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Impacts

• Wildlife imported into the United States poses a risk of introducing zoono-

tic and/or emerging pathogens to humans and animals. Large data gaps

exist to properly assess these risks in a quantitative fashion.

• ‘Risk prioritization’ is a practical tool to identify the highest risk pathogens

coming into the country via trade in wildlife. A pilot study evaluating the

zoonotic potential of rodents shipped from Latin America proved its useful-

ness.

• This proposed tool should be further tested/validated in other wildlife trade

importation scenarios to help inform policy and to allocate resources

accordingly.
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Summary

Wildlife trade (both formal and informal) is a potential driver of disease intro-

duction and emergence. Legislative proposals aim to prevent these risks by ban-

ning wildlife imports, and creating ‘white lists’ of species that are cleared for

importation. These approaches pose economic harm to the pet industry, and

place substantial burden on importers and/or federal agencies to provide proof of

low risk for importation of individual species. As a feasibility study, a risk priori-

tization tool was developed to rank the pathogens found in rodent species

imported from Latin America into the United States with the highest risk of zoo-

notic consequence in the United States. Four formally traded species and 16 zoo-

notic pathogens were identified. Risk scores were based on the likelihood of

pathogen release and human exposure, and the severity of the disease (conse-

quences). Based on the methodology applied, three pathogens (Mycobacterium

microti, Giardia spp. and Francisella tularensis) in one species (Cavia porcellus)

were ranked as highest concern. The goal of this study was to present a method-

ological approach by which preliminary management resources can be allocated

to the identified high-concern pathogen–species combinations when warranted.

This tool can be expanded to other taxa and geographic locations to inform pol-

icy surrounding the wildlife trade.

Introduction

It is well established that approximately 60% of emerging

infectious diseases are zoonotic and that more than 70%

have a wildlife origin (Jones et al., 2008). There are many

examples of such diseases (e.g. human immunodeficiency

virus, highly pathogenic avian influenza) (Bengis et al.,

2004; Morens et al., 2004). Epidemiologically, disease

emergence is a result of the dynamic relationship between a

disease causing agent, its host, and the environment in

which it evolves. In many cases, this relationship is highly

influenced by anthropogenic activities or drivers such as

land use change, war and famine, climate change, and

global trade and travel (Keesing et al., 2010).

Wildlife trade is defined as the sale and/or exchange of

wild animal and plant resources, and it can be formal (le-

gal) or informal (illegal) (TRAFFIC, 2014). The economic

value of the legal global wildlife trade (including timber
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and fisheries) is estimated at US$300 billion annually

(Ratchford et al., 2013). The volume of wildlife specimens

traded worldwide is substantial. The United States alone

imported approximately 1.5 billion live animals between

2000 and 2006 (Smith et al., 2009). This activity has a nega-

tive impact on wildlife conservation of threatened species

that are traded, pushing certain populations to the border

of extinction (Broad et al., 2003). It has also contributed to

the emergence (or re-emergence) and spread of infectious

diseases (Swift et al., 2007; Karesh and Noble, 2009; Pavlin

et al., 2009; Smith et al., 2009, 2012; Travis et al., 2011).

These diseases pose a risk for agriculture, native wildlife

and public health. One prominent example of the public

health risk from wildlife trade importation was the US

monkeypox outbreak in 2003. Gambian pouched rats

(Cricetomys gambianus) infected with monkeypox virus

were imported from Africa into the United States via the

pet trade and placed in close proximity to native prairie

dogs (Cynomys spp.), which became infected. The prairie

dogs were distributed throughout the country as pets,

infecting 71 people in 6 states (Gibbs, 2005; CDC, 2008).

After this event, the Centers for Disease Control and

Prevention (CDC) and the Food and Drug Administration

(FDA) banned the importation of African rodents into the

United States.

Public health concerns associated with wildlife trade are

reflected by proposed legislative changes such as bill H.R.

669 (2009) proposing a ban of all wildlife imports until a

risk assessment could be performed by the US Fish and

Wildlife Service (USFWS) for all wildlife species entering

the country (Bordallo, 2009). Such an approach may pose

economic harm to sectors such as the pet industry, and

place substantial burden on importers to provide proof of

low risk for importation of individual species. Conse-

quently, agencies could benefit from an accessible, user-

friendly, science-based risk assessment tool to aid in the

risk evaluation of wildlife imports.

In the vernacular of the World Organisation for Animal

Health (OIE), risk assessment is one of the components of

the entire risk analysis framework. A formal risk analysis is

an unbiased, scientifically based, iterative and transparent

process that helps policy decision-making in the face of

uncertainty (Jakob-Hoff et al., 2014). The components of a

risk analysis are as follows: hazard identification, risk

assessment, risk management and risk communication

(OIE, 2014). Risk assessment consists of three phases: (i)

release – likelihood of a pathogen being released (intro-

duced) into the area of concern; (ii) exposure – likelihood

that the species of concern will be exposed to the pathogen

once released; and (iii) consequences – the consequence of

exposure to the pathogen. Risk analysis applied to disease

spread has been used traditionally in the veterinary profes-

sion to assess risks related to livestock trade and move-

ments (OIE, 2014). The International Union for

Conservation of Nature (IUCN) has also used risk analysis

to assess the risk of wildlife translocations and invasive spe-

cies. In 2014, formal risk analysis guidelines were released

that combine both IUCN and OIE methodologies to assess

the risk of wildlife diseases in a myriad of situations,

including public health impacts (Jakob-Hoff et al., 2014).

The first step when applying the risk analysis framework

is to identify the hazards and species of concern (hazard

identification). When there are too many hazards to assess,

they can be ranked based on their impact (risk), or rele-

vance to the specific problem at hand. This process is called

risk prioritization, and some examples can be found in the

scientific literature related to the prioritization of food-

borne and zoonotic diseases (Kemmeren et al., 2006; Hen-

son et al., 2007; Cardoen et al., 2009; Ruzante et al., 2010;

Balabanova et al., 2011; Ng and Sargeant, 2012; Ng and

Sargeant, 2013). However, to the authors’ knowledge, there

are no published reports applying risk prioritization tools

to assess the zoonotic risk of wildlife trade into the United

States.

Mammals represent a small proportion of the total wild-

life imported into the United States compared to other

classes (Smith et al., 2009). Within class Mammalia,

rodents traded between the United States and Latin Amer-

ica and Caribbean countries (LAC) ranked second in

declared rodent importations worldwide, after those

imported from Europe to the United States. Between 1999

and 2012, about 100 000 rodents were formally imported

from Europe, compared to approximately 15 000 rodents

that were formally imported from LAC (Lankau, 2013,

Unpublished results). Because of previous experience such

as the monkeypox outbreak, some have hypothesized that

the importation of rodents from LAC poses a risk for dis-

ease introduction into the United States due to the lack of

health requirements for importation of this group of ani-

mals (CDC, 2013) and their potential to serve as zoonotic

disease hosts. Unfortunately, the largest limitation to test-

ing this hypothesis and characterizing the risk is an extreme

lack of surveillance data that could be used in risk assess-

ment modelling. Despite this important limitation, the

authors believe it is still critical to advance on the develop-

ment of qualitative and semi-quantitative methodologies to

assess risk; these tools are also important for highlighting

important data gaps and research priorities. The example

of LAC–US rodent import pathway was selected to demon-

strate this approach.

The goal of this study was to build a risk prioritization

tool to rank zoonotic pathogens from live rodent species

endemic to and legally imported from LAC into the United

States. Specifically, the question evaluated was: ‘What are

the highest public health risks of pathogen–rodent species
combinations (rodents endemic to LAC, legally and directly
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shipped from LAC into the United States) in terms of

potential human morbidity and/or mortality (ranging from

minor symptoms to death caused by these pathogens)?’.

The risk prioritization tool developed in this study may

have additional applications as a screening tool for other

wildlife taxa of concern to governmental and non-govern-

mental agencies and NGOs. It may prove most useful in

directing scarce resources in situations with sparse data to

prioritize more in-depth research or regulatory methods.

