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Summary

Mycoplasma hyopneumoniae (Mhp) is the
etiologic agent of enzootic pneumonia

and a major causative agent of the porcine
respiratory disease complex. This study sum-
marizes and describes the general diagnostic
trends on Mhp detection by quantitative
polymerase chain reaction (QPCR) in cases
submitted to the Iowa State University Vet-
erinary Diagnostic Laboratory from 2004 to
2016. The following variables were included

in the analysis: animal age, geographic loca-
tion, sample type, season, and submission
year. The overall frequency of detection
found was 27.04% and ranged from 17.9%
to 40.7%. Lung homogenate and bronchial
swabs had a greater Mhp qPCR detection rate
than other sample types (P < .001) followed
by bronchoalveolar lavage (P < .001), while
oral fluids had the lowest Mhp detection rate
(P <.001). The fall season had a greater per-
centage of positive Mhp qPCR results when

compared to other seasons (P < .001), while
spring had the lowest percentage. Finishing-
age pigs had a greater percentage of Mhp
qPCR detection when compared to other
age groups (P < .001), while suckling pigs
had the lowest percentage (P < .001).
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Resumen — Resumen general de la detec-
cién del DNA del Mycoplasma hyopneu-
moniae por medio de la reaccién en ca-
dena de la polimerasa cuantitativa en casos
de diagndstico enviados al Laboratorio de
Diagndstico Veterinario de la Universidad
Estatal de Iowa del 2004 al 2016

El Mycoplasma hyopneumoniae (Mhp por sus
siglas en inglés) es el agente etiolégico de la
neumonia enzodtica, y un agente causante
mayor del complejo respiratorio porcino. Este
estudio resume y describe las tendencias de
diagnéstico generales para la deteccidn del
Mhp por medio de la reaccién en cadena de la
polimerasa cuantitativa (QPCR por sus siglas
en inglés) en casos enviados al Laboratorio
de Diagnéstico Veterinario de la Universidad
Estatal de Iowa del 2004 al 2016. El analisis
incluyd las siguientes variables: edad del

animal, localizacién geografica, tipo de mues-
tra, estacin, y afio de presentacién. La frecuen-
cia general de deteccién fue de 27.04% con un
rango de 17.9% a 40.7%. Los homogenizados
de pulmén y los hisopos bronquiales tuvieron
un mayor indice de deteccién ala gqPCR Mhp
que otros tipos de muestra (P < .001) seguidos
por el lavado bronquioalveolar (P <.001),
mientras que los fluidos orales tuvieron el in-
dice més bajo de deteccién de Mhp (P < .001).
El otofio tuvo el mayor porcentaje de resulta-
dos positivos a la Mhp qPCR comparado con
otras estaciones (P < .001), mientras que la
primavera tuvo el porcentaje mas bajo. Los
cerdos en edad de finalizacién tuvieron un por-
centaje mayor de deteccién ala Mhp gPCR al
compararlos con grupos de otra edad

(P <.001), mientras que los cerdos en lactancia
tuvieron el porcentaje ms bajo (P < .001).
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Résumé — Apercu général de la détection
d’ADN de Mycoplasma hyopneumoniae par
réaction d’amplification en chaine par la
polymérase quantitative dans des cas diag-
nostiques soumis au Iowa State University
Veterinary Diagnostic Laboratory entre
2004 et 2016

Mycoplasma hyopneumoniae (Mhp) est
lagent étiologique de la pneumonie enzoo-
tique et un agent causal majeur du complexe
des maladies respiratoires porcines. La
présente étude résume et décrit les tendances
diagnostiques générales de la détection de
Mhp par réaction d’amplification en chaine
par la polymérase quantitative (qPCR) dans
les cas soumis au Iowa State University Vet-
erinary Diagnostic Laboratory entre 2004 et
2016. Les variables suivantes étaient incluses
dans I'analyse: 4ge de 'animal, localisation
géographique, type d’échantillon, saison, et
année de soumission. La fréquence globale
de détection trouvée était de 27.04% et
variait entre 17.9% et 40.7%. Un homogénat
de poumon et des écouvillons bronchi-

aux avaient un taux de détection de Mhp
par gPCR plus grand que les autres types
d’¢chantillons (P < .001) suivi par le lavage
broncho-alvéolaire (P < .001), alors que les
fluides oraux avaient le taux de détection de

