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Abstract

Background Pleuropneumonia remains an important challenge to swine production worldwide. The causative
agent, Actinobacillus pleuropneumoniae serovar prevalence in countries can change over time. Few Taiwanese A. pleu-
ropneumoniae prevalence studies have been published, and recent large-scale investigations remain notably scarce.
This study aimed to identify the serovars and antimicrobial sensitivity of 96 current Taiwanese A. pleuropneumoniae
clinical isolates.

Results Among the 99 A. pleuropneumoniae determinations, 40 (40.4%) were serovar 15, 29 (29.3%) were serovar 5,
15 (15.2%) were serovar 1, 11 (11.1%) were serovar 7, and 4 (4.0%) were serovar 2. Therefore serovar 15 was the most
predominant between 2015 and 2022. Resistance of the isolates was minimal to ceftiofur (3.2%), cephalexin (5.2%),
cephalothin (6.3%) and enrofloxacin (9.3%), moderate to gentamicin (28.4%), and high for florfenicol, amoxicillin
and ampicillin (45.1-68.4%).

Conclusions This study updates the serovar and antimicrobial sensitivity patterns of Taiwanese clinical A. pleuro-
pnheumoniae isolates, showing that serovars 15, 5, 1, 7, and 2 collectively predominate in clinical outbreaks. Local A.
pleuropneumoniae isolates exhibited high resistance to antimicrobials currently used in the Taiwanese pig production,
such as amoxicillin, ampicillin, and florfenicol. However, there was low resistance to cephalexin, cephalothin, tilmico-
sin and lincospectin (injectable only) which can be recommended for current use in Taiwan, considering both efficacy
and public health risks. Notably, isolates of the same serovar collected from the same farm on the same day occa-
sionally displayed distinct resistance patterns, emphasizing the complex dynamics of antimicrobial resistance. Our
data will help veterinarians and producers refine vaccination and treatment protocols, highlighting the importance

of ongoing surveillance to respond effectively to evolving resistance trends.
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Background

Actinobacillus pleuropneumoniae is a Gram-negative,
rod-shaped, facultative anaerobe that causes porcine
pleuropneumonia [1], a high-mortality respiratory dis-
ease that results in substantial economic losses to the
worldwide pig production [2]. Strains are classified as
NAD-dependent (biovar 1) and NAD-independent (bio-
var 2), which is determined by possession of a truncated
or full length nadV gene, respectively [3].

Epidemiologically, serovar identification is crucial
for detecting the introduction of new, potentially more
virulent serovars, which can change in a geographical
location over time. It also helps in determining the appro-
priate bacterin vaccine, as cross-protection between
serovars is lacking [4]. If a serovar-independent A. pleu-
ropneumoniae vaccine is not chosen, all relevant serovars
must be covered [5]. Based on capsular loci, nineteen
serovars are known [6].

The last published survey of slaughter pigs in Taiwan
identified serovars 1, 2, 3, 5, 7 and 8 between 2002-2007
[7]. Serotyping by slide agglutination used in this investiga-
tion can give misleading results, because of cross-reactiv-
ity between serovars, particularly inside serogroups [4, 8].
Serovar 1 (131/211 =65.4%) was the most predominant fol-
lowed by serovar 2 (72/211 =34.1%) [7].

Vaccination and antimicrobials are used to prevent and
treat, respectively, A. pleuropneumoniae infection in the
field [2]. Most A. pleuropneumoniae outbreaks occur in
finishing pigs, and care is required to avoid antimicrobial
residues in food. In addition, A. pleuropneumoniae anti-
microbial resistance (AMR) is considered a burgeoning
clinical problem [9]. Despite the recognized variability
in serovars and escalating concerns over AMR, detailed
insights into the distribution of serovars and AMR pro-
files of A. pleuropneumoniae across and within farms in
Taiwan remain scarce.

This study aimed to bridge these gaps by investigat-
ing the serovar and AMR profiles of A. pleuropneumo-
niae isolates from diseased pigs, sourced across various
farms. Three primary gaps motivated this investigation:
first, the need to update serovar and resistance trends
using a larger sample size; second, the availability of
advanced molecular techniques (e.g., multiplex PCR)
that allow for more precise serovar characterization;
and third, the novel observation that isolates of the same
serotype, even when recovered from the same farm on
the same day, can exhibit different resistance patterns.

