The Efficacy of Tylosin and Tilmicosin against experimental Mycoplasma gallisepticum Infection in Chickens
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SUMMARY
Mycoplasma gallisepticum (M. gallisepticum), the cause of “chronic respiratory disease”, remains one of the most important pathogens in poultry industry. Controlling the impact of the disease is done by eradication of positive breeder flocks or by vaccination and medication. Tylosin and tilmicosin are often used in medication programs. However, recent data on the in vivo efficacy of these macrolide antibiotics are scarce. Therefore, two dose titration studies were conducted using a recently isolated M. gallisepticum strain belonging to the wildtype population with regard to its tilmicosin and tylosin minimal inhibitory concentration. In a first trial, broilers were infected with M. gallisepticum and treated with 10 mg or 20 mg tilmicosin/kg body weight (BW) in the drinking water for 5 successive days. In a second trial, broilers were infected with M. gallisepticum and treated with 35 mg or 100 mg tylosin/kg BW in the drinking water for 5 successive days. Clinical scoring of respiratory signs, macroscopic scoring of respiratory tract lesions, M. gallisepticum isolation from the respiratory organs, weight gain and mortality were monitored for efficacy evaluation. All tylosin and tilmicosin treatments significantly reduced the course of clinical respiratory disease, macroscopic lesions in the respiratory organs, M. gallisepticum numbers in the respiratory tract and obtained higher weight gains compared to the Mycoplasma infected untreated control group. A treatment of 100 mg tylosin/kg daily for 5 days proved not to be more clinically efficacious than the dosage of 35 mg tylosin/kg daily for 5 days. At final necropsy, in animals treated with 20 mg/kg BW tilmicosin, significantly fewer respiratory tract lesions were present than in the animals treated with 10 mg/kg BW tilmicosin. Therefore, when tilmicosin is used to treat clinical outbreaks of Mycoplasma gallisepticum in broilers, a dosing scheme of 20 mg tilmicosin/kg BW for 5 successive days seems to be the most recommended.
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Abbreviations: AUC = area under the curve; BW = body weight; ccu = colour changing units; dpi = days post inoculation; GE = genomic equivalents, M. gallisepticum = Mycoplasma gallisepticum;  MIC = minimal inhibitory concentration; PBS = phosphate buffered saline; qPCR = quantitative polymerase chain reaction.
INTRODUCTION
Mycoplasma gallisepticum (M. gallisepticum) is the major Mycoplasma pathogen in poultry and the cause of “chronic respiratory disease” in chickens, one of the most costly infectious diseases confronting commercial poultry production worldwide (23). The disease is characterized by nasal discharge, tracheal rales, coughing and dyspnea resulting in growth retardation, increased feed conversion rates, increased mortality rates, increased condemnation rates at processing and egg production declines in laying flocks, as well as increased medication costs (18). Controlling the impact of the disease on a global level is done by eradication of positive breeder flocks or by vaccination and medication (16). Worldwide, tylosin and tilmicosin are used to control Mycoplasma infections in poultry and other production animals. Tilmicosin is synthesized from tylosin and registered for veterinary use only. These macrolide antibiotics inhibit bacterial growth by targeting the 50S ribosomal subunit, thereby preventing peptide bond formation and translocation during protein synthesis (22). Although tylosin and tilmicosin are often used in medication programs, important differences in officially registered dosages can be found across countries. What's more, inconsistencies in actually given dosages can be found all over the world. These differences cannot only be attributed to regional differences in the susceptibility of M. gallisepticum against these macrolide antibiotics. Yet, there are only few data on the in vivo efficacy of tylosin (10, 11, 12, 13, 20) and tilmicosin (4, 12, 15)  against M. gallisepticum in chickens and recent data are not available.
Therefore, two dose titration  studies were conducted using a recently isolated M. gallisepticum strain belonging to the wildtype population with regard to its tylosin and tilmicosin MICs.
In the first trial, the efficacy of a five day 35 mg/kg body weight (BW) and 100 mg/kg BW tylosin treatment against experimental M. gallisepticum infection was tested. The second trial tested the efficacy of a five day 10 mg/kg BW and 20 mg/kg BW tilmicosin treatment against experimental M. gallisepticum infection.
MATERIALS AND METHODS
Chickens. Unvaccinated ROSS broiler chickens from a local company (Vervaeke, Tielt) were used in the study. The chickens were raised according to routine procedures until M. gallisepticum challenge infection at 10 days of age. At 5 days of age, each bird was identified by means of a uniquely numbered wing tag.
The birds were housed on fresh litter in separate isolation rooms with HEPA-filtered air, had free access to food (without anticoccidials)) and water and received 20 hours of light per day. Tracheal swabs taken from all chickens at 9 days of age, were negative for M. gallisepticum and M. synoviae after qPCR analysis.

