Supplement - Garrett-Larsen et. al., Reinfection with a Bacterial Pathogen Augments Heterogeneity in Host Disease Responses
[bookmark: _p4tl5w4h8hn6]Supplemental Methods
[bookmark: _hvzizksd0n7t]Field capture & quarantine
[bookmark: _7u06d3ngu7g6]From May to August 2023, 157 wild house finches were caught in Montgomery County, VA using wire cage traps and mist nets at baited feeders. Only hatch year (juvenile) birds without clinical signs of Mycoplasmal conjunctivitis were retained. Birds were pair-housed in indoor cages (46 x 76 x 46 cm) in rooms set to a 12L:12D light cycle and monitored for clinical signs of MG infection (i.e., conjunctivitis) for three weeks upon intake. In the third week of quarantine, blood plasma was collected from the brachial vein to confirm seronegativity for MG IgY antibodies using a commercial ELISA kit (described in methods). To ensure all birds were pathogen-naive, any bird that developed pathology during their quarantine, had an infected cagemate, or was seropositive for MG IgY antibodies, was excluded from the study. 
[bookmark: _qn8by3vftq66]Sample Sizes
Of the 157 wild-caught birds, 11 were excluded from some or all analyses: One died of unknown causes before the completion of the experiment and another was later determined to be seropositive just prior to the start of the experiment, and these were excluded from all analyses. Following primary challenge, birds were considered unrecovered if their eyeswab had a pathogen load greater than 50 copies in a qPCR assay on DPPI [days post-priming inoculation] 41 [1]. Four birds (three that received a high primary dose treatment, and one low primary dose) met these criteria directly before reinfection and were excluded from secondary challenge analyses. However, these four birds were retained for analyses of mean and variation in antibody levels, because the data for these analyses were collected in response to primary treatment and are thus unaffected by residual infection prior to secondary treatment. 
Five sham-inoculated birds (5/51), which were never exposed to MG, were conservatively excluded from all analyses for one of the following two reasons: 1) for 2 birds: they were given a low eyescore (0.5) on a single day, but it was the only pathology reported for a bird, and there was no other indication of infection (i.e., all of that bird’s swab samples were qPCR negative). 2) For three birds: they had positive, low eyeswab samples on one day of the primary inoculation, which was likely due to contamination at some point during the sample’s collection or processing. 
[bookmark: _tjaat75jhxk0] Final sample sizes were n=150 for all analyses of eye score and pathogen load primary infection and n=146 for all analyses of reinfection (i.e., antibody analyses). Fifteen plasma samples were lost from DPPI 14 and one from DPPI 41 sampling, resulting in reduced sample sizes for antibody analyses. Of the fifteen samples lost from DPPI 14, fourteen were sham inoculated and one was inoculated with a low dose. The one plasma sample lost from DPPI 41 was from a bird inoculated with a low dose. Because GLMMs were performed separately for individual sampling days, individuals with missing samples were retained in antibody analyses on days on which they did have samples, resulting in variable sample sizes (Table S4). Complete removal of individuals with missing plasma samples from all antibody analyses did not meaningfully change effect sizes, significance, means, or variability metrics (Table S5). 
[bookmark: _cqad5pfg01v8]Experimental timeline & inoculations
Primary exposure
Three weeks prior to the start of the experiment, birds were moved into clean (46 x 76 x 46 cm) cages and single-housed within the same facility where they were quarantined (Supplemental - Methods). Baseline plasma and eyeswab samples were collected (described below) one week prior to when primary inoculations were administered (Experimental Timeline - Table S2). To create a gradient of prior exposure, birds were inoculated via ocular absorption with 70 µL (35 µl per eye) of a solution of MG suspended in Frey’s media. Birds received one of three primary treatments: sham control [0.0 CCU/mL; sterile Frey’s media]; low dose [7.5 x 102 CCU/mL]; or high dose [3.0 x 104 CCU/mL] (Fig. 1). The MG strain used was the original index isolate, VA1994 [2]. Beginning one week (DPPI 7) after the inoculations, samples and data were collected weekly until DPPI 41. Measurements of pathology (eyescores), pathogen load (eyeswabs), and antibody data were collected longitudinally for each bird (Table S2). Because IgY antibody data were collected on DPPI 41 (i.e., one day before secondary inoculations took place), those antibody measurements should relate to a bird’s reinfection susceptibility the following day when they received their secondary exposure dose (below).
Secondary exposure
Birds were allowed to recover from their primary exposure for forty-one days, at which point they were checked for unresolved MG infections via eye scoring and swabbing. The next day (DPPI 42), birds from each primary treatment group received one of five secondary challenge doses in the same manner as the primary inoculations: 0.0 CCU/mL (i.e., sham), 3.0 x 101 CCU/mL, 1.0 x 102 CCU/mL, 3.0 x 102 CCU/mL, or 7.0 x 103 CCU/mL (Figure 1; Table S2). Measurements of pathology (eyescores) and pathogen load data (eyeswabs) were collected beginning four days after secondary challenge (DPSI [days post-secondary inoculation] 4), and then weekly through the end of the study on DPSI 21. 