Results

Age distribution of A. pleuropneumoniae isolates

Ninety six A. pleuropneumoniae isolates from clinical-
case pigs were analyzed. Pigs less than 4 weeks of age,
those of 5-12 weeks, and 13-20 weeks accounted for
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1.0% (1/96), 14.6% (14/96) and 71.9% (69/96) of the iso-
lates, respectively. Pigs older than 21 weeks accounted for
12.5% (12/96) of the isolates.

Serovar distribution of A. pleuropneumoniae isolates
Multiplex PCR typing of the 96 study isolates revealed
three with dual-serotype banding patterns (1 +5, 15 +7,
and 5+ 7). Counting each serotype individually yielded
99 determinations in total. Serovar 15 predominated
(40/99, 40.4%), followed by serovar 5 (29/99, 29.3%), sero-
var 1 (15/99, 15.2%), serovar 7 (11/99, 11.1%), and serovar
2 (4/99, 4.0%). Accordingly, serovar 15 predominated in
Taiwanese farms during 2015-2022. Therefore, serovar
15 was the most predominant between 2015 and 2022.
No other serovars were identified (Fig. 1A). Serovars 15,
1 and 2 were the most prevalent circulating during 2015—
2016. After 2019, only two serovar 1 isolates were identi-
fied (both in 2020) (Fig. 1B).

Antimicrobial sensitivity testing (AST) of A.
pleuropneumoniae isolates

Table 1 summarises the resistance profiles. The highest
resistance rates were recorded for streptomycin (94.7%),
oxytetracycline (88.3%), apramycin (86.0%), kanamy-
cin (68.8%), ampicillin (68.4%) and doxycycline (67.7%).
Moderate resistance was observed to amoxicillin (60.0%),
florfenicol  (45.1%), trimethoprim/sulfamethoxazole
(32.3%) and gentamicin (28.4%). In contrast, resistance
remained low (< 15.0%) to tilmicosin (13.9%), lincospec-
tin (11.8%), enrofloxacin (9.3%), cephalothin (6.3%),
cephalexin (5.2%) and ceftiofur (3.2%).

The serovar and AMR patterns of A. pleuropneumoniae
isolates from different pigs at the same farms

Table 2 provides a comprehensive summary of the sero-
var distribution and AMR patterns observed among A.
pleuropneumoniae isolates collected from the same pig
farms across multiple sampling events. In several farms,
the serovar remained consistent across multiple sam-
pling dates, yet the AMR profiles varied considerably. For
instance, in Farm 3, serovar 5 was detected in both 2021
and 2022; however, the AMR pattern shifted from APR-
DOX-FFC-GEN-KAN-OTC-STR in 2021 to FFC-OTC in
2022. Furthermore, some farms exhibited multiple sero-
vars over time. For example, Farm 4 had serovar 15 in
2018 and 2019, and serovar 5 in 2020; Farm 6 had isolates
of both serovars 5 and 15 on the same sampling date. In
Farm 25, although serovar 7 was predominant during
2018-2021, isolates representing “15 plus 7” and “5 plus
7” were identified in 2020 and 2021, respectively. Addi-
tionally, in several farms the AMR patterns of multiple
isolates (of the same serovar) collected during the same
outbreak were nearly identical (e.g., Farms 5, 23, 25, 40,
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Fig. 1 Serovar (A) and annual distribution (B) of A. pleuropneumoniae serovars in Taiwan between 2015-2022

Table 1 Resistance of A. pleuropneumoniae isolates to 16
antimicrobial agents. S= sensitive; | = intermediate; R= resistant

Antimicrobials No. S | R Resistance (%)
Ceftiofur 94 82 9 3 32%
Cephalexin 96 81 10 5 52%
Cephalothin 96 77 13 6 6.3 %
Enrofloxacin 86 71 7 8 9.3 %
Lincospectin 85 72 3 10 11.8%
Tilmicosin 79 64 4 Il 13.9%
Gentamicin 95 39 29 27 284 %
Trimethoprim/Sul- 96 49 16 31 323%
famethoxazole

Florfenicol 91 46 4 41 45.1 %
Amoxicillin 90 31 5 54 60.0 %
Doxycycline 96 15 16 65 67.7 %
Ampicillin 95 27 3 65 684 %
Kanamycin 93 10 19 64 68.8 %
Apramycin 86 3 9 74 86.0 %
Oxytetracycline 94 7 4 83 88.3 %
Streptomycin 95 2 3 90 94.7 %

and 41), with notable exceptions observed in other Farms
(e.g., 4, 34, 35, 37, 38 and 39).

Discussion

A. pleuropneumoniae is a particularly troublesome path-
ogen that induces fibrino-hemorrhagic pleuropneumonia
and sudden death in growing and finishing pigs. Pigs aged
13 to 20 weeks accounted for the highest detection rate
(69/96; 71.9%), while only one case was found in suckling

piglets. The percentage of growing pigs (13—20 weeks of
age) that were greatly affected may be due to the changes
in management and environment when pigs were moved
from nursery to finishing houses. In addition, insufficient
protection might be due to an incomplete vaccination
program or cross-protection of A. pleuropneumoniae
vaccines. For example, just one-shot vaccination instead
of the required two-shot, or improper timing of vac-
cination in relation to colostral antibodies should be
estimated on the individual farm for optimal first vacci-
nation, or killed bacterins only protect against a specific
or limited set of serovars. In Taiwan, pigs often have res-
piratory problems in nurseries due to multiple pathogen
infection [11] and challenging ventilation and climatic
conditions. However, 14.6% of cases were recorded in
nurseries (5-12 weeks old) in the present study, suggest-
ing that early infection of A. pleuropneumoniae is rel-
evant in Taiwan.

A. pleuropneumoniae serovar prevalence shows
considerable geographic variation. European epide-
miological surveys show that serovars 4, 5 and 17 are
predominant in Portugal [12]; Serovars 2, 13, 9 and 16
were the most frequent in Hungary [13]; serovar 8 in
Norway and the United Kingdom [14, 15]; and sero-
var 2 in Germany [16]. Asia—Pacific epidemiological
surveys show that serovar 2 is this most predominant
in Japan [17], and serovars 1, 5, 7 and 15 are the most
common in Australia [18]; The previous Taiwan 2002—
2007 slaughter pig survey identified, using slide agglu-
tination, serovars 1, 2 and 5 [7]. Serovar 1 (131/211
=65.4%) was the most predominant followed by serovar
2 (72/211 =34.1%) [7]. However, the cross-reactivity
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Table 2 Detailed sampling information, serovar distribution, and antimicrobial resistance patterns of 96 A. pleuropneumoniae isolates
from Taiwanese pig farms

