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S1. Model
Counts approximation. For an adult with stay L whole days, intake on day 0, the adult is present on day j if L ≥ j. With daily risk q, onset of protection d (7 days at base) and incubation lag λ, a first-dose failure converted by a second dose on day 14 is protected from day 15 + d. With the departure convention, the second dose averts its infection on days 15 + d to L, with probability (1 − q)^min(L, 14 + d) − (1 − q)^L, which is zero when L ≤ 14 + d. For small q this is close to q × max(0, L − 14 − d), so per admission A ≈ q × C, with C = Σ P(L) max(0, L − 14 − d). A window case is an infection on day k diagnosed on day k + λ between days 8 and 21 while the animal is present. An adult whose intake dose works contributes infections on days 1 to d, so its window cases fall on days max(8, λ + 1) to min(21, λ + d). A failure also contributes infections on later days, diagnosed on days max(8, λ + d + 1) to 21. For small q, the window count per admission is W ≈ S q (Ew + f Ev), where Ew and Ev are the adult-days in care on those two sets of days. Hence q = W / [S (Ew + f Ev)] and NNV = D (Ew + f Ev) / (f r C W), with D = P(L > 14). The shelter-facing rate is R = 1000 W / E, with E the adult-days on days 8 to 21, so W = R E / 1000. For a dose on day T, D and C use T in place of 14.
Exact form. The exact form keeps the full probabilities. Per 1,000 adult admissions the window count is 1000 S Σ P(L) [(1 − f) P(infection on days a to min(b, d)) + f P(infection on days a to b)], with a = max(1, 8 − λ), b = min(21, L) − λ and P(infection on days a to b) = (1 − q)^(a − 1) − (1 − q)^b, taken as zero when b < a. The daily risk q that reproduces the entered window count was found by bisection on (0, 0.05). Then A = Σ P(L) [(1 − q)^min(L, 14 + d) − (1 − q)^L] and NNV = D / (S f r A). At the base window case rate the exact form gives NNVs 2% to 10% above the approximation at the six shelters (S10).
Parameter derivations. The derivations summarized in the main text follow.
Susceptible at intake (S). The susceptible fraction sets the daily risk implied by a window count but cancels from the NNV, so it is given for completeness. For each disease, the same antibody threshold defined both susceptibility at intake and failure after the first dose. That threshold was undetectable antibody for cats and distemper and the protective cutoff for parvovirus, so that failures are counted among the same animals counted as susceptible. For cats, 45% of adults entering a Florida shelter had titers below the protective cutoff of 1:40 [1]. That study did not report how many had no detectable antibody, so the share was taken from a study of owned adult cats, in which 19/40 cats below 1:40 had no detectable antibody [2]. The cat value is therefore 0.45 times 19/40, or 0.21. For distemper, 32/68 dogs sampled within four days of intake had no detectable antibody [3]. For parvovirus, 49/285 dogs at least one year old lacked a protective titer [4].
First-dose failure (f). Failure was defined for cats and for distemper as antibody still undetectable after one dose. A dog or cat with low but detectable antibody after a modified live dose has been primed and is likely protected [5], so raising its titer above a cutoff is not the rescue f and r describe. For cats, Bergmann et al. reported 19 adults with no detectable antibody before one dose and 2 with none 28 days after it, without publishing the pairing [2]. The model assumes those 2 were among the 19, giving f = 2/19. For distemper, 2/23 adults with no recorded vaccination before intake, given one modified live dose in the source cohort [3], had no detectable antibody 14 or more days later. Only 6/23 had an intake titer confirming they were susceptible, and 1 of those 6 failed, so a sensitivity analysis set distemper f to 1/6. For parvovirus, 4/45 seronegative adult shelter dogs had no protective antibody on day 14 by a point-of-care test [6]. That test reports only a protective cutoff, so parvovirus failure uses a protective-titer definition because undetectable-based data are not available.
Onset of protection. A dose that works was assumed to protect from a fixed number of days after it is given, the same for both doses and all three antigens. The base was 7 days, and every whole day from 3 to 14 was evaluated. The earliest onset is poorly defined, because many studies first sample 7 days after vaccination. In a challenge study, both cats vaccinated subcutaneously with a modified live panleukopenia vaccine 3 days earlier were protected [7]. In seronegative specific pathogen-free cats, low panleukopenia titers were detectable in some cats 3 days after one modified live dose, titers above the laboratory’s positive cutoff appeared in 6/10 by day 7, and all cats exceeded it by day 10 [8]. In kittens, 5/6 given a modified live vaccine were positive on day 7 and all by day 10 [9]. In puppies with low maternal antibody, parvovirus seroconversion first appeared 7 and 14 days after one dose for the two vaccine strains [10]. Seven days, the first sampling day on which most animals in the serologic studies were above the positive cutoff, was selected as the common base assumption.
Window case rate. The base was 0.10 adult cases diagnosed 8 to 21 days after intake per 1,000 adult-days in care on those days, a round illustrative value. One range is used for all three diseases. It is illustrative, informed by shelter observations, and neither end is an empirical bound. The lower end, 0.02, has no data source. One shelter recorded no panleukopenia in 5,541 episodes of cats at least one year old, 13,867 adult-days on days 8 to 21, an exact one-sided 95% upper limit of 0.22 per 1,000 adult-days, so a rate near zero cannot be excluded, and at zero the second dose averts nothing. The upper end, 0.22, is a scenario value informed by the two distemper outbreaks in the source cohort, with adult care-days estimated from occupancy [3]. At the observed dog stays those outbreaks correspond to 0.07 to 0.16 per 1,000 adult-days counting all adult window cases and 0.03 to 0.07 counting only dogs never given recombinant vaccine, so the upper end errs toward favoring the second dose. Panleukopenia and parvovirus use the same range because no comparable data were available. Derivations and qualifications are in Additional file 1, S4. Results were also computed up to 2 per 1,000 adult-days, beyond the evaluated range.
Window count under a second dose. A second dose on day 14 protects a converted failure from day 15 + d. Its effect on the window count, with q held at the value solved under vaccination at intake only protocol, is zero when d + λ ≥ 7. Across every onset and lag in range, other inputs at base, it lowered the window count by at most 3%, and by at most 9% at the high end of r. More generally, a second dose given on day t protects from day t + d + 1, so it lowers the window count only if t ≤ 20 − d − λ, on day 8 or earlier at the base onset and a lag of 5 days. A shelter whose past protocol gave the second dose that early would record fewer window cases than under vaccination at intake only.
Illustrative LOS profiles. Each illustrative profile is a mixture of groups of adults, each leaving at a constant daily rate. A group with mean stay m whole days has P(L ≥ j) = [m / (m + 1)]^j, so an adult in it leaves on any day with probability 1 / (m + 1). Mixtures were capped at one year, as the observed curves were, so that stays of 365 days or more count as 365. The log-logistic stays in Table S7c, fixed by a mean and a median and truncated at two years, treat a reported stay of t days as the whole-day part of a continuous time, with the shape solved so that the truncated mean equals the reported mean.
For distemper first-dose failure, the cohort reanalysis (canine_cdv_first_dose_failure.do) restricted the source cohort to dogs at least one year old at intake, with no recorded vaccination before intake and only modified live product, and with a titer drawn at least 6 days after the first dose while only that dose counted. A dog was a failure if a one-dose titer drawn 14 or more days after the first dose was undetectable, or if its earliest titer 14 or more days after that dose was undetectable with no earlier detectable titer. The reanalysis reproduces the published 29/30. The assumption that these dogs were susceptible at intake could be checked for only 6/23, all of whom were seronegative at intake, and 1 of those 6 failed.
For the share converted, the cohort copy (canine_second_dose_rescue.do) takes dogs whose first shelter dose was a modified live vaccine and who had an undetectable titer 14 or more days after it. The second dose was the same product in every dog, given a median of 23 days after the first (range 14 to 181). A dog failed the second dose if any titer 14 or more days after it was undetectable, and converted if its first detectable titer came 6 or more days after the second dose and before a third dose could act. Other dogs were unclassifiable. Among dogs at least 16 weeks old the second dose converted none of 8, an exact one-sided 97.5% upper limit of 37%. The low end of the range, 0.06, is that 0/8 with a Jeffreys prior, which supplies most of the value. Most of these dogs converted eventually, after a median of 4 doses [3].
Table S1. Second-dose outcome among first-dose failures in the distemper source cohort (canine_second_dose_rescue.do).
	Dogs
	First-dose failures
	Converted by second dose
	Second dose failed
	Unclassifiable

	all ages
	12
	2
	9
	1

	at least 16 weeks at intake
	9
	0
	8
	1

	at least 1 year at intake
	7
	0
	6
	1


Human data provide context rather than calibration. In children, a measles-containing dose six weeks after the first converted 92/119 who were seronegative after the first dose (77%) [11], the high end of the range. Its seronegative cutoff counts some low responders as failures, and residual maternal antibody at the first dose leaves failures that are easier to rescue, so both features raise the figure relative to adult shelter animals. Adults seronegative after two documented doses converted at 46% after one more [12]. Higher values in children revaccinated years later [13, 14] mix waned responders with primary failures. The base of 0.25 lies inside every interval from the canine cohort and gives some weight to the human data, which run higher. It does not transfer automatically to panleukopenia or parvovirus, for which no data exist.
S2. Where adult cases arise
Table S2. Per 1,000 adult admissions at the base inputs, under vaccination at intake only unless stated, by day of infection, from the counts approximation. Cases include infections in the shelter diagnosed after departure. The window case rate is 0.10 per 1,000 adult-days in every row by construction. The last column is what the second dose averts.
	Disease
	Stay
	Daily risk of infection (%)
	Second doses
	Adult cases, whole stay
	Infected days 1 to 7, any susceptible
	Failures infected days 8 to 21
	Failures infected day 22 on, not converted
	Failures infected day 22 on, converted (averted)

	Panleukopenia, cats
	Shelter A
	0.087
	194
	0.842
	0.722
	0.059
	0.046
	0.015

	Panleukopenia, cats
	Shelter B
	0.089
	318
	1.222
	1.011
	0.098
	0.085
	0.028

	Panleukopenia, cats
	Shelter C
	0.085
	107
	0.639
	0.576
	0.033
	0.022
	0.007

	Panleukopenia, cats
	Shelter D
	0.094
	278
	1.044
	0.834
	0.088
	0.092
	0.031

	Panleukopenia, cats
	Shelter E
	0.085
	189
	0.876
	0.770
	0.056
	0.037
	0.012

	Panleukopenia, cats
	Shelter F
	0.095
	504
	1.616
	1.209
	0.157
	0.187
	0.062

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	0.095
	498
	1.507
	1.183
	0.155
	0.127
	0.042

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	0.094
	395
	1.392
	1.058
	0.124
	0.157
	0.052

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	0.094
	384
	1.374
	1.038
	0.121
	0.162
	0.054

	Panleukopenia, cats
	Fast 7 d, 50% slow at 90 d (illustrative)
	0.100
	491
	2.110
	1.165
	0.160
	0.589
	0.196

	Distemper, dogs
	Shelter A
	0.042
	193
	0.972
	0.870
	0.054
	0.036
	0.012

	Distemper, dogs
	Shelter B
	0.043
	264
	1.316
	1.191
	0.077
	0.036
	0.012

	Distemper, dogs
	Shelter C
	0.044
	158
	0.920
	0.804
	0.047
	0.052
	0.017

	Distemper, dogs
	Shelter D
	0.043
	171
	0.902
	0.791
	0.049
	0.046
	0.015

	Distemper, dogs
	Shelter F
	0.041
	411
	1.317
	0.977
	0.100
	0.180
	0.060

	Distemper, dogs
	One group, mean 21 d (illustrative)
	0.041
	498
	1.364
	1.113
	0.120
	0.098
	0.033

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	0.041
	395
	1.276
	1.012
	0.098
	0.124
	0.041

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	0.041
	384
	1.257
	0.991
	0.095
	0.128
	0.043

	Distemper, dogs
	Fast 7 d, 50% slow at 90 d (illustrative)
	0.041
	491
	1.758
	1.052
	0.119
	0.440
	0.147

	Parvovirus, dogs
	Shelter A
	0.104
	193
	0.875
	0.782
	0.050
	0.033
	0.011

	Parvovirus, dogs
	Shelter B
	0.101
	264
	1.138
	1.028
	0.068
	0.032
	0.011

	Parvovirus, dogs
	Shelter C
	0.105
	158
	0.809
	0.705
	0.042
	0.046
	0.015

	Parvovirus, dogs
	Shelter D
	0.104
	171
	0.803
	0.703
	0.045
	0.042
	0.014

	Parvovirus, dogs
	Shelter F
	0.119
	411
	1.412
	1.042
	0.109
	0.196
	0.065

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	0.120
	498
	1.485
	1.206
	0.133
	0.109
	0.036

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	0.119
	395
	1.366
	1.078
	0.107
	0.135
	0.045

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	0.119
	384
	1.347
	1.058
	0.104
	0.139
	0.046

	Parvovirus, dogs
	Fast 7 d, 50% slow at 90 d (illustrative)
	0.126
	491
	2.004
	1.189
	0.138
	0.508
	0.169


S3. One-way sensitivity and the incubation lag
Table S3. One-way sensitivity, ordered by the ratio of highest to lowest NNV within each disease and stay. Each parameter was evaluated on 9 evenly spaced values across its range, the lag and the onset of protection on every whole day. The susceptible fraction cancels from the NNV in the counts approximation.
	Disease
	Stay
	Parameter
	Range low
	Range high
	Base NNV
	Lowest NNV
	Highest NNV
	Ratio

	Panleukopenia, cats
	Shelter A
	First-dose failure
	0.013
	0.33
	12,588
	4,863
	92,855
	19.1

	Panleukopenia, cats
	Shelter A
	Share converted
	0.056
	0.77
	12,588
	4,071
	56,648
	13.9

	Panleukopenia, cats
	Shelter A
	Window case rate
	0.020
	0.22
	12,588
	5,722
	62,942
	11.0

	Panleukopenia, cats
	Shelter A
	Onset of protection (d)
	3
	14
	12,588
	4,125
	28,032
	6.8

	Panleukopenia, cats
	Shelter A
	Incubation lag (d)
	2
	10
	12,588
	7,073
	15,607
	2.2

	Panleukopenia, cats
	Shelter A
	Susceptible at intake
	0.17
	0.26
	12,588
	12,588
	12,588
	1.0

	Panleukopenia, cats
	Shelter B
	First-dose failure
	0.013
	0.33
	11,208
	4,366
	82,291
	18.8

	Panleukopenia, cats
	Shelter B
	Share converted
	0.056
	0.77
	11,208
	3,624
	50,435
	13.9

