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Abstract
In this project, red-backed salamanders, Plethodon cinereus, were collected from the heart of their range (Mountain Lake,
Virginia, USA), in an effort to document the typical, or baseline, leukocyte profile of this species in its natural state. From
microscopic examination of thin blood films, we determined relative proportions of all leukocyte types and determined the ratio
of neutrophils to lymphocytes, which is a useful index of stress levels. In addition, individuals were examined for three naturally
occurring endoparasites: two gastro-intestinal (trematodes and a ciliated protozoan in the genus Cepedietta) and one in the blood
(a Rickettsial bacteria). This allowed us to conduct statistical comparisons of leukocyte data across parasite infection groups. Of
36 salamanders, 11 (31%) had trematode parasites, 7 (19%) contained Cepedietta parasites, 6 (17%) were parasitized by
Rickettsia, and 12 had no parasites. The most common leukocytes were lymphocytes (87.4%), followed by neutrophils
(4.2%), monocytes (3.3%), eosinophils (2.6%), and basophils (2.5%). The average neutrophil/lymphocyte ratio for these sala-
manders was remarkably low (0.05) for an amphibian population. Statistical comparisons of leukocyte profiles among parasite
infection groups indicated parasitized salamanders had twice as many circulating leukocytes as nonparasitized individuals, which
could be considered an “inflammation response”. There was a slight but significant elevation in relative eosinophil abundance in
parasitized salamanders. There were few differences in leukocyte subsets between parasite types, nor was there evidence of any
proliferation of phagocytic cells in any parasitized individual.
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Introduction

The physiological health status of a wild animal population
can be indirectly gauged bymicroscopic examination of blood
samples, and in particular, by examining the number and pro-
portions of white blood cells. Since the leukocytes are one of
the first lines of defense against foreign pathogens in all ver-
tebrates, evaluating their circulating abundance within a sam-
ple of animals in a wild population can provide information as

to how the entire population is faring (e.g., Barriga-Vallejo
et al. 2015; Maceda-Veiga et al. 2015).

There are a variety of indicators of potential health issues
that can be obtained by examining leukocyte abundance. For
example, one of the hallmarks of an immune reaction is an
increase in leukocyte density in circulation (e.g., Kogut et al.
1994; Latimer et al. 1988; Rose et al. 1979); thus, if animals
have unusually high densities of leukocytes, it could signal a
current infection. In addition, each of the different leukocyte
types (neutrophils, lymphocytes, eosinophils, basophils, and
monocytes) performs a different function in the immune re-
sponse, and alterations in certain cells can be indicative of ill-
health or stress. The phagocytic neutrophils (heterophils in
birds and reptiles) and/or monocytes tend to increase in circu-
lation during immune responses (Kogut et al. 1994; Latimer
et al. 1988). Heightened neutrophil production can usually be
detected by the presence of new (recently produced) cells,
which appear morphologically distinct (called band cells,
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Al-Gwaiz and Babay 2007). Also, eosinophils are known to
respond to a variety of different endo- and ecto-parasite inva-
sions (Klion and Nutman 2004), and in amphibians, in partic-
ular, their function appears vital in defense against trematodes
(Kiesecker 2002; LaFonte and Johnson 2013).

Counts of the numbers of leukocytes in animals can not
only inform about the immune status of an animal but are also
useful for determining the degree of stress an animal is cur-
rently experiencing, because of the way certain cell types re-
spond to elevations in stress hormones (Davis and Maney
2018; Davis et al. 2008). When stress hormones spike, due
to a stress experience, the number of neutrophils (heterophils
in birds and reptiles) tends to increase in circulation, while the
number of lymphocytes tends to decrease (Dhabhar et al.
1996). Thus, the relative proportions of both (the ratio of neu-
trophils to lymphocytes) serve as a useful index of stress
levels. Moreover, this index appears to be long-lasting, and
therefore is useful for detecting persistent environmental
stressors (Goessling et al. 2015).

