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Abstract 

To establish evidence-based shipping requirements for sera submitted to reference laboratories for vaccinal antibody testing, the 

stability of canine antibody was determined over four weeks at temperatures simulating ground transport conditions. Known 

positive canine serum samples (n = 22) were tested to determine quantitative antibody titers using two gold-standard serologic 

assays. Antibody titer against canine parvovirus (CPV-2) via hemagglutination inhibition (HI) assay and against canine 

adenovirus (CAV-1) via serum virus neutralization (SVN) assay. Samples were aliquoted and held at static temperatures: in a 

refrigerator (6°C), at room temperature (25°C), and in an incubator (36°C) Samples were randomized and repeat tested at weeks 

2, 3, and 4. Statistical equivalence was determined using paired two one-sided t-test (TOST), with zone of indifference of ± 1 

dilution. For both antibody assays, experimental groups demonstrated statistical equivalence to refrigerated controls through 

week 4 (p < 0.05 for all comparisons.) These results demonstrate that canine vaccinal antibodies remain stable for four weeks at 

continuous elevated temperatures that might be encountered during ground shipment. This finding supports the implementation 

of less restrictive shipping requirements for canine vaccinal antibody testing, potentially reducing costs for veterinary 

practitioners and pet owners, and ultimately allowing greater access to important diagnostic testing. 
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1. Introduction 

Canine vaccinal antibody testing (aka “titer testing”) is a 

useful tool to guide clinical decisions regarding use of core 

modified live viral (MLV) vaccines including canine parvo-

virus (CPV-2), canine distemper virus (CDV) and canine 

adenovirus (CAV-1, 2). Antibody testing is appropriate for 

these viruses because they are highly susceptible to antibody 

neutralization. Protective antibody titer thresholds for these 

pathogens have been previously determined by challenge of 

immunity studies [1-8]. Indications for canine vaccinal anti-

body testing include previous adverse vaccine reaction, out-

break management, puppies completing initial vaccination 

series, and to generate nomograph analyses for breeding 

bitches [9, 10]. 

While point-of-care tests are available for this application, 

canine sera are frequently shipped to reference laboratories 

for vaccinal antibody testing. The potential for antibody 

degradation during transport conditions is a common con-

cern. Current industry practices often require expensive 
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shipping protocols including ice packs, overnight delivery, 

and immediate sample processing upon collection [11-14]. 

These requirements create substantial financial barriers for 

veterinary clients and may limit access to important diag-

nostic testing. The cost of rigorous shipping requirements 

can exceed the cost of the testing itself, particularly for rural 

practitioners or those serving economically disadvantaged 

communities. 

Previous studies in human and veterinary medicine have 

demonstrated remarkable antibody stability under various 

temperature conditions [15-17]. However, there is a lack of 

comparable data for canine vaccinal antibodies, and no stud-

ies have looked specifically at the effect of elevated temper-

atures during shipment. This lack has resulted in potentially 

unnecessary restrictions that may limit access to important 

veterinary diagnostic services. 

The current study aims to determine the impact of elevated 

temperatures over time on canine vaccinal antibody using two 

different “gold standard” test methods. We hypothesized that 

canine vaccinal antibodies would demonstrate sufficient sta-

bility at shipping temperatures to support less restrictive 

transport requirements. To test this hypothesis, sample ali-

quots held under test conditions were compared against re-

frigerated controls over a period of 4 weeks. Equivalence was 

determined using appropriate statistical methods. Results 

could provide evidence-based recommendations for sample 

acceptance criteria and shipping requirements across refer-

ence laboratories. 

2. Materials and Methods 

2.1. Samples 

Canine sera were submitted to the Companion Animal 

Vaccines and Immunodiagnostic Service (CAVIDS) Labor-

atory, which is a fee-for-service laboratory at the University 

of Wisconsin-Madison School of Veterinary Medicine. Sam-

ple submission indicated owner consent, request for titer 

testing service, and release of sample ownership. Institutional 

review board determined that approval was not required for 

this study. Sera submissions came from dogs living in multi-

ple geographic locations around the United States. The sam-

ple set included canine sera from a range of dog breeds and 

ages. Dogs sampled had received a variety of commercial 

vaccine products. Taken together, the demographics of this 

sample set were highly representational of submissions typi-

cally received by North American reference laboratories. 

