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The following contains information from the FOI for Lincomix® 20/Lincomix® 50 Feed Medication. It is presented here to provide a baseline for the discussion about what should be included in a pivotal efficacy package.

In 1978, the Upjohn Company received approval from FDA/CVM to market Lincomix 20/Lincomix 50 Feed Medication for “ the reduction in the severity of swine mycoplasmal pneumonia caused by Mycoplasma hyopneumoniae.”   Lincomix Feed Medication should be administered in complete feed at 200 g of lincomycin/T (220 ppm) of complete feed for 21 days. The careful wording of the claim is an indication of the difficulty incurred in achieving a claim for efficacy against this ubiquitous swine disease. The target animal safety of lincomycin was demonstrated with doses 6.5 to 13 X the labeled dose. Lincomycin fed at inclusion rates of 2600g/T and 1300g/T exhibited no untoward effects in the test animals except for feed intake suppression, decreased weight gain and a slight softening of stools in the 2600g/T trial.

Although several trials demonstrating the efficacy of Lincomix Feed Medication in the treatment and control of mycoplasmal pneumonia were conducted, the pivotal efficacy package consisted of six well-controlled studies:  one in vitro trial to determine the inhibitory concentration of lincomycin against ISU strain 11 M. hyopneumoniae, one challenge trial, and 4 field efficacy trials.  Data from the four field efficacy trials were pooled for analysis.

The in vitro determination of the minimum inhibitory concentration for lincomycin against ISU Strain 11 showed 0.2µg/mL was sufficient to inhibit growth. Lincomycin fed at 100 g/T achieves a mean level of 0.6 µg/gm  (s.d.= 0.12).  From this information, Upjohn researchers devised a challenge trial to determine the appropriate dose and duration for mycoplasmal pneumonia therapy.  

A dose determination trial was conducted in a challenge model to assist in determining the doses to take to the field.  Pigs obtained from a herd serologically negative to M. hyopneumoniae were inoculated intranasally and intratracheally with fresh lung homogenate from pigs with mycoplasmal pneumonia.  Cohort pigs were sacrificed before challenge and the lungs examined grossly and microscopically for M. hyopneumoniae or other secondary bacteria.  Treatment levels of 0, 100, 200, and 300 g/T were assessed.  Appropriate control groups were maintained for comparative purposes and to prove establishment of infection and that the inoculating media was not the cause of pneumonia.  Treatment was initiated when signs of pneumonia (coughing) were evident.  In the challenged pigs, 89% of the pigs exhibited lesions typical of mycoplasmal pneumonia.  Lincomycin fed at inclusion rates of 200 or 300 g/T resulted in significant reduction of severity (% total lung with lesion) and incidence (% total lobes involved) when compared to control.  There was no significant difference between pigs medicated at 100 g/T and those receiving no medication, although there was a trend toward a reduction in severity and incidence.  

When duration of medication for 7, 14, or 21 days was compared there was no significant difference in severity or incidence of lesions.  The lowest incidence was in pigs fed 200 g/T for 21 days and the lowest severity was in pigs fed 200 g/T for 14 days.  Since pigs were raised in continuous flow systems, it was deemed unlikely that all pigs would be infected in a short time period, so the longer duration of treatment was selected.  This trial was conducted in a treatment/control mode as all pigs except the non-infected controls were challenged and clinical signs of the disease were expressed before treatment was implemented.  

The four field trials were conducted under similar protocols in Indiana, Alabama, Minnesota and Florida.  Cross-bred pigs from 8 –12 weeks of age were randomly assigned to pens based on sex and weight. Four to six cohort pigs were killed and necropsied to prior to the start of the trial to confirm the presence of and assess incidence and severity of mycoplasmal pneumonia.  The Alabama site tested the 200g/T inclusion rate against an unmedicated control.  All other sites had four treatment groups: 0, 100 200 or 300 g/T.  Pigs were fed medication for 3 weeks, then necropsied and evaluated for gross pathologic lesions of mycoplasmal pneumonia.  Pigs fed lincomycin at 200g/T had a reduced incidence (p<.03) and severity (p<.09) of mycoplasmal pneumonia when compared to non-medicated controls.  Also, the results indicated that Lincomix modified the course of the disease by apparent suppression or possible inhibition of the causative organism as evidenced histopathologically by an accelerated healing process.  There was a greater incidence of acute active lesions in the controls when compared to the three treated groups (p<.05) and a greater incidence of chronic, resolved or arrested lesions in the pigs fed 200 g/T or 300 g/T (p<.05) when compared to pigs fed 100 g/T or no medication.  Acute early lesions were present in 5% and 0% of the pigs fed 200 and 300 g/T respectively compared to 49% in the non-medicated pigs. The 200g/T inclusion rate was significantly better than no drug, but not different from 300 g/T.  The conclusion was that lincomycin fed at the inclusion rate of 200 g/T or 300 g/T was effective for the treatment of MPS.