Mycoplasma strain and culture conditions. For the Mycoplasma challenge, a recent M. gallisepticum field isolate, strain 236, was used. The strain was isolated in 2012 in Italy by Dr. Salvatore Catania (Instituto Zooprofilattico Sperimentale, Venice) from layers, suffering from chronic respiratory disease. 
The MIC of tylosin and tilmicosin against this strain is <0.015 µg/mL and <0.12 µg/mL, respectively, as determined according to the guidelines of Hannan (9) and the Clinical Laboratory Standards Institute (5). The strain was stored at -70°C in Mycoplasma broth (Difco™ PPLO broth (BD, NJ, USA) supplemented with 1% D(+) Glucose monohydrate (Merck, Overijse, Belgium), 0.5% Phenol red (sodium salt) indicator (Merck, Overijse, Belgium), 10% Select Yeast Extract (Invitrogen, Carlsbad, CA, USA), 25% Inactivated Horse Serum (Invitrogen, Carlsbad, CA, USA) and amoxicillin (1 mg/mL) (3). One mL of the stored broth (-70°C) was added to 20 mL Mycoplasma broth, which was then incubated for 2 days at 37°C until change of colour from red to yellow was observed (19). A control of the bacterial concentration of the inoculum was done by inoculating ten-fold dilutions, in duplicate, in Mycoplasma broth, after which the number of colour changing units (ccu) was determined. 
Experimental design. In both trials, forty five one-day-old ROSS broiler chickens were randomly divided into 3 groups of 15 animals each. At 10 days of age all chickens were inoculated intratracheally with 100 µl Mycoplasma broth containing 7 log10 ccu of M. gallisepticum.
After infection, all birds were examined clinically and scored for respiratory symptoms on a daily basis until they were sacrificed (Table 1). 
Tracheal samples were taken at 1 day post M. gallisepticum inoculation (dpi) prior to the beginning of the medication and at 6 dpi, using cotton-tipped aluminium shafted swabs (Copan Diagnostics Inc., Corona, USA) and tested for the presence of M. gallisepticum DNA by quantitative polymerase chain reaction (qPCR). The birds were weighed at 1, 6 and 11 dpi. At 6 dpi, 5 birds/group with the highest wing number were sacrificed. At 11 dpi, the remaining birds were sacrificed. Euthanasia was performed by intravenous injection with an overdose (100 mg/kg) of sodium pentobarbital 20% (Kela, Hoogstraten, Belgium). The birds were weighed, necropsied and examined for gross lesions. In addition, swabs of the trachea, the lungs and airsacs were collected for M. gallisepticum examination using qPCR.

This experiment was approved by the Ethical Committee of the Faculty of Veterinary Medicine, Ghent University.

