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Elimination of Mycoplasma hyopneumoniae from  
breed-to-wean farms: A review of current protocols  
with emphasis on herd closure and medication

Summary
Mycoplasma hyopneumoniae is one of the 
most prevalent and economically significant 
respiratory pathogens in the swine industry. 
Economic losses related to M hyopneumoniae 
are associated with decreased feed efficiency, 
reduced average daily gain, and increased 
medication costs. In an effort to mitigate 
these economic losses, swine veterinarians and 
producers utilize several control measures, 
including optimizing management and hous-
ing, vaccination, and strategic antimicrobial 
medication. When control measures are 

insufficient, or eradication of M hyopneu-
moniae is preferred, swine veterinarians and 
producers may elect to eliminate M hyopneu-
moniae from affected sow farms. Herd closure 
and medication protocols have become 
widely used in North America to eliminate 
M hyopneumoniae from breed-to-wean farms. 
As vital principles for success, these protocols 
rely on no new animal introductions for 
at least 8 months, vaccination of the entire 
breeding herd, and medication of the breed-
ing herd and piglets. Commonly, the breeding 
herd is medicated with oral antimicrobials 

delivered via the drinking water or feed, 
whereas the piglets are treated with injectable 
antimicrobials. In this commentary, we will 
review current M hyopneumoniae elimination 
protocols with an emphasis on the herd clo-
sure and medication protocols. 
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Resumen - Eliminación del Mycoplasma 
hyopneumoniae de las granjas de cría a 
destete: Una revisión de los protocolos 
actuales con énfasis en cierre de hato y 
medicación

El Mycoplasma hyopneumoniae es uno de 
los patógenos respiratorios más prevalentes 
y económicamente significativos de la 
industria porcina. Las pérdidas económicas 
relacionadas con el M hyopneumoniae están 
asociadas con la disminución de la eficien-
cia alimenticia, reducción en la ganancia 
diaria promedio, y el incremento en los 
costos de medicamento. En un esfuerzo 
por mitigar estas pérdidas económicas, los 
veterinarios y productores porcinos utilizan 
varias medidas de control, incluyendo la 
optimización del manejo y alojamiento, 
vacunación, y medicación antimicrobiana 
estratégica. Cuando las medidas de control 
son insuficientes, o se prefiere la erradicación 
del M hyopneumoniae, los productores y vet-

erinarios porcinos pueden elegir eliminar el 
M hyopneumoniae de las granjas de hembras 
afectadas. El cierre de granja y los protocolos 
de medicación se han vuelto ampliamente 
utilizados en Norte América para eliminar 
el M hyopneumoniae de las granjas de cría a 
destete. Los principios importantes para el 
éxito de estos protocolos dependen de, no 
introducir nuevos animales por lo menos 
por 8 meses, vacunación del hato de cría 
completo, y medicación de los hatos de cría 
y lechones. Comúnmente, el hato de cría 
es medicado con antimicrobianos orales 
administrados vía agua de bebida o alimento, 
mientras que los lechones son tratados con 
antimicrobianos inyectables. En este comen-
tario, revisaremos los protocolos actuales de 
eliminación del M hyopneumoniae actuales 
con énfasis en el cierre de granja y los proto-
coles de medicación.

Résumé - Élimination de Mycoplasma 
hyopneumoniae d’élevages de porcs de type 
naisseur-sevrage: revue des protocoles 
actuels avec une emphase sur la fermeture 
des troupeaux et la médication

Mycoplasma hyopneumoniae est un des 
agents pathogènes les plus fréquents 
et économiquement importants dans 
l’industrie porcine. Les pertes économiques 
liées à M hyopneumoniae sont associées à 
une réduction de l’efficacité alimentaire, 
une diminution du gain moyen quotidien, 
et une augmentation des coûts de médica-
tion. Dans un effort de réduire ces pertes 
économiques, les vétérinaires porcins et 
les producteurs utilisent plusieurs mesures 
de contrôle, incluant l’optimisation de 
la gestion et de l’hébergement, la vac-
cination, et l’administration stratégique 
d’antimicrobiens. Lorsque les mesures 
de contrôle sont insuffisantes, ou que 
l’éradication de M hyopneumoniae est pré-
férable, les vétérinaires et les producteurs 
peuvent décider d’éliminer M hyopneu-
moniae des troupeaux de truies affectées. La 
fermeture des troupeaux et des protocoles 
de médication sont couramment utilisés en 
Amérique du Nord pour éliminer M hyo-
pneumoniae des fermes de type naisseur-
sevrage. Comme principes essentiels à la 
réussite, ces protocoles se fient au fait qu’il 
n’y a aucune introduction de nouveaux ani-
maux pour au moins 8 mois, que le troupeau 
entier des reproducteurs soit vacciné, et que 
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Mycoplasma hyopneumoniae is one 
of the most prevalent and eco-
nomically significant resp-iratory 

pathogens in the swine industry.1 Mycoplasma 
hyopneumoniae is the etiologic agent of 
enzootic pneumonia, a chronic respiratory 
disease in swine characterized by a chronic, 
non-productive cough.2,3 Pathogenicity of 
M hyopneumoniae stems from the organism’s 
ability to adhere to and damage the ciliary 
epithelium associated with the trachea, bron-
chi, and bronchioles of the respiratory tract.4 
Economic losses related to M hyopneumoniae 
are associated with decreased feed efficiency, 
reduced average daily gain, and increased 
medication costs.1 In addition, M hyopneu-
moniae is considered to play a key role in 
porcine respiratory disease complex5 where it 
interacts with other respiratory pathogens.

