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Industry Summary: 
Effective prevention and control of M. hyopneumoniae requires the implementation of accurate and 
comprehensive diagnostic protocols. Given that M. hyopneumoniae establishes infection in the lower airway 
(ciliated epithelium of the respiratory track) mucus appears to be the most sensitive sample, compared to oral 
fluids and upper respiratory swabs, such as laryngeal swans. There are currently no commercially available 
sampling devices to adequately reach the tracheo-bronchial area. Veterinarians have relied on modified tracheal 
catheters, or post-cervical artificial insemination rods (PCAI), which have not been validated, may lack the 
properties to effectively collect mucus, and may not be safe. The objectives of this study were; a) to develop a 
disposable tracheo-bronchial sampling device for detection of M. hyopneumoniae in live pigs,  and b) to compare 
the novel tracheo-bronchial sampling device with the traditional catheter for detection of M. hyopneumoniae in 
live pigs. The novel disposable device is comprised of three parts; i) sterile flocked swab with cap ii) a flexible 
17-inch long shaft and iii) a handle. It is made out of ultra-high molecular weight polyethylene (UHMWPE), a 
low cost material used successfully for medical applications such as orthopedic and cardiovascular implants. The 
prototype is 21 inches long from attachment piece to handle (25 inches including swab). The length allows for 
sampling of grow-finish pigs and adult sows and boars. The cap provides protection for the flocked swab, keeping 
it sterile prior to sampling, and the handle provides stability during the sampling. Comparison of the devices using 
samples collected from experimentally infected pigs (n=43) at different time points or naturally infected pigs 
(n=60),  showed a high sensitivity in detecting infected pigs (97% , 170/175) by each device. Results also showed 
nearly identical detection rates between devices over all sampling points, with high diagnostic agreement and 
similar CT values. The novel device performed well under field conditions, providing enough length and 
flexibility to reach the desired anatomical region in 20 week old animals. While the diagnostic performance of 
the novel device was equivalent to traditional rod (PCAI), there are clear advantages offered by the novel product;  
safer, functional and practical, (i.e. disposable, presence of a handle, light weight and flexible) and sterile (i.e. 
addition of a sterile flocked swab and cap). This practical, disposable and novel tracheal sampling device can 
provide reliable detection of M. hyopneumoniae and, thus improve monitoring and surveillance programs for this 
challenging pathogen.  
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Key Findings:  
1. The novel disposable device is comprised of three parts; i) sterile flocked swab with cap ii) a 

flexible 17-inch long shaft and iii) a handle. It is made out of ultra-high molecular weight 
polyethylene (UHMWPE), a low cost material used successfully for medical applications such as 
orthopedic and cardiovascular implants. 

 
2. The device includes numerous improvements over that which is currently known and used. Such 

improvements include, a low cost, safe, sterile, flexible, and disposable device that is able to be 
positioned in the ideal location (e.g., tracheal region) of an animal to test for M. hyopneumoniae 
and/or other pathogens.  

3. Comparison of the devices using samples collected from experimentally or naturally infected pigs 
(n=175) showed high diagnostic sensitivity, nearly identical detection rates between devices over 
all sampling points, high diagnostic agreement and similar CT values. 
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Scientific Abstract (one page): 
 
The complicated biology and epidemiology of M. hyopneumoniae coupled with a lack of rapid and accurate 
diagnostic tools hinders adequate diagnosis and control of M. hyopneumoniae. Given that M. hyopneumoniae 
establishes infection in the lower airway, tracheo-bronchial mucus appears to be the most sensitive sample, 
compared to oral fluids and laryngeal swabs. The objectives of this study were; a) to develop a disposable tracheo-
bronchial sampling device for detection of M. hyopneumoniae p in live pigs,  and b) to compare the novel tracheo-
bronchial sampling device with the traditional device for detection of M. hyopneumoniae in live pigs. The novel 
disposable device is comprised of three parts; i) sterile flocked swab with cap ii) a flexible 17-inch long shaft and 
iii) a handle. It is made out of ultra-high molecular weight polyethylene (UHMWPE), a low cost material used 
successfully for medical applications such as orthopedic and cardiovascular implants. The prototype is 21 inches 
long from attachment piece to handle (25 inches including swab). The length allows for sampling of grow-finish 
pigs and adult sows and boars. The cap provides protection for the flocked swab, keeping it sterile prior to 
sampling, and the handle provides stability during the sampling. Tracheal samples collected from experimentally 
or naturally infected pigs using each device showed high diagnostic sensitivity (97%, 170/175). There was no 
statistical difference between the proportion of positives or the median CT values between devices, and the 
agreement between devices was high (~98%). The novel device performed well under field conditions, providing 
enough length and flexibility to reach the desired anatomical region. While the diagnostic performance of the 
novel device was equivalent to traditional rod (PCAI), there are clear advantages offered by the novel product;  
safer, functional and practical, (i.e. disposable, presence of a handle, light weight and flexible) and sterile (i.e. 
addition of a sterile flocked swab and cap). This practical, disposable and novel tracheal sampling device can 
provide reliable detection of M. hyopneumoniae and, thus improve monitoring and surveillance programs for this 
challenging pathogen.  
 