[bookmark: _pyopy3lrg1bx]Supplemental Tables and Figures
Table S1. Model results for antibody analyses. Model output for GLMM testing the effect of primary treatment on mean antibody levels on three different days post primary inoculation (DPPI -8, 14, and 41). Estimates for both the conditional model (mean response) and dispersion estimates (variance structure) are presented on the log scale. Reference categories were Primary Treatment = Sham and DPPI = -8. Bolded p-values are significant (ɑ = 0.05). 


[bookmark: _9459bsfru1jl]Table S2. Model results for antibody analyses. Model outputs for three GLMs (susceptibility to reinfection) testing the predictive ability of antibodies for reinfection susceptibility (yes or no) independently on two different days post-priming inoculation (14, and 41). Bolded p-values are significant (ɑ = 0.05). 







[bookmark: _xji72tt9jeq4]Table S3. Summary of results for eyescore and pathogen load data. Variability metrics (coefficient of variation [CV] and proportional variability [PV]) calculated for each primary treatment group based on maximum eye score and log10 pathogen load following secondary (7,000 dose only) pathogen challenge for all individuals. Mean value per metric (maximum recorded “eyescore” and “pathogen load”), standard error (SE), and number of infected and uninfected individuals are reported. 


Table S4. Primary and secondary challenge sample sizes. Number of birds per treatment group. Primary and Secondary Dose columns indicate the pathogen inoculation doses in CCU/mL and the respective number of birds that received each dose. More birds are shown for the Primary Challenge (n = 150) than indicated in the Total column (n = 146) due to the non-recovery of four birds from their initial infection.


Table S5. Summary of results for raw max pathogen load and log10 transformed max pathogen load data. Variability metrics (coefficient of variation [CV] and proportional variability [PV]) calculated for each primary treatment group based on maximum raw pathogen load and log10 pathogen load following secondary (7,000 dose only) pathogen challenge for all individuals. Mean value per metric (maximum recorded “pathogen load”), standard error (SE), and number of infected and uninfected individuals are reported. 
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Figure S1. Comparison of metrics of variability for antibody levels across primary challenge. Proportional variability (PV; solid points and lines) and coefficient of variation (CV; transparent points and dashed lines) of antibody levels calculated for each primary treatment group per sampling day following primary challenge (days post-priming inoculation 0). Error bars represent 95% CIs calculated by bootstrapping the raw data 1,000 times with replacement.
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Figure S2. Comparison of variability metrics between raw and log10 max pathogen load. Proportional variability (PV; solid points and error bars) and coefficient of variation (CV; hollow points and dashed error bars) of raw and log10 transformed max pathogen loads calculated for each primary treatment group rechallenged with 7,000 CCU/mL MG. Error bars represent 95% Cis calculated by bootstrapping the raw data 1,000 times with replacement. 
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				Response Variable		Predictor Variables		Mean Estimate		+/- SEM		z value		df		p-value

