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Abstract Intestinal parasites suppose a cost to hosts as

they compete directly for nutritional resources. Therefore,

hosts must defend themselves against intestinal parasites

by mounting an immune response. Many penguin species

acquire parasites through their diet and transfer these par-

asites to their chicks when feeding them. High parasite

loads in penguin chicks could have effects on their growth

and body condition, and ultimately on their survival. Here,

we evaluated the effect of parasites on the cell-mediated

immune system in Gentoo penguin (Pygoscelis papua)

chicks at Stranger Point (25 de Mayo/King George Island,

South Shetland Islands). To this end, 12 chicks were

experimentally deparasitized with a mixture of anthel-

minthic drugs (albendazole and praziquantel), whereas 10

others were kept as control. We measured cutaneous cell-

mediated immunity in response to immunization with

phytohemagglutinin (PHA). We also analyzed the leuko-

cyte profile in both treated and control groups before and

after the treatment. After the treatment, deparasitized birds

showed larger foot-web swelling in response to PHA

injection than control birds. Deparasitized penguins also

showed lower eosinophil and monocyte counts than con-

trols, whereas heterophils, lymphocytes, and total white

blood cell counts did not differ between groups. Our results

suggest that Gentoo penguin chicks parasitized with

intestinal parasites suffer a cost in terms of reduced cell-

mediated immune responses that could ultimately affect

their survival.
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Introduction

Birds can act as hosts for several kinds of parasites, which

can be important causes of morbidity or mortality (Wakelin

and Apanius 1997). Among them, gastrointestinal parasites

are present in a large number of species (Janovy 1997) and

are of particular interest because they suppose not only a

direct cost to the host as they compete for nutritional

resources required for growth and maintenance (Lochmil-

ler and Deerenberg 2000; Palacios et al. 2012), but also an

indirect cost through resources spent by the host on

antiparasite defense (Wakelin 1978). Investment in

immunity is likely to be condition-dependent as ultimately

the rate of resource use determines the amount of resources

available for allocation among competing body functions

(Nelson et al. 2002). Gastrointestinal parasites cause

characteristic immune responses by the host (Colditz

2008), activating both constitutive defenses, including

macrophages, granulocytes, natural killer cells, comple-

ment, lysozyme, nonspecific antibodies, and other humoral

compounds, and inducible defenses, including cytokine-

mediated inflammation (Lee 2006).

Although it has been argued that parasitism has little

impact in polar regions because parasites seem to be

scarcer and their overall effect on hosts weaker at higher

latitudes (Barbosa and Palacios 2009), some Antarctic
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penguin species show great diversity and prevalence of

different parasites (Barbosa and Palacios 2009; Diaz et al.

2013). The Gentoo penguin (Pygoscelis papua) is infested

by at least 10 species of gastrointestinal parasites, including

Ascaridia sp., Contracaecum heardi, Corynosoma bullo-

sum, Corynosoma shackletoni, Parorchites zederi, Ste-

gophorus macronectes, Tetrameres wetzeli, Stomachus sp.,

Streptocara sp., and Tetrabothrius pauliani (see review by

Barbosa and Palacios 2009; Diaz et al. 2013). In fact,

helminth parasites incorporated by penguin chicks through

food regurgitated by their parents have important effects on

their growth rates, which can ultimately impact their sur-

vival (Palacios et al. 2012). However, the potential effect

of these parasites on other important fitness-related com-

ponents of Antarctic penguin chicks, such as immune

defenses, has not been investigated.

The objective of this study was to evaluate whether

some cellular components of the immune system of Gentoo

penguin chicks are affected by gastrointestinal parasites.

To test this, we analyzed the response to the phyto-

hemagglutinin (PHA)-skin test and the leukocyte profile

after the administration of anthelminthic drugs to remove

the parasites present in the chicks. The PHA-skin-swelling

test is the most widely used test available to estimate cell-

mediated immune response in vivo (Smits et al. 1999; Tella

et al. 2008). The PHA-skin test involves subcutaneous

injection of a mitogen (PHA) and subsequent measurement

of the skin-swelling response (Smits et al. 1999). This

inflammatory response integrates the activity of various

immune cells involved in both the innate (heterophils,

eosinophils, basophils, and monocytes) and the acquired

(lymphocytes) response (Goto et al. 1978; Martin et al.