Antimicrobial treatments. Trial 1: Two chicken groups received tylosin tartrate treatment (Pharmasin® 100% w/w, Huvepharma) by medicating the drinking water for 5 successive days. Chickens in group T100tylo received 100 mg tylosin/kg BW per day. Chickens in group T35tylo received 35 mg tylosin/kg BW per day. Control group Ctylo remained untreated. Antimicrobial treatment started 1 day after M. gallisepticum inoculation.
Trial 2: Two chicken groups received tilmicosin treatment (Tilmovet® 250 mg/ml, Huvepharma) by medicating the drinking water for 5 successive days. Chickens in group T10tilm received 10 mg tilmicosin/kg BW per day. Chickens in group T20tilm received 20 mg tilmicosin/kg BW per day. Control group Ctilm remained untreated.
Antimicrobial treatment started 1 day after M. gallisepticum inoculation. In each group, water uptake was recorded daily, starting one day before treatment and continuing to the end of the treatment period. In addition, the body weight of each bird was determined daily during treatment. The arithmetic mean body weight per group was calculated. On the basis of these data, the antimicrobial concentrations to be administered in the water and the actual received dosages was calculated (data not shown). 

Clinical score. Signs of respiratory distress were scored as previously described (8). The scoring system is illustrated in Table 1.
Gross lesions. The birds were necropsied and examined for absence or presence of gross lesions in the respiratory organs (trachea, lungs and airsacs). An organ was considered affected whenever macroscopic signs of inflammation (tracheitis, airsaculitis or pneumonia) were present. Based upon these observations, the lesion incidence (% of affected birds) was calculated.  
qPCR analysis of tracheal, lung and airsac swabs. All swabs were suspended in 1 mL PBS. After 20 minutes shaking, the swabs were removed and the suspension was prepared for DNA isolation. Quantification of M. gallisepticum and M. synoviae by qPCR was performed as described previously (7, 19) after which the number of genomic equivalents (GE) /mL was calculated.

Statistical analyses. M. gallisepticum GE’s from tracheal swabs and clinical scores were analysed for all birds between 0 and 6 dpi and subsequently from the birds that were not euthanized between 0 and 11 dpi. Weight gains between 0 and 11 dpi were analysed for animals that were not euthanized at 6 dpi. The area under the curve (AUC) of the clinical scores and tracheal swabbing was analysed using a fixed-effects model with the treatment group as fixed effect.
Weight gain was compared at the end of the trial using a fixed-effects model.
M. gallisepticum GE’s from the trachea, lungs and airsacs of the animals were compared between the treatment groups with the Kruskall-Wallis test.
All tests were performed at a global 5% significance level and the pairwise comparisons were tested at a significance level, adjusted using Bonferroni’s multiple comparisons technique (2).
RESULTS
Mortality. Trial 1: Three chickens died before the planned date. Two chickens from group Ctylo died at 3 dpi and 4 dpi. One chicken from group T35tylo died at 5 dpi. All 3 birds died after several days of respiratory distress. Necropsy showed the presence of severe airsac, lung and trachea lesions. Two birds (1 from group Ctylo and 1 from group T35tylo) also suffered from perihepatitis and pericarditis.  

Trial 2: Two chickens died before the planned date. One chicken from group T20tilm died at 4 dpi and 1 bird from group Ctilm died at 10 dpi. The 2 birds died after showing signs of severe respiratory distress and necropsy showed severe airsac, lung and trachea lesions combined with perihepatitis and pericarditis. 
Except for the airsacs from the bird from group T20tilm which proved negative for Mycoplasma gallisepticum, qPCR analysis of the swabbed respiratory organs showed high M. gallisepticum GE values. Swabs from the lung, trachea, airsac, liver and pericard were also collected and tested for E. coli. All sampled organs from the birds showing perihepatitis and pericarditis were positive for E. coli after inoculation on McConkey agar plates. These results give evidence that the birds died due to the Mycoplasma infection, which might be complicated by secondary E. coli infection in two birds (1 from group Ctylo and 1 from group T35tylo) resulting in polyserositis and sepsis.   