				Conditional Model

				Mean Antibody Levels (Priming Challenge)

						Intercept		-3.076		0.008		-389.312		1		< 0.0001		***

						Primary Treatment Low		0.014		0.013		1.137		1		0.255

						Primary Treatment High		0.005		0.011		0.416		1		0.678

						DPPI 14		-0.043		0.009		-4.714		1		< 0.0001		***

						DPPI 41		-0.023		0.012		-1.924		1		0.054

						Primary Treatment Low : DPPI 14		0.301		0.050		5.975		1		< 0.0001		***

						Primary Treatment High : DPPI 14		0.758		0.043		17.633		1		< 0.0001		***

						Primary Treatment Low : DPPI 41		0.051		0.025		2.036		1		0.042		*

						Primary Treatment High: DPPI 41		0.242		0.034		7.089		1		< 0.0001		***

				Dispersion Model

				Mean Antibody Levels (Priming Challenge)

						Intercept		5.925		0.226		26.184		1		< 0.0001		***

						Primary Treatment Low		-0.571		0.326		-1.753		1		0.080

						Primary Treatment High		-0.264		0.339		-0.778		1		0.437

						DPPI 14		1.314		0.493		2.663		1		0.008		**

						DPPI 41		-0.450		0.331		-1.359		1		0.174

						Primary Treatment Low : DPPI 14		-4.532		0.604		-7.501		1		< 0.0001		***

						Primary Treatment High : DPPI 14		-4.569		0.619		-7.383		1		< 0.0001		***

						Primary Treatment Low : DPPI 41		-0.958		0.449		-2.132		1		0.033		*

						Primary Treatment High: DPPI 41		-2.220		0.461		-4.819		1		< 0.0001		***
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				Response Variable		Predictor Variables		Mean Estimate		+/- SEM		z value		df		p-value

				Susceptibility to Reinfection: Active Infection Antibody Levels

						Intercept		-2.667		1.390		-1.9188136838		128		0.055

						Antibody Levels DPPI 14		-71.617		24.077		-2.9745329806		128		0.003		**

						Log10(Secondary Dose)		1.916		0.399		4.8047998779		128		1.55E-06		***

				Susceptibility to Reinfection: Recovered  Antibody Levels

						Intercept		4.131		3.212		1.286		142		0.198

						Antibody Levels DPPI 41		-217.930		73.370		-2.970		142		0.003		**

						Log10(Secondary Dose)		1.764		0.328		5.379		142		7.49E-08		***





Supplementary Table 3



				Primary Treatment		Secondary  Challenge [7,000 Dose Only]

						Max Eyescore								Max Log10 Pathogen Load								No. Infected		No. Uninfected		Total

						CV		PV		Mean		SE		CV		PV		Mean		SE

				Sham		0.62		0.47		2.50		0.45		0.07		0.08		4.90		0.10		12		0		12

				Low		1.31		0.66		0.88		0.33		1.00		0.72		2.41		0.70		6		6		12

				High		3.1		0.2		0.05		0.05		0.83		0.67		0.89		0.23		2		8		10





Supplemantary Table 4



				Primary Dose (CCU/mL)		Primary Challenge		Not Recovered		Secondary Challenge

										Secondary Dose (CCU/mL)										Total

										0		30		100		300		7000

				Sham = 0		46		0		2		11		11		10		12		46

				Low = 750		51		1		4		11		12		11		12		50

				High = 30000		53		3		6		11		12		11		10		50

				Total		150		4		12		33		35		32		34		146
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				Primary Treatment		Secondary  Challenge [7,000 Dose Only]