	Panleukopenia, cats
	Shelter B
	Window case rate
	0.020
	0.22
	11,208
	5,094
	56,038
	11.0

	Panleukopenia, cats
	Shelter B
	Onset of protection (d)
	3
	14
	11,208
	3,698
	24,645
	6.7

	Panleukopenia, cats
	Shelter B
	Incubation lag (d)
	2
	10
	11,208
	6,246
	13,966
	2.2

	Panleukopenia, cats
	Shelter B
	Susceptible at intake
	0.17
	0.26
	11,208
	11,208
	11,208
	1.0

	Panleukopenia, cats
	Shelter C
	First-dose failure
	0.013
	0.33
	14,396
	5,508
	106,739
	19.4

	Panleukopenia, cats
	Shelter C
	Share converted
	0.056
	0.77
	14,396
	4,655
	64,782
	13.9

	Panleukopenia, cats
	Shelter C
	Window case rate
	0.020
	0.22
	14,396
	6,544
	71,981
	11.0

	Panleukopenia, cats
	Shelter C
	Onset of protection (d)
	3
	14
	14,396
	4,735
	32,746
	6.9

	Panleukopenia, cats
	Shelter C
	Incubation lag (d)
	2
	10
	14,396
	8,268
	17,641
	2.1

	Panleukopenia, cats
	Shelter C
	Susceptible at intake
	0.17
	0.26
	14,396
	14,396
	14,396
	1.0

	Panleukopenia, cats
	Shelter D
	First-dose failure
	0.013
	0.33
	9,054
	3,612
	65,599
	18.2

	Panleukopenia, cats
	Shelter D
	Share converted
	0.056
	0.77
	9,054
	2,928
	40,743
	13.9

	Panleukopenia, cats
	Shelter D
	Window case rate
	0.020
	0.22
	9,054
	4,115
	45,270
	11.0

	Panleukopenia, cats
	Shelter D
	Onset of protection (d)
	3
	14
	9,054
	3,043
	21,309
	7.0

	Panleukopenia, cats
	Shelter D
	Incubation lag (d)
	2
	10
	9,054
	5,032
	11,408
	2.3

	Panleukopenia, cats
	Shelter D
	Susceptible at intake
	0.17
	0.26
	9,054
	9,054
	9,054
	1.0

	Panleukopenia, cats
	Shelter E
	First-dose failure
	0.013
	0.33
	15,340
	5,873
	113,705
	19.4

	Panleukopenia, cats
	Shelter E
	Share converted
	0.056
	0.77
	15,340
	4,960
	69,030
	13.9

	Panleukopenia, cats
	Shelter E
	Window case rate
	0.020
	0.22
	15,340
	6,973
	76,700
	11.0

	Panleukopenia, cats
	Shelter E
	Onset of protection (d)
	3
	14
	15,340
	4,898
	33,946
	6.9

	Panleukopenia, cats
	Shelter E
	Incubation lag (d)
	2
	10
	15,340
	8,593
	18,973
	2.2

	Panleukopenia, cats
	Shelter E
	Susceptible at intake
	0.17
	0.26
	15,340
	15,340
	15,340
	1.0

	Panleukopenia, cats
	Shelter F
	First-dose failure
	0.013
	0.33
	8,089
	3,236
	58,508
	18.1

	Panleukopenia, cats
	Shelter F
	Share converted
	0.056
	0.77
	8,089
	2,616
	36,400
	13.9

	Panleukopenia, cats
	Shelter F
	Window case rate
	0.020
	0.22
	8,089
	3,677
	40,444
	11.0

	Panleukopenia, cats
	Shelter F
	Onset of protection (d)
	3
	14
	8,089
	2,753
	18,260
	6.6

	Panleukopenia, cats
	Shelter F
	Incubation lag (d)
	2
	10
	8,089
	4,470
	10,243
	2.3

	Panleukopenia, cats
	Shelter F
	Susceptible at intake
	0.17
	0.26
	8,089
	8,089
	8,089
	1.0

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	First-dose failure
	0.013
	0.33
	11,798
	4,721
	85,333
	18.1

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	Share converted
	0.056
	0.77
	11,798
	3,815
	53,093
	13.9

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	Window case rate
	0.020
	0.22
	11,798
	5,363
	58,992
	11.0

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	Onset of protection (d)
	3
	14
	11,798
	3,778
	29,981
	7.9

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	Incubation lag (d)
	2
	10
	11,798
	6,491
	14,947
	2.3

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	Susceptible at intake
	0.17
	0.26
	11,798
	11,798
	11,798
	1.0

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	First-dose failure
	0.013
	0.33
	7,536
	3,007
	54,595
	18.2

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	Share converted
	0.056
	0.77
	7,536
	2,437
	33,913
	13.9

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	Window case rate
	0.020
	0.22
	7,536
	3,426
	37,681
	11.0

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	Onset of protection (d)
	3
	14
	7,536
	2,583
	16,897
	6.5

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	Incubation lag (d)
	2
	10
	7,536
	4,173
	9,508
	2.3

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	Susceptible at intake
	0.17
	0.26
	7,536
	7,536
	7,536
	1.0

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	First-dose failure
	0.013
	0.33
	7,126
	2,845
	51,611
	18.1

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	Share converted
	0.056
	0.77
	7,126
	2,304
	32,068
	13.9

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	Window case rate
	0.020
	0.22
	7,126
	3,239
	35,631
	11.0

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	Onset of protection (d)
	3
	14
	7,126
	2,458
	15,797
	6.4

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	Incubation lag (d)
	2
	10
	7,126
	3,947
	8,993
	2.3

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	Susceptible at intake
	0.17
	0.26
	7,126
	7,126
	7,126
	1.0

	Distemper, dogs
	Shelter A
	First-dose failure
	0.011
	0.28
	16,254
	5,373
	128,542
	23.9

	Distemper, dogs
	Shelter A
	Share converted
	0.056
	0.77
	16,254
	5,256
	73,143
	13.9

	Distemper, dogs
	Shelter A
	Window case rate
	0.020
	0.22
	16,254
	7,388
	81,270
	11.0

	Distemper, dogs
	Shelter A
	Onset of protection (d)
	3
	14
	16,254
	7,711
	27,904
	3.6

	Distemper, dogs
	Shelter A
	Incubation lag (d)
	7
	14
	16,254
	11,035
	22,298
	2.0

	Distemper, dogs
	Shelter A
	Susceptible at intake
	0.35
	0.60
	16,254
	16,254
	16,254
	1.0

	Distemper, dogs
	Shelter B
	First-dose failure
	0.011
	0.28
	22,065
	7,267
	174,771
	24.0

	Distemper, dogs
	Shelter B
	Share converted
	0.056
	0.77
	22,065
	7,135
	99,292
	13.9

	Distemper, dogs
	Shelter B
	Window case rate
	0.020
	0.22
	22,065
	10,029
	110,324
	11.0

	Distemper, dogs
	Shelter B
	Onset of protection (d)
	3
	14
	22,065
	10,143
	40,546
	4.0

	Distemper, dogs
	Shelter B
	Incubation lag (d)
	7
	14
	22,065
	14,292
	31,301
	2.2

	Distemper, dogs
	Shelter B
	Susceptible at intake
	0.35
	0.60
	22,065
	22,065
	22,065
	1.0

	Distemper, dogs
	Shelter C
	First-dose failure
	0.011
	0.28
	9,136
	3,040
	72,046
	23.7

	Distemper, dogs
	Shelter C
	Share converted
	0.056
	0.77
	9,136
	2,954
	41,112
	13.9

	Distemper, dogs
	Shelter C
	Window case rate
	0.020
	0.22
	9,136
	4,153
	45,680
	11.0

	Distemper, dogs
	Shelter C
	Onset of protection (d)
	3
	14
	9,136
	4,553
	14,753
	3.2

	Distemper, dogs
	Shelter C
	Incubation lag (d)
	7
	14
	9,136
	6,618
	12,730
	1.9

	Distemper, dogs
	Shelter C
	Susceptible at intake
	0.35
	0.60
	9,136
	9,136
	9,136
	1.0

	Distemper, dogs
	Shelter D
	First-dose failure
	0.011
	0.28
	11,048
	3,663
	87,267
	23.8

	Distemper, dogs
	Shelter D
	Share converted
	0.056
	0.77
	11,048
	3,573
	49,718
	13.9

	Distemper, dogs
	Shelter D
	Window case rate
	0.020
	0.22
	11,048
	5,022
	55,242
	11.0

	Distemper, dogs
	Shelter D
	Onset of protection (d)
	3
	14
	11,048
	5,463
	17,893
	3.3

	Distemper, dogs
	Shelter D
	Incubation lag (d)
	7
	14
	11,048
	7,728
	15,256
	2.0

	Distemper, dogs
	Shelter D
	Susceptible at intake
	0.35
	0.60
	11,048
	11,048
	11,048
	1.0

	Distemper, dogs
	Shelter F
	First-dose failure
	0.011
	0.28
	6,853
	2,297
	53,871
	23.5

	Distemper, dogs
	Shelter F
	Share converted
	0.056
	0.77
	6,853
	2,216
	30,837
	13.9

	Distemper, dogs
	Shelter F
	Window case rate
	0.020
	0.22
	6,853
	3,115
	34,263
	11.0

	Distemper, dogs
	Shelter F
	Onset of protection (d)
	3
	14
	6,853
	3,362
	10,795
	3.2

	Distemper, dogs
	Shelter F
	Incubation lag (d)
	7
	14
	6,853
	5,398
	8,177
	1.5

	Distemper, dogs
	Shelter F
	Susceptible at intake
	0.35
	0.60
	6,853
	6,853
	6,853
	1.0

	Distemper, dogs
	One group, mean 21 d (illustrative)
	First-dose failure
	0.011
	0.28
	15,186
	5,097
	119,305
	23.4

	Distemper, dogs
	One group, mean 21 d (illustrative)
	Share converted
	0.056
	0.77
	15,186
	4,911
	68,337
	13.9

	Distemper, dogs
	One group, mean 21 d (illustrative)
	Window case rate
	0.020
	0.22
	15,186
	6,903
	75,931
	11.0

	Distemper, dogs
	One group, mean 21 d (illustrative)
	Onset of protection (d)
	3
	14
	15,186
	6,717
	29,189
	4.3

	Distemper, dogs
	One group, mean 21 d (illustrative)
	Incubation lag (d)
	7
	14
	15,186
	12,142
	17,871
	1.5

	Distemper, dogs
	One group, mean 21 d (illustrative)
	Susceptible at intake
	0.35
	0.60
	15,186
	15,186
	15,186
	1.0

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	First-dose failure
	0.011
	0.28
	9,539
	3,204
	74,909
	23.4

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	Share converted
	0.056
	0.77
	9,539
	3,085
	42,924
	13.9

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	Window case rate
	0.020
	0.22
	9,539
	4,336
	47,694
	11.0

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	Onset of protection (d)
	3
	14
	9,539
	4,503
	16,361
	3.6

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	Incubation lag (d)
	7
	14
	9,539
	7,664
	11,369
	1.5

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	Susceptible at intake
	0.35
	0.60
	9,539
	9,539
	9,539
	1.0

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	First-dose failure
	0.011
	0.28
	9,034
	3,035
	70,938
	23.4

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Share converted
	0.056
	0.77
	9,034
	2,921
	40,651
	13.9

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Window case rate
	0.020
	0.22
	9,034
	4,106
	45,168
	11.0

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Onset of protection (d)
	3
	14
	9,034
	4,288
	15,310
	3.6

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Incubation lag (d)
	7
	14
	9,034
	7,268
	10,753
	1.5

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Susceptible at intake
	0.35
	0.60
	9,034
	9,034
	9,034
	1.0

	Parvovirus, dogs
	Shelter A
	Share converted
	0.056
	0.77
	17,705
	5,725
	79,671
	13.9

	Parvovirus, dogs
	Shelter A
	Window case rate
	0.020
	0.22
	17,705
	8,048
	88,523
	11.0

	Parvovirus, dogs
	Shelter A
	First-dose failure
	0.025
	0.21
	17,705
	8,208
	60,048
	7.3

	Parvovirus, dogs
	Shelter A
	Onset of protection (d)
	3
	14
	17,705
	5,398
	38,475
	7.1

	Parvovirus, dogs
	Shelter A
	Incubation lag (d)
	3
	7
	17,705
	12,676
	21,834
	1.7

	Parvovirus, dogs
	Shelter A
	Susceptible at intake
	0.13
	0.22
	17,705
	17,705
	17,705
	1.0

	Parvovirus, dogs
	Shelter B
	Share converted
	0.056
	0.77
	25,018
	8,090
	112,582
	13.9

	Parvovirus, dogs
	Shelter B
	Window case rate
	0.020
	0.22
	25,018
	11,372
	125,091
	11.0

	Parvovirus, dogs
	Shelter B
	Onset of protection (d)
	3
	14
	25,018
	7,292
	57,571
	7.9

	Parvovirus, dogs
	Shelter B
	First-dose failure
	0.025
	0.21
	25,018
	11,521
	85,199
	7.4

	Parvovirus, dogs
	Shelter B
	Incubation lag (d)
	3
	7
	25,018
	17,964
	30,648
	1.7

	Parvovirus, dogs
	Shelter B
	Susceptible at intake
	0.13
	0.22
	25,018
	25,018
	25,018
	1.0

	Parvovirus, dogs
	Shelter C
	Share converted
	0.056
	0.77
	10,189
	3,295
	45,850
	13.9

	Parvovirus, dogs
	Shelter C
	Window case rate
	0.020
	0.22
	10,189
	4,631
	50,945
	11.0

	Parvovirus, dogs
	Shelter C
	First-dose failure
	0.025
	0.21
	10,189
	4,731
	34,522
	7.3

	Parvovirus, dogs
	Shelter C
	Onset of protection (d)
	3
	14
	10,189
	3,396
	20,323
	6.0

	Parvovirus, dogs
	Shelter C
	Incubation lag (d)
	3
	7
	10,189
	7,421
	12,466
	1.7

	Parvovirus, dogs
	Shelter C
	Susceptible at intake
	0.13
	0.22
	10,189
	10,189
	10,189
	1.0

	Parvovirus, dogs
	Shelter D
	Share converted
	0.056
	0.77
	12,164
	3,933
	54,737
	13.9

	Parvovirus, dogs
	Shelter D
	Window case rate
	0.020
	0.22
	12,164
	5,529
	60,819
	11.0

	Parvovirus, dogs
	Shelter D
	First-dose failure
	0.025
	0.21
	12,164
	5,643
	41,238
	7.3

	Parvovirus, dogs
	Shelter D
	Onset of protection (d)
	3
	14
	12,164
	3,969
	24,663
	6.2

