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The aim of this study was to assess the potential of using mutile data sources currently
available in Denmark for monitoring swine diseases. The gy included farms that, based
on serology, changed from “negative” to “positive” statusdr Porcine Reproductive and
Respiratory Syndrome (PRRS), enzootic pneumonidMfcoplasma hyopneumonig, and

porcine pleuropneumonia Actinobacillus pluropneumoniag between January 2014 and
September 2017. These corresponded to 45 swine farms workig as individual operation
units (i.e., their disease status is independent from otheflarms) and 81 farms that were
part of joint operation units (i.e., 2 or more farms consided to be an epidemiological
unit, having swine and personnel are transferred among themthat have the same
disease status). Additionally, a total of 95 farms with a negjive status for these three
diseases during the study period were also included in the stly. Changes in mortality
data, antimicrobial consumption, and vaccine use at herd lel were monitored using
Shewhart control charts prior to, during, and after these fans were found positive for
the three diseases. The analysis was run separately for thefterent age groups—weaners
(up to 30kg), sows and nishers herds—within each farm. Brig, the highest percentage

of herds generating alarms was generated up to 3 months befa they changed their
disease status based on mortality (30%) and 1 month after bad on antimicrobial use
for respiratory diseases (100%). Porcine pleuropneumonighowed to be the disease
with the highest impact on these data at herd level; alarms bsed on the three data
streams were generated in the same month that herds changedheir status to porcine
pleuropneumonia-positive, as well as the following monthsAlarms based on vaccine
use generally occurred within the same month or after changein disease status. False
alarms were found in 2% (median value) of the herds for the tifent age groups based
on mortality and antimicrobial use for respiratory diseasein healthy farms. Monitoring
changes in mortality data, antimicrobial consumption, andaccine use showed changes
(i.e., warnings) at herd level prior to con rmation from dignostic tests.
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INTRODUCTION compliance with legislation, and to provide data for reseaih (
It is mandatory to register prescription data on all purchasgs o

Disease monitoring and surveillance involve the ongoingpss  prescription-only drugs for production animals, either passjvel
of collecting and interpreting data to assess the health asebde by pharmacies and feed mills at the point of sale) or activiefy (
status of a population1). This is of paramount importance veterinarians, mostly related to the billing process).
in order to reduce the impact of outbreaks and to avoid trade |n SPF herds, vaccines are used to control disease spread in
restrictions. The ability to detect changes in disease wenge case of outbreaks. Danish SPF-herds are tested on a regslar ba
depends to a large extent upon the choice of data soujce ( based on serological test results for several endemic dsés

Active surveillance implies collecting data for a speci cDanish SPF farmers are reluctant to vaccinate their aninfals i
purpose and requires signi cant economic resources. Howevethey are disease-free due to: (1) the risk of using vacckee-li
continuous monitoring of existing animal health data redsr PRRS virus (PRRS type 2 was introduced in Denmark by live
is a growing eld, providing a more cost-e ective alternatit®  modi ed vaccine) g) and (2) obtaining a disease-positive status
collecting primary dataZ). based on serological tests (the existence of antibodies ean b

In Denmark, data about the livestock population, caused by a natural infection or vaccine usage) which wsllits
productivity, and health are collected on an ongoing basin trade restrictions. Therefore, it is reasonable to asstimat the

(3). The current Danish databases that include swine-relateumber of vaccinated herds can be used as proxy of the number
data cover dierent aspects of animal health data, includingyf infected farms.

changes in infectious disease status in terms of endemé@siés  Further research into combining di erent data sources in