2006). This response is highly condition-dependent, with

individuals in better condition generally mounting stronger

responses (Tella et al. 2008). Leukocyte profiles provide

information on increases or decreases in each leukocyte

type and can be diagnostic of infections and inflammatory

conditions, including those mediated by parasites (Camp-

bell 1995; Roitt et al. 2001). In particular, among the dif-

ferent leukocyte types, eosinophils are directly associated

with gastrointestinal parasitic infections (Roitt et al. 2001;

Thrall et al. 2012).

We predicted that the effects of the deparasitation

treatment would be reflected on the immune response

parameters of the chicks. In particular, considering that the

immune response is energetically costly (Martin et al.

2003), if the anthelminthic treatment frees resources that

were previously being consumed by the parasites, then

treated chicks should be able to mount a stronger immune

response to a novel challenge (PHA) than control chicks.

On the other hand, chicks treated with the anthelminthic

drug would display lower values of the immune compo-

nents indicative of infection (particularly eosinophils)

because they should no longer carry live parasites and,

therefore, should not need to mount an immune response to

them.

Materials and methods

Study area and species

The study was conducted at Stranger Point (62.25�S;

58.67�W) in the Isla 25 de Mayo/King George Island,

South Shetland Islands, during the breeding season in

January 2012. The Gentoo penguin, one of the most

widespread penguin species, breeds on sub-Antarctic and

Antarctic Islands and on the Antarctic Peninsula, from 46�

to 65�S (Lescroël et al. 2009). The modal clutch size is two

eggs, and most broods consist of two chicks. After a

1-month incubation period, the eggs hatch and chicks

remain in the nest for approximately another month.

Thereafter, the chicks are grouped in nurseries or crèches

until independence in the first weeks of February (Bertel-

lotti 2013).

Experimental protocol

We selected 22 Gentoo penguin chicks during the crèches

stage. Chick mean age was 69 days (SD = 15), as esti-

mated from a growth model (Lescroël et al. 2009). Gas-

trointestinal parasite loads of these chicks were not

assessed because this cannot be effectively performed by

coprological methods (Palacios et al. 2012), even when

using molecular probes (Vidal 2014). Nevertheless, recent

work at our study site has shown that the prevalence of

gastrointestinal parasites in Gentoo penguin chicks older

than 20 days is 100 %, with relatively high intensities of

parasitism (Diaz et al. 2013). Thus, we are confident that

most chicks in the present study were parasitized. Twelve

chicks were deparasitized with an oral dose of 50 mg/kg of

albendazole and 5 mg/kg of praziquantel diluted in purified

water according to veterinarian deparasitation protocols

(Tucker et al. 2007; Kahn 2010), whereas other 10 chicks

were kept as a control set, providing them an equal volume/

kg of water as placebo. These drugs are effective within

minutes of administration producing tetanic contraction of

the parasite’s musculature and rapid vacuolization of the

integument (Kahn 2010). A blood sample was collected

from each chick before treatment to test the general health

status assessed by body condition and blood biochemical

and hematological parameters. Immunization with PHA
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was performed 24 h after the treatment, and measurement

of the swelling response took place 48 h after the treat-

ment. At this time, a second blood sample was collected.

All individuals were weighed, measured, marked without

distinction between control and treatment chicks, and then

released at the site of capture after each manipulation.

PHA assay

Twenty-four hours after deparasitation, chicks were injec-

ted with 0.1 ml of a 2 mg/ml solution of phytohemagglu-

tinin (PHA, Sigma, L2646) in sterile phosphate-buffered

saline (PBS) at a marked site on the interdigital membrane

of the right foot (see Moreno et al. 1998). The thickness of

the foot web was measured with a digital thickness gauge

with constant pressure (Schwyz, model EDB-13) with an

accuracy of 0.01 mm at the injection site just before and

24 h after injection. The average of three thickness mea-

sures made by the same person (MB) was considered. The

swelling caused by PHA was calculated as the difference

between both measurements (Smits et al. 1999). The

maximum response to PHA is 24 h post-challenge, and the

swelling disappears after 48 h (Smits et al. 1999).