Introduction: 
 
Mycoplasma hyopneumoniae (M. hyopneumoniae), the primary pathogen of enzootic pneumonia, occurs 
worldwide and causes major economic losses to the pig industry.1 The pathogen adheres to and damages the 
ciliated epithelium of the respiratory tract. Affected pigs usually show chronic coughing, are more susceptible to 
other respiratory infections and have a reduced performance. 2 Moreover, M. hyopneumoniae plays a key role in 



 

 3 

the Porcine Respiratory Disease Complex (PRDC) through interactions with several other respiratory pathogens. 
2 Thus, M. hyopneumoniae continues to be a significant cause of respiratory disease in grow-finish swine 
populations, with reported annual industry losses of up to 10$ per pig. 1 Effective prevention and control of M. 
hyopneumoniae requires the implementation of accurate and comprehensive diagnostic protocols. Given that M. 
hyopneumoniae establishes infection in the lower airway, tracheo bronchial mucus appears to be the most 
sensitive sample, compared to oral fluids and upper respiratory swabs.3 
 
Surveillance of M. hyopneumoniae in live pigs provides relevant information on the level of infection and spread 
within farms, which is a key element when designing control and elimination efforts. Several diagnostic tools and 
sampling techniques have been developed for detection of M. hyopneumoniae.4 The most common diagnostic test 
employed for health monitoring is serum based antibody-ELISAs.5  However, the utility of serological assays for 
M. hyopneumoniae can be hindered by the highly variable time lapse between infection (~4-8 weeks) and antibody 
production, the limited correlation between a positive assay and disease, inability to differentiate natural infection 
from vaccination and antibody cross-reactions with other mycoplasmas.4 Thus, it is challenging to interpret results 
based on the individual or at the herd level. Detection of the antigen via qPCR is also available and routinely 
used, however, the challenge arises from the variation in sensitivity levels depending on the sampling site and 
timing of the infection. For example, oral fluids, while convenient to collect are not sensitive if there are no 
clinical signs present in the pigs (i.e. cough). Similarly, studies have shown a poor sensitivity of nasal and tonsil 
swabs for detection of M. hyopneumoniae.6 Tracheo-bronchial samples have been shown to be the most sensitive 
method for M. hyopneumoniae diagnosis in live pigs.3Although more labor intensive, tracheal sampling has been 
recently adopted by swine producers and practitioners for their surveillance programs.7-9 However, there are 
currently no commercially available tracheo-bronchial sampling devices. Instead, field veterinarians have relied 
on “quick and dirty” approaches to carry out tracheo-bronchial samplings by using either modified tracheal 
catheters or artificial insemination rods, which have not been properly validated and lack the necessary 
characteristics to collect adequate amounts of sample (i.e. tracheo-bronchial mucus).3,7-9 Thus, the need for a 
practical, low-cost, reliable, portable, and safe sampling device for detection of Mycoplasma hyopneumoniae 
(Mhp) in tracheal samples is evident. 

 
Objectives: 

• Objective a. To develop a disposable tracheo-bronchial sampling device for detection of M. 
hyopneumoniae in live pigs. 

 
• Objective b. To compare the novel tracheo-bronchial sampling device with the traditional catheter for 

detection of M. hyopneumoniae in live pigs.  
 