The red-backed salamander, Plethodon cinereus (Fig. 1A),
is a stereotypical salamander in the genus Plethodon, being a
small (< 3 g), terrestrial, nocturnally active species that lives in
cool, moist forest habitats in the eastern USA, and is especial-
ly abundant in high-elevation Appalachian Highlands
(Milanovich et al. 2010). It has long been the focus of research
across a variety of topics, including the significance of its
dorsal pigmentation (Davis and Milanovich 2010; Highton
1975; Moreno 1989), habitat preferences and environmental
limits (Grover 1998; McKenny et al. 2006; Wyman and
Hawksleylescault 1987), and reproductive behavior
(Bachmann 1984; Lang and Jaeger 2000). However, there
has been little work done to examine the leukocyte subpopu-
lations within this (or related) species, aside from research on
captive animals (Davis andMilanovich 2010). Also, unknown
is how the immune system of this species (or its relatives) is
affected by certain non-lethal and naturally occurring

parasites. For example, there are certain species of intestinal
nematodes that are found in P. cinereus, including Thelandros
magnavulvaris (Oxyuroidea: Oxyuridae), and the trematode,
Brachycoelium salamandrae (Muzzall 1990), and very little is
known on how these parasites impact their host. An unusual
parasite also found in the intestine of plethodontids is a ciliated
protozoan in the genus Cepedietta (McAllister and Trauth
1996). This parasite attaches to the intestinal wall and grazes
on contents of the lumen, though it is unclear how this affects
the host. Plethodon cinereus is also a known host of a little-
studied bacterial organism that affects red blood cells and is a
member of the order, Rickettsiales (Davis et al. 2009).

The primary goal of this project was to establish baseline
leukocyte profiles of a population ofP. cinereus that is near the
center of their range, in western Virginia (USA), and that is not
known to be under any environmental stressors (pollutants or
other anthropogenic stressors, etc.). As a secondary goal, giv-
en that some individuals sampled harbored certain naturally
occurring parasites, this provided a convenient comparison of
leukocyte data of the parasitized and nonparasitized
individuals.

Methods

Study site All salamanders were collected in the summers of
2013 and 2018 in and around the Mountain Lake Biological
Station (MLBS) in Giles County, VA, USA (Fig. 1B). The
collections were made as part of a field course that was taught
during those years. The station is situated at 3900 ft in the
Appalachian Highlands, and the cool, moist forests at this
elevation are ideal habitats for terrestrial salamanders
(Milanovich et al. 2010).

Salamander collection and processing Salamanders were col-
lected by hand by overturning rocks and logs in the forest

Fig. 1 (A) Red backed
salamander, Plethodon cinereus,
photographed by Bill Peterman in
Jefferson Co, IN, USA. This
terrestrial salamander inhabits
cool, moist forests of the eastern
United States, and can be found
under logs, rocks and in leaf litter.
(B) Map of the eastern United
States, showing location of study
site (inset), the Mountain Lake
Biological Station in Giles
County, Virginia (blue circle)
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around the station. They were placed in plastic bags and
transported to the station lab (10 min away). There, they were
euthanized by exposure to an MS-222 solution and their
snout-vent length was measured. The salamanders were then
dissected to determine endoparasite status. As part of the dis-
section, the heads were severed from the body, and we obtain-
ed a sample of blood (~ 20 μl) from the exposed hearts; we
used this sample to make thin blood smears, which were air-
dried and then stained with Giemsa (CAMCO Quik-Stain II).
Importantly, the time from collection to blood sampling in all
cases was less than 1 h.

The dissection procedure involved examining all organs of
the animal in sequence under low-power magnification, and
especially the intestine and gall bladder, which are known lo-
cations for parasites of Plethodontid salamanders (McAllister
et al. 2002, 2008, 1995, Muzzall 1990). Specifically, the lower
intestine (under low-power magnification) was removed and
opened to search for gastro-intestinal parasites, such as flukes
(trematodes; Fig. 2A) and/or the ciliated protozoan in the genus
Cepedietta (Fig. 2B). When parasites were found, temporary
slide mounts were made to observe them under a higher mag-
nification and to confirm their identity, although we did not
attempt to identify them to species. The sex of each salamander
was determined based on the presence of reproductive organs.
In total, 19 salamanders were examined in 2013, and 17 in 2018
(n = 36 total). Of these, 11 (31%) were found to have trematode
parasites, 7 (19%) containedCepedietta parasites, 6 (17%)were
parasitized by Rickettsia, and 12 salamanders had no parasites.
Given the small sample size of salamanders, and of each para-
site grouping, we did not subcategorize the individuals based on
levels of parasite infection.

Blood Film Assessment The stained blood films from each
salamander were examined with a standard light microscope
under 1000× oil immersion for identification and counting of
leukocytes, plus determining prevalence of Rickettsial blood
parasites (Davis and Cecala 2010; Davis et al. 2009). The
Rickettsial bacteria can be readily observed in blood films of
infected individuals as purple- or violet-staining inclusions, or
vacuoles, within erythrocytes (Fig. 2C). The bacteria live
within the vacuoles and cannot be seen themselves.