						Max Pathogen Load								Max Log10 Pathogen Load								No. Infected		No. Uninfected		Total

						CV		PV		Mean		SE		CV		PV		Mean		SE

				Sham		0.82		0.55		106764.00		25147.00		0.07		0.08		4.90		0.10		12		0		12

				Low		1.72		0.80		58728.00		29085.00		1.00		0.72		2.41		0.70		7		5		12

				High		1.6		0.753		25.5		13.4		0.83		0.67		0.89		0.23		2		8		10
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Response Variable Predictor Variables Mean Estimate +/- SEM z value df p-value
Conditional Model
Mean Antibody Levels (Priming Challenge)



Intercept -3.076 0.008 -389.312 1 < 0.0001 ***
Primary Treatment Low 0.014 0.013 1.137 1 0.255
Primary Treatment High 0.005 0.011 0.416 1 0.678
DPPI 14 -0.043 0.009 -4.714 1 < 0.0001 ***
DPPI 41 -0.023 0.012 -1.924 1 0.054
Primary Treatment Low : DPPI 14 0.301 0.050 5.975 1 < 0.0001 ***
Primary Treatment High : DPPI 14 0.758 0.043 17.633 1 < 0.0001 ***
Primary Treatment Low : DPPI 41 0.051 0.025 2.036 1 0.042 *
Primary Treatment High: DPPI 41 0.242 0.034 7.089 1 < 0.0001 ***



Dispersion Model
Mean Antibody Levels (Priming Challenge)



Intercept 5.925 0.226 26.184 1 < 0.0001 ***
Primary Treatment Low -0.571 0.326 -1.753 1 0.080
Primary Treatment High -0.264 0.339 -0.778 1 0.437
DPPI 14 1.314 0.493 2.663 1 0.008 **
DPPI 41 -0.450 0.331 -1.359 1 0.174
Primary Treatment Low : DPPI 14 -4.532 0.604 -7.501 1 < 0.0001 ***
Primary Treatment High : DPPI 14 -4.569 0.619 -7.383 1 < 0.0001 ***
Primary Treatment Low : DPPI 41 -0.958 0.449 -2.132 1 0.033 *
Primary Treatment High: DPPI 41 -2.220 0.461 -4.819 1 < 0.0001 ***
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				Response Variable		Predictor Variables		Mean Estimate		+/- SEM		z value		df		p-value

				Conditional Model

				Mean Antibody Levels (Priming Challenge)

						Intercept		-3.076		0.008		-389.312		1		< 0.0001		***

						Primary Treatment Low		0.014		0.013		1.137		1		0.255

						Primary Treatment High		0.005		0.011		0.416		1		0.678

						DPPI 14		-0.043		0.009		-4.714		1		< 0.0001		***

						DPPI 41		-0.023		0.012		-1.924		1		0.054

						Primary Treatment Low : DPPI 14		0.301		0.050		5.975		1		< 0.0001		***

						Primary Treatment High : DPPI 14		0.758		0.043		17.633		1		< 0.0001		***

						Primary Treatment Low : DPPI 41		0.051		0.025		2.036		1		0.042		*

						Primary Treatment High: DPPI 41		0.242		0.034		7.089		1		< 0.0001		***

				Dispersion Model

				Mean Antibody Levels (Priming Challenge)

						Intercept		5.925		0.226		26.184		1		< 0.0001		***

						Primary Treatment Low		-0.571		0.326		-1.753		1		0.080

						Primary Treatment High		-0.264		0.339		-0.778		1		0.437

						DPPI 14		1.314		0.493		2.663		1		0.008		**

						DPPI 41		-0.450		0.331		-1.359		1		0.174

						Primary Treatment Low : DPPI 14		-4.532		0.604		-7.501		1		< 0.0001		***

						Primary Treatment High : DPPI 14		-4.569		0.619		-7.383		1		< 0.0001		***

						Primary Treatment Low : DPPI 41		-0.958		0.449		-2.132		1		0.033		*

						Primary Treatment High: DPPI 41		-2.220		0.461		-4.819		1		< 0.0001		***





Supplementary Table 2



				Response Variable		Predictor Variables		Mean Estimate		+/- SEM		z value		df		p-value