Materials & Methods: 
 
Device development: For the development of the disposable intratracheal device, an iterative Design-Build-Test-
Learn cycle was employed. Prototype components were designed using SOLIDWORKS to create 3D models that 
document the evolution of the design and provide the necessary information for manufacturing.  The components 
were fabricated from ultra-high molecular weight polyethylene (UHMWPE). Field testing and evaluation of each 
prototype identified characteristics (quality and functionality related) that worked well and areas that needed to 
be improved in the next cycle.   
 
Sample collection under experimental and field conditions: Prior to evaluating the novel device under field 
conditions, the feasibility and accuracy of the sampling device was tested in two experimental studies with SPF 
(specific pathogen free) and M. hyopneumoniae infected SPF pigs, serving as negative and positive control 
groups, respectively. In the first study, 10mLs of M. hyopneumoniae lung homogenate containing strain 232 were 
administered intratracheally at a dilution of 1:100 in 10 ml Friis medium.10 A side by side comparison was carried 
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out using the traditional catheter (PCAI rod) and the novel device on pigs (n=24) experimentally inoculated with 
M. hyopneumoniae. A total of 120 samples were collected per device (240 total) over 5 sampling points (0, 8,15, 
22 and 29 days post-inoculation).  
 
For the second study, samples originated from 7-week-old gilts belonging to the positive (n=36) and negative 
control (n=3) groups. Gilts in the positive control group were placed into 4 different groups. A total of 1/9, 3/9, 
6/9 and 9/9 gilts were intratracheally inoculated with M. hyopneumoniae, to achieve 11%, 33%, 67% and 100% 
prevalence, respectively.  Pigs in the negative control group received 5 mL of sterile PBS on 2 consecutive days 
intratracheally. Two tracheo-bronchial samples were collected per gilt (modified traditional PCAI rod with 
flocked swab and novel device) at 10 days post infection, for a total of 39 samples.  
 
Prior to field comparison of devices, each developed prototypes was evaluated for ease of implementation and 
functionality. The final prototype was then utilized for the field comparison between the traditional PCAI rod and 
the novel device. Tracheal samples were obtained from pigs originating from a herd with history of disease 
associated with M. hyopneumoniae. The timing of the sampling coincided with peak infection based on previous 
clinical assessment, serology and PCR. A total of 60 20-week-old grow-finish pigs were selected and a tracheal 
sampled was collected using both devices, as well, as a serum sample (M. hyo Ab Test, IDEXX Laboratories Inc., 
Westbrook, ME USA). The order of device used for each pig was randomized.  
 
 
Sampling technique, diagnostics and statistical analysis: In brief, the pigs were restrained with a snare and were 
subjected to two samplings one with the traditional PCAI device and one with the novel device. The order of the 
device was randomized. The pig’s mouth was held open with a mouth speculum and each device was inserter 
deeply into the trachea as the pig inspired, then rotated and moved up and down against the trachea. After each 
collection, the tip of each device was cut from the shaft or stem and placed into a falcon tube with 3mLs of PBS. 
Samples were refrigerated upon collection and submitted to the Veterinary Diagnostic laboratory for detection 
of M. hyopneumoniae DNA by qPCR. DNA detection was based on a commercial kit (MagMAXTM-96 Pathogen 
RNA/DNA kit, Applied Biosystems™, Carlsbad, CA USA), performed as directed by the manufacturer.  The 
Kruskal-Wallis test was utilized to compare the median PCR CT values between sampling devices. The Chi 
square test was utilized to compare the proportion of positive samples between devices at each sampling point.  
The significance level was set at p < 0.05. 
 
Results: 
 
Objective a: Device development. 
 
Two prototypes were developed and evaluated for functionality (Figure 1 and 2). The first prototype included an 
attachment piece, where a commercially available flocked swab would be inserted (Figure 1). Field evaluation 
revealed disadvantages to this design; 1) increased time between sample collection, 2) disinfection of the 
prototype between sample collection and 3) the diameter of the attachment piece was too big for pigs between 
younger than12 weeks. It was decided that the flocked swab had to be attached to the device and the entire device 
would need to be disposable.    
 
The final prototype (Figure 2) has three parts: i) sterile flocked swab with cap ii) a flexible 17-inch long shaft and 
iii) a handle. The prototype is 21 inches long from attachment piece to handle (25 inches including swab). The 
length allows for sampling of grow-finish pigs and adult sows and boars (~400lbs). A cap is positioned at the 
swab to cover and protect the swab, keeping it sterile prior to sampling. Flocked swabs are an excellent choice 
for use with rapid diagnostic tests because of their ability to better collect cells or organisms at the collection site 
and rapid release of entire cells.11 The flocked swab can be easily removed from the flexible, elongated shaft, 
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making it convenient for field implementation. The flexible, elongated shaft is solid, tubular and can be made to 
cover the full stem of the swab. The handle is used for convenient grip, limits contamination and provides stability 
during the sampling.  
 
