
• Most  b iose curit y m e a sure s ide nt ifie d  in t he  lit e ra t ure  pe r t a ine d  t o  Sa lm one lla  cont ro l. 
• The re  is  a  re a l pa ucit y o f s t ud ie s a na lysing  b iose curit y m e a sure s on HEV a nd  PEC cont ro l in p ig  

fa rm s.
• Fut ure  st ud ie s m ust  focus on be t t e r  re port ing  o f e xpe rim e nt a l m e t hod olog y.
• Ca t e g ory 1 m e a sure s should  be  p r io r it ize d  fo r  fur t he r  inve st ig a t ion in e xp e rim e nt a l a nd  

long it ud ina l s t ud ie s t o  s t re ng t he n t he  unde rst a nd ing  o f t he  e ffe ct ive ne ss o f t he se  BSMs 
a g a inst  pa t hog e ns.

Sa lm one lla  spp ., pa thog enic Esche richia  coli (PEC), a nd  hepa t it is  E virus (HEV) a re  im porta nt  zoonoses, im pa ct ing  the  
hea lth a nd  we llbe ing  of live stock, fa rm ers a nd  the  gene ra l pub lic. 
Unde rsta nd ing the im pa ct of lim it ing the exposure of live stock specie s to zoonot ic pa thogens through the use of
b iosecurity m ea sure s (BSMs) to reduce the risk of pa thogenic sprea d to a nd within a fa rm is centra l to protect hum a n,
a nim a l a nd environm enta l hea lth.
To the  a uthors ' knowledge , the  e ffect iveness of BSMs ha s not  ye t  been system a t ica lly reviewed  a nd  qua nt ified  in a  
com prehensive  wa y.
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PAPERS INVOLVED AND SELECTED CITATIONS:

This study a im ed to ident ify a nd qua ntify e ffect ive b iosecurity m ea sure s (BSMs) which
im pa ct the occurrence of the se pa thogens on swine fa rm s, using published da ta from
Europe , the United Sta te s, a nd Ca na da .
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BIOSECURITY MEASURES AGAINST SALMONELLA SPP, 
PATHOGENIC E. COLI AND HEPATITIS E VIRUS ON PIG FARMS 

Figure 2: Forest plot of biosecurity measures against Salmonella spp., HEV, and E. coli when considering the production stage at which 
the biosecurity measure was implemented. BSMs a pplied  a t  the  b reed ing  sta ge  a re  shown in ora nge , wea ning  sta g es in purp le , fa t tening  
sta ges in b lue , a nd  a t  a  gene ra l sta ge  (whe re  the  sta ge  wa s not  specified) in g reen. Three  e ffect  m ea sure s we re  extra cted : Odds ra t ios 
(repre sented  by a  t ria ng le ), risk ra t ios (repre sented  by a  squa re ), a nd  ha za rd  ra t ios (repre sented  by a  circle ). 

Fig ure  3: Risk o f Bia s ra t ing  pe r  r isk o f b ia s dom a in a nd  st udy t ype  (obse rva t iona l n = 30 , e xpe rim e nt a l n = 5) 
fo r  a ll s t ud ie s include d  in t he  fina l se le ct ion st a g e  o f t he  syst e m a t ic lit e ra t ure  re vie w.

• The  m a jority of a rt icle s (29, 82.9%) a ddre ssed  the  control of Sa lm one lla  spp , with two for PEC a nd  
four on HEV. Most  BSMs (130, 82.3%) a lso  conce rned  Sa lm one lla  spp control (Fig  2). 

• Eig ht  m a in types of BSMs were  ident ified , which we re  a s fo llows: (a ) hum a ns, i.e . inte rvent ions tha t  
involved  hum a ns, such a s ha nd  wa shing , showering , e tc.; (b ) m ixing  of p ig s; (c) clea ning  a nd  
d isinfect ion; (d ) vehicle s; (e ) feed , wa te r a nd  bedd ing , (f) purcha se  of a nim a ls; (g ) equipm ent  a nd  
(h) o the r a nim a ls.

• Overa ll, 74  (4 7%) of the se  BSMs were  cla ssified  a s be ing  e ffect ive  (Ca tegory 1) m ea sure s, 4 3 (27%) 
a s m ode ra te ly e ffect ive  (Ca tegory 2) m ea sure s a nd  4 1 (26%) a s non-e ffect ive  (Ca tegory 3) 
m ea sure s.

