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Summary
Objectives: To investigate the effects of in-
feed chlortetracycline (CTC) during lacta-
tion on health status and reproductive per-
formance of gilts or sows in a herd with a
history of porcine reproductive and respira-
tory syndrome; to evaluate health status
and performance of the piglets born to
these females; and to investigate health sta-
tus and reproductive performance of the
same sows during the subsequent lactation
period, when no in-feed CTC was
administered.

Methods: Two groups of 200 gilts or sows
were monitored for two consecutive breed-
ing cycles (phases). During Phase 1, the
CTC+ group received CTC in the feed (10

g per animal daily) from 5 days before far-
rowing until the first service after weaning.
The CTC- group received non-medicated
feed. During Phase 2, both groups received
non-medicated feed.

Results: Rates of occurrence of poor appe-
tite and vaginal discharges were lower for
the CTC+ group during both phases, and
rates of occurrence of clinical mastitis,
anestrus, and returns-to-estrus were lower
for CTC+ sows in Phase 1. The CTC+ sows
lost less body weight during lactation, had
a shorter wean-to-first estrus interval in
Phase 1, and had a shorter interval between
Phases 1 and Phase 2 farrowing dates.
More piglets were weaned from CTC+

sows, and the piglets had lower mean

throughout-lactation diarrhea scores in
both phases and heavier weaning weights in
Phase 1.

Implications: In-feed administration of
CTC during lactation improved health and
performance of sows and their piglets. The
beneficial effects continued during the sub-
sequent lactation, when no CTC was
administered.
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The reproductive performance of
sows may be adversely affected by
various pathogens. Some infec-

tious agents have a specific pathogenic ef-
fect on the reproductive tract. Under con-
ditions of suppressed immune function,
the prevalence and the pathogenicity of
specific or non-specific pathogens may in-
crease, and agents that do not commonly
affect the reproductive system may cause a
variety of syndromes of reproductive fail-
ure, either through their general systemic
effect on the dam or by specifically infect-
ing the genital organs and fetuses.1,2 Ulti-

mately, future reproductive performance of
affected sows is suboptimal.

Earlier studies evaluated the effects on per-
formance of sows and their litters when
various antimicrobials were administered in
the feed at growth-promoting doses.3–6 It
had already been reported that when chlor-
tetracycline (CTC) was administered in
feed during the breeding period, litter size
increased,7 and pigs were heavier both at
birth and weaning.8,9 During a long-term
study in a specific-pathogen-free herd,10

productivity declined and health status

deteriorated when in-feed CTC was with-
drawn. When the cost effectiveness of ad-
ministering CTC in lactation feed was cal-
culated, the economic benefits were
several-fold greater than the cost of the
drug. There are no published reports con-
cerning the possible beneficial effects on
post-parturient health when antimicrobials
are administered in feed to sows in herds
with a history of porcine reproductive and
respiratory syndrome (PRRS).

The results of a field trial in a herd with a
history of PRRS are presented. The main
objectives of the study were to investigate
the possible beneficial effects on health sta-
tus and reproductive performance of the
sows, and on health status and perfor-
mance of the piglets born to these sows,
when CTC was administered in feed to
sows during the periparturient and lacta-
tion periods. In addition, health status and
reproductive performance of the same sows
were assessed during the subsequent lacta-
tion period, when no in-feed CTC was
administered.
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Materials and methods
Study herd
The trial was conducted in 1999-2000 in a
commercial farrow-to-finish swine opera-
tion in Greece, with a herd of 450 Large
White × Landrace sows. An outbreak of
PRRS had occurred in the herd in 1996.
After remission of the acute phase of the
disease, a sharp increase in the incidence of
various reproductive disorders had been
observed, including postparturient
dysgalactia-hypogalactia and vaginal dis-
charge syndromes, abortions, increased
anestrus rate, and frequent returns to es-
trus. Reproductive performance had con-
sistently deteriorated for 2 years after the
outbreak. During that period, as part of the
disease-monitoring protocol in the herd,
30 gilts and sows of different parities were
randomly selected twice yearly for blood
sampling. Serum was tested for antibodies
against PRRS virus (HerdChek PRRS 2XR
ELISA; Idexx Europe BV, Schiphol-Rijk,
Noord-Holland, The Netherlands),
Chlamydia species (complement fixation
test) and Leptospira interrogans serovars
(microscopic agglutination tests). Through-
out the 2-year sampling period, seroprevalence
ranged from 63.3% to 76.7% for PRRS
virus, from 26.7% to 30.0% for Chlamydia
species, and from 20.0% to 23.3% for Lep-
tospira interrogans serovar Bratislava.

