
140 Journal of Swine Health and Production — May and June 2006

ELT: Department of Veterinary Microbiology and Preventive Medicine, College of Veterinary
Medicine, Iowa State University, Ames, Iowa.

BJT: Department of Veterinary Diagnostics and Production Animal Medicine, College of Veterinary
Medicine, Iowa State University, Ames, Iowa.

TW: Alpharma Inc, Fort Lee, New Jersey.

Corresponding author: Dr Eileen L. Thacker, 2118 Veterinary Medical Building, Department of
Veterinary Microbiology and Preventive Medicine, College of Veterinary Medicine, Iowa State
University, Ames, IA 50011; Tel: 515-294-5097; Fax: 515-294-8500; E-mail: ethacker@iastate.edu.

This article is available online at http://www.aasv.org/shap.html.

Thacker EL, Thacker BJ, Wolff T. Efficacy of a chlortetracycline feed additive in reducing
pneumonia and clinical signs induced by experimental Mycoplasma hyopneumoniae challenge.
J Swine Health Prod. 2006;14(3):140–144.

Original research Peer reviewed

Efficacy of a chlortetracycline feed additive in reducing
pneumonia and clinical signs induced by experimental
Mycoplasma hyopneumoniae challenge
Eileen L. Thacker, DVM, PhD, Diplomate ACVM; Brad J. Thacker, DVM, PhD, MBA, Diplomate ABVP; Teddi Wolff, DVM, MS

Summary
Objectives: To determine the efficacy of a
chlortetracycline (CTC) feed additive on
pneumonia and clinical signs induced by
Mycoplasma hyopneumoniae in an experi-
mental challenge model.

Methods: Three groups of pigs (12 pigs per
group) were challenged with M hyopneu-
moniae (Day 0). Two groups received feed
containing CTC at 550 g per tonne (500 g
per ton; 22 mg per kg of bodyweight) for
14 days, starting either on Day -3 (prior to
challenge) or at onset of clinical signs (Day
10). Pigs were evaluated daily for clinical
disease (coughing), and all were necropsied
on Day 29. Percentage of lung affected by

pneumonia, number of organisms isolated
from lung tissue, and serum antibodies
(ELISA) were measured.

Results: Pigs fed CTC starting before in-
oculation had significantly fewer coughing
days and less pneumonia than either of the
other groups. Pigs in both CTC-medicated
groups had significantly fewer M hyopneu-
moniae organisms at necropsy than non-
medicated pigs. At necropsy, 50% of control
pigs were seropositive for M hyopneumoniae
antibodies, while none of the CTC-treated
pigs had seroconverted.

Implications: Under the conditions of this
study, in pigs challenged with M hyopneu-

moniae, less severe clinical signs and pneu-
monia occur and fewer organisms may be
isolated from lung tissue when treatment
with CTC begins before challenge rather
than after the onset of clinical signs. In ad-
dition, fewer organisms may be isolated from
lung tissue of pigs treated with CTC begin-
ning with the onset of clinical signs, compared
to untreated pigs. In-feed CTC may be
effective against mycoplasmal pneumonia.
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Resumen – Eficiencia de la clorotetraciclina
como aditivo en el alimento para reducir
la neumonía y los signos clínicos inducidos
por el reto experimental con Mycoplasma
hyopneumoniae

Objetivos: Determinar la eficacia de la
clorotetraciclina (CTC por sus siglas en inglés)
contra la neumonía y signos clínicos
inducidos por el Mycoplasma hyopneumoniae
en un modelo de reto experimental.

Métodos: Tres grupos de cerdos (12 cerdos
por grupo) se retaron con M hyopneumoniae
(Día 0). Dos grupos recibieron alimento
que contenía CTC a 550 gr por tonelada
métrica (500 gr por tonelada corta; 22 mg

por kilo de peso corporal) por 14 días,
iniciando el Día -3 (antes del reto) o al
inicio de los signos clínicos (Día 10). Los
cerdos fueron evaluados diariamente en
busca de signos clínicos (tos), y todos se
sacrificaron el Día 29. Se midieron el
porcentaje de pulmón afectado por
neumonía, el número de organismos
aislados del tejido pulmonar, y los
anticuerpos en suero (ELISA).

