
S T AND A RD A R T I C L E

The effect of pegbovigrastim administration on the nonspecific
immunity of calves

Katarzyna Dudek | Ewelina Szacawa | Dariusz Bednarek

Department of Cattle and Sheep Diseases,

National Veterinary Research Institute,

Pulawy, Poland

Correspondence

Katarzyna Dudek, Department of Cattle and

Sheep Diseases, National Veterinary Research

Institute, 57 Partyzant�ow Avenue,

24-100 Pulawy, Poland.

Email: katarzyna.dudek@piwet.pulawy.pl

Abstract

Background: Prevention of diseases in the early rearing of calves is important, partic-

ularly because disease occurrence most often requires antimicrobial administration

but reduction of their use in animals is a priority. Pegbovigrastim is known for its use

as an immunoregulator in cows and heifers, but the effect of its administration on

calves has not been fully investigated.

Objectives: Investigate whether administration of pegbovigrastim effectively stimu-

lates nonspecific immunity in healthy calves.

Animals: Eleven clinically healthy 5-week-old calves.

Methods: Prospective observational study. Calves were randomly allocated to an

experimental or control groups to receive pegbovigrastim or the same volume of

phosphate-buffered saline twice over a 7-day period. To evaluate nonspecific immunity,

the numbers of total leukocytes and cells in the appropriate cell fractions were deter-

mined. Cytometric analyses were carried out to identify cells expressing CD11b and to

evaluate the phagocytic and oxidative burst activities of granulocytes and monocytes.

Myeloperoxidase (MPO) and selected cytokines were assayed using ELISA.

Results: Pegbovigrastim significantly increased the number of total leukocytes and of

cells in all of the examined subsets (P < .05). The phagocytic activity of leukocytes

expressed as mean fluorescence intensity was significantly potentiated after pegbovi-

grastim administration (P < .05). The cytokine response was modulated by pegbovi-

grastim administration toward anti-inflammatory activity.

Conclusions and Clinical Importance: Pegbovigrastim effectively stimulated nonspe-

cific immunity in clinically healthy calves, which in the long term could make the pre-

vention of diseases during early rearing possible by strengthening the immune

defense mechanisms of the host.
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1 | INTRODUCTION

Colony-stimulating factors (CSFs) are agroup of cytokines responsible

for hematopoiesis, the examples being different depending on the

type of target progenitor cells. Among CSFs, granulocyte colony-

stimulating factor (G-CSF) is responsible for the regulation of granulo-

poiesis, which it does by stimulating proliferation and differentiation

of progenitor cells in the bone marrow.1 It is known that G-CSF

affects some human neutrophil functions in vitro, including antibacter-

ial activity.2 A previous study showed that recombinant bovine G-CSF

(rbG-CSF) modulated the expression of some surface antigens on acti-

vated bovine neutrophils in vitro.3 Pegbovigrastim is a pegylated form

of bovine G-CSF (bG-CSF) used primarily in preventing or treating

mastitis in dairy cows.4-7 Numerous studies in adult cattle have shown

a stimulating effect of pegbovigrastim on total and differential leuko-

cyte counts.5,8-12 However, little is known about the effect of pegbo-

vigrastim on calves, because only a few studies have been conducted

in this area.13-15 In 1 such study, pegbovigrastim administered to new-

born calves caused significant increases in the numbers of circulating

leukocytes and some white blood cell subtypes. General stimulation

of the leukocyte response also was observed in calves aged between

30 and 60 days under conditions of induced endotoxemia.15 Our pre-

vious preliminary study showed a general stimulating effect of pegbo-

vigrastim administration to calves on the numbers of granulocytes and

monocytes and their phagocytic and oxidative burst activities despite

ongoing Mycoplasma bovis infection.14 In the studies cited above, the

assessment of these parameters in healthy calves was only short-term

(until infection with M. bovis) or involved only 1 injection of pegbovi-

grastim.14,15 Information still is limited on the changes in or relation-

ships among these parameters in clinically healthy calves in response

to multiple injections of pegbovigrastim designed to mimic the admin-

istration protocol used in adult periparturient cows. Knowledge of

these changes is important to understand how pegbovigrastim's effect

interacts with differences in the development of the immune system

between pre-weaned calves and periparturient dairy cattle. Therefore,

our objective was to investigate whether pegbovigrastim given twice

effectively stimulates the main parameters of nonspecific immunity,

namely numbers of total leukocytes and of cells in the appropriate

fractions, percentage of cells expressing CD11b, phagocytic and oxi-

dative burst activities of granulocytes and monocytes and concentra-

tions of myeloperoxidase (MPO) and selected cytokines in healthy

calves, most of which have not yet been determined under these

conditions.