Farm Year Date Isolate Number Farm location® APP serovar Resistance patterns (R)
1 2020 18-Jun 109-1516% Miaoli 15 AMO-AMP-APR-DOX-FLM-KAN-OTC-SP-STR-TMP/SMX
2 2018 23-Aug 107-1939 Changhua 1 AMO-AMP-APR-ENR-FFC-FLM-OTC-SP-STR
3 2021 1-Sep 110-4297° Yunlin 5 APR-DOX-FFC-GEN-KAN-OTC-STR
2022 11-Feb 111-1120 Yunlin 5 FFC-OTC
4 2018 25-Jun 107-1493 Yunlin 15 AMO-AMP-APR-KAN-OTC-SP-STR-TIL
2019 2-Jan 108-010 Yunlin 15 AMO-AMP-APR-CEF-CTN-DOX-KAN-OTC-SP-STR-TIL
2019 2-Jan 108-011 Yunlin 15 AMO-AMP-APR-CFX-DOX-KAN-OTC-SP-STR-TIL
2019 6-Mar 108-305 Yunlin 15 AMP-APR-KAN-OTC-SP-STR-TIL
2020 15-Jul 109-1855% Yunlin 5 APR-DOX-GEN-KAN-OTC-SP-STR
5 2017 4-Apr 106-658 Yunlin 15 AMO-AMP-APR-DOX-FFC-GEN-KAN-OTC-SP-STR
2017 4-Apr 106-659 Yunlin 15 AMO-AMP-APR-DOX-FFC-GEN-KAN-OTC-SP-STR
2017 4-Apr 106-660 Yunlin 15 AMO-AMP-APR-DOX-FFC-KAN-OTC-SP-STR
6 2021 13-Jul 110-3168 Yunlin 5 APR-DOX-FFC-OTC-STR
2021 13-Jul 110-3170 Yunlin 15 APR-DOX-FFC-OTC-STR
7 2020 4-Dec 109-3686 Yunlin 5 APR-FFC-SP
2021 9-Jun 110-2648 Yunlin 5 APR-FFC-OTC
8 2018 1-Jun 107-1323 Yunlin 5 AMO-AMP-APR-CFX-CTN-FFC-FLM-GEN-KAN-OTC-SP-STR-TMP/SMX
2018 17-Aug 107-1911 Yunlin 5 AMP-APR-CFX-CTN-FFC-OTC-SP-STR-TMP/SMX
9 2020 31-Dec 109-4083 Yunlin 1 AMP-DOX-ENR-FFC-FLM-OTC-SP-STR
10 2017 7-Dec 106-2390% Yunlin 15 AMO-AMP-APR-CEF-FLM-KAN-OTC-SP-STR-TIL
1 2017 13-Dec 106-2430 Yunlin 15 AMO-AMP-APR-DOX-KAN-OTC-SP-STR
12 2021 12-Aug 110-3761 Yunlin 15 AMO-AMP-APR-DOX-KAN-OTC-STR
13 2020 8-Apr 109-746 Yunlin 15 AMO-AMP-APR-KAN-OTC-SP-STR
14 2021 27-Jul 110-3494 Yunlin 5 AMP-APR-DOX-ENR-GEN-KAN-OTC-STR
15 2020 12-Aug 109-2196 Yunlin 5 APR-OTC-SP-STR
16 2021 10-Mar 110-1142 Yunlin 5 APR-DOX-OTC-SP
17 2017 5-Jan 106-062 Yunlin 1 AMO-AMP-FLM-LS-OTC-SP-STR-TMP/SMX
18 2017 31-Oct 106-2153 Yunlin 5 APR-FFC-OTC-SP-STR
19 2019 4-Dec 108-2713% Yunlin 15 AMO-AMP-APR-DOX-FFC-KAN-OTC-STR
20 2019 14-Aug 108-1505 Yunlin 15 AMO-AMP-APR-DOX-KAN-OTC-SP-STR-TIL
21 2019 5-Dec 108-2717 Yunlin 15 AMO-AMP-APR-DOX-FFC-KAN-OTC-STR
22 2016 4-Jan 105-007 Yunlin 15 AMO-AMP-DOX-ERY-GEN-KAN-OTC-SP-STR-TET
23 2022 12-Jan 111-245 Tainan 15 APR-DOX-FFC-KAN-OTC-STR-TMP/SMX
2022 12-Jan 111-246 Tainan 15 APR-DOX-FFC-KAN-OTC-STR-TMP/SMX
2022 12-Jan 111-247 Tainan 15 APR-DOX-FFC-KAN-OTC-STR-TMP/SMX
24 2019 7-Jan 108-032 Tainan 5 APR-DOX-GEN-KAN-OTC-SP-STR-TMP/SMX
25 2018 13-Jul 107-1613 Kaohsiung 7 AMO-AMP-APR-FLM-KAN-SP-STR-TMP/SMX
2018 21-Sep 107-2091 Kaohsiung 7 AMO-AMP-APR-DOX-FLM-KAN-OTC-SP-STR
2019 11-Nov 108-2415° Kaohsiung 7 AMO-AMP-APR-FFC-FLM-STR
2020 1-Mar 109-520° Kaohsiung 15plus 7 AMO-AMP-APR-CTN-FFC-FLM-SP-STR
2021 28-Jan 110-450 Kaohsiung 5plus7 AMO-AMP-APR-FFC-SP-STR
26 2017 21-Dec 106-2528 Kaohsiung 1 AMO-AMP-DOX-FFC-FLM-OTC-SP-STR-TMP/SMX
27 2021 19-Mar 110-1316 Kaohsiung 5 APR-DOX-OTC-SP-STR
28 2020 18-Aug 109-2291 Kaohsiung 5 APR-OTC-SP
29 2017 16-Jan 106-114 Kaohsiung 7 AMO-AMP-APR-DOX-FFC-SP-STR
30 2018 6-Dec 107-2618 Kaohsiung 1pluss AMO-AMP-APR-FLM-LS-OTC-SP-STR-TMP/SMX
31 2015 16-Apr 104-362-6 Pingtung 1 APR-FFC-GEN-KAN-LS-OTC-STR
2016 8-Mar 105-361 Pingtung 1 AMO-AMP-APR-ENR-GEN-KAN-LS-OTC-STR
32 2018 14-Mar 107-672 Pingtung 1 AMP-FLM-LS-OTC-SP-STR-TMP/SMX
2020 20-Aug 109-2316° Pingtung 5 AMO-AMP-APR-DOX-FFC-OTC-SP-STR-TIL
33 2016 18-Oct 105-1699 Pingtung 5 APR-ERY-GEN-KAN-SP-STR
34 2016 8-Apr 105-536 Pingtung 2 CEF-ERY-GEN-KAN-SP
2016 8-Apr 105-537 Pingtung 2 AMO-AMP-APR-DOX-ERY-KAN-OTC-STR
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Table 2 (continued)