The key points to note from this presentation is that, at the time of the approval, clinical endpoints for a clinical disease were measured (gross and microscopic pathology) and this was done in both induced infection and natural field infection.  Purposefully, no mention was made in this paper about production parameters, seroconversion or concurrent disease.  Those parameters were measured, but they are not valid decision criteria for measurement of effect of intervention on mycoplasmal pneumonia.  Additionally, several trials planned for the approval process had to be scrapped due to bacterial respiratory disease outbreaks that rendered the lung scoring system useless. 

So what has changed since 1978?  

The organism behaves the same in laboratory tests today as it did in 1978.  Reports from various investigators (Salmon, ter Laak, Wu) using 13-15 isolates of M. hyopneumoniae demonstrate that MICs to most antibiotics have not changed substantially over the past 25 years.  Improvements in diagnostic tests (fluorescent antibody, immunohistochemistry, enzyme-linked immunosorbent assay and polymerase chain reaction) have helped us to better understand the disease. 

Weaning pigs earlier, raising them in all-in, all-out production systems, improving ventilation and housing and improving management have resulted in healthier, faster growing pigs overall.  New infectious disease entities (PRRS virus), and different strains of familiar swine respiratory pathogens (swine influenza virus) have resulted in a different expression of swine respiratory disease. 

Despite all the changes, M. hyopneumoniae remains as a persistent cause of chronic pneumonia of swine.  The introduction of M. hyopneumoniae bacterins has helped control the clinical signs and reduced the economic loss due to mycoplasmal pneumonia, but they do not provide protection from colonization.  Medication is still necessary in many herds to reduce the losses due to this disease.

So, how would we approach the approval process today?  We believe the process Lincomix® Feed Medication was approved under was both rigorous and fair.  More sophisticated statistical analysis, better measuring equipment, modern production systems and the current expression of disease would make a difference in trial design, but demonstration of efficacy would likely still be measured under the same parameters and the approach would be similar.  First, we would develop laboratory evidence that a compound had in vitro efficacy against M. hyopneumoniae using our own and outside expertise.  Secondly, we would conduct challenge trials for dose and duration selection.  The challenge trial would be conducted in research barns set up to simulate real production systems, not HEPA filtered, totally environmentally controlled facilities.  The challenge would have to be severe enough that clinical efficacy could be demonstrated.  The third, and most challenging, phase of the plan would be field efficacy trials.  These would be multi-location trials conducted in production facilities with typical disease related to M. hyopneumoniae.  The effects have to be measured on the M. hyopneumoniae-generated lesions alone. Other experts will determine what those lesions should be today, but our current thinking is they may be the same as those evaluated in our trials, especially, the % lung involvement.  Due to the changing nature of the disease, mortality could be added to the measured parameters because, in some severely affected herds, mortality due to M. hyopneumoniae is a concern.  We would also possibly conduct the trials in vaccinated as well as unvaccinated herds as both are present in today’s production systems.  

In conclusion, the principle of substantial evidence of efficacy would, in our opinion,  require 3 components: laboratory evidence, trials in controlled challenge studies and controlled trials in field situations.  

References 

Freedom of Information Summary  - NADA-97-505  FDA/CVM Web site

Becker, HN, A New Look at Lincomycin and MPS efficacy: MIC and Pharmacokinetic Data, Proc AASP 1997, p 231.

VanBuren, J. etal, Lincomix® Feed Medication and Mycoplasma hyopneumoniae vaccination for treatment and control of naturally occurring Porcine Respiratory Disease Complex (PRDC), Proc AASV 2001, p 119. 

ter Laak, EA et al, Comparison of methods for in vitro testing of susceptibility of porcine Mycoplasma species to Antimicrobial Agents, Antimicrobial Agents and Chemotherapy, February, 1991, p 228- 233.

Wu, CC, et al, Testing antimicrobial susceptibility against Mycoplasma hyopneumoniae in vitro, Swine Health and Production, 1997,:5(6): 227-230. 

Salmon,SA etal, In vitro evaluation of the antimicrobial activity of lincomyin and ivermectin, alone and in combination against strains of  Mycoplasma hyopneumoniae, 1994.  Technical Report, TR 705-7923-94-016, The Upjohn Company.  