				Susceptibility to Reinfection: Active Infection Antibody Levels

						Intercept		-2.667		1.390		-1.9188136838		128		0.055

						Antibody Levels DPPI 14		-71.617		24.077		-2.9745329806		128		0.003		**

						Log10(Secondary Dose)		1.916		0.399		4.8047998779		128		1.55E-06		***

				Susceptibility to Reinfection: Recovered  Antibody Levels

						Intercept		4.131		3.212		1.286		142		0.198

						Antibody Levels DPPI 41		-217.930		73.370		-2.970		142		0.003		**

						Log10(Secondary Dose)		1.764		0.328		5.379		142		7.49E-08		***





Supplementary Table 3



				Primary Treatment		Secondary  Challenge [7,000 Dose Only]

						Max Eyescore								Max Log10 Pathogen Load								No. Infected		No. Uninfected		Total

						CV		PV		Mean		SE		CV		PV		Mean		SE

				Sham		0.62		0.47		2.50		0.45		0.07		0.08		4.90		0.10		12		0		12

				Low		1.31		0.66		0.88		0.33		1.00		0.72		2.41		0.70		6		6		12

				High		3.1		0.2		0.05		0.05		0.83		0.67		0.89		0.23		2		8		10





Supplemantary Table 4



				Primary Dose (CCU/mL)		Primary Challenge		Not Recovered		Secondary Challenge

										Secondary Dose (CCU/mL)										Total

										0		30		100		300		7000

				Sham = 0		46		0		2		11		11		10		12		46

				Low = 750		51		1		4		11		12		11		12		50

				High = 30000		53		3		6		11		12		11		10		50

				Total		150		4		12		33		35		32		34		146





Supplementary Table 5



				Primary Treatment		Secondary  Challenge [7,000 Dose Only]

						Max Pathogen Load								Max Log10 Pathogen Load								No. Infected		No. Uninfected		Total

						CV		PV		Mean		SE		CV		PV		Mean		SE

				Sham		0.82		0.55		106764.00		25147.00		0.07		0.08		4.90		0.10		12		0		12

				Low		1.72		0.80		58728.00		29085.00		1.00		0.72		2.41		0.70		7		5		12

				High		1.6		0.753		25.5		13.4		0.83		0.67		0.89		0.23		2		8		10
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Response Variable Predictor Variables Mean Estimate +/- SEM z value df p-value
Susceptibility to Reinfection: Active Infection Antibody Levels



Intercept -2.667 1.390 -1.9188137 128 0.055
Antibody Levels DPPI 14 -71.617 24.077 -2.974533 128 0.003 **
Log10(Secondary Dose) 1.916 0.399 4.80479988 128 1.55E-06 ***



Susceptibility to Reinfection: Recovered  Antibody Levels
Intercept 4.131 3.212 1.286 142 0.198
Antibody Levels DPPI 41 -217.930 73.370 -2.970 142 0.003 **
Log10(Secondary Dose) 1.764 0.328 5.379 142 7.49E-08 ***
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				Response Variable		Predictor Variables		Mean Estimate		+/- SEM		z value		df		p-value

				Conditional Model

				Mean Antibody Levels (Priming Challenge)

						Intercept		-3.076		0.008		-389.312		1		< 0.0001		***

						Primary Treatment Low		0.014		0.013		1.137		1		0.255

						Primary Treatment High		0.005		0.011		0.416		1		0.678

						DPPI 14		-0.043		0.009		-4.714		1		< 0.0001		***

						DPPI 41		-0.023		0.012		-1.924		1		0.054

						Primary Treatment Low : DPPI 14		0.301		0.050		5.975		1		< 0.0001		***

						Primary Treatment High : DPPI 14		0.758		0.043		17.633		1		< 0.0001		***

						Primary Treatment Low : DPPI 41		0.051		0.025		2.036		1		0.042		*

						Primary Treatment High: DPPI 41		0.242		0.034		7.089		1		< 0.0001		***

				Dispersion Model

				Mean Antibody Levels (Priming Challenge)