• All a rt icle s we re  a sse ssed  a s ha ving  a  high risk of b ia s (Fig  3). Score s we re  highest  in the  Se lect ion 
a nd  Pe rform a nce  b ia s dom a ins m a inly due  to  a  la ck of or unclea r p rocess behind  the  
ra ndom iza t ion of a nim a l se lect ion in the  obse rva t iona l stud ie s a sse ssed .  
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06 CONCLUSIONS

BSMs with a n e ffect m ea sure (e .g . Odds ra t io) a nd a 95% CI unde r 1 were
deem ed to be e ffe ct ive a ga inst the pa thogen (“Ca tegory 1” m ea sure s).
Mode ra te ly e ffect ive BSMs (“Ca tegory 2”) were whe re the e ffect m e a sure
wa s unde r 1 but the 95% CI stra dd led 1. All othe r m ea sure s were a ssigned to
Ca teg ory 3, a nd found to be non-e ffect ive .
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Re cords ide nt ifie d  from *:
Da ta ba se s (n = 3) Records removed before screening :

Duplica te  re cords re m ove d a fte r com bining  re sults  from  a ll thre e  da ta ba se s for e a ch pa thoge n (n = 569)
Re cords re m ove d a fte r com bining  se a rch re sults  for a ll pa thoge ns (n = 28)

Records excluded:
Re m ove d from  m a nua l re cords by sta ff (n =4 ,798)

331 a rt icle s a cce pte d  m a nua lly
Re m ove d by a utom a te d  re cords by AI (n =3,533)

535 scre e ne d  by AI:
4 4 4  re je cte d  by AI
91 a rt icle s a cce pte d  by AI

Re m ove d a fte r com pa ring  m a nua l a nd  AI re sults:
AI re cords:

4 18 re je cte d  (to ta l re m ove d from  AI re cords: 3,951)
117 a cce pte d

Ma nua l re cords:
28 re je cte d  (to ta l re m ove d from  m a nua l re cords: 4 ,826)
303 a cce pte d

Re m ove d a s duplica te s be twe e n m a nua l a nd  AI com bine d  re cords (n=93)

Re cords scre e ne d
Ma nua lly: (n = 5,129)
Autom a te d  (ASRe vie w AI too l): (n = 4 ,068)

Re cords a nswe ring  re se a rch que st ion a fte r 
com bining  a nd  a ligning  re sults  from  m a nua l a nd  
a utom a te d  scre e ning
(n = 327)

Reports ineligible to answer the research question
(n = 24 5)

Reports excluded : (n = 4 7)
La ck of e ffe ct  m e a sure s (n = 33)
La ck of ra w e ffe ct  m e a sure s (n=4 )
Not  re le va nt  to  re se a rch que st ion (n = 7)
Uncle a rly de fine d  BSMs (n = 2)
Confe re nce  publica t ion (n = 1)
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Re ports a sse sse d  for da ta  e lig ib ility
(n = 82)

Extracted BSMs (34  a rt icle s, 63 unique  BSMs)

• 50 unique  BSMs for Sa lm one lla

• 10 unique  BSMs for HEV

• 3 unique  BSMs for PEC

Risk of Bias Analysis (35 a rt icle s)

Category Inclusion Criteria Exclusion Criteria

Location

• Europea n Union a nd  a ssocia ted  polit ica l te rritorie s (EU)

• Any countrie s outside  of the  EU/ UK/ USA/ Ca na da• United  King dom  (UK)
• United  Sta te s of Am erica  (USA)
• Ca na da

Design

• Pee r reviewed journa l a rt icle s • Reviews

• Ana lyt ica l a nd  Expe rim enta l studie s • System a t ic a na lyses
• Qua lita t ive  re sea rch a rt icle s
• Confe rence  proceeding s

Content

• Prim a ry*/ exte rna l b iosecurity m ea sures (prevent ing  sprea d  be tween 
fa rm s)

• Tert ia ry* b iosecurity m ea sures (increa se  re sista nce  or im m unity of the  
a nim a ls a g a inst  pa thog ens). Only feed  a nd wa te r a ddit ives, i.e . o rg a nic 
a cids, we re  included.

• Seconda ry*/ inte rna l b iosecurity m ea sures (prevent ing  sprea d  within 
fa rm s) Use  of feed  a nd  wa te r a ddit ives

• Any biosecurity m ea sures which were  be ing  a pplied  in the  sla ug hte rhouse  
(i.e . no t  on the  fa rm )

Species • Dom est ic p ig s (sus dom est icus) • Wild  boa r (sus scrofus) or a ny o the r specie s

Languages • Eng lish, French, Spa nish, Germ a n, Dutch, Bulg a ria n, Ita lia n • Studie s not  unde rsta nda ble  to  a t  lea st  one  a uthor in the  tea m

Table 1: Eligibility criteria for the searching and screening of the literature . *Reduct ion 
of the  int roduct ion a nd  sprea d  of m icroorga nism s be tween fa rm  **Reduct ion of the  
t ra nsm ission or sprea d  within a  fa rm  ***Increa sing  of the  a b ility of the  a nim a ls to  cope  
with the  pa thogens. Only one  pa thogen wa s sea rched  a t  a  t im e  in conjunct ion with the  
re st  of the  sea rch que ry te rm s.

Figure 1: PRISMA flow diagram showing the workflow of the systematic review .
Ada pted from Pa g e e t a l, 2021. NB: Only 34 a rt icle s ha d BSMs extra cted due to issues
conve rt ing confidence inte rva ls (CI) for preva lences into CIs for a n odds ra t io .
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