	Parvovirus, dogs
	Shelter D
	Incubation lag (d)
	3
	7
	12,164
	8,775
	14,939
	1.7

	Parvovirus, dogs
	Shelter D
	Susceptible at intake
	0.13
	0.22
	12,164
	12,164
	12,164
	1.0

	Parvovirus, dogs
	Shelter F
	Share converted
	0.056
	0.77
	6,285
	2,033
	28,284
	13.9

	Parvovirus, dogs
	Shelter F
	Window case rate
	0.020
	0.22
	6,285
	2,857
	31,427
	11.0

	Parvovirus, dogs
	Shelter F
	First-dose failure
	0.025
	0.21
	6,285
	3,003
	20,919
	7.0

	Parvovirus, dogs
	Shelter F
	Onset of protection (d)
	3
	14
	6,285
	2,110
	13,250
	6.3

	Parvovirus, dogs
	Shelter F
	Incubation lag (d)
	3
	7
	6,285
	4,390
	8,009
	1.8

	Parvovirus, dogs
	Shelter F
	Susceptible at intake
	0.13
	0.22
	6,285
	6,285
	6,285
	1.0

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	Share converted
	0.056
	0.77
	13,709
	4,433
	61,691
	13.9

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	Window case rate
	0.020
	0.22
	13,709
	6,231
	68,546
	11.0

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	Onset of protection (d)
	3
	14
	13,709
	4,125
	35,435
	8.6

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	First-dose failure
	0.025
	0.21
	13,709
	6,571
	45,535
	6.9

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	Incubation lag (d)
	3
	7
	13,709
	9,542
	17,506
	1.8

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	Susceptible at intake
	0.13
	0.22
	13,709
	13,709
	13,709
	1.0

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	Share converted
	0.056
	0.77
	8,759
	2,832
	39,415
	13.9

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	Window case rate
	0.020
	0.22
	8,759
	3,981
	43,795
	11.0

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	Onset of protection (d)
	3
	14
	8,759
	2,824
	19,971
	7.1

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	First-dose failure
	0.025
	0.21
	8,759
	4,191
	29,126
	6.9

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	Incubation lag (d)
	3
	7
	8,759
	6,129
	11,137
	1.8

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	Susceptible at intake
	0.13
	0.22
	8,759
	8,759
	8,759
	1.0

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Share converted
	0.056
	0.77
	8,282
	2,678
	37,270
	13.9

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Window case rate
	0.020
	0.22
	8,282
	3,765
	41,411
	11.0

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Onset of protection (d)
	3
	14
	8,282
	2,687
	18,671
	6.9

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	First-dose failure
	0.025
	0.21
	8,282
	3,964
	27,535
	6.9

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Incubation lag (d)
	3
	7
	8,282
	5,795
	10,533
	1.8

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Susceptible at intake
	0.13
	0.22
	8,282
	8,282
	8,282
	1.0


The NNV moved in one direction across the range of every parameter except the panleukopenia lag, which peaked at 7 days at every stay, 15,607 for cats at shelter A. The peak comes from the window definition and the fixed lag, not from biology. As the lag lengthens toward 7 days, the window shifts toward earlier infections, including more that occur before the intake dose protects, so more of the window count comes from cases no dose can prevent and the implied daily risk is lower for a given count. Above 7 days, the window days on which first-week infections appear move later in the stay, when fewer adults remain, so a higher daily risk is needed to reproduce the same count.
At lags above 7 days, window cases diagnosed on days 8 to the lag can only come from infection before intake, which the model does not generate, so a shelter that counts them overstates the daily risk. For distemper at its base lag of 10 days, 1/7 adult window cases in the source cohort fell on those days, and leaving out such cases would raise the distemper NNV by about 17%. As an upper scenario, if adults faced the same daily risk before intake as in the shelter, days 8 to 10 would hold 35% to 42% of distemper window cases at the five observed dog stays, and the NNV would be 1.53 to 1.72 times its base value (cdv_preintake_bound.csv). The ratio is (Epre + Ew + f × Ev) / (Ew + f × Ev), where Epre is the adult-days in care on days 8 to the lag.
Table S3b. NNV at base across every whole day of the incubation lag and the onset of protection. Every stay is in lag_onset_profile.csv.
	Disease
	Stay
	Parameter
	NNV by whole day

	Panleukopenia, cats
	Shelter A
	Incubation lag
	2 d 7,073, 3 d 9,074, 4 d 10,906, 5 d 12,588, 6 d 14,156, 7 d 15,607, 8 d 14,241, 9 d 13,038, 10 d 11,966

	Panleukopenia, cats
	Shelter A
	Onset of protection
	3 d 4,125, 4 d 6,241, 5 d 8,353, 6 d 10,466, 7 d 12,588, 8 d 14,736, 9 d 16,897, 10 d 19,067, 11 d 21,260, 12 d 23,482, 13 d 25,735, 14 d 28,032

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	Incubation lag
	2 d 6,491, 3 d 8,343, 4 d 10,111, 5 d 11,798, 6 d 13,409, 7 d 14,947, 8 d 14,143, 9 d 13,375, 10 d 12,643

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	Onset of protection
	3 d 3,778, 4 d 5,645, 5 d 7,602, 6 d 9,651, 7 d 11,798, 8 d 14,048, 9 d 16,404, 10 d 18,873, 11 d 21,459, 12 d 24,169, 13 d 27,007, 14 d 29,981

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	Incubation lag
	2 d 4,173, 3 d 5,355, 4 d 6,474, 5 d 7,536, 6 d 8,546, 7 d 9,508, 8 d 8,944, 9 d 8,423, 10 d 7,942

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	Onset of protection
	3 d 2,583, 4 d 3,805, 5 d 5,036, 6 d 6,279, 7 d 7,536, 8 d 8,809, 9 d 10,100, 10 d 11,411, 11 d 12,745, 12 d 14,102, 13 d 15,486, 14 d 16,897

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	Incubation lag
	2 d 3,947, 3 d 5,063, 4 d 6,122, 5 d 7,126, 6 d 8,082, 7 d 8,993, 8 d 8,462, 9 d 7,973, 10 d 7,521

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	Onset of protection
	3 d 2,458, 4 d 3,615, 5 d 4,777, 6 d 5,947, 7 d 7,126, 8 d 8,317, 9 d 9,522, 10 d 10,742, 11 d 11,978, 12 d 13,231, 13 d 14,504, 14 d 15,797

	Distemper, dogs
	Shelter A
	Incubation lag
	7 d 22,298, 8 d 20,046, 9 d 18,051, 10 d 16,254, 11 d 14,693, 12 d 13,326, 13 d 12,117, 14 d 11,035

	Distemper, dogs
	Shelter A
	Onset of protection
	3 d 7,711, 4 d 9,850, 5 d 11,979, 6 d 14,110, 7 d 16,254, 8 d 18,407, 9 d 20,582, 10 d 22,772, 11 d 24,988, 12 d 25,943, 13 d 26,914, 14 d 27,904

	Distemper, dogs
	One group, mean 21 d (illustrative)
	Incubation lag
	7 d 17,871, 8 d 16,934, 9 d 16,040, 10 d 15,186, 11 d 14,371, 12 d 13,593, 13 d 12,851, 14 d 12,142

	Distemper, dogs
	One group, mean 21 d (illustrative)
	Onset of protection
	3 d 6,717, 4 d 8,689, 5 d 10,755, 6 d 12,919, 7 d 15,186, 8 d 17,561, 9 d 20,049, 10 d 22,656, 11 d 25,387, 12 d 26,596, 13 d 27,862, 14 d 29,189

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	Incubation lag
	7 d 11,369, 8 d 10,709, 9 d 10,101, 10 d 9,539, 11 d 9,018, 12 d 8,535, 13 d 8,084, 14 d 7,664

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	Onset of protection
	3 d 4,503, 4 d 5,730, 5 d 6,977, 6 d 8,246, 7 d 9,539, 8 d 10,857, 9 d 12,201, 10 d 13,574, 11 d 14,977, 12 d 15,427, 13 d 15,888, 14 d 16,361

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Incubation lag
	7 d 10,753, 8 d 10,132, 9 d 9,561, 10 d 9,034, 11 d 8,545, 12 d 8,090, 13 d 7,666, 14 d 7,268

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Onset of protection
	3 d 4,288, 4 d 5,449, 5 d 6,626, 6 d 7,820, 7 d 9,034, 8 d 10,267, 9 d 11,521, 10 d 12,796, 11 d 14,095, 12 d 14,492, 13 d 14,897, 14 d 15,310

	Parvovirus, dogs
	Shelter A
	Incubation lag
	3 d 12,676, 4 d 15,322, 5 d 17,705, 6 d 19,861, 7 d 21,834

	Parvovirus, dogs
	Shelter A
	Onset of protection
	3 d 5,398, 4 d 8,515, 5 d 11,626, 6 d 14,682, 7 d 17,705, 8 d 20,699, 9 d 23,692, 10 d 26,652, 11 d 29,598, 12 d 32,546, 13 d 35,500, 14 d 38,475

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	Incubation lag
	3 d 9,542, 4 d 11,674, 5 d 13,709, 6 d 15,652, 7 d 17,506

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	Onset of protection
	3 d 4,125, 4 d 6,357, 5 d 8,695, 6 d 11,144, 7 d 13,709, 8 d 16,397, 9 d 19,213, 10 d 22,163, 11 d 25,253, 12 d 28,490, 13 d 31,882, 14 d 35,435

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	Incubation lag
	3 d 6,129, 4 d 7,478, 5 d 8,759, 6 d 9,977, 7 d 11,137

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	Onset of protection
	3 d 2,824, 4 d 4,288, 5 d 5,764, 6 d 7,253, 7 d 8,759, 8 d 10,284, 9 d 11,830, 10 d 13,401, 11 d 14,998, 12 d 16,624, 13 d 18,281, 14 d 19,971

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Incubation lag
	3 d 5,795, 4 d 7,071, 5 d 8,282, 6 d 9,435, 7 d 10,533

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Onset of protection
	3 d 2,687, 4 d 4,074, 5 d 5,467, 6 d 6,869, 7 d 8,282, 8 d 9,709, 9 d 11,153, 10 d 12,614, 11 d 14,095, 12 d 15,597, 13 d 17,122, 14 d 18,671


Table S3c. What a shelter can and cannot estimate from its records. The shelter range varies the window case rate across its range with the biological inputs at base. The failure and conversion range sets first-dose failure and the share converted at their range ends together, with the window case rate and other inputs at base.
	Disease
	Stay
	Shelter range, lowest NNV
	Shelter range, highest NNV
	Failure and conversion, lowest NNV
	Failure and conversion, highest NNV

	Panleukopenia, cats
	Shelter A
	5,722
	62,942
	1,573
	417,847

	Panleukopenia, cats
	Shelter B
	5,094
	56,038
	1,412
	370,311

	Panleukopenia, cats
	Shelter C
	6,544
	71,981
	1,781
	480,327

	Panleukopenia, cats
	Shelter D
	4,115
	45,270
	1,168
	295,198

	Panleukopenia, cats
	Shelter E
	6,973
	76,700
	1,899
	511,672

	Panleukopenia, cats
	Shelter F
	3,677
	40,444
	1,046
	263,286

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	5,363
	58,992
	1,527
	384,000

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	3,426
	37,681
	972
	245,680

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	3,239
	35,631
	920
	232,248

	Distemper, dogs
	Shelter A
	7,388
	81,270
	1,738
	578,441

	Distemper, dogs
	Shelter B
	10,029
	110,324
	2,350
	786,470

	Distemper, dogs
	Shelter C
	4,153
	45,680
	983
	324,209

	Distemper, dogs
	Shelter D
	5,022
	55,242
	1,184
	392,702

	Distemper, dogs
	Shelter F
	3,115
	34,263
	743
	242,420

	Distemper, dogs
	One group, mean 21 d (illustrative)
	6,903
	75,931
	1,648
	536,874

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	4,336
	47,694
	1,036
	337,091

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	4,106
	45,168
	981
	319,220

	Parvovirus, dogs
	Shelter A
	8,048
	88,523
	2,654
	270,216

	Parvovirus, dogs
	Shelter B
	11,372
	125,091
	3,725
	383,394

	Parvovirus, dogs
	Shelter C
	4,631
	50,945
	1,530
	155,351

	Parvovirus, dogs
	Shelter D
	5,529
	60,819
	1,825
	185,572

	Parvovirus, dogs
	Shelter F
	2,857
	31,427
	971
	94,136

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	6,231
	68,546
	2,125
	204,906

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	3,981
	43,795
	1,355
	131,067

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	3,765
	41,411
	1,282
	123,906


Combined extremes. Table S3d gives, for each disease and stay, the combination of range ends most and least favorable to the second dose (main text, Results).
Table S3d. Combined extremes within the evaluated ranges. The most favorable combination is the one giving the lowest NNV from the approximation, over every combination of range ends for the share converted, first-dose failure and window case rate, at every whole-day lag and onset of protection in range. The least favorable gives the highest. The exact form is given for the same combination, and cost uses it. 318 of 36,768 combinations across all stays implied a daily risk of 5% or more and were excluded. Values outside these ranges, including a share converted of 0, remain possible, and no single shelter is likely to sit at every extreme. Other illustrative LOS profiles are in extremes.csv.
	Disease
	Stay
	Combination
	Share converted
	First-dose failure
	Window case rate
	Lag (d)
	Onset (d)
	NNV, approximation
	NNV, exact form
	Cost per case averted

	Panleukopenia, cats
	Shelter A
	Most favorable
	0.77
	0.33
	0.22
	2
	3
	305
	347
	$1,906

	Panleukopenia, cats
	Shelter A
	Least favorable
	0.06
	0.013
	0.02
	7
	14
	5,549,309
	5,583,368
	$30,708,523

	Panleukopenia, cats
	Shelter B
	Most favorable
	0.77
	0.33
	0.22
	2
	3
	281
	325
	$1,786

	Panleukopenia, cats
	Shelter B
	Least favorable
	0.06
	0.013
	0.02
	7
	14
	4,899,819
	4,933,362
	$27,133,492

	Panleukopenia, cats
	Shelter C
	Most favorable
	0.77
	0.33
	0.22
	2
	3
	334
	375
	$2,063

	Panleukopenia, cats
	Shelter C
	Least favorable
	0.06
	0.013
	0.02
	7
	14
	6,467,376
	6,505,865
	$35,782,256

	Panleukopenia, cats
	Shelter D
	Most favorable
	0.77
	0.33
	0.22
	2
	3
	243
	272
	$1,494

	Panleukopenia, cats
	Shelter D
	Least favorable
	0.06
	0.013
	0.02
	7
	14
	4,292,289
	4,314,149
	$23,727,818

	Panleukopenia, cats
	Shelter E
	Most favorable
	0.77
	0.33
	0.22
	2
	3
	357
	416
	$2,287