Resultados: Los cerdos alimentados con
CTC antes de la inoculación, presentaron
significativamente menos días con tos y
menos neumonía que cualquiera de los
otros grupos. Los cerdos en ambos grupos
medicados con CTC presentaton

significativamente menos organismos de M
hyopneumoniae a la necropsia que los
cerdos no medicados. A la necropsia, 50%
de los cerdos control fueron seropositivos a
anticuerpos contra M hyopneumoniae,
mientras que ninguno de los cerdos tratados
con CTC seroconvirtieron.

Implicaciones: Bajo las condiciones de este
estudio, en los cerdos retados con M
hyopneumoniae, hubo menos neumonía y
signos clínicos severos y menos organismos
fueron aislados del tejido pulmonar cuando
el tratamiento con CTC inició antes del
reto, a diferencia que después del inicio de
los signos clínicos. Además, se puedieron
aislar menos organismos del tejido pulmonar
de cerdos tratados con CTC cuando esta es
suministrada al inicio de los signos clínicos,
en comparación con los cerdos no tratados.
La CTC en alimento puede ser efectiva
contra la neumonía causada por mycoplasma.

Résumé – Efficacité d’un supplément
alimentaire à base de chlortétracycline à
réduire les signes cliniques et les lésions de
pneumonie suite à une infection expéri-
mentale par Mycoplasma hyopneumoniae

Objectifs: Déterminer l’efficacité d’un
additif alimentaire contenant de la
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M ycoplasma hyopneumoniae, the
cause of enzootic pneumonia,
affects many swine herds in the

United States.1 Mycoplasma hyopneumoniae
is minimally pathogenic by itself; however,
it is commonly isolated from pigs showing
clinical signs associated with the porcine
respiratory disease complex (PRDC),
which is characterized by respiratory disease,

fever, anorexia, and lethargy. Although
multiple pathogens are isolated from pigs
exhibiting PRDC, M hyopneumoniae ap-
pears to play an important role in the un-
derlying pneumonia.2 The interaction be-
tween M hyopneumoniae and swine viruses,
including porcine reproductive and respira-
tory syndrome virus (PRRSV) and porcine
circovirus type 2 (PCV2), is complex, and
previous studies in our laboratory have found
that infection with M hyopneumoniae in-
creases the duration and severity of pneumonia
induced by these viruses.3,4

Antibiotic therapy in conjunction with
vaccination is considered an important in-
tervention strategy for treatment and control
of mycoplasmal pneumonia. A number of
studies have assessed vaccine efficacy and
the effectiveness of several antibiotics in
production settings.5-9 These studies have
used production parameters to assess the
efficacy of the products; however, the ability
to reduce the number of M hyopneumoniae
organisms in vivo remains poorly defined.
Currently, only one feed-grade medication
(Lincomix; Pfizer Inc, Exton, Pennsylvania)
is approved for mycoplasmal pneumonia,
and the label claim is for reduction of severity
of pneumonia, not the number of M hyo-
pneumoniae organisms. In addition, several
studies have found that antibiotics such as
tiamulin appear to have a high activity against
M hyopneumoniae in vitro; however, conflicting
results have been observed in vivo.7,10-12

An earlier challenge study and an in vitro
study suggested that chlortetracycline (CTC)
was effective against M hyopneumoniae.11,13

Chlortetracycline (22 mg per kg of body
weight in feed for up to 14 days) is approved
for treatment of swine bacterial pneumonia
caused by Pasteurella multocida. The objec-
tive of the current study was to assess the
efficacy of CTC against M hyopneumoniae,
as determined by the percentage of lung
tissue affected by pneumonia, incidence of
clinical disease as measured by coughing,
development of serum antibodies to M
hyopneumoniae, and number of mycoplasma
organisms isolated from the respiratory
tracts of experimentally infected pigs.

