDev = 4.553514 No. of points beyond limits = 0




Overview of Epi studies LI FAER

Analytic studies

Descriptive studies

Case
series

Case report Survey

Observational Experimental
Also hybrids of these I I
Laboratory Randomized
studies clinical
trials
Case Cross Cohort
control sectional
HIGH EXTERNAL HIGH HIGH EXTERNAL
VALIDITY INTERNAL VALIDITY
VALIDITY
Increasing strength of evidence MULTI-SITE
MULTICENTER

Source: Lean et al, 2009. doi: 10.3168/jds.2009-2140
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Big difference between an Experimental and T g
Observational study S S

SELS PR ST R AT ST Z B B B R ZE 7

3
=S

g

* How the investigator manipulates one or more factors (treatment, intervention or  Ezga— =

exposure) being studied. #f 75 & WM — P EZ AN H R QR TIEEED :

* |n experimental studies the investigator manipulates or assigns the treatme
FESLIR T, W FE BB IR YT ik

. Treatment is under the control of the investigator. 1677 T.{E H#F 72 & 41 .

* |n observational studies the investigator is an observer rather than an agent who

manipulates the treatments.
o FEMEMEMTT, WERE S DB, AN N ERE T RN
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Experiments: from single barn to multiple sites

SR MERANIE & B 2

Why is it important to have treatment allocatee

Allocated by investigator (random ijnj\ﬁrs/ﬁgfgga P
N > w7 Z2 GVETT T 7K/ 9
process)HIHt 5L & EL (FENLIR) ks SRR
What to do if this is not possible?
MK A AR, HEATN?
Treatment group Measure outcomes n Cog;p:re outcomes
Yo g Follow over i 42 Hﬁ&/n
time — v Time-to-event
Control group B 1A AL v R
— v R
Great design to: fi KTt v Magnitude of event
v" Define what is possible to happen under specific (controlled) conditions v BTN

v B XEERE (FBHD FETRIRRRERFNR
v Define what happens under field conditions = clinical trials [stronger external validity]

v & X =i R RIS KA T R AR IEOUE 55 B SR R ]

E.g., Effect of water soluble antibiotic treatment on barn mortality.

Bilan, AVEPEDTA AL BN S AU T R 5



Observational: cohort

Treatment not allocated by investigator

WM. RAFI RETIAHA IR

Populations (exposed; not exposed) are not the same

NOT allocated by o ABF (R, BUREER) JEAMEA
investigator ﬁ - Adjust for effect of confounder variables such as age, gender, activity
2 2 I\ level, diet, .
A BB . ERAERIOTW, DR TR EHAE . K.

Exposed group Measure outcomes Combare outcomes
e it
time —

Measure outcomes v' Time- EO evgnt
M & 25 5 v A A TE]
o — v Risk of event

Unexposed group o ik AR
e

Prospective or Retrospective design i &R [B] it 4 11 R
. R v' Magnitude of event
Great deS|gn to: %jiﬂ(ﬁﬁﬂ‘: v BRI

v’ Investigate rare exposures i % W IK) 2 &
v’ Investigate multiple outcomes due to a single exposureifi £ i T 8 — 5 5 1 S 1 2 Fhas R
v’ Prospective design: more expensive, harder, more complex... also less prone to biases.

v ORIBETE B e St, EXE, ERe - WAKRE Z I

E.g., Compare the incidence rate of PRRSV outbreaks between filtered farms vs. Non-filtered farms

E. g., WAL IEHAR T 5 AR A




Observational: case-control NOT alloga®ed by

R inves ‘:"*f)r
WM. T e it e |
N\
_ Measure : CasesZ /i

Compare outcomes exposures Ask about prior ot o specc
v Magnitude of il 2% e exposure to (R Bt R

association (e.g., odds ‘risk factors’

ratios) <R IFEEE (4514, Measure ) 0] 2 Ff i Controls i

/Tjti)i} [:I./A ) — eXPOSU res j\\—‘l_:“m Izﬁ %:\E\“” outcome)

& 52 532 & L A 2k B
| = % 75 = R B 28 B )

Great design to:

v Assess likelihood of multiple exposures to cause a specific outcome (e.qg.
disease) Wi Z X #E i FEHRFES R (WRHE) WA geldE

v Retrospective design: inexpensive & quick compared to Cohort and
Experiments [FIBiVER T S5BAFIBE 5 AISZIGAR L, A B . SR

E.g., Odds of low-prevalence CNS disease on populations exposed to specific pathogens;

fldn, g 14 R IR AR BN R T B R AX R 22 R ST L

Risk factors associated with disease outbreaks in a specific region of interest.