						Intercept		5.925		0.226		26.184		1		< 0.0001		***

						Primary Treatment Low		-0.571		0.326		-1.753		1		0.080

						Primary Treatment High		-0.264		0.339		-0.778		1		0.437

						DPPI 14		1.314		0.493		2.663		1		0.008		**

						DPPI 41		-0.450		0.331		-1.359		1		0.174

						Primary Treatment Low : DPPI 14		-4.532		0.604		-7.501		1		< 0.0001		***

						Primary Treatment High : DPPI 14		-4.569		0.619		-7.383		1		< 0.0001		***

						Primary Treatment Low : DPPI 41		-0.958		0.449		-2.132		1		0.033		*

						Primary Treatment High: DPPI 41		-2.220		0.461		-4.819		1		< 0.0001		***
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				Response Variable		Predictor Variables		Mean Estimate		+/- SEM		z value		df		p-value

				Susceptibility to Reinfection: Active Infection Antibody Levels

						Intercept		-2.667		1.390		-1.9188136838		128		0.055

						Antibody Levels DPPI 14		-71.617		24.077		-2.9745329806		128		0.003		**

						Log10(Secondary Dose)		1.916		0.399		4.8047998779		128		1.55E-06		***

				Susceptibility to Reinfection: Recovered  Antibody Levels

						Intercept		4.131		3.212		1.286		142		0.198

						Antibody Levels DPPI 41		-217.930		73.370		-2.970		142		0.003		**

						Log10(Secondary Dose)		1.764		0.328		5.379		142		7.49E-08		***
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				Primary Treatment		Secondary  Challenge [7,000 Dose Only]

						Max Eyescore								Max Log10 Pathogen Load								No. Infected		No. Uninfected		Total

						CV		PV		Mean		SE		CV		PV		Mean		SE

				Sham		0.62		0.47		2.50		0.45		0.07		0.08		4.90		0.10		12		0		12

				Low		1.31		0.66		0.88		0.33		1.00		0.72		2.41		0.70		6		6		12

				High		3.1		0.2		0.05		0.05		0.83		0.67		0.89		0.23		2		8		10
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				Primary Dose (CCU/mL)		Primary Challenge		Not Recovered		Secondary Challenge

										Secondary Dose (CCU/mL)										Total

										0		30		100		300		7000

				Sham = 0		46		0		2		11		11		10		12		46

				Low = 750		51		1		4		11		12		11		12		50

				High = 30000		53		3		6		11		12		11		10		50

				Total		150		4		12		33		35		32		34		146
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				Primary Treatment		Secondary  Challenge [7,000 Dose Only]

						Max Pathogen Load								Max Log10 Pathogen Load								No. Infected		No. Uninfected		Total

						CV		PV		Mean		SE		CV		PV		Mean		SE

				Sham		0.82		0.55		106764.00		25147.00		0.07		0.08		4.90		0.10		12		0		12

				Low		1.72		0.80		58728.00		29085.00		1.00		0.72		2.41		0.70		7		5		12

				High		1.6		0.753		25.5		13.4		0.83		0.67		0.89		0.23		2		8		10






image3.emf



CV PV Mean SE CV PV Mean SE
Sham 0.62 0.47 2.50 0.45 0.07 0.08 4.90 0.10 12 0 12
Low 1.31 0.66 0.88 0.33 1.00 0.72 2.41 0.70 6 6 12
High 3.1 0.2 0.05 0.05 0.83 0.67 0.89 0.23 2 8 10
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