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Abstract

Background: Wildlife rehabilitation centers routinely gather health-related data from diverse species. Their
capability to signal the occurrence of emerging pathogens and improve traditional surveillance remains largely
unexplored. This paper assessed the utility for syndromic surveillance of raptors admitted to The Raptor
Center (TRC) to signal circulation of West Nile Virus (WNV) in Minnesota between 1990 and 2014. An
exhaustive descriptive analysis using grouping time series structures and models of interrupted times series

was conducted for indicator subsets.

Results: A total of 13,080 raptors were monitored. The most representative species were red-tailed hawks,
great horned owls, Cooper's hawks, American kestrels and bald eagles. Results indicated that temporal

patterns of accessions at the TRC changed distinctively after the incursion of WNV in 2002. The frequency of
hawks showing WNV-like signs increased almost 3 times during July and August, suggesting that monitoring
of hawks admitted to TRC with WNV-like signs could serve as an indicator of WNV circulation. These findings

were also supported by the results of laboratory diagnosis.

Conclusions: This study demonstrates that monitoring of data routinely collected by wildlife rehabilitation
centers has the potential to signal the spread of pathogens that may affect wild, domestic animals and
humans, thus supporting the early detection of disease incursions in a region and monitoring of disease
trends. Ultimately, data collected in rehabilitation centers may provide insights to efficiently allocate financial
and human resources on disease prevention and surveillance.
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Background

Wild animals play a key role in the transmission of many
infectious diseases into humans by serving as reservoirs
for important pathogens such as West Nile virus (WNV),
avian influenza virus (AIV), and Lyme disease. Animal
health surveillance may contribute to the early detection
and prevention of disease outbreaks in human populations
[1-3]. In addition to human health, the industries involved
in livestock, poultry and fishery production are also vul-
nerable to infectious disease transmitted by wildlife, which
may result in economic losses from disease outbreaks and
the potential imposition of stringent trade restrictions [4].
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Although there are systems in place for monitoring infec-
tious diseases in humans and some domestic animals, as
well as some programs for specific diseases in free-ranging
wildlife, there is currently no comprehensive, integrated
strategy for monitoring wildlife health issues in the United
States [5]. Furthermore, although the need for such a
monitoring system has been identified, challenges such as
cost, time, case acquisition, and practicality of sampling
strategies remain difficult to overcome. Sample collection
is currently limited to expensive active surveillance activ-
ities, often requiring trapping of animals, or convenience
or passive sampling of hunted animals or wildlife submit-
ted to public health or wildlife agencies [6].

Novel approaches, such as syndromic surveillance
based on the monitoring of non-specific digital data,
may help to enhance current surveillance systems. The
Centers for Disease Control have defined syndromic
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surveillance as an investigational approach based on
using real-time health-related data that precedes diagno-
sis to detect an outbreak of a disease and decrease mor-
bidity and mortality [7]. Besides enhancing the early
detection of infectious disease, syndromic surveillance
may also contribute to monitoring endemic diseases
and/or be used to accumulate proof of absence of a
disease [8].

It is estimated that more than 500,000 amphibians,
reptiles, birds, and marine and terrestrial mammals are
admitted into wildlife rehabilitators across the United
States annually [5], representing a diverse array of ani-
mal species from disparate geographic regions and a
range of ecosystems. Use of wildlife rehabilitation cen-
ters as an alternative means of monitoring wildlife and
environmental health has been proposed [5, 6, 9-13].
However, there are a number of challenges to the
routine use of rehabilitation center data for syndromic
surveillance, including: absence of specific surveillance
goals and objectives; lack of comprehensive, integrated
database systems; limited infrastructure for wildlife reha-
bilitators; and data quality-, integrity-, and timeline-
related issues. Prerequisite for overcoming these chal-
lenges and, ultimately, facilitating early detection and
prevention of disease incursions, is the implementation
of novel surveillance strategies and analytical tools into
data routinely collected by wildlife rehabilitation centers.
Indeed, it is critical to develop and rigorously validate
analytical approaches for monitoring rehabilitation data,
including for the detection of aberrations in the data
that may indicate a health event. Here, we use the West
Nile Virus (WNYV) in the state of Minnesota (MN), USA,
as a proof-of-concept as to whether the initial incursion
of WNV into the state would result in aberrations in
raptor rehabilitation data that would be detectable via
syndromic surveillance.