Materials and methods
Animals and housing
Thirty-six crossbred, castrated male pigs,
approximately 10 to 12 days of age upon
arrival, were procured from a breed-to-wean
swine herd serologically negative for M
hyopneumoniae and PRRSV. The study was
approved and conducted in accordance

with the guidelines of the Iowa State Uni-
versity Institutional Committee on Animal
Care and Use. Each treatment group con-
sisted of 12 pigs, which were housed in
separate rooms within the Livestock Infectious
Disease Isolation Facilities at Iowa State
University. All rooms had similar lighting
and environmental conditions. Pigs were
placed in decked pens (1.24 m × 1.24 m)
with three pigs per pen. Feeders and nipple
waterers in each pen allowed ad libitum
feed and water intake throughout the study.

Study design
The pigs were acclimated for approximately
3 weeks prior to study initiation, and were
randomly assigned to three treatment
groups with stratification by weight. On
Day 0, all pigs were inoculated intratracheally
with a tissue homogenate containing M
hyopneumoniae strain 232 (a derivative of
strain 11), 105 color-changing units (CCU)
per mL, at a dilution of 1:100 in 10 mL of
Friis medium as previously described.14

Group 1 received CTC-medicated feed
beginning on Day -3, before the pigs were
inoculated with M hyopneumoniae, and
until 10 days post inoculation. Group 2
was provided medicated feed at onset of
clinical signs (coughing) beginning Day 10
and until Day 24. Group 3 received
nonmedicated feed throughout the duration
of the study.

All pigs were observed daily for 15 minutes
for coughing. Coughing scores were calculated
as the number of days each pig was observed
coughing. Blood samples for antibody as-
sessment were obtained prior to the study
and at necropsy. Pigs were individually
weighed and average daily gain (ADG) was
calulated weekly throughout the study.

Feed and administration of CTC
For the first 2 weeks post arrival, all pigs
were fed a commercial pelleted diet con-
taining 55 g per tonne (50 g per ton)
carbadox (Mecadox; Phibro Inc, Fort Lee,
New Jersey). Six days prior to addition of
CTC, the diet was changed to a
nonmedicated meal. The medicated meal
was nutritionally formulated the same as
the control diet and contained CTC
(Aureomycin 50 Granular premix, 50 g
CTC per lb of premix [110 g per kg];
Alpharma Inc, Fort Lee, New Jersey) at the
rate of 550 g per tonne (500 g per ton), to
provide 22 mg CTC per kg of body
weight. Representative samples of medi-
cated and nonmedicated diets were col-
lected in plastic bags and stored at -20˚C
until assayed to confirm medication levels.

chlortétracycline (CTC) à réduire les signes
cliniques et les lésions de pneumonie causés
dans un modèle expérimental d’infection
par Mycoplasma hyopneumoniae.

Méthodologie: Trois groupe de porcs (12
porcs par groupe) ont été inoculés avec M
hyopneumoniae (Jour 0). Deux groupes ont
reçu un aliment contenant de la CTC à un
dosage de 550 g par tonne métrique (500 g
par tonne; 22 mg par kg de poids corporel)
pendant 14 jours, débutant soit au Jour -3
(avant l’inoculation) soit lors de l’apparition
des signes cliniques (Jour 10). Une évaluation
quotidienne des animaux a été faite pour la
présence de maladie clinique (toux) et tous
ont été soumis à une nécropsie au Jour 29.
Le pourcentage de poumon présentant des
lésions de pneumonie, le nombre de micro-
organismes isolés du tissu pulmonaire, et
les titres d’anticorps sériques détectés par
ELISA ont été mesurés.

Résultats: Les porcs recevant de la CTC
avant l’inoculation ont eu significativement
moins de jours avec de la toux et moins de
lésion de pneumonie que chacun des deux
autres groupes. Lors de la nécropsie, on
retrouvait significativement moins de M
hyopneumoniae chez les porcs dans les deux
groupes ayant reçu de la CTC que chez les
porcs non-médicamentés. Au moment de
la nécropsie, 50% des porcs témoins avaient
des anticorps contre M hyopneumoniae alors
qu’aucun des animaux traités à la CTC
n’avait d’anticorps contre M hyopneumoniae.