Due to M hyopneumoniae’s ability to inflict 
economic losses independently, and its 
capability to interact with and increase the 
severity of other respiratory microorgan-
isms, swine veterinarians and producers have 
attempted to mitigate losses through several 
control methods. These methods include, 
but are not limited to all-in, all-out (AIAO) 
production,1,6 sow and pig vaccination,1,7-17 
gilt acclimatization,18 medicated and non-
medicated early weaning,1,19-22 segregated 
parity production,23 and strategic antimicro-
bial medication.24-35 While these methods 
can decrease infection pressure and improve 
pig health, they do not assure the absence of 
M hyopneumoniae within a herd or flow of 
pigs.36

Mycoplasma hyopneumoniae 
elimination protocols
Mycoplasma hyopneumoniae elimination 
protocols can be implemented when control 
measures have been unsuccessful or if exclu-
sion of the pathogen from a herd is desired. 
Various protocols for M hyopneumoniae 
elimination have been described, including 
depopulation and repopulation, partial 
depopulation, herd closure and medication, 
and whole-herd medication without herd 

closure. The herd closure and medication 
and whole-herd medication protocols will be 
emphasized in this commentary, as they are 
widely used in the United States.

Depopulation and repopulation is the most 
direct approach for M hyopneumoniae 
eradication, as it involves removal of the 
entire breeding herd and restocking with 
M hyopneumoniae-negative replacements.37 
Advantages of depopulation and repopula-
tion include the ability to eliminate more 
than one disease at once and the opportu-
nity to improve genetics.37 However, there is 
a complete loss of production from the time 
the breeding herd is liquidated until replace-
ment females begin farrowing. Furthermore, 
total depopulation of the breeding herd may 
be undesirable on farms with animals that 
have a high genetic potential (ie, genetic 
nucleus or multiplier farms).

The partial depopulation (Swiss) method 
gained recognition in the 1990s when Swit-
zerland implemented a national program to 
eliminate M hyopneumoniae and Actinoba-
cillus pleuropneumoniae.38 The following 
items are the framework for the Swiss 
method.38-41 First, remove all animals less 
than 10 months of age from the herd; sec-
ond, cease farrowing for at least 2 weeks; and 
third, medicate remaining animals with an 
antimicrobial labeled for M hyopneumoniae 
during the non-farrowing period. Elimina-
tion projects in Norway and Denmark were 
also successful, with slight modifications to 
the Swiss partial depopulation protocol.42,43

Herd closure and medication protocols for 
M hyopneumoniae elimination are adapta-
tions of the Swiss method. Modifications 
to the Swiss method allow for farrowing 
to continue during the medication period 
in order to minimize production losses. 
The herd closure and medication approach 
utilizes these key principles:37 first, exposure 
of all females, including replacement gilts, 
to M hyopneumoniae; second, closure of 
the herd for at least 8 months; third, entire 
herd vaccination with a M hyopneumoniae 
bacterin; and fourth, medication of the whole 
sow herd and piglets prior to introduction 
of M hyopneumoniae-negative replace-
ment gilts. It is critical that all replacement 
gilts are exposed to M hyopneumoniae and 
colonized prior to beginning herd closure. 
Herd closure of at least 8 months is based on 
published research indicating that pigs can 
shed M hyopneumoniae up to 200 days post 
infection.44 Blanket vaccination of the whole 
sow herd with an M hyopneumoniae bacterin 
is usually performed to increase herd immu-
nity. Finally, all sows and piglets on-site are 

medicated with an approved antimicrobial 
effective against M hyopneumoniae. Specific 
antimicrobial regimes commonly used in 
M hyopneumoniae elimination programs are 
discussed later in this commentary.

The whole-herd medication without herd 
closure protocol is the most recent M hyo-
pneumoniae elimination protocol to be 
described.45,46 This protocol involves medi-
cating the entire herd (gilts, sows, boars, and 
piglets) with a long-acting antimicrobial (typ-
ically administered via injection) with activity 
against M hyopneumoniae. The whole herd is 
treated via antimicrobial injection on day 1 of 
the elimination project, followed by another 
injection 2 weeks later. Additionally, piglets 
born 4 weeks after the initial whole-herd 
injection are treated at birth and at 14 days of 
age. Replacement gilt flow is maintained per 
normal farm protocol, and the farm remains 
open to new animal introductions, with the 
understanding that new animal introductions 
are from M hyopneumoniae-negative sources 
only. The advantage of whole-herd medica-
tion without herd closure, when successful, 
is that the herd has a faster return to M hyo-
pneumoniae-negative status. However, this 
protocol has been less effective at eliminating 
M hyopneumoniae than the herd closure and 
medication protocol.46 A comparative sum-
mary of the key aspects of the four mentioned 
elimination protocols is presented in Table 1.