	Panleukopenia, cats
	Shelter E
	Least favorable
	0.06
	0.013
	0.02
	7
	14
	6,672,899
	6,726,602
	$36,996,311

	Panleukopenia, cats
	Shelter F
	Most favorable
	0.77
	0.33
	0.22
	2
	3
	222
	252
	$1,387

	Panleukopenia, cats
	Shelter F
	Least favorable
	0.06
	0.013
	0.02
	7
	14
	3,674,591
	3,694,783
	$20,321,305

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	Most favorable
	0.77
	0.33
	0.22
	2
	3
	198
	226
	$1,245

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	Least favorable
	0.06
	0.013
	0.02
	7
	14
	3,180,881
	3,199,477
	$17,597,121

	Distemper, dogs
	Shelter A
	Most favorable
	0.77
	0.28
	0.22
	14
	3
	269
	301
	$1,656

	Distemper, dogs
	Shelter A
	Least favorable
	0.06
	0.011
	0.02
	7
	14
	7,743,928
	7,767,927
	$42,723,597

	Distemper, dogs
	Shelter B
	Most favorable
	0.77
	0.28
	0.22
	14
	3
	334
	366
	$2,014

	Distemper, dogs
	Shelter B
	Least favorable
	0.06
	0.011
	0.02
	7
	14
	11,517,258
	11,545,474
	$63,500,107

	Distemper, dogs
	Shelter C
	Most favorable
	0.77
	0.28
	0.22
	14
	3
	168
	197
	$1,082

	Distemper, dogs
	Shelter C
	Least favorable
	0.06
	0.011
	0.02
	7
	14
	4,120,586
	4,137,815
	$22,757,984

	Distemper, dogs
	Shelter D
	Most favorable
	0.77
	0.28
	0.22
	14
	3
	196
	222
	$1,222

	Distemper, dogs
	Shelter D
	Least favorable
	0.06
	0.011
	0.02
	7
	14
	4,980,462
	4,996,536
	$27,480,951

	Distemper, dogs
	Shelter F
	Most favorable
	0.77
	0.28
	0.22
	14
	3
	140
	161
	$886

	Distemper, dogs
	Shelter F
	Least favorable
	0.06
	0.011
	0.02
	7
	14
	2,732,341
	2,743,062
	$15,086,838

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Most favorable
	0.77
	0.28
	0.22
	14
	3
	181
	199
	$1,096

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Least favorable
	0.06
	0.011
	0.02
	7
	14
	3,864,639
	3,874,888
	$21,311,886

	Parvovirus, dogs
	Shelter A
	Most favorable
	0.77
	0.21
	0.22
	3
	3
	346
	448
	$2,464

	Parvovirus, dogs
	Shelter A
	Least favorable
	0.06
	0.025
	0.02
	7
	14
	3,350,598
	3,379,045
	$18,584,749

	Parvovirus, dogs
	Shelter B
	Most favorable
	0.77
	0.21
	0.22
	3
	3
	451
	551
	$3,030

	Parvovirus, dogs
	Shelter B
	Least favorable
	0.06
	0.025
	0.02
	7
	14
	4,983,220
	5,016,670
	$27,591,684

	Parvovirus, dogs
	Shelter C
	Most favorable
	0.77
	0.21
	0.22
	3
	3
	213
	310
	$1,703

	Parvovirus, dogs
	Shelter C
	Least favorable
	0.06
	0.025
	0.02
	7
	14
	1,782,871
	1,803,309
	$9,918,198

	Parvovirus, dogs
	Shelter D
	Most favorable
	0.77
	0.21
	0.22
	3
	3
	250
	337
	$1,855

	Parvovirus, dogs
	Shelter D
	Least favorable
	0.06
	0.025
	0.02
	7
	14
	2,154,917
	2,173,981
	$11,956,893

	Parvovirus, dogs
	Shelter F
	Most favorable
	0.77
	0.21
	0.22
	3
	3
	154
	228
	$1,251

	Parvovirus, dogs
	Shelter F
	Least favorable
	0.06
	0.025
	0.02
	7
	14
	1,182,214
	1,194,934
	$6,572,139

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Most favorable
	0.77
	0.21
	0.22
	3
	3
	198
	258
	$1,417

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Least favorable
	0.06
	0.025
	0.02
	7
	14
	1,672,129
	1,684,289
	$9,263,589


S4. Window case rate anchors
Zero-case shelter. Among 5,541 episodes of cats at least one year old at intake at a Florida shelter, none was recorded with panleukopenia. These episodes contributed 13,867 adult-days in care on days 8 to 21 after intake, foster time removed, so the exact one-sided 95% upper limit for the window case rate is 0.22 per 1,000 adult-days (0.54 per 1,000 adult admissions for adult cases at any point in the stay). That shelter gives some adults a second dose, so the figure bounds an intake-plus-partial-second-dose protocol.
Shelter F. Among 2,609 adult cat stays at shelter F, none had a positive panleukopenia antigen test 8 to 21 days after intake. These stays contributed 19,105 adult-days in care on days 8 to 21, foster time included, so the exact one-sided 95% upper limit is 0.16 per 1,000 adult-days. Among 1,572 adult dog stays, none had a positive parvovirus antigen test or distemper PCR on those days, in 9,397 adult-days, for an upper limit of 0.32. Tests were linked to stays by animal number, and 38 juvenile cat stays had a positive panleukopenia test during the stay, so the absence of adult window cases is not a failure of linkage. Cases are positive tests, so animals not tested are not counted (tc_spca_build.py, tc_spca_window.csv).
Base and lower end. The base of 0.10 and the lower end of 0.02 adult cases per 1,000 adult-days on days 8 to 21 are round illustrative values. At the six shelters each adult admission contributed 1.7 to 7.4 adult-days on days 8 to 21, so the base corresponds to 0.17 to 0.74 window cases per 1,000 adult admissions, and 0.25 window cases per 1,000 adult admissions would correspond to 0.03 to 0.14 per 1,000 adult-days. Because the NNV is inversely proportional to the rate, any other rate can be read from Figure 1 or applied by scaling.
Distemper cohort. The numerator is adult dogs (at least 365 days at intake) with a first wild-type PCR positive 8 to 21 days after intake across the two outbreaks in the source cohort, counted overall and among dogs never given recombinant vaccine, because the model assumes a modified live intake dose (canine_window_rate_anchor.do). The cohort contains only tested dogs, so adult care-days over a decade were estimated as occupancy times the adult share of the tested cohort times 3,652.5 days. Occupancy was 70 to 110 dogs during the first outbreak. The share of adult care-days falling on days 8 to 21 after intake was taken from the observed dog stays at shelters A to D and F, 23% to 34%. The cases are spread over a decade, which assumes no other outbreaks in that decade. Some positives were found by contact tracing rather than from clinical signs. Counting all 7 adult window cases gives 0.07 to 0.16 per 1,000 adult-days, and counting only the 3 dogs never given recombinant vaccine gives 0.03 to 0.07, at or below the base. Removing the last 122 days of the cohort, when recombinant vaccine was in use, from the denominator raises the highest of these only to 0.07. The upper end used for all three diseases, 0.22, is a scenario value above every one of these, so the range errs toward favoring the second dose. Parvovirus and panleukopenia use it because no comparable data were available for them.
Table S4. Dog window case rate implied by the distemper source cohort. Adult care-days per decade are occupancy times the adult share of the tested cohort times 3,652.5 days. The share of those days falling on days 8 to 21 after intake is the range across the observed dog stays at shelters A to D and F (E divided by the mean stay). The upper end used in the analysis, 0.22, is a scenario value above every value here.
	Cases counted
	Cases
	Occupancy (dogs)
	Adult care-days per decade
	Share on days 8 to 21 (%)
	Rate per 1,000 adult-days

	All adult window cases
	7
	70
	188,096
	23 to 34
	0.11 to 0.16

	All adult window cases
	7
	90
	241,837
	23 to 34
	0.09 to 0.12

	All adult window cases
	7
	110
	295,579
	23 to 34
	0.07 to 0.10

	Never given recombinant vaccine
	3
	70
	188,096
	23 to 34
	0.05 to 0.07

	Never given recombinant vaccine
	3
	90
	241,837
	23 to 34
	0.04 to 0.05

	Never given recombinant vaccine
	3
	110
	295,579
	23 to 34
	0.03 to 0.04


S5. Scenarios
Table S5. Scenarios outside the evaluated ranges and alternative definitions, other inputs at base. Every stay is in scenarios.csv.
	Disease
	Stay
	Scenario
	NNV
	Ratio to base

	Panleukopenia, cats
	Shelter A
	Second dose also to stays of 14 days
	13,627
	1.08

	Panleukopenia, cats
	Shelter A
	Averted only if diagnosed before departure
	15,269
	1.21

	Panleukopenia, cats
	Shelter A
	Share converted 1
	3,147
	0.25

	Panleukopenia, cats
	Shelter A
	Cats, failure at 1:40 (5/40)
	10,801
	0.86

	Panleukopenia, cats
	Shelter B
	Second dose also to stays of 14 days
	12,040
	1.07

	Panleukopenia, cats
	Shelter B
	Averted only if diagnosed before departure
	13,335
	1.19

	Panleukopenia, cats
	Shelter B
	Share converted 1
	2,802
	0.25

	Panleukopenia, cats
	Shelter B
	Cats, failure at 1:40 (5/40)
	9,625
	0.86

	Panleukopenia, cats
	Shelter C
	Second dose also to stays of 14 days
	15,567
	1.08

	Panleukopenia, cats
	Shelter C
	Averted only if diagnosed before departure
	18,002
	1.25

	Panleukopenia, cats
	Shelter C
	Share converted 1
	3,599
	0.25

	Panleukopenia, cats
	Shelter C
	Cats, failure at 1:40 (5/40)
	12,339
	0.86

	Panleukopenia, cats
	Shelter D
	Second dose also to stays of 14 days
	9,480
	1.05

	Panleukopenia, cats
	Shelter D
	Averted only if diagnosed before departure
	10,880
	1.20

	Panleukopenia, cats
	Shelter D
	Share converted 1
	2,263
	0.25

	Panleukopenia, cats
	Shelter D
	Cats, failure at 1:40 (5/40)
	7,795
	0.86

	Panleukopenia, cats
	Shelter E
	Second dose also to stays of 14 days
	16,914
	1.10

	Panleukopenia, cats
	Shelter E
	Averted only if diagnosed before departure
	18,792
	1.23

	Panleukopenia, cats
	Shelter E
	Share converted 1
	3,835
	0.25

	Panleukopenia, cats
	Shelter E
	Cats, failure at 1:40 (5/40)
	13,149
	0.86

	Panleukopenia, cats
	Shelter F
	Second dose also to stays of 14 days
	8,459
	1.05

	Panleukopenia, cats
	Shelter F
	Averted only if diagnosed before departure
	9,401
	1.16

	Panleukopenia, cats
	Shelter F
	Share converted 1
	2,022
	0.25

	Panleukopenia, cats
	Shelter F
	Cats, failure at 1:40 (5/40)
	6,966
	0.86

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	Second dose also to stays of 14 days
	12,360
	1.05

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	Averted only if diagnosed before departure
	14,888
	1.26

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	Share converted 1
	2,950
	0.25

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	Cats, failure at 1:40 (5/40)
	10,161
	0.86

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	Second dose also to stays of 14 days
	7,899
	1.05

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	Averted only if diagnosed before departure
	8,753
	1.16

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	Share converted 1
	1,884
	0.25

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	Cats, failure at 1:40 (5/40)
	6,488
	0.86

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	Second dose also to stays of 14 days
	7,465
	1.05

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	Averted only if diagnosed before departure
	8,206
	1.15

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	Share converted 1
	1,782
	0.25

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	Cats, failure at 1:40 (5/40)
	6,136
	0.86

	Distemper, dogs
	Shelter A
	Second dose also to stays of 14 days
	17,990
	1.11

	Distemper, dogs
	Shelter A
	Averted only if diagnosed before departure
	23,607
	1.45

	Distemper, dogs
	Shelter A
	Share converted 1
	4,064
	0.25

	Distemper, dogs
	Shelter A
	Distemper, f among baseline-seronegative dogs (1/6)
	8,711
	0.54

	Distemper, dogs
	Shelter B
	Second dose also to stays of 14 days
	24,807
	1.12

	Distemper, dogs
	Shelter B
	Averted only if diagnosed before departure
	35,928
	1.63

	Distemper, dogs
	Shelter B
	Share converted 1
	5,516
	0.25

	Distemper, dogs
	Shelter B
	Distemper, f among baseline-seronegative dogs (1/6)
	11,806
	0.54

	Distemper, dogs
	Shelter C
	Second dose also to stays of 14 days
	9,889
	1.08

	Distemper, dogs
	Shelter C
	Averted only if diagnosed before departure
	11,801
	1.29

	Distemper, dogs
	Shelter C
	Share converted 1
	2,284
	0.25

	Distemper, dogs
	Shelter C
	Distemper, f among baseline-seronegative dogs (1/6)
	4,910
	0.54

	Distemper, dogs
	Shelter D
	Second dose also to stays of 14 days
	12,057
	1.09

	Distemper, dogs
	Shelter D
	Averted only if diagnosed before departure
	14,606
	1.32

	Distemper, dogs
	Shelter D
	Share converted 1
	2,762
	0.25

	Distemper, dogs
	Shelter D
	Distemper, f among baseline-seronegative dogs (1/6)
	5,928
	0.54

	Distemper, dogs
	Shelter F
	Second dose also to stays of 14 days
	7,214
	1.05

	Distemper, dogs
	Shelter F
	Averted only if diagnosed before departure
	8,241
	1.20

	Distemper, dogs
	Shelter F
	Share converted 1
	1,713
	0.25

	Distemper, dogs
	Shelter F
	Distemper, f among baseline-seronegative dogs (1/6)
	3,694
	0.54

	Distemper, dogs
	One group, mean 21 d (illustrative)
	Second dose also to stays of 14 days
	15,909
	1.05

	Distemper, dogs
	One group, mean 21 d (illustrative)
	Averted only if diagnosed before departure
	24,181
	1.59

	Distemper, dogs
	One group, mean 21 d (illustrative)
	Share converted 1
	3,797
	0.25

	Distemper, dogs
	One group, mean 21 d (illustrative)
	Distemper, f among baseline-seronegative dogs (1/6)
	8,191
	0.54

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	Second dose also to stays of 14 days
	9,997
	1.05

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	Averted only if diagnosed before departure
	12,822
	1.34

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	Share converted 1
	2,385
	0.25

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	Distemper, f among baseline-seronegative dogs (1/6)
	5,147
	0.54

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Second dose also to stays of 14 days
	9,463
	1.05

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Averted only if diagnosed before departure
	11,917
	1.32

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Share converted 1
	2,258
	0.25

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Distemper, f among baseline-seronegative dogs (1/6)
	4,875
	0.54

	Parvovirus, dogs
	Shelter A
	Second dose also to stays of 14 days
	19,595
	1.11

	Parvovirus, dogs
	Shelter A
	Averted only if diagnosed before departure
	21,554
	1.22

	Parvovirus, dogs
	Shelter A
	Share converted 1
	4,426
	0.25

	Parvovirus, dogs
	Shelter B
	Second dose also to stays of 14 days
	28,127
	1.12

	Parvovirus, dogs
	Shelter B
	Averted only if diagnosed before departure
	32,302
	1.29

	Parvovirus, dogs
	Shelter B
	Share converted 1
	6,255
	0.25

	Parvovirus, dogs
	Shelter C
	Second dose also to stays of 14 days
	11,029
	1.08

	Parvovirus, dogs
	Shelter C
	Averted only if diagnosed before departure
	11,637
	1.14

	Parvovirus, dogs
	Shelter C
	Share converted 1
	2,547
	0.25

	Parvovirus, dogs
	Shelter D
	Second dose also to stays of 14 days
	13,274
	1.09

	Parvovirus, dogs
	Shelter D
	Averted only if diagnosed before departure
	14,068
	1.16

	Parvovirus, dogs
	Shelter D
	Share converted 1
	3,041
	0.25

	Parvovirus, dogs
	Shelter F
	Second dose also to stays of 14 days
	6,617
	1.05

	Parvovirus, dogs
	Shelter F
	Averted only if diagnosed before departure
	6,925
	1.10

	Parvovirus, dogs
	Shelter F
	Share converted 1
	1,571
	0.25

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	Second dose also to stays of 14 days
	14,362
	1.05

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	Averted only if diagnosed before departure
	17,299
	1.26

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	Share converted 1
	3,427
	0.25

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	Second dose also to stays of 14 days
	9,180
	1.05

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	Averted only if diagnosed before departure
	10,173
	1.16

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	Share converted 1
	2,190
	0.25

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Second dose also to stays of 14 days
	8,676
	1.05

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Averted only if diagnosed before departure
	9,537
	1.15

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Share converted 1
	2,071
	0.25


Excluding stays of a year or more, rather than capping them at 365 days, raised the NNV by 0% to 21% at the six shelters (cap_vs_exclude.csv in the code archive).
S6. Checks
An independent recomputation, working only from the aggregate stay curves in the code archive and the formulas in S1, without the model code, reproduced the counts in Table S7b, every NNV in Table 2 for all six shelters and the illustrative LOS profiles, the exact values in Table S10a at all three rates and the expected results for the tool test file.
The browser tools (version 1.0.0, built 2026-11-01) compute D, C, E, Ew and Ev from uploaded intake and outcome dates, from entered totals or from the illustrative stays, using one shared implementation of the formula, and show those counts after an upload. Each page was run in a headless browser (check_tools_current.py, check_timing_tool.py). The cat and dog tools passed all 127 checks. They gave the model’s NNV, to the dose, for the 36 combinations of the 12 illustrative stays and their diseases at the low, base and upper window case rates, all 3 diseases on a synthetic file of 9,960 stays whose window count was set to give 0.10 per 1,000 adult-days, synthetic example record files for cats and dogs checked against an independent computation, and the adult value used in the kitten tool. For a shelter’s own count, the tools also show an exact Poisson 95% interval for the NNV that covers chance in the window count only. Its ends on the example files, its lower end on the test file with no window cases and the displayed value rounded to two significant figures matched an independent computation. The timing tool gave the model’s doses, cases averted and NNV for all 1,296 combinations of disease, illustrative stay and second-dose day from 7 to 42.
S7. Observed stays
Table S7. Observed stays at six open-admission shelters, five municipal and one private nonprofit, from animal-level intake and outcome records. The unit is the stay, so a readmitted animal contributes another row. Stays of 365 days or more are counted as 365. Means, medians and the share present through day 14 are after that cap. Shelter C is Orange County Animal Care (Additional file 1, S12), and the others are not named. Where records had no age field, all ages are shown as a proxy for adults.
	Shelter
	State
	Species
	Ages
	Intakes
	Stays
	Open at end of records
	Foster care
	Mean stay (d)
	Median stay (d)
	Present through day 14 (%)
	Stays of 365 d or more (%)

	A
	CA
	Cats
	adults (age at intake)
	2012 to 2023
	68,682
	7, censored, Kaplan–Meier
	foster placement ends the stay
	10.1
	4
	19
	0.05

	A
	CA
	Dogs
	adults (age at intake)
	2012 to 2023
	64,512
	3, censored, Kaplan–Meier
	foster placement ends the stay
	10.2
	6
	19
	0.07

	B
	CA
	Cats
	adults (date of birth)
	2012 to 2023
	9,941
	0, censored, Kaplan–Meier
	foster placement ends the stay; foster-return intakes excluded
	15.9
	8
	32
	0.00

	B
	CA
	Dogs
	adults (date of birth)
	2012 to 2023
	58,037
	0, censored, Kaplan–Meier
	foster placement ends the stay; foster-return intakes excluded
	13.1
	9
	26
	0.02

	C
	CA
	Cats
	all ages (no age field)
	January 2014 to April 2023
	85,685
	155, censored, Kaplan–Meier
	foster placement ends the stay
	6.5
	3
	11
	0.03

	C
	CA
	Dogs
	all ages (no age field)
	January 2014 to April 2023
	68,340
	271, censored, Kaplan–Meier
	foster placement ends the stay
	10.4
	4
	16
	0.16

	D
	CA
	Cats
	all ages (no age field)
	2012 to 2023
	74,625
	1, censored, Kaplan–Meier
	record held open through foster care (foster days included)
	14.1
	5
	28
	0.01

	D
	CA
	Dogs
	all ages (no age field)
	2012 to 2023
	111,301
	9, censored, Kaplan–Meier
	record held open through foster care (foster days included)
	10.2
	5
	17
	0.04

	E
	FL
	Cats
	adults (date of birth), excluding trap-neuter-return and dead on arrival
	February 2021 to March 2026
	3,048
	31, excluded
	foster days removed from the stay
	9.8
	5
	19
	0.13

	F
	NY
	Cats
	adults (age at intake)
	September 2020 to September 2026
	2,609
	28, censored, Kaplan–Meier
	record held open through foster care (foster days included)
	25.0
	15
	50
	0.00

	F
	NY
	Dogs
	adults (age at intake)
	September 2020 to September 2026
	1,572
	13, censored, Kaplan–Meier
	record held open through foster care (foster days included)
	25.5
	10
	41
	0.35


Table S7b. Counts per adult admission at the base lag and onset. D, share present through day 14. C, days in care from day 22. E, days in care on days 8 to 21. Ew and Ev, days in care on the window days on which first-week infections are diagnosed and on the remaining window days.
	Disease
	Stay
	D
	C
	D / C
	E
	Ew
	Ev
	Admissions per case averted

	Panleukopenia, cats
	Shelter A
	0.194
	3.16
	0.0615
	3.03
	1.47
	1.56
	65,000

	Panleukopenia, cats
	Shelter B
	0.318
	5.69
	0.0559
	4.89
	2.31
	2.58
	35,000

	Panleukopenia, cats
	Shelter C
	0.107
	1.56
	0.0685
	1.73
	0.87
	0.87
	135,000

	Panleukopenia, cats
	Shelter D
	0.278
	5.80
	0.0479
	4.14
	1.81
	2.33
	33,000

	Panleukopenia, cats
	Shelter E
	0.189
	2.58
	0.0731
	2.95
	1.47
	1.48
	81,000

	Panleukopenia, cats
	Shelter F
	0.504
	11.69
	0.0431
	7.35
	3.19
	4.16
	16,000

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	0.498
	7.91
	0.0630
	7.26
	3.15
	4.11
	24,000

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	0.395
	9.90
	0.0399
	5.85
	2.56
	3.29
	19,000

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	0.384
	10.17
	0.0378
	5.68
	2.48
	3.20
	19,000

	Distemper, dogs
	Shelter A
	0.193
	2.74
	0.0704
	3.12
	1.52
	0.53
	84,000

	Distemper, dogs
	Shelter B
	0.264
	2.74
	0.0964
	4.41
	2.13
	0.70
	84,000

	Distemper, dogs
	Shelter C
	0.158
	3.87
	0.0408
	2.62
	1.23
	0.48
	58,000

	Distemper, dogs
	Shelter D
	0.171
	3.52
	0.0485
	2.79
	1.34
	0.49
	65,000

	Distemper, dogs
	Shelter F
	0.411
	14.42
	0.0285
	6.00
	3.02
	1.31
	17,000

	Distemper, dogs
	One group, mean 21 d (illustrative)
	0.498
	7.91
	0.0630
	7.26
	3.67
	1.62
	31,000

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	0.395
	9.90
	0.0399
	5.85
	2.92
	1.30
	24,000

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	0.384
	10.17
	0.0378
	5.68
	2.84
	1.27
	24,000

	Parvovirus, dogs
	Shelter A
	0.193
	2.74
	0.0704
	3.12
	1.61
	1.51
	92,000

	Parvovirus, dogs
	Shelter B
	0.264
	2.74
	0.0964
	4.41
	2.36
	2.05
	95,000

	Parvovirus, dogs
	Shelter C
	0.158
	3.87
	0.0408
	2.62
	1.34
	1.28
	65,000

	Parvovirus, dogs
	Shelter D
	0.171
	3.52
	0.0485
	2.79
	1.43
	1.36
	71,000

	Parvovirus, dogs
	Shelter F
	0.411
	14.42
	0.0285
	6.00
	2.64
	3.35
	15,000

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	0.498
	7.91
	0.0630
	7.26
	3.15
	4.11
	28,000

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	0.395
	9.90
	0.0399
	5.85
	2.56
	3.29
	22,000

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	0.384
	10.17
	0.0378
	5.68
	2.48
	3.20
	22,000


A log-logistic stay fixed by each observed curve’s own mean and median gave NNVs from 0.71 to 1.14 times those from the curve itself, in either direction (Table S7c), so a mean and median do not determine the NNV.
Table S7c. Each observed curve against a log-logistic fixed by that curve’s own mean and median, base inputs.
	Disease
	Shelter
	Mean (d)
	Median (d)
	D, observed
	D, fit
	C, observed
	C, fit
	NNV, observed
	NNV, fit
	Fit to observed

	Panleukopenia, cats
	Shelter A
	10.1
	4
	0.194
	0.152
	3.16
	3.59
	12,588
	8,945
	0.71

	Panleukopenia, cats
	Shelter B
	15.9
	8
	0.318
	0.286
	5.69
	6.03
	11,208
	9,807
	0.88

	Panleukopenia, cats
	Shelter C
	6.5
	3
	0.107
	0.087
	1.56
	1.50
	14,396
	12,977
	0.90

	Panleukopenia, cats
	Shelter D
	14.1
	5
	0.278
	0.212
	5.80
	6.38
	9,054
	6,772
	0.75

	Panleukopenia, cats
	Shelter E
	9.8
	5
	0.189
	0.156
	2.58
	2.63
	15,340
	13,038
	0.85

	Panleukopenia, cats
	Shelter F
	25.0
	15
	0.504
	0.515
	11.69
	10.99
	8,089
	9,088
	1.12

	Distemper, dogs
	Shelter A
	10.2
	6
	0.193
	0.172
	2.74
	2.31
	16,254
	16,876
	1.04

	Distemper, dogs
	Shelter B
	13.1
	9
	0.264
	0.267
	2.74
	2.69
	22,065
	22,804
	1.03

	Distemper, dogs
	Shelter C
	10.4
	4
	0.158
	0.156
	3.87
	3.86
	9,136
	9,317
	1.02

	Distemper, dogs
	Shelter D
	10.2
	5
	0.171
	0.164
	3.52
	3.00
	11,048
	12,465
	1.13

	Distemper, dogs
	Shelter F
	25.5
	10
	0.411
	0.385
	14.42
	14.30
	6,853
	6,408
	0.94

	Parvovirus, dogs
	Shelter A
	10.2
	6
	0.193
	0.172
	2.74
	2.31
	17,705
	19,597
	1.11

	Parvovirus, dogs
	Shelter B
	13.1
	9
	0.264
	0.267
	2.74
	2.69
	25,018
	25,953
	1.04

	Parvovirus, dogs
	Shelter C
	10.4
	4
	0.158
	0.156
	3.87
	3.86
	10,189
	9,929
	0.97

	Parvovirus, dogs
	Shelter D
	10.2
	5
	0.171
	0.164
	3.52
	3.00
	12,164
	13,855
	1.14

	Parvovirus, dogs
	Shelter F
	25.5
	10
	0.411
	0.385
	14.42
	14.30
	6,285
	6,030
	0.96


S8. Timing of the second dose
Table S8. Timing of the second dose, other inputs at base. The second dose is given to every adult still present at the end of the day shown and protects 7 days later. The window count is unchanged across dosing days. Per 1,000 adult admissions. Every day from 7 to 42 is in dose_timing.csv.
	Disease
	Stay
	Day of second dose
	Second doses per 1,000
	Cases averted per 1,000
	NNV
	Doses, % of day 14
	Cases averted, % of day 14