We obtained an estimate of overall leukocyte abundance for
each salamander, to use as an index of immune status, as fol-
lows. At each field of view, we counted all leukocyte types,
thenmoved the slide to the next field, and repeated, until at least
100 leukocytes had been tallied. In certain cases, where the
blood sample was minimal to begin with, or when leukocyte
density was especially low, the counting stopped after 150
fields of view had been examined. Given that each field of view
we examined contained similar red cell densities, we estimated
the abundance of leukocytes for each individual as the number
of cells per field of view. The leukocyte subsets included neu-
trophils, lymphocytes, eosinophils, basophils, and monocytes

(Fig. 3). At the end of counting, we calculated the proportion of
each cell type, as well as the ratio of neutrophils to lymphocytes

Fig. 2 Three parasites typically found in red-backed salamanders: trem-
atodes (A) which can be found in the small intestine; ciliated protozoa
(Cepedietta spp.) (B), found in the intestine and gall bladder; and intra-
erythrocytic Rickettsial bacteria (C), from the blood. The bacteria are
contained within violet- or purple-staining vacuoles in erythrocytes
(arrows) of infected animals and can be seen on thin blood smears
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(N/L ratio). While counting the cells, we also took note of the
morphological appearance of the neutrophils; young cells can
be identified by the lack of nuclear segmentation, and their
presence is a sign of heightened cell production, as would occur
during an infection (Thrall et al. 2006).

Data Analysis A total of 36 salamanders were included in this
investigation across the two sample years (2013 and 2018).
Preliminary inspection of the leukocyte data showed there
were minimal differences across the years (see Table 1,
Results), so these data were pooled for further analyses. For
the purposes of this study, we grouped the salamanders ac-
cording to which parasite was found in them: trematodes (n =
11), Cepedietta (n = 7), Rickettsia (n = 6), or none (n = 12).
We then explored possible statistical differences in leukocyte
profiles across all groups and specifically tested for differ-
ences in estimated WBC abundance (cells/field of view, log

transformed), percentage of each leukocyte type, and N/L ra-
tios. Initially, we used ANCOVA to explore these differences
and included additional predictors of year, sex, and body size
(SVL), though none of these additional predictors were found
to be of importance (p > 0.1 for all). We therefore used simple
one-way ANOVA to compare the various elements of the
leukocyte data across parasite groups. Data analyses was per-
formed using the Statistica 13.3 software package (Tibco
Software, Inc.).

Results

Leukocyte profile of P. cinereus The relative abundance of the
different white blood cell types for each sample year is pre-
sented in Table 1. The most common cell type observed, by
far, was lymphocytes (87%), followed by neutrophils (4%);

Fig. 3 The five different types of leukocytes, or white blood cells, of
P. cinereus, as seen on thin blood smears examined at 1000× (oil) mag-
nification. Shown are neutrophil, basophils (A), eosinophils (B),

lymphocytes (C), and monocyte (D). Note that the neutrophils shown
have segmented nuclei, which indicates cell maturity. All images taken
by A. Davis.
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these are also pictured in Fig. 3. Note that the neutrophils
pictured were typical of what was observed, having segment-
ed nuclei, indicating mature cells. The overall average N/L
ratio for these salamanders (an index of current stress levels)
was 0.05, which was remarkably low, based on multiple prior
studies of salamanders and other amphibians (Davis 2012;
Davis and Durso 2009; Davis and Maerz 2008a, b, 2009,
2010, 2011; Davis and Milanovich 2010), where “baseline”
N/L ratios tend to be closer to 0.3.

Associations with parasites While results here are based on a
small sample size (n = 36), there were certain associations
between parasite status and leukocyte profiles. Estimated leu-
kocyte abundance (cells/field of view) did not differ signifi-
cantly between salamanders with trematodes, Cepedietta,
Rickettsia, or those with no parasites (F3,32 = 2.25, p =
0.101), although there appeared to be a trend where parasit-
ized individuals from all groups generally had greater WBC
densities than nonparasitized individuals. To confirm this, we
pooled all parasitized groups and compared these with all
unparasitized salamanders, and this revealed a significant dif-
ference (F1,34 = 5.05, p = 0.031; Fig. 4). Direct comparison of
these means (using the untransformed data) indicated parasit-
ized salamanders had approximately twice as many leuko-
cytes as unparasitized ones (x = 1.86 cells vs. 0.96 cells count-
ed per field of view, respectively).