Specifics of herd closure and 
medication
Herd closure
Herd closure and rollover was first described 
as a disease elimination tactic by Torremorell 
et al47 for eliminating porcine reproductive 
and respiratory syndrome virus (PRRSV) 
from sow herds. Herd closure consists of 
ceasing introduction of replacement females 
into the breeding herd for an extended 
period of time (typically 6 to 9 months, 
depending on gilt supply and capacity). The 
rationale for stopping new introductions 
into the herd is to decrease the number of 
susceptible animals for the pathogen to rep-
licate in,48,49 eventually reducing the num-
ber of susceptible animals to zero. The herd 
remains closed to new animal additions until 
sufficient time has passed for the pathogen 
to have infected all animals on the farm, and 
infected animals have had time to mount an 
immune response and clear the pathogen, 
and are no longer infectious. Following 
successful eradications of PRRSV using the 
herd-closure technique, veterinarians in the 
United States have adapted it for utilization 
in M hyopneumoniae elimination projects.37

les animaux reproducteurs et les porcelets 
soient médicamentés. De manière usuelle, le 
troupeau de reproducteurs est médicamenté 
par administration d’antimicrobiens oraux 
administrés via l’eau de boisson ou les ali-
ments, alors que les porcelets sont traités par 
injections d’antimicrobiens. Dans le présent 
commentaire, nous ferons la revue des proto-
coles courants d’élimination de M hyopneu-
moniae avec une emphase sur la fermeture du 
troupeau et les protocoles de médication.
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Table 1: Summary of the key aspects of Mycoplasma hyopneumoniae elimination protocols most commonly used in the United 
States

In order to maintain a practical replacement 
rate and continue utilizing gilts in weekly 
or batch breeding groups, a 6- to 9-month 
supply (surplus) of gilts (depending on 
the desired length of the closure period) 
are stocked into an on-site isolation or gilt 
developer unit (GDU). The recommended 
length of herd closure for M hyopneu-
moniae elimination is at least 8 months; 
therefore, an 8-month supply of gilts would 
be required to avoid gaps in production. 
Additionally, it is recommended that the 
entire adult population be over 10 months 
of age when negative replacements are 
introduced37 to increase the likelihood that 
no animals will be infectious, assuming that 
animals have been exposed to M hyopneu-
moniae at an earlier age. Thus, to satisfy the 
10-month age recommendation, gilts should 
be a minimum of 2 months of age when 
stocked into isolation or the GDU. Fur-
thermore, gilts of various ages and weights 
should be included to avoid a surplus of gilts 
that are too old or too big at the end of the 
M hyopneumoniae elimination project.37

A potential obstacle is that not all sow farms 
have on-site isolation or GDU facilities at 
their disposal. If this is the case, an off-site 
breeding project could be considered as 
an alternative plan. An off-site breeding 
project allows gilts to be bred at a separate 
location and added back to the herd at the 
time of farrowing.50 The gilts should be bred 
in weekly groups, and breeding should be 

timed so that the first group of gilts is due to 
farrow shortly after the herd closure period is 
completed. This allows breeding and farrow-
ing targets to be met and for pig flow to be 
maintained as consistently as possible once 
the herd closure is lifted.50

Vaccination and acclimation
Commercial M hyopneumoniae bacter-
ins are widely used in swine production 
worldwide.9 Pigs can become colonized 
with M hyopneumoniae in the first weeks 
after birth;51-53 therefore, vaccination of 
piglets is the most common vaccination 
strategy utilized.1 Advantages of vaccinat-
ing growing pigs include increased average 
daily gain (ADG), improved feed efficiency, 
and potentially decreased mortality rate.1 
While vaccination does have several 
advantages regarding increased produc-
tion performance, it does not prevent M 
hyopneumoniae colonization.9,13,16,54 Other 
studies have shown that M hyopneumoniae 
vaccination is associated with a reduction in 
the number of organisms in the respiratory 
tract,13 as well as a decreased infection level 
within a herd.15 

In addition to growing-pig M hyopneu-
moniae vaccination strategies, vaccination 
of sows has been utilized in an attempt to 
reduce vertical spread of the pathogen and 
to confer immunity to piglets via lactogenic 
transmission of maternal antibodies.7,14,55 

Vaccination of sows during M hyopneumoniae 
elimination projects is aimed at bolstering 
herd immunity37 and has been implemented 
on a quarterly basis, prior to whole-herd 
antimicrobial medication, or on a pre-farrow 
schedule. Yeske37 described vaccinating the 
surplus gilts at 1 and 3 weeks post entry to 
the on-site isolation or GDU facility and 
vaccination of the entire breeding herd 
(including gilts) on a quarterly schedule 
after herd closure is initiated. Additionally, 
Yeske37 recommends exposing the surplus 
gilts to the most recently infected group of 
gilts as soon as possible to facilitate natural 
infection (if gilt surplus is negative to M hyo-
pneumoniae prior to entry to the GDU).

Schneider56 documented vaccinating the 
breeding herd at 5 and 2 weeks prior to 
beginning the antimicrobial medication pro-
tocol. Moreover, Schneider described vacci-
nating sows 2 weeks prior to farrowing until 
testing for the presence of M hyopneumoniae 
post eradication was completed. Schneider 
recommends continuing this pre-farrow vac-
cine protocol indefinitely if the farm is at a 
medium to high risk of re-infection. Snider57 
described whole-breeding-herd vaccination 
after the acute outbreak of M hyopneumoniae 
was diagnosed and again prior to beginning 
antimicrobial medication. Lorenzen58 docu-
mented vaccinating the entire breeding herd 
1 week prior to antimicrobial medication, 
and an additional dose of vaccine 2 weeks 

Elimination  
protocol

Production 
time loss

Negative 
replacement 
gilts required 

before, during, 
or after  

elimination

Herd  
vaccination

Sow  
medication

Piglet  
medication

Animal  
introductions

Potential 
for other 

pathogens 
eliminated

Feed 
or 

water

Injected

Depopulation/
repopulation

Yes Yes No No No No NA Yes

Partial  
depopulation*

Yes No No Yes No No NA No

Herd closure 
and medication

Yes Yes Yes Yes Yes Yes Stop during 
elimination

Yes

Whole-herd  
medication†

No Yes No No Yes Yes Continue as 
usual

Yes

* Swiss method.
† No herd closure.
NA =  not applicable.

323Journal of Swine Health and Production — Volume 23, Number 6



later. A pre-farrow vaccination schedule was 
described by Alfonso et al,59 where sows 
were vaccinated at approximately 15 days 
prior to farrowing and the surplus gilts were 
vaccinated twice, at 55 and 220 days of age.

It is important to note that several different 
vaccination protocols have been described, 
with varying numbers and frequencies of 
vaccinations; however, to the knowledge of 
the authors, no published studies indicate 
an advantage of utilizing one protocol versus 
another.

In addition to sow and gilt vaccination dur-
ing M hyopneumoniae elimination projects, 
it is important to continue routine farm-
specific gilt acclimation protocols (other 
vaccinations, feed-back, estrus induction 
and synchronization, anthelmintic admin-
istration, disease surveillance, etc) to avoid 
disruptions in production or challenges with 
other diseases.

Medication
Virtually all Mycoplasma species are resistant 
to betalactam antimicrobials (penicillin, 
ampicillin, amoxicillin, and cephalospo-
rins). Mycoplasmas lack a cell wall, which 
is the target of beta-lactam antimicrobials 
(Table 2).60 Classes of antimicrobials with 
potential activity against M hyopneumoniae 
include macrolides, lincosamides, tetracy-
clines, pleuromutilins, fluoroquinolones, 
amphenicols, and aminoglycosides (Tables 2 
and 3). Many specific antimicrobials from 
within these classes have been utilized in 
M hyopneumoniae elimination projects.

Table 2: Common classes of antibiotics utilized in the US swine industry

Antibiotic class Mechanism of action Bacterial target Effect Potential activity against 
M hyopneumoniae

Beta-lactams60 Cell wall synthesis inhibition Transpeptidase Bactericidal No
Macrolides61 Protein synthesis inhibition 50s ribosomal subunit Bacteriostatic Yes
Lincosamides61 Protein synthesis inhibition 50s ribosomal subunit Bacteriostatic Yes
Tetracyclines62 Protein synthesis inhibition 30s ribosomal subunit Bacteriostatic Yes
Pleuromutilins63 Protein synthesis inhibition 50s ribosomal subunit Bacteriostatic Yes
Fluoroquinolones64 DNA synthesis inhibition DNA gyrase Bactericidal Yes
Amphenicols64 Protein synthesis inhibition 50s ribosomal subunit Bacteriostatic Yes
Aminoglycosides65,66 Protein synthesis inhibition 30s ribosomal subunit Bactericidal Yes*
Sulfonamides67 Folic acid synthesis inhibition Dihydropteroate synthase Bacteriostatic No

*  Aminoglycosides have activity against Mycoplasma species but are poorly absorbed when administered orally. Withdrawal times are  
excessively long when delivered parenterally, rendering their use against M hyopneumoniae impractical.

Documented medication programs
Kohne et al68 fed tilmicosin-medicated feed 
(15 mg per kg body weight [BW]) to all 
sows, boars, and gilts on-farm for a period 
of 4 weeks. Additionally, any breeding-stock 
animal that was sick or off feed was injected 
with one dose of tulathromycin (2.5 mg per 
kg BW). Piglets were injected with enro-
floxacin (2.5 mg per kg BW) at birth and 
with tiamulin (2 mg per kg BW) every  
2 days after 3 days of age (injectable tiamulin 
is not labeled for use in the United States). 
All piglets were weaned off-site by 21 days of 
age. To determine the success of the elimina-
tion project, Kohne et al68 collected tonsil 
swabs from animals that were born on-farm 
at 10, 14, 23, and 27 weeks following com-
pletion of the medication plan. All samples 
were negative on polymerase chain reaction 
(PCR) for M hyopneumoniae.

Snider57 described a medication plan using 
tulathromycin and lincomycin. The entire 
breeding herd was fed lincomycin (220 mg 
per kg medicated feed) for 3 weeks. After 
the lincomycin treatment, all breeding stock 
and piglets received a dose of tulathromycin 
(2.5 mg per kg intramuscularly [IM]) fol-
lowed by an additional dose in 14 days. After 
the second dose of tulathromycin had been 
administered, lincomycin-medicated feed 
was again fed to the breeding herd for an 
additional 5 weeks. Piglets continued to receive 
tulathromycin (2.5 mg per kg BW, IM) at birth 
and at 12 to 14 days of age for a period of 5 
months. Piglets were weaned at 18 to 21 days 
of age, with no piglets on-farm older than 24 
days of age. Snider57 documented that piglets 
from the treated farm were comingled with 
M hyopneumoniae-naive piglets from another 
sow herd and that M hyopneumoniae was not 

detected clinically or by ancillary diagnostic 
modalities for 8 months.

Geiger et al69 also employed a tulathromycin 
and lincomycin treatment plan. Lincomycin 
(100 g per tonne) was fed to the whole breed-
ing herd for 4 weeks. Piglets were injected 
with tulathromycin (2 mg per kg BW) at 
birth, beginning 2 weeks after initiation of the 
medicated-feed program, and during a 2-week 
period were weaned off-site by 10 days of age. 
Treatment of piglets with tulathromycin at 
birth was continued for 5 weeks. Monthly 
serological testing (Idexx and Dako ELISA 
reported69) of M hyopneumoniae-negative 
replacement gilts on the sow farm, commer-
cial pigs in an on-site nursery, and commercial 
pigs in an off-site finisher was conducted 
to determine elimination success. Replace-
ment gilts and on-site pigs were negative 
for 22 months and the off-site finisher was 
negative for 15 months (last time sampled). 
Additionally, quarterly slaughter checks and 
routine necropsies showed no signs of M 
hyopneumoniae infection.

Another tulathromycin and lincomycin 
treatment protocol was carried out by Gei-
ger and Groth,70 where the breeding stock 
was treated with lincomycin delivered via 
the water system and piglets were injected 
with tulathromycin (2 mg per kg BW) at 
birth and again 11 days later; both treatment 
modalities were continued for 4 weeks. 
Piglet weaning age was left unchanged (aver-
age, 20.6 days). Monthly serological testing 
(Idexx and Dako ELISA reported70) of 
replacement gilts began 1 month after the 
first M hyopneumoniae-negative replacement 
gilts were introduced. Random serological 
testing, routine necropsies with diagnostic 
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tissue submissions (M hyopneumoniae 
culture, PCR, and histopathology), and 
slaughter checks were conducted on the 
downstream flow of pigs. No evidence of 
M hyopneumoniae infection was found in 
the sow herd or downstream flow for 12 and 
6 months, respectively (last times sampled).

Tylvalosin usage in M hyopneumoniae elimi-
nations has been documented in Europe  
utilizing either the water or in-feed formula-
tion to treat the breeding herd for 21 to 
28 days.71,72 Additionally, some tylvalosin 
elimination projects have included tulathro-
mycin injections to sows exhibiting reduced 
feed intake and to piglets (beginning at birth 
and continuing at 7- to 10-day intervals until 
weaning).

Schneider56 supplemented a chlortetracy-
cline (CTC) and tiamulin feed-medication 
program with injectable oxytetracycline 
(OTC) and tylosin. The breeding herd diet 
was medicated with CTC (440 mg per kg) 
and tiamulin (100 mg per kg) for a period 
of 3 weeks. Sows that were off feed were 

injected daily with OTC (17.5 mg per kg 
BW) and tylosin (17.5 mg per kg BW) for 
5 days, followed by 5 days of no injections, 
and then 5 additional days of antimicrobial 
injections. Piglets were weaned off-site by  
12 days of age and did not receive anti-
microbials while on farm. Schneider56 
documented 14 sow herds where M hyo-
pneumoniae eliminations were attempted 
between 1995 and 2001, utilizing a medica-
tion plan similar to the one described. The 
amount of time that those farms experienced 
freedom from M hyopneumoniae follow-
ing elimination ranged from 14 months to 
9 years.56

Geiger and Ragone73 utilized a medication 
protocol using two formulations of OTC. 
Lactation and gestation rations were medi-
cated with OTC (500 mg per kg of feed) for 
4 weeks. In addition, for a period of 3 weeks, 
piglets received injections of OTC (200 mg 
per piglet) at 3 and 7 days of age and were 
weaned by 10 days of age. Following the 
addition of M hyopneumoniae-negative 

replacement gilts (sentinels), 30 random sen-
tinels were serologically tested (Dako ELISA 
reported73) on a monthly basis. Serologic 
tests were positive and mild clinical signs of 
M hyopneumoniae were detected approxi-
mately 4 months following the completion 
of the elimination protocol.