West Nile Virus (family Flaviviridae, genus Flavivirus)
is primarily maintained through a bird-mosquito-bird
transmission cycle, which sporadically results in epi-
demics affecting humans and horses. This pathogen has
caused significant morbidity and mortality in humans,
horses, and wildlife since its introduction into North
America in 1999 [14]. The first report of WNV in MN
was in two dead crows (Corvus brachyrhynchos) in the
Minneapolis/St. Paul metropolitan area in July, 2002
[15]; WNYV is now endemic/enzootic in MN, manifesting
a seasonal pattern during the period of adult mosquito
activity. Many species of raptors are susceptible to
WNYV, which results in a broad range of clinical signs
and/or death. It has been suggested that birds represent
the first wave of infections during the transmission
season, meaning that they may be infected earlier as
compared to mosquito pools, humans, or equine cases
[6, 16]. This suggests that surveillance of raptors may
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provide indicators for early detection of WNV incur-
sions into free regions. The study was aimed at assessing
the utility of wildlife rehabilitation data to support early
detection and monitoring of wildlife pathogen activity as
it relates to public, food animal, and environmental
health. Specifically, retrospective data from raptors
admitted to The Raptor Center (TRC) from Minnesota
(MN) were assessed to evaluate its potential for detect-
ing and monitoring of WNV circulation.

Methods

Data

This study included retrospective data from raptors
admitted to TRC in MN between 1990 and 2014. As a
veterinary facility admitting over 800 sick and injured
raptors each year, TRC has extensive medical records
with the majority of admission data available in a digital
format, including clinical signs at admission. Data were
collected in Microsoft Access (Microsoft Corp,
Redmond, WA) using a relational database. The final
data set contained the attributes of “case number”, “spe-
cies”, “avian group”, “date of admission”, “state” where the
bird was found, “age” and “clinical signs”.

Exploratory descriptive analysis

A descriptive analysis was performed to check data
quality with the veterinary clinicians and determine basic
traits of the raptor admissions received from MN
between 1990 and 2014. Raptor admissions were aggre-
gated by year and month of admission and stratified by
avian group, species, age, sex, clinical signs, and state
where the birds were found. Raptors could be catego-
rized by age since most species were accurately aged as
either a first year (hatch year) or as an adults due to the
change in plumage. Frequency of clinical signs was also
described for each avian group. Thirty standardized clin-
ical signs recorded upon admission during the entire
span of the study were used. Clinical signs were grouped
by organ systems into 10 categories, namely: integu-
mentary system (damaged feather/cere/ft, bumblefoot,
soft tissue injury); musculoskeletal system (fracture,
luxation/subluxation, posterior paralysis); nervous sys-
tem (convulsions, head tremors, head tilt/disorientation,
postural problems/imbalance); gastrointestinal system
(anorexia, diarrhea, lesions in mouth, regurgitation);
respiratory system (respiratory distress, swollen sinus);
urinary system (polydipsia, polyuria, urates in cloaca);
special senses (ear injury and ocular disease); non-
specific (assymetrical wing beats, injured but alert/feisty,
unable to fly or stand, moderate weight loss, not emaci-
ated); systemic (dehydration, weight loss, emaciation,
depression/weakness); no problems observed.
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Time series analysis

Descriptive analysis of time series for underlying patterns of
raptor admissions

The purpose of analysing grouped time series was to
identify subsets of raptor admissions that may suggest
WNV circulation over time. Frequencies of admissions
aggregated by month were assessed by avian taxonomic
group, species, clinical signs, and age using grouping
time series structures [17—19]. Series were described and
compared to assess differences before and after the in-
cursion of WNYV in terms of their seasonality and trend.
Potential indicators of WNV were selected based on: 1)
visual evidence, 2) testing significant changes between
the frequencies observed before and after 2002 using
non-parametric Mann-Whitney tests [20], and 3) mani-
festation of WNV-like clinical signs according to previ-
ous scientific findings [21, 22].