 
 

 

 
 

Figure 1. Tracheo-bronchial device prototype 1. 
 

 

 
 
 

Figure 2. Tracheo-bronchial device prototype 2 (final version) 
 
 
 
Objective b. Comparison of devices under experimental and field conditions. 
 
Experimental study 1:  
The prototype used in all experimental and field comparisons is shown in Figure 2. Detection rate using the novel 
device were 0% (0/24), 100% (24/24), 100% (24/24), 92% (22/24) and 92% (22/24) at -1, 8, 15, 22 and 29 days, 
respectively. Similar results were  observed with the traditional rod; 0% (0/24), 96% (23/24), 100% (24/24), 96% 
(23/24) and 100% (24/24) at the same sampling points. Both devices showed a high diagnostic sensitivity 
detecting 95% and 97% of positive pigs with the novel device and traditional rod, respectively. They showed 
nearly identical detection rates (not statistical different, p value > 0.05)  between devices over all sampling points, 
with a proportional agreement of 96.6% (Figure 3). No statistical difference was observed between mean Ct 
values from the two devices (ANOVA; F=0.0.3; df=1; p value = 0.85). Likewise, no statistical difference was 
observed between medians Ct values  (Kruskall-Wallis; chi-squared=0.22; df=1; p value = 0.65) (Table 1).  
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Long shaft 

Handle 

Flocked swab (with cap) 

Long shaft 

Handle 
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Figure 3. Percentage PCR positive by sampling device at 0, 8, 15, 29 days post-inoculation 
 

 
 

 
Table 1. M. hyopneumoniae mean and median Ct values for positive samples by device type  

 
Type of 
Device Observations Mean Ct 

(positives) 
Median Ct 
(positives) s.d. Min Max 

Traditional 
(PCAI rod) 94 22.94a  21.64a  4.45 14.61 33.79 

Novel device 92 23.11a 22.61a 3.87 16.75 34.44 
Values in a column suffixed with different letters are significantly different from each other at P < 0.05. 

 
 
 
 
Experimental study 2:  
Another common modification to the PCAI rod observed in the field is the addition of a flocked swab at the end 
of the internal piece of the PCAI rod to sample the trachea. In this study a total of 39 pigs were sampled at one 
sampling point with each device (Figure 4). All samples collected by each device from the negative control group  
were negative by PCR. At 10 days post infection, M. hyopneumoniae was only detected in the inoculated pigs 
(19/39) and not in the contact pigs.  Detection rate using the novel device was 100% (19/19) in each group (1/9, 
3/9, 6/9 and 9/9).  Similar results were observed with the modified PCAI rod with swab, where M. hyopneumoniae 
was detected in all but two inoculated pig 17/19 (1/9, 2/9, 5/9 and 9/9). There was no statistical difference between 
the proportion of positives or the median CT values between the modified traditional PCAI rod with swab and 
the novel device (Kruskal-Wallis chi-squared = 0.094697, df = 1, p-value =0.7583) (Table 2). 
 
 

Table 2. M. hyopneumoniae mean and median Ct values for positive samples by device type  
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Type of Device Observations Mean Ct 
(positives) 

Median Ct 
(positives) s.d. Min Max 

Trachea Swab  
(modified PCAI 
rod with swab) 

17 26.41a  25.8a  3.81 21.2 36.1 

Trachea Rod 
(Novel device) 19 26.73a 26.3a 3.42 22.4 35.2 

Values in a column suffixed with different letters are significantly different from each other at P < 0.05. 
 

 
 
 
Field evaluation:  
 
A total of 60 20-week-old pigs (~200lbs) originating from an M. hyopneumoniae endemically infected site were 
sampled using both devices. All pigs showed M. hyopneumoniae antibodies by serum ELISA. The novel device 
performed well under field conditions, providing enough length and flexibility to reach the desired anatomical 
region. Detection rate using the traditional PCAI rod and the novel device was high 95% (57/60) for each device. 
Overall diagnostic agreement was high (98.3%). Both tests failed to detect M. hyopneumoniae in the same 2 pigs 
and each one detected M. hyopneumoniae in a pig that was negative by the other device. There were no statistical 
difference in median CT values between the two devices (Kruskal-Wallis chi-squared = 2, df = 1, p-value = 0.2). 
 