Alfonso et al59 utilized a medication 
protocol with tiamulin and tilmicosin. 
The gestation and lactation rations were 
medicated with tilmicosin (16 mg per kg 
of feed) for 2 weeks, then tiamulin (7 mg 
per kg BW) for an additional 2 weeks. Fur-
thermore, while the breeding herd was fed 
the tiamulin-medicated feed, piglets were 
injected with tiamulin (6 to 8 mg per kg 
BW) at 1, 5, and 13 days of age (injectable 
tiamulin is not labeled for use in swine in 
the United States). Weaning age was not 
altered and remained 16 days of age. Ten 
M hyopneumoniae-negative sentinel gilts 
were added to the sow farm 1 week after the 
medication protocol had been completed. 

Table 3: Antibiotics with potential activity against Mycoplasma hyopneumoniae

Antibiotic class Antibiotic Route(s) Dose (inclusion rate) Label indication for 
M hyopneumoniae

Macrolides

Tylosin
Parenteral 8.8 mg/kg BW None

Feed (40 or 100 mg/kg)* None
Water (66 mg/L) None

Tilmicosin
Feed (181.8 or 363.6 mg/kg)* None

Water (200 mg/L) None
Tulathromycin Parenteral 2.5 mg/kg BW Treatment or control

Tylvalosin Water (50 mg/L) None

Lincosamides Lincomycin

Parenteral 11 mg/kg BW Treatment
Feed (200 mg/kg) Treatment

Water 8.4 mg/kg BW  
(250 mg/L) 

None

Tetracyclines
Oxytetracycline 

Parenteral 6.6 - 11 mg/kg BW None
Feed (22 mg/kg) None

Water (22 mg/L) None

Chlortetracycline 
Feed (22 mg/kg) None

Water (22 mg/L) None

Pleuromutilins Tiamulin
Feed (200 mg/kg) None

Water (23.1 mg/L) None
Fluoroquinolones Enrofloxacin Parenteral 7.5 mg/kg BW Treatment or control
Amphenicols Florfenicol Water (100 mg/L) None

*  Preventive or therapeutic dosage.
 BW = body weight.
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These 10 sentinels remained serologically 
negative (ELISA Tween 20 reported59) for 
the 5 months when they were tested.

Nielson et al74 utilized a medication proto-
col combining tilmicosin and enrofloxacin. 
The breeding herd diet was medicated with 
tilmicosin (16 mg per kg of feed) for a 
2-week period. Additionally, piglets received 
an injection of enrofloxacin (5 mg per kg 
BW) at 1, 4, and 7 days of age and were 
weaned at 12 days of age. Mycoplasma hyo-
pneumoniae-negative replacement gilts were 
not introduced to the farm for 3 months 
following completion of the medication 
plan. Blood samples were collected monthly 
from 20 replacement gilts at 5, 6, 7, 8, 9, and 
10 months and showed no seroconversion to 
M hyopneumoniae.

As a summary, an example timeline of action 
items associated with a herd closure and 
medication elimination protocol is shown 
in Box 1,37,56 and a diagram, including the 
parallel activities carried out in the sow herd 
and off-site breeding project, is presented 
in Figure 1. It is important to note that 
normal gilt acclimation procedures should 
be incorporated into the framework of the 
elimination protocol.

Discussion
The discussion of disease elimination from 
swine herds began back in the 1960s and 
1970s with the implementation of the 
specific-pathogen-free (SPF) technique.75 
Although the SPF program did not live up 
to expectations, it did lay the groundwork 
and encouraged veterinarians and producers 
that the elimination of certain diseases may 
be possible. A significant justification for all 
the time, effort, and resources dedicated to a 
disease elimination project may be best sum-
marized in the benefits of disease-free popu-
lations of pigs, which will include improved 
animal welfare, increased production, 
decreased cost of production, reduction in 
preventative or therapeutic antimicrobial 
usage, and improved caretaker morale.75

Mycoplasma hyopneumoniae is a significant 
cause of economic loss to swine producers. 
In 2012, Haden et al76 quantified the eco-
nomic impact of influenza A virus (IAV), 
PRRSV, and M hyopneumoniae on a large 
US production system over a 4-year period. 
The cost of uncomplicated M hyopneu-
moniae was determined to be $0.63 per head 
placed in grow-finish. Unfortunately, respi-
ratory disease in growing pigs is usually not 
limited to one uncomplicated pathogen, 

but is rather a mixed infection of M hyo-
pneumoniae, viruses, and bacteria.77,78 
Haden and others76 also calculated the cost 
per head in situations in which M hyopneu-
moniae was complicated with PRRSV or 
IAV. The combination of PRRSV and  
M hyopneumoniae resulted in a loss of 
$9.69 per head, while co-infections of IAV 
and M hyopneumoniae inflicted a loss of 
$10.12 per head. The loss incurred due to 
the combination of IAV and M hyopneu-
moniae was only surpassed by IAV and 
PRRSV co-infections ($10.41 per head). 
While these loss calculations are specific 
to one particular system, similar losses are 
likely realized by other US swine producers 
as well. A 2005 and 2006 survey conducted 
by Holtkamp and colleagues79 attempted to 
estimate the impact of major swine health 
challenges in the United States. The partici-
pants in the survey comprised companies 
that produced more than 150,000 pigs per 
year, which accounted for approximately 
50% of the total number of pigs produced 
annually in the United States. Results of the 
survey indicated that PRRSV, IAV, and  
M hyopneumoniae were the top three health 
challenges experienced in finishing herds.