	Panleukopenia, cats
	Shelter A
	7
	351
	0.021
	16,784
	181
	136

	Panleukopenia, cats
	Shelter A
	14
	194
	0.015
	12,588
	100
	100

	Panleukopenia, cats
	Shelter A
	21
	124
	0.012
	10,518
	64
	77

	Panleukopenia, cats
	Shelter A
	28
	86
	0.0093
	9,205
	44
	60

	Panleukopenia, cats
	Shelter A
	42
	44
	0.0061
	7,223
	23
	40

	Panleukopenia, cats
	Shelter B
	7
	539
	0.038
	14,282
	169
	133

	Panleukopenia, cats
	Shelter B
	14
	318
	0.028
	11,208
	100
	100

	Panleukopenia, cats
	Shelter B
	21
	208
	0.022
	9,284
	65
	79

	Panleukopenia, cats
	Shelter B
	28
	133
	0.018
	7,246
	42
	65

	Panleukopenia, cats
	Shelter B
	42
	72
	0.013
	5,403
	22
	47

	Panleukopenia, cats
	Shelter C
	7
	221
	0.010
	21,263
	207
	140

	Panleukopenia, cats
	Shelter C
	14
	107
	0.0074
	14,396
	100
	100

	Panleukopenia, cats
	Shelter C
	21
	69
	0.0054
	12,755
	65
	73

	Panleukopenia, cats
	Shelter C
	28
	48
	0.0041
	11,711
	45
	55

	Panleukopenia, cats
	Shelter C
	42
	22
	0.0026
	8,433
	20
	35

	Panleukopenia, cats
	Shelter D
	7
	409
	0.040
	10,255
	147
	130

	Panleukopenia, cats
	Shelter D
	14
	278
	0.031
	9,054
	100
	100

	Panleukopenia, cats
	Shelter D
	21
	209
	0.024
	8,785
	75
	77

	Panleukopenia, cats
	Shelter D
	28
	163
	0.018
	8,927
	59
	60

	Panleukopenia, cats
	Shelter D
	42
	94
	0.011
	8,435
	34
	36

	Panleukopenia, cats
	Shelter E
	7
	354
	0.017
	20,452
	187
	141

	Panleukopenia, cats
	Shelter E
	14
	189
	0.012
	15,340
	100
	100

	Panleukopenia, cats
	Shelter E
	21
	109
	0.0093
	11,682
	58
	76

	Panleukopenia, cats
	Shelter E
	28
	69
	0.0073
	9,463
	37
	59

	Panleukopenia, cats
	Shelter E
	42
	33
	0.0050
	6,742
	18
	40

	Panleukopenia, cats
	Shelter F
	7
	709
	0.079
	8,991
	140
	126

	Panleukopenia, cats
	Shelter F
	14
	504
	0.062
	8,089
	100
	100

	Panleukopenia, cats
	Shelter F
	21
	365
	0.051
	7,208
	72
	81

	Panleukopenia, cats
	Shelter F
	28
	270
	0.041
	6,525
	54
	66

	Panleukopenia, cats
	Shelter F
	42
	179
	0.028
	6,420
	35
	45

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	7
	689
	0.058
	11,798
	138
	138

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	14
	498
	0.042
	11,798
	100
	100

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	21
	359
	0.030
	11,798
	72
	72

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	28
	259
	0.022
	11,798
	52
	52

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	42
	135
	0.011
	11,798
	27
	27

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	7
	571
	0.065
	8,736
	144
	125

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	14
	395
	0.052
	7,536
	100
	100

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	21
	296
	0.043
	6,943
	75
	81

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	28
	231
	0.035
	6,654
	59
	66

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	42
	151
	0.023
	6,448
	38
	45

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	7
	554
	0.067
	8,324
	144
	123

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	14
	384
	0.054
	7,126
	100
	100

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	21
	288
	0.044
	6,488
	75
	82

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	28
	224
	0.037
	6,094
	58
	68

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	42
	145
	0.026
	5,628
	38
	48

	Distemper, dogs
	Shelter A
	7
	393
	0.016
	23,876
	204
	139

	Distemper, dogs
	Shelter A
	14
	193
	0.012
	16,254
	100
	100

	Distemper, dogs
	Shelter A
	21
	111
	0.0091
	12,245
	58
	76

	Distemper, dogs
	Shelter A
	28
	72
	0.0072
	10,087
	38
	61

	Distemper, dogs
	Shelter A
	42
	36
	0.0049
	7,256
	18
	41

	Distemper, dogs
	Shelter B
	7
	593
	0.018
	32,586
	224
	152

	Distemper, dogs
	Shelter B
	14
	264
	0.012
	22,065
	100
	100

	Distemper, dogs
	Shelter B
	21
	142
	0.0084
	16,881
	54
	70

	Distemper, dogs
	Shelter B
	28
	87
	0.0062
	14,011
	33
	52

	Distemper, dogs
	Shelter B
	42
	39
	0.0037
	10,299
	15
	31

	Distemper, dogs
	Shelter C
	7
	342
	0.021
	15,990
	217
	124

	Distemper, dogs
	Shelter C
	14
	158
	0.017
	9,136
	100
	100

	Distemper, dogs
	Shelter C
	21
	105
	0.014
	7,285
	66
	83

	Distemper, dogs
	Shelter C
	28
	79
	0.012
	6,386
	50
	72

	Distemper, dogs
	Shelter C
	42
	39
	0.0098
	4,017
	25
	57

	Distemper, dogs
	Shelter D
	7
	363
	0.020
	18,400
	212
	127

	Distemper, dogs
	Shelter D
	14
	171
	0.015
	11,048
	100
	100

	Distemper, dogs
	Shelter D
	21
	105
	0.013
	8,280
	61
	82

	Distemper, dogs
	Shelter D
	28
	76
	0.011
	7,188
	45
	68

	Distemper, dogs
	Shelter D
	42
	45
	0.0077
	5,828
	26
	50

	Distemper, dogs
	Shelter F
	7
	596
	0.070
	8,485
	145
	117

	Distemper, dogs
	Shelter F
	14
	411
	0.060
	6,853
	100
	100

	Distemper, dogs
	Shelter F
	21
	290
	0.053
	5,525
	71
	88

	Distemper, dogs
	Shelter F
	28
	220
	0.047
	4,723
	54
	78

	Distemper, dogs
	Shelter F
	42
	151
	0.038
	3,998
	37
	63

	Distemper, dogs
	One group, mean 21 d (illustrative)
	7
	689
	0.045
	15,186
	138
	138

	Distemper, dogs
	One group, mean 21 d (illustrative)
	14
	498
	0.033
	15,186
	100
	100

	Distemper, dogs
	One group, mean 21 d (illustrative)
	21
	359
	0.024
	15,186
	72
	72

	Distemper, dogs
	One group, mean 21 d (illustrative)
	28
	259
	0.017
	15,186
	52
	52

	Distemper, dogs
	One group, mean 21 d (illustrative)
	42
	135
	0.0089
	15,186
	27
	27

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	7
	571
	0.052
	11,057
	144
	125

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	14
	395
	0.041
	9,539
	100
	100

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	21
	296
	0.034
	8,787
	75
	81

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	28
	231
	0.027
	8,422
	59
	66

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	42
	151
	0.018
	8,162
	38
	45

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	7
	554
	0.052
	10,551
	144
	123

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	14
	384
	0.043
	9,034
	100
	100

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	21
	288
	0.035
	8,224
	75
	82

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	28
	224
	0.029
	7,725
	58
	68

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	42
	145
	0.020
	7,134
	38
	48

	Parvovirus, dogs
	Shelter A
	7
	393
	0.015
	26,007
	204
	139

	Parvovirus, dogs
	Shelter A
	14
	193
	0.011
	17,705
	100
	100

	Parvovirus, dogs
	Shelter A
	21
	111
	0.0083
	13,338
	58
	76

	Parvovirus, dogs
	Shelter A
	28
	72
	0.0066
	10,987
	38
	61

	Parvovirus, dogs
	Shelter A
	42
	36
	0.0045
	7,904
	18
	41

	Parvovirus, dogs
	Shelter B
	7
	593
	0.016
	36,947
	224
	152

	Parvovirus, dogs
	Shelter B
	14
	264
	0.011
	25,018
	100
	100

	Parvovirus, dogs
	Shelter B
	21
	142
	0.0074
	19,140
	54
	70

	Parvovirus, dogs
	Shelter B
	28
	87
	0.0055
	15,886
	33
	52

	Parvovirus, dogs
	Shelter B
	42
	39
	0.0033
	11,677
	15
	31

	Parvovirus, dogs
	Shelter C
	7
	342
	0.019
	17,833
	217
	124

	Parvovirus, dogs
	Shelter C
	14
	158
	0.015
	10,189
	100
	100

	Parvovirus, dogs
	Shelter C
	21
	105
	0.013
	8,124
	66
	83

	Parvovirus, dogs
	Shelter C
	28
	79
	0.011
	7,122
	50
	72

	Parvovirus, dogs
	Shelter C
	42
	39
	0.0088
	4,480
	25
	57

	Parvovirus, dogs
	Shelter D
	7
	363
	0.018
	20,258
	212
	127

	Parvovirus, dogs
	Shelter D
	14
	171
	0.014
	12,164
	100
	100

	Parvovirus, dogs
	Shelter D
	21
	105
	0.011
	9,116
	61
	82

	Parvovirus, dogs
	Shelter D
	28
	76
	0.0096
	7,913
	45
	68

	Parvovirus, dogs
	Shelter D
	42
	45
	0.0070
	6,416
	26
	50

	Parvovirus, dogs
	Shelter F
	7
	596
	0.077
	7,783
	145
	117

	Parvovirus, dogs
	Shelter F
	14
	411
	0.065
	6,285
	100
	100

	Parvovirus, dogs
	Shelter F
	21
	290
	0.057
	5,068
	71
	88

	Parvovirus, dogs
	Shelter F
	28
	220
	0.051
	4,332
	54
	78

	Parvovirus, dogs
	Shelter F
	42
	151
	0.041
	3,667
	37
	63

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	7
	689
	0.050
	13,709
	138
	138

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	14
	498
	0.036
	13,709
	100
	100

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	21
	359
	0.026
	13,709
	72
	72

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	28
	259
	0.019
	13,709
	52
	52

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	42
	135
	0.0099
	13,709
	27
	27

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	7
	571
	0.056
	10,153
	144
	125

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	14
	395
	0.045
	8,759
	100
	100

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	21
	296
	0.037
	8,069
	75
	81

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	28
	231
	0.030
	7,734
	59
	66

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	42
	151
	0.020
	7,494
	38
	45

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	7
	554
	0.057
	9,674
	144
	123

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	14
	384
	0.046
	8,282
	100
	100

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	21
	288
	0.038
	7,540
	75
	82

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	28
	224
	0.032
	7,082
	58
	68

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	42
	145
	0.022
	6,541
	38
	48


S9. Length of stay and rising daily risk
Table S9a. Illustrative LOS profiles at the base window case rate of 0.10 per 1,000 adult-days, other inputs at base. The first three share a mean of 21 days. The sweep holds a fast track at 7 days and varies the share and mean stay of a slow track. Means are after the one-year cap.
	Disease
	Stay
	Mean / median (d)
	Present through day 14 (%)
	C
	D / C
	NNV

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	21.0 / 14
	50
	7.9
	0.0630
	11,798

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	21.0 / 10
	40
	9.9
	0.0399
	7,536

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	21.0 / 9
	38
	10.2
	0.0378
	7,126

	Panleukopenia, cats
	Fast 7 d, 10% slow at 35 d (illustrative)
	9.8 / 5
	19
	2.3
	0.0806
	17,552

	Panleukopenia, cats
	Fast 7 d, 10% slow at 60 d (illustrative)
	12.3 / 5
	20
	4.6
	0.0433
	9,233

	Panleukopenia, cats
	Fast 7 d, 10% slow at 90 d (illustrative)
	15.1 / 5
	21
	7.4
	0.0280
	5,912

	Panleukopenia, cats
	Fast 7 d, 25% slow at 35 d (illustrative)
	14.0 / 6
	27
	5.2
	0.0514
	10,382

	Panleukopenia, cats
	Fast 7 d, 25% slow at 60 d (illustrative)
	20.2 / 7
	30
	10.9
	0.0272
	5,331

	Panleukopenia, cats
	Fast 7 d, 25% slow at 90 d (illustrative)
	27.4 / 7
	31
	17.8
	0.0176
	3,396

	Panleukopenia, cats
	Fast 7 d, 50% slow at 35 d (illustrative)
	21.0 / 10
	40
	9.9
	0.0399
	7,536

	Panleukopenia, cats
	Fast 7 d, 50% slow at 60 d (illustrative)
	33.4 / 12
	46
	21.3
	0.0214
	3,901

	Panleukopenia, cats
	Fast 7 d, 50% slow at 90 d (illustrative)
	47.7 / 14
	49
	35.1
	0.0140
	2,500

	Distemper, dogs
	One group, mean 21 d (illustrative)
	21.0 / 14
	50
	7.9
	0.0630
	15,186

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	21.0 / 10
	40
	9.9
	0.0399
	9,539

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	21.0 / 9
	38
	10.2
	0.0378
	9,034

	Distemper, dogs
	Fast 7 d, 10% slow at 35 d (illustrative)
	9.8 / 5
	19
	2.3
	0.0806
	18,649

	Distemper, dogs
	Fast 7 d, 10% slow at 60 d (illustrative)
	12.3 / 5
	20
	4.6
	0.0433
	10,036

	Distemper, dogs
	Fast 7 d, 10% slow at 90 d (illustrative)
	15.1 / 5
	21
	7.4
	0.0280
	6,502

	Distemper, dogs
	Fast 7 d, 25% slow at 35 d (illustrative)
	14.0 / 6
	27
	5.2
	0.0514
	12,088

	Distemper, dogs
	Fast 7 d, 25% slow at 60 d (illustrative)
	20.2 / 7
	30
	10.9
	0.0272
	6,425

	Distemper, dogs
	Fast 7 d, 25% slow at 90 d (illustrative)
	27.4 / 7
	31
	17.8
	0.0176
	4,163

	Distemper, dogs
	Fast 7 d, 50% slow at 35 d (illustrative)
	21.0 / 10
	40
	9.9
	0.0399
	9,539

	Distemper, dogs
	Fast 7 d, 50% slow at 60 d (illustrative)
	33.4 / 12
	46
	21.3
	0.0214
	5,132

	Distemper, dogs
	Fast 7 d, 50% slow at 90 d (illustrative)
	47.7 / 14
	49
	35.1
	0.0140
	3,350

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	21.0 / 14
	50
	7.9
	0.0630
	13,709

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	21.0 / 10
	40
	9.9
	0.0399
	8,759

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	21.0 / 9
	38
	10.2
	0.0378
	8,282

	Parvovirus, dogs
	Fast 7 d, 10% slow at 35 d (illustrative)
	9.8 / 5
	19
	2.3
	0.0806
	20,502

	Parvovirus, dogs
	Fast 7 d, 10% slow at 60 d (illustrative)
	12.3 / 5
	20
	4.6
	0.0433
	10,778

	Parvovirus, dogs
	Fast 7 d, 10% slow at 90 d (illustrative)
	15.1 / 5
	21
	7.4
	0.0280
	6,898

	Parvovirus, dogs
	Fast 7 d, 25% slow at 35 d (illustrative)
	14.0 / 6
	27
	5.2
	0.0514
	12,097

	Parvovirus, dogs
	Fast 7 d, 25% slow at 60 d (illustrative)
	20.2 / 7
	30
	10.9
	0.0272
	6,205

	Parvovirus, dogs
	Fast 7 d, 25% slow at 90 d (illustrative)
	27.4 / 7
	31
	17.8
	0.0176
	3,950

	Parvovirus, dogs
	Fast 7 d, 50% slow at 35 d (illustrative)
	21.0 / 10
	40
	9.9
	0.0399
	8,759

	Parvovirus, dogs
	Fast 7 d, 50% slow at 60 d (illustrative)
	33.4 / 12
	46
	21.3
	0.0214
	4,527