Interrupted time series analysis in the subset of raptors
identified as indicator for West Nile virus before and
after 2002

Changes over time that could signal WNYV circulation
were assessed with an interrupted time series (ITS)
analysis using the subset of raptors selected as indicator
for its circulation [23, 24]. The time series Y, , that rep-
resented the number of raptor admissions by month,
was segmented in two parts, namely, data collected
between January 1990 and December 2001, and data
collected between January 2002 and December 2014.
The time series was fitted using a linear regression
model including trigonometric covariants as seasonal
and cyclical components, such as «; cos (w;t) or/and f3;
sin (w;t), where w;=2m1/T;, and T; corresponded to the
periods. Linear-trend components, which slopes are de-
noted as § and 8, were also included, and the errors of
the linear model (€,) were fitted as autoregressive—mov-
ing-average (ARMA) time series with different variances
for the two parts considered. The regression coefficients
before and after WNV epidemics were estimated intro-
ducing a dummy variable (I) , being 1 if t < December
2001 and O if t > January 2002. Therefore, the model was
expressed as:

Yi = [(u + 8t + acos(wt) + Bsin(ot) + -+)L]+
+[(ﬂ’ +8t+a cos(wt) + [3, sin(wt) + - + (1—It))} + &

with € =¢16_ 1+ + Pp_p+ -+ Ze+ 61Z_;
+o+ 04Zc_g,
where p corresponded to the order of the autoregressive
part of the model errors and q indicated the moving
average order.
The orders of the components of the ARMA process
and the regression coefficients were selected using the
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Bayesian Information Criterion (BIC) [25]. The standard-
ized residuals of the final model were analysed to verify
absence of autocorrelation and partial autocorrelation.

Positive WNV cases in raptors confirmed by laboratory tests
To support the plausibility of our evidence, raptors
admitted to TRC between 2007 and 2014 that were
suspected of West Nile (WN) disease based on clinical
signs were assessed by the Veterinary Diagnostic Labora-
tory of the University of MN (VDL). A raptor admitted
to TRC was considered to be suspicious for WN infec-
tion if it presented clinical signs typical of the disease in
combination with either an elevated white blood cell
count (absolute heterophilia) or splenomegaly as demon-
strated on radiology. Typical clinical manifestations in-
clude neurological signs (including head tilt, nystagmus,
and tremors), blindness or visual impairment in Coo-
per’s hawks, northern goshawks, red-tailed hawks and
bald eagles, repetitive head movements (“bobble head”),
ataxia, circling, and dysphagia in great horned owls. In
hawks (buteos and accipiters), exudative chorioretinal
lesions and chorioretinal scarring in a linear pattern
were highly suggestive of WN disease. Additionally,
other raptors with non-specific signs such as emaciation,
dehydration, and dull mentation could be considered as
clinical suspicion of WN infection.

During this period different specific studies underwent
necropsies in suspicious raptors and performed histo-
pathological analysis. A raptor was considered positive for
WNV when individual or pooled tissues (brain, heart, and
kidney) were positive for WNV RNA by PCR [26] and/or
if WNV antigen was detected in tissue sections of at least
one organ by immunohistochemistry using a monoclonal
antibody specific for WNV antigen [22].

Software

Analyses were implemented in the R software [27], with
the “base” and “hts” [19], “forecast” [28], and “nlme”
packages [29].

Results

Exploratory descriptive analysis

A total of 16,595 raptors from 37 different states were
admitted to TRC between 1990 and 2014, although our
analysis focused only on admissions from the state of
MN (n=13,080; 78.8%). Five of the 28 raptor species
admitted accounted for 66% of the admissions: 2360
red-tailed hawks (Buteo jamaicensis) (18%); 2148 great
horned owls (Bubo virginianus) (16.4%); 1538 Cooper’s
hawks (Accipiter cooperii) (11.8%); 1347 American kes-
trels (Falco sparverius) (10.3%); and 1193 bald eagles
(Haliaeetus leucocephalus) (9.1%). Most raptors fell into
4 taxonomic groups: 5278 hawks (including buteos and
accipiters, 39%); 4272 owls (31%); 1897 falcons (14%);
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and 1208 eagles (9%). Only 425 (3%) raptors belonged to
other groups (Table 1: Summarized table of admitted
species).

Time series analysis
The number of admitted raptors increased over time;
the median number of admissions per year was 542 with
a minimum of 318 in 1990 and a maximum of 818 in
2013. Admissions increased annually in July and August.
When the admissions were analyzed together, consid-
ering a unique time series, did not appear to signal the
WNV circulation. To distinct underlying patterns and
identify a subset of raptors as indicator of WNYV circula-
tion, the series had to be grouped by taxomonic group,
species, age and clinical signs.
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Exploring the admissions grouped by avian taxonomic
group, the results showed that after 2002 the admissions
of hawks evidenced a marked increase, whereas in the
owl and eagle groups the increases were small. In con-
trast, the number of admissions of falcons decreased
over time. Seasonal patterns were more evident in hawks
and falcons than in owls and eagles (see Fig. 1la—e).

ARMA models are used for our data analysis because
they are powerful tools that can be directly fitted using
standard packages in R. However other families of
continuous-time ARMA processes [30], or nonparamet-
ric regression models based on P-splines [31] can be
explored in further research.

Examining admissions by age, hatch year birds accounted
for 33.1% admissions with a marked increase in July and
August over all the period. However, it is interesting to

Table 1 Summary of the raptors received at The Raptor Center from Minnesota between 1990 and 2014 detailing: avian group,

species, number and percentage

Avian Group Species Latin name No. admissions received at The Raptor Center Percent
Hawk red-tailed hawk Buteo jamaicensis 2360 18.0%
Cooper's hawk Accipiter cooperii 1538 11.8%
broad-winged hawk Buteo platypterus 618 4.7%
sharp-shinned hawk Accipiter striatus 380 2.9%
red-shouldered hawk Buteo lineatus 145 1.1%
rough-legged hawk Buteo lagopus 123 0.9%
goshawk (Northern) Accipiter gentilis 93 0.7%
Swainson’s hawk Buteo swainson 18 0.1%
ferruginous hawk Buteo regalis 3 0.0%
Owl great horned owl Bubo virginianus 2148 16.4%
barred owl Strix varia 797 6.1%
saw-whet owl! (Northern) Aegolius acadicus 372 2.8%
screech-owl! (Eastern) Megascops asio 368 2.8%
great gray owl Strix nebulosa 197 1.5%
long-eared owl Asio otus 136 1.0%
snowy owl Bubo scandiacus 111 0.8%
short-eared owl Asio flammeus 92 0.7%
boreal owl Aegolius funereus 43 0.3%
hawk-owl! (Northern) Surnia ulula 8 0.1%
Falcon kestrel (American) Falco sparverius 1347 10.3%
peregrine falcon Falco peregrinus 300 2.3%
merlin Falco columbarius 244 1.9%
prairie falcon Falco mexicanus 6 0.0%
Eagle bald eagle Haliaeetus leucocephalus 1193 9.1%
golden eagle Aquila chrysaetos 15 0.1%
Others osprey Pandion haliaetus 225 1.7%
turkey vulture Cathartes aura 132 1.0%
harrier (Northern) Cyrcus cyaneus 68 0.5%

13,080 100.0%
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Fig. 1 a-e Time series plots of total admissions, avian groups, and most representative raptors

varied after the incursion of WNV. Indeed, after 2002
during the periods of WNV circulation (between
July—October), the proportions of hatch year in hawks
increased, whereas in owls increased the proportion
of adults (Fig. 2a-b).

The signs compatible with WNV rose between July and
October after its incursion in 2002, whereas the amount
of admissions with no problems noted a decrease.

Identification of raptor subpopulations that potentially
indicate WNV circulation

The cojoint analysis of time series considering taxo-
nomic groups, age and clinical signs suggested that the
admissions of hawks with compatible clinical signs could
indicate the circulation of WNV. The admissions of the
hawk group showed the most evident changes before

and after 2002 and the monthly medians of systemic, in-
tegumentary, ocular problems, ear injury, nervous,
gastrointestinal, respiratory signs or other non-specific
signs increased signicantly after 2002 (p-value < 0.005,
Mann-Whitney test) (Fig. 3a—f).

The monthly patterns of clinical signs in this subset
were regular before 2002. However, in the summer of
2002 and in consecutive summers, the number of admis-
sions for the most frequent clinical signs significantly in-
creased in comparison with the 1990-2001 period.
These increases coincided with the incursion of WNV
detected in humans, horses and birds in MN. These
changes were more marked in hatch year hawks.

Based on these findings all hawk admissions showing
WNV-like signs (namely, systemic, integumentary,
ocular problems, ear injuries, nervous, gastrointestinal
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Fig. 2 a-b Frequency of admissions between July-October by avian group and age category before and after 2002

or non-specific clinical signs) were selected as indicators
of WNV circulation.