Materials and Methods

Hazard identification

Hazard identification was performed by constructing a

database including both wildlife trade data and literature

review on species-disease evidence. Once the species of

interest were identified, a decision tree was built based on

relevant inclusion/exclusion criteria to identify all potential

rodent-borne hazards (Fig. 1). This allowed for a broad

scope of inclusion on first pass, followed by a rigorous

ranking procedure to determine the level of relevance to

the specific aim of the study.

Data were obtained for the period 2007–2010 from the

US Fish and Wildlife Service (USFWS) Law Enforcement

Management Information System (LEMIS) (Freedom of

Information Act: Data, FOIA) and the 2013–2014 Conven-

tion on International Trade in Endangered Species of Wild

Fauna and Flora (CITES) to identify the endemic rodent

species legally imported from LAC to the United States.

The subsequent literature search matched the common and

scientific names of the imported rodent species, in both

English and Spanish with various disease search criteria

(e.g. salmonellosis AND Dasyprocta spp.; parasites AND

agoutis, etc.). The literature review was performed using

several search engines (Google Scholar, Google, PubMed,

OVID Medline, Web of Science) to identify all potential

rodent-borne pathogens. The following inclusion and

exclusion criteria were applied in an evidence-based man-

ner to match identified rodent spp. with potentially risky

pathogens: (i) Is there any evidence that the pathogen is

zoonotic? (ii) Is there evidence that the pathogen may be

associated with the identified legally traded rodent species

endemic to LAC? (For this criterion, any evidence was

considered, both natural and experimental infections.)

(iii) Is the rodent able to transmit the pathogen (versus a

dead-end host)? and (iv) Can the pathogen be directly

transmitted to humans? (Fig. 1). Non-directly transmitted

pathogens were not included in this study given the

requirement for a vector for transmission. In some cases,

evidence in a closely related spp., or the same spp., from a

different geographic location was considered.

Risk prioritization tool

A semi-quantitative model was built to rank the risk of the

zoonotic pathogen–rodent species combinations identified

Fig. 1. Inclusion and exclusion criteria applied to the original hazard database during the hazard identification phase.
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during the hazard identification process. The components

of the model included factors that influenced the likelihood

of pathogen presence (release), likelihood of human expo-

sure, and severity (consequences) of the pathogen given

disease in humans.

The model was built on the following equations:

Overall likelihood ¼ Likelihood of release
� Likelihood of exposure ð1Þ

Likelihood of release ¼ ½Prevalence� Clinical signs=

Detectionþ Number of animals shipped=year�

Likelihood of exposure ¼ Contact typeþ Shedding½
duration and frequencyð Þ þ Type of transmission�

Table 1 defines and summarizes the factors considered

for Equation 1. Due to the limited data available, it was

assumed release and exposure factors contribute equally to

the overall risk in this evaluation. However, factors should

be weighted in a transparent fashion, according to the

user’s definition of risk in each individual case. The

numeric scores assigned to each release and exposure factor

were justified based upon available data, peer-reviewed sci-

entific information, or expert interviews. Numeric scores

were then related to narrative qualitative terms (low to very

high risk). The factor ‘Clinical signs/Detection’ on equation

1 was added with a negative sign (as a substraction) based

on the assumption that if infected animals were inspected

at the point of entry and illness discovered, then they

should be removed and isolated reducing the overall likeli-

hood of release.

Severity Consequencesð Þ ¼ DALY ð
X

Sj�Dj�ljÞ
� Estimated number of households in theUnited States

not individualsð Þwith imported pet rodents fromLAC

ð2Þ
where Sj is the severity of the health effect j for a given

hazard ranging from 1 (death) to 0 (asymptomatic), Dj is

the duration of the health effect j (in days) and lj is the

likelihood of the health endpoint j to be developed by an

immunocompetent population ranging from 0 to 1 as

percentage of cases.

The total disability-adjusted life year (DALY) is a public

health metric (measured in years) used to quantify the

impact of premature death and non-fatal health outcomes

resulting from disease on a population (Mangen et al.,

2013). It estimates the burden of a disease in a population by

multiplying the individual health effects after exposure to a

certain pathogen (individual DALY value) by the total num-

ber of population exposed to the pathogen (total DALY

value for a population). This approach has been traditionally

used by the World Health Organization (WHO) to evaluate

the burden of certain diseases worldwide. The DALY metric

has also been used to prioritize foodborne pathogens

(Ruzante et al., 2010).

In this study, it was adapted to assess the severity of zoo-

notic pathogens from imported rodents in humans. Specifi-

cally, the DALY values were estimated to evaluate

morbidity outcomes but not mortality, except for the com-

bination Lyssavirus (rabies)–Cavia porcellus, where death in

humans is well documented. In three instances (Salmonella

enterica spp.–Cavia porcellus, Salmonella enterica spp.–
Dasyprocta spp. and lymphocytic choriomeningitis virus–
Cavia porcellus), the DALY was estimated by weighing the

individual effect of two distinct group of clinical symptoms

(gastrointestinal symptoms, and bacteremia for the first

two, and flu-like symptoms plus meningitis for the latter).

A web-based software developed by the US Food and Drug

Administration (FDA) (iRisk 1.0) to rank microbial and

chemical hazards in food was used to estimate the weighted

DALY values (FDA-iRisk, 2014).

A subjective scale was applied to estimate the values of

the severity component (Sj). This scale ranged from 0

(asymptomatic) to 1 (death): 0.1: very mild symptoms such

as local inflammation or mild cold; 0.3: flu-like symptoms

including headaches, nausea, aches; 0.5: severe symptoms,

respiratory or gastrointestinal; 0.7: very severe respiratory,

gastrointestinal or neurological symptoms; 0.9: extremely

severe symptoms, including encephalitis or complicated

cardiovascular symptoms; and 1: death possible. The dura-

tion of the health effect (Dj) was converted from days to

years by the iRisk software.

Once the individual DALY values were obtained for each

pathogen, they were multiplied by the population at risk.

For this study, the population at risk was the number of

households with pet rodents imported from LAC (and

endemic to LAC). To estimate households at risk, the total

number of rodents imported (and endemic) from LAC per

year was obtained from LEMIS USFWS database (2007–
2010). Then, it was assumed that one household in the

United States would receive one imported (and endemic)

rodent from LAC. There were about 1230 imported rodents

for that period, so the estimated population at risk would

be 1230 US households. For equations 1 and 2, data found

in the scientific literature were the first choice to inform the

model, followed by expert opinion. Finally, ‘total risk score’

was calculated (Equation 3) for each pathogen–rodent spe-
cies combination and ranked (highest–lowest risk score).

Risk Score ¼ Likelihood� Severity ð3Þ
In anticipation that there would be major data gaps in

the scientific literature, we supplemented our data using

an expert elicitation process. Twenty-three experts were

polled from professional organizations, NGOs, academia or
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governmental agencies. They were selected based upon

their demonstrated expertise on the ecology or pathogene-

sis of one or more rodent-borne diseases from the hazard

list. The content of the survey was sent to the University of

Minnesota Institutional Review Board for their review, and

an exempt status was granted meaning that no personal

data were used in the study. Survey Monkey� was used to

build an eight-question survey to characterize specific

expertise (on a scale of 1–4, 1 being Minimal Knowledge/

Experience, four Extensive Experience), host–pathogen
prevalence, shedding and severity of illness in humans

(Appendix 2). Experts were also asked about the certainty

of their answers using a scale that ranged from 1 to 3 (1:

Uncertain; 2: Moderately certain; 3: Certain). When there

large discrepancy occurred between expert opinions,

answers were averaged. When answers involved a numeric

range, the highest end was used based on the precautionary

principle. The precautionary principle asserts that the bur-

den of proof for potentially harmful actions by industry or

government rests on the assurance of safety and that when

there are threats of serious damage, scientific uncertainty

must be resolved in favour of prevention (Goldstein, 2001).

Given the uncertainty around the published data and

the expert opinion, especially in regard to prevalence, a

Table 1. Factors considered in Equation 1 of the risk prioritization model

Factor Definition* Assumptions Scores†

Prevalence Endemic prevalence (number of infected

rodents with the specific pathogen from the

total population at risk).

The prevalence assumed for most of the

wildlife pathogens identified is low

(considered rare events). This is why

prevalence of 1–10% was given a medium

score.

Low = 1 (<1%)

Medium = 2 (1–10%)

High = 3 (11–50%)

Very high = 4 (51–100%)

Clinical signs/

Detection

Clinical signs refer to any manifestation of

disease present in the infected rodents.

Detection of the infected rodent would

occur at the port of entry through an

inspection or health assessment.

If an infected rodent showed clinical signs,

the detection was high, and risk was low. If

the rodent did not show clinical signs, the

detection was low.

All the pathogen–rodent species

combinations were given a low detection

score, given the lack of required inspections.

Low = 1

Medium = 2

High = 3

Number of animals

shipped/year

Number of rodents from the species of

concern shipped to the United States on an

annual basis.

It was assumed that the higher number of

animals being imported, the higher the risk.

Coendou prehensilis:

~12 animals/year = 1

Dasyprocta spp.: ~18

animals/year = 2

Cavia porcellus ~1200

animals/year = 3

Contact type Type of human contact with the rodent. It was assumed that in lab/research facilities

the personal protection equipment (PPE)

would be more strict (lower risk) than at a

zoo, or than if the rodent was used as a pet,

where PPE would be non-existent (higher

risk).

Low = 1 (Lab/Research)

Medium = 2 (Zoo)

High = 3 (Pet)

Shedding factor

(Duration)

Length of time that the rodent was likely to

shed the pathogen.

It was assumed that the risk would be higher

if the shedding duration was longer.

Weeks = 1

Months = 2

Lifelong = 3

Shedding factor

(Frequency)

Rate at which the rodent was likely to shed

the pathogen.

It was assumed that the risk would be higher

if the shedding was constant.

Rare intermittent = 1

Frequent intermittent = 2

Constant = 3

Type of transmission Route of human exposure to the pathogen

of concern.

It was assumed that the contact frequency

was less likely to occur for blood contact

(lowest risk), and most likely for

environmental (highest risk).

Blood contact = 1

Direct contact (skin,

scratch, bite) = 2

Faecal–oral = 3

Aerosol = 4

Environmental (water, food,

bedding, fomites) = 5

*The definitions of these factors are specific for the case of zoonotic pathogens from rodents imported from LAC into the United States.
†The numeric scores assigned to each factor were chosen based on prior knowledge of the epidemiology and pathogenesis of zoonotic diseases

(prevalence, shedding duration and frequency, and type of transmission) and of wildlife trade (detection, contact type, and number of animals

shipped per year, which was extracted from the USFWS LEMIS 2007–2010).
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sensitivity analysis was explored to account for some of this

variability.

Results

Hazard identification

Four legally traded rodent species during the study period

(2007–2010) were identified (Cavia porcellus, Coendou pre-

hensilis, Cuniculus paca and Dasyprocta spp.). A total of 171

literature sources were evaluated (142 peer-reviewed arti-

cles, four books and 25 technical reports), resulting in 329

rodent-borne pathogens worldwide. Of the 329 infectious

pathogens, 156 were zoonotic, and there was some evidence

(including experimental) that the rodent species endemic

and traded from LAC could be infected with 39 of these

pathogens (Appendix 1, Table S1). One of the rodent spe-

cies, Cuniculus paca, was excluded from the analysis, as

there was no evidence of any zoonotic pathogen in this spe-

cies. For the 39 pathogens, rodents were not a dead-end

host for 35. Ultimately, 16 pathogens met the last criterion

of being directly transmitted from rodents to humans (Ap-

pendix S1, Table S2). The final 16 pathogens and three

rodent species combinations were ranked using the risk pri-

oritization tool (Fig. 2).

Risk prioritization tool

The results of the risk prioritization are presented by

numeric rank in Table 2. Results from this table are based

on an averaged prevalence estimated with the existent data

(published and expert opinion). Scores for the likelihood of

release/exposure (Equation 1) ranged from a maximum of

78 (Cryptosporidium spp. in Cavia porcellus) to a minimum

score of 18 (Campylobacter jejuni in Coendou prehensilis).

Scores for the DALY values severity/consequence (Equation

2) ranged from a maximum of 212.3 (Mycobacterium

microti in Cavia porcellus) to 0.1 (Trixacarus caviae in

Cavia porcellus and Trichophyton mentagrophytes in

Cavia porcellus). The highest ranked pathogen according to

Equation 3 was Mycobacterium microti in Cavia porcellus

with a risk score of 9341, followed by Giardia spp. in Cavia

porcellus with a risk score of 2426 and Francisella tularensis

in Cavia porcellus with a risk score of 1651. The lowest

ranked pathogens were Trichophyton mentagrophytes in

Cavia porcellus (6.5) and Trixacarus caviae in Cavia

porcellus (5.9).

The expert elicitation response rate was 22%. The largest

reason for lack of response was lack of knowledge regarding

specific questions integral to the research question at task

(questions were related to prevalence, shedding and/or clin-

ical symptoms in humans). Of those responding, most were

‘uncertain’ (highest uncertainty ranked) about the majority

of their responses. Others felt they were unqualified to

answer specific pathogen–species questions, or human

medical questions. Results from the sensitivity analysis on

the uncertainty of prevalence estimates are shown in

Table 3. Using all the prevalence values obtained from the

literature and expert opinion for the pathogens in the

Fig. 2. Results from the hazard identification process. Sixteen pathogens met all the inclusion criteria (dark box), and 313 did not meet the inclusion

criteria and were not assessed further (grey boxes).
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selected species, a very similar ranking list was obtained

compared to the one shown in Table 2 using averaged

prevalence.

Discussion

It is apparent that wildlife trade poses a risk for public

health through the potential introduction and/or reintro-

duction of zoonotic pathogens into the United States (Swift

et al., 2007; Karesh and Noble, 2009; Pavlin et al., 2009;

Smith et al., 2009, 2012; Travis et al., 2011). Ongoing

concern about the risk has prompted suggested regulatory

changes without adequate scientific evidence for decision-

making. Therefore, agencies and other regulatory

stakeholders are in need of user-friendly, scientific tools to

assess public health risks of imported wildlife species to

assist in allocation of resources and policy decisions.

