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Summary

Objective: To evaluate the bactericidal
activity of seven commercial disinfectants
against Lawsonia intracellularis using a tis-
sue culture system.

Materials and methods: Two L intracel-
Iularis isolates were tested for susceptibility
to several classes of disinfectants, including
iodine, a biguanide, phenol, an oxidizing
agent, a quaternary ammonium compound
(QAC), and the combinations of QACs
with aldehydes (formaldehyde and glutaral-
dehyde). All disinfectants were diluted with
simulated hard water by adding 400 or
1000 ppm of calcium carbonate (CaCO3)
and 5% fetal bovine serum (FBS). The

effects of disinfectant concentrations (0.5x,
1x, and 2x the recommended dose) and
exposure times (10, 30, and 60 minutes) at
each concentration were investigated.

Results: The susceptibilities of both L
intracellularis isolates to the disinfectants
were similar. When recommended doses
of disinfectants were tested for 10 minutes
at 400 ppm of CaCOj3 and 5% FBS, both
L intracellularis isolates were completely
inactivated with QAC and the combina-
tions of QAC with aldehydes. Inactivation
was > 99% with the oxidizing agent, 90%
to 99% with the biguanide and phenol,
and < 90% with iodine. At a CaCOj3 con-
centration of 1000 ppm, the efficacies of

combinations of QAC with glutaraldehyde
were unchanged, while efficacies of the
other disinfectants were reduced slightly.

Implications: These data provide an in
vitro guide for disinfectant selection to
control L intracellularis. The results sug-
gest that QAC, the combinations of QACs
with aldehydes, and oxidizing agents would
perform well for inactivation of L intracel-
lularis under field conditions.

Keywords: swine, proliferative enteropa-
thy, disinfectants, Lawsonia intracellularis,
ileitis

Resumen — Evaluacién de la actividad
bactericida in vitro de desinfectantes
comerciales contra Lawsonia intracel-

lularis

Objetivo: Evaluar la actividad bactericida
de siete desinfectantes comerciales contra
Lawsonia intracellularis utilizando un
sistema de cultivo celular.

Materiales y métodos: Se probaron dos
aislamientos de L intracellularis en busca de
la susceptibilidad a varias clases de desin-
fectantes, incluyendo yodo, un biguanide,
fenol, un agente oxidante, un compuesto
de cuaternarios de amonio (QAC por

sus siglas en inglés), y las combinaciones
de QACs con aldehidos (formaldehido y
glutaraldehido). Todos los desinfectantes

se diluyeron con agua dura simulada agre-
gando 400 6 1000 ppm de carbonato de
calcio (CaCO3) y 5% de suero bovino fetal

(FBS por sus siglas en inglés). Se investiga-
ron los efectos de las concentraciones del
desinfectante (0.5%, 1x, y 2x la dosis reco-
mendada) y los tiempos de exposicién (10,
30, y 60 minutos) en cada concentracidn.

Resultados: La susceptibilidad de ambos
aislamientos de L intracellularis a los desin-
fectantes fue similar. Cuando se probaron
las dosis recomendadas de desinfectantes
por 10 minutos a 400 ppm de CaCO3 y
5% FBS, ambos aislamientos de L intracel-
lularis se inactivaron completamente con
QAC y las combinaciones de QAC con
aldehidos. La inactivacién fue > 99% con
el agente oxidante, 90% a 99% con el
biguanide y phenol, y < 90% con el yodo.
En una concentracién de 1000 ppm de
CaCOs3, la eficiencia de las combinaciones
de QAC con glutaraldehido no cambig,
mientras que la eficiencia de otros desinfec-
tantes se redujo ligeramente.
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Implicaciones: Esta informacién provee
una gufa in vitro para la seleccién de desin-
fectantes para controlar la L intracellularis.
Los resultados sugieren que el QAC, las
combinaciones de QAC con aldehidos, y
agentes oxidantes tendrfan un buen des-
empefio de inactivacion de L intracellularis
bajo condiciones de campo.

Résumé — Evaluation de Pactivité bacté-
ricide in vitro de désinfectants commer-
ciaux contre Lawsonia intracellularis

Objectif: Evaluer I'activité bactéricide de
sept désinfectants commerciaux contre
Lawsonia intracellularis 3 'aide d’un sys-
teme de culture tissulaire.