Mhp le plus bas (P < .001). Le plus grand
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pourcentage de résultats qPCR positifs

pour Mhp a été obtenu a l'automne com-
parativement aux autres saisons (P < .001),
et le pourcentage le plus bas a été trouvé au
printemps. Les porces en période de finition
avaient un pourcentage de détection de Mhp
par gPCR plus grand comparativement aux
autres groupes d’age (P < .001), alors que les
porcelets & la mamelle avaient le pourcentage
le plus faible (P < .001).

yeoplasma hyopneumoniae (Mhp)
is the causative agent of enzootic
pig pneumonia,? a respiratory

disease affecting pigs worldwide, character-
ized by significant economic losses due to
slower growth, poor feed conversion, and
death.? The losses associated with Mhp
were estimated in the range of $375 to $400
million annually in the United States.* Mjy-
coplasma hyopneumoniae increased the cost
of production by $2.50 per pig in the grow-
finish phase with an additional increase in
the cost of therapeutics by $0.75 to $0.90
per pig at weaning in the United States.>
The isolation of Mhp is challenging due to
the fastidious culture requirements and the
relatively slow Mhp growth, often resulting
in overgrowth by other mycoplasmas includ-
ing M flocculare and M hyarbinis.é Therefore,
detection of Mhp for diagnostic purposes

is typically performed by quantitative poly-
merase chain reaction (qQPCR), which offers
rapid turnaround at a high sensitivity and
specificity.”” Multiple specimens including
bronchial swabs, bronchoalveolar lavages,
laryngeal swabs, lung homogenates, lungs,
nasal swabs, oral fluids, and tracheal swabs
have been used to detect Mhp in pigs.

The Iowa State University Veterinary Diagnos-
tic Laboratory (ISU VDL) is one of the largest
in the United States receiving over 80,000 cases
annually, of which over 75% are swine related.
The objective of this study was to summarize
and describe the patterns of Mhp DNA detec-
tion by qPCR over time from cases received at
the ISU VDL from 2004 to 2016. Mycoplasma
hyopneumoniae detection rate was reported by
year, age group, specimen, season, and US geo-
graphic location.

Materials and methods

This study was based on data derived from
diagnostic laboratory submissions, so an
Institutional Animal Care and Use Commit-
tee approval was not needed.

Eligibility and exclusion criteria

All porcine cases where Mhp qPCR was
performed were gathered. For this study, a
case was defined as one accession identifica-
tion number with at least one sample. A case
was considered positive when there was at
least one sample testing positive for Mhp

by gPCR. The data were screened and cases
with non-conventional sample types for Mhp
diagnostics, including cell cultures, conjunc-
tival swab, environmental, extract, inoculum,
liver, semen, and vaccine, were excluded from
the analysis. Infrequent sample types (those
comprising less than 1% of submissions) such
as fibrin, fibrin swab, fluid, fresh tissue, lymph
node, tonsil, and tonsil scrapings were also
excluded from the analysis, as were cases with
inconclusive or suspect results. Submissions
were classified by season (December through
February as winter, March through May as
spring, June through August as summer, and
September through November as fall), age
group (pigs less than 3 weeks of age were de-
fined as suckling, 3 to 6 weeks as nursery, 7 to
11 weeks as growing, 12 weeks to 200 days as
finishing, and greater than 200 days as adult),
and sample type, which included bronchial
swab, bronchoalveolar lavage, laryngeal swab,
lung, lung homogenate, nasal swab, oral fluid,
swab, tracheal swab, and other. All specimens
are described using the same terminology re-
ported in the VDL submission form. Samples
labeled as saliva were included under the oral
fluid category and samples labeled as lung
swab, multiple, oropharyngeal swab, pha-
ryngeal swab, pleural swab, serum, and tonsil
swab were identified as other.

Microsoft Excel (Microsoft, Redmond, Wash-
ington) was used to organize the data and
Tableau (Tableau, Seattle, Washington) was
used to produce plots.

Statistical analysis

Statistical analysis was performed with SAS
9.4 software (SAS Institute Inc, Cary, North
Carolina). For statistical analysis, the frequen-
cy of positive results was compared across
groups (age, season, and sample type) with
Pearson’s Chi-square test. The significance
level was determined at & = .05.

The K-means clustering method was imple-
mented to categorize the Mhp detection rate
as low, medium, or high for specimen types.
The aim of the K-means algorithm is to divide
the set of observations into K groups, mini-
mizing the within-cluster sum of squares.lo
The K-means procedure searched for 3 parti-
tions with locally-optimal, within-cluster sum
of squares by moving points from one cluster

to another.