Animals and treatments
The trial was carried out in two consecu-
tive phases between April 1999 and March
2000. A total of 400 gilts or sows (up to
parity 7) were included in the trial. For
each female, Phase 1 started 5 days before
the expected farrowing date, when she was
moved to the farrowing house and assigned
to one of two equal groups (CTC+ or
CTC-), in such a way as to balance for par-
ity. During Phase 1, CTC+ sows received
10 g CTC per animal, top-dressed on the
feed. The CTC- group received the same
ration without medication. Phase 1 ended
when the sows were first mated after their
piglets were weaned, and Phase 2 began
immediately. During Phase 2, all animals
in both groups consumed the same non-
medicated feed. Phase 2 ended when the
sows were first mated after their litters had
been weaned.

Throughout the trial, the guidelines laid
out by Good Clinical Practice for the Con-
duct of Clinical Trials for Veterinary Me-
dicinal Products11 were followed.

Management and herd health
programs
Management and herd health programs
were identical for all animals during both
phases of the trial.

Initially, the breeding females (gilts or
sows) were housed at the service area in
group pens with individual stalls, with five
to seven animals per pen, and were insemi-
nated twice, 12 and 24 hours after detec-
tion of standing estrus by a teaser boar.
Artificial insemination was performed by
farm employees using fresh semen collected
from herd boars and extended with
Beltsville thaw solution (glucose anhydrous
37.0 g, sodium citrate 6.0 g, sodium bicar-
bonate 1.25 g, EDTA 1.25 g, potassium
chloride 0.75 g, penicillin 1.0 g, and strep-
tomycin 1.0 g; dissolved in 1 liter of dis-
tilled water) for 48 hours maximum.
Matings were homospermic. The boars
used for semen collection were clinically
healthy and of known fertility, and were
uniformly used for insemination of the two
groups of females. Females remained in the
service area for approximately 4 weeks, un-
til pregnancy was confirmed by ultrasound,
and were then moved into individual pens
at the gestation house.

On a weekly basis, 5 days prior to the ex-
pected date of farrowing, a group of 14 to
18 pregnant females was transferred into
the farrowing house, which included six
separate rooms, each with 14 pens (2.5 ×
1.5 m) with slatted floors. Room tempera-
ture was maintained at 16 to 20˚ C by
means of an automatic air-conditioning-
ventilation unit. Supplemental heat was
provided for the piglets up to the age of 10
to 15 days by means of an infra-red electric
lamp. Piglets were weaned at 22 to 28 days
of age. Sows were then moved back to the

service area, where management was as pre-
viously described.

Replacement gilts introduced into the herd
originated from a nucleus established within
the farm (“grandparents”), which was main-
tained exclusively for breeding purposes.
“Great-grandparents” had been purchased
only from high-health status breeding herds.
Therefore, introduction of new pathogens
into the herd had been minimized.

At various stages of their reproductive
cycle, all breeding females were routinely
vaccinated against erysipelas, enterotoxigenic
Escherichia coli, porcine parvovirus infec-
tion, pseudorabies virus, swine influenza,
atrophic rhinitis, and Clostridium
perfringens types A and C. Ivermectin was
administered at 300 µg per kg BW, IM, 14
days prior to farrowing.

Feeding
The feed provided to animals in the trial,
consisting primarily of corn, barley, wheat,
and soybean meal, was prepared in the feed
mill on site. Feeds were manufactured ac-
cording to National Research Council
guidelines (1988);12 details are presented in
Table 1. Feed samples were periodically
analyzed during the trial period to confirm
feed composition. A gestation or lactation
feed was provided to gilts and sows as re-
quired, and piglets were provided ad libi-
tum creep feed beginning at 7 days of age.
No antimicrobial agents were incorporated
into these feeds. The feeding schedules em-
ployed are presented in Table 2.

During Phase 1, starting 5 days before the
expected day of farrowing, CTC was pro-
vided to CTC+ sows by means of a medi-
cated supplement, which was 50% CTC
premix (Aurofac, a granular premix

Table 1: Composition of the feeds provided to gilts, sows, and piglets in a
commercial farrow-to-finish operation in Greece

1     DE: digestible energy
2     CP: crude protein

noitarfoepyT ED 1

)gk/JM(
PC 2

)gk/g(
enisyL
)gk/g(

muiclaC
)gk/g(

surohpsohP
)gk/g(

noitatseG 5.21 061 0.7 0.9 0.7

noitatcaL 5.31 561 5.7 5.9 5.7

deefpeerC
stelgiprof 5.41 032 0.51 0.01 0.8
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containing 10% CTC; Hoffmann-La-
Roche, now Alpharma, Oslo, Norway),
45% corn, and 5% sweetener (Arti-sweet;
Feed Flavours Europe Ltd, Chester, En-
gland). To ensure the daily dose of CTC,
200 g of the supplement was top-dressed
on the feed once daily for each CTC+ fe-
male. Sweetener was added to ensure full
consumption of the medicated supple-
ment. A placebo (control) top-dress supple-
ment, which contained 95% corn and 5%
sweetener, was top-dressed on the feed of
each CTC- animal (200 g, once daily).