Samples containing insufficient volume, undetectable levels 

of specific antibody, or severe hemolysis were excluded. 

Twenty-two frozen, archived samples were selected based on 

known positive titers (>80 for CPV-2 and >8 for CAV-1) and 

adequate sample volume (>3 mls). Titers were normally dis-

tributed. Each sample was divided into three aliquots and 

moved into refrigerator (6°C), bench top (25°C), or incubator 

(36°C). 

2.2. Temperature Variables 

Test temperatures were chosen to simulate expected North 

American shipping conditions. Room temperature (25°C) was 

chosen to represent moderate ambient temperatures. The 

higher test temperature (36°C) was based on expected average 

daily high temperatures for the southern United States. Na-

tional Weather Service historical data (1991-2020) for aver-

age July high temperatures in Houston, Texas (34.7°C) and 

Tucson, Arizona (37.9°C) were averaged to reach 36.3°C 

[18]. 

2.3. Serology 

Serology was completed on all samples at time point 0. 

Samples were randomized and held for further testing at 

weeks 2, 3, and 4. At each session, tests were read by an 

individual who was masked to treatment group assign-

ment. 

Serum virus neutralization (SVN) assay was used to de-

termine CAV-1 antibody titers using the method developed 

by Appel [19] for detection of neutralizing antibody against 

CDV which was modified for CAV-1 [20]. Briefly, sera 

samples are doubly diluted across a 96 well flat bottom 

tissue culture plate. Dilution buffer is minimum essential 

medium (MEM) containing growth factors and antibiotics. 

The plates are then incubated at room temperature for one 

hour with 200TCID50 CAV-1 per well. Madin-Darby canine 

kidney (MDCK) cells are then added at an approximate 

density of 2x104 cells per well. The plates are incubated for 

four days at 36°C in a humidified 5% CO2 atmosphere. 

Plates are read microscopically to determine the highest 

serum dilution able to completely prevent viral infection and 

resultant cytopathic effects. A control plate containing 

known positive and negative serum samples, viral back titer 

and cell control is also prepared and read. All test sera, 

control positive and negative sera, viral back-titer, and cell 

control are tested in duplicate. 

A hemagglutination inhibition (HI) assay was also per-

formed on each sample to test for antibodies against CPV-2 

using the method developed by Carmichael [21]. In brief, 

the sera samples are doubly diluted in phosphate buffered 

saline (PBS) with bovine serum albumin (BSA) 0.1% (v/v) 

across a 96 well, round bottom plate. The initial dilution of 

all test sera serves as a control to determine sera toxicity or 

sera-agglutination of indicator cells. CPV-2b (fecal extract 

origin) diluted to 32 hemagglutinating (HA) units in PBS 

buffer without BSA is added and the plates are incubated at 

room temperature for one hour. A solution of 1% (v/v) 

porcine red blood cells in BSA buffer are then added and 

the plates are incubated overnight in a refrigerator (6°C). 

Plates are then read visually and reported as the highest 

dilution of serum that completely prevents red blood cell 

agglutination caused by the virus. A control plate is also 

prepared and read as described for the SVN procedure. All 

test sera, control sera, viral back-titer, and cell control are 
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tested in duplicate. 

Both SVN and HI are “gold standard,” functional 

measurements which are commonly applied to canine 

vaccinal antibody testing. They represent two distinctly 

different methodologies of quantifying canine antibody, 

and were chosen for this study for these reasons. Both 

assays detect antibody classes type G and M (IgG and IgM) 

additively. 