Implication: Dans les conditions
expérimentales de cette étude, des porcs
inoculés avec M hyopneumoniae avaient
moins de signes cliniques, moins de lésions
de pneumonie et moins de micro-organismes
ont été isolés des poumons lorsque le traite-
ment à la CTC a débuté avant l’inoculation
plutôt qu’après l’apparition des signes
cliniques. De plus, moins de micro-organismes
ont été isolés du tissu pulmonaire de porcs
traités avec de la CTC au début de l’apparition
des signes cliniques comparativement à des
animaux non-traités. De la CTC ajoutée
aux aliments peut être efficace contre la
pneumonie à mycoplasme.
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Serology
Serum samples were tested using a Tween-20
ELISA as previously described.15 Known
positive and negative sera, as well as blank
wells, were included as controls on each
plate. Samples with values > 2 standard de-
viations (SD) above the mean optical den-
sity (OD) value of the negative control sera
were considered positive (OD ≥ 0.200).

Necropsy
On Day 29, pigs were anesthetized with
sodium pentobarbital administered intrave-
nously and were exsanguinated. Tissue
samples were collected aseptically from the
lungs for culture. The bronchi were swabbed
for bacterial culture and M hyopneumoniae
isolation. Lesions consistent with mycoplasmal
pneumonia were sketched onto standard
lung diagrams, and the proportion of lung
area with pneumonia lesions was determined
as previously described.16 Lung tissue was
frozen for fluorescent antibody (FA) assay
examination for mycoplasmal antigen.17

Microbiology
Bronchial swabs were cultured for respiratory
pathogens, including Bordetella bronchiseptica,
Pasteurella multocida, Actinobacillus species,
Haemophilus species, and Mycoplasma
hyorhinis. Samples were inoculated onto
blood agar and streaked with a Staphylococ-
cus epidermidis nurse colony for support of
Actinobacillus pleuropneumoniae and
Haemophilus species. Isolates were
identified according to standard methods.

Mycoplasma hyopneumoniae
isolation and titration
To confirm the presence of M hyopneumoniae
in the respiratory tract, bronchial secretions
were inoculated onto Friis medium. Colonies
having morphology consistent with M hyo-

pneumoniae were identified by epiimuno-
fluorescence with conjugates prepared from
rabbit antisera to M hyopneumoniae.18 For
determining the number of M hyopneumoniae
organisms, approximately 1 g of lung tissue
was processed and titrated as previously
described.19 Briefly, lung tissue was col-
lected aseptically and ground in Friis me-
dium with no added antibiotics. Aliquots
of the tissue homogenate were inoculated
into Friis medium with methicillin and
bacitracin and serially diluted in the same
medium through seven tenfold dilutions.
The number of organisms was reported as
CCU per g of lung tissue.

Statistical analysis
Analysis of variance was performed using
the general ANOVA procedure of Statistix
(Analytical Software, Tallahassee, Florida)
to ascertain differences in mean ADG be-
tween treatment groups. If the P value gen-
erated by ANOVA was P < .05, pair-wise
comparisons among the three groups were
performed by least significant difference at
a significance level of P < .05. Kruskall-
Wallis ANOVA was used for nonparametric
analysis (mean number of coughing days,
mean percent of lung affected by pneumonia,
and mean number of organisms cultured
from lung tissue).

Results
Growth and health
No differences in ADG were observed
among the groups (Table 1). Pigs in
Groups 2 and 3 began coughing at ap-
proximately Day 7. Only one pig in Group
1 was heard coughing during the trial
(Table 1). The average percentage of pneu-
monia was significantly less in Group 1
than in the other two groups (Table 1). No

statistical difference between Group 2 and
Group 3 pigs was observed in the average
percent pneumonia (Table 1).

Microbiology, fluorescent anti-
body, and serology results
No pathogenic bacteria associated with
respiratory disease, other than M hyopneu-
moniae, were isolated from the respiratory
tracts of any pigs. The numbers of M hyo-
pneumoniae organisms (CCU per g of lung
tissue) were lower (P < .05) in Groups 1
and 2 (both treated with CTC) than in
Group 3 (no CTC treatment) (Table 1). In
addition, the number of organisms in lung
tissue was lower in Group 1 (treated begin-
ning Day -3) than in Group 2 (treated be-
ginning on Day 10) (P < .05).

Mycoplasma hyopneumoniae antigens, as
determined by FA, were detected in one of
12 pigs (8%) in Group 1, five of 12 pigs
(42%) in Group 2, and all 12 pigs in
Group 3.