The top-dress supplements were prepared
in a horizontal mixer. After preparation of
a batch of medicated or control top-dress
supplement, corn was passed through the
mixer and discarded. Samples of each batch
of medicated and control top-dress supple-
ment were submitted for determination of
CTC concentration (Quality Control
Laboratory, Hoffmann-LaRoche, Basel,
Switzerland). After preparation, top-dress
supplements were stored in bags of two
different colors, corresponding to the color
of the sows’ ear tags, in order to ensure that
the correct supplement was fed to each ex-
perimental group. The person who pre-
pared the feed was independent of the per-
sonnel responsible for feeding the animals
and of the study monitor (herd veterinar-
ian), who were therefore blinded to the
content of the top-dress supplements.

Records and calculations
All female animals in the trial, and their
piglets, were monitored daily by an experi-
enced observer (herd veterinarian). Health
status was assessed and signs of ill health
were recorded.

According to the management policy ap-
plied in the study herd, females with se-
vere, untreatable illness (eg, heatstroke) or
illness unresponsive to 1 week of treat-
ment, or those that failed to farrow for any
reason other than abortion, were excluded
from the trial. Females with a post-weaning
anestrus interval of more than 30 days and
those that returned to estrus more than
twice were also excluded. A detailed post-
mortem examination was carried out on all
animals that died.

Also recorded were poor appetite (defined
as consumption of less than half of the feed
offered daily for 2 consecutive days), fever
(rectal temperature >39.3˚C for 2 consecu-
tive days), clinical mastitis (defined as at
least one abnormal mammary gland,
changes in the appearance of mammary
secretion, or both), and vaginal discharge
(defined as purulent or blood-tinged dis-
charge more than 5 days post-partum).
Treatments administered during the trial
were recorded.

For each litter of piglets, the following data
were recorded: numbers of liveborn and
stillborn piglets, number of piglets that
died during lactation, number of weaned
piglets, and individual body weights of pig-
lets at birth and weaning.

Piglets were monitored daily for diarrhea.
The severity of diarrhea was always assessed
by the same observer. A modification of the
diarrhea scoring system devised by Kelly et
al13 was employed: 0 = no diarrhea, 1 =
soft feces, 2 = fluid feces, 3 = severe diar-
rhea. For each litter, the daily diarrhea
score (DDS) was calculated as follows:
DDS = [P1 + (2×P2) + (3×P3)] / N, where
P1 = number of piglets with a score of 1, P2
= number of piglets with a score of 2, P3 =
number of piglets with a score of 3, and N
= total number of piglets in the litter. The
throughout-lactation diarrhea score (LDS)
was calculated for each phase as follows:
LDS = sum of the DDS / number of days
of lactation.

For each sow or gilt, dates were recorded
during Phase 1 for farrowing, weaning of
piglets, first estrus, and mating after wean-
ing of piglets. For Phase 2, dates were re-
corded for estrus and mating, farrowing,
weaning of piglets, and first estrus and
mating after weaning. The following

Table 2: Daily feeding regime1 for gilts and sows in a trial to determine the effect of in-feed chlortetracycline (CTC) on
reproductive parameters and health status in the reproductive cycle during which treatment was given, and in the
following cycle, when no CTC was administered

elcycevitcudorperfoegatS stliG swoS

yadot111yadnoitatseG
gniworraferofeb

gnisaercedyllaudargneht,FLgk0.3 gnisaercedyllaudargneht,FLgk4.3

yadgniworraF 2 deefoN

5ot1syadnoitatcaL delkcustelgiprepFLgk5.0sulp,FLgk0.2otpuesaercnilaudarG

gninaewfoyadlitnu5yadnoitatcaL delkcustelgiprepFLgk5.0sulp,FLgk0.2

ecivresfoyadlitnugninaewfoyaD FGgk5.3

12yadnoitatseglitnuecivresfoyaD FGgk9.1

65ot22syadnoitatseG FGgk4.2

48ot75syadnoitatseG FGgk8.2

011ot58syadnoitatseG FGgk4.3

1    Two types of feed were provided:  gestation feed (GF) and lactation feed (LF).
2    Beginning on the day of farrowing, gilts (ie, parity 1) were fed as sows.
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intervals were calculated: lactation length
(Phase 1 and Phase 2), weaning-to-first-
estrus interval (Phase 1 and Phase 2), and
farrowing interval (number of days be-
tween the first and second farrowings).
When weaning-to-first-estrus interval was
calculated, a value of 9 days was assigned
for anestrous sows.