Farm Year Date Isolate Number Farm location® APP serovar Resistance patterns (R)
35 2017 23-May 106-1075 Pingtung 15 AMO-AMP-DOX-FFC-KAN-OTC-STR
2017 18-Jul 106-1591 Pingtung 15 AMO-AMP-DOX-FFC-KAN-OTC-SP-STR-TMP/SMX
2018 26-Jan 107-293° Pingtung 15 AMP-APR-FFC-GEN-KAN-OTC-SP-STR-TMP/SMX
2018 26-Jan 107-294° Pingtung 15 AMP-APR-CFX-CTN-DOX-FFC-GEN-KAN-OTC-SP-STR-TMP/SMX
2018 12-Mar 107-651 Pingtung 15 AMP-APR-DOX-FFC-KAN-OTC-STR-TMP/SMX
36 2018 31-Oct 107-2323 Pingtung 7 AMO-AMP-APR-DOX-FFC-OTC-SP-STR
2018 13-Nov 107-2430 Pingtung 7 AMO-AMP-APR-DOX-FFC-OTC-SP-STR-TIL-TMP/SMX
37 2015 23-Nov 104-1451 Pingtung 15 AMO-AMP-CFX-CTN-DOX-ERY-GEN-KAN-SP-STR-TET-TMP/SMX
2015 23-Nov 104-1452 Pingtung 15 DOX-ERY-KAN-OTC-STR-TET
38 2018 25-Apr 107-1024 Pingtung 5 APR-FLM-OTC-SP-STR
2021 29-Mar 110-1515 Pingtung 5 APR-DOX-ENR-FLM-GEN-KAN-OTC-SP-STR
39 2016 6-May 105-711 Pingtung 5 ERY-KAN-SP-STR-TET
2017 15-May 106-1032 Pingtung 5 APR-DOX-FLM-GEN-KAN-OTC-SP-STR-TMP/SMX
2017 15-May 106-1033 Pingtung 5 APR-DOX-FLM-GEN-KAN-OTC-SP-STR
2017 15-May 106-1034 Pingtung 5 APR-DOX-FLM-GEN-KAN-OTC-SP-STR
40 2019 25-Jan 108-119° Pingtung 15 AMO-AMP-APR-DOX-FFC-KAN-OTC-SP-STR-TMP/SMX
2020 14-Apr 109-795 Pingtung 15 AMO-AMP-FFC-KAN-OTC-STR
2020 14-Apr 109-796 Pingtung 15 AMO-AMP-FFC-KAN-OTC-STR
41 2016 18-Mar 105-413 Pingtung 15 AMO-AMP-DOX-ERY-KAN-OTC-SP-STR-TET-TMP/SMX
2016 18-Mar 105-414 Pingtung 15 AMO-AMP-DOX-ERY-KAN-OTC-SP-STR-TET-TMP/SMX
42 2018 2-Nov 107-2356 Pingtung 5 APR-OTC-SP-STR
43 2015 3-Dec 104-1512 Pingtung 2 ERY-GEN-KAN-SP-STR
44 2015 17-Jan 104-069 Pingtung 2 AMO-AMP-APR-DOX-ENR-KAN-LS-STR
45 2017 10-Jan 106-080 Pingtung 1 AMO-AMP-FLM-LS-OTC-STR-TMP/SMX
46 2016 14-Mar 105-392 Pingtung 1 AMO-AMP-DOX-ERY-FLM-GEN-KAN-LS-OTC-SP-STR-TET-TMP/SMX
47 2018 18-Jan 107-118° Pingtung 1 AMP-APR-DOX-FFC-GEN-KAN-OTC-SP-STR
48 2018 18-Jan 107-131 Pingtung 15 AMP-DOX-KAN-OTC-SP-STR
49 2016 15-Mar 105-398 Pingtung 1 AMO-AMP-APR-DOX-GEN-LS-OTC-STR-TMP/SMX
50 2022 17-Jan 111-813 Pingtung 7 AMO-AMP-APR-DOX-FFC-OTC-STR
51 2018 2-Jul 107-1537 Pingtung 15 AMO-AMP-APR-DOX-KAN-OTC-SP-STR-TMP/SMX
52 2019 3-Jul 108-1185 Pingtung 7 AMO-AMP-APR-DOX-OTC-SP-STR
53 2020 13-Jul 109-1803* Pingtung 1 AMO-AMP-APR-DOX-ENR-FFC-FLM-GEN-KAN-OTC-SP-STR-TIL-TMP/SMX
54 2020 3-Dec 109-3669° Pingtung 7 AMO-AMP-APR-DOX-FFC-OTC-SP-STR
55 2016 15-Mar 105-397 Pingtung 1 AMO-AMP-APR-DOX-LS-OTC-STR-TMP/SMX
56 2020 22-Jul 109-1970% Pingtung 5 APR-DOX-FLM-KAN-OTC-SP-STR
57 2016 9-May 105-731 Pingtung 1 AMP-DOX-ENR-ERY-FLM-GEN-KAN-OTC-SP-STR-TET-TIL-TMP/SMX
58 2019 24-Oct 108-2187 Pingtung 15 AMO-AMP-APR-DOX-FLM-KAN-STR-TMP/SMX
59 2016 18-Jul 105-1130 Pingtung 15 APR-DOX-ERY-KAN-OTC-SP-STR-TET-TMP/SMX
60 2021 11-Jun 110-2708 Pingtung 5 AMO-AMP-APR-DOX-FFC-KAN-OTC-STR
61 2019 8-Jan 108-043 Pingtung 15 AMO-AMP-APR-DOX-GEN-KAN-OTC-STR
62 2015 4-Nov 104-1337 Pingtung 15 AMO-AMP-DOX-ERY-KAN-OTC-SP-STR-TET-TMP/SMX
63 2019 3-Jun 108-910 Pingtung 5 APR-KAN-OTC-SP-STR
64 2019 2-Oct 108-1885% Hualien 15 AMO-AMP-APR-DOX-KAN-OTC-SP-STR-TIL