in subpopulations, drug use, and mortality. These data ame€to order to improve the monitoring of swine disease is needdd (
in several public and industry-owned databases. Previous studies have demonstrated the potential use of nitgrtal
The Speci c pathogen free (SPF) system is a voluntary healfta for this purposel(0, 11). An association has also been shown
program in Denmark with established rules for biosecurity between disease occurrence and an increase in antimi¢tssa
trade and monitoring of atrophic rhinitis, enzootic pneumani  in Danish swine herdsi(-14). However, the potential use of
porcine pleuropneumonia, porcine reproductive and respiratorthese data for disease monitoring and surveillance purposes at
syndrome (PRRS), swine dysentery, mange, and lice withirsfarmerd level remains unexplored.
with an SPF certi Cate4). Disease monitoring is based on clinical The aim of this Study was to exp|ore the usefulness of mu|t|p|e
examination, blood samples, and nasal swabs for SPF diseasRa sources in the monitoring of swine diseases. Changes in
Any farm is de ned by a single location with its own unique mortality data, antimicrobial consumption, and vaccine use at
Central Husbandry Register (CHR) number; each farm may havgerd level were monitored in Danish breeding herds that beea
multiple herds each de ned by species and age group, and coufbsitive for Porcine Reproductive and Respiratory Syndrome
include animals from di erent owners. The visits are condeatt (PRRS), enzootic pneumonidlycoplasma hyopneumoniand
by veterinarians from the industry Pig Research Center-SEGEporcine pleuropneumonia Actinobacillus pluropneumonipe
and are performed on a regular basis according to the farnthese diseases were included in this study because they are
type. A SPF health status is assigned to the farms based on #edemic in Denmark and continue to contribute toward the
diagnostic test results, declaring either presence of @dben  economic losses associated with mortality in piglets, repiya
from a speci ¢ SPF disease. The designations “Red,” “Blud,” arproblems in weaners and nishers, and reproductive problems in
“Green” are used to classify farms according to their bioB8c  sows. Mortality and antimicrobial and vaccine usage dataewer

status and are used for trade within the SPF system. SPF farm@]tjded in the study because they are potentia] indicatdrs o
represent about 40% of all Danish swine farms: 99% of Danii{ﬂsease outbreaks and available at farm level.

breeding herds have a Red-SPF status (the remaining 1% have

a Blue-SPF status or are not part of the SPF system), 78% of all

Danish sow herds have a Red or Blue-SPF status (the remainifgATERIALS AND METHODS

22% are not part of the SPF system), and 35% of nisher herds

have Blue-SPF status (the remaining 65% are not part of tH¥lortality Data

SPF system) In Denmark, swine mortality data are calculated by the Dhnis
All Danish farmers, as well as other European farmers, argeterinary and Food Administration based on the Central

obliged to send their cadavers to rendering plants for foodHusbandry Register (CHR) and the Swine Movement Database

safety and traceability purposes).(This regulation ensures a (SMD). The CHR is the national database on farm demographics,

continuous data ow of farm mortality data that is centradid ~ and all farms are registered. A farm is de ned as a singletioca

and which constitutes a strong basis for a surveillance syste with its own unique CHR number. The number of swine in

The farm mortality is referred to as “mortality” throughotite  the three dierent age groups—weaners (up to 30kg), sows

manuscript. and nishers & 30kg)—is registered for each farm. The SMD
There has been increasing concern about the use dficludes information on all movements of swine in Denmark.

antimicrobials in food-animal production and the emergenceEach age group within a farm is individually referred to as “a

of antimicrobial resistance 6. The VetStat database washerd” throughout the manuscript. The date and number of dead

implemented in Denmark with the following objectives: to nishers and/or sows transported from a farm to the rendering

monitor the consumption of drugs in animal production; as akoo plant are registered in the SMD. The number of small and

for veterinarians as farm advisors; to provide transparemay a medium containers (with room for seven and nine weaners,
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respectively) is registered. It is assumed that the contsifoe Prescriptions of vaccines for either PRRS, enzootic
weaners are close to full capacity at the time of transport. pneumonia, or porcine pleuropneumonia for Red-SPF farms

Mortality data from December 2013 to September 2017 werwith changes in their disease status were also included in the
provided by the Danish Veterinary and Food Administration. analysis. The monthly usage of vaccines in number of doses
Information about movements from farms to rendering plantsper animal-day within a herd each month (Units/piday
registered in the SMD was used to estimate the number of dead,q mont) for a specic disease was estimated as described
animals for each farm. The monthly mortality was calculdi@d above for antimicrobials, with the exception that there was no
each age group as a proportion: the number of dead animals istandardization based on the live weight. The vaccines used f
a given herd divided by the number of animals recorded in thespeci c disease was monitored in herds that became positive for
CHR for that same herd. We have referred to this proportion ashe same speci c disease.
“mortality” throughout the manuscript.