The feed consumed daily by each sow, in-
cluding the top-dress supplement, was cal-
culated during lactation and during the
weaning-to-first-estrus period by weighing
the feed given to the sow and the
unconsumed feed. During each phase of
the study, each female was weighed at far-
rowing, at weaning of her piglets, and at
the first subsequent estrus; sows were al-
ways weighed in the morning before feed-
ing. Change in body weight during lacta-
tion and during the weaning-to-first-estrus
period was calculated. The ratio of body
weight gain (or loss) to feed consumed
(G:F) was calculated as follows: G:F =
body weight change (kg) over a given pe-
riod / quantity of feed (kg) consumed dur-
ing that period.

For each of the two treatment groups, the
following parameters were also calculated:
short weaning-to-first-estrus interval rate
(the proportion of sows in a group with a
weaning-to-first-estrus interval shorter than
8 days); anestrus rate (the proportion of
sows in a group that failed to show signs of
estrus within 30 days after weaning of their
piglets, including a 7- to 8-day weaning-to-

estrus interval and a 21-day breeding
cycle); and return-to-estrus rate (the pro-
portion of sows in a group that showed
estrus more than once after weaning of
their piglets).

Data analysis
Data were subjected to one-way analysis of
variance using the General Linear Models
of SAS (Version 8.1 for Windows, 2000;
Statistical Analysis Systems Institute Inc,
Cary, North Carolina). Differences be-
tween calculated parameters of the two
groups were compared using a χ2 test.
When a marked deviation from normality
was present (verified by Levene’s test
significance), data were transformed to ho-
mogenize such variations. Thus, for the
data referring to G:F during the weaning-
to-first-estrus periods and for the LDS
data, a square root transformation was per-
formed. Alternatively, a non-parametric
analysis test (Mann-Whitney U test) was
used in the case of data for which there was
a marked departure from normality even
after the appropriate transformations (ie,
number of stillborn or weaned piglets).14

Results

Animals included in the trial and
exclusions
Initially, 200 sows were assigned to each of
the two treatment groups, and all animals
farrowed and lactated normally. Parity dis-

tribution (Table 3) did not differ between
the two groups.

During Phase 1, 17 CTC+ sows and 30
CTC- sows were excluded from the study,
and 183 CTC+ sows and 170 CTC- sows
entered into Phase 2 (Table 4). Of these,
152 CTC+ sows and 127 CTC- sows far-
rowed and lactated normally. Subsequently,
11 CTC+ sows and 11 CTC- sows were
excluded because of age or anestrus (Table
4). Therefore, 141 CTC+ sows and 116
CTC- completed both phases of the study.
The full trial exclusion rate (for both Phase
1 and Phase 2) was greater (P =.009, χ2

test) for the CTC- group (84 of 200 fe-
males excluded; 42.0%) than for the CTC+

group (59 of 200 females excluded;
29.5%). Reasons for exclusions are pre-
sented in Table 4. The proportion of ex-
cluded animals did not differ between the
two groups for each of the reasons for ex-
clusion except for anestrus in Phase 1
(Table 4).

Health status data for sows and
piglets
Fewer health problems were recorded
among CTC+ females than among CTC-

females (Table 5). Poor appetite and vagi-
nal discharge were each observed in a
smaller proportion of CTC+ females dur-
ing both phases of the trial. Clinical masti-
tis was diagnosed in a smaller proportion of
CTC+ sows during Phase 1. Moreover, a

Table 3: Parity distribution among gilts and sows either treated with in-feed chlortetracycline (CTC) beginning 5 days prior
to their due date and continuing until the litter was weaned (CTC+), or treated with a placebo (CTC-).

1     At the beginning of the study, there were 200 females in each treatment group. Females were excluded from each group during each
phase of the trial (Table 4). At each data point and for each parity category, distribution of CTC+ and CTC- females did not differ (P>.05,
χ2 test).
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Table 4: Exclusion of sows from a two-phase trial in which females in a commercial farrow-to-weaning production unit
were treated1 with in-feed chlortetracycline (CTC+; 200 females) or placebo (CTC-; 200 females) beginning 5 days before
farrowing and continuing until their litters were weaned at 22 to 28 days of age (Phase 1), and not treated during the next
reproductive cycle (Phase 2).

selameffo.oN

CTC + CTC -

noisulcxerofsnosaeR puorG
ezis 2

dedulcxE
)%(

gniniameR puorG
ezis 2

dedulcxE
)%(

gniniameR P eulav 3

1esahP

smelborphtlaeH 4 002 )0.3(6 491 002 )5.3(7 391 870.

surtsenA 491 )6.5(11 381 391 )9.11(32 071 030.