?Whole genome sequences reported in the Ke et al. [19]

b Farms are presented in geographic sequence—beginning with the northernmost farms on Taiwan’s west coast (Miaoli) and progressing southward to Pingtung,
before turning eastward to Hualien

€ Antimicrobial abbreviations: AMO Amoxicillin, AMP Ampicillin, APR Apramycin*, CEF Ceftiofur, CFX Cephalexin, CTN Cephalothin, DOX Doxycycline, ENR Enrofloxacin,
ERY Erythromycin*, FFC Florfenicol, GEN Gentamicin, KAN Kanamycin, LS Lincospectin* (lincomycin + spectinomycin), OTC Oxytetracycline, SP Spiramycin*,

STR Streptomycin, TET Tetracycline*, TIL Tilmicosin, TMP/SMX Trimethoprim/Sulfamethoxazole

Antibiotics marked with an asterisk were not included in the susceptibility panel of the Ke et al., 2024 but were tested here to reflect local therapeutic usage



Kwan et al. BMC Veterinary Research (2025) 21:502

between serovars using serological techniques can give
misleading results [4, 8]. A recent study by the Ke et al.
[19], using next-generation sequencing (NGS), investi-
gated A. pleuropneumoniae isolates (n =38) and found
that serovar 15 predominated (47.4%, 18/38), followed
by serovar 7 (18.4%, 7/38), serovar 5 (15.8%, 6/38), sero-
var 1 (13.2%, 5/38), and serovar 2 (5.3%, 2/38). In the
present study, a molecular assay differentiating 19 A.
pleuropneumoniae serovars was used [6]. Among the A.
pleuropneumoniae isolates from clinical outbreak cases,
serovar 15 (40.4%) was the predominant isolate, fol-
lowed by serovar 5 (29.3%), serovar 1 (15.2%), serovar
7 (11.1%) and serovar 2 (4.0%). This distribution con-
trasts markedly with an earlier (2002—2007) Taiwanese
slaughter-pig survey [7], which found serovar 1 to be
most frequent (65.4%). Compared with the more recent
(2017-2022) limited the Ke et al. study [19], which ana-
lyzed only 38 isolates—16 of which overlapped with
the present study—our findings from 99 determina-
tions show a slightly lower proportion of serovar 15
(40.4% vs. 47.4%) and a considerably higher frequency
of serovar 5 (29.3% vs. 15.8%). With a larger sample
size, our study provides a more accurate and compre-
hensive picture of the current epidemiological situation
of A. pleuropneumoniae in Taiwan. Our serovar data
revealed that both serovars 15, 1 and 2 were prevalent
during 2015-2016 in Taiwan. Surprisingly, after 2019,
only two serovar 1 isolates were identified (both in
2020) (Fig. 1B). Four farms with more than one sero-
var in clinical-case pigs were identified in the present
study. Multiple serovars identified in the same farm has
been reported in Portugal, it was due to introduction
of multiple sources of replacement gilts [12]. Herein we
could not rule out the possibility of received gilts carry-
ing and introducing new different serovars, because the
presence of A. pleuropneumoniae in clinically healthy
carrier animals is difficult to determine [4]. Three iso-
lates, 109-520, 110-450, and 107-2618 showed dual
serotype banding patterns (“15 + 7 “5 +7’, and “1 +5’,
respectively) with the multiplex PCR panel validated
at Imperial College London. Each had already been
re-streaked in the National Pingtung University of Sci-
ence and Technology diagnostic laboratory to obtain a
single colony, yet mixed growth can occasionally elude
visual selection. Given the well-documented specific-
ity for the mPCR assay, a technical artefact is unlikely;
instead, the data indicate the presence of two serovars
persisting even after subculture. The presence of more
than one serotype in a single pig has been described
previously [20, 21]; these findings underscore the need
for additional purification steps (e.g., re-streaking and
re-serotyping) when further characterization of indi-
vidual isolates is required.
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To date, Taiwan and Australia are among the few coun-
tries where A. pleuropneumoniae serovar 15 has been
reported as the most prevalent [18, 19]. This raises the
intuitive speculation that Taiwan may have imported
pigs from Australia, where serovar 15 dominates. How-
ever, according to government data dating back to 1971,
Taiwan has not imported pigs from Australia. Over the
past 20 years, the countries of origin for breeding pigs
imported into Taiwan have been [22]: (1) United States:
46.2%; (2) Denmark: 22.0%; (3) Canada: 14.6%; (4) France:
5.1%; (5) United Kingdom: 4.0%; (6) Sweden: 3.8%; (7)
Norway: 2.5%; (8) Finland: 2.0%. Given this data, the ori-
gin and potential transmission route of serovar 15 in Tai-
wan remain unclear and warrant further investigation.

Current Taiwanese A. pleuropneumoniae isolates
showed the lowest resistance to cephalosporin drugs
such as ceftiofur, cephalexin and cephalothin, with only
3.2%, 5.2% and 6.3% of isolates, respectively, classified as
resistant. These results are similar to those in previous
studies in 2002 [10], 2011 [7] and 2024 [19]. Only 9.3% of
isolates were resistant to enrofloxacin, a fluoroquinolone
antibiotic commonly used in swine. Gentamicin is a com-
monly used antimicrobial agent in Taiwan; the resistance
of A. pleuropneumoniae isolates was 28.4% in this study,
considerably lower than that reported in 2011 [7].

A similar phenomenon was found for the older anti-
microbial agent lincospectin: resistance was 97.6% in a
previous study [7] compared with 11.8% in this study. Flo-
rfenicol is a broad-spectrum antibiotic used exclusively
in farm animals to replace chloramphenicol. Our results
showed that 45.1% of isolates were resistant to florfenicol,
which is comparable to resistance rates reported in Korea
(36%) [23] and China (47.4%) [24]. The data contrast with
many non-Asian countries where florfenicol resistance is
rare [9]. A high level of resistance (96.7%) to florfenicol
was also observed in Salmonella enterica serovar Chol-
eraesuis in Taiwan [25]. These findings imply that AMR
remains a severe clinical problem in Asian countries. In
addition, our data suggest that certain traditional antimi-
crobial agents, e.g. gentamicin and lincospectin, are still
relatively active against current A. pleuropneumoniae iso-
lates owing to their comparatively low resistance rates.