2.4. Statistical Analysis 

An a priori power analysis was conducted using G*Power 

version 3.1.9.7 [22] to determine the minimum sample size 

required to test the study hypothesis. Results indicated the 

required sample size to achieve 99% power for detecting a 

small effect, at a significance criterion of α =.05, was N = 21 

for paired two one-sided t-tests (TOST). Thus, the sample size 

of N = 22 was adequate to test the study hypothesis. 

Given that the hypothesis of this study is that there will not 

be a significant difference between the experimental groups, a 

test of equivalence known as paired two one-sided t-tests 

(TOST) [23] was used to compare the average geometric 

mean titers of the experimental groups to the refrigerated 

control run during the same session, as well as to the original 

results obtained from time point 0. The zone of indifference 

was set as -1 to 1, as a difference of only one dilution is con-

sidered within the margin of error for both of these assays. 

Significance was set at p < 0.05 with a confidence interval of 

95%. Bonferroni correction for multiple comparisons was 

conducted to decrease risk of Type I error (false equivalence). 

The updated alpha = 0.00556. Post hoc power analysis was 

conducted using Mini-Tab software. Cohen’s d for effect size 

was determined using an online calculator (Omni Calculator). 

TOST test was conducted in Excel with QI Macros add-on. 

Normality of differences (d’Agostino and Pearson), coeffi-

cient of variation, and all other tests were conducted using 

GraphPad Prism v10. 

3. Results 

3.1. Geometric Mean Titer Results 

Geometric mean titers against CPV-2 and CAV-1 (with 95% 

confidence intervals) and coefficient of variation (CV%) are 

shown in Table 1 for all timepoints and temperature condi-

tions. 

Table 1. Geometric mean titers for CPV-2 and CAV-1 at temperatures and timepoints with 95% confidence intervals and coefficient of varia-

tion. 

Condition Time Point CPV-2 GMT (95%CI) CAV-1 GMT (95% CI) CPV-2 CV (%) CAV-1 CV (%) 

6°C Control Baseline 6.14 (5.4, 6.99) 7.56 (6.68-8.55) 24.51% 24.22% 

6°C Control 

Week 2 

6.31 (5.49, 7.26) 7.12 (6.21, 8.15) 28.35% 26.56% 

25°C Room Temp 6.53 (5.75, 7.42) 7.02 (6.06, 8.14) 25.75% 28.59% 

36°C Incubator 6.47 (5.59, 7.49) 6.97 (5.9, 8.23) 28.06% 29.20% 

6°C Control 

Week 3 

5.86 (5.13, 6.70) 7.95 (7.01, 9.01) 25.29% 24.58% 

25°C Room Temp 5.61 (4.93, 6.37) 7.93 (7.03, 8.94) 26.33% 23.45% 

36°C Incubator 5.58 (4.87, 6.39) 7.73 (6.82, 8.76) 28.88% 24.70% 

6°C Control 

Week 4 

4.56 (4.1, 5.07) 8.12 (7.23, 9.12) 23.20% 22.91% 

25°C Room Temp 4.74 (4.27, 5.26) 7.78 (6.88, 8.80) 23.14% 24.10% 

36°C Incubator 4.4 (3.99, 4.85) 7.51 (6.54, 8.62) 21.41% 25.77% 

 

3.2. Equivalence Testing Results - CAV-1 Serum 

Virus Neutralization 

Results of equivalence testing for CAV-1 are shown (Table 

2) including normality (d’Agostino and Pearson), mean of 

differences (95% CI), correlation coefficient, P value for r, 

Cohen’s d for effect size, post hoc power, and P value for 

equivalence with Bonferroni correction (alpha = 0.00556). 

Significant equivalence was determined for samples held at 

experimental temperatures for weeks 2 and 3. At week 4 only 

the room temperature sample was significantly equivalent to 

refrigerated control. 
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Table 2. CAV-1 equivalence testing with normality, mean of differences (with 95% CI), correlation coefficient, P value for r, Cohen’s d, post hoc 

power, and P value for equivalence (Bonferroni corrected alpha = 0.00556). F = frige/6°C; 0 = Baseline/Week 0; RT = room temperature/25°C; 

Inc = incubator/36°C. 