	Parvovirus, dogs
	Fast 7 d, 50% slow at 90 d (illustrative)
	47.7 / 14
	49
	35.1
	0.0140
	2,899


Table S9b. Daily risk rising after day 21, window case rate 0.10 per 1,000 adult-days and other inputs at base. The calibration on days 8 to 21 is unchanged. Every stay is in rising_risk.csv.
	Disease
	Stay
	Daily risk after day 21
	NNV
	Ratio to constant risk

	Panleukopenia, cats
	Shelter A
	Constant
	12,588
	1.00

	Panleukopenia, cats
	Shelter A
	1.5 times after day 21
	8,392
	0.67

	Panleukopenia, cats
	Shelter A
	2 times after day 21
	6,294
	0.50

	Panleukopenia, cats
	Shelter A
	3 times after day 21
	4,196
	0.33

	Panleukopenia, cats
	Shelter A
	Rising to 3 times by day 63
	6,043
	0.48

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	Constant
	11,798
	1.00

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	1.5 times after day 21
	7,866
	0.67

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	2 times after day 21
	5,899
	0.50

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	3 times after day 21
	3,933
	0.33

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	Rising to 3 times by day 63
	6,213
	0.53

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	Constant
	7,536
	1.00

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	1.5 times after day 21
	5,024
	0.67

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	2 times after day 21
	3,768
	0.50

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	3 times after day 21
	2,512
	0.33

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	Rising to 3 times by day 63
	3,470
	0.46

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	Constant
	7,126
	1.00

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	1.5 times after day 21
	4,751
	0.67

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	2 times after day 21
	3,563
	0.50

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	3 times after day 21
	2,375
	0.33

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	Rising to 3 times by day 63
	3,211
	0.45

	Panleukopenia, cats
	Fast 7 d, 50% slow at 90 d (illustrative)
	Constant
	2,500
	1.00

	Panleukopenia, cats
	Fast 7 d, 50% slow at 90 d (illustrative)
	1.5 times after day 21
	1,666
	0.67

	Panleukopenia, cats
	Fast 7 d, 50% slow at 90 d (illustrative)
	2 times after day 21
	1,250
	0.50

	Panleukopenia, cats
	Fast 7 d, 50% slow at 90 d (illustrative)
	3 times after day 21
	833
	0.33

	Panleukopenia, cats
	Fast 7 d, 50% slow at 90 d (illustrative)
	Rising to 3 times by day 63
	964
	0.39

	Distemper, dogs
	Shelter A
	Constant
	16,254
	1.00

	Distemper, dogs
	Shelter A
	1.5 times after day 21
	10,836
	0.67

	Distemper, dogs
	Shelter A
	2 times after day 21
	8,127
	0.50

	Distemper, dogs
	Shelter A
	3 times after day 21
	5,418
	0.33

	Distemper, dogs
	Shelter A
	Rising to 3 times by day 63
	7,726
	0.48

	Distemper, dogs
	One group, mean 21 d (illustrative)
	Constant
	15,186
	1.00

	Distemper, dogs
	One group, mean 21 d (illustrative)
	1.5 times after day 21
	10,124
	0.67

	Distemper, dogs
	One group, mean 21 d (illustrative)
	2 times after day 21
	7,593
	0.50

	Distemper, dogs
	One group, mean 21 d (illustrative)
	3 times after day 21
	5,062
	0.33

	Distemper, dogs
	One group, mean 21 d (illustrative)
	Rising to 3 times by day 63
	7,996
	0.53

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	Constant
	9,539
	1.00

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	1.5 times after day 21
	6,359
	0.67

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	2 times after day 21
	4,769
	0.50

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	3 times after day 21
	3,180
	0.33

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	Rising to 3 times by day 63
	4,392
	0.46

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Constant
	9,034
	1.00

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	1.5 times after day 21
	6,022
	0.67

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	2 times after day 21
	4,517
	0.50

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	3 times after day 21
	3,011
	0.33

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Rising to 3 times by day 63
	4,071
	0.45

	Distemper, dogs
	Fast 7 d, 50% slow at 90 d (illustrative)
	Constant
	3,350
	1.00

	Distemper, dogs
	Fast 7 d, 50% slow at 90 d (illustrative)
	1.5 times after day 21
	2,233
	0.67

	Distemper, dogs
	Fast 7 d, 50% slow at 90 d (illustrative)
	2 times after day 21
	1,675
	0.50

	Distemper, dogs
	Fast 7 d, 50% slow at 90 d (illustrative)
	3 times after day 21
	1,117
	0.33

	Distemper, dogs
	Fast 7 d, 50% slow at 90 d (illustrative)
	Rising to 3 times by day 63
	1,292
	0.39

	Parvovirus, dogs
	Shelter A
	Constant
	17,705
	1.00

	Parvovirus, dogs
	Shelter A
	1.5 times after day 21
	11,803
	0.67

	Parvovirus, dogs
	Shelter A
	2 times after day 21
	8,852
	0.50

	Parvovirus, dogs
	Shelter A
	3 times after day 21
	5,902
	0.33

	Parvovirus, dogs
	Shelter A
	Rising to 3 times by day 63
	8,416
	0.48

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	Constant
	13,709
	1.00

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	1.5 times after day 21
	9,139
	0.67

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	2 times after day 21
	6,855
	0.50

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	3 times after day 21
	4,570
	0.33

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	Rising to 3 times by day 63
	7,219
	0.53

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	Constant
	8,759
	1.00

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	1.5 times after day 21
	5,839
	0.67

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	2 times after day 21
	4,379
	0.50

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	3 times after day 21
	2,920
	0.33

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	Rising to 3 times by day 63
	4,033
	0.46

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Constant
	8,282
	1.00

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	1.5 times after day 21
	5,521
	0.67

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	2 times after day 21
	4,141
	0.50

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	3 times after day 21
	2,761
	0.33

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	Rising to 3 times by day 63
	3,732
	0.45

	Parvovirus, dogs
	Fast 7 d, 50% slow at 90 d (illustrative)
	Constant
	2,899
	1.00

	Parvovirus, dogs
	Fast 7 d, 50% slow at 90 d (illustrative)
	1.5 times after day 21
	1,933
	0.67

	Parvovirus, dogs
	Fast 7 d, 50% slow at 90 d (illustrative)
	2 times after day 21
	1,450
	0.50

	Parvovirus, dogs
	Fast 7 d, 50% slow at 90 d (illustrative)
	3 times after day 21
	966
	0.33

	Parvovirus, dogs
	Fast 7 d, 50% slow at 90 d (illustrative)
	Rising to 3 times by day 63
	1,118
	0.39


S10. Exact form and high infection pressure
Table S10a. NNV from the approximation and the exact form, with their ratio, at the low, base and upper window case rates per 1,000 adult-days, other inputs at base.
	Disease
	Stay
	Rate 0.02
	Rate 0.10
	Rate 0.22

	Panleukopenia, cats
	Shelter A
	62,942 / 63,547 (1.01)
	12,588 / 13,196 (1.05)
	5,722 / 6,334 (1.11)

	Panleukopenia, cats
	Shelter B
	56,038 / 56,660 (1.01)
	11,208 / 11,835 (1.06)
	5,094 / 5,730 (1.12)

	Panleukopenia, cats
	Shelter C
	71,981 / 72,618 (1.01)
	14,396 / 15,035 (1.04)
	6,544 / 7,185 (1.10)

	Panleukopenia, cats
	Shelter D
	45,270 / 45,673 (1.01)
	9,054 / 9,461 (1.04)
	4,115 / 4,529 (1.10)

	Panleukopenia, cats
	Shelter E
	76,700 / 77,614 (1.01)
	15,340 / 16,252 (1.06)
	6,973 / 7,882 (1.13)

	Panleukopenia, cats
	Shelter F
	40,444 / 40,844 (1.01)
	8,089 / 8,494 (1.05)
	3,677 / 4,090 (1.11)

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	58,992 / 59,411 (1.01)
	11,798 / 12,223 (1.04)
	5,363 / 5,796 (1.08)

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	37,681 / 38,042 (1.01)
	7,536 / 7,902 (1.05)
	3,426 / 3,799 (1.11)

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	35,631 / 36,006 (1.01)
	7,126 / 7,505 (1.05)
	3,239 / 3,626 (1.12)

	Distemper, dogs
	Shelter A
	81,270 / 81,699 (1.01)
	16,254 / 16,683 (1.03)
	7,388 / 7,818 (1.06)

	Distemper, dogs
	Shelter B
	110,324 / 110,779 (1.00)
	22,065 / 22,521 (1.02)
	10,029 / 10,487 (1.05)

	Distemper, dogs
	Shelter C
	45,680 / 46,028 (1.01)
	9,136 / 9,485 (1.04)
	4,153 / 4,504 (1.08)

	Distemper, dogs
	Shelter D
	55,242 / 55,564 (1.01)
	11,048 / 11,371 (1.03)
	5,022 / 5,347 (1.06)

	Distemper, dogs
	Shelter F
	34,263 / 34,502 (1.01)
	6,853 / 7,093 (1.04)
	3,115 / 3,358 (1.08)

	Distemper, dogs
	One group, mean 21 d (illustrative)
	75,931 / 76,171 (1.00)
	15,186 / 15,428 (1.02)
	6,903 / 7,146 (1.04)

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	47,694 / 47,899 (1.00)
	9,539 / 9,745 (1.02)
	4,336 / 4,543 (1.05)

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	45,168 / 45,380 (1.00)
	9,034 / 9,246 (1.02)
	4,106 / 4,321 (1.05)

	Parvovirus, dogs
	Shelter A
	88,523 / 89,644 (1.01)
	17,705 / 18,829 (1.06)
	8,048 / 9,179 (1.14)

	Parvovirus, dogs
	Shelter B
	125,091 / 126,272 (1.01)
	25,018 / 26,206 (1.05)
	11,372 / 12,572 (1.11)

	Parvovirus, dogs
	Shelter C
	50,945 / 51,863 (1.02)
	10,189 / 11,115 (1.09)
	4,631 / 5,570 (1.20)

	Parvovirus, dogs
	Shelter D
	60,819 / 61,663 (1.01)
	12,164 / 13,015 (1.07)
	5,529 / 6,393 (1.16)

	Parvovirus, dogs
	Shelter F
	31,427 / 32,057 (1.02)
	6,285 / 6,927 (1.10)
	2,857 / 3,516 (1.23)

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	68,546 / 69,164 (1.01)
	13,709 / 14,338 (1.05)
	6,231 / 6,877 (1.10)

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	43,795 / 44,328 (1.01)
	8,759 / 9,302 (1.06)
	3,981 / 4,539 (1.14)

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	41,411 / 41,963 (1.01)
	8,282 / 8,844 (1.07)
	3,765 / 4,341 (1.15)


Table S10b. Lowest NNV in the exact form as the window case rate rises beyond its range, other inputs at base, searched to a daily risk of 5%.
	Disease
	Stay
	Window case rate at lowest NNV
	Daily risk (%)
	Lowest NNV