55505 RE RO X 3 AR I 2 RRH O ) XU TR 3%




Principles of field studies 17/t 77 R &

« Define THE question. As in experimental studies conducted in controlled
conditions (=1 hypothesis at the time), field studies can & should be focused
on 1 question to allow proper design with reasonable sample size.

« EX . GIEFEFIFANF FATTHIES T (T HI=1 68D —FF, L0 A]
LA A Pz B e — PN L, BT iR EL e PRI AN 738 = [T i 1T

* Define the metrics. What are you going to measure, and effect sizes (e.g.,
define ‘efficacy’) & X #5tr. WFEME L4, LRI AD (G141, & XAHE)

* Define populations. Characterize external validity, and strategies for selecting
the study pop’'n) & X N#F. 7 8f x50/ LULRETEG TEIATHIRIE)

* Design the study. Controls, limit variation and confounders as much as
possible at the design. Design what can be executed (limited resources). i1t
%;;go ER /R A[FEZHFEF RFE A G 2 &l I AATHIAN 7 (&
IRAE R o

[T




Principles of field studies 17/t 77 R &

[T

« Very specific question in mind... e.g., prophylactic use of MLV vaccine in neonatal pigs of
PRRSv-positive unstable herds that will be placed in high pig dense areas.

o XA AEE BARIRE ., lan, FEPRRSVEEMERIARE BT AR H P A MLV B, X
LORE R O EAE = B AR MY
 Are results valid to preventive use of MLV in neonates?
o BFFEE R A LTI TR MLV 2 55 242
« Can results be extrapolated to vaccinating pigs at weaning?
o WEFTEE F ] LAAIMHE 2 7E W W] 25 8 e p % w s 2
* Pigs from PRRSv positive stable herds?
o K HPRRSVIHME [ F0E 7 AF M ?

» Have the outcome metric(s) in mind: 2% [& 31| 45 B 4515 -
» Mortality? ADG? Shedding? #(T-%? ADG? HEF:?




Principles of field studies 174/t 77 i 2

* Once the question & outcomes are clearly defined: time to design
the study, assuring to control for confounder variables:

o — H[a UM ZE AR AR E X W IE SRR TR, A ORI i TR o AR B
- E.g., if mortality is the outcome of interest: what are other key

variables, in that system, playing major role in mortality? Adjust

for those in the deS|gn.... Some examples: U1, UWRILT-ZH 2

MNVEOGBR SR AEZRGT, AW HAL AR S E T

%ii%ﬂ:ﬁ’ﬁz}zﬁ ? MRIE BT H IR R R AT R . DA L

* Randomize treatment, large sample size, close attention to eligibility and
exclusion criteria, do not enroll herds cllnlcally active with other non-
endemic diseases affecting mortality (PEDV). FENLIETY v REEA =
BUIRIEEH félzfrﬂﬂliﬁ’fﬁ{ﬁ AN e PRI R ) FL A 52 e A6 T R ) 3B 7
f%f%f“ (PEDV) HI&E#E,




Different questions, different needs...

ZNE L

Understand mode of action J f#47 s =
Understand potential | f#7E /)

Test technologiesillfi 3 &

High internal validity ;N #5345 & & HRCOo-i
KL HIH 15 55 #£Sub-optimal environmental ¢

Isolation units
(~University settings,
small scale)

bR e B

(~ KA, NI

Z< ﬁ H‘J ﬁ:%* ©o o o * Measure the true

impact
(w/confounders)
o frEE BRI i
EFNPS N
« Targeted solutions
= 7NV S
* High external validity
o HNERA R

ZHE 1 FiMulti-dimensional

Commercial research “The field”
barns (Commercial farms)
(Controlled commercial barns) i K

ERIREE B

(AR AE )



Validity &3¢ 55

« Definition: ability of a study to reflect the true state.
o JE N BTSSR R SOIRGS Y fE
* |n the context of inference there are two possible concepts of validity:
- EEEITERT, AW EERA RIERE
* Internal: results are valid for the source population.
o NHEB: A5 RXTIRIEHEA R
« External: results can be generalized/extended to the target

population. #M: 255 Al LAE 2] H xR



+
Correct interpretation and extrapolation of the S S
results! IEH I FBERIHERTHI 45 R |

KIF
Sampling

Population
LR Inference



Challenges of field-based studies . =
F= T PR 50 B 1D Il Xk 5k

 Sources of variation. 287K RIE .
« E.qg. different farms or production flows, regions.
o B, AFEFAREAE AR, HiX
« Confounders (factors associated w/ the outcome and treatment and/or
covariates) VR4 [Kl 3z (5453 1697 /B AR = AH R IR 20D
- E.g. age, barn settings. 1, %, EEHE.
* Interactions. tH H.1EH
+ E.g. disease status x age. i1, AR SH RS