Statistical comparisons of specific cell types across parasite
groups did not reveal major differences in the leukocyte pro-
file (p > 0.1 for all; Table 2), except for eosinophils; there was
a small, but significant variation across parasite groups in the
relative abundance of eosinophils (F3,32 = 3.7, p = 0.021).
Here, salamanders with Cepedietta and/or Rickettsia parasites
tended to have slightly more eosinophils. Neutrophil/
lymphocyte ratios were unaffected by parasitism of any type
(F3,32 = 0.09, p = 0.962).

Finally, during the blood cell counting, we endeavored to
(subjectively) make note of the cellular morphology, especial-
ly of the neutrophils. Young neutrophils are characterized by a
lack of nuclear segmentation (called band cells), and their
presence in blood films suggests there is heightened produc-
tion, such as during an infection (Thrall et al. 2006). The

majority of neutrophils we observed, even in parasitized sala-
manders, appeared as those in Fig. 3, with multilobed nuclei,
indicating a mature cell. This observation, along with the gen-
erally low neutrophil counts of parasitized salamanders, indi-
cates the immune reaction to these parasites did not involve
production of phagocytic cells.

Discussion

The baseline leukocyte data obtained in this investigation will
help in advancing research into amphibian hematology in gen-
eral, plus provide valuable comparison data from a wild pop-
ulation of this species. Moreover, these data come from a
population that likely faces few, if any, environmental
stressors which may alter their leukocyte profiles; this location
is in the heart of its range, this area is not under any known
anthropogenic stressors, and its forest habitat here could be
considered pristine (Davis, pers. obs.). In addition, we were
diligent about obtaining blood samples in a timely manner, so
as not to alter the leukocyte profiles due to handling stress
(Davis et al. 2008).

It is worth noting that the average values of each cell type
we obtained differ from those from a prior study of this same
species where animals were held in captivity for 1 week prior
to sampling (Davis and Milanovich 2010). Specifically, in the
two collections of wild salamanders (2013 and 2018), the
population-level average N/L ratio (0.05) was remarkably
low. Based on prior studies, it is evident that N/L ratios of
non-stressed amphibians tend to be close to 0.3–0.5. In
stressed situations, this ratio tends to be closer to 0.7–1.0 in
salamanders or urodels (Davis andMaerz 2009, 2011; DuRant
et al. 2015). Thus, the remarkably low N/L ratio of these red-
backed salamanders at the Mountain Lake Biological Station
in Virginia, over two disparate sampling years, confirms this
population is not subjected to any population-level stressors.
Moreover, the lower N/L ratios of wild red-backed salaman-
ders over captive individuals are consistent with recent work
from other salamander species; long-term captive tiger sala-
manders, Ambystoma tigrinum, had higher N/L ratios than
recently captured individuals (Waye et al. 2019).

Table 1 Summary of leukocyte profiles of P. cinereus collected at the Mountain Lake Biological Station (Giles County, VA, USA). Means (± SD) are
shown for each category. Also shown are similar data of P. cinereus that were held in captivity, for comparison

Sample group N % Neutrophils % Lymphocytes % Eosinophils % Basophils % Monocytes N/L ratio

P. cinereus from MLBS June 2013 19 4.0 (4.5) 86.7 (8.7) 2.2 (2.3) 3.8 (3.0) 3.2 (2.8) 0.051 (0.06)

P. cinereus from MLBS July 2018 17 4.4 (2.9) 88.1 (6.8) 3.1 (3.3) 1.1 (1.0) 3.4 (2.8) 0.052 (0.04)

All P. cinereus from MLBS 36 4.2 (3.8) 87.4 (7.8) 2.6 (2.8) 2.5 (2.7) 3.3 (2.7) 0.052 (0.05)

Other P. cinereus held captive 7 days* 35 18.0 (10.9) 63.3 (14.8) 3.5 (4.2) 9.6 (6.6) 0.7 (1.1) 0.310 (0.24)

*Collection of P. cinereus from Pennsylvania and New York that were brought to the lab and held in petri dishes with leaf litter for 7 days before blood
sampling (Davis and Milanovich 2010)

Comp Clin Pathol (2019) 28:1743–1750 1747



A secondary goal of this project was to identify and/or
document how the immune cells of P. cinereus respond to
certain naturally occurring parasites, including one
hemoparasite and two gastro-intestinal parasites. One of the
primary findings of this effort was that, on average, parasitized
salamanders had twice as many circulating leukocytes as
nonparasitized individuals (Fig. 4). This could be considered
an “inflammation response” and suggests that the cellular im-
mune system is activated (or perhaps “heightened”) in para-
sitized individuals. It is unclear if this response is directly
targeting the parasites themselves or if it is an indirect re-
sponse to tissue damage caused by the parasites (i.e., damage
to intestinal walls and/or erythrocyte damage). Regardless,
given the energy cost associated with maintaining an immune
reaction (Otalora-Ardila et al. 2016), this is something that
could be further examined, since it may lead to reductions in
energy-intensive activities or behaviors.