	Panleukopenia, cats
	One group, mean 21 d (illustrative)
	2.7
	2.9
	1,152

	Panleukopenia, cats
	Two groups, 7 and 35 d (illustrative)
	2.4
	2.6
	895

	Panleukopenia, cats
	Three groups, 5, 15 and 43 d (illustrative)
	2.3
	2.4
	889

	Distemper, dogs
	One group, mean 21 d (illustrative)
	6.5
	2.9
	633

	Distemper, dogs
	Two groups, 7 and 35 d (illustrative)
	5.6
	2.5
	492

	Distemper, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	5.6
	2.5
	489

	Parvovirus, dogs
	One group, mean 21 d (illustrative)
	2.1
	2.8
	1,696

	Parvovirus, dogs
	Two groups, 7 and 35 d (illustrative)
	1.9
	2.5
	1,317

	Parvovirus, dogs
	Three groups, 5, 15 and 43 d (illustrative)
	1.9
	2.5
	1,309


S11. Obtaining the stay quantities from dates or from mLOS
The stay quantities the model uses, D, Ew, Ev and C, together with E for the window case rate, can be computed directly from a table of adult intake and outcome dates, one row per stay, defined to include all outcomes of adults of one species over some period (ideally several years). For each stay, L is the outcome date minus the intake date, so an adult leaving on its intake day has L = 0, and L is capped to avoid outliers (for example, at one year). A stay receives a second dose if L ≥ 15, and this count becomes D.
The first and last days of exposure for Ew are a = max(8, lag + 1) and b = min(21, lag + onset). The first day of exposure for Ev is e = max(8, lag + onset + 1), and its last day is always day 21. A stay’s contribution to Ew is then max(0, min(L, b) − a + 1), its contribution to Ev is max(0, min(L, 21) − e + 1), its contribution to E is max(0, min(L, 21) − 7), and its contribution to C is max(0, L − 14 − onset). These expressions are zero when a range is empty, so Ew vanishes when lag + onset is below 8 and Ev vanishes when lag + onset is 21 or more.
With an onset of 7 days and a lag of 5 days, for panleukopenia and parvovirus, the contributions are max(0, min(L, 12) − 7) to Ew and max(0, min(L, 21) − 12) to Ev. With a lag of 10 days, for distemper, they are max(0, min(L, 17) − 10) and max(0, min(L, 21) − 17). For all three diseases the contribution to C is max(0, L − 21). A window case is one diagnosed while the animal is still in care whose diagnosis date minus intake date is in the range 8 to 21 (inclusive), and their number is W. Each contribution, and the window-case flag, is a single formula in a spreadsheet column, and summing the columns over the stays gives totals that can be used as they are, because the number of admissions cancels from the NNV. The window case rate per 1,000 adult-days on days 8 to 21 is 1,000 W / E. Stays selected by outcome date in a predetermined period omit adults still in care at its end, which matters little when admission rates and lengths of stay were roughly stable over the period. When they were not, the Kaplan–Meier estimates from mLOS, described next, are preferable.
The same quantities can be taken from the output of the open-source mLOS software [15], run on the shelter’s intake and outcome records, either with adults of one species as an animal group or with the entire run filtered to adults of one species. mLOS counts time from the intake date, and its “days already in care” axis, which is 0 on the intake day, uses the same day numbering as here. If the entire run is filtered to adults of one species, the Kaplan–Meier result is in the file km_survival_unified.csv (column probability_still_in_care). If multiple categories remain in the run, the file is km_survival_by_animal_group.csv (column naming the relevant adult group). Either file gives, for each day, the estimated probability that an admitted adult is still in care. (There is also a PNG plot with the same name stem.)
D is the value on day 15, because an adult whose outcome falls on day 14 is assumed to leave before re-dosing. Each exposure is the sum of that column over the days it covers, which is the expected number of days an admitted adult spends in care on those days. With a, b and e as defined above, Ew is the sum of the probabilities over days a to b (inclusive), but 0 if a > b. Ev is the sum over days e to 21, but 0 if e > 21. E is the sum over days 8 to 21. C is the sum from day 15 + onset to the last day in the file. For panleukopenia and parvovirus the sums run over days 8 to 12 for Ew, 13 to 21 for Ev and 22 onward for C. For distemper the ranges are 11 to 17, 18 to 21 and 22 onward.
With these Kaplan–Meier estimates, adults still in care at the start or end of the period are handled correctly, and the restricted_stay_cap set in mLOS ends the sum for C, so a few mis-recorded stays cannot dominate it. (mLOS counts both the intake and the outcome day as days of stay, so its restricted_stay_cap must be set to 366 days to cap L at 365 days, as in the model.) Because D is then a share of adult admissions, W is entered in the same units, as window cases per adult admission, the window case rate per 1,000 adult-days on days 8 to 21 multiplied by E and divided by 1,000.
The mLOS results also offer an option that avoids the sums, via the in-care tenure file, km_in_care_tenure_unified.csv (if the entire run is filtered to adults of one species) or km_in_care_tenure_by_animal_group.csv (if multiple categories remain in the run). The file’s value at day x is the share of all care days that fall after day x, so the share falling on days j to k is its value at day j − 1 minus its value at day k. Ew is then proportional to the value at day a − 1 minus the value at day b, Ev to the value at day e − 1 minus the value at day 21, and C to the value at day 14 + onset. When the bounds reverse positions, Ew or Ev should not be allowed to be negative, but rather set to zero. (This happens when lag + onset is below 8 for Ew, and when it is 21 or more for Ev.) For panleukopenia and parvovirus these are the values at day 7 minus day 12 for Ew, day 12 minus day 21 for Ev, and day 21 for C. For distemper they are the values at day 10 minus day 17, day 17 minus day 21, and day 21. The computed values give Ew, Ev and C each divided by the same quantity, mLOS’s restricted mean stay. Because the NNV depends on Ew and Ev only through their ratios to C, they can be used as they are without readjusting the scaling. D is still taken from the survival file and paired with window cases per adult admission. E, needed only for the window case rate per adult-day on days 8 to 21, is the value at day 7 minus the value at day 21, multiplied by the restricted mean stay.
S12. Adult dogs by size at one shelter
This section applies both routes of S11, the date table and mLOS, to the adult dogs of one shelter, overall and by size. The records contain no diagnoses, so the window case count is not observed and the NNV values are illustrative.
Data. The records are those of Orange County Animal Care, a government shelter in California, obtained under public-records request 25-5969 (2 October 2025) and deposited [16]. They were prepared with ShelterDataPrep 0.5.0 [17] and its configuration orange_county2v.yaml, which keeps dogs, removes administrative records that are not stays, and removes exact repeats of multi-day stays. The result, OC2V_data.csv, holds 34,718 stays of 28,230 dogs in care at any time from 1 June 2018 to 2 October 2025 [18]. Both routes used the same file. This is the shelter labeled C in the main text. Its curve there (Table S7) covers dogs of all ages admitted from January 2014 to April 2023, with shorter stays than the adults here, so its NNVs in Table 2 are higher.
Adults. Adults are dogs at least 365 days old at intake, as in the main text. Ages at intake cluster sharply at whole years. Among 44,400 dog intakes in the raw extract with a date of birth, 2,384 were exactly 365 days old and 737 exactly 366, against about 14 on each of the surrounding days, and 59% of dog intakes 300 to 800 days old had a date of birth on the month and day of their intake. Ages estimated in whole years are evidently back-dated from the intake date, landing on 365 days a year plus the leap days in between. The same clusters appear at 4 years (1,994 at 1,461 days) and 9 years (321 at 3,287 days and 83 at 3,288), with smaller ones a day short of each (196 at 364 days, 145 at 1,460 and 47 at 3,286). The configuration therefore puts an age recorded as exactly N whole years in the group that starts at N. Juveniles are at most 364 days old, and the upper limit of the oldest group, above which a record is dropped as implausible, stays at 19 years plus a day. Thirty-one stays with no usable age were excluded.
Size and window. The size field has the values LARGE, MED, SMALL, PUPPY and _UNKNOWN_. (In the conversion from the raw file, X-LRG was mapped to LARGE and TOY to SMALL.) Every PUPPY stay is juvenile, so adults have four size groups. Both routes use stays observed from 1 January 2019 up to 1 October 2022, when the records are complete at both ends. This is simply an example period chosen to match the example used in mLOS [15, 19].
Date table. The workbook OC2V_adults_date_table.xlsx holds every stay with its intake date, outcome date, outcome type, size and age group, and computes every quantity by formula as in S11. A stay is used when its outcome falls in the window and the animal was an adult at intake. L is capped at 365 days. One cell selects the disease, which sets the lag and f, and another selects a size. Stays that mLOS removes as duplicates or overlaps are marked but kept, as a shelter would use its records as exported. With all sizes, 12,686 stays were used.
mLOS. mLOS 0.4.0 [15, 20] was run under R 4.4.2 on 23 October 2026. The settings were the standard OC2 settings with four changes, namely adults only, the window as a single period, intake type collapsed to one level, and a restricted_stay_cap of 366 days, which caps L at 365 days (S11). The animal group is the size field. Before analysis mLOS removed 10 duplicate and 39 overlapping stays, leaving 12,860 adult stays in progress in the window. Of these, 169 began before the window, and 238 were censored, 49 at the cap and the rest because they were still in care at its end, all handled by the Kaplan–Meier estimate. The quantities come from km_survival_unified.csv and km_survival_by_animal_group.csv, and those from the in-care tenure files agreed in every case.
Inputs. The NNV values use the base inputs of Table 1, with a window case rate of 0.10 per 1,000 adult-days on days 8 to 21 for all adults. The sizes are treated differently from the shelters and stays of the main text. Those are compared at the same window case rate, the quantity a shelter observes, so the daily risk implied for each differs (Methods, Daily risk and disease counts). The sizes here are groups of adults at one shelter, in care in the same place over the same years, so they are assumed to share one daily risk of infection, the one the window case rate of all adults implies. A shelter whose records include diagnoses could calibrate that shared risk from one window count for all adults, whereas window counts by size would usually be too few to estimate a rate for each. At a shared daily risk q the NNV is (D / C) / (S × f × r × q), so the sizes differ only through D / C. In terms of the window case rate of all adults, a size’s NNV is then its own D / C combined with the window factor of all adults, NNV = [D / C] × [(Ew + f × Ev) / E]all × 1,000 / (f × r × R), with R = 0.10 per 1,000 adult-days on days 8 to 21. Because the window factor differs a little between sizes, the same daily risk implies a slightly different window case rate in each size (Table S12c). Infection is counted up to departure.
Table S12a. Counts per adult admission from mLOS. Stays are those in progress in the window. Median and mean stay are mLOS’s values minus one day, since mLOS counts both the intake and outcome days. The mean is restricted at the cap. D, share present through day 14. C, days in care from day 22. E, days in care on days 8 to 21. Ew and Ev as in Table S7b. Size _UNKNOWN_ has too few stays to interpret.
	Disease
	Size
	Stays
	Median stay (d)
	Mean stay (d)
	D
	C
	D / C
	E
	Ew
	Ev

	Parvovirus, dogs
	All
	12,860
	5
	17.7
	0.227
	9.86
	0.0230
	3.54
	1.64
	1.90

	Parvovirus, dogs
	LARGE
	5,494
	8
	31.4
	0.364
	21.23
	0.0171
	5.40
	2.29
	3.12

	Parvovirus, dogs
	MED
	3,156
	4
	7.2
	0.113
	1.40
	0.0808
	2.00
	1.09
	0.91

	Parvovirus, dogs
	SMALL
	4,054
	5
	7.8
	0.132
	1.41
	0.0933
	2.25
	1.20
	1.05

	Parvovirus, dogs
	_UNKNOWN_
	156
	8
	16.7
	0.218
	7.82
	0.0278
	3.87
	1.97
	1.91

	Distemper, dogs
	All
	12,860
	5
	17.7
	0.227
	9.86
	0.0230
	3.54
	1.71
	0.75

	Distemper, dogs
	LARGE
	5,494
	8
	31.4
	0.364
	21.23
	0.0171
	5.40
	2.67
	1.28

	Distemper, dogs
	MED
	3,156
	4
	7.2
	0.113
	1.40
	0.0808
	2.00
	0.93
	0.33

	Distemper, dogs
	SMALL
	4,054
	5
	7.8
	0.132
	1.41
	0.0933
	2.25
	1.05
	0.37

	Distemper, dogs
	_UNKNOWN_
	156
	8
	16.7
	0.218
	7.82
	0.0278
	3.87
	1.67
	0.81


Table S12b. Counts per adult stay from the date table. Stays are those with an outcome in the window. Columns as in Table S12a.
	Disease
	Size
	Stays
	D
	C
	D / C
	E
	Ew
	Ev

	Parvovirus, dogs
	All
	12,686
	0.224
	9.46
	0.0236
	3.51
	1.63
	1.87

	Parvovirus, dogs
	LARGE
	5,351
	0.359
	20.30
	0.0177
	5.33
	2.27
	3.07

	Parvovirus, dogs
	MED
	3,143
	0.113
	1.41
	0.0802
	2.00
	1.09
	0.91

	Parvovirus, dogs
	SMALL
	4,038
	0.131
	1.44
	0.0909
	2.24
	1.20
	1.04

	Parvovirus, dogs
	_UNKNOWN_
	154
	0.214
	7.70
	0.0278
	3.83
	1.95
	1.88

	Distemper, dogs
	All
	12,686
	0.224
	9.46
	0.0236
	3.51
	1.70
	0.74

	Distemper, dogs
	LARGE
	5,351
	0.359
	20.30
	0.0177
	5.33
	2.63
	1.26

	Distemper, dogs
	MED
	3,143
	0.113
	1.41
	0.0802
	2.00
	0.93
	0.33

	Distemper, dogs
	SMALL
	4,038
	0.131
	1.44
	0.0909
	2.24
	1.05
	0.37

	Distemper, dogs
	_UNKNOWN_
	154
	0.214
	7.70
	0.0278
	3.83
	1.64
	0.80


Table S12c. NNV by size at the daily risk shared by all sizes, implied by 0.10 window cases per 1,000 adult-days on days 8 to 21, other inputs at base, and the window case rate each size group would then show (mLOS).
	Disease
	Size
	NNV, mLOS
	NNV, date table
	Implied window case rate (per 1,000 adult-days)

	Parvovirus, dogs
	All
	5,285
	5,456
	0.100

	Parvovirus, dogs
	LARGE
	3,944
	4,079
	0.093

	Parvovirus, dogs
	MED
	18,583
	18,497
	0.114

	Parvovirus, dogs
	SMALL
	21,464
	20,966
	0.113

	Parvovirus, dogs
	_UNKNOWN_
	6,400
	6,420
	0.108

	Distemper, dogs
	All
	5,311
	5,461
	0.100

	Distemper, dogs
	LARGE
	3,963
	4,083
	0.102

	Distemper, dogs
	MED
	18,673
	18,513
	0.095

	Distemper, dogs
	SMALL
	21,569
	20,984
	0.096

	Distemper, dogs
	_UNKNOWN_
	6,431
	6,426
	0.089


The two routes agree to within 2% for D, E, Ew and Ev, 5% for C and 4% for the NNV. The date table selects stays by outcome date, which matches an intake cohort when admissions and stays were similar at the two ends of the window or the period as a whole is long enough to dilute the boundary effect. (Stays lengthened from 2019 to 2022 [15, 19], which lowers C in the date table, as here, but over a 45-month window the effect is small.)
Large adults stayed about four times as long as medium and small adults, and 36% were present through day 14 against 11% to 13%. The NNV for medium and small adults was about five times the NNV for large adults, because the medium and small adults present for the second dose stay only about 11 days on average after it protects, against about 58 for large adults. The NNV value for all adults lies between the size values, but is closer to that for large adults, because they account for about 91% of the adult-days in care from day 22. The shared daily risk implies window case rates of 0.093 to 0.114 per 1,000 adult-days across the three main sizes.
Withholding the second dose by size. With the shared daily risk, and S, f and r the same for every size, a group’s second doses are proportional to D times its stays, and its cases averted to C times its stays, for both diseases.
Table S12d. Shares of second doses and of cases averted held by medium and small adults, shared daily risk.
	Route
	Second doses (%)
	Cases averted (%)

	mLOS
	30.5
	7.9

	Date table
	31.2
	8.6


Withholding the second dose from medium and small adults would save about 31% of second doses and lose about 8% of the cases averted. For parvovirus (mLOS) the withheld doses averted one case per about 20,300 doses, and the doses still given, to large adults and those of unknown size, would have an NNV of about 4,000, against 5,285 for all adults. Distemper is within 1% of these. The difference comes from stay length. Medium and small adults seldom stay long after the second dose protects. Only direct protection during the stay is counted, and the values come from one shelter over less than four years with illustrative inputs, so they illustrate the calculation rather than supporting a protocol.
Sensitivity to the adult boundary. Both routes were rerun with the same settings on OC2_data.csv [21], prepared from the same extract with cutoffs under which a dog recorded as exactly one year old is juvenile, so adults are at least 367 days old. The two files differ only in the age group of 4,323 stays, including 2,583 moving from JUVENILE to YOUNG (adult), and in the size of 9 of those 2,583, which change from PUPPY to _UNKNOWN_ because the configuration does not allow an adult to be a puppy. The stricter boundary removes 1,072 adult stays from the mLOS window and 1,050 from the date table. Every NNV in Table S12c changed by 4% or less. For all adults it was 5,162 for parvovirus and 5,213 for distemper (mLOS), and 5,285 and 5,321 (date table). Medium and small adults held 30.8% of second doses and 7.9% of cases averted (mLOS), and 31.5% and 8.5% (date table).
Files. The deposit [18] holds s12_tables.txt, with the values in Tables S12a to S12d, the withholding figures and the sensitivity check. They are computed by a script, s12_tables.py, from the files in the deposit’s two folders and OC2_data.csv (for the sensitivity check). The mLOS_OC2V_adults folder holds the workbook OC2V_adults_date_table.xlsx with the date-table calculation, data/OC2V_data.csv, prep/ (the ShelterDataPrep configuration orange_county2v.yaml with its run log, exclusion ledger and summary), the mLOS settings OC2V_adults_settings.yaml, the run command run_OC2V_adults.sh and the mLOS output in results/. The mLOS_OC2_adults_cap366 folder holds the settings, run command and output of the sensitivity run, whose input, OC2_data.csv, is in a pre-existing deposit [21].
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