 
Comparison 

CAV-1 

Nor-

mality 

Mean of differences 

(95% CI) 

Correlation 

coefficient - r 

P value 

for r 

Cohen’s 

d 
Power 

P value for 

equivalence 

Significance 

(Bonferroni 

corrected alpha 

= 0.00556) 

Week 2 

F v 0 Yes 0.409 0.165, 0.6535 0.941 <.0001 0.212 0.991 0.00022 ** 

F v RT Yes 0.0455 -0.284, 0.375 0.905 <.0001 0.0221 0.999 0.000031 *** 

F v Inc Yes 0.0455 -0.303, 0.394 0.897 <.0001 0.0218 0.998 0.000059 *** 

Week 3 

F v 0 No 0.409 0.117, 0.701 0.919 <.0001 0.209 0.957 0.0011 ** 

F v RT No 0.0455 -0.0922, 0.183 0.983 <.0001 0.0228 1.0 4E-11 **** 

F v Inc Yes 0.227 0.0334, 0.421 0.965 <.0001 0.114 1.0 0.00000044 **** 

Week 4 

F v 0 Yes 0.546 0.299, 0.792 0.938 <.0001 0.287 0.923 0.0023 * 

F v RT Yes 0.318 0.0811, 0.555 0.944 <.0001 0.165 0.999 0.000034 *** 

F v Inc Yes 0.546 0.299, 0.792 0.943 <.0001 0.278 0.923 0.0023 * 

TOST testing (with Bonferroni correction) found the CAV-1 antibody titers for experimental groups were statistically 

equivalent to the refrigerated control through week 4 (Figure 1). 

 
Figure 1. Box and whisker plot of CAV-1 SVN log2 antibody titers, with arithmetic mean indicated by X and range indicated by bars. 

Timepoints shown are week 0 baseline (orange), and week 2 (blue), week 3 (purple) and week 4 (green). Geometric means for samples held 

at experimental temperatures at weeks 2-4 were compared with those of refrigerated controls and baseline values. The Bonferroni corrected 

significance of p values indicating equivalence between each paired TOST are represented by * for p < 0.0056, ** for p < 0.0011, *** for 

p<0.00011, and **** for p< 0.000011. 

3.3. CAV-1 SVN Assay Coefficient of Variance 

This SVN assay had an intra assay CV of 20% and inter 

assay CV of 24.6%. 

3.4. Equivalence Testing Results - CPV-2 

Hemagglutination Inhibition 

Results of equivalence testing for CPV-2 antibody titers are 

shown (Table 3) with normality (d’Agostino and Pearson), 
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mean of differences (95% CI), correlation coefficient, P value 

for r, Cohen’s d for effect size, post hoc power, and P value 

for equivalence with Bonferroni correction (alpha = 0.00556). 

TOST test showed significant equivalence for weeks 3 and 4 

experimental groups. Week 4 comparison for refrigerated 

control versus timepoint 0 was not significant. 

Table 3. CPV-2 equivalence testing with normality, mean of differences (95% CI), correlation coefficient, P value for r, Cohen’s d, post hoc 

power, and P value for equivalence (Bonferroni corrected alpha = 0.00556). F = frige/6°C; 0 = Baseline/Week 0; RT = room temperature/25°C; 

Inc = incubator/36°C. 

 
Comparison 

CPV-2 

Nor-

mality 

Mean of differences 

(95% CI) 

Correlation 

coefficient 

P value 

for r 

Cohen’s 

d 
Power 

P value for 

equivalence 

Significance 

(Bonferroni 

corrected al-

pha = 0.00556) 