2 | MATERIALS AND METHODS

The experimental procedures were carried out in accordance with the

requirements of the Local Ethics Committee on Animal Experimenta-

tion of the University of Life Sciences in Lublin, Poland (Resolution

No. 33/2018 passed on 12 February 2018), which also meet the

European Union (EU) standards.

2.1 | Animals and pegbovigrastim administration

The study was carried out on 11 clinically healthy female calves of the

Holstein-Friesian breed at a mean age of 5 weeks. After an adaptation

period that lasted 4 weeks, the calves were randomly allocated to

2 groups: experimental (E, n = 6) and control (C, n = 5). They were

housed in the vivarium at the National Veterinary Research Institute

in Pulawy, Poland in 4 pens (2 pens holding 3 animals each for the E

group and 2 pens holding 3 animals in 1 case and 2 animals in the

other for the C group) in a shared air space. The animals received milk

replacer twice a day and hay and water ad libitum. The E group was

injected SC with pegbovigrastim (Imrestor, Eli Lilly and Company

Limited, Elanco Animal Health) at a single dose of 40 μg/kg body

weight (bw) on day 0 and again on day 7. The C group received sterile

phosphate-buffered saline, pH 7.2, instead. Blood samples were col-

lected on day 0 (just before the first administration of pegbovigras-

tim), on days 2 and 5 after this administration, on day 7 (just before

the second administration of pegbovigrastim), and then on days 2, 5,

7, and 14 after this administration (ie, on days 9, 12, 14 and 21 after

the first administration of pegbovigrastim). Blood samples were col-

lected from a jugular vein of each animal into 1 of 3 types of tube,

depending on the particular analysis intended. These were a tube

coated with EDTA for hematological analysis and CD11b antigen

determination, a tube with heparin for the determination of phago-

cytic and oxidative burst activities of peripheral blood granulocytes

and monocytes, and a tube coated with clot activator or gel for serum

separation intended for use in determinations of MPO, interleukin-1

beta (IL-1β), tumor necrosis factor alpha (TNF-α), interleukin-6 (IL-6),

interleukin-1 receptor antagonist (IL-1RA), and interleukin-10 (IL-10).

To obtain sera, the tubes were centrifuged at 1500ɡ for 10 minutes at

18�C to 25�C. Blood samples intended for hematological and cyto-

metric analyses were used immediately after the collection, whereas

serum samples were stored at �20�C ± 5�C until MPO and cytokine

concentrations were analyzed.

2.2 | Total and differential leukocyte count

The numbers of total leukocytes and of cells by subpopulations such as

granulocytes, lymphocytes, and monocytes were counted using an auto-

matic veterinary blood analyzer (Exigo, Boule Medical AB, Sweden).

2.3 | CD11b antigen

The CD11b cell surface antigen on granulocytes and monocytes was

determined in whole blood using a monoclonal antibody (mouse anti-

bovine CD11b : FITC, integrin alpha m chain, MAC-1, clone CC126,

isotype IgG2b, Bio-Rad Laboratories Inc) according to the procedure

for phenotyping of bovine peripheral blood T cells as described previ-

ously.16 Analysis was performed using a flow cytometer (Epics XL,

Beckman Coulter, Florida).
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2.4 | Phagocytic and oxidative burst activities of
granulocytes and monocytes

The phagocytic and oxidative burst activities of peripheral blood gran-

ulocytes and monocytes were quantified using commercially available

kits as described previously17,18 and analyzed using the Epics XL flow

cytometer (Beckman Coulter, Florida).

2.5 | Myeloperoxidase and cytokine
concentrations

The concentrations of MPO and selected cytokines such as IL-1β,

TNF-α, IL-6, IL-1RA, and IