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Abstract

Context: Testing potentially rabid animals is crucial for providing accurate recommendations
to prevent rabies infection. When a test of the animal is unsuccessful, (i.e., does not produce

a positive or negative result) after a potential exposure, health officials cannot rule out rabies

and must recommend rabies post-exposure prophylaxis (PEP), presenting an economic burden to
patients and healthcare systems.

Objectives: To better understand factors associated with unsuccessful rabies tests to inform
interventions that would reduce preventable unsuccessful testing.

Design: We performed tests of independence between unsuccessful test rates and frequently
submitted animal and submitter types. We used Cochran-Mantel-Haenszel (CMH) tests to assess
the significance of the association between unsuccessful tests and animal type and submitter type,
while controlling for the effects of each. Stratified bivariate analyses identified specific factors
driving significant CMH results.
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Results: Of 2 806 specimens submitted for rabies testing during January 2014—March 2023,
113 (4%) were unsuccessful. Bats, raccoons, and skunks each had higher unsuccessful test rates
compared to dogs or cats (p-values <0.001-0.003) and together comprised 87 (77%) of the 113
unsuccessful tests. Submissions by citizens had a higher proportion of unsuccessful tests than
submissions by animal control (p-value <0.001); animal control had the lowest unsuccessful
test rate of all submitter types. Unsuccessful test rates differed when controlling for submitter
type (p-value<0.001) and animal type (p-value=0.013). Submissions of bats by citizens had a
significantly greater proportion of unsuccessful tests than submissions of bats by animal control
(p-value: <0.001).

Conclusions: More than three-quarters of unsuccessful tests were attributed to bats, skunks, and
raccoons, emphasizing the need to improve submission quality for these animals. We recommend
training Utah rabies response partners on proper specimen handling and submission. Efforts
should also focus on educating citizens to route submissions through trained rabies responders.
Conducting focus groups with specific entities that have the lowest unsuccessful test rates could
yield model submission practices.
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Introduction

Rabies is a viral zoonosis that can be transmitted to humans in the saliva or mucus

of infected (rabid) animals, typically through a bite. Though uncommon, the virus can
also be spread to humans through a non-bite exposure, which occurs when saliva, brain
tissue, or spinal fluid from an animal with rabies enters any scratch, abrasion, open
wound, eyes, or the mouth.1:23 In humans, rabies is fatal almost 100% of the time, but

is completely preventable with timely administration of the rabies post-exposure prophylaxis
(PEP) treatment.34 In the United States, wildlife transmission of rabies to humans and
domestic animals continues to present a threat to human and animal safety, with more
than 90% of annual rabies cases reported to the US National Rabies Surveillance System
occurring in wildlife species.5” In addition to the risk of direct transmission from wildlife
to humans, virus spillover from wildlife populations to unvaccinated domestic animals
frequently occurs, and instances of cats and dogs infected with non-canine rabies virus
variants continue to occur in the United States.” This is concerning given that vaccinated
domestic animals serve as a crucial barrier for rabies transmission between wildlife and
humans.”:8

Bats are responsible for most human rabies deaths, but other reservoir hosts for rabies in the
continental United States include raccoons, skunks, and foxes.” An analysis of rabies trends
during 1938-2018 revealed that, among the 89 human infections diagnosed in the United
States, 62 (70%) were attributed to bats.® In Utah, bats are the primary source of rabies virus
and are the most frequently submitted animal for rabies testing.1? During the last decade,
bats were almost exclusively the only animal to test positive for rabies in Utah, with the
exception of two rabid foxes (2021 and 2020) and a skunk (2014), all three of which were
infected with a bat variant of the virus.10
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Following a potential rabies exposure, public health authorities coordinate with the exposed
person(s), medical professionals, and animal control or wildlife agencies to assess the risk
of rabies transmission. This often involves euthanizing the animal and submitting its brain
tissue to the Utah Public Health Laboratory (UPHL) for rabies virus testing. Animal control,
local health departments, wildlife officials, and other rabies response entities often submit
animal specimens for rabies testing. In rare cases, individual citizens might directly submit
specimens to UPHL.

To help mitigate the risk of rabies infection in humans, prompt, accurate rabies testing is
crucial. Testing a potentially rabid animal after it exposes a human facilitates reliable public
health recommendations and timely administration of PEP. When a suspected rabid animal
tests negative, PEP can be avoided, reducing medical costs and financial burden to both

the patient and the healthcare system. For domestic animals exposed to a potentially rabid
animal, timely testing ensures the appropriate response based on the animal’s vaccination
status. Vaccinated animals require a 45-day home quarantine, while unvaccinated animals
must undergo a 4- to 6-month isolation in a secure facility. A negative rabies test result can
obviate the need for such measures and, for unvaccinated animals, eliminate the need for
euthanasia or costly, long-term isolation.8

Rabies tests can be unsuccessful when submitted specimens are unsuitable or unfit for
testing (e.g., desiccated, deteriorated, decomposed, or damaged) or do not produce reliable
(positive or negative) test results. Specimens unfit for testing most often occur as a result
of delayed sample submission. Specimens can also be deemed unfit for testing if they

are not submitted per Utah’s specimen submission guidelines, which include failure to
refrigerate the specimen before transport, submitting a whole animal >12 inches instead

of the intact head, or submitting a skull or head damaged by improper euthanasia (e.g.,
shot or clubbed in the head).1! Due to the almost universally fatal nature of rabies, when
health officials determine that a potential rabies exposure occurred and a test is unsuccessful,
the tested animal must be assumed to be rabid and PEP is recommended.12 This can lead
to unnecessary PEP recommendations in situations where a successful, negative test could
have ruled out the need for treatment, and contributes to the overall economic burden of
rabies. 1314

Animal rabies is a nationally notifiable condition in the United States, which means that
routine public health reporting of positive and negative animal rabies test results to the U.S.
Centers for Disease Control and Prevention is required.12:16:17 Although health jurisdictions
routinely collect this information, a formal analysis of unsuccessful rabies tests, and the
possible factors influencing unsuccessful tests, has not been reported. Our goal was to better
understand the factors associated with unsuccessful rabies tests in Utah and to identify and
target specific submitters (e.g., animal control, health professionals, veterinarians, etc.) for
public health intervention.

We investigated the factors associated with unsuccessful tests, defined as animal specimens
submitted for testing that are unsuitable for testing or do not produce reliable (positive or
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negative) test results. We analyzed unsuccessful animal rabies testing data collected by the
Utah Department of Health and Human Services (DHHS) during January 1, 2014—March
31, 2023 by (1) animal type and (2) submitter type. Animal rabies testing data are recorded
on the rabies test request form, which must accompany specimens that are submitted to
UPHL for rabies testing. Rabies test results are reported daily to epidemiologists in DHHS;
information from the test request forms is recorded in the animal rabies testing database. To
determine which animals were most frequently submitted, we created a rank-ordered list of
animal species submitted for rabies testing based on the number of submissions received.
We divided the list into quartiles and defined frequently submitted animal types as those
that were in the =3rd quartile of animal submissions. All other animals were grouped into
the “other” animal type. There are multiple species of bats present in Utah; to simplify our
analysis, we categorized all bat species into a single “bat” animal type.

We defined a submitter as an individual, agency, or other entity that submitted >1 animal
specimen for rabies testing during the analysis period. We categorized submitting entities
into seven submitter types: animal control/animal shelters (AC), local health department
(LHD), Division of Wildlife Resources (DWR), diagnostic lab (LAB), private veterinarian
(VET), citizens, and other/unknown. Among LHD and AC submitter types, we identified
specific, frequently submitting entities using the criteria outlined above for frequent animal
submission.

Statistical analysis

We performed descriptive analyses of unsuccessful rabies test rates for each frequently
submitted animal type and submitter type in Microsoft Excel. We used the chi-square

test (for independent samples of sufficient size) and Fisher’s exact test (for independent
samples of small size) to investigate the difference in proportions of unsuccessful tests
between frequently submitted animal types and between submitter types.1® We used the
Cochran-Mantel-Haenszel (CMH) statistical test to assess the significance of the association
between (1) animal type and proportion of unsuccessful tests while controlling for the
effects of submitter type and (2) submitter type and proportion of unsuccessful tests while
controlling for the effects of animal type. We performed bivariate analyses of unsuccessful
animal test results stratified by submitter type and unsuccessful submitter type test results
stratified by animal type to identify the specific factors driving significant results from the
CMH analysis. Next, we investigated the difference in proportions of unsuccessful tests
by animal type between the frequent LHD and AC submitters. We used R to perform all
statistical tests. We used a significance level equal to 0.05 for all tests.

Human Participant Compliance Statement

This activity was reviewed by CDC, deemed not research, and was conducted consistent
with applicable federal law and CDC policy.§

8 See e.g., 45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 5523;
44 U.S.C. Sect. 3501 et seq.
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During the study period, 2 806 animal specimens were submitted for rabies testing, of which
113 (4%) were unsuccessful. Frequently submitted animal types were, in this order, bats,
dogs, cats, raccoons, skunks, mink, foxes, and coyotes (Table 1). Skunks had the highest
unsuccessful test rate (10%; 6 of 58), followed by raccoons (7%; 17 of 246), foxes (7%; 1
of 15), other (6%; 5 of 84), mink (6%; 1 of 17), and bats (6%; 64 of 1,144 (Table 1). Bats,
skunks, and raccoons together comprised 87 (77%) of the 113 unsuccessful tests (Table 1).
Of the submitter types, AC submitted the most samples, followed by LHD, LAB, VET,
DWR, citizens, and other/unknown. Citizens had the highest unsuccessful test rate (10.8%;
16 of 148) followed by other/unknown (6.7%; 3 of 45), LHD (4.7%; 28 of 595), DWR
(3.7%; 6 of 163), LAB (3.5%; 10 of 286), VET (3.2%; 10 of 286), and AC (3.2%; 42 of 1
320) (Table 1).

Bat, raccoon, and skunk specimens had a significantly higher proportion of unsuccessful
tests compared to dog and cat specimens, respectively (p-values <0.001-0.003). There

was no significant difference in the proportion of unsuccessful tests between dog and

cat specimens (p-value=0.3), nor significant differences between each of the frequently
submitted wildlife animals (bats, raccoons, skunks, mink, fox, and coyotes). To increase
sample size for subsequent analyses, we combined the frequently submitted animal types
into three animal groups: domestic animals (dogs and cats), bats, and non-bat wildlife
(raccoons, skunks, mink, foxes, and coyotes). Dogs and cats together had an unsuccessful
test rate of 1.5% (19 of 1 229). Raccoons, skunks, mink, foxes, and coyotes together had an
unsuccessful test rate of 7.2% (25 of 349).

Submissions by citizens had a significantly higher proportion of unsuccessful tests compared
to submissions by all other submitter types (p-values: AC: <0.001; LAB: 0.005; DWR:

0.03; LHD: 0.009; VET: 0.004). There were no significant differences in the proportion of
unsuccessful tests between each of the other submitter types. Given these results, the citizen
submitter type was used as the reference group for comparison in subsequent bivariate
analyses.

Of the 13 LHD submitters in Utah, four (30.8%) met the frequent submitter criteria. Of
these, unsuccessful test rates ranged from 0.9% (2 of 234) to 14% (9 of 65). Of the 59

AC entities that submitted =1 specimen for rabies testing, 15 (25.4%) met the frequent
submitter criteria. Of these, six had zero unsuccessful tests. Of the nine remaining frequent
AC submitters, unsuccessful test rates ranged from 2% (3 of 178) to 17% (4 of 24).

CMH results.

The association between animal groups (domestic, bat, and non-bat wildlife) and proportion
of unsuccessful tests, considering the effects of submitter type, was significant (CMH:
M?2=31.65, df=2, p-value<0.001). The association between submitter type and proportion

of unsuccessful tests, considering the effects of animal group, was also significant (CMH:
M?2=14.49, df=5, p-value=0.013).
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Stratified analysis.

When we stratified animal groups (domestic, bat, and non-bat wildlife) by submitter type,
we found submissions of domestic animals by citizens had a significantly higher proportion
of unsuccessful tests than submissions of domestic animals by AC (p-value=0.04).
Submissions of bats by citizens also had a significantly higher proportion of unsuccessful
tests than submissions of bats by AC, LHD, and DWR (p-values: <0.001, 0.03, and

0.02, respectively) (Table 2). When we stratified submitter type by animal group, there
was no significant difference in the proportion of unsuccessful tests between domestic,
bat, and non-bat wildlife groups for citizen submissions, nor for LAB and DWR (Table

3). Of the AC and LHD submissions, submissions of bats had a significantly higher
proportion of unsuccessful tests than submissions of domestic animals (p-values: 0.001
and 0.02, respectively). Submissions of non-bat wildlife by AC compared to submissions
of domestic animals by AC also had a significantly higher proportion of unsuccessful

tests (p-value<0.001). Of the VET submissions, non-bat wildlife had a significantly higher
proportion of unsuccessful tests than domestic animals (p-value=0.03) (Table 3).

