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Hematologic Values of Jamaican Fruit Bats
(Artibeus jamaicensis) and the Effects of
Isoflurane Anesthesia
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Jamaican fruit bats (Artibeus jamaicensis) are used as an animal model for several viruses, including Middle East respiratory
syndrome virus, dengue virus, Zika virus, and Tacaribe virus. However, despite ongoing studies regarding these pathogens,
little is known regarding the bats” normal physiology. In this study, phlebotomy of the propetagial (cephalic) vein was per-
formed to establish baseline hematologic parameters in an apparently healthy, captive population of Jamaican fruit bats.
Furthermore, we compared results from physically restrained and isoflurane-anesthetized bats. Our findings indicate significant
increases in WBC count, lymphocytes, and monocytes in the anesthetized bats. However, RBC and platelet parameters were
not different between the 2 groups. This information on the normal hematologic parameters of Jamaican fruit bats, adds to
our overall understanding of the normal physiology of this species, and expands our knowledge on bat species in general.

Abbreviation: JFB, Jamaican fruit bats
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According to the US Department of Interior, more than 1300
species of bats are classified into 18 distinct families, comprise
more than 20% of living mammal species, and reside nearly
worldwide except for the Arctic and Antarctic.?”*! Bats com-
monly inhabit both temperate and tropical regions and colonize
numerous roosts, from barns and attics to trees and rock crevices
and essentially span from deep within tropical forests to the
backyards of suburban neighborhood. Bats also vary in their
dietary requirements, including nectivorous, insectivorous,
frugivorous, and vampire species. Bats play pivotal roles both
ecologically and economically and are valuable members of
the animal community. They help control insect populations
and pollinate several plant species of importance for human
food consumption and medicinal therapies.®! Furthermore,
analyses in 2011 showed that in North America alone, the loss
of bats— primarily due to white-nose syndrome and wind
turbines—could lead to more than $3.7 billion loss annually,
making it more imperative to protect bats and their habitats.?
However, despite their overall benefits to society, bats have
also been found to serve as reservoirs for high-risk human
pathogens.*

Bats belong to the order Chiroptera, which has 2 historic
suborders: Megachiroptera and Microchiroptera. Each subor-
der was divided originally based primarily on its geographic
distribution and anatomic features.!® Recent phylogenetic data
supports a different classification scheme, highlighting a para-
phyletic ancestry over the historically supported monophyletic
taxonomic organization.?830 Moreover, this information has led
to the classification of bats into 2 current suborders: Yinptero-
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chiroptera (Old World bats) and Yangochiroptera (Old and New
World bats), which includes Jamaican fruit bats (JEB, Artibeus
jamaicensis).?830

A great deal of information is available regarding captive
management, diet, and even the numerous pathogens of
fructivorous bats.” However, knowledge gaps regarding bat
immune responses and viral pathogenesis remain, hinder-
ing what is known about disease pathogenesis and why bats
can harbor deadly human pathogens without succumbing to
disease themselves.? Disease transmission occurs sporadically
from bats to humans and has been directly observed in only a
few of these known pathogens: rabies and related lyssaviruses
and 2 henipaviruses, Hendra and Nipah.* Likely due to mul-
tifactorial issues including limited funding, habitat loss, and
sporadic emergence, more emphasis of research is placed on
diseases that greatly affect human health compared with that
of bats themselves.>*

Over the past few decades, bats have become recognized
as a public health concern regarding the virus-host interac-
tions for serious and sometimes fatal zoonotic diseases. Bats
are reservoirs for or suspected reservoir hosts of filoviruses,
henipaviruses, coronaviruses, and lyssaviruses, some of which
cause significant disease in humans and livestock.*?* JFB have
been used more than any other bat species to study viral infec-
tions, including those of Middle East respiratory syndrome
coronavirus, dengue virus, Zika virus, Tacaribe virus, and rabies
virus.>1112171819.2225 Degpite the growing importance of this
species for zoonotic virus disease research, virtually nothing is
known about the basic physiology of JFB.

Methods for determining normal physiologic parameters
of bats, either using captive colonies or wild populations, are
limited. Most researchers conducting bat studies typically
follow catch-and-release protocols, without additional diag-
nostic testing beyond what is needed for the study. Although
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additional diagnostic samples may be collected at this time,
they are frequently not, due to minimal sample volumes or
lack of validated testing modalities. Captive populations al-
low continuous observation and study of normal behavior
and physiology over an extended time in a controlled envi-
ronment, thus potentially providing a more comprehensive
understanding of the species and extrapolate information to
the wild population.

Hematology is frequently used for monitoring in veterinary
medicine and provides an important tool to detect health abnor-
malities and make comparisons among different species and—in
research—between study cohorts. Hematologic parameters can
help interpret population health as well as potential diseases
not yet explored in either captive or wild populations of bats.

In our experience, JFB are a species that can be restrained
without anesthesia, which substantially facilitates various
procedures, such as blood collection. However, the ease of
using anesthetized research subjects is beneficial, reduc-
ing stress for subjects and facilitating collection procedures.
Previous studies performed in other species, including dogs,
guinea pigs, and fructivorous bats, revealed significant dif-
ferences in hematology parameters between anesthetized and
unanesthetized animals.!>?3 Our aims for the current study
were 1) to establish baseline parameters for a captive, healthy
population of JFB and 2) to determine whether differences in
hematologic parameters occur in the same population when
blood collection is performed on manually restrained compared
with isoflurane-anesthetized bats. Furthermore, the values
obtained from our study can be used for comparison between
healthy and infected JFB as well as other species with known
hematologic parameters, to identify physiologic differences
among bats.514152122263234

Materials and Methods

Animals. The JFB colony at Colorado State University was
originally founded in 2016 with bats from a captive popula-
tion at another institution that was maintained as a closed
breeding colony for more than 10 y. Approximately 150 JFB
were cohoused with approximately 30 Seba fruit-eating bats
(Carollia perspicillata) in a free-flight room measuring 5.8 x 3 x
2.7 m. Roosting material was hung from the ceiling in various
places throughout the room, and black drapes were positioned
along the walls for additional roosting. Ambient temperature
was maintained between 20 and 25 °C, with humidity ranging
between 50% and 70%, and a 12:12-h dark:light cycle, through
use of a computer-controlled system. Female and male bats were
cohoused. Bats were fed once daily from multiple feeding trays
containing a combination of fruits and grueled Teklad primate
chow (Envigo, Indianapolis, IN), consisting of molasses, nonfat
dry milk, and cherry gelatin.” To stimulate foraging behavior
and provide enrichment, additional fruit was hung around the
room. Water was provided as needed. Samples were collected
without regard to sex and were characterized as a single popu-
lation. New mothers with unweaned pups—but not pregnant
females—were excluded from blood collection. All experimental
procedures were approved by the IACUC; our institution is an
AAALAC-accredited facility.

Unanesthetized blood collection. To determine hematologic
parameters in unanesthetized bats, 28 bats from the free-flight
room were captured on 2 consecutive days (n = 16 and n =
12, respectively) for phlebotomy. Awake bats were caught by
using either sturdy leather gloves or a butterfly net and were
appropriately restrained to allow full access to the wings for
blood collection (Figure 1). Prior to blood withdrawal, wings

were held approximately 30 cm from an infrared heat lamp
(Portable Luminaire, 250A bulb) for 30 s to 2 min to induce
vasodilation. By using this procedure, the vein was clearly
visible. Blood was withdrawn from the propetagial (cephalic)
vein. A 26-gauge, 20-mm intradermal needle (Precision Guide
Needle, Becton Dickinson, Franklin Lakes, NJ) was used to
make a small laceration in the vein, to allow free flow of blood
(Figure 2). Heparinized microhematocrit capillary tubes (VWR
Scientific, Broomall, PA) were used to collect blood. We filled
3 or 4 microhematocrit tubes to collect a total of 180 to 240 uL.
of blood from each bat. Blood was transferred from the mi-
crohematocrit tubes to EDTA microtubes (1.6 mg EDTA/mL,
Sarstedt, Numbrecht, Germany) for submission to the Colorado
State University Veterinary Diagnostic Laboratory; all samples
were kept on ice before and during transport to the diagnostic
lab. After blood collection, 2x2-in. gauze (AmensourceBergen,
Chesterbrook, PA) was held with moderate pressure on the
venipuncture site to initiate clotting. Bats were released into a
small, wire cage lined with a linen cloth to allow them to hang.
Fresh chopped fruit was provided at the bottom of the cage
after blood collection. Bats remained cohoused in cages for 24 h
after blood collection and were observed for any adverse signs,
including lethargy, weakness, inappetence, and death. After this
observation period, they were removed from the colony for an
experimental study.