Week 2 

F v 0 No 0.227 -0.0916, 0.546 0.887 <.0001 0.132 0.996 0.00022 ** 

F v RT Yes 0.182 -0.151, 0.515 0.876 <.0001 0.101 0.993 0.00019 ** 

F v Inc Yes 0.182 -0.131, 0.4947 0.898 <.0001 0.0965 0.997 0.000098 *** 

Week 3 

F v 0 Yes 0.273 0.0708, 0.475 0.937 <.0001 0.176 1.0 0.0000019 **** 

F v RT Yes 0.273 0.0412, 0.504 0.916 <.0001 0.178 1.0 0.000012 *** 

F v Inc Yes 0.273 -0.0088, 0.554 0.890 <.0001 0.169 0.996 0.00011 *** 

Week 4 

F v 0 Yes 1.682 1.396, 1.968 0.887 <.0001 1.251 NA 1.0 ns ns 

F v RT Yes 0.182 -0.00201, 0.366 0.898 <.0001 0.165 1.0 0.000000082 **** 

F v Inc No 0.182 0.037, 0.327 0.933 <.0001 0.177 1.0 1.6E-09 **** 

Note: power could not be determined for the week 4 pairing of 6°C and baseline because the effect size was greater than 1. 

TOST testing (with Bonferroni correction) found the 

CPV-2 antibody titers for experimental groups were statisti-

cally equivalent to the refrigerated control through week 4 

with p < 0.001 for each pairing. Week 4 results for the CPV-2 

experimental groups and refrigerated control were not statis-

tically equivalent to the results from time point 0. (Figure 2). 

 
Figure 2. Box and whisker plot of CPV-2 HI log2 antibody titers, with arithmetic mean indicated by X and range indicated by vertical bars. 

Timepoints shown are week 0 baseline (orange), and week 2 (blue), week 3 (purple) and week 4 (green). Geometric means for samples held 

at experimental temperatures at weeks 2-4 were compared with refrigerated control and baseline values. The Bonferroni corrected signifi-

cance of p values indicating equivalence between each paired TOST are represented by * for p < 0.0056, ** for p < 0.0011, *** for 

p<0.00011, and **** for p< 0.000011. 
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3.5. CPV-2 HI Assay Coefficient of Variance 

This HI assay had a CV% of 16.67% (intra-assay) and 

24.1% (inter-assay). 

4. Discussion 

4.1. Summary of Key Findings 

This study determined that canine vaccinal antibodies 

against CPV-2 and CAV-1 maintain stability for 3 weeks 

when stored at temperatures up to 36°C, as measured by two 

gold-standard serological assays. Statistical equivalence 

testing found no significant differences between experimental 

temperature groups and refrigerated controls for the majority 

of comparisons, supporting the hypothesis that current ship-

ping restrictions may be unnecessarily conservative. These 

findings have important implications for veterinary diagnostic 

practices and could lead to significant cost reductions for 

practitioners and pet owners. 

4.2. Comparison with Existing Literature 

Scientific literature contains a few publications regarding 

expected temperature excursions during transport [15, 17, 

24-26]. As part of a study to determine the effect of high 

temperature shipment on a human allograft product [27], 

investigators added thermal trackers to 72 shipments to 5 

warm climate US cities during the months of Au-

gust-September. That study found overall average package 

internal temperatures of 26.2°C ± 2.3°C. However, tempera-

ture spikes >40°C were seen, most frequently during truck 

transport in Phoenix, AZ, the warmest of the sites tested. 

These data support the choice of 36°C for high temperature 

storage in the current study, but suggest that thermal cycling 

effects should be examined in the future. 

It is important to note that the experimental high tempera-

ture used in the current study was below clinical parameters 

for normal canine body temperature (37.5-39.2°C, Merck 

Veterinary Manual) [28]. In general, protein denaturation 

occurs at temperatures greater than 80°C [16, 29, 30] although 

studies of thermal instability of monoclonal antibody products 

use lower temperatures (25-40°C) [31, 32]. 

While the majority of studies in the human medical litera-

ture focus on monoclonal antibody, some studies of temper-

ature effects on native human antibody for diagnostic testing 

have shown favorable results [33-35]. 

Veterinary medical literature includes multiple studies of 

impact of heat treatments on colostral bovine antibody, and 

have included temperatures ranging from <60°C to 76°C [36]. 