Matériels et méthodes: Deux isolats

de L intracellularis ont écé testés pour
déterminer leur sensibilité & plusieurs
classes de désinfectants, incluant I'iode, le
biguanide, le phénol, un agent oxydant,
un ammonium quaternaire (QAC), et les
combinaisons de QACs avec des aldéhydes
(formaldéhyde et glutéraldéhyde). Tous les
désinfectants étaient dilués avec de 'eau
dure simulée en ajoutant 400 ou 1000 ppm
de carbonate de calcium (CaCO3) et 5%
de sérum feetal de veau (FBS). Les effets
des concentrations de désinfectant (0.5x,
1x, et 2x la dose recommandée) et les
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temps d’exposition (10, 30, et 60 minutes)
a chaque concentration ont été étudiés.

Résultats: Les sensibilités des deux isolats
de L intracellularis aux désinfectants étaient
similaires. Lorsque les doses recommandées
de désinfectant éraient testées pour 10
minutes 2 400 ppm de CaCOj3 et 5% de
FBS, les deux isolats de L intracellularis
éraient completement inactivés par le

QAC et les combinaisons de QAC et des
aldéhydes. Linactivation était > 99% avec
Iagent oxydant, 90% a 99% avec le bigu-
anide et le phénol, et < 90% avec I'iode. A
une concentration de 100 ppm de CaCOs,
Iefficacité des combinaisons de QAC avec
le glutéraldéhyde était inchangée, alors que
Iefficacité avec les autres désinfectants était
légerement diminuée.

Implications: Ces résultats fournissement
un guide in vitro pour la sélection des
désinfectants visant a contrer L intracellu-
laris. Les résultats suggerent que QAC, les
combinaisons de QAC avec des aldéhydes,
et les agents oxydants seraient performants
pour inactiver L intracellularis en condition
de terrain.

awsonia intracellularis is an important

enteric pathogen responsible for caus-

ing proliferative enteropathy (PE) in
pigs, horses, and other species. The disease
is economically important in pigs and
mainly affects growing-finishing pigs with
a variety of clinical signs. The acute form of
PE in pigs manifests itself as bloody diar-
rhea, often with sudden death, and occurs
mainly in mature pigs. The chronic form is
often found in younger growing pigs and is
characterized by chronic diarrhea and poor
growth rates. The subclinical form results in
slow growth without diarrhea.!

The mechanism of disease spread in herds

is not fully understood, though infection
among pigs is mainly transmitted through a
fecal-oral route. Infected pigs can continu-
ously shed the organism through feces and
be a source of infection for up to 10 weeks,
and the number of bacteria shed has been
estimated to be as high as 7 x 108 L intracel-
lularis per gram of feces.? Shed bacteria can
remain viable and infective in pig feces for 2
weeks.3 Therefore, the horizontal transmis-
sion of PE among new susceptible pigs can
easily occur as a continuous infectious cycle
via fecal material and fomites.

To control PE outbreaks and transmis-
sion in swine herds, proper disinfection of
housing, pens, and equipment is important

to reduce or eliminate the number of
active L intracellularis in the environment.
However, little information is available on
the efficacy of various disinfectants against
L intracellularis. This is largely because L
intracellularis is an obligately intracellular
bacterium that propagates itself only inside
the host cell. Thus, it is difficult to perform
primary bacterial isolation or find a reli-
able and reproducible intracellular assay to
measure the efficacy of disinfectants against
L intracellularis, as well as against other
obligately intracellular organisms.

To date, only two in vitro studies report
bactericidal activity of some disinfectants
against L intracellularis. One uses a con-
ventional tissue-culture method? and the
other a modified tissue-culture method as
well as a direct-count method with specific
fluorescent staining.4 In the latter modified
tissue-culture method, several disinfectants
over various concentrations and exposure
times can be tested simultaneously. Since
the results obtained from the modified
tissue-culture method are similar to the
direct-count method, either assay is appro-
priate for determining the activity of disin-
fectants against L intracellularis.t

The objective of this study was to use the
modified tissue-culture method to evaluate
the in vitro bactericidal activity of seven
commercial disinfectants commonly used
on swine farms. The in vitro conditions
were conducted using simulated hard water
produced by adding calcium carbonate
(CaCO3) at two levels, and using fetal
bovine serum as organic material. Further-
more, the morphology of L intracellularis
after exposure to these disinfectants was
also investigated.

Materials and methods

Microorganism preparations

Two L intracellularis isolates were used

in this study: strains PHE/MN1-00 and
NWumn05, obtained and isolated from
affected pigs in the United States in 2000
and 2005, respectively. Both isolates were
stored at -72°C until use. Each isolate was
grown for three passages in murine fibro-
blast-like McCoy cells to allow recovery
from the frozen stage and to obtain 100%
confluence of viable bacteria in the cell
cultures. The bacteria were grown and har-
vested as described earlier.” Each isolate
of L intracellularis was tested in replicate
and each replicate of bacterial preparation
was independently prepared from ten T-175
tissue-culture flasks. The final concentration

of each preparation was measured using the
direct-count method with immunostaining
as described earlier.”>”

Disinfectants

Seven commercial disinfectants were
selected to represent several classes of prod-
ucts commonly used in the swine industry.
The commercial disinfectants, their main
active ingredients, and the concentrations
recommended for use are summarized

in Table 1. To compare the bactericidal
activity of the disinfectants, all tested disin-
fectants were prepared to final concentra-
tions of 0.5%, 1x, and 2x, where X is the
concentration in the manufacturer’s label
instructions (Table 1).

Test procedures

All disinfectants were diluted with two con-
centrations of simulated hard water created
by adding CaCOj3 to distilled water at either
400 ppm or 1000 ppm to test the influence
of water hardness on their effectiveness.
Each concentration of simulated hard water
also contained 5% fetal bovine serum (FBS)
to represent the presence of organic mate-
rial. Both concentrations of simulated hard
water were freshly prepared as described
elsewhere.® The final pH of the simulated
hard water used in this study was adjusted to
7.6 to ensure growth of any viable L intracel-
lularis present.

The working solutions of each disinfectant
were freshly prepared to final concentra-
tions of 0.5x%, 1x, and 2x. Eight mL

of each disinfectant concentration was
aliquoted into a 15-mL polypropylene
tube, and 300 uL of L intracellularis
suspended in sterile phosphate buffered
saline, containing approximately 108 L
intracellularis per mL, was added to each
tube and mixed. The bacterial suspensions
were then filtered through 5-pm filters and
transferred to three 2-mL microcentrifuge
tubes. The tubes were incubated at room
temperature (22°C to 25°C) for 10, 30, or
60 minutes. After incubation, the bacterial
suspensions were centrifuged at 12,000g
for 3 minutes. The pellets were washed and
resuspended three times with 1.8 mL of the
combination of Dulbecco’s Modified Eagles
Medium (DMEM) and 30% FBS. After
the final wash, pellets were resuspended
with 1 mL of tissue-culture medium
(DMEM with 20% FBS, 0.5% ampho-
tericin B, and 1% L-glutamine) for tissue-
culture inoculation. The controls used at
each time point were live L intracellularis in
simulated hard water without exposure to
disinfectant, and dead L intracellularis, for

12
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Table 1: Disinfectants prepared according to label instructions and tested against Lawsonia intracellularis

Class of disinfectant Disinfectant* Active ingredients Recommended
concentration
Quaternary ammonium Roccal-D Plus  Didecyl dimethyl ammonium chloride (9.2%);alkyl  1:256
compound (C12,61%;C14,23%;C18,25%;C8 & C10, 2.5%)
dimethyl benzyl ammonium chloride (9.2%); alkyl
(C12,40%; C14,50%; C16, 10%) dimethyl benzyl
ammonium chloride (4.6%); bis-n-tributyltin oxide
(1.0%)
Quaternary ammonium DC&R 2-(hydroxymethyl)-2-nitro-1,3-propanediol (19%); 1:128
compound and alkyl (C12,67%; C14,25%; C16,7%;C8,C10,& C18,
formaldehyde 1%) dimethyl benzyl ammonium chloride (3.08%);
and formaldehyde (2.28%)
Quaternary ammonium Synergize Glutaraldehyde (7%); alkyl (C12,67%; C14,25%;C16, 1:256
compound and 7%; C18, 1%) dimethyl benzyl ammonium chloride
glutaraldehyde (26%)
Biguanide Nolvasan S 1,1’-hexamethylenebis [5-(p-chlorophenyl) 1:128
biguanide] diacetate (chlorhexidine) (2%)
lodine Certi-Dine Povidone iodine 10% (1% available iodine) 1:128
Oxidizing agent Virkon-S Potassium peroxymonosulfate (21%); sodium chlo- 1%
ride (1.5%)
Phenol Tek-Trol Ortho-phenylphenol (12%) -ortho-benzyl-para- 1:256

chlorophenol (10%); para-tertiary-amylphenol (4%)