1. Outcome variables & R 3 &

- The most common issue in field study design is trying to answer too many
questions within a single study.
o SR FE BT P R R LA ) R A B AT ST R [ A R 2 Y ) L

Sometimes work as a double-edge sword. B 2 —EX I 3,

- A good study should be designed to address a specific objective with one
primary variable of interest.
o —NUFIIE T SR R AR — AN R RO AR
At least one variable should have power to detect the expected difference!
EOBE—PERENZE DN BITRNEZR |
- Secondary variables can be assessed, but too much peripheral data can
cloud the results and distract from the real outcome.

REAZ ] PP, HIE 2 M E B g5 R, o alod Bseai RIER .
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2. Experimental unit (EU) s2i8 5.0 (EU]

- The EU is the smallest physical entity to which a treatment is
apphed S BTG e 1 1R T B s/ BV B SEAR

Any experimental unit must be capable of receiving different treatments.

AT AT S5 B TT AR WO I RE W 1 52 AN [R] AL 3

It is also known as unit of analysis (observational and hybrid trials).
VRN ST OGRS AR &) .

It is the unit used in the statistical analysis.

C A E e A A TR AL

Adapted from Dr. Derald Holtkamp.

[OWA STATE UNIVERSITY Department of Veterinary Diagnostic and Production Animal | 23



Experimental unit S246 5.0

- The unit of measurement or observation unit are the entities on which the
response variable is measured or observed.
o N B B BN S FH SR e AR S ) o AR e ) SRR
- It is possible that your experimental unit and observation unit are the same.
o URBUSES F T AU ER B oA Rl RE e AH [E] Y
. E.g.: ADG measured at pen-level, close-out data. E.g. : ADGIllETEFZAI/KFE, TIEEHIE,

. Sometimes they are different! B fh Al 172 AN [F] 1 !
. E.g.: Mortality measured at the pen or barn-level. E.g. : TEf2 g /KF LNl ERIFETEER,
Observation unit = pig. M o=,

/~ Proper recognition of ™\

the EU requires a
detailed understanding
of the design.
IR AN S LG 5 22
N T B TR PR A

)
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Working example (1) T/Ex=#H (1)

Scenario: you have access to two 2,400 head barns. There are
80 pens with 30 pigs/pen per barn. Pigs in barn 1 are vaccinated
with vaccine A, pigs in barn 2 with Vaccine B.

Yyge: ARATCATT I I N24003k08 HdE & . 80NN EE, BN EEH

30l . B AHIBEEM I A, T2 B R B
What is the experimental unit (EU) S5 B0 24 2

A. Pig i

B. Pen =

c. Side of barn &5

D. Barn i

N=1 per treatment
No replication so no statistical analysis can be performed (summary statistics only)

XBEH, HTESTG I (DU TIE A S T)
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Working example (2) T/Ex#] (2)

Scenario: you have access to a single barn constructed with separate feed lines
and bins on each side of the barn. There are 20 pens with 25 pigs / pen on each
side of the barn (500 / side). Diet A is fed to 20 pens on side 1, and Diet B is fed
to 20 pen on side 2. I AT DLE N — AN EH RS 5 e BB ) L A T
I E S PIIA 20842, 25518 (500 ) o TRPEIAIRA 204 4=,
Pap B L] P2 ) 201 FE A=

What is the experimental unit (EU) S2546 H o4 2

A. Pig I

B. Pen =

C. Side of barn 455
D. Barn e

N=1 per treatment
No replication so no statistical analysis can be performed (summary statistics only)

XEEH, R ERITS T2 ((GHITIC A ST)
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Working example (3) T/Ex=H (3)

Scenario: At placement in a wean-to-finish barn 1,000 pigs are
randomly assigned to 40 pens (25 pigs / pen). Pens are then
assigned to Vaccine A or Vaccine B (20 pens). #5: 1£—MNEIE G
arr, 1000=k4E # ML Bo 214018 (25 KME 182D o AR A=y
FoZa ¥ EABZ B (2042)

What is the experimental unit (EU) 5256 . oc 2114 ?