Heat treatment of stored colostrum is a common practice to 

decrease potential pathogen load before feeding to newborn 

calves. A meta-analysis of 26 publications [37] showed good 

antibody resistance to thermal degradation at colostrum heat 

treatments below 60°C as evidenced by comparative passive 

antibody levels in calves fed heat treated versus stored raw 

colostrum. However, these studies generally examined total 

antibody levels, and were not specific for any particular an-

tigen or diagnostic assay. 

4.3. Biological Mechanisms 

Canine antibodies are specifically folded proteins held by 

disulfide bonds which are susceptible to fragmentation from 

peptide bond cleavage. In addition, Nowak et al suggest 

mechanisms of thermal instability include degradation 

pathways, formation of aggregates, deamidation and oxida-

tion [38]. While beyond the scope of the current manuscript, 

mechanisms of antibody thermal stability found in the cur-

rent study can be presumed to reflect the presence of stabi-

lizing factors in canine serum, including albumin and other 

proteins. 

Differential stability observed between CPV-2 and CAV-1 

antibodies was not significant and presumably reflects dif-

ferences in assay methodologies. Differences in antibody 

isotype (IgG versus IgM) may play a role; however, it is im-

portant to note that both HI and SVN detect both classes of 

antibody without distinguishing between IgG and IgM. Future 

studies may investigate differential thermal stability between 

antibody classes. 

4.4. Application of Test Methods 

The assays used in this study reflect the two most com-

monly used “gold standard” laboratory-based tests for canine 

vaccinal antibody testing. Hemagglutination inhibition (HI) 

assay is the standard laboratory assay for determination of 

CPV-2 antibody levels, and serum virus neutralization (SVN) 

is the standard method for determination of antibody levels 

against CAV-1,2 and CDV. These tests were chosen to reflect 

the most common scenario encountered for canine sera that 

are “shipped out” to a reference laboratory. The inter-assay 

CV% which were found in this study are similar to those 

reported for similar serologic applications, including HI 

quantification of human antibody against influenza virus [39] 

and an SVN for rabies antibody [40]. 

Because laboratory based canine vaccinal antibody tests 

determine biologic functionality, these diagnostic tools 

should not be viewed with the same lens as that applied to 

chemical analyses. Multiple aspects of serologic tests are 

difficult to standardize, and thus an inherent level of varia-

bility is unavoidable [41]. Inter-assay variability can be 

especially problematic for longitudinal studies [42]. The 

current study encountered “session effect” for week 4 HI 

results when a new lot of reference CPV-2 virus was re-

quired. While the 4-week HI timepoint groups varied from 

time point 0 with lower geometric mean titers, there was 

statistically no difference in CPV-2 antibody titers between 

groups tested at this session. However, this finding high-
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lights the importance of assay standardization and quality 

control in longitudinal studies. 

4.5. Clinical Importance Versus Statistical 

Significance 

The current study used a high level of power to detect a 

small effect size, and applied a conservative significance 

threshold. However, it is important to note that significant p 

values simply indicate that equivalence between controls and 

experimental groups was unlikely to be due to chance alone. 

After Bonferroni correction, these data have only 0.5% 

probability of false equivalence. While p values are compel-

ling, it is important to interpret these findings with an under-

standing of clinical importance. 

The concept of “clinical importance” stems from the real-

ization that proof of statistical significance may or may not 

indicate an actual benefit to stakeholders [43]. For all medical 

decisions, it is essential to fully consider potential harms and 

benefits of a particular course of action. Canine antibody 

testing itself is not invasive and carries minimal direct risk to 

the patient, however incorrect test results have important 

clinical consequences. 

Samples mistakenly reported as having antibody below 

protective threshold or undetectable (aka false negative) will 

lead to unnecessary vaccination of a dog that is actually al-

ready immune. On the other hand, determination of antibody 

titer above protective threshold when it is not (aka false posi-

tive) would result in a susceptible dog remaining unprotected. 