When specific differences within the five leukocyte types
were examined, it was determined that the relative abun-
dance of one cell, the eosinophil, was slightly elevated in
salamanders infected with certain parasites, at least com-
pared with unparasitized individuals (Table 2). However,
while this elevation was statistically significant, it should
be cautioned that the overall abundance of the eosinophils
in these cases was not remarkable (in the clinical sense).
Nevertheless, this result is consistent with the idea that its
function is to defend against parasites, including trematodes
in amphibians (Kiesecker 2002; LaFonte and Johnson 2013).

Interestingly, in the salamanders infected with trematodes,
we noted their, eosinophil population was low (Table 2),
but they were more elevated in salamanders parasitized with
Rickettsia and Cepedietta. Regarding other cell types, we
found no evidence of a proliferation of any phagocytic cells
(neutrophils or monocytes) in any of the parasitized salaman-
ders; proportions of these cells were low across all groups
(Table 2), and most of the neutrophils observed were mature
(Fig. 3).

Based on the leukocyte data collected, there was little evi-
dence that one parasite is more consequential than the other, in
terms of an immunological cost, and/or in terms of elevated N/
L ratios (i.e., higher host stress), although we reiterate that our
sample size was small in this investigation. Nevertheless, we
saw no evidence that parasitism of any kind, at least in the
parasites we detected, caused elevations in baseline stress
levels of the host, since the N/L ratios we observed were
unaffected by parasitism (and were themselves remarkably
low). This would suggest that these naturally occurring para-
sites do not influence the life of the animals in such a way as to
cause stress (such as by causing reductions in foraging ability,
Davis et al. 2004, 2010). This result would appear to be con-
sistent with recent work with anurans (Koprivnikar et al.
2019), where experimental exposure to trematodes did not
result in heightened stress levels and produced only minor
alterations in leukocyte profiles. Similarly, larval bullfrogs
(Lithobates catesbeianus) parasitized by copepods did not
have higher N/L ratios (Salinas et al. 2019).

Fig. 4 Estimated leukocyte
abundance (cells/field of view) in
salamanders across all parasite
groups. Shown are average white
cell abundance in salamanders
infected with each parasite type
(A), and means for salamanders
with and without parasites (all
types; B)

Table 2 Summary of leukocyte profiles of P. cinereus infected with different parasite types. Means (± SD) are shown for each category. In statistical
comparisons across parasite groups, only the percentage of eosinophils significantly differed (F3,32 = 3.7, p = 0.021)

Parasite type N % Neutrophils % Lymphocytes % Eosinophils % Basophils % Monocytes N/L ratio

None 12 4.3 (4.6) 87.8 (7.5) 1.5 (1.6) 3.2 (1.4) 3.2 (3.2) 0.05 (0.07)

Cepedietta 7 3.5 (2.6) 88.5 (7.8) 4.5 (4.6) 1.1 (1.2) 2.5 (1.3) 0.04 (0.04)

Rickettsia 6 3.8 (3.8) 84.4 (12.3) 4.5 (2.9) 3.3 (5.3) 4.0 (2.8) 0.05 (0.06)

Trematode 11 4.7 (3.9) 87.9 (5.5) 1.6 (0.9) 2.2 (2.2) 3.6 (3.1) 0.06 (0.05)
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In summary, the results and observations from this project
provide two points of interest that can be considered in future
hematological investigations of amphibians and other wild-
life. First, we determined that leukocyte profiles of wild-
caught red-backed salamanders appear to differ from those
of captive collections. Specifically, the ratio of neutrophils to
lymphocytes (an index of current stress) is much lower in wild
samples. Second, by comparing leukocyte profiles among in-
dividuals with natural parasites, we found that parasitized sal-
amanders show evidence of heightened leukocyte levels, but
only minor differences among leukocyte subsets. Collectively,
these results can add to the small but growing literature based
around amphibian hematology.
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