The changes observed in the patterns during the in-
cursion of WNV were not so apparent in other taxo-
nomic groups.

Interrupted time series analysis (ITS) in hawks showing
WNV-like signs before and after 2002
The results of the ITS model provided statistical evi-
dences about the augment in the number of hawks
showing WNV-like signs admittted to TRC during the
periods with circulation of WNV. This effect was
assessed by examining and comparing the coefficients of
the regression model before and after 2002 (see Table 2).
The coefficients of the trigometric covariates (p; and «;
for i=12, 6, 4 and 3) showed that the frequency of ad-
missions of hawks with signs compatible with WNV
followed a marked annual seasonality and a less evident
cyclical pattern every 6, 4 and 3 months (Fig. 4 and
Table 2). The value of § evidenced that the overall trend
of admissions increased between 1990 and 2002. In
contrast, the trend after 2002 represented by & was null
over time.

The circulation of WNV appeared to increase the
frequency of hawks showing WNV-like signs almost 3
times during July and August. Furthermore, the high
standard deviations obtained in the errors after 2002 in-
dicated that the circulation of WNV also increased the
uncertainty in the number of admissions over time.

The diagnostic checking evidenced the lack of autocor-
relation or partial autocorrelation in the residuals of our
model.

WNYV cases in raptors confirmed by laboratorial tests

Between 2007 and 2014 a total of 333 raptors were sub-
mitted by TRC to the Minnesota Veterinary Diagnostic
Laboratory (VDL) as suspicious for WNV; 162 were
WNV positive. Most cases (110, 67.9%) were hawks (i.e.
red-tailed hawks, Cooper’s hawks and northern gos-
hawks), and most positive hawks (80%) were hatch year
birds. The most frequent clinical signs observed in these
raptors were systemic disorders (i.e. dehydratation, de-
pression, weakness, emaciation), neurological (i.e. head
tremors, postural problems, imbalance, head tilts) and
ocular signs; followed by integumentary (i.e. soft tissue
injuries, damaged feathers/cere/ft or bumblefoot) and
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Fig. 3 a-f Time series plots of monthly admissions of hawks according to clinical signs and age

gastrointestinal signs such as anorexia, and lesions in
mouth, among others.

Discussion

Our results demonstrate that raptor rehabilitation data,
specifically hawks, shows marked temporal differences be-
fore and after the incursion of WNV in MN. These results
coincide with previous studies conducted in different re-
gions of USA, in which these species showed to be highly
susceptible to WNV [7, 32]. The conclusion that these
changes were likely due to WNV were further supported

by the abrupt change in the frequency of admissions of
hawks with clinical signs consistent with WNV in 2002,
and the diagnostic confirmation of WNV-positive cases in
hawks post-2002. This study serves as a proof-of-concept
that some animal health events, such as the incursion of a
new infectious disease, result in aberrations of long-term
data trends collected by rehabilitation centers. Thus, near
real-time analysis of rehabilitation data within a syn-
dromic surveillance framework could potentially contrib-
ute to the detection of health anomalies and monitoring
of animal health trends in wildlife populations.
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Table 2 Coefficients of the regression model and errors fitted to an ARMA structure

Coefficients of the
model before 2002

Period January 1990-December 2001

Coefficients of the
model after 2002

Period January 2002-December 2014

Value Std Error t-value p-value Value Std Error t-value p-value
Intercept 4.04 083 4.87 0.00 Intercept 21.50 3.80 5.66 0.00
o 0.08 0.01 7.66 0.00 ) —-0.004 0.02 -0.22 0.83
B2 -5.79 0.57 -10.10 0.00 Bs —-16.60 1.05 —-15.85 0.00
ary -3.20 057 -5.60 0.00 aﬁ -12.96 1.04 -1242 0.00
Be -0.36 0.54 -0.68 0.50 Bg 855 0.98 869 0.00
Qs —-2.89 0.54 -5.36 0.00 a —4.96 0.98 505 0.00
Qy 1.08 049 221 0.03 0'4 6.90 0.89 7.72 0.03
as -1.58 044 -3.62 0.00 a; —4.53 0.80 -5.69 0.00
t 2+ 02217 1