In general, a false negative result is most problematic for dogs 

which have had adverse vaccine reactions in the past [44], 

whereas a false positive test could result in poor clinical 

outcome for a wider population of dogs. If antibody titers are 

indeed adversely impacted by high shipping temperatures (the 

null hypothesis), the most likely outcome would be increased 

false negative results. Therefore, the statistical significance 

and clinical importance of this study are aligned. Accessible 

shipping requirements reduce overall potential harm (de-

creased cost without increased false positives), while retain-

ing the benefit of discovering unprotected individuals (true 

negatives). 

4.6. Practical Implications 

Because expensive shipping requirements negatively impact 

all stakeholders, the current study findings have significant 

practical implications for veterinary diagnostic laboratories and 

practitioners. Cost-benefit analysis suggests that less restrictive 

requirements could reduce shipping costs by 60-80% (source 

FedEx, https://www.fedex.com/en-us/online/rating.html), and 

overall costs by 48-74% (depending on laboratory). Removing 

requirements for overnight shipping and/or heavy ice packs 

would make titer testing more accessible to a broad range of pet 

owners. Implementation of revised shipping protocols should 

include careful quality control monitoring. Sample acceptance 

criteria must continue to include lack of visible contamination, 

severe hemolysis, and other factors that can interfere with 

testing independently of antibody stability. 

While this study found antibody was highly stable over 

transport conditions, veterinary clinicians must determine the 

impact of potential false negative result for their patient, and 

ship samples accordingly. For example, a sample from a dog 

that has experienced systemic allergic reaction after vaccina-

tion may warrant sample shipping on ice packs. Timely result 

turnaround is another important consideration which may 

impact clinical decisions about shipping choices. For this 

example, samples from a shelter experiencing an outbreak of 

CPV-2 may warrant overnight shipping. On the other hand, 

sera from a group of healthy dogs for routine vaccinal anti-

body testing could be shipped through a standard postal ser-

vice at a much-reduced cost. 

4.7. Study Strengths and Limitations 

Strengths of the current study include the fact that all 

samples tested originated from the field, and thus represented 

a variety of initial collection and handling techniques. The 

sample set included a variety of breeds, ages, and vaccines 

administered, and thus was highly representative of typical 

submissions to canine serology reference laboratories. Post 

hoc power was >92% for all test groupings. 

This study was limited in that the only variable examined 

was the effect of static elevated temperature over time. The 

effects of agitation, thermal cycling, and repeated 

freeze/thaw were not included in this study. Limited re-

sources also restricted the number of timepoints tested. 

While these results suggest approaching endpoint at 4 weeks, 

sample delay beyond this timeframe is infrequent. The pos-

sibility of microbial contamination after 4 weeks of transport 

is high enough to reject such samples. Future studies should 

include more extensive quality control measures and extend 

over a longer observation period to more fully characterize 

antibody stability. 

4.8. Future Research 

The current study focused specifically on a single species, 

sample type, and test situation (canine serum for vaccinal 

antibody testing). Larger questions regarding antibody stabil-

ity beyond the scope of this manuscript include: differential 

stability across classes of antibody, comparative differences 

in antibody stability between species, stability of antibody in 

samples other than serum, and comparative antibody stability 

between different assays other than SVN and HI. 

5. Conclusion 

This novel study demonstrates statistical equivalence be-

tween samples stored at elevated temperatures (up to 36°C) 

and refrigerated controls using two gold-standard serologic 
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assays. These findings provide evidence that canine vaccinal 

antibodies in separated serum maintain stable titers for up to 4 

weeks at temperatures encountered during commercial ship-

ping. The practical implications of these findings are sub-

stantial, with potential for significant cost reductions and 

improved accessibility to important diagnostic testing. Ref-

erence laboratories may consider adjustments to acceptance 

criteria to allow shipment of serum without refrigeration if 

other quality indicators remain acceptable. 

Abbreviations 

HI Hemagglutination Inhibition 

SVN Serum Virus Neutralization 

CPV-2 Canine Parvovirus Type 2 
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ImmunoDiagnostic Service laboratory 
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