Building on our findings regarding AMR, we propose
practical stewardship measures to mitigate antimicrobial
use and safeguard therapeutic efficacy in Taiwanese pig
production. These measures include: (i) establishing a
tiered antimicrobial formulary classifying first-, second-,
and third-line antibiotics according to their impact on
human and animal health; (ii) transitioning from routine
group medication in feed to targeted, case-based paren-
teral treatment guided by rapid diagnostic testing and
local antimicrobial susceptibility profiles; (iii) strength-
ening evidence-based vaccination programs to reduce
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overall disease prevalence; (iv) investing in improved
husbandry and biosecurity, specifically optimizing cli-
mate control, stocking density, and quarantine practices
to limit pathogen transmission; and (v) introducing a
national benchmarking system to transparently monitor
and report farm-level antimicrobial usage, incentivizing
sustained reductions. Collectively, these strategies sup-
port an "injectable-only-when-needed" approach, align-
ing Taiwanese practices with international principles for
AMR management.

Conclusions

This study determined the serovar prevalence and AMR
patterns of clinical Taiwanese A. pleuropneumoniae iso-
lates. Clinically relevant A. pleuropneumoniae serovars
present in Taiwanese farms included, in descending order
of prevalence, 15, 5, 1, 7, and 2. Local A. pleuropneumo-
niae isolates exhibited high resistance to antimicrobials
currently used in the Taiwanese pig production, such as
amoxicillin, ampicillin, and florfenicol. In addition, our
study indicates that A. pleuropneumoniae serovar distribu-
tion and resistance patterns can be diverse and change over
time. Therefore, alternative strategies for the control and
treatment of A. pleuropneumoniae are essential, including
the design of suitable vaccination programs and increased
attention to ventilation (climatic conditions and air quality),
management practices, stress factors, and biosecurity [2].

Methods

Specimen collection and bacterial isolates

From 2015 to 2022, 96 isolates of A. pleuropneumoniae
from 64 different pig farms were isolated from diseased
pigs. The clinical specimens—including lung, pleura, and
pericardial swabs—were primarily obtained from necrop-
sied pigs that had succumbed to clinical respiratory dis-
ease. Bacterial isolation was performed at the Animal
Disease Diagnostic Center of National Pingtung Univer-
sity of Science and Technology (NPUST), Taiwan. Only
samples associated with clearly documented outbreak
events were included, ensuring that the isolates repre-
sented confirmed respiratory disease cases. Moreover, the
farms in this study spanned all major swine-producing
regions in Taiwan. A. pleuropneumoniae isolates were
isolated overnight on chocolate agar plates supplemented
with PolyViteX (bioMérieux, Marcy I'Etoile, France) at 37
C with 5% CO,. Isolates were purified and then charac-
terized by standard biochemical and morphological tests
to confirm their identities as described previously [7].

Antimicrobial susceptibility testing (AST)

All bacterial strains were immediately subcultured on
supplemented chocolate agar plates used for the pri-
mary isolation (see above) and submitted for AST by
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the disk diffusion test as described previously [7]. The
test employed commercially available antimicrobial-
impregnated disks, including a disk labeled “Lincospec-
tin,” which contains approximately 33.3% lincomycin and
66.6% spectinomycin (aligning with its common field
formulation). Isolates were categorized as susceptible,
intermediate or resistant using zone diameter standards
as described previously [10], and the NCCLS standard
used is equivalent to the current CLSI standard. In total
19 antimicrobial agents were tested. Fourteen of these
(AMO, AMP, CEF, CFX, CTN, DOX, ENR, FFC, GEN,
KAN, OTC, STR, TIL, TMP/SMX) follow the panel and
three-letter codes reported by the Ke et al., 2024 [19].

To provide a broader overview of current on-farm
practice in Taiwan we additionally included apramycin,
spiramycin, erythromycin, tetracycline (base molecule)
and the combination lincospectin (lincomycin + spectino-
mycin). Their in-house codes (APR, SP, ERY, TET and LS,
respectively) are flagged in the legend beneath Table 2 and
clearly distinguished from the Ke et al., 2024 panel [19].

A. pleuropneumoniae serotyping

Serotyping was done at Imperial College London by using
capsule-loci-based multiplex PCRs (mPCRs) designed
to detect all 19 known serovars of A. pleuropneumoniae
[6, 26]. In brief, based on methods previously reported
[27], an aliquot of A. pleuropneumoniae cultured in the
laboratory was added to FTA cards and sent from Tai-
wan to London where DNA was eluted by a simple water
wash, and used as template in the serotyping mPCRs.
Serovars were confirmed using DNA obtained from A.
pleuropneumoniae serovar reference strains as template.
The reference strains used were: (4074) serovar 1, S1536
(serovar 2), L20 (serovar 5), WF83 (serovar 7), HS143
(serovar 15) as described in Stringer et al. [6].
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