Speci c Pathogen Free (SPF) System Data

VetStat Data Within the SPF system, letters are sent to farmers each time a
All purchases of antimicrobials and vaccines made betweerhange happens to the SPF status of their farm. These changes on
December 2013 and September 2017 for Red-SPF farms witie SPF status happen when: (1) farms with a previously negative
changes in their SPF disease status were included in thesisalystatus receive a positive diagnostic test result or purchasesds
Records include detailed information such as the date, CHRom positive farms; (2) following partial or total depopulatio
number of the receiving farm, target species, age group, ameépopulation for SPF diseases; (3) when farms change their
disease group at the time of prescription. Internal validatio biosecurity status from “Red” to “Blue”/"Green” and vice s&r
showed inconsistency between age group and speciesl% When a farm joins the SPF system, the veterinarian working
of records for the included farms. These errors were coect for the SPF system evaluates the trading patterns and transfe
based on a comparison of species registered on the farm amd personnel with other farms. In case of regular trading and
the information on the prescription record (which included transfer of personnel among 2 or more farms, they are consitlere
species, age group, and medicinal product) when possible, anal operate as epidemiological units within the SPF system and
otherwise deleted. The data were further cleaned by deletimanly 10 blood samples per farm are needed for monitoring
the negative records of purchases of antimicrobials alonf witdisease status. These farms are referred to throughout the
their corresponding positive records; negative records assthy  manuscript as joint operation units. A change in disease status
entered when prescribed medicines are not collected at thfer a farm that is part of a joint operation unit will result in a
pharmacy, but may not contain the same degree of details as tishange in disease status for all of the farms within that .ulimit
corresponding positive record. other cases, where farms do not have regular trading ancteain

Antimicrobial use was measured in number of Animal Daily of personnel with other farms, these are de ned as individual
Doses (ADD) in order to have a measurement of comparisomperation units (i.e., their SPF status is completely independe
among the herdsl(); ADDy4 de nes the dose of treatment for from the status of other SPF herds).
1 kg animal bodyweight. Diagnostic test results are available within 1-3 days after

The monthly amount of antimicrobials consumed per animalthe blood samples collected from swine are received in the
within a herd (ADDyg/pig days nherd,mont) Was calculated as laboratory. Few herds might be re-tested within 1-2 weetes af
described by Vigre et al1@) for each herd (i.e., nishers, sows, a positive diagnostic test result in herds previously freenfro
and weaners). Briey, the average daily use of antimicrgbia diseases if requested by the farmers and/or the veterimahia
within the herd was calculated based on the number of daythis case, the diagnostic test results from the second sagpli
between consecutive purchases, assuming that all antimaiso  will be used to con rm the presence of disease in the herd. Thus,
purchased were used at a constant rate between purchaseslefiers notifying changes from a negative to a positive disease
limit of 90 days was used when the time between consecutiwtatus could take from 1 day to 2.5 weeks based on laboratory
purchases was longer than this. The data were then aggregatdidgnostic test results.
per month and the number of pigs registered in the CHR for All letters sent to Red-SPF farms between January 2014 and
each age group in each herd was used to calculate the amouseptember 2017 were provided by the SPF 8usData were
of antimicrobial usage per pig-day. The consumption durationonly extracted from letters representing changes in SPF thealt
for the last purchase recorded for each herd was calculatedatus of a given farm. As previously described, the diseasesst
using the average ADf/pig daysnherq from previous purchases, may change due to a positive laboratory result for a previously
which diered from the approach used by Vigre et all3. seronegative herd, or due to purchases from positive farms. The
Furthermore, the standard dose for each herd-ARpig day letters consisted of Word document les from which metadata
herdmontirWas then divided by an assumed average live weight ¢including date of creation, farm CHR no.—and herd number
50kg for nishers, 200 kg for sows, and 15 kg wean&Bs, (vhich  (within CHR) when di erent herds have di erent owners—and
corresponds to a conversion of AQRpto standard dose ADD for  change in disease status) were extracted.
an animal in the given age group. These values were calcditated  Quarterly reports with lists of Red-SPF herds and their
the total amount of antimicrobials used (i.e., includingditease corresponding SPF disease status were used to identify farms
groups) and for antimicrobials purchased for the respiratoryfree from diseases (i.e., healthy farms) between Januady£i
disease group alone. September 2017.
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Weighted Percentage of Alarms RESULTS
Visual assessment and simple moving average were used to
con rm the Stationarity of the di erent data streams. A total of 53 letters sent to individual Operation unit farmsch40

Changes in the data were monitored using Shewhart contrdetters sent to farms within joint operation units were indeed in
charts (L), with thresholds de ned using 2, 3, and 4 sd, asthe analysis.
calculated for each individual data stream and applied sepgrat ~ Table 1 describes the number of Red-SPF farms and herds
Data streams (time-series of mortality, antimicrobial gesand With changes in their disease status, as well the correspgndin
vaccine use) with at least three consecutive observations [ number of records in the di erent databases within the StUdy
no missing (NA) information among 3 months in a row] were period (January 2014-September 2017). The number of Red-
included in the analysis and assumed to be independent. Herd®PF farms that became positive for Enzootic pneumonia was
were included in the study if at least one data stream (mitytal higher both for individual and joint operation units when
antimicrobial consumption, or vaccine use) ful lled thisitaria.  compared to herds that became positive for PRRS and porcine
All observations available for a given data stream (i.@mfr Pleuropneumonia during the study period.
the rst record to the last) were used to calculate the dieten  Monitoring the total antimicrobial consumption did not
thresholds. The data were analyzed for a given month, wit§enerate alarms for herds in either type of operation unit.
the month in which herds changed their disease status used as Figures 1, 2 show which databases generated alarms, during,
the reference month (month 0). The months before and afte@nd after changes in their disease status for both individual
the reference month will be referred to as “prior” and “after” and joint operation units based on 3sd, representing the middle
throughout the manuscript. threshold used in the analysis. For both types of operationgynit
The weighted percentage of alarms for a given mokttPgy) ~ @larms based on vaccine use generally occurred in the same
was calculated as: month (i.e., month 0) as changes in their stat&gyres 1 2).
For individual operation units, an increase in alarms based
P Xi on mortality was seen for sow herds up to 2 months prior, and
WPA D x-herd 3 an increase in alarms based on antimicrobial use for respiyato
n.herd diseases was seen 1 month prior to their disease status begomin
Where x; is the presence of alarms for monthusing the ~PRRS-positiveRigure 1). For enzootic pneumonia, increases in
di erent thresholds calculated based on Shewhart contralrts)y  the number of alarms based on mortality and antimicrobial use
g is the sum of alarms generated for each hpftbm the rst for respiratory diseases in weaner, sow, and nisher herdewe
to the last month with observations for a given data streamfound up to 4 months prior. Alarms generated based on moryalit
and n.herd corresponds to the total number of herds with data, antimicrobial consumption, and vaccine use were seen in
observations for a given monitand for a given data stream. the months during which sow and weaner herds became pOSitive
The WPA is calculated for a given month, a given datdor porcine pleuropneumonia (i.e. month 0).
stream and a given threshold. Tieherdincluded in the study For joint operation units, alarms based on mortality and
represents the total number of herds with observations, vith ~ antimicrobial consumption for respiratory diseases were tbun
average values 0 for antimicrobials and vaccines or value§  for nisher and sow herds 3 months prior in herds that became
for the mortality data stream), assuming these herds wetreeac PRRS-positive Higure 2). The three data streams generated
For the vaccines and antimicrobial use, inactive herds wwith alarms after herds changed their disease status to positive for
observations (i.e., missing values between rst and lasthpase) ©nzootic pneumonia and porcine pleuropneumoniagure 2.
were not included in this estimate (this was not relevant for The highest weighted percentage of alarms (WPA) achieved

mortality and total antimicrobial use). for a given month before, during, and after changes in herd
Separate analyses were run for Red-SPF herds operatingtigease status was calculated based on Shewhart contrtd cha
individual vs. joint operation units. using 2, 3, and 4sd, as shown Figures 3 4. The highest
WPA based on mortality for PRRS and enzootic pneumonia
Weighted Percentage of False Alarms were found in month 0 (WPAD 0.08) and 3 months prior
(WPFA) (WPA D 0.12), respectively; an increase from WPRA0.02 3

Mortality data, as well as data on antimicrobial consumptionmonths prior to WPAD 0.25 1 month after was seen for herds
and vaccine use for healthy Red-SPF farms was used to celcultitat became positive for porcine pleuropneumontégure 3).

the false alarm rate generated by Shewhart control chart§he highest WPA based on the consumption of antibiotics for
Thresholds were de ned using 2, 3, and 4 sd, calculated fcin ea respiratory diseases for PRRS, enzootic pneumonia, and porcine
individual data stream and applied separately. Data strearhs wiPleuropneumonia was achieved between 1 month prior and 1
consecutive monthly records from January 2014 to Septembétonth after (WPAD 0.20 for PRRS, WP® 0.4 for porcine
2017 (i.e., 45 data month points) were included in the analysigleuropneumonia and WPAD 0.16 for enzootic pneumonia),
and assumed to be independent. The WPFA was quanti edvhile for vaccine use, these values were achieved in month 0
based on the WPA described above withcorresponding to for porcine pleuropneumonia (WPA 0.14) and month 1 after
the absence of alarms for monthusing the di erent thresholds  the change for enzootic pneumonia (WRAO0.5) Figure 3). For
calculated based on Shewhart control charts. joint operation units, the highest WPA based on mortality was

All methods were implemented in R (version 3.3.8)) observed for PRRS 1 month prior (WHA 0.23;Figure 4). For
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TABLE 1 | Description of the number of Red-SPF farms with changes in #ir disease status between January 2014 and September 2017and the corresponding
number of herds with registrations within this time perioddr mortality, antimicrobial consumption, and vaccine usedr different age groups.