2esahP

snruterowtnahteroM
surtseot 381 )1.1(2 181 071 )3.2(4 661 063.

retfasyad44>surtsE
ecivres 181 )1.1(2 971 661 )8.1(3 361 385.

noitatseggnirudhtaeD 5 971 )1.1(2 771 361 )8.1(3 061 875.

snoitrobA 771 )5.0(1 671 061 )1.3(5 551 670.

worrafoteruliaF 671 )6.31(42 251 551 )1.81(82 721 962.

egadlO 6 251 )9.1(3 941 721 )5.1(2 521 308.

surtsenA 941 )3.5(8 141 521 )2.7(9 611 135.

1     The CTC+ group received chlortetracycline (CTC) daily in 200 g of a top-dress supplement containing 10 g of CTC (Aurofac; Hoffman-
LaRoche, now Alpharma, Oslo, Norway).  The CTC- group received 200 g of the same supplement containing no CTC.

2     Number of females in the group before current exclusions.
3     Proportion of females excluded from each group compared by χ2 test.
4     Problems included rectal prolapse, severe leg wound, and severe lameness.
5     Causes of death included heat stroke and acute hemorrhagic proliferative enteropathy.
6     Sows which had completed eight consecutive reproductive cycles.

smaller proportion of CTC+ sows were indi-
vidually treated for one or more of these
health problems during both phases.

More piglets were weaned from CTC+ sows
than from CTC- sows during both phases of
the study (Table 6). This was a consequence
of fewer dead piglets in the CTC+ group
during lactation in Phase 1 and more live-
born piglets in the CTC+ group during
Phase 2. Mean weaning weight was greater
for the CTC+ piglets than for the CTC- pig-
lets during Phase 1, and the mean LDS was
lower for the CTC+ piglets than for the
CTC- piglets in both phases (Table 6).

Performance data
Body weight did not differ among gilts and

sows of the two treatment groups at farrow-
ing, weaning, or the estrus after weaning, in
either Phase 1 or Phase 2. Body weights for
the CTC- sows ranged from 203.2 kg (SEM
21.5 kg) at the end of the first phase to
227.2 kg (SEM 20.7 kg) at farrowing in the
second phase, and for the CTC+ sows, from
205.2 kg (SEM 22.1 kg) at the end of the
first phase to 228.6 kg (SEM 20.1 kg) at
farrowing in the second phase. However, in
Phase 1, the CTC+ sows and gilts lost less
weight than the CTC- sows and gilts during
lactation and during the weaning-to-first-
estrus period (Table 7).

Feed consumption during lactation was not
significantly different between the two

groups; however, for every kg of feed in-
take, the CTC+ sows’ body weight loss was
smaller than that of the CTC- sows in both
Phase 1 and Phase 2 (Table 7).

The farrowing interval was shorter for the
CTC+ sows than for the CTC- sows, as a
result of a shorter weaning-to-first-estrus
interval in the CTC+ sows. No statistically
significant differences were observed in the
intervals between other reproductive events
during the trial (Table 8).

During Phase 1, more CTC+ sows had a
weaning-to-first-estrus interval of <8 d
than did CTC- sows, fewer CTC+ sows
failed to show estrus, and fewer CTC+ sows
returned to estrus after breeding (Table 9).
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Table 5: Health problems recorded in gilts and sows in a two-phase trial in which females in a commercial farrow-to-
weaning production unit were treated1 with in-feed chlortetracycline (CTC+; 200 females) or placebo (CTC-; 200 females)
beginning 5 days before farrowing and continuing until their litters were weaned at 22 to 28 days of age (Phase 1), and not
treated during the next reproductive cycle (Phase 2).

1     The CTC+ group received chlortetracycline (CTC) daily in 200 g of a top-dress supplement containing 10 g of CTC (Aurofac; Hoffman-
LaRoche, now Alpharma, Oslo, Norway).  The CTC- group received 200 g of the same supplement containing no CTC.

2     More than one health problem was observed in some animals.
3     Individual treatments refer to agents (excluding antibiotics and antibacterial compounds) given intramuscularly at recommended

doses to support the health status of animals with abnormal clinical signs (meloxicam, an anti-inflammatory; butafosfan and
cyanocobalamin, a phosphorus and vitamin B12 supplement; clanobutin sodium, a digestion enhancer).