Discussion

Submissions of bats, raccoons, and skunks had a significantly higher proportion of
unsuccessful tests compared to submissions of dogs and cats, a finding that held true

in the stratified analyses. Three-quarters of unsuccessful tests were attributed to bats,
raccoons, and skunks, emphasizing the need to improve submission quality for these
animals. Specifically, we observed a higher proportion of unsuccessful tests for bats and
non-bat wildlife submitted by AC, LHD, and VET than for domestic animal submissions
from these submitter types. This suggests that bats and non-bat wildlife might be more
difficult to submit than domestic animals, even for well-trained rabies responders. Training
on proper handling and submission of these species tailored for AC, LHD, and VET could
help reduce unsuccessful tests.

We also found that the proportion of unsuccessful tests for citizen submissions was
significantly higher than all other submitter types, which indicates that citizen submissions
pose a particular issue of concern. Reasons for this finding likely include that members

of the public are generally not as familiar with the proper procedures for collecting and
preserving animal specimens for rabies testing compared to other rabies response partners
(i.e., animal control, health professionals, and veterinarians). This lack of training can result
in improper handling or delays in reporting, leading to sample degradation and increasing
the likelihood of an unsuccessful test. Improper handling by untrained individuals might not
only compromise the quality of the specimen, but also can lead to bites, scratches, or contact
with saliva, presenting additional risk of human rabies infection.19

The concern regarding citizen submissions was also validated in the stratified analyses,
which showed that submissions of domestic animals by citizens were significantly more
likely to be unsuccessful than those by AC. Similarly, submissions of bats by citizens were
significantly more likely to be unsuccessful than submissions of bats by AC, LHD, and
DWR. This is particularly concerning given that bats are associated with high public health
consequences in the United States, including a human death in Utah in 2018.9:20 This death,

J Public Health Manag Pract. Author manuscript; available in PMC 2025 July 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Keisling et al.

Page 7

as well as similar instances documented in other regions of the United States, emphasize
the need for greater public health education and improved submission processes, especially
regarding bats, to mitigate the risk of human rabies deaths.21:22:23.24

Our results suggest that both animal and submitter type affect unsuccessful testing
independently. Interestingly, the former comparison resulted in a higher CMH test statistic,
which suggests that animal group (domestic, bat, and non-bat wildlife) might have a stronger
influence on whether a test is unsuccessful, compared to submitter type. This observation
could be attributed to inherent challenges in wildlife specimen collection and preservation
compared to domestic animals. Wildlife might not be euthanized and/or recovered under
ideal conditions and such specimens are often exposed to environmental elements (e.g.,
weather, scavengers, and decomposition factors), which can result in submissions of
specimens unfit for testing. Although some wildlife specimens are collected and submitted
by trained professionals, these environmental elements and variable conditions can result in
submissions of specimens unfit for testing. Conversely, dogs and cats are often euthanized
under controlled conditions (e.g., at a veterinary clinic or animal control facility) by
professionals who are familiar with the specimen preparation process; this helps ensure
that the brain tissue, the target for rabies testing, is properly preserved. The conditions

in which domestic animal specimens are submitted can also facilitate prompt submission,
further reducing the likelihood of specimen degradation due to decomposition and delayed
submission.

Within LHD and AC submitting entities, we observed a wide range of unsuccessful test
rates. This suggests that certain LHD and AC submitters might have more resources and
staff available to facilitate response, and/or more robust procedures for sample collection,
processing, and submission than other LHD and AC submitters. Conducting focus groups
with LHD and AC submitters that had low unsuccessful test rates might help identify best
practices and/or procedures that could be shared and adapted for other submitting entities.
Focus groups are often used in public health as an interactive, collaborative, and context-rich
method for gathering information about a particular health concern and could provide an
opportunity to uncover diverse perspectives, explore complex issues, and provide insights
into rabies response challenges across LHD and AC jurisdictions.25:26

Limitations

The conclusions from this analysis should be considered in light of at least two limitations.
First, we examined only two categorical factors in our analysis—animal type and submitter
type. The likelihood of an unsuccessful test could also be affected by other factors, including
seasonality, geographic location, quality of specimen at time of collection, and/or method of
death. The inclusion of these additional variables might have resulted in a more complete
understanding of how factors, including animal type and submitter type, are associated with
unsuccessful tests. Future studies assessing more factors might shed additional light on how
to reduce unsuccessful rabies tests in Utah.