Fortunately, swine producers and veterinar-
ians have had success eliminating M hyopneu-
moniae using the protocols, principles, and 
techniques described in this commentary. A 
retrospective analysis of 46 herds that had 
undergone a M hyopneumoniae elimination 
project between 2003 and 2014 was com-
pleted in 2015.80 The analysis included farms 
located in upper midwestern US states, 33 
of which utilized a herd closure and medica-
tion protocol and 13 that used a whole-herd 
medication protocol without herd closure. 
The overall success rates for elimination of 
M hyopneumoniae for the herd closure and 
medication and the whole-herd medication 
without closure protocols were 81% and 
58%, respectively. The percentage of farms 
that experienced successful M hyopneumoniae 
elimination for a period greater than 1 year 
was 97% for the herd closure and medica-
tion protocol and 67% for the whole-herd 
medication without herd closure technique. 
Additionally, the average length of time that 
herds remained M hyopneumoniae-negative 
following elimination was 49 months for 
the herd closure and medication farms and 
37 months for the whole-herd medication 
without closure farms.

This commentary would not be complete 
without discussing the costs associated with 
the implementation of a M hyopneumoniae 

elimination protocol. Yeske81 estimated 
$15.90 per sow as the cost of a herd closure 
and medication protocol utilizing quar-
terly sow vaccination, a 2-week course of 
lincomycin in the drinking water to treat 
the breeding herd, and, during a 4-week 
period, tulathromycin injections to piglets 
at birth and 14 days of age. Additionally, the 
estimated increase in wean-to-finish revenue, 
based on increased ADG, reduced mortality, 
and improved feed efficiency, was calculated 
to be $1.19 per pig. Furthermore, Yeske esti-
mated that it would take a 2500-sow herd 
producing 25 pigs per sow per year approxi-
mately 4.5 months to recoup the financial 
investment in the elimination project. While 
$15.90 per sow is a significant amount to 
invest in a M hyopneumoniae elimination 
project, the potentially lower cost of wean-
to-finish production and subsequently 
increased revenue allow that investment 
to be recovered in a reasonable amount of 
time. Additionally, if the hypothetical farm 
in Dr Yeske’s calculations81 were to remain 
M hyopneumoniae-free for the average of 
31 months following elimination, it would 
realize an additional 26.5 months of reduced 
production costs after recovery of the initial 
investment.

One of the most debated aspects of the 
herd closure and medication protocol for 
M hyopneumoniae elimination is that of 
gilt vaccination and acclimation. Gilts have 
been indicted as the most likely source of 
M hyopneumoniae introduction into a herd 
and perpetuation of infection.18 Many  
M hyopneumoniae vaccination protocols 
have been described; however, to the 
knowledge of the authors, there is no pub-
lished literature to support the use of one 
over another. Most gilt M hyopneumoniae 
vaccination and acclimation protocols 
are based on practitioner preference and 
experience. Additional research efforts are 
needed in this area.

It is also prudent to discuss the limitations 
associated with this commentary. First and 
foremost, many of the references utilized 
in this manuscript were non-peer-reviewed 
proceedings articles. Many of the findings 
described in these practitioner-authored 
proceedings articles are not the result of 
investigations subjected to the scientific 
rigor of studies published in peer-reviewed 
journals; however, they are accurate 
accounts of protocols, techniques, and 
strategies utilized in the field by practicing 
swine veterinarians and provide valuable 
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Box 1: Action items associated with a herd closure and medication protocol to eliminate Mycoplasma hyopneumoniae

Week 1
Acquire surplus supply of gilts and stock into on-site isolation or gilt development unit (GDU)
Need enough gilts to close the herd for at least 240 days
Gilts should be of various ages with the youngest at least 2 months of age
Vaccinate gilts with an M hyopneumoniae bacterin
If gilts are M hyopneumoniae-negative at the time of stocking, expose them to the most recently infected group of gilts to 
facilitate natural infection
Week 3
Vaccinate gilts with second dose of M hyopneumoniae bacterin
Week 4
Begin to introduce gilts into the sow herd (pending fulfillment of normal acclimation protocols)
Flow gilts into sow herd as necessary to fulfill weekly breeding group needs
Week 6
Vaccinate entire breeding herd with an M hyopneumoniae bacterin (quarterly vaccination schedule)
Week 19
Vaccinate entire breeding herd with an M hyopneumoniae bacterin (quarterly vaccination schedule)
Weeks 27-31
Stock M hyopneumoniae-naive or negative replacement gilts in isolation or GDU once all surplus gilts have entered the farm and 
isolation or GDU has been washed and disinfected (only if isolation or GDU is a separate air space from the breeding herd)
Weeks 28, 29
Vaccinate entire breeding herd with an M hyopneumoniae bacterin (pre-medication vaccination schedule)
Weeks 31, 32
Vaccinate entire breeding herd with an M hyopneumoniae bacterin (pre-medication vaccination schedule)
Week 32
Vaccinate entire breeding herd with an M hyopneumoniae bacterin (quarterly vaccination schedule)
Week 33
Wash and disinfect the breeding and gestation barns (shuffle sows row by row so that stalls are empty when washed and  
disinfected
Weeks 33, 34
Begin medicating breeding herds via water or feed with antimicrobial approved for M hyopneumoniae
Medicate breeding herd for 2 to 4 weeks depending on antimicrobial selected
Begin treating on-farm piglets with an injectable antimicrobial approved for M hyopneumoniae at birth (or at first treatment) 
and again at a later time depending on the antimicrobial selected
Week 35
M hyopneumoniae-naive or negative replacement gilts can begin to be introduced into the breeding herd
Weeks 36, 37
Complete medication of breeding herd
Weeks 37-41
Complete medication of piglets
Weeks 38-42
Begin M hyopneumoniae testing to monitor success of elimination program (after completion of piglet medication)
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information regardless of publication sta-
tus. Also, there is no standardized testing 
protocol to determine the success of M hyo-
pneumoniae elimination projects. Previous 
projects have been evaluated using one or 
more of the following: presence or absence 
of M hyopneumoniae determined by PCR on 
nasal or tonsil swabs, interpretation of sero-
logical screening results, and clinical signs 
(coughing). The lack of a standardized test-
ing scheme makes it difficult to compare the 
outcomes of specific elimination protocols.