* Roccal-D Plus (Pfizer Animal Health, Peapack, New Jersey); DC&R (Neogen, Lexington, Kentucky); Synergize (Preserve International,
Reno, Nevada); Nolvasan S (Fort Dodge Laboratories, Fort Dodge, lowa); Certi-Dine (Certified Safety Manufacturing Inc, Kansas City,
Missouri); Virkon-S (Antec International, Sudbury, Suffolk, UK); and Tek-Trol (Bio-Tek Industries, Atlanta, Georgia).

which the bacteria were inactivated using
isopropyl alcohol for 30 minutes.® In this
study, each concentration of the tested dis-
infectants was evaluated in duplicate, and
both strains of L intracellularis were tested
twice in 400 and 1000 ppm concentrations
of simulated hard water.

The effectiveness of the disinfectants
against L intracellularis was evaluated using
bacterial viability after exposure as the
indicator. The viability of L intracellularis
was measured using a modified tissue-
culture method in which the bacteria were
grown in 96-well tissue-culture plates as
previously described.®” Briefly, after treat-
ment with disinfectant, 100 puL of bacterial
suspension was transferred into each well
of a 96-well tissue-culture plate to infect
2-day-old McCoy cells in quadruplicate
cultures. After 24 hours of incubation and
then every day for 3 consecutive days, the
culture medium was changed. After 5 days
of incubation in an atmosphere of 8.0%
oxygen, 8.8% carbon dioxide, and 83.2%
nitrogen, culture medium was removed
from the infected plates and they were
fixed with a 50:50 mixture of acetone:

methanol. Fixed plates were then stained
with the modified immunoperoxidase
monolayer assay (IPMA) procedure using
Lawsonia-specific rabbit polyclonal anti-
body as previously described,” and the
number of heavily infected cells (HIC) was
assessed. A cell was considered to be heavily
infected if the number of L intracellularis
inside the cell exceeded 30 organisms.’
The number of HICs were counted, using
the number of HICs as viability indicators
and comparing the number of HIC:s in the
disinfectant-treated cultures to the number
in the disinfectant-free control cultures.

Scanning electron microscopy

To observe bacterial morphology after
exposure to the disinfectants, one L intracel-
lularis isolate, NWumnO05, was exposed to a
1x concentration of each tested disinfectant
for 10 minutes, as described above. The bac-
terial suspensions were then processed for
examination as described previously4 using
a scanning electron microscope (Hitachi
S-3500N VP-SEM; Hitachi High Technolo-

gies America, Inc, Schaumburg, Illinois).

Data analysis

The HIC count for exposure time and
disinfectant concentration was expressed as
the percent by which bacterial concentration
was reduced relative to the untreated control
samples. The percentages of L intracellularis
surviving for each exposure time, concentra-
tion, and disinfectant were averaged across
the two individual tests.

Results

The in vitro susceptibilities of each L intra-
cellularis isolate to the seven disinfectants
are summarized in Figure 1. The results
obtained from both L intracellularis isolates
were similar with respect to susceptibility
to disinfectants at the label-recommended
concentrations (1x). When the disinfec-
tants were diluted with water simulating
400 ppm of CaCO3 and 5% organic
material, both L intracellularis isolates were
completely inactivated within 10 minutes by
QAC and the combinations of QAC with
aldehydes (both formaldehyde and glutar-
aldehyde). Within 10 minutes of exposure,
the oxidizing agent inactivated > 99% of
bacteria, phenol and biguanide inactivated
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90% to 99% of bacteria, and iodine inac-
tivated < 90% of bacteria. The surviving
population of each L intracellularis isolate
decreased as disinfectant exposure time
increased from 10 minutes to 60 minutes
and disinfectant concentration increased
from 0.5x to 2x (Figures 1A and 1C).

When the hardness of the synthetic water
was increased to 1000 ppm of CaCO3, the
efficacies of most of the tested disinfectants
were reduced. However, the effectiveness
of the QAC with glutaraldehyde combina-
tion was unchanged, and the QAC, the
QAC with formaldehyde combination, and
the oxidizing agent inactivated > 99% of
bacteria. The effectiveness of the remaining
disinfectants decreased slightly more (Fig-
ures 1B and 1D).