Clinical signs. Mean clinical scoring results are shown in Figure 1 (trial 1) and Figure 2 (trial 2). Signs of respiratory disease were seen in all groups starting from 1 dpi which gives evidence that the experimental infection was successful.
Trial 1: In the control group mean respiratory scores rapidly increased after infection. All birds showed signs of respiratory distress and high mean respiratory scores (> score of 3) were observed until the end of the trial. In the tylosin treated groups, not all birds showed signs of respiratory disease and in most clinical ill birds signs of respiratory disease were only mild.  For both time-spans (0-6 dpi/0-11 dpi), both tylosin treatments differ significantly from group Ctylo (P<0.001/P<0.001).

Trial 2: Mean respiratory scores rapidly increased after infection in the control group and maximum mean respiratory scores (score of 4) were observed until the end of the trial. In the tilmicosin treated groups, signs of respiratory disease were less pronounced. For both time-spans (0-6 dpi/0-11 dpi), both tilmicosin treatments differ significantly from group Ctilm (P<0.008/P=0.000).

Presence of M. gallisepticum in tracheal mucus. The results of the qPCR analysis of the tracheal swabs (mean GE values) are shown in Figure 1 (trial 1) and Figure 2 (trial 2). At 1 dpi, high tracheal GE values of M. gallisepticum were observed in every experimental group which gives evidence that the experimental infection was successful.

Trial 1: At 6 dpi, an overall mean increase of GE values was observed in group Ctylo with 7.6 log10 GE/mL and this level was maintained until the end of the trial. Compared to group Ctylo,  a 5 log10 and a 2.7 log10 reduction in GE values was observed in group T100tylo and T35tylo, respectively (Fig. 3A). 

For both time-spans (1dpi-11 dpi) group T100tylo and group T35tylo differ significantly from group Ctylo (P<0.001). For the first time span (1 dpi-6 dpi), group T100tylo differs significantly from group T35tylo (P<0.001). 
Trial 2: At 6 dpi, an overall mean increase of GE values was observed in group Ctilm with 7.4 log10 GE/mL. This was maintained until the end of the trial. Compared to group Ctilm, a 2.5 log10 and a 2 log10 reduction in GE values was observed in group T20tilm and T10tilm, respectively (Fig. 3B). 
For both time-spans group T20tilm and group T10tilm differ significantly from group Ctilm (P<0.002).

Macroscopic findings. The incidences of the macroscopic lesions observed during necropsy are illustrated in Figure 3 (trial 1) and Figure 4 (trial 2).

Trial 1: At 6 dpi (Fig. 3A), group T35tylo and group T100tylo differ significantly from group Ctylo (both P=0.008), taking into account lung lesions. Group T35tylo (P=0.009) and group T100tylo (P=0.002) differ significantly from group Ctylo, taking into account all lesions.
At 11 dpi (Fig. 3B), group T35tylo (P=0.009) and group T100tylo (P<0.001) differ significantly from group Ctylo, comparing tracheal lesions. Group T35tylo (P=0.002) and group T100tylo (P<0.001) differ significantly from group Ctylo, comparing lung lesions. In addition, group T35tylo and group T100tylo differ significantly from group Ctylo (both P<0.001), comparing all lesions.
Trial 2: At 6 dpi (Fig. 4A), group T20tilm (P=0.008) and group T10tilm (P=0.008) differ significantly from group Ctilm, taking into account lung lesions. In addition, group T20tilm (P=0.00) and group T10tilm (P=0.002) differ significantly from group Ctilm, taking into account all lesions.
At 11 dpi (Fig. 4B), group T20tilm differs significantly from group T10tilm (P=0.009) and group Ctilm (P=0.009), comparing tracheal lesions. Group T20tilm differs significantly from group Ctilm (P=0.002), comparing lung lesions. Group T20tilm differs significantly from group T10tilm (P=0.000) and group Ctilm (P=0.001), taking into account the incidence of all lesions.
Presence of M. gallisepticum in organ swabs. The results of the qPCR analysis of the respiratory organs (mean M. gallisepticum GE values) of the birds necropsied at 6 dpi and 11 dpi are shown in Figure 3 (trial 1) and Figure 4 (trial 2).
Trial 1: At 6 dpi (Fig. 3C), group T100tylo differs significantly from group T35tylo (P=0.016) and group Ctylo (P=0.008) for the M. gallisepticum GE’s detected in the trachea. In addition, group T35tylo differs significantly from group Ctylo (P=0.032) for the M. gallisepticum GE’s detected in the trachea. Group T100tylo differs significantly from group from group Ctylo (P=0.008) for the M. gallisepticum GE’s detected in the lungs.