Results

A total of 94,986 qPCR results from 37,574
cases were used in the analysis. In total, 1128
qPCR results were excluded from the data
analysis due to non-conventional or infre-
quent sample types and 178 qPCR samples
were excluded due to inconclusive status

of results. Analysis were conducted with
93,680 samples, from which 25,339 (27%)
tested positive for Mhp qPCR, ranging from
17.9% to 40.7% (Table 1).

The most common sample types submit-

ted for Mhp gPCR at the ISU VDL were
lung, followed by oral fluids, nasal swab, and
bronchoalveolar lavage (Figure 1). The Mhp
gPCR detection rate was 64% in bronchial
swab (2503 of 3909), 49% in bronchoalveo-
lar lavage (3370 of 6872), 18% in laryngeal
swab (313 of 1777), 33% in lung (13517 of
40633), 66% in lung homogenate (962 of
1455), 10% in nasal swab (808 of 7892), 8%
in oral fluids (1850 of 23804), 18% in swab
(341 of 1922), 34% in tracheal swab (606 of
1777), and 27% in other (965 of 3574). Lung
homogenate and bronchial swab had a greater
Mhp qPCR detection rate than other sample
types (P < .001), followed by bronchoalveolar
lavage (P < .001), while oral fluids had the
lowest Mhp detection rate (P < .001). Using
the K-mean clustering method, bronchial
swab, bronchoalveolar lavage, and lung ho-
mogenate had a high detection rate; lung,
tracheal swab, and other had a medium detec-
tion rate; and laryngeal swab, nasal swab, oral
fluid, and swab had a relatively low detection
rate. The fall season had a greater percent-

age of positive Mhp qPCR results when
compared to other seasons (P < .001), while
spring had the lowest percentage (P <.001)
(Figure 2). Finishing-age pigs had a greater
percentage of Mhp qPCR detection when
compared to other age groups (P < .001),
while suckling pigs had the lowest percentage
(P <.001) (Figure 3). The majority (30%)

of cases submitted to the ISU VDL for Mhp
testing by qPCR were from Iowa, but there
were cases from 33 other states (Figure 4).
Bronchoalveolar lavage had a greater detection
rate of Mhp by qPCR, as compared to other
specimens, for all age groups except growing
pigs (Figure 5). In growing pigs, lung homog-
enate had the highest detection rate among the
specimens. Nasal swab had the lowest Mhp
detection rate for the suckling- and finishing-
age groups. In growing pigs, oral fluid had a

relatively low Mhp detection rate.
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Table 1: Mycoplasma hyopneumoniae DNA detection by qPCR at the ISU VDL from 2004 to 2016

Porcine case submissions

Total porcine case for Mhp gqPCR testing, Cases positive for
Year submissions, No. No. (%) Mhp, No.
2004 17,744 1175 (6.6) 2632
2005 20,916 2402 (11.5) 680°
2006 28,112 4391 (15.6) 1235P
2007 27,846 4241(15.2) 1195P
2008 25,254 4456 (17.6) 1499¢
2009 22,992 6291 (27.4) 11874
2010 25,216 5014 (19.9) 1646¢
2011 28,938 8948 (30.9) 2789¢
2012 33,892 8667 (25.6) 3527f
2013 38,656 9022 (23.3) 21332
2014 51,146 9163 (17.9) 2513b
2015 53,382 13,609 (25.5) 3756P
2016 55,275 16,301 (29.5) 29164

abedef  Different letters indicate significant differences (P < .005; Chi-square analysis for percent of Mhp positive cases over time).
gPCR = quantitative polymerase chain reaction; ISU VDL = lowa State University Veterinary Diagnostic Laboratory; Mhp = Mycoplasma hyo-
pneumoniae.

