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Abstract

Reports of novel emerging and resurging wildlife and zoonotic diseases have increased. Consequently, inte-
gration of pathogen sampling into wildlife monitoring programs has grown. Sampling frequency influences
interpretations of coupled host-pathogen dynamics, with direct implication to human exposure risk, but has
received little empirical attention. To address this, a 15-year study, based on monthly sampling, of deer mouse
(Peromyscus maniculatus) populations and Sin Nombre virus (SNV; a virulent disease in humans) dynamics was
evaluated. Estimates of deer mouse abundance, number infected with SNV, and SNV prevalence from sampling
less frequently than each month (achieved by deletion of months and recalculation of these parameters) were
compared to monthly sampling frequencies. Deer mouse abundance was underestimated (10%-20%), SNV
prevalence was overestimated when prevalence was high (>15%), and fewer annual extremes of abundance and
infection were detected when sampling frequency was less than monthly. Effort necessary to detect temporal
dynamics of SNV differed from effort to detect demographic patterns in deer mouse abundance. Findings here
are applicable to sampling strategies for other host-pathogen dynamics and have direct implications for allo-
cation of public health resources and intervention programs.
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Introduction

REPORTS OF NOVEL EMERGING and resurging wildlife and
zoonotic infectious diseases have increased in recent
decades (Berger et al. 1998, Jones et al. 2008, Blehert et al.
2009). Consequently, interest in these types of diseases among
ecologists, wildlife biologists, and, in the case of zoonoses,
public health scientists and practitioners has grown (Gortazar
et al. 2007). In relevant cases, sampling of pathogens has
been integrated into existing and newly established wildlife-
monitoring programs: for example, Sin Nombre virus (SNV)
(Mills et al. 1999a, 1999b), Ross River virus (Carver et al. 2008),
and amphibian chytrid fungus (Berger et al. 1998, Bell et al.
2004). Despite direct implication to human exposure risk and
health, however, the effect of sampling frequency on coupled
interpretations of wildlife and zoonotic pathogen dynamics
has received little empirical attention.

Here we evaluate how a reduction in sampling frequency
influences our ability to detect fluctuations in abundance of

deer mice, Peromyscus maniculatus; the infection dynamics of a
directly transmitted zoonotic virus, SNV (Bunyaviridae: Han-
tavirus; an agent of hantavirus pulmonary syndrome [HPS]
that causes severe morbidity and mortality in humans); and
implications this may have to interpretation of human expo-
sure risk. Populations of hosts that are capable of high levels
of fecundity, such as deer mice, can exhibit extreme changes in
abundance over brief periods (Krebs 1966, 1996, Singleton
1989). The use of infrequent sampling (i.e., seasonal or semi-
annual) to monitor population abundance of small mammals,
such as deer mice, is common (e.g., Saitoh et al. 1999, Strann
et al. 2002, Flowerdew et al. 2004, Larsen et al. 2007). In some
instances studies using infrequent sampling of small mam-
mals also extend to examination of wildlife (e.g., Cavanagh
et al. 2004) or zoonotic pathogens (e.g., Carver et al. 2008)
among individuals comprising reservoir populations, such as
for hantaviruses in their rodent hosts (Biggs et al. 2000a,
2000b, Escutenaire et al. 2000, Olsson et al. 2003, Pearce-Duvet
et al. 2006).
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Potentially, the frequency of sampling necessary to de-
scribe dynamics of deer mouse populations may differ from
the frequency needed to describe dynamics of SNV infection.
For example, bi-monthly trapping of deer mice may ade-
quately detect their population fluctuations [due to an ap-
proximate 1-2-month lag between the birth of pups and first
detection by trapping (King et al. 1963, Kirkland and Layne
1989)], whereas a monthly trapping interval may be necessary
to detect the dynamics of SNV transmission [due to a 2—4-
week time interval between infection and detection of SNV
IgG antibody in deer mice (Botten et al. 2000, 2002)]. Ac-
cordingly, it is possible that the sampling interval that is ad-
equate to quantify deer mouse population demographics may
be longer than what is necessary to capture dynamics of SNV
infection. If the frequency of sampling does not adequately
capture both deer mouse population demographics and SNV
dynamics, it could lead to erroneous conclusions about host—
pathogen relationships and, by extension, sub-optimal man-
agement and health interventions.

We use a longitudinal study of deer mouse populations and
prevalence of antibody to SNV, which we have conducted
monthly (1994-2008) at three trapping grids near Cascade,
Montana (Douglass et al. 1996, 2001). We simulate variable
sampling frequencies by selective deletion of sampling occa-
sions from this study, and recalculation of deer mouse
abundance and prevalence of antibody to SNV. We ask three
questions: (1) How does a reduction in sampling frequency
influence our ability to detect fluctuations in deer mouse
populations and SNV infection dynamics in the field? (2) Can
a sampling schedule, which adequately represents the dy-
namics of a host (deer mice), be generalized to a pathogen
(SNV)? (3) How frequently are annual peaks and troughs in
population abundance and infection prevalence missed by
sampling less frequently? The direct implication of these re-
sults to investment in public health campaigns or interven-
tions and human HPS exposure risk is discussed.

Materials and Methods

This investigation was conducted on three live trapping
grids (grid numbers 10, 11, and 12) located near Cascade
(46°59.3' N, 111°35.3' W, 1408 m Average Mean Sea Level
(AMS)), Montana. The trapping grids were situated in grass-
land habitat supporting an active cattle ranch (Douglass et al.
1996). Deer mice were live trapped for three consecutive nights
each month on all three grids for 174 consecutive months be-
tween June 1994 and November 2008. Trapping grids were 1
hectare in area and consisted of 100 equally spaced Sherman
live traps (H.B. Sherman Traps., Tallahassee, FL), baited with
rolled oats and peanut butter and provisioned with polyester
Fiberfil bedding. Upon capture, each rodent was given a un-
iquely numbered model #1005-1 ear tag (National Band and
Tag Co., Newport, KY), and their species, sex, body mass,
reproductive condition, and presence of scars or wounds were
recorded. Blood samples, which were later tested for antibodies
to SNV, were routinely collected from grids 11 and 12 only. We
followed animal handling, blood collection, and safety pre-
cautions described by Mills et al. (1995) and approved by the
University of Montana Institutional Animal Care and Use
Committee. Serological analyses were performed at the Mon-
tana State Public Health Laboratory and at Special Pathogens
Branch, U.S. Centers for Disease Control and Prevention.
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We used the minimum number of individuals known to be
alive (MNA) during a 3-day trapping session as an index of
population abundance for each month (cf. Krebs 1966). The
minimum number of deer mice antibody positive to SNV
(MNI), during each trap session, was calculated in the same
way as MNA for grids 11 and 12. Estimated standing preva-
lence (ESP) of deer mice for a given month was calculated by
dividing MNI by MNA (Mills et al. 1999a). Less frequent
sampling (e.g, bi-annual or annual), and consequently a lack
of recaptures, precluded the use of more complex population
estimates of deer mouse abundance and the number of deer
mice infected. Because hantaviruses cause chronic (likely life-
time) infection in their hosts, antibody is considered a marker
of infection (Mills et al. 1999a). We consider antibody-positive
deer mice to be actively infected and likely infectious (shed-
ding infectious virus).

Analyses

To examine how well estimates of MNA, MNI, and ESP
from less frequent sampling intervals predict the same esti-
mates from monthly sampling, we recalculated MNA, MNI,
and ESP at sampling intervals of bi-monthly, quarterly,
semiannually, and annually. To calculate/simulate MNA,
MNI, and ESP from these less frequent sampling regimes, we
temporarily deleted trapping sessions from our dataset and
recalculated MNA, MNI, and ESP in each instance.

Dates for less frequent sampling, particularly semiannually
and annually, were focused on times of year that were of
relevance to researchers studying the population dynamics of
deer mice and the transmission of SNV. For bi-monthly
sampling, every 2 months from February was chosen. For
quarterly sampling the middle month of each season was
chosen: January, April, July, and October. Months chosen for
semiannual sampling were April, when deer mouse ESP is
high, and October, when deer mouse abundance is high. April
was chosen as a relevant month for annual sampling, because
of elevated ESP around this time of the year.

To examine how much a reduction in sampling frequency
underestimated monthly values of MNA and MNI, we eval-
uated the percent difference between less frequent and
monthly estimates:

(.0
&)

Mean % difference = x 100,

where 7 is the number of sampling occasions derived from
our database (bi-monthly 86, quarterly 58, semiannually 29,
and annually 14), [ is the estimate of MNA or MNI derived
from less frequent sampling, and m is the monthly estimate of
MNA or MNL

To evaluate the effect of less frequent sampling on esti-
mates of ESP, we compared ESP estimates calculated by
sampling less frequently to three measures of ESP from
monthly sampling: ESP derived from monthly sampling,
mean ESP over the period not captured by sampling less
frequently, and weighted mean. Mean ESP for bi-monthly
sampling was calculated over the month the less frequent
sample was obtained and the month previous. Mean ESP
for quarterly sampling was calculated over the 3 months of
each season (December-February, March-May, June-August,



SAMPLING FREQUENCY AND HOST-PATHOGEN DYNAMICS

September-November). Mean ESP for semiannual values
consisted of the previous and current season (December-May
and June-November). Mean annual ESP was calculated over
the two seasons previous through to the end of the season
following (September-August). Weighted mean ESP was the
total MNI across the months (as described for mean ESP) di-
vided by the total MNA. Paired f-tests were employed to
determine if ESP from less frequent sampling differed from
our three measures of monthly ESP.

Results

Monthly deer mouse MNA, MNI, and ESP fluctuated
throughout the study period (Fig. 1). A large increase in
abundance of deer mice was recorded between late 2001 and
2003, and the MNI of deer mice on grid 11 was also higher in
2003 (Fig. 1). There was a greater abundance of infected deer
mice detected on grid 11 than on grid 12 (Fig. 1).

Across all three grids, a reduction in the frequency of
sampling (even bi-monthly sampling) of deer mice resulted in
an underestimation of monthly MNA by at least 10% (Table 1).
The underestimation of monthly MNA grew to 13%-20%
when the sampling frequency was reduced beyond bi-
monthly. Monthly MNI of deer mice at grid 11 was also un-
derestimated as the frequency of sampling was reduced, but
by only a small amount, compared to MNA (Table 1).
Monthly MNI was never underestimated at grid 12, due to a
high frequency of months where no infected deer mice were
detected (Fig. 1, Table 1).

Values of ESP from less frequent sampling tended to over-
estimate measures of ESP from monthly sampling (Table 2,
Fig. 2). Overestimation of ESP resulted from relatively
stable MNI values, but a smaller MNA values (i.e., the nu-
merator was relatively constant, but the denominator was

MNA

MNI

ESP
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Apr-97 Apr-99

FIG. 1.
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generally smaller; Table 1) when sampling frequency was less
than monthly. This pattern was particularly evident at quar-
terly, semiannual, and annual sampling intervals (Fig. 2c-h),
especially when ESP was >0.15. These overestimates were
only statistically significant, however, for monthly estimates
at grid 11 (Table 2), which produced a higher number of in-
fected mice throughout the study.

On the basis of monthly sampling, the highest annual MNA
of deer mice was recorded most frequently between August
and October and least frequently between April and June
(Table 3). The most common months for which lows in MNA
were observed were less consistent among trapping grids
(Table 3). We did not detect any infection in deer mice in one
of the 14 years of this study at grid 11, and 4 of the 14 years at
grid 12. The maximum annual MNI was most frequently
observed between March and June at grids 11 and 12, but
annual highs in MNI were also observed in other months,
including winter (Table 3). Lows in MNI (often zero) were
recorded more frequently in the autumn and winter months,
although annual lows in MNI were often recorded in other
months as well (Table 3). Maximum annual ESP was also
observed in many months, including winter (Table 3). The
highest annual ESP, at both grids, was most commonly ob-
served in May or June (Table 3). Similar to MNI, lows in ESP
were frequently observed across most months, but were most
common in autumn and winter (Table 3).

When sampling frequency was reduced, fewer annual
highs and lows in MNA were detected (Table 4). Similarly, the
percentage of highs detected in annual MNI and ESP also
declined with less frequent sampling (Tables 3 and 4). The
capacity to detect annual lows in MNI and ESP, however,
remained high, regardless of reduced sampling frequency,
reflecting a relatively high number of months in which no
infected deer mice were captured (Tables 3 and 4).

Apr-03 Apr-05 Apr-07

Monthly abundance (MNA), number of infected individuals (MNI), and estimated standing prevalence (ESP) of

deer mice, Peromyscus maniculatus, between June 1994 and November 2008.
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TABLE 1. MEAN PERCENT DIFFERENCE (+1 STANDARD ERROR) BETWEEN MONTHLY ESTIMATE VALUES
oF DEER Moust ABUNDANCE (MNA) AND NUMBER OF INFECTED DEER Mice (MNI)
AND VALUES FROM LESS FREQUENT SAMPLING
10 11 12 11 12
Grid MNA MNA MNA MNI MNI
Bi-monthly —10.34 (0.14) —10.64 (0.14) —11.48 (0.18) —1.80 (0.13) 0.00 (0.00)
Quarterly —18.13 (0.32) —16.77 (0.33) —20.58 (0.42) —1.08 (0.12) 0.00 (0.00)
Semiannually —14.32 (0.42) —13.60 (0.49) —15.97 (0.61) —1.46 (0.22) 0.00 (0.00)
Annually —15.00 (0.58) —14.30 (0.64) —17.30 (0.82) —0.65 (0.17) 0.00 (0.00)

Negative values indicate that deer mouse abundance or number of deer mice infected (MNI) were underestimated.

Discussion

In general, greater sampling effort or frequency is per-
ceived to result in more accurate quantification of organism
dynamics over time than sampling less frequently. Here we
used a longitudinal study of deer mice and SNV to examine
how a reduction in the frequency of sampling can influence
detection of coupled host population demographics and
pathogen infection. In general, sampling less frequently (bi-
monthly, quarterly, semiannually, and annually) produced
underestimates (10%—20%) of deer mouse abundance (MNA)
derived from monthly sampling. Overall estimates of the
number of infected deer mice (MNI) and standing infection
prevalence (ESP), detected by less frequent sampling, were
similar to monthly MNI and ESP values (monthly, mean, and
weighted mean). However, monthly values for ESP were
predominantly overestimated when values of ESP from less

frequent sampling were high (particularly when >0.15). As
such the effect of sampling less frequently than each month
had a nonlinear effect on estimates of infection (i.e., less fre-
quent sampling produced similar estimates of ESP as monthly
when values were <0.10, but monthly ESP was frequently
overestimated above this value).

Overestimation of high levels of ESP is of direct interest and
application to human HPS exposure risk. Human incidence of
HPS in Montana is not detected when ESP of deer mice, from
monthly sampling, is below 10% (Madhav et al. 2007), sug-
gesting that investment in public health awareness programs
or interventions are best targeted when deer mouse ESP ex-
ceeds this value. This study demonstrates that if this knowl-
edge were currently applied to direct health awareness
programs or interventions under a less frequent sampling
regime (such as would be the case with semiannual and annual
sampling frequencies), values of deer mouse ESP exceeding

TABLE 2. MEAN% DIFFERENCE (+1 STANDARD ERROR) AND PAIRED 7-TEST OF ESTIMATED STANDING PREVALENCE
FROM COMPARISON OF LESS FREQUENT SAMPLING WITH MONTHLY ESTIMATES OF ESTIMATED STANDING
PREVALENCE (MONTHLY, MEAN, AND WEIGHTED MEAN)

Grid 11 Grid 12
Monthly Mean Weighted mean Monthly Mean Weighted mean

Bi-monthly

% difference 0.221 —0.021 0.098 0.872 1.036 1.033

SE 0.092 0.294 0.277 0.604 0.914 1.010

t184 2.413 0.073 0.355 1.435 1.127 1.017

p 0.018 0.942 0.724 0.155 0.263 0.312
Quarterly

% difference 1.048 1.233 1.394 0.371 1.050 0.893

SE 0.445 0.772 0.863 0.255 0.650 0.661

t1,56 2.355 1.597 1.615 1.440 1.601 1.340

p 0.022 0.116 0.112 0.155 0.115 0.186
Semiannually

% difference 0.652 0.752 0.683 0.742 2.303 2.335

SE 0.251 0.842 0.734 0.505 1.637 1.516

t1,26 2.555 0.879 0913 1.443 1.382 1.514

p 0.016 0.387 0.369 0.160 0.178 0.141
Annually

% difference 0.965 2.602 2.887 1.494 5.439 5.319

SE 0.361 1.633 1.576 1.027 3.230 3.167

t,12 2.579 1.535 1.765 1.402 1.622 1.618

p 0.023 0.149 0.101 0.184 0.129 0.130

Positive and negative values indicate that ESP was on average overestimated and underestimated, respectively. Significant differences are
shown in bold. ESP, estimated standing prevalence; SE, standard error.
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FIG. 2. The relationship of Estimated Standing Prevalence (ESP) calculated from less frequent sampling (X-axis) to ESP
values derived from monthly sampling (Y-axis: closed circles, monthly ESP; open circles, mean ESP; shaded circle, weighted

mean ESP) for grids 11 (a, ¢, e, g) and 12 (b, d, £, h). The solid line represents a perfect one-to-one linear relationship between
less frequent and monthly ESP.
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TABLE 3. PERCENTAGE OF ANNUAL HiGHS AND Lows IN DEER Mouse ABUNDANCE (MNA), NUMBER OF INFECTED DEER
Mice (MNI) AND ESTIMATED STANDING PREVALENCE OF DEER MICE, PEROMYSCUS MANICULATUS,
DETECTED AT EACH MONTH, FOR EACH GRID BETWEEN JUNE 1994 AND JANUARY 2009

10 11 12 11 12 11 12
Grid MNA MNA MNA MNI MNI ESP ESP
Highs
January 7 21 0 7 29 14 29
February 7 0 0 7 36 14 29
March 7 7 7 14 43 7 29
April 0 0 0 21 43 7 43
May 0 0 0 64 50 29 43
June 0 0 7 29 43 29 43
July 0 7 7 7 36 14 43
August 21 21 21 14 43 14 36
September 21 21 14 14 29 7 29
October 21 21 14 29 36 21 36
November 7 0 7 7 36 7 29
December 7 14 21 21 43 14 29
Lows
January 7 14 7 64 100 57 100
February 14 14 7 71 86 79 86
March 0 0 0 43 64 36 64
April 7 7 0 29 71 29 71
May 0 0 0 14 71 14 64
June 7 0 21 36 64 36 64
July 29 14 29 36 71 29 71
August 21 7 14 43 79 43 79
September 21 7 21 57 93 50 93
October 7 7 0 64 71 57 71
November 0 21 14 79 86 71 86
December 0 29 0 64 86 43 86

10% would be overestimated and would result in prema-
ture investment in public health campaigns or interventions.
Conversely, intervention when it may not be necessary is far
superior, in terms of public health, to inaction. Of course, less
frequent sampling is also likely to delay detection of epizootic
conditions.

Resources to invest in host-pathogen monitoring programs
are likely limited in many instances. As such, short-term
studies, with limited spatial replication, which seek general
information about host abundance and pathogen dynamics
over time, should be interpreted with caution. We observed
substantial fluctuations in deer mouse MNA, MNI, and ESP
over 14 years, a feature characteristic of highly fecund animals

(Krebs 1966, 1996, Singleton 1989, Carver et al. 2008). How-
ever, SNV dynamics did not always reflect deer mouse
abundance on the same grid and were not always similar
between grids. These findings support those of Douglass et al.
(2001), who found large spatial and temporal variation in
MNA (near 0 to over 120 per 100-trap grid) and MNI (0 to over
60) among 18 grids in Montana. Despite the variable nature of
SNV over time, prevalence among deer mouse populations
tends to peak in spring, across disparate geographic locations
and variable habitat types (Douglass et al. 2001, Mills et al.
1999b and references therein). While it was not the specific
focus of this study, understanding processes driving popu-
lation fluctuations of deer mice (e.g., survival and dispersal)

TABLE 4. PERCENTAGE OF ANNUAL HiGgHs AND Lows IN ABUNDANCE (MNA), NUMBER INFECTED (MNI),
AND ESTIMATED STANDING PREVALENCE OF DEER MICE, PEROMYSCUS MANICULATUS, DETECTED BY LESS
FREQUENT SAMPLING, FOR EACH GRID FROM JUNE 1994 TO JANUARY 2009

10 11 12 11 12 11 12

Grid MNA MNA MNA MNI MNI ESP ESP
Highs

Bi-monthly 57 64 64 71 79 64 79

Quarterly 29 50 21 43 57 36 64

Semiannual 21 21 14 43 50 21 50

Annual 0 0 0 21 43 7 43
Low

Bi-monthly 50 64 43 100 100 100 100

Quarterly 50 43 36 79 100 71 100

Semiannual 14 14 0 79 79 71 79

Annual 7 7 0 29 71 29 71
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would likely contribute to a better understanding of the dy-
namics of infection (Douglass et al. 2007, Madhav et al. 2007,
Lonner et al. 2008, Luis et al. 2010). Our results indicate that to
capture natural variation in deer mouse abundance and dy-
namics of SNV, surveys need to be spatially replicated and of
long duration (Douglass et al. 2001). We intentionally based
our less frequent sampling, particularly semiannual and an-
nual sampling, on prior knowledge of deer mouse abundance
and SNV dynamics at our grids. We acknowledge that
someone establishing a new sampling regime would not have
the benefit of this prior knowledge, likely resulting in the
detection of fewer annual minima and maxima of MNA, MNI,
and ESP. Investigations, with limited resources, that aim to
understand spatial variation in host populations and risk of
zoonotic pathogen exposure (without a priori knowledge of
host—pathogen dynamics) should first seek to understand
annual variation in infection and then target spatial surveys
during seasons when infection is at a maxima. In such cases,
investigators should keep in mind that estimates of high in-
fection prevalence are likely to be inflated. As a corollary,
estimates of high infection prevalence could be improved by
increasing sampling frequency during periods (epizootics)
where ESP exceeds 10%.

In this study, underestimation of deer mouse abundance is
important in understanding SNV infection dynamics, because
this inflates estimates of ESP. In general, determining the
sampling interval to adequately estimate host abundance is
likely to depend on the developmental rate of juveniles and
the duration and magnitude of natural population fluctua-
tions (Krebs and Myers 1974). For example, there is a 1-2-
month lag between the birth of pups and first detection of deer
mice by trapping (King et al. 1963, Kirkland and Layne 1989).
We have trapped deer mice monthly and this appears to have
been a reasonable frequency to capture abundance and follow
temporal fluctuations in their abundance, a conclusion also
supported by Parmenter et al. (1999). Naturally, the ability to
document fluctuations in population abundance and to in-
vestigate processes that underlie fluctuations (e.g., survival and
recruitment) diminishes as the frequency of sampling decreases
(Krebs and Myers 1974). Similar to our findings, that sampling
less frequently than monthly leads to underestimates of MNA,
attempts to model temporal fluctuations in deer mouse pop-
ulation abundance, using a range of predictors (e.g., tempera-
ture, precipitation, survival, and maturation), have also
required a monthly sampling to acquire any level of accuracy
(Yaffee et al. 2008, Luis et al. 2010). Further, accurate estimation
of population demographic parameters [i.e., survival, recruit-
ment (Krebs and Myers 1974), and dispersal (Lonner et al. 2008,
Waltee et al. 2009)], all necessary to understand disease dy-
namics (Keeling and Rohani 2008), require frequent sampling.
Understanding the dynamics of SNV among deer mice would
greatly benefit from investigations, based on frequent sam-
pling, which link environmental determinants of deer mouse
abundance (Luis et al. 2010) and infection.

Detecting annual extremes in host or vector abundance,
particularly maxima, is an important facet in predicting
infection prevalence of many diseases, including SNV, re-
flecting the density- or frequency-dependent nature of trans-
mission (Mills et al. 1999b, Madhav et al. 2007, Keeling and
Rohani 2008, Carver et al. 2009 and references therein). Si-
milarly, detecting annual extremes, particularly maxima, in
infection is important to allocate public-health-related re-
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sources. Not surprisingly, a reduction in the frequency of
sampling resulted in a consistent reduction in the detection
of annual maxima of MNA, MNI, and ESP, and minima of
MNA. It should also be acknowledged that annual maxima in
deer mouse abundance and infection are observed in winter
with reasonable frequency. For example, Calisher et al. (2005)
documented a 5-year high in the trap success of deer mice in
the winter of 1999. Over the 14 years of our study, we were
able to access trapping grids each month, even when envi-
ronmental conditions, such as deep snow, made site access
and trapping challenging. Although trapping in winter is not
always possible due to inaccessibility of trapping locations
(e.g., Douglass et al. 2001, Pearce-Duvet et al. 2006), investi-
gators should recognize that the detection of annual highs in
host abundance and infection is reduced when sampling is
less frequent than monthly, and when sampling is not un-
dertaken during winter. Nevertheless, this study suggests
that annual highs in deer mouse MNA are most frequently
detected between August and October and ESP between April
and August, likely reflecting a delayed transmission rela-
tionship between deer mouse abundance and infection
(Madhav et al. 2007). Our results indicate that missed maxima
in host abundance and infection prevalence (such as would
likely be the case with semiannual or annual sampling fre-
quencies) would result in inflated predictions and underesti-
mation of true infection prevalence, respectively. This
information is of direct relevance to the timing and allocation
of management and public health resources.

Conclusions

SNV was first detected as an emerging pathogen following
an epidemic of HPS in the Four Corners region of the United
States in 1993 (Nichol et al. 1993), and in recent years the
number of recognized emergence events of other zoonotic and
wildlife infectious diseases has increased (Jones et al. 2008).
For example, Nipah virus (reviewed by Mackenzie et al.
2001), chytridiomycosis in amphibians (Berger et al. 1998, Bell
et al. 2004), and bat white-nose syndrome (Blehert et al. 2009).
Increasingly, ecologists and wildlife biologists are challenged
with considering the dynamics of pathogens in addition to the
sampling of wildlife. This study suggests that the sampling
effort necessary to identify basic demographic patterns in deer
mouse populations and dynamics of SNV over time differs.
Findings in this study are applicable to implementation of
sampling strategies for other hosts and their pathogens. Fur-
ther, sampling frequency of zoonotic pathogens and their
hosts has important implications for the allocation of public
health resources and intervention programs. Future research
aimed at measuring the data lost by a reduction in sampling
frequency would likely benefit from comparing monthly
abundance and infection data to models using estimates of
survivability and recruitment to predict monthly deer mouse
abundance and infection.
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