Anesthetized blood collection. Eighteen days after unanes-
thetized blood collection, a different cohort of bats (n = 15) was
caught and sampled as described earlier. Anesthesia was in-
duced by using a rat-sized oxygen mask. Initially, bats received
approximately 0.5 to 1.0 L/min O, with 3% to 5% isoflurane
(VetOne, Boise, ID). Anesthesia was deemed adequate by easy
extension and flexion of the wing, without any voluntary move-
ment. Bats were maintained on 1.5% to 3% isoflurane and 0.5
to 1.0 L/min O, as necessary to provide an adequate plane of
anesthesia throughout the procedure. Blood was collected as
described earlier. Isoflurane was discontinued immediately after
blood collection, and each bat remained on 0.5 to 1.0 L/min of
O, for 60 to 120 s. Total time under anesthesia ranged from 3 to
10 min, depending on the rapidity of blood collection. Bats were
held with a handling glove until recovery and then released into
a small, wire cage lined with a linen cloth for hanging. They
were monitored for the next 24 h, as described earlier and then
returned to the colony.

Hematology. Immediately after collection, blood samples
were transported on ice from the animal facility to the Colorado
State University Veterinary Diagnostic Laboratory. Clinical pa-
thology personnel performed CBC counts on each sample by
using an automated hematology system (Advia 120, Siemens,
Malvern, PA), and results were processed by using canine
reference ranges.

Statistical analysis. All statistics were performed by using
Prism 8.0.1 (GraphPad Software, La Jolla, CA). Means, stand-
ard deviations, and ranges were calculated for all hematology
parameters of the 28 unsedated and 15 anesthetized animals,
and 95% confidence intervals were generated also. Pairwise
comparisons were performed for each hematologic parameter.
Normality was determined by using the Shapiro-Wilk test; the
Welch t test was used when the data were normally distributed
(lymphocyte percentage, monocyte percentage, granulocyte
percentage, MCV, RDW percentage, Hgb, MCHC, MCH, and
RBC), whereas the Mann-Whitney rank sum test was used
when data were not normally distributed (WBC, lymphocytes,
monocytes, granulocytes, Hct, RDW actual, platelet count, and
MPV). A P value less than 0.05 was considered statistically sig-
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Figure 1. Extended wing of a Jamaican fruit bat, highlighting the propetagial (cephalic) vein (arrow). Although the vein is initially small and
difficult to visualize, dilation after using a heat lamp enables the vein to be visualized appropriately for phlebotomy.

nificant. Outliers were determined by using the ROUT method,
with a maximum false discovery rate of 0.1%. Age, sex, body
condition, and reproductive status were not considered in the
parameters assessed.

Results

To develop baseline hematologic parameters and elucidate
differences in these values according to the presence or ab-
sence of anesthesia, we collected blood from 2 groups of JFB,
unsedated and anesthetized. Blood was collected successfully
from all bats in this study. One bat was found dead at 24 h after
collection; the remainder of the bats had no adverse events at
the 24-h postcollection observation. The WBC measurements
of physically restrained and anesthetized bats differed signifi-
cantly, with lower overall WBC counts and lymphocyte counts
in unsedated bats compared with the anesthetized group (Table
1); RBC and platelet parameters did not change with anesthesia
(Table 1). We then compared our findings for JFB with estab-
lished baseline reference intervals for several other species of
bats®141521.22263234 (Table 2).

Discussion

Despite ongoing studies in bats, primarily focused on zo-
onotic infectious agents that can cause human epidemic or
pandemic infections, little is known about the normal physiol-
ogy in all bat species. Furthermore, few captive bat populations
are available for research purposes. Here, the current study had
2 aims: 1) to determine baseline hematologic values for an ap-
parently healthy, captive population of JFB and 2) to compare
the hematologic values of physically restrained (unsedated)
and anesthetized bats.

First, we evaluated and compared baseline parameters
between unsedated and anesthetized JFB. We collected blood
samples from a group of bats (1 = 28) to define parameters for

anormal, captive population of JFB. Several other studies have
established baseline reference intervals for various species of
bats: gray-headed flying fox (Pteropus poliocephalus), Christmas
Island flying fox (Pteropus melanotus natalis), island flying fox
(Pteropus hypomelanus), Indian flying fox (Pteropus giganteus),
black flying fox (Pteropus alecto), straw-colored fruit bat (Eidolon
helvum), Egyptian fruit bat (Rousettus aegpytiacus), and Dauben-
ton bat (Myotis daubentonii).814152122265234 Degpite having
baseline reference intervals for various bat species, comparing
previous findings with our current study is difficult, primarily
due to the varied ecology of individual species, with some being
insectivorous and others frugivorous. JFB are small in stature,
usually weighing between 40 and 60 g, which limits the ease
and volume of blood collection.?* We did not consider both age
and sex as factors in hematology values, whereas other studies
collected specific information for females, males, juveniles, and
adults and, in some cases, lactating compared with nonlactating
females and wild-caught compared with captive bats. Moreo-
ver, the parameters assessed in each study varied. Given these
considerations, average RBC parameters appear to be lower in
E. helvum, M. daubentonii, P. alecto, P. hypomelanus, P melanotus
natalis, and P. poliocephalus as compared with JFB, whereas R.
aegyptiacus had overall higher RBC parameters.314152226,52,34
WBC parameters were much more variable between species.
M. daubentonii, P. hypomelanus, P. melanotus natalis, and P. polio-
cephalus appeared to have higher lymphocyte-to-granulocyte
ratios, much like JFB, whereas P. alecto and P. giganteus had
higher granulocyte-to-lymphocyte ratios and E. helvum had
nearly equivalent numbers of granulocytes and lymphocytes
(Table 2).8141521.222634 A 2011 hematologic survey of more than
255 bats assessed Hct and total and differential WBC counts.?®
Although those data were collected from free-ranging bats,
rather than from a captive population, the results amassed for
JFB previously?® were similar to those found in our study. The
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Figure 2. Phlebotomy of the propetagial (cephalic) vein of a Jamaican fruit bat by using a 26-gauge, 20-mm intradermal needle. This bat was in
the anesthetized group and is being restrained under isoflurane gas delivered through a rat-sized mask.

Table 1. Hematologic reference intervals for clinically normal, captive, physically restrained (1 = 28) compared with anesthetized (1 = 15) adult

Jamaican fruit bats

Mean + 1 SD Range 95% CI
Physically Physically Physically
restrained Anesthetized P restrained Anesthetized restrained Anesthetized
WBC, 103/uL 4.68+2.36 7.09£2.01 0.001 22-11.8 3.8-10.1 3.77-5.6 5.97-8.2
Lymphocytes, 103/uL 2.56 +1.99 421+1.11 0.001 0.9-10.2 2.2-6.1 1.79-3.34 3.59-4.82
Monocytes, 103/uL 0.49£0.19 0.63+0.17 0.01 0.3-1.0 0.4-0.9 0.42-0.56 0.54-0.73
Granulocytes, 10%/uL 1.63+£0.73 225+1.24 0..13 0.6-3.4 0.7-5.2 1.35-1.91 1.56-2.93
Lymphocytes, % 51.92+12.76  60.66 £ 10.34 0.02 34.1-86.8 37.7-81.1 46.97-56.87 54.93-66.39
Monocytes, % 9.9+2.05 8.21+£1.07 0.001 4.7-12.7 6.5-10.4 9.11-10.69 7.62-8.8
Granulocytes, % 38.18 £11.26 31.13£9.88 0.04 8.5-55.2 12.4-52.9 33.82-42.55 25.65-36.6
Hct, % 53.43+2.54 52.43+2.63 0.17 47.2-59.8 48.4-57.1 52.44-54.41 50.97-53.88
MCV, fL 39.38+1.14 39.46 £ 1.67 0.87 37.3-41.1 37-42.8 38.94-39.82 38.54-40.38
RDW, absolute 22.83+0.68 22.67 £0.53 0.35 21.4-24.0 22-24.1 22.56-23.09 22.37-22.96
RDW, % 20.44 +0.83 20.24+091 0.48 19.5-22.2 18.9-21.7 20.12-20.76 19.74-20.74
Hgb, g/dL 18.73£0.91 18.25+0.85 0.09 16.7-21.3 17.1-20 18.38-19.08 17.77-18.72
MCHC, g/dL 35.07+£0.76 34.85+0.65 0.31 33.4-36.5 33.7-36.3 34.78-35.37 34.49-35.21
MCH, g/dL 13.8£0.372 13.73 £0.54 0.66 13.2-44 13-14.9 13.65-13.94 13.43-14.02
RBC, 10°/uL 13.56 £0.73 13.31£0.96 0.37 11.96-15.4 11.96-15.43 13.28-13.85 12.77-13.84
Platelets, 103/uL 102.5+18.55  123.5+54.47 0.12 76-163 62-278 95.27-109.7 93.37-153.7
MPV, fL 6.16 £0.18 6.06 £0.21 0.12 5.8-6.4 5.7-64 6.09-6.24 5.94-6.18

P values between physically restrained and anesthetized bats determined by using either a paired t test or the Wilcoxon rank-sum test.

differences in the means and ranges of hematologic parameters
of these variety of bat species illustrate the need to have baseline
parameters for each species of bat. In addition, the above data
obtained from ref 25 and other studies 8141522263234 are not
inclusive to all hematologic parameters assessed in various
bat species.

Our study evaluated differences in hematologic values when
phlebotomy was performed on unsedated compared with

anesthetized bats. The data revealed significant differences in
WBC (specifically, lymphocytes and monocytes) but not RBC
or platelet parameters (Table 1). Overall WBC and lymphocyte
counts were lower in unsedated bats compared with the anesthe-
tized group (Table 1). A previous study in guinea pigs compared
hematologic and biochemical parameters from animals that
were physically restrained, anesthetized with isoflurane, or
anesthetized with an injectable regimen.3® WBC counts were
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Table 2. Comparison of hematologic parameters (mean [range], when available) from various species of bats when phlebotomy was performed

on awake, physically restrained animals

P. melanotus

A. jamaicensis  P. poliocpehalus”  natalis'® P hypomelanus'* P alecto?®  E. heloum®  R. aegypticus3! M. daubentoni®®
RBC, 10°/uL 13.56 9.3 — 8.25 9.1 9.47 14.87 10.7
(11.96-1540)  (7.5-10.9) (7.6-12.6)  (7.74-10.89)
Hct, % 53.4 37.0 40.7 46.6 47.0 42.7 57.4 46.5
(472-59.8)  (30.0-42.0)  (36.0-44.0) (39.0-62.0)  (33.3-51.0)
Hgb, g/dL 18.7 15.4 — 15.95 16.4 14.9 15.0 15.0
167-213)  (127-17.7) (13.6-21.8)  (12.0-16.0)
WBC, 103/uL 47 54 8.4 16.55 6.0 3.2 11.45 3.36
(2.2-11.8) (0.0-10.8)  (2.6-132) 25220)  (1.2-7.3)
Lymphocytes, 2.6 1.7 4.58 10.65 1.7 1.70 — 2.07
103/uL (0.9-10.2) 0.0-51)  (0.91-7.66) (03-12.1)  (0.64-4.03)
Granulocytes, 1.6 3.5 3.74 4.70 3.6 1.36 — 1.23
103/uL (0.6-3.4) (05-86)  (1.69-5.71) 09-125)  (0.29-6.0)

Values have been adapted to compare adults of each species with our population of bats. Units have been adapted for consistency.

significantly higher in the injectable anesthesia group compared
with the unsedated group, with a significant difference in hetero-
phils.3 The authors attributed the significant changes between
the unsedated animals and the injectable anesthesia group to a
stress leukogram, but found no significant differences between
the unsedated and isoflurane groups. Stress is often a component
of animal behavior during physical restraint and is observable
on a leukogram as a glucocorticoid-induced response. A stress
leukogram is typically characterized by mature neutrophilia
and lymphopenia, with lymphopenia being the more consist-
ent change. These WBC changes in the circulating blood are
primarily affected by the release of endogenous corticosteroids
during the stressful episode. Stress leukograms can occur in all
animals but are most common and pronounced in dogs.!° Our
results revealed overall higher WBC parameters in the anesthe-
tized group compared with the unsedated group of bats, but the
values do not follow the common trend for a stress leukogram
(Table 1). Furthermore, given the similarities in WBC parameters
shown previously,® future studies comparing unsedated bats
with those anesthetized by using injectable anesthetics would
be beneficial to elucidate whether a stress leukogram appears.
Other studies involving rats and mice have compared hema-
tologic parameters in unsedated and anesthetized (isoflurane
gas) groups, both of which have shown no significant changes
in the WBC parameters.®!® Unlike our findings, the previous
bat study? found significant differences in the Hct, showing a
significantly decreased Hct in the isoflurane group compared
with the unsedated animals. Although the authors initially
hypothesized that this effect could have been due to sequential
blood draws and the development of anemia, this explanation
was ruled out given other findings comparing isoflurane inhalant
to injectable anesthetics.®® In addition, studies in various other
mammals have found similar changes in RBC parameters, which
can be attributed to the effects of isoflurane, particularly splenic
sequestration due to splenic vasodilation 6152029