At 11 dpi (Fig. 3D), group T100tylo (P=0.001) and group T35tylo (P=0.008) differ significantly from group Ctylo regarding the M. gallisepticum GE’s detected in the lungs.

Trial 2: Highest mean M. gallisepticum GE values were observed in the trachea, airsacs and lungs from the birds belonging to group Ctilm. Lowest mean M. gallisepticum GE values were detected in the trachea, airsacs and lungs from the birds belonging to group T20tilm.
At 6 dpi (Fig. 4C), group T10tilm differs significantly from group Ctilm (P=0.008) for the M. gallisepticum GE’s detected in the trachea.

At 11 dpi (Fig. 4D), group T20tilm differs significantly from group Ctilm (P=0.002) and group T10tilm (P=0.006) and group T10tilm differs significantly from group Ctilm (P=0.043) regarding the M. gallisepticum GE’s detected in the lungs.

Weight. The mean weight gains of the birds in the different groups are presented in Figure 5. 
Trial 1: In the period after M. gallisepticum infection (1-11 dpi) an overall mean weight gain of 351 g, 590 g and 662 g was obtained in the birds of group Ctylo, T35tylo and T100tylo, respectively (Fig. 5A). Both tylosin treatments differ significantly from group Ctylo (both treatments P<0.001). 
Trial 2: In the period after M. gallisepticum infection (1-11 dpi) an overall mean weight gain of 370 g, 610 g and 666 g was obtained in the birds of group Ctilm, T20tilm, and T10tilm, respectively (Fig 5B). Statistical significant differences were observed between the 2 tilmicosin treatments and group Ctilm. (group T20tilm vs. group Ctilm: P=0.023; group T10tilm vs. group Ctilm: P=0.000). 

DISCUSSION
Both tylosin and tilmicosin treatments showed statistically significant better results for every examined parameter compared to the Mycoplasma infected untreated control group. Both treatments resulted in statistically significant lower clinical respiratory scores, statistically significant lower M. gallisepticum numbers in the respiratory tract (trachea and lungs), statistically significant lower lesion incidences and statistically significant higher weight gains. 

Only few studies have been published on the in vivo efficacy of tylosin against experimental M. gallisepticum infection (10, 12, 13, 20). All tested the same dosage schemes: i.e. dosing tylosin at 500 mg/L drinking water for 3 or 5 days. This complies with 200 mg tylosin/kg BW/d when normal drinking water uptake is assumed. 

Studies in chickens on the pharmacokinetics of tylosin, administered per os, are also limited. Yet, the results of these studies suggest good clinical efficacy when lower dosage schemes were to be applied. After a bolus oral administration of 10 mg/kg BW tylosin in chickens, a maximum serum concentration of 1.2 μg/mL was obtained with an elimination half-life of approximately 2 h after administration (17). Based on these values it was suggested (17) that 35 mg/kg BW/d could already comply for good clinical efficacy, since this dosing scheme would achieve drug concentrations above the MIC value during the whole treatment period. 

In our study, good clinical efficacy was obtained as well after a five day 35 mg/kg BW/d tylosin treatment as after a five day 100 mg/kg BW/d tylosin treatment. 
When the two tylosin treatments are compared to each other, statistically significant differences between the 100 mg/kg BW and the 35 mg/kg BW treatment could not be noted regarding the clinical respiratory scores, weight gains and lesion incidence observed during necropsy. During the medication period (1-6 dpi), the 100 mg/kg BW tylosin treatment resulted in a better reduction of M. gallisepticum multiplication in the respiratory tract (trachea and lungs). However, the higher M. gallisepticum numbers encountered in the respiratory tract during the medication period in the 35 mg/kg BW tylosin group did not result in a worse course of respiratory disease (clinical signs and lesions), nor in worse performance results (weight gain). Taking the entire duration of the experiment into account (1-11 dpi), these differences regarding M. gallisepticum numbers in the respiratory organs between the 100 mg/kg BW and the 35 mg/kg BW tylosin treatment group are not significant anymore. Therefore, for clinical efficacy, a treatment of 100 mg tylosin/kg BW daily for 5 days does not seem to be more efficacious than the dosage of 35 mg tylosin/kg BW daily for 5 days.

Regarding tilmicosin drinking water treatments in chickens, dosage schemes of 50 mg/L and higher were compared in previous experiments (4, 15). In these studies, it was suggested that the minimum effective concentration of tilmicosin against M. gallisepticum infection appears to be (or less than) 50 mg/L when administered for 3 of 5 days. This complies with the amount of drugs supplemented in the drinking water during the 20 mg/kg BW treatment in the current study. 
Also for tilmicosin, only a limited number of studies are available on the pharmacokinetics after oral administration in poultry. After a single oral administration of 30 mg/kg BW tilmicosin in chickens, the mean peak plasma concentration of tilmicosin in plasma was 2.12 μg/mL (1). A single oral dose of 50 mg/kg BW tilmicosin in fowl resulted in mean peak concentrations of 1.28 μg/mL in serum and 7.96 μg/mL in the lung (14). Elimination half-lives were 47.4 h from plasma after a single oral dose of 30 mg/kg BW (1) and 30.18 h from serum and 75.74 h from lung after a single oral dose of 50 mg/kg BW (14).  A three-day tilmicosin treatment dosed at 15 mg/kg BW in the drinking water results in long and stable tilmicosin concentrations in the chicken respiratory system (6). In airsacs and lungs, mean peak concentrations of >7 µg/g were observed as from day 3 until day 6 and tilmicosin levels in the respiratory tissue were still around 1 µg/g on day 8 (i.e. 5 days after treatment). It is the prolonged presence of therapeutic concentrations of tilmicosin in the lung and airsac tissues (6, 14, 21, 25) that might explain the high success rate of the tilmicosin treatments against respiratory pathogens. 
When comparing the 20 mg/kg BW and 10 mg/kg BW tilmicosin treatment, statistically significant differences could not be noticed during and shortly after treatment. However, at final necropsy, 11 dpi (i.e. 5 days post treatment) the 20 mg/kg BW tilmicosin treatment resulted in significant lower M. gallisepticum numbers in the lungs and a significant lower lesions incidence in the trachea. In addition, the 20 mg/kg BW tilmicosin treatment obtained a statistically significant reduction in lung lesions compared to the control group, while the 10 mg/kg BW treatment did not, probably due to the higher M. gallisepticum multiplication in the lungs. Therefore, to treat clinical outbreaks of Mycoplasma gallisepticum infections in broilers, a dosing scheme of 20 mg tilmicosin/kg BW for 5 successive days appears to be the most recommended.

One should keep in mind that the tylosin and tilmicosin treatments tested in this study were able to reduce the course of respiratory disease but elimination of M. gallisepticum from the birds could not be achieved. Therefore, since elimination of M. gallisepticum in an infected flock by antimicrobial therapy is unrealistic (16, 18, 24), medication should be regarded as a method for short-term amelioration of disease and economic effects rather than a long-term solution. Also, additional studies, such as dose conformation studies and field trials, should be performed to support the results of these trials. 
CONCLUSION