4     χ2 test

Table 6: Means (± SEM) for performance and health status parameters of piglets born to gilts and sows in a two-phase trial
in which females in a commercial farrow-to-weaning production unit were treated1 with in-feed chlortetracycline (CTC+;
200 females) or placebo (CTC-; 200 females) beginning 5 days before farrowing and continuing until their litters were
weaned at 22 to 28 days of age (Phase 1), and not treated during the next reproductive cycle (Phase 2).

1    The CTC+ group received chlortetracycline (CTC) daily in 200 g of a top-dress supplement containing 10 g of CTC (Aurofac; Hoffman-
LaRoche, now Alpharma, Oslo, Norway).  The CTC- group received 200 g of the same supplement containing no CTC.

2     LDS: throughout-lactation diarrhea score: sum of the daily diarrhea score (DDS) on each day of lactation / number of days of
lactation. DDS = [P1+ (2xP2)+(3xP3)] / N, where P1=number of piglets with a score of 1, P2=number of piglets with a score of 2,
P3=number of piglets with a score of 3, and N=total number of piglets in the litter.  Diarrhea scoring system: 1= soft feces, 2=fluid
feces, 3=severe diarrhea.

3     One-way analysis of variance
4     Mann-Whitney U test
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CTC + )251=n( 4.01 ± 1.1 8.9 ± 0.1 6.0 ± 7.0 7.0 ± 9.0 1.9 ± 0.1 4.1 ± 1.0 2.6 ± 18.0 07.0 ± 4.0

CTC - )721=n( 1.01 ± 1.1 5.9 ± 0.1 6.0 ± 7.0 9.0 ± 8.0 6.8 ± 2.1 4.1 ± 1.0 1.6 ± 17.0 68.0 ± 6.0

P eulav 820. 3 030. 3 418. 4 170. 3 100. 4 211. 3 892. 3 630. 3

)%(detceffaselameffo.oN 2

puorG etitepparooP reveF sititsamlacinilC egrahcsidlanigaV stnemtaertlaudividnI 3

1esahP

CTC + )002=n( )83(67 )82(65 )61(13 )7(31 )04(08

CTC - )002=n( )94(89 )73(37 )82(65 )41(72 )35(601

P eulav 4 430. 780. 400. 030. 210.

2esahP

CTC + )251=n( )63(45 )62(93 )81(82 )5(7 )73(65

CTC - )721=n( )05(36 )53(44 )62(33 )31(71 )35(76

P eulav 4 120. 511. 741. 010. 800.
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Table 7: Exclusion of sows from a two-phase trial in which females in a commercial farrow-to-weaning production unit
were treated1 with in-feed chlortetracycline (CTC+; 200 females) or placebo (CTC-; 200 females) beginning 5 days before
farrowing and continuing until their litters were weaned at 22 to 28 days of age (Phase 1), and not treated during the next
reproductive cycle (Phase 2).

1    The CTC+ group received chlortetracycline (CTC) daily in 200 g of a top-dress supplement containing 10 g of CTC (Aurofac; Hoffman-
LaRoche, now Alpharma, Oslo, Norway).  The CTC- group received 200 g of the same supplement containing no CTC.

2     One-way analysis of variance.
3     Calculated by change in body weight (kg) during a given period/ amount of feed (kg) consumed in the same period.

Discussion
The results of this study provide evidence
of the beneficial effects of in-feed addition
of CTC at a daily dose of 10 g per sow.
Reproductive performance was improved
in treated sows. This was also reflected in a
lower exclusion rate among CTC+ animals,
an observation which is in agreement with
data from other studies on the use of CTC
in sows during lactation.15

Tetracyclines are commonly used because
of their broad spectrum of antimicrobial
activity and desirable pharmacokinetic
characteristics.16–19 However, relatively
high concentrations of tetracyclines must
be incorporated in the feed to achieve ad-
equate blood concentration and ensure

transfer to target organs, in this case, the
reproductive tract and the mammary
glands.10 This justifies our decision to use
the high dose of 10 g CTC per sow daily.
Dose-titration studies would be of interest.

The use of antimicrobials in post-parturi-
ent sows has been associated with a reduc-
tion in the number of microorganisms in
the sow’s reproductive tract and mammary
glands, which might cause subclinical dis-
orders.20,21 Among CTC+ sows, the lower
incidence of poor appetite, clinical mastitis,
and vaginal discharge, as well as the greater
number and heavier body weight of
weaned piglets, suggest a positive effect of
CTC on the health status of sows during
lactation. If individual treatments, rather

than CTC treatment alone, had affected
the outcome, the effect would have been in
favor of the controls, since more CTC-

sows than CTC+ sows were individually
treated during each phase of the trial.