While no standard post-elimination test-
ing protocol exists, multiple diagnostic 
modalities should be utilized to determine 
elimination success or failure. Previously 
described ante-mortem sampling methods 
for M hyopneumoniae (nasal swabs, tonsil 

swabs, and oral fluids)82 have been shown 
to lack sensitivity, and their utility in low-
prevalence situations is less than satisfac-
tory. However, a recently documented ante-
mortem sampling method, laryngeal swabs, 
has demonstrated greater sensitivity82 
and could be utilized as part of the post-
elimination testing protocol. For example, 
serial collection and submission for M hyo-
pneumoniae PCR testing of laryngeal swabs 
from a subset of M hyopneumoniae-negative 
replacement gilts (sentinels) that enter the 
farm following elimination is one testing 
option. 

Serological screening of M hyopneumoniae-
negative replacement gilts serving as 
sentinels would seem like a practical option 
for post-elimination testing; however, 

vaccination of replacement gilts with an 
M hyopneumoniae bacterin makes differentiat-
ing infection-induced antibody response from 
vaccine-induced antibody response difficult.4 
Therefore, some farms that have undergone 
M hyopneumoniae elimination have elected 
to leave replacement gilts unvaccinated. This 
allows for easy interpretation of serological 
results; however, the risk for increased severity 
of M hyopneumoniae-related disease is greater if 
reinfection or novel infection were to occur.

Evaluation of clinical signs (coughing)4 in 
the downstream pig flow and replacement 
gilts that enter the farm following elimina-
tion should also be included in the post-
elimination testing regime. Additionally, lung 
tissue collection and submission for M hyo-
pneumoniae PCR testing from dead pigs in 

Figure 1: Diagram of a herd closure and medication timeline and activities, including an off-site breeding project, in a review of 
current M hyopneumoniae elimination protocols, with an emphasis on herd closure and medication protocols. 
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these populations rounds out a multipronged 
approach for post-elimination testing.

The authors’ goal for this commentary was 
not to recommend a specific M hyopneu-
moniae elimination protocol, but rather 
to review the basic principles, describe 
specific protocols utilized by practitioners, 
and discuss the merits of implementing 
an M hyopneumoniae elimination project. 
The elimination protocol best suited for a 
particular farm or system will hinge on the 
facilities, pig flow, gilt availability, location, 
production type, and other unique aspects 
specific to the farm or system. Due to the 
advantages of M hyopneumoniae-free pro-
duction previously discussed, implementa-
tion of an M hyopneumoniae elimination 
project should be considered if it is feasible 
for a farm or system to adhere to the 
specific guidelines set forth by the elimina-
tion protocol. Interest in utilizing proven 
disease-elimination techniques has never 
been higher. Continued interest and focus 
on the development of innovative methods 
and strategies for disease elimination will 
be necessary to help combat health chal-
lenges faced by the swine industry, now and 
in the future.

Implications
•	 M	hyopneumoniae	is a significant cause 

of economic loss to swine produc-
ers, and successful elimination from 
a production system can result in 
improved animal welfare, increased 
production, decreased production costs, 
and reduced antimicrobial usage.

•	 The	multitude	of	elimination	protocols	
that have been described and successfully 
executed can be tailored to fit the unique 
aspects associated with a particular farm 
or system and their goals.

•	 Increased	focus	and	effort	on	the	devel-
opment of novel disease elimination 
techniques and strategies will be vital to 
combat health challenges in the future.

Disclaimer
Scientific manuscripts published in the Jour-
nal of Swine Health and Production are peer 
reviewed. However, information on medica-
tions, feed, and management techniques may 
be specific to the research or commercial 
situation presented in the manuscript. It is the 
responsibility of the reader to use informa-
tion responsibly and in accordance with the 
rules and regulations governing research or 
the practice of veterinary medicine in their 
country or region.
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