The morphology of L intracellularis was
investigated after the bacteria were exposed
to the recommended concentration of
each disinfectant for 10 minutes. Scanning
electron microscopy showed that most
bacterial populations disappeared when
treated with the QAC (Figure 2C), the
combination of QAC with glutaraldehyde
(Figure 2B), or the oxidizing agent (Figure
2D). Only the particle-like, ruptured L
intracellularis cell membrane was found in
each field of the electron microscope. In
contrast, when bacteria were treated with
the combination of QAC with formalde-
hyde (Figure 2E), the biguanide (Figure
2H), iodine (Figure 2D), or phenol (Figure
2F), the density of the bacterial popula-
tion and the bacterial morphology, such as
cell shape, size, flagellum, and membrane
structure, were similar to those found in
the control (Figure 2A).

Discussion

Although the mechanism of PE transmis-
sion among pigs and other animal species is
not fully understood, it seems that bacterial
contamination from feces and the environ-
ment play an important role. Antibiotics to
which L intracellularis is susceptible elimi-
nate the organism only from inside animals,
while disinfectants inactivate L intracellularis
only in the environment. Therefore, L
intracellularis from both the animal and
the environment should be eliminated

and inactivated to reduce the potential for
disease spread.

In the United States, water hardness levels
vary across geographical regions and have
been reported to range from 250 to 2848
ppm of CaCO3.1% Water hardness is con-
sidered very high when CaCOj3 exceeds 300

ppm.'® More importantly, disinfectants are

commonly used in environments contain-
ing organic materials such as feces, soil, and
blood. Therefore, this study tested the dis-

infectants’ activities against L intracellularis

with aldehydes (both formaldehyde and
glutaraldehyde), and the oxidizing agent at

active against L intracellularis in vitro.
using 5% FBS to mimic the presence
of organic material. Of the disinfectants

evaluated, QAC, the combinations of QAC

The active ingredients of some tested
disinfectants were a mixture of several
compounds. It was beyond the scope of

Figure 1: The effectiveness of seven disinfectants (described in Table 1) against
Lawsonia intracellularis strains PHE/MN1-00 (A and B) and NWumnO05 (C and D)
in the presence of 5% fetal bovine serum (FBS) and CaCOs at either 400 ppm (A
and C) or 1000 ppm (B and D). The bacteria were exposed to 0.5x%, 1x, or 2x the
concentration of each disinfectant’s labeled dilution and incubated at room
temperature for 10, 30, or 60 minutes before determining the bacterial viability
using a modified tissue-culture method. Disinfectants included Synergize, a
quaternary ammonium compound (QAC) with glutaraldehyde (SYN); Roccal-D
Plus,a QAC (ROC); Virkon-S, an oxidizing agent (VIR); DC&R, a QAC with form-
aldehyde (DCR); Tek-Trol, a phenol (TEK); Nolvasan S, a biguanide (NOL); and
Certi-Dine, an iodine (CER).
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this study to determine the mechanisms by
which the disinfectants inactivated L intra-
cellularis. Morphological analysis of disinfec-
tant-treated bacteria indicated particle-like
debris from bacterial membranes after treat-
ments with the QAC, the combination of
QAC with glutaraldehyde, and the oxidizing
agent. This suggests that these disinfectants
might have the potential to lyse L intracel-
Iularis cells. The QAC and the combination
of QAC with glutaraldehyde have mem-
brane-active agents that cause cell-wall lysis
by autolytic enzymes.!! Alternatively, the
oxidizing agent is a combination of peroxy-
gen compounds that presumably denature
essential proteins and cell-wall structure.!!
As in our study, El-Naggar et al'? found that

the morphological structure of Escherichia
coli exhibited lysation after exposure to
0.25% of an oxidizing agent (Virkon-S) for
15 minutes. However, no notable change

in E coli morphology was observed upon
treatment with 0.03% oxidizing agent
(Virkon-S) for 60 minutes. In our study, the
morphology of the formaldehyde-treated

L intracellularis appeared intact, as with the
control. These findings were similar to the
report of El-Naggar et al,'2 which found
that formalin-treated £ coli display morpho-
logic characteristics similar to the control.