Sows with mastitis deprive the newborn
piglets of colostrum: this reduces the sur-
vival and growth rate of sucking piglets and
increases the severity of diarrhea.22–24

Hence, the better health status of the litters
of treated sows, reflected by lower diarrhea
scores, may also have been a consequence
of the lower rate of occurrence of mastitis
in CTC+ sows. Chlortetracycline is effec-
tive against several pathogens implicated in
the etiology of diarrhea in piglets (eg, Es-
cherichia coli, Clostridium perfringens).25

)gk(swosfoegnahcthgiewydoB

1esahP 2esahP

puorG noitatcaL -ot-gninaeW
doirepsurtse-tsrif

noitatcaL -ot-gninaeW
doirepsurtse-tsrif

CTC + 5.8- ± 0.2
)002=n(

1.2- ± 8.0
)381=n(

0.9- ± 6.2
)251=n(

1.2- ± 9.0
)141=n(

CTC - 3.01- ± 3.2
)002=n(

5.2- ± 8.0
)071=n(

5.9- ± 1.2
)721=n(

3.2- ± 9.0
)611=n(

P eulav 2 100.< 100.< 660. 990.

)gk(wosrepnoitpmusnocdeeflatoT

CTC + 4.611 ± 4.81
)002=n(

9.22 ± 7.8
)381=n(

4.911 ± 5.01
)251=n(

6.72 ± 4.11
)141=n(

CTC - 5.411 ± 2.81
)002=n(

5.52 ± 3.9
)071=n(

8.711 ± 1.21
)721=n(

5.72 ± 0.01
)611=n(

P eulav 2 992. 600. 142. 419.

demusnocdeefotegnahcthgiewydobfooitaR 3

CTC + 470.0- ± 120.0
)002=n(

590.0- ± 130.0
)381=n(

670.0- ± 220.0
)251=n(

970.0- ± 320.0
)141=n(

CTC - 290.0- ± 520.0
)002=n(

301.0- ± 630.0
)071=n(

280.0- ± 020.0
)721=n(

880.0- ± 920.0
)611=n(

P eulav 2 100.< 130. 320. 110.
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Table 8: Mean intervals (±SEM) in days for periods of the reproductive cycle during Phase 1 and Phase 2 of a study in
which females in a commercial farrow-to-weaning production unit were treated1 with in-feed chlortetracycline (CTC+; 200
females) or placebo (CTC-; 200 females) beginning 5 days before farrowing and continuing until their litters were weaned
at 22 to 28 days of age (Phase 1), and not treated during the next reproductive cycle (Phase 2).

1     The CTC+ group received chlortetracycline (CTC) daily in 200 g of a top-dress supplement containing 10 g of CTC (Aurofac; Hoffman-
LaRoche, now Alpharma, Oslo, Norway).  The CTC- group received 200 g of the same supplement containing no CTC.

2     The mean weaning-to-first-estrus interval was calculated using a value of 9 days for each anestrous sow.
3     The number of days between farrowing dates in Phase 1 and Phase 2.
4     One-way analysis of variance.

puorG 1esahP 2esahP

noitatcaL -ot-gninaeW
surtse-tsrif 2

gniworraF
lavretni 3

noitatseG noitatcaL -ot-gninaeW
surtse-tsrif 3

CTC + 1.32 ± 7.0
)002=n(

1.8 ± 0.3
)491=n(

9.541 ± 2.3
)251=n(

8.411 ± 8.0
)251=n(

7.32 ± 7.1
)251=n(

8.7 ± 1.3
)941=n(

CTC - 1.32 ± 7.0
)002=n(

1.9 ± 1.3
)391=n(

8.641 ± 2.3
)721=n(

9.411 ± 9.0
)721=n(

8.32 ± 5.1
)721=n(

1.8 ± 9.2
)521=n(

P eulav 4 888. 200. 210. 721. 494. 714.

Table 9: Reproductive parameters during a two-phase trial in which females in a commercial farrow-to-weaning
production unit were treated1 with in-feed chlortetracycline (CTC+; 200 females) or placebo (CTC-; 200 females) beginning
5 days before farrowing and continuing until their litters were weaned at 22 to 28 days of age (Phase 1), and not treated
during the next reproductive cycle (Phase 2).