Both tylosin and both tilmicosin treatments reduced the course of clinical respiratory disease, macroscopic lesions in the respiratory organs, M. gallisepticum numbers in the respiratory tract and obtained higher weight gains compared to the Mycoplasma infected untreated control group. A treatment of 100 mg tylosin/kg BW daily for 5 days proved not to be more clinically efficacious than the dosage of 35 mg tylosin/kg BW daily for 5 days. Only few differences between the 20 mg/kg BW and 10 mg/kg BW tilmicosin treatment were noticed. However, at final necropsy, the 20 mg/kg BW tilmicosin treatment resulted in significant fewer respiratory tract lesions.  This could be due to the fact that after the five-day treatment period, a higher tilmicosin dose results in a slower re-emerge of Mycoplasma bacteria in the respiratory tract. Therefore, to treat clinical outbreaks of Mycoplasma gallisepticum in broilers, a dosing scheme of 20 mg tilmicosin/kg BW for 5 successive days seems to be the most recommended.
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Table 1. Scoring system for quantification of respiratory tract disease.
	Score
	Clinical sign

	0
	No respiratory signs

	+ 1
	Tracheal reflex 

	+ 1
	Breathing noise

	+ 1

or

+ 2
	Dyspnea only after manipulation

or

Obvious signs of dyspnea without manipulation


Figure 1. (A) Mean clinical scores and (B) mean number of genomic equivalents (log10) of M. gallisepticum in tracheal swabs collected from chickens, inoculated with M. gallisepticum and treated with tylosin at different dosing levels for 5 successive days. Group T100tylo (x) received 100 mg tylosin/kg body weight (BW) per day and group T35tylo (●) received 35 mg tylosin/kg BW per day. Control group Ctylo (◊) remained untreated. Treatments with different superscripts [abc] differ significantly from each other at the 5% global significance level for the analysed time spans 1-6 dpi and 1-11 dpi.

Figure 2. (A) Mean clinical scores and (B) mean number of genomic equivalents (log10) of M. gallisepticum in tracheal swabs collected from chickens, inoculated with M. gallisepticum and treated with tilmicosin at different dosing levels for 5 successive days. Group T10tilm (x) received 10 mg tilmicosin/kg body weight (BW) per day and group T20tilm (●) received 20 mg tilmicosin/kg BW per day. Control group Ctilm (◊) remained untreated. Treatments with different superscripts [ab] differ significantly from each other at the 5% global significance level for the analysed time spans 1-6 dpi and 1-11 dpi.
Figure 3. Incidence of macroscopic lesions (% of birds) at 6 days post infection (dpi) (A) and at 11 dpi (B) and mean number of genomic equivalents (log10) of M. gallisepticum in respiratory organs collected at 6 dpi (C) and at 11 dpi (D) of chickens inoculated with M. gallisepticum and treated with tylosin at different dosing levels for 5 successive days. Group T100tylo received 100 mg tylosin/kg body weight (BW) per day and group T35tylo received 35 mg tylosin/kg BW per day. Control group Ctylo remained untreated. Treatments with different superscripts [ab] differ significantly from each other at the 5% global significance level.

Figure 4. Incidence of macroscopic lesions (% of birds) at 6 days post infection (dpi) (A) and at 11 dpi (B) and mean number of genomic equivalents (log10) of M. gallisepticum in respiratory organs collected at 6 dpi (C) and at 11 dpi (D) of chickens inoculated with M. gallisepticum and treated with tilmicosin at different dosing levels for 5 successive days. Group T10tilm received 10 mg tilmicosin/kg body weight (BW) per day and group T20tilm received 20 mg tilmicosin/kg BW per day. Control group Ctilm remained untreated. Treatments with different superscripts [ab] differ significantly from each other at the 5% global significance level.

Figure 5. Mean weight gains from chickens, inoculated with M. gallisepticum and treated with (A) tylosin or (B) tilmicosin at different dosing levels for 5 successive days. Group T100tylo received 100 mg tylosin/kg body weight (BW) per day and group T35tylo received 35 mg tylosin/kg BW per day. Group T10tilm received 10 mg tilmicosin/kg BW per day and group T20tilm received 20 mg tilmicosin/kg BW per day. Control groups Ctylo and Ctilm remained untreated. Treatments with different superscripts [ab] differ significantly from each other at the 5% global significance level.
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