In a previous in vitro study, Collins et al®
reported that L intracellularis was highly
inactivated by QAC and 1% povidone-

iodine, while the bacteria tolerated 30
minutes of exposure to a 0.33% phenolic
compound and hydrogen peroxide-per-
acetic acid at a concentration of 0.0005%.
There were differences in strain responses
to 1% potassium peroxymonosulfate and
0.001% sodium hypochlorite. Several fac-
tors contribute to the difficulty in making
direct comparisons between this study

and the study by Collins et al.> Major dif-
ferences between the two studies include
strains of L intracellularis used (United
States versus United Kingdom origin),
bacterial concentrations (108 versus 104

L intracellularis per mL), testing concentra-
tions, and exposure times. Furthermore,
results from Collins et al® were obtained
without simulation of water hardness or
organic-material load. However, there were
notable similarities among the results. As in
the previous study,’ both US L intracellularis
isolates in this study were highly susceptible
to QAC-based disinfectants and potassium
peroxymonosulfate, and tolerated the phe-
nolic mixtures. In contrast to the previous
study, povidone-iodine-based disinfectants
showed less effectiveness against L intracel-
lularis. The lower bactericidal activity of
povidone-iodine is mainly attributable to
the effects of organic material in the hard
water. However, when the concentration
of povidone-iodine was increased to 2x
(1:64 dilution), the percentages of viable
L intracellularis were dramatically reduced.
Moore and Payne!? reported that the effect
of organic material decreases with higher
iodine concentrations.

The authors are unaware of any in-depth
investigations regarding the tolerance of

L intracellularis to disinfectants. This war-
rants further investigation, since several
studies have reported that bacteria resistant
to disinfectants have the potential to
develop resistance to some antibiotics.
Russell and Thomas et al'® reported that
the incorrect use of disinfectants, or their
use with sub-lethal dosages, could possibly
generate bacterial populations resistant to
disinfectants.

14,15

Several investigations have reported similar
dose-response relationships, where higher
disinfectant concentrations required shorter
exposure times to inactivate organisms. 1217
Although increasing the concentrations of
disinfectants increased bactericidal activity,
this over-application has several disadvan-
tages, including expense, increased toxicity to
animals and laborers, and corrosion of metal-
lic material. The 10-minute exposure time
was chosen for all disinfectants because it is
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Figure 2: Scanning electron microscopy showing the morphology of Lawsonia intracellularis strain NWumnO05 after expo-

sure to disinfectants (described in Table 1) for 10 minutes. (A) Lawsonia intracellularis was treated with phosphate buffered
saline (control). Cells were exposed to (B) Synergize (a quaternary ammonium compound [QAC] with glutaraldehyde) at a

concentration of 1:256, (C) Roccal-D Plus (a QAC) at a concentration of 1:256, (D) Virkon-S (an oxidizing agent) at a concen-
tration of 1%, (E) DC&R (a QAC with formaldehyde) at a concentration of 1:128, (F) Tek-Trol (a phenol) at a concentration of
1:256, (G) Certi-Dine (an iodine) at a concentration of 1:128,and (H) Nolvasan S (a biguanide) at a concentration of 1:128.
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the minimum exposure time that is recom-
mended by most disinfectant manufacturers
for activity to occur. Our results also showed
that the bactericidal activity of the disinfec-
tants increased with prolonged exposure time.
Therefore, when disinfectants are used under
field conditions, extending the exposure time
to the floor or equipment surface may also
increase the effectiveness of the products.

Uncertainty remains as to the ability of an
in vitro laboratory test to predict a disinfec-
tant’s bactericidal activity on a swine farm.
Most disinfectant investigations, including
this study, have tested bactericidal activity
against microorganisms under suspension
conditions. In reality, it is difficult to predict
a disinfectant’s efficacy against sessile bac-
teria located on a dry dirty surface. Several
investigations have reported that the bacteri-
cidal activities of disinfectants tested against
bacteria on dry surfaces are lower than
against bacteria in suspension, although
bacteria were completely inactivated when
tested under suspension.'®!7 Because several
factors are involved in the efficacy of disin-
fectants under field conditions (including
organic load, temperature, and water hard-
ness), it is possible that the in vitro results of
this study may not accurately predict disin-
fectant effectiveness in swine barns. Further
evaluation of these disinfectants on dry
surfaces or under field conditions is needed.

Implications
 This investigation’s side-by-side
comparison of the in vitro activities of
disinfectants against L intracellularis
could serve as a guide for disinfectant
selection to control L intracellularis in
the environment.

* QAQC, the combinations of QAC with
aldehydes (both formaldehyde and
glutaraldehyde), and oxidizing agents
at the recommended concentrations
are likely to perform well to inactivate
L intracellularis under field conditions.
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