1     The CTC+ group received chlortetracycline (CTC) daily in 200 g of a top-dress supplement containing 10 g of CTC (Aurofac; Hoffman-
LaRoche, now Alpharma, Oslo, Norway).  The CTC- group received 200 g of the same supplement containing no CTC.

2      χ2 test.

)%(puorgniswoslatot/swosfo.oN:1esahP

puorG syad8<surtse-tsrif-ot-gninaeW surtsenA

CTC + )05(381/19 )6(491/11

CTC - )53(071/95 )21(391/32

P eulav 2 600. 640.

)%(puorgniswoslatot/swosfo.oN:2esahP

puorG d8<surtse-tsrif-ot-gninaeW surtsenA surtseotnruteR noitrobA

CTC + )25(141/37 )5(941/8 )5(381/9 )1(971/1

CTC - )84(611/65 )7(521/9 )21(071/02 )3(361/5

P eulav 2 333. 353. 230. 870.

Concentration of tetracyclines in milk is 50
to 60% of that in plasma;26 therefore, it is
possible that while the piglets nursed, CTC
suppressed overgrowth of susceptible
pathogens in their gastrointestinal tracts.
The smaller number of dead piglets during
Phase 1 lactation in group CTC+ sows was

likely the consequence of less severe diar-
rhea of shorter duration among these pig-
lets. Furthermore, the heavier weaning
weight of Phase 1 piglets from CTC+ sows
was likely due to better milk production by
these sows, as a result of the lower incidence
of clinical or perhaps subclinical mastitis.27

In Phase 1, CTC+ sows lost less body
weight during lactation than CTC- sows.
This difference is in agreement with a pre-
vious report on the use of in-feed CTC in
sows during lactation.7 The growth-
promoting properties of CTC28 and conse-
quent improvement in feed efficiency may
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have been responsible for this observation.
When the G:F ratio was calculated, it was
evident that the weight loss per kg of feed
consumed was less among CTC+ sows.

Maintenance of optimal body weight by
sows throughout lactation is positively as-
sociated with subsequent reproductive per-
formance.29–31 As gestation length is not
easily changed, and lactation length is gen-
erally determined by type of management,
the annual number of “non-productive”
days is the most sensitive indicator, and
perhaps one of the best measures, of repro-
ductive performance.32,33 In this study, the
farrowing interval between phases was
shorter for CTC+ sows than for controls,
mainly because of a shorter weaning-to-
estrus interval and fewer returns to estrus
in the CTC+ group. Therefore, sows treated
with CTC had fewer “non-productive”
days, ie, better reproductive performance.
In addition, more CTC+ sows than con-
trols had a weaning-to-estrus interval of
less than 8 days, another useful measure-
ment of reproductive performance.34

Reproductive performance of CTC+ sows
was better even during Phase 2, when CTC
was not administered, probably because
they had lost less body weight than the
CTC- sows. The health status of CTC+

sows continued to be better than that of
CTC- sows during Phase 2, when neither
group was treated with CTC. Treatment
with CTC may have reduced excretion of
bacteria into the environment, thus reduc-
ing the chances of reinfection with poten-
tial pathogens.

The better productivity of the CTC+ sows
in Phase 2, compared to CTC- sows, may
have been due to less weight loss during
lactation and their shorter weaning-to-es-
trus interval post weaning. Both of these
factors are associated with improved subse-
quent litter size.35

Ultimately, the beneficial effects of in-feed
CTC in this study may be attributed to
prevention of bacterial infection, as well as
apparently better feed utilization. The pri-
mary consequence of treatment was im-
provement of the health status of both the
sows and their litters during the reproduc-
tive cycle when the females were being
medicated, with beneficial effects also ob-
served during the subsequent lactation,
when CTC was not administered.

Implications
• Sows treated with CTC top-dressed on

the feed, at a daily dose of 10 g per
sow starting 5 days before farrowing
until appearance of estrous signs post
weaning, had fewer health problems
during lactation, such as mastitis,
vaginal discharge, and poor appetite,
compared to untreated sows.

• The health status of piglets born to
sows treated with CTC was better
than that of piglets born to untreated
sows.

• More and heavier piglets were weaned
from treated sows than from untreated
sows.

• Treated sows lost less body weight per
kg of feed intake during lactation and
weaning-to-first-estrus periods than
did untreated sows, mainly due to
improved feed efficiency attributable
to treatment with CTC.

• Weaning-to-first-estrus interval and
farrowing-to-farrowing interval were
shorter in the treated sows, and more
treated sows had a weaning-to-first-
estrus interval of less than 8 days,
compared to untreated sows.

• The beneficial effects of CTC
treatment extended to the subsequent
reproductive cycle, when no treatment
was administered.
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