AIC: 1913.46 BIC: 1983.83 logLik —937.73
Standardized residuals: Min: =347 Q1: —=0.61 Med: —0.12 Q3: 047 Max: 4.60

Various WNYV surveillance programs have been imple-
mented in humans, horses, birds and mosquitoes
throughout the United States, including MN, though
many programs relying on active surveillance for WNV
have been discontinued due to low sensitivity and high
cost [33]. Thus, the syndromic surveillance approach
here demonstrates the potential impact that an alterna-
tive and affordable source of information may have in
supporting early detection and monitoring of WNV. Ul-
timately, the working example here shows the potential
of data from wildlife rehabilitation centers to signal the
introduction and circulation of emergent pathogens in
wild animal populations.

Additionally, because raptors are placed at the top of
the food chain and occupy broad areas, monitoring of
raptor admissions may help to monitor the health status
of other populations in the ecosystem [34, 35]. Routine
monitoring of rehabilitation center data may help to
assess the impact and evolution of a specific disease on
wildlife and provide a better understanding of its trans-
mission in the natural ecosystems. However, monitoring
of raptors admissions may not be straightforward. For
example, when raptor admissions were analyzed collect-
ively, there was no evident change in patterns that could
signal WNV circulation. In contrast, when frequency of

admissions was assessed by taxonomic group, age and
clinical signs, it was evident that certain patterns chan-
ged substantially coinciding with the occurrence of
WNV outbreaks. Temporal variations were clear in
hawks with WNV-like signs during the summer of 2002
and consecutive summers, especially in hatch year birds.
Thus, syndromic surveillance programs based on rehabi-
liaton data will need to not only monitor overall trends,
but also focus on identifying aberrations or trends when
data is subset by taxomony, age, and suites of clinical
signs. Monitoring various taxomonic or syndromic
subsets for data aberrations is particularly important if
syndromic surveillance is meant to detect the emergence
of pathogens in a geographic region rather than monitor
pathogens already circulating.

Despite the potential of wildlife rehabilitation center
data for syndromic surveillance, there are certain limita-
tions that should be considered. Most importantly, mon-
itoring of those data is only a proxy for wildlife health
status, and consequently, other complementary informa-
tion might be essential to support evidence before
extracting definitive conclusions. Additionally, animals
admitted into the rehabilitation centers may not be
representative of the status of the wildlife population be-
cause animal collection is linked to the human activity.

— Fitted before Jan-2002 Total 1375 —— Fitted after Dec-2001 Total: 3227

— Observations Total 4602
150
Jan 1990- Dec 2001
100 - P5-1 Md-8 P95-25
e}
=z
50
=
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T I I
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Follow up by mo.

Fig. 4 Time series of hawks admitted with clinical signs compatible with West Nile and fitted values
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Moreover, the timeliness of these collections can also be
determined by the degree of awareness. Presence of such
collection bias may have, for example, affected our re-
sults given that the number of raptors found after 2002
was higher. However, the total number of admissions
did not significantly change (Fig. la—e) as much as the
specific pattern of young hawk admissions with WNV-
like signs (Fig. 3a—f).

Another potential limitation may be due to the lack of
specificity of clinical signs. Different pathogens and con-
ditions may result in similar clinical patterns. For that
reason, assessment of underlying patterns by species, age
or clinical signs complemented with specific diagnosis in
the event of peaks in admissions might be necessary to
identify indicators for specific diseases. Given that these
limitations are acknowledged and, ideally, controlled,
wildlife rehabilitation center data may serve as an afford-
able and reliable source of information for monitoring
conditions at the interface of public, animal, and envir-
onmental health, thus supporting the One Health con-
cept at local and regional levels.

Conclusions

Retrospective analysis of raptor rehabilitation data
evidenced marked temporal differences before and after
the incursion of West Nile Virus in MN, indicating that
monitoring of data routinely collected by wildlife
rehabilitation centers has the potential to capture the
geographical emergence of a new pathogen in free-
ranging wildlife. This study serves as a proof-of-concept
that aberrations in long-term trends in datasets collected
by wildlife rehabilitation centers may reflect animal
health events occurring within free-ranging wildlife
populations. These results demonstrate that wildlife re-
habilitation centers may serve as an affordable resource
to complement the routine monitoring, and ultimately,
early detection and prevention of public, animal, and
environmental health conditions in the country.
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