Prior to challenge, all pigs were serologi-
cally negative, with an overall group aver-
age OD of 0.005 ± 0.006. At the end of
the trial (Day 29), six of the 12 Group 3
pigs (50%) were seropositive for M
hyopneumoniae antibodies, while no pigs
that had received CTC medication
(Groups 1 and 2) were seropositive (0%).

Discussion
An effective M hyopneumoniae control op-
tion should ideally lessen pneumonic dam-
age in the animal as well as reducing num-
bers of M hyopneumoniae organisms or
eliminating them. Vaccination is a frequent
and often effective intervention strategy for
controlling the pneumonia induced by M
hyopneumoniae; however, vaccines do little
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1 01ot3-syaD 96.0 ± 40.0 71.0 ± 85.0 a 83.0 ± 75.0 a 55.0 ± 18.1 a

2 42ot01syaD 56.0 ± 50.0 80.5 ± 01.6 b 46.4 ± 18.4 b 46.4 ± 78.2 b

3 TN 76.0 ± 10.0 05.6 ± 06.6 b 82.7 ± 21.7 b 80.7 ± 92.0 c

Table 1: Means (± SD) for average daily gain (ADG), number of coughing days, percent of lung affected by pneumonia, and
number of organisms isolated from lung tissue in 36 pigs challenged with Mycoplasma hyopneumoniae at 4 to 5 weeks of
age and either treated with chlortetracycline (CTC) or not treated*

*     Three groups of 12 pigs housed in separate rooms were inoculated intratracheally with M hyopneumoniae on Day 0. Pigs were
observed for coughing for 15 minutes daily, and the number of days each pig was observed coughing was calculated. The proportion
of lung area with pneumonia lesions was determined by image analysis at necropsy on Day 29.

†    CTC was administered in feed at 22 mg per kg body weight daily.
‡    Pigs were weighed weekly between Day -3 and Day 29.
§    Titration of M hyopneumoniae, log 10 color-changing units (CCU)/g lung tissue.
abc Values with different superscripts within a column are significantly different (ANOVA; P < .05).
NT = not treated
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to reduce colonization.20–23 In addition,
vaccine failure may occur with commercial
mycoplasma vaccines due to concurrent
infection with PRRSV, persisting mater-
nally derived antibodies, or both.24,25

In many cases, strategic use of antibiotics is
required to assist in controlling respiratory
disease associated with M hyopneumoniae
infection as well as other bacterial infections.
While M hyopneumoniae is sensitive to an-
tibiotics in vitro, less is known about anti-
biotic efficacy in vivo.6–12,26 Lincomix
(Pfizer, New York, New York) is approved
at 220 g per tonne of feed for reducing the
severity of mycoplasmal pneumonia; however,
no information is available on its effect on
numbers of M hyopneumoniae organisms. A
previous in vivo study demonstrated that CTC
was effective in reducing the level of pneu-
monia induced by M hyopneumoniae.13

However, the effect on organism numbers
was not determined in that study. Euro-
pean studies demonstrated that feeding
either Lincomix or tilmicosin improved
production parameters associated with my-
coplasmal pneumonia.8,9 However, those
studies did not directly assess either reduc-
tion of mycoplasmal pneumonia or effect
of the antibiotics on numbers of M
hyopneumoniae organisms in the respiratory
tract. In addition, recent research has sug-
gested that antimicrobial resistance may be
a problem with some M hyopneumoniae
field isolates.27

Production parameters have been used as
measures of antibiotic efficacy under field
conditions. However, in many cases, the
improved production parameters associated
with antibiotic therapy may be due to
efficacy of the antimicrobial on other or-
ganisms present concurrently with M
hyopneumoniae. While this type of infor-
mation is important to practitioners and
producers, identifying the effect of an anti-
biotic on M hyopneumoniae is also important,
especially if eradication is a goal for antibiotic
use. In the current study, while the numbers
of M hyopneumoniae organisms were
significantly lower in groups treated with
CTC, treatment did not completely eliminate
M hyopneumoniae from these pigs. Thus, it
is possible that when the antibiotic is with-
drawn, M hyopneumoniae organisms may
increase in number and may cause clinical
disease at a later date. In this study, although
Group 1 pigs received no medication for
19 days before necropsy, numbers of M
hyopneumoniae organisms were still
significantly lower in Group 1 than in the
other two groups, indicating that the number