A risk prioritization tool can prove useful for identifying

pathogen–species combinations that might pose a zoonotic

risk through a scoring system. This approach is widely used

in food safety to rank foodborne and zoonotic pathogens

risks in a region or a country (Kemmeren et al., 2006; Hen-

son et al., 2007; Ruzante et al., 2010; Ng and Sargeant,

2012; Ng and Sargeant, 2013). In this study, zoonotic

pathogens that may be carried by legally traded rodents

endemic to LAC were assessed, and the highest risk

Table 3. Sensitivity analysis on prevalence

uncertainty.
Pathogen/Rodent species

Prevalence

Scores

Likelihood of release

and exposure Severity Risk score

Mycobacterium microti/

Cavia porcellus

1, 2, 3† 33–55 212 7006–11 677

Giardia/Cavia porcellus 4‡1, 2† 36–72 34 1213–2426

Francisella tularensis

/Cavia porcellus

2, 3† 40–50 33 1321–1651

Cryptosporidium/

Cavia porcellus

4‡ 78 8 591

Salmonella enterica spp./

Cavia porcellus

1, 3† 33–55 10 344–574

Cryptosporidium/

Coendou prehensilis

4‡ 52 8 394

Enterocytozoon bieneusi/

Cavia porcellus

2‡

1, 2†
42–56 6 255–340

Pasteurella multocida/

Cavia porcellus

2, 4† 36–54 6 218–328

Yersinia pseudotuberculosis/

Cavia porcellus

2† 40 8 323

lymphocytic choriomeningitis

virus/Cavia porcellus

2, 3† 44–55 6 260–324

Campylobacter jejuni/

Dasyprocta leporina

2‡†

1, 3†
18–36 9 170–340

Salmonella enterica spp./

Dasyprocta leporina

1‡

2†
22–33 10 230–345

Streptococcus

zooepidemicus/

Cavia porcellus

2, 4† 52–78 4 219–329

Campylobacter jejuni/

Coendou prehensilis

1, 2, 3† 9–27 9 85–255

Bordetella bronchiseptica/

Cavia porcellus

4‡

2†
48–72 1 48–73

Mycoplasma caviae/

Cavia porcellus

2‡†

3†
32–40 2 65–81

Lyssavirus/Cavia

porcellus

1‡ 33 0.7 22

Trichophyton mentagrophytes/

Cavia porcellus

1, 2, 3, 4† 36–72 0.1 5–10

Trixacarus caviae/

Cavia porcellus

2‡† 44 0.1 5.9

†Expert elicitation.
‡Published evidence.
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pathogen–rodent species combinations were identified.

Final risk score was estimated as a function of likelihood

for the pathogen to be present in the species, and if poten-

tial for presence exists, severity of the human disease. Sever-

ity was estimated by computing DALY values, a public

health metric, which was uniquely adapted here to assess

zoonotic risk (in terms of consequence) of wildlife trade in

the United States. Due to limited data, only immunocom-

petent adults were considered. DALY values would have

likely differed if immunosuppressed adults or children were

assessed instead, especially given relatively high rates of

contact between children and exotic pets in the United

States.

Results from both approaches (averaged prevalence and

sensitivity analysis) ranked Mycobacterium microti–Cavia
porcellus as the pathogen–species combination of highest

risk, followed by Giardia spp. (giardiasis)–Cavia porcellus,

and Francisella tularensis (tularaemia)–Cavia porcellus.

These results were expected for the specific research ques-

tion evaluated in this study using the methodology

applied. The ultimate goal of the study was to assess the

human health consequences in the United States after

rodent exposure. Likelihood scores for release and expo-

sure were very similar for most of the pathogen–species
combination (most of the scores ranged from 40 to 56).

This was mainly due to the fact that i) all of them were

scored the same for the factor ‘Clinical signs/Detection’,

because there are no required regulations to inspect

imported rodents from Latin America into the United

States; ii) Cavia porcellus was the most common species,

and thus, the score for the factor ‘number of animals

shipped/year’ was almost the same for most of the combi-

nations evaluated; iii) the score for the factor ‘contact

type’ was shared among all of them; and iv) the variabil-

ity among the rest of the scores was small. However, the

scores for Equation 2 (severity of disease in humans) var-

ied greatly from 0.1 to 212 (1009 increase) due to the

difference in duration and severity of the clinical symp-

toms among the diseases. Thus, final risk score was

mainly influenced by Equation 2 (severity of disease in

humans). The three pathogens identified with the highest

risk score showed the longest duration of clinical symp-

toms reported once affecting humans, raising the severity

score and thus the final risk score. For example,

M. microti infections in humans may affect both

immunocompetent and immunocompromised persons

and may be difficult to detect and resolve, causing

chronic illness (van Soolingen et al., 1998; Emmanuel

et al., 2007). Similarly, tularaemia (F. tularensis) can

cause chronic and severe disease in humans. Given the

limited published data available, it was sometimes neces-

sary to rely on the expert opinion gathered, for which

there were few expert responses, most providing a low

level of certainty. This highlights the critical need for

more peer-reviewed wildlife disease data.

The usefulness of a risk prioritization tool is to allocate

additional resources on the identified higher risk

pathogen–rodent species, such as performing a risk assess-

ment, acquiring new experimental data, and establishing

specific risk management guidelines if warranted. As men-

tioned previously, the methodology applied resulted in a

relative risk ranking, as opposed to an overall risk. New

experimental data are needed in areas such as the evalua-

tion of the zoonotic potential of pathogens (n = 128), the

need to understand whether the traded rodent species serve

as dead-end hosts for certain pathogens, and the need to

obtain data on prevalence of in source populations, as well

as in hosts that come into contact with evaluated species in

the pet trade (such as was the case with prairie dogs in the

United States acquiring monkeypox from imported African

rodents).

Even though the comparison with other published stud-

ies on the prioritization of zoonotic pathogens is usually

difficult due to the different approaches and factors consid-

ered, it is possible to contrast some of the main findings.

Ng and Sargeant (2012) established a disease priority list

for the United States and Canada based on public percep-

tion of which zoonotic diseases showed the highest risk

(out of 62 total), considering all animal taxa. The study

used a randomized survey among health professionals to

estimate the disease criteria (21 in total) and the weighted

scores for each. For the United States, Creutzfeldt–Jakob
disease (prion-caused) was assigned the highest risk score

followed by rabies (Lyssavirus) and Nipah virus encephalitis

(caused by Nipah virus). Tularaemia (caused by Francisella

tularensis) was ranked eighth, and giardiasis (Giardia spp.)

ranked 33rd. The study used extensive criteria for disease

prioritization including animal–human and human–animal

transmission and exposure, disease prevalence in the region

and economic factors. The research question in our study

was narrowed to exclusively human exposure, thus limiting

the number of disease criteria. However, most of the crite-

ria used for human exposure (case-fatality, severity, dura-

tion, transmission) were also included in our study and

estimated in more detail using the DALY approach. Despite

the different approach taken by Ng and Sargeant (2012), as

it was applied to all animal taxa, two of the three highest

ranked zoonotic pathogens in our study were listed within

the 50% of the pathogens in Ng’s study. The main benefits

of using a semi-quantitative tool are the flexibility, simplic-

ity, quickness, and easiness to implement by policymakers

to respond to different wildlife trade scenarios without the

need to carry out data and cost-intensive research studies.

Additionally, the introduction of DALY values into the tool

adds an in-depth evaluation of the public health impact not

used before for human–wildlife health interactions.
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Other studies have specifically evaluated which zoonotic

pathogens are more likely to be introduced into the United

States through wildlife species. Pavlin et al. (2009) identi-

fied 30 zoonotic pathogens in the literature from several

imported wild species. Among them, lymphocytic choriome-

ningitis virus, Lyssavirus and Francisella tularensis coincided

with our study.

To develop the risk prioritization tool, some assump-

tions were made. For Equation 1 (likelihood of release and

exposure), a decision was made by the authors to assign

scores to the factors involved in the equation from 1 to 5

based on the available scientific evidence. For both Equa-

tion 1 and Equation 2 (severity), the estimated values were

also based on available scientific literature, and on expert

opinion when data were not available. The experts con-

sulted through the survey reported a certain level of uncer-

tainty for their final risk score estimations (Equation 3),

which could be considered one of the limitations of this

study. The data gaps encountered in this process may or

may not be unique to the rodent trade. The information

available for wildlife trade is still very scarce, including the

zoonotic potential. Once new data are available, this risk

prioritization case study can be updated, advancing the

accuracy of the results. Information obtained from this

study proves useful to make preliminary recommendations

regarding data gaps. The management guidelines in better

informed case studies would target the highest ranked

pathogens, and the human population that would be in

contact with the imported animals (mainly pet owners in

this case), to avoid or at least minimize the chance of zoo-

notic transmission.

Guidance for policymakers would include the establish-

ment of critical control points, with a focus on the top-

ranked pathogens first, if warranted. In general, these

would be at the source (need for a health inspection and/or

health testing prior to shipment), at the port of entry in the

United States (need for health inspection, testing for those

pathogens when feasible, and/or quarantine before distri-

bution), and at distribution (need for more information

about the end point; providing education to consumers).

The risk prioritization tool can be replicated for the

remaining wildlife species that are brought in legally (and

in some cases where enough information is available – ille-

gally) into the United States, from different parts of the

world. The specific problem to evaluate can be changed

depending on the end goal. For example, instead of assess-

ing the public health impact, the process can be focused on

the impact to agriculture, or to the health of native wildlife

species, and the factors included can be weighted accord-

ingly. Applying this process to other wildlife trade species

will not only help to establish management guidelines, but

it will also help in identifying critical areas of research

where data are lacking.
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