 
  
 
 
 

 
 
 

 
  
 
 
 
 
 

 
 

Figure 5. Percentage PCR positive by sampling device of pigs under field condition 
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Figure 6. Percentage PCR positive by sampling device  
 

 
 
 
 
 
 
 

Table 3. M. hyopneumoniae mean and median Ct values for positive samples by device type  
 

Type of 
Device Observations Mean Ct 

(positives) 
Median Ct 
(positives) s.d. Min Max 

Novel device  57 29.1 a  29.2a  3.74 21.1 36.7 
Traditional 
(PCAI rod) 57 28.1a 28.4a 3.55 18.4 34.7 

        Values in a column suffixed with different letters are significantly different from each other at P < 0.05. 
 
 
Application for patent: The project team through the Iowa State’s Office of Intellectual Property and Technology 
Transfer filed an application for Letters Patent of the United States, Serial No. 62/929,236 in the United States 
Patent and Trademark Office on November 1st 2019, entitled tracheo-bronchial sampling device. 
 
Discussion:  
The biological and epidemiological features of M. hyopneumoniae, mainly the establishment of the infection in 
the lower respiratory track and the slow transmission rate, challenge timely detection of the agent within pig 
populations. There is noted diagnostic sensitivity differences between laryngeal and tracheal swabs for M. 
hyopneumoniae detection, especially during chronic infection.14,15 As such, tracheal swabs are the preferred 
sample type for M. hyopneumoniae surveillance programs. Tracheal swabbing itself is not new. Modified tracheal 
catheters, artificial insemination rods, or other “quick and dirty” approaches, that have not been properly validated 
and lack the necessary characteristics to collect adequate amounts of sample, have been used by swine 
practitioners.10-11 The devices are not sufficient to collect the required specimen and are not made to be positioned 
in the trachea. These makeshift tools can break and injure an animal, cause discomfort, may not be sterile, or may 
not properly collect enough of a sample for adequate testing. Thus, the need for a reliable, portable, and safe 
sampling device to acquire samples for detection of M. hyopneumoniae is critical. In this study a novel tracheal 
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sampling device was developed, evaluated and compared against the current standard device (PCAI rod) in a set 
of experimental and field studies. The novel disposable device is comprised of three parts; i) sterile flocked swab 
with cap ii) a flexible 17-inch long shaft and iii) a handle. The device is made from ultra-high molecular weight 
polyethylene (UHMWPE), which has been used successfully for medical applications such as orthopedic and 
cardiovascular implants. This polymer is well suited for fabricating a wide range of geometries using standard 
manufacturing processes such as injection molding and machining. The material properties of UHMWPE are 
compatible with this application because of its tensile strength, flexibility, and resistance to corrosion. The device 
includes numerous improvements over that which is currently known and used. Such improvements include 
safety, sterility, flexibility and lower cost, that allows the device to be easily positioned in the tracheal region of 
a pig to test for M. hyopneumoniae and/or other potential pathogens. The novel device can be developed with 
minimal material, which keeps the devices inexpensive and allows for the one-time use to be cost-efficient and 
comparable to other items currently used. Flocked swabs are an excellent choice for use with rapid diagnostic 
tests because of their ability to better collect cells or organisms at the collection site and rapid release of entire 
cells.11 The cap covers the swab portion of the device and can keep the flocked swab sterilized until its use. The 
device’s flexibility and length allows for sampling of grow-finish and adult pigs that is the most commonly 
sampled age for M. hyopneumoniae surveillance. Under experimental and field evaluation the novel device 
showed almost 100% sensitivity, being detected in 97% of positive pigs (170/175). It showed good agreement 
and equivalent detection levels with similar M. hyopneumoniae PCR CT values, compared to traditional devices. 
While the diagnostic performance was comparable to the traditional device, the novel device shows advantages 
in terms of  safety, functionality (i.e. presence of a handle, light weight and flexible) and sterility (i.e. addition of 
a cap). This practical, disposable and novel tracheal sampling device can aid producers in their M. hyopneumoniae 
monitoring and surveillance programs.  
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