of M hyopneumoniae organisms, as measured
by CCU per g of lung tissue, did not in-
crease significantly immediately after with-
drawal of the CTC. This was further
confirmed by fewer organisms detected by
FA testing. In addition to the lower num-
ber of organisms observed in the respira-
tory tracts of pigs in Group 1, the low inci-
dence of coughing in this group would also
minimize organism transmission between
pigs. While it was observed that pigs
treated with CTC failed to seroconvert, it
is unknown whether they remained immu-
nologically naive. As serum antibodies
against M hyopneumoniae are not correlated
with protection against disease,16–28 the
importance of lack of seroconversion is
unknown. It could be hypothesized that,
while CTC may not eliminate M hyopneu-
moniae from the pig, use of CTC in con-
junction with vaccination, especially in
nursery pigs, might provide sufficient time
for a mature and active immune response
to develop after vaccination, while decreas-
ing the potential for clinical mycoplasmal
pneumonia throughout the production
period.

Future studies might include assessment of
CTC efficacy in nursery-age pigs in which
other factors, such as PRRSV infection or
maternal antibodies against M hyopneumo-
niae, may interfere with M hyopneumoniae
vaccine efficacy.24,25 The findings of this
study suggest that CTC is beneficial in
controlling and reducing mycoplasmal
pneumonia.

Implications
• Under the conditions of this study, in

pigs challenged with M hyopneumoniae,
amount of coughing, proportion of
lung affected with pneumonia lesions,
and numbers of M hyopneumoniae
organisms in lung tissue are lower in
animals treated with CTC beginning
before challenge than in nonmedicated
pigs.

• Under the conditions of this study,
numbers of M hyopneumoniae
organisms in lung tissue are lower in
pigs treated with CTC after the onset
of clinical disease (coughing) than in
nonmedicated pigs.

• Although not labelled for this use, in-
feed CTC may be beneficial in
controlling and reducing mycoplasmal
pneumonia.
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Conversion tables

Weights and measures conversions

Temperature equivalents

°F = (°C × 9/5) + 32

°C = (°F - 32) × 5/9

Conversion chart, kg to lb

)SU(nommoC cirteM trevnocoT ybylpitluM

zo1 g53.82 gotzo 82
)zo61(bl1 g95.354 gkotbl 54.0

bl2.2 gk1 blotgk 2.2
ni1 mc45.2 mcotni 45.2

ni93.0 mc1 niotmc 93.0
)ni21(tf1 m13.0 mottf 3.0

tf82.3 m1 tfotm 82.3
im1 mk6.1 mkotim 6.1

im26.0 mk1 imotmk 6.0
niqs1 mc5.6 2 mcotniqs 2 5.6

niqs51.0 mc1 2 mc 2 niqsot 51.0
tfqs1 m90.0 2 mottfqs 2 90.0

tfqs11.11 m1 2 m2 tfqsot 11
tfuc1 m30.0 3 mottfuc 3 30.0

tfuc23.53 m1 3 m3 tfucot 53
)puc(c1 L42.0 Lotc 42.0

c7661.4 L1 cotL 2.4
)zolf821(lag1 L8.3 Lotlag 8.3

lag462.0 L1 lagotL 62.0
)zolf23(tq1 Lm63.649 Lottq 59.0

zo8318.33 L1 tqotL 1.1

C° F°
0 23

01 05
5.51 06

61 16
3.81 56
1.12 07
8.32 57
6.62 08

82 28
4.92 58
2.23 09
8.83 201
4.93 301
0.04 401
5.04 501
1.14 601
001 212

ezisgiP gK bL

htriB 0.2–5.1 4.4–3.3
gninaeW 5.3 7.7

5 11
01 22

yresruN 51 33
02 44
52 55
03 66

reworG 54 99
05 011
06 231

rehsiniF 09 891
001 022
501 132
011 242
511 352

woS 531 003
003 166

raoB 063 008

1 tonne = 1000 kg

1 ppm = 0.0001% = 1 mg/kg = 1 g/tonne

1ppm = 1mg/L