Figure 1: Mycoplasma hyopneumoniae DNA detection by specimen type using qPCR on cases submitted to the ISU VDL from
2004 to 2016. For each bar, blue indicates cases that tested negative and red represents cases with at least 1 positive sample.
The number at the top of each bar indicates the percentage of positive cases within each specimen. Different letters indicate
significant differences (P < .05; Chi-square analysis). qPCR = quantitative polymerase chain reaction; ISU VDL = lowa State Uni-
versity Veterinary Diagnostic Laboratory; Mhp = Mycoplasma hyopneumoniae.
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Discussion

Mycoplasma hyopneumoniae is one of the
most economically important respiratory
pathogens in the US swine industry. This
study provides valuable information regarding
the distribution of Mhp qPCR results over
age group, geographic location, season, speci-
men, and time. The relatively low positivity
rate of Mhp detection by gPCR in 2016
(17.9%) was associated with increased test-
ing from adult- and suckling-age groups and
from oral fluids. There was a relative and
consistent increase in the total Mhp gPCR
performed from 2004 to 2016 at ISU VDL
but the percentage of the positive results re-
mained relatively similar, which may be due
to the endemicity of Mhp. Finishing-age pigs
had a greater number of total cases and great-
er prevalence of Mhp detection compared to
other age groups, which was expected as Mhp
is a pathogen known to cause clinical disease
in that age group of pigs.“ The trend of in-
creasing submissions from adult and suckling
pigs, as compared to growing pigs, may reflect
the implementation of monitoring programs
within breeding herds as part of disease
control or elimination efforts.!2 Due to a rela-
tively long incubation period and low trans-
mission rate,13 enzootic pneumonia is usually
not reported in pigs younger than 6 weeks of
age.14 Therefore, in this study, Mhp detection
was relatively low in suckling and nursery pigs

as compared to finishing pigs. Bronchoalveo-
lar lavage fluid and tracheobronchial samples
have been reported as specimen types with
greater sensitivity when tested with nested
PCR to detect Mhp infection, as compared
to other specimen types such as nasal, tonsil,
and tracheobronchial swabs and lung tissues.
In this study, Mhp qPCR detection rate was
49% in bronchoalveolar lavage fluid, 64% in
bronchial swab, and 34% in tracheal swab.
Likewise, nasal swabs and lung tissues had a
relatively lower Mhp detection rate in experi-
mentally infected pigs.7 In our study, Mhp
qPCR detection rate was 10% in nasal swab,
and 33% in lung.

7

The number of cases submitted and the per-
centage testing positive for Mhp by qPCR
were highest during the fall season (Septem-
ber, October, and November). Although
not entirely comparable, similar results have
been reported in Mycoplasma pneuwmoniae
infection in humans.!® The increased sample
submissions in the fall season may be partly
attributed to the seasonality of other respira-
tory pathogens including porcine reproduc-
tive and respiratory syndrome virus!® and
influenza A virus.l” The majority of cases
were from the Midwest region of the United
States with the greatest number of cases from
Iowa, which is not surprising due to the high
density of swine in Iowa and the location of
the ISU VDL.

Limitations of this study include the fact
that testing positive for Mhp by qPCR does
not necessarily imply clinical disease. De-
spite most cases being associated with field
investigations, cases involving monitoring
and surveillance projects were also included
which could have affected conclusions. Also,
this analysis was limited to cases submitted
to the ISU VDL.

Implications

o Despite the relative and consistent
increase of Mhp qPCR performed from
2004 to 2016, the percentage of the posi-
tive results remained relatively similar.
The overall increase of Mhp qPCR per-
formed is likely a reflection of the overall
increase of diagnostic cases submitted to
the ISU VDL during this period.

o While the results from samples submitted
to the ISU VDL for Mhp qPCR testing
had variable detection rates, it is impor-
tant to keep in mind that these results are
based on passive surveillance data.

o The recent increase of Mhp qPCR from
samples of suckling and adult pigs may
reflect more recent efforts to monitor
the progress towards Mhp control and
elimination projects rather than inves-
tigations of clinical disease in those age
groups.

Figure 4: State of origin for cases submitted to the ISU VDL for Mycoplasma hyopneumoniae DNA testing by qPCR from 2004 to
2016. The intensity of the blue color represents the number of cases submitted for Mhp testing to the ISU VDL. ISU VDL = lowa State
University Veterinary Diagnostic Laboratory; gPCR = quantitative polymerase chain reaction; Mhp = Mycoplasma hyopneumoniae.
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Figure 5: LS Means (with standard deviation) of Mhp DNA detection frequency by age group and specimen type using gPCR on
cases submitted to the ISU VDL from 2004 to 2016. Pigs less than 3 weeks of age were defined as suckling, 3 to 6 weeks as nursery,
7 to 11 weeks as growing, 12 weeks to 200 days as finishing, and greater than 200 days as adult. Mhp = Mycoplasma hyopneumoni-
ae; qPCR = quantitative polymerase chain reaction; ISU VDL = lowa State University Veterinary Diagnostic Laboratory.
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