Second, neither the status of the specimen at the time of collection nor the cause of
unsuccessful testing are systematically recorded in Utah’s rabies testing data. Hence, we
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were unable to determine if a test was unsuccessful because the specimen was already

unfit for testing (e.g., desiccated) at the time of collection or because it subsequently
degraded due to improper handling after collection (e.g., shot or clubbed in the head or

held at improper temperatures). Differentiating between these two could inform education
of submitters on proper specimen submission, including when to refrain from submitting
certain specimens (e.g., those that are already desiccated) and how to appropriately handle
specimens (e.g., proper euthanasia), which could help reduce submission of unfit samples.
Capturing data on the quality of the specimen at the time of collection and on the reason for
unsuccessful testing in Utah’s rabies testing system could help refine strategies to improve
rabies testing outcomes.

Conclusion

Funding:

Given the disease risk and economic burden of rabies in the United States, continued efforts
to improve rabies surveillance, education, and collaboration between response partners is
imperative. While previous studies have utilized rabies testing data for epidemiological
reviews, here, we present an approach for analyzing state-level rabies testing data that

can be adapted by other health jurisdictions to identify crucial knowledge gaps in rabies
surveillance and response.2”+28 Based on our findings, Utah rabies response partners could
reduce unsuccessful tests by educating the general public to route submissions, particularly
for bats, through a trained rabies response entity (e.g., AC, DWR, or LHD). Additionally,
conducting focus groups with LHD and AC entities that have low unsuccessful test rates
could help response partners identify model practices for successful submission that can be
shared with other submitters.

This study was supported in part by an appointment to the Applied Epidemiology Fellowship Program administered
by the Council of State and Territorial Epidemiologists and funded by the Centers for Disease Control and
Prevention Cooperative Agreement Number 1NU380T000297-03-00.
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Implications for policy and practice

Improving specimen submission quality, especially for bats, skunks,
and raccoons, is critical for reducing unsuccessful tests and preventing
unnecessary rabies post-exposure prophylaxis (PEP).

Targeted training for local health departments, animal control, and private
veterinarians on proper handling and submission of wildlife specimens is
recommended.

Efforts should focus on educating the public about rabies risks and to route
submissions, especially for bats, through trained rabies responders.

Focus groups with local health departments and animal control entities that
have low unsuccessful test rates might reveal best practices that could be used
to develop standardized protocols across jurisdictions, ultimately enhancing
rabies response efforts.

Strengthening collaboration among public health agencies, animal control,
and other rabies responders could facilitate more consistent specimen quality
and better public health outcomes.
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TABLE 2.
Bivariate analyses of unsuccessful rabies testing within animal groups, stratified by submitter type, Utah, Jan

2014-Mar 2023.

Animal Group

Submitter Type  Domestic (n=1226)  Bat(n=1114)  Non-bat wildlife (n = 342)

1duosnuey Joyiny

Citizen (n = 139) 6.9% (2 of 29) 13.5% (13 of 96) 0% (0 of 14)
0.9% (6 of 659) 4.0% (18 of 448) 8.0% (16 of 201)
AC (n=1308) p-value = 0.04 p-value <0.001 p-value = 0.61
1.2% (2 of 163) 6.2% (22 of 355) 5.8% (4 of 69)
LHD (n = 587) p-value =0.11 p-value = 0.03 p-value=1
- 3.2% (5 of 157) 5.6% (4 of 72) 0% (0 of 24)
LAB (n = 253) p-value = 0.3 p-value = 0.15 p-value =1
_ 1.9% (4 of 216) 10.5% (2 of 19) 16.7% (2 of 12)
VET (n=247) p-value = 0.15 p-value = 1 p-value = 0.2
_ 0% (0 of 2) 4.0% (5 of 124) 4.5% (1 of 22)
DWR (n = 148) p-value =1 p-value = 0.02 p-value=1

The citizen submitter type (italicized) was used as the comparison group for each bivariate analysis. Bolded values indicate a significant difference
in the proportion of unsuccessful tests between the citizen submitter type and the comparison submitter type. Abbreviations: AC, animal control/
shelter; LHD, local health department; LAB, diagnostic laboratories; VET, private veterinarians; DWR, Division of Wildlife Resources.
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