Blood processing and analysis

Blood samples were collected from the metatarsal vein

with a 3-ml syringe, within 5 min of capture of the indi-

viduals to minimize capture and handling stress (Davis

et al. 2008). Blood smears were immediately prepared and

air-dried. Blood (1 ml) was placed in heparinized Eppen-

dorf tubes and into microcapillary tubes. In the laboratory,

smears were fixed in ethanol for 3 min and stained with

Tinción 15� (Biopur, S.R.L., Rosario, Argentina). Blood

samples were centrifuged, and plasma was separated,

stored, and frozen until further analysis for biochemical

determinations. Plasma was processed on a spectropho-

tometer (METROLAB 1600 Plus, UV–Vis Metrolab S.A.,

Argentina) to determine total proteins (g/dl), cholesterol

(mg/dl), triglycerides (mg/dl), and glucose (mg/dl).

Microcapillary tubes were spun in a centrifuge for 12 min

at 12,000g, and hematocrit was determined by measuring

the proportion of red cells using a microhematocrit ruler

calibrated in %. Blood smears were examined under a light

microscope to obtain the leukocyte profile. Total leukocyte

counts were estimated by counting all leukocytes in 10

consecutive 4009 monolayer fields (Hale and Briskie

2007). The proportion of each leukocyte type was obtained

from a sample of 100 leukocytes under 10009 (oil

immersion) classified into basophils, heterophils, eosino-

phils, lymphocytes, and monocytes (Campbell 1995). The

latter proportions were multiplied by the total leukocyte

count to obtain the corresponding counts for each type of

leukocyte.

Statistical analyses

To test for the effects of experimental treatment on chick

response variables, we used general linear models that

included treatment (deparasitized vs. control) as a fixed

effect and the corresponding pre-treatment measurement

(with the exception of PHA response, which was only

measured post-treatment) as a covariate to control for ini-

tial values. Body mass, structural size (bill length and

height), and body condition (residuals of the regression of

body mass on structural size) were evaluated as potential

additional covariates, but did not explain significant vari-

ation in any of the response variables (all P[ 0.05) and

were therefore excluded from the final models. Residual

plots were visually inspected, and no signs of nonnormality

were observed. However, the PHA swelling test showed

unequal variance between groups and was therefore ana-

lyzed using a nonparametric (Wilcoxon) test. All statistical

analyses were performed using JMP Pro 10.0.0 (SAS

Institute 2012).

Results and discussion

None of the variables measured (i.e., body mass, bill length

and height, blood biochemical and hematological parame-

ters) differed significantly between control and depara-

sitized groups before the administration of the treatment

(ANOVA models for pre-treatment measurements, effect

of treatment, all P[ 0.05). These results allow us to ensure

that there were no differences between groups before

administration of the antiparasitic drug.

As predicted, our results show that the deparasitation

treatment affected some of the components of the immune

system measured in this study (Table 1). Birds in the

deparasitized group showed larger foot-web swellings in

response to PHA injection than control birds (Table 1;

Fig. 1). This result is in accordance with the prediction that

deparasitized chicks should be able to mount a stronger

PHA response, suggesting that birds without the burden of

parasites would have more energetic/nutritional resources

available to invest in cell-mediated immune responses to

novel challenges. Palacios et al. (2012) used a similar

experimental approach, treating Chinstrap penguin chicks

with anthelminthic drugs and comparing them to their

siblings treated with PBS as a control. These authors

demonstrated that chicks treated with antiparasitic drugs

increased their body mass more than control birds, sup-

porting the prediction that gastrointestinal parasite loads

affect their growth rate and deteriorate their body
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condition. Our results also support the notion that natural

parasites do represent a burden for Antarctic penguins,

extending previous findings to show that individuals freed

of the cost associated with parasites are able to mount

stronger cell-based immune responses. This result rein-

forces the idea that the immune response is energetically

costly (Martin et al. 2003) and is consistent with results

found by Moreno et al. (1998) showing that Chinstrap

penguins in better condition are able to mount a stronger

cellular immune response to PHA than individuals in

poorer condition.

Regarding the leukocyte profile, our results show that

deparasitized birds displayed a significant decrease in

eosinophil and monocyte counts compared to controls

(Table 1; Fig. 1). Both types of leukocytes are related to

helminth infections (Campbell 1995; Davis et al. 2008).

The increase in both eosinophils and monocytes is char-

acteristic of gastrointestinal helminth infestations, particu-

larly those by nematodes (Thrall et al. 2012), which

interestingly constitute one of the main gastrointestinal

parasite groups found in Gentoo penguins in Stranger Point

(Diaz et al. 2013). Therefore, our results reinforce the role

of these two leukocyte types in the defense against gas-

trointestinal parasites. Lymphocytes and heterophils were

the most abundant cells in the peripheral blood of both

treated and control Gentoo chicks (Table 1), which is

usual in birds (Campbell 1995), including penguins

(D’Amico et al. 2014). Basophils, heterophils, lympho-

cytes, total white blood cell counts, and the heterophil to

lymphocyte ratio, an index of stress in birds (Davis et al.

2008), showed no significant differences between groups

(Table 1).

It is interesting to note that our results are also in

accordance with the Th1–Th2 paradigm of regulation of

immune responses. To resolve infections, mammals and

also birds have evolved immune reactions regulated by

antigen-specific T helper (Th) cells that are reciprocally

downregulated (Degen et al. 2005). In general, Th1 cells

orchestrate inflammatory responses that are effective

against intracellular parasites, whereas Th2 cells orches-

trate an optimal reaction against metazoan parasites via

antibody production (including IgE responses) and pro-

motion of mast cell and eosinophil proliferation and

function (Muraille and Leo 1998). Our results support the

idea that chicks parasitized with gastrointestinal parasites

are mounting a Th2 immune response and therefore show

reduced ability to mount a cell-mediated Th1 inflammatory

response when challenged with PHA.

In summary, deparasitation increased cell-mediated

immunity through a stronger PHA inflammatory response

and reduced the number of immune cells specialized in

fighting gastrointestinal parasites (eosinophils and mono-

cytes). This suggests that gastrointestinal parasites consti-

tute a burden to Gentoo penguin chicks, having effects on

specific components of their immune systems, which could

in turn reduce their survival (Møller and Saino 2004).

Thus, together with the results by Palacios et al. (2012)

showing enhanced growth of deparasitized penguin chicks,

our results on the immune response provide further evi-

dence that parasites can have important negative effects on

Table 1 Mean values (SE

between parentheses) of

parameters measured in

penguins after the treatment

with antihelminthic drugs and in

the control group

Parameter Treatment Control Statistic P values

Basophils 0.1 (0.1) 0.5 (0.2) F1,21 = 0.99 0.33

Eosinophils 1.3 (0.5) 2.8 (0.3) F1,21 = 8.1 0.01

Heterophils 35.6 (4.9) 30.4 (2.5) F1,21 = 0.001 0.99

Lymphocytes 19.5 (2.4) 18.3 (1.9) F1,21 = 0.27 0.61

Monocytes 0.9 (0.3) 2.7 (0.5) F1,21 = 16.0 0.0008

Total WBC 57.3 (7.4) 54.4 (2.9) F1,21 = 0.46 0.51

H/L ratio 1.9 (0.1) 1.5 (0.2) F1,21 = 0.05 0.83

PHA response 1.283 (0.088) 0.167 (0.096) Z = -3.92 <0.0001

Cell counts represent the number of each cell type counted in 10 consecutive 4009 microscope fields. PHA

response refers to inflammation (mm) measured 24 h after the injection of phytohemagglutinin. Significant

differences between control and treatment groups are shown in bold

Fig. 1 Box plots of immune function variables showing significant

differences between control (C) and deparasitized (DP) Gentoo

penguin chicks. Plots depict medians (horizontal lines inside boxes),

25 and 75 percentiles (edges of boxes), 10 and 90 percentiles

(whiskers), and outlying points included in the analyses (dots)
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these organisms. These results have great importance in a

scenario of climate change in the Antarctic Peninsula,

considering that penguins can become exposed to novel

parasites either caused by changes in their diet due to

decreased krill stocks (Atkinson et al. 2004) or in the dis-

tribution of parasites themselves (Harvell et al. 2002).

Some of these changes could produce a cascade of physi-

ological effects on penguins, including those on immune

function (Xavier et al. 2013), making them more suscep-

tible to emerging diseases in the face of increasing human

activities in Antarctica (Grimaldi et al. 2014).
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