A. Pig i

B. Pen =

Cc. Side of barn J&&5%
D. Barn s
N=20

Study has replication, but N=20 pens instead of 500 pigs
Wz E 24, {EN=20f=, mMAE500:k%E

[OWA STATE UNIVERSITY Department of Veterinary Diagnostic and Production Animal | 27



3. Replication of experimental units

& il SEL0 LT -

- Replication = the number of experimental units per

treatment group. & fill=: &S0 FRZH 10 5256 BT L
Replication is needed to overcome variation.
i 2 O 1 R b IR AR

Power calculation: T2 15
Prior to conducting the trial. TJ&TTW%ZE‘UO

Avoid common mistake: & 55 LA 15 .

- The # observational units may not be = # of replicates (EU).
- #UWNBAIRIBERNEE ERE (EV)

[OWA STATE UNIVERSITY Department of Veterinary Diagnostic and Production Animal | 28



4. Comparable experimental units

] LY SETS BT

Another common issue is comparing the effect of interventions in different
flows. 73— ™8 I H 5] BB A2 LU BAE AN R B B < i 2 A i SR BB = T8 I ) 50CR
Pigs from Farm A - Vaccine A vs. Pigs from Farm B - Vaccine B
RIGHFEE A vs RIBEEHRE
Experimental units must be comparable: S256 5.0 A A1 B A 1] Lk
Different flows can have different health challenges.
RNER T &) rl se =8 AR FE Pk AR
Avoid confounders (e.g. weaning age, size of barn, health status).
B MILRRE SR (OB ER. HaR, BRI .
Possible solutions to overcome this problem: T Al I 0] &5 1 AT BE il e 7 2= -
Create pairs (blocks) of experimental units from the same source (e.g. randomize
based on weaning age, flow, parity).

MEI—RREIZSLIG T () (B0, RIBETIHFR. R, RRRETREIL)
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Working example: TAERH:

Sow Farm A

Sow Farm B

Sow Farm C

Source: Moura, 2021 (submitted).

IOWA STATE UNIVERSITY

First block (4 weeks)
(2 weeks) (2 weeks)

Second block (8 weeks)
(4 weeks) (4 weeks)

Full MLV Half MLV Half MLV Full MLV
dose groups dose groups dose groups dose groups
(n=2) (n=4) (n=8) (n=4)

First block (8 weeks) Second block (8 weeks)

(4 weeks) (4 weeks)

Half MLV Full MLV
dose groups  dose groups
(n=2) (n=1)

(4 weeks) (4 weeks)

Full MLV Half MLV
dose groups  dose groups
(n=1) (n=2)

First block (4 weeks)
(2 weeks) (2 weeks)
Half MLV Full MLV

dose groups  dose groups
(n=2) (n=1)

Second block (4 weeks)
(2 weeks) (2 weeks)

Full MLV Half MLV
dose groups  dose groups
(n=1) (n=2)

Department of Veterinary Diagnostic and Production Animal




5. P-value misconceptions P{EiZf#

1. Not always a significant p-value is considered clinical or economical significant, and vice-
versa. JFAFE & W HIpEBN N BT IMIKEE T2, RZIFIR.
The outcome must help on the decision making process. #f3v 45 £ i B T A RILIZ,
2. If the p-value is greater than 5%, the treatment/intervention has no effect. {1 pfE XT5%,
WINEYT TR A RBOR .
If the treatment has a smaller effect size a study with a small sample may not have enough power
to detect it. ZNR BT HIREV), I LFRIERFITROM R AT e B B BRI NN E] e,
3. Having a lower p-value (e.q. 0.00001 ) does not mean a big difference between treatments.

HAERRKp/E (#1110.000001) FEARIRE LI 2 (AR KZE R .
P-value is impacted by the sample size. P{H= A4S I F2 0,
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5. P-value P{E

. Avoid looking at the p-value alone! %% R B pfE !
- MUST LOOK atthe cl/n/cal/econom/cal significance.
« IRIRTE HIlm IR /A 5
. Take your decision based on: #R#5 L T k¥ -
. Mean values for each group. & —2H K F3#41E .
. The standard error of the mean (SEM or SE). “F#J1{& I b #E =
7= (SEMESE)
. The 95% confidence interval. 95% & {5 X [d] .
. The p-value. pfH..
Economics. &5
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Take home message &.45

- Lack of attention when designing trials can waste

resources and time.
o IR THATE I B = JC7E Al He 2R B B I AT [A]
. A trial needs to answer at least one good answer. — MR FEE [B]Z—D

IFHIE
Sometimes experimental unit is not the same as observation unit. & i 5L
06 B ST AL FL T AN —FF
Replication is needed to overcome biological variation. 8% & #l| 3 7 iR &
AL F
Experimental units need to be comparable to avoid add different sources
of variation. SEIG . oTHEEZE B A LLE, LUBSIEINARRZ = RIR,
Don’t focuses to much on p-values. ~E K % ;¥ plH,
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