Disease Data stream Individual operation unit Joint operation unit
Weaners Sows Finishers Weaners Sows Finishers
PRRS Total number of farms 12 25
Mortality 9 5 12 20 9 12
Total antimicrobial 8 5 12 17 8 14
consumption
Antimicrobial 4 5 3 3 5 4

consumption for
respiratory diseases

Vaccines for PRRS 0 1 0 4 4 0
Enzootic Total number of farms 14 41
pneumonia
Mortality 11 8 13 22 15 41
Total antimicrobial 11 7 12 26 15 40
consumption
Antimicrobial 8 5 6 11 12 11
consumption for
respiratory diseases
Vaccines for Enzootic 2 5 2 17 16 11
pneumonia
Porcine Total number of farms 6 5
pleuropneumonia
Mortality 4 4 6 2 2
Total antimicrobial 4 3 6 3 2 4
consumption
Antimicrobial 4 3 5 5 1 2

consumption for

respiratory diseases

Vaccines for Porcine 1 1 0 2 1 2
pleuropneumonia

A farm is de ned as a single location with its own unique CHR number aha herd is de ned as individual age group within a farm.

vaccine use, the highest WPA for PRRS was achieved prior keerd with registers of purchase of vaccine against porcine
changing disease status (3 months prior, WPA.5) Figure 4).  pleuropneumonia in 2 consecutive months (not included in the
For enzootic pneumonia and porcine pleuropneumonia, thestudy). A WPFA> 0 was found for all herds based on mortality
highest values of WPA were achieved for monthsD based and antimicrobial consumption data for respiratory diseases i
on the three data streams; a WPB 1 was achieved 1 the entire study period (Q1 0.02, medianD 0.02, Q3
month after the change to a porcine pleuropneumonia-positivé.03), except for consumption data for respiratory diseases in
status based on antimicrobial consumption for respiratory nishers (WPFAD 0) (Figure 5. A WPFAD 0 was found when
diseaseHigure 4). monitoring changes on the total antimicrobial consumption of
A total of 95 healthy Red-SPF farms was included in thehese herds. Regarding the use of vaccines for PRRS, enzootic
study. The number of weaner herds with records for mortality pneumonia and porcine pleuropneumonia, only a single nisher
antimicrobial consumption, and antimicrobial consumptiofts ~ herd had records of vaccine usage for porcine pleuropneumonia
respiratory diseases was 56, 60, and 18, respectively. For gdyiing 6 months Eigure 5).
herds, a total of 50 herds for mortality, 55 for antimicrobia
consumption, and 27 for antimicrobial consumption for DISCUSSION
respiratory diseases were included in the study. Finisher
herds represented 69 herds with records for mortality, 61rhis study explored the potential of using dierent data
herds for antimicrobial ConSUmption, and 2 for antimicrobia sources Curren“y available in Denmark to monitor swine
consumption for respiratory diseases. No registrations ofliseases. Changes in mortality data, antimicrobial consiompt
use of vaccines for PRRS, enzootic pneumonia, and porciRghd vaccine use at herd level were monitored in Red-SPF
pleuropneumonia were found in these farms, except 1 nishefarms prior to, during, and after these farms became positive
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finisher herds positive for PRRS sow herds positive for PRRS weaner herds positive for PRRS
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T
4 3 2 - 2 3 4 4 3 2 1 1 2 3 4 4 3 2 1 2 3 4

months months months

FIGURE 1 | Description of which data streams generated alarms in at lest one herd based on Shewhart control charts using 3 sd priord, during, and after changes
in disease status (monthD 0) in farms that function as individual operation units beteen January 2014 and September 2017. The data streams inclued mortality at
farm level (MORT), antimicrobial consumption for respimaty diseases (AMRD), and vaccine use (VAC). The results araded on 12 farms that became positive for
Porcine Reproductive and Respiratory Syndrome (PRRS), 14rins that became positive for enzootic pneumonia and 6 farmshat became positive for porcine
pleuropneumonia; the corresponding number of herds can bedund in Table 1. Each gray or red “block” represent the existence of at least herd with alarms in a
given month (x axis) generated based on mortality (MORT), timicrobial consumption for respiratory diseases (AMRDgnd/or vaccine use (VAC) (y variables); the
inexistence of blocks (white space) refers to the inexist@e of alarms or no data available [in the case of vaccine use AC)]—please refer toTable 1.

for Porcine Reproductive and Respiratory Syndrome (PRRShonth or after changes in disease status. False alarms were fou
enzootic pneumoniaNlycoplasma hyopneumonijand porcine in 2% (median value) of the herds for the three age groups based
pleuropneumonia Actinobacillus pluropneumonipeBased on on mortality and antimicrobial use for respiratory diseases in
mortality and antimicrobial use for respiratory diseasdse t healthy farms.

highest values for WPA based on mortality (up to 30%) were We decided to analyze the data by age group due to the
generated up to 3 months before herds changed their diseaplysiological di erences between these groups. For example, a
status. Porcine pleuropneumonia showed to be the disease wittigher mortality would be expected in weaners compared to
the highest impact (i.e., increases in mortality and antioiigal  other age groups due to factors relating to nutrition, thetma
consumptions) at herd level, with 100% of herds generatingtress, and diseas&d. Additionally, the amount and pattern
alarms 1 month after changing to a positive status. In generagf antimicrobials prescribed in Danish swine farms also di ered
most alarms based on the three data streams were generatedbigtween age groups).

the same month in which herds changed their status to porcine As these diseases are part of the porcine respiratory
pleuropneumonia-positive, as well as the following monthsdisease complex (PRDC), i.e., pneumonia of multiple etiologies
Alarms based on vaccine use generally occurred within theesa causing clinical disease€2@), we chose to monitor changes
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FIGURE 2 | Description of which data streams generated alarms in at lest one herd based on Shewhart control charts using 3sd priord, during, and after changes
in disease status (monthD 0) in farms that function as joint operation units between Jauary 2014 and September 2017. The data streams included maality at farm
level (MORT), antimicrobial consumption for respiratoryiskases (AMRD), and vaccine use (VAC). The results are based 25 farms that became positive for Porcine
Reproductive and Respiratory Syndrome (PRRS), 41 farms thhecame positive for enzootic pneumonia and 5 farms that beame positive for porcine
pleuropneumonia; the corresponding number of herds can bedund in Table 1. Each gray or red “block” represent the existence of alarmsia given month (x axis)
generated based on mortality (MORT), antimicrobial consuption for respiratory diseases (AMRD), and/or vaccine use R) (y variables); the inexistence of blocks
(white space) refers to the inexistence of alarms or no datavailable [in the case of vaccine use (VAC)]—please referTable 1.

in antimicrobial consumption for respiratory diseases. Theas proxy of the number of infected farms; however, it is also
total consumption of antimicrobials at herd level (for a give possible that some farms vaccinate their animals prior to e.g.,
age group) was also included in the study due to possiblexport as a requirement, or have a vaccine program that lasts
misclassi cation of the disease group registered in VetStaseveral months (seen mainly for joint operation units thathee

or the potential decision to use antimicrobials prescribed fompositive for enzootic pneumoniaFable 1). It should be noted,
other diseases to treat respiratory symptoms. The vaccine u#@t vaccination strategies may di er in herds that are nottpar
was included in the study to explore the potential of usingthe sero-surveillance (non-SPF herds). Within the SPF system
these data as proxy for disease occurrence. This is importasbme farmers will decide to start eradication programs based
for the Danish food and veterinary administration that own on total/partial depopulation—repopulations, without vacane
the mortality and prescription data but have no access to thelue to the trade restriction imposed to seropositive herds.
letters sent to SPF farms (data owned by the industry) andlVe also found herds with a single purchase of vaccines, but
to the laboratory data from farms in general (owned by thewe decided not to include these data in the study as we
farmers). Vaccines are used to control disease spread in cds®ve no information on when they were administrated to
of outbreaks and the number of vaccinated herds can be usebe animals.
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FIGURE 3 | Highest weighted percentage of alarms (WPA) achieved prito, during, and after changes in disease status (montiD 0) in farms that were part of
individual operation units. The alarms were found on mortdy, antimicrobial consumption for respiratory diseasesrad vaccine use based on Shewhart control charts
(using 2, 3, and 4 sd). Each line represents the highest valseachieved for a given month by the 3 thresholds for a given datstream. The results are based on 12
farms that became positive for Porcine Reproductive and Resratory Syndrome (PRRS), 14 farms that became positive f@anzootic pneumonia, and 6 farms that
became positive for porcine pleuropneumonia; the correspading number of herds can be found inTable 1.

We looked at the 4 months prior to and 4 months following form resulting in sudden death, or as a subacute/chronienfor
changes in the disease status of a herd as we assumed thith a cough, increased antibiotic use, lower daily gain anarpo
other diseases might be more likely to explain changes in thieed conversion, and exercise intolerantg 20). Furthermore,
data outside of this period. The reason why time-series with ahe availability of control measures such as vaccination or
least 3 data points were included in the study was based on theealth-management programs and the high biosecurity status o
assumption that vaccine and (the majority) of antimicrobifdls  Danish breeding farms (i.e., with a Red-SPF status) cort&ibu
treatment of outbreaks will not be used on regular basis f{as o a lower incidence rate when compared to exotic or (re-)
would for prophylactic purposes), and therefore, its usage will bemerging diseases. It is therefore unlikely that “extreameinges
limited in time (few months). in incidence and prevalence would be observed for diseases

The low values for WPA commonly observed in the resultslready present in Denmark.
indicate that alarms were raised in a minority of the herds A larger number of data streams generated alarms
(<50%), which may be explained by the varying impact thesand increased WPA values in the months after changes
diseases have within a herd. Some farms may be subclinica{lseroconversion) were observed in joint operation units.sThi
infected with PRRS, while others may experience severight be because it is only necessary to have a single farm wit
reproductive and/or respiratory disease with high mortalitya positive diagnostic test result or purchases from positivegar
(20). This also depends on the strain of disease, dosage iof order to change the disease status of all farms within the
treatment, and the immune status of the herd. Although erimo joint operation unit. Subsequently, the transfer of persdnne
pneumonia is usually a chronic and mild disease, it can causnd animals among these farms makes it likely that disease will
an increase in the severity of PRRS-induced pneumosi ( spread over time and have an impact in these farms at a later
Outbreaks of porcine pleuropneumonia may occur in a peracutstage (i.e., months after the change in their disease stafhs)
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FIGURE 4 | Highest weighted percentage of alarms (WPA) achieved prito, during, and after changes in disease status (montiD 0) in farms that were part of joint
operation units. The alarms were found on mortality, antiroiobial consumption for respiratory diseases and vaccinese based on Shewhart control charts (using 2, 3,
and 4 sd). Each line represents the highest values achievedylihe 3 thresholds for a given data stream. The results are basl on farms that became positive for
Porcine Reproductive and Respiratory Syndrome (PRRS), 4&rins that became positive for enzootic pneumonia, and 5 farsthat became positive for porcine
pleuropneumonia; the corresponding number of herds can bedund in Table 1.

same rationale can be used to explain the higher number dfeterinary and Food Administration uses these data for welfar
alarms for joint operation units occurring after changeslireir  control purposes might motivate farmers to Il the containers
disease status. In contrast, individual operation units esgnt to full capacity as more containers (i.e., more dead wearees)
single farms that have received laboratory con rmation bét perceived as an indication of welfare issues.
presence of disease, or that have purchased animals fromvygositi Running separate analyses for the individual operation units
farms, which would have an impact at herd level prior to or(each with positive laboratory results) and joint operatioritan
in the same month as the positive diagnostic test resultss thuwhere the majority of the farms have a healthy status bult wil
generating higher WPA in these periods. eventually develop the disease from an infected farm in the

The SPF health status is de ned at farm level except if herdsame unit) indicated that the latter showed a lower weighted
belonging to the same farm have di erent owners (which is verypercentage of alarms (WPA) prior to changes in their disease
uncommon). When using the data from the CHR and movementtatus. The CHR data were used as a proxy for the number
database (both used to calculate mortality data) and Vetstea  of animals of each age group (herd) present in a farm for any
registered per CHR no. (i.e., farm level), bias can occuhéf t given month. This information is updated in the database aste
same farm have several herds (e.g., di erent owners or di erenonce/twice per year by farmers or the SEGES Pig Research Center
housings) within the same age group, it is more likely to havé21). It is therefore possible that a dynamic herd of varying size
both healthy and sick animals, resulting in lower mortalityd  might be misrepresented in the CHR, and as a consequence,
antimicrobial consumption at farm level and, consequently achanges in the denominator we used to calculate mortality,
lower number of alarms. antimicrobial consumption, and vaccine use could be biased.

It is assumed that the containers for weaners are close to ful As described in a previous articlell), registering dead
capacity at the time of transport because the costs of renderinveaners € 30kg) based on the number of containers (with
are paid by the farmers. Furthermore, the fact that the Danislspeci ¢ dimensions) transported from a farm to the rendering

Frontiers in Veterinary Science | www.frontiersin.org 9 February 2019 | Volume 6 | Article 41


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Lopes Antunes et al. Monitoring Diseases Using Multiple Databases

FIGURE 5 | Highest weighted percentage of false alarms (WPFA) found @ata from Red SPF-herds negative for Porcine Reproductiveral Respiratory Syndrome,
enzootic pneumonia, and porcine pleuropneumonia betweendnuary 2014 and September 2017. The alarms were found on moality, antimicrobial consumption for
respiratory diseases, and vaccine use based on Shewhart cdrol charts (using 2, 3, and 4 sd) and they are based on 95 farmghe corresponding number of herds
can be found in the Results section.
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plant may lead to bias in the data and consequently contrilbaite swine herds, such as another type of SPF farm or non-SPF farms,

false alarms (or a lack of alarms). where the prevalence of endemic diseases is higher compared to
When considering antimicrobial consumption and vaccineRed-SPF farms3( 23). Additionally, other monitoring methods

use, it is important to note that VetStat registers the datatth more suitable for monitoring gradual changes in data (with

drugs are purchased and not the date of consumption. It wagissing observations) for multivariate monitoring need to

assumed that all antimicrobials and vaccines purchased wepe evaluated.

used at a constant rate between two consecutive purchases

or within a specic period of time. This might represent a CONCLUSIONS

limitation as it does not take into account variation among

veterinarians, the frequency of diseases, dosages, aurati Monitoring changes in mortality data and antimicrobial

treatments, or uctuation in prices. As per the legislationjst consumption for respiratory diseases showed changes (i.e.,

legal to prescribe antimicrobials for diseases expectedite ar alarms) at herd level prior to diagnostic test con rmation.

in the period before the next veterinary consultation—usuall  These results also show a potential value in using these data

month. Antimicrobial prescription may be due to an outbreak streams for monitoring diseases and in the development of

prior to the visit, as antimicrobial on farm's stock may haweh  monitoring and surveillance strategies at a national leyethe

used. However, the farmers usually only have medicinesagkst Danish government.

that are expected to be used before the next visit, because it i

administratively laborious to have medicines on stock torder  ETHICS STATEMENT

periods, because it has to be signed by the veterinarian ay eve

visit (due to legislation). The study was conducted using registered data and did not
The presence of false alarms in healthy Red-SPF farmgyolve experiments on animals. From an ethical perspective, all

evidenced the presence of variation (noise) in the data, whicof the data collected and used as part of this study was outséle t

might be caused by bias in registers, herd management and ti@ope of Directive 2010/63.

presence of other diseases not tested as part of the SPF system.

However, this is also a result of the trade-o0 between sérigjt AVAILABILITY OF DATA AND MATERIALS

and speci city; if no false alarms are accepted, the true aarm

will be harder to detect and vice-versa. Moreover, the Shewharhe datasets used and analyzed in the current study are owned b

control chart is used to monitor “peaks” in data streari§)(@and  the Danish Veterinary and Food Administration and the SPF
it was applied directly to the modi ed stationary time-seri@fis  gys—SEGES.

method does not allow to monitor (very) gradual shifts in theta
and only accounts for peaking shifts in time series. As presfipu AUTHOR CONTRIBUTIONS
discussed, the diseases included in the study can cause seve
mild cases. In the latest case, very gradual increases italir | contributed to the study design, data management, and
and on antimicrobial consumption might occur and no alarms gnajysis and wrote the manuscript. VJ and NT assisted in
based on the Shewhart control chart will be generated. designing the study and reviewed the manuscript.
In this study, retrospective data available for a given time
period was used. The data in the di erent databases are retliev FUNDING
at di erent paces: (1) the laboratory serology test resuls ar

updated every day within a couple of minutes when therne work in this study was carried out as part of the agreement

laboratory diagnostic test is available; (2) the mortaiata are  pepveen the Technical University of Denmark and the

calculated once a month by the Danish food and Veterinaryysnish Veterinary and Food Administration regarding

Administration (based on data updated on daily basis in theRCH contingency, preparedness, and risk analysis regarding

and swine movement database) and (3) the data on purchasgsimal health.

in VetStat are available within between 3 and 45 day. (This

range of reporting time and possible delays will be a bottleneck CKNOWLEDGMENTS

when a monitoring system is set up in Denmark based on

these data. We would like to acknowledge the Danish Veterinary and Food
More detailed studies are needed to determine whether thR&dministration and the SPF Sus—SEGES for providing the data

changes in these data streams also re ect other types of Danigsed in this study.
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