Isoflurane is a general inhalant anesthetic that is often used
in veterinary medicine because of its ease of use and minimal
adverse effects in otherwise healthy patients. Although the
mechanism of action is still not completely understood, inhalant
anesthetics induce reversible, dose-related unresponsiveness to
noxious stimuli—that is, a state of general anesthesia. Physi-
ologically, isoflurane has been shown to cause variable effects
in many organ systems, most notably the cardiovascular sys-
tem. The anesthetic alters cardiac output, typically causing a
decrease in stroke volume and therefore an increase in heart

rate. Furthermore, the decrease in cardiac output reduces total
blood flow. Subsequently, isoflurane may also play a role in
redistributing blood flow to tissues.!® The vasodilatory effects
of inhalant anesthesia may play a crucial role in lowering RBC
parameters due to splenic sequestration.!® Despite the differ-
ences in hematologic parameters in various other mammals
of similar studies,’53® we did not observe these differences in
our sample population of bats. In our study, bats were only
under isoflurane anesthesia for a short period of time, which
could have influenced its physiologic effects. Future studies
are needed to determine whether physiologic differences are
dependent on time under inhalant anesthesia. Furthermore,
there may be unknown physiologic differences among JFB such
that they do not demonstrate the same hematologic alterations
under anesthesia as observed in other species.

Although we were successful in establishing baseline pa-
rameters for CBC counts in a captive population of JFB, our
study has limitations. Three outliers within the dataset—one
for total WBC and 2 for lymphocyte counts in the physically
restrained group—were included in the analysis. These outli-
ers could be due to random variation among the bats or to
underlying disease, such as subclinical infection, that was not
evident during our initial physical examination. When these
outliers are removed, the WBC count (mean * 1 SD) becomes
4.4 +1.9 x 103/uL, the lymphocyte count becomes 2.1 + 1.1x
10%/uL, and the values for the physically restrained bats remain
significantly different (P <0.01) compared with the anesthetized
group’s values.

Our captive population was established in 2016; however, we
are unaware of the age of each individual bat. We attempted to
exclude bats that appeared to be juveniles from the study, and it
was not possible to assess age as a potential contributing factor
for our results, as was assessed in previous studies of other bat
species.#142134 Furthermore, we did not separate bats according
to sex or reproductive status. Hematologic values likely differ
between sexes of bats; however, we did not evaluate sex-specific
data as a subset, because many veterinary reference ranges are
inclusive of both sexes.

Given their small size and difficult access to venipuncture
sites, obtaining appropriate amounts of blood to perform CBC
counts of bats can be difficult.>?? We were able to collect enough
blood to perform CBC counts successfully; however, we were
unable to collect enough blood during the same phlebotomy
episode to also perform a biochemistry panel. Further investiga-
tion is needed to collect information regarding the biochemistry
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parameters in JFB to provide a complete health panel in addi-
tion to hematology. Within the 24-h postcollection period, one
bat was found dead. A necropsy was not performed; given the
timing relative to blood collection, we presumed that death was
due to stress associated with capture and confinement, profound
anemia from blood collection, or an unknown event. Given the
increased likelihood of stress and anemia compared with an
unknown event, care needs to be taken to prevent excessive
collection of blood in a single episode, which might result in
anemia or death, in severe cases. One way to avoid this situation
is to use another collection site, such as the interfemoral vein.’

We found significant differences in hematologic parameters
between physically restrained (unsedated) and anesthetized
bats, particularly WBC parameters, showing lower total WBC,
lymphocyte, and monocyte counts in physically restrained bats.
The hematologic values of physically restrained and anesthe-
tized bats should be compared with caution, and appropriate
controls in the experimental design should be used to account
for this potential variable. These baseline hematologic param-
eters, which were obtained from a captive population of JFB,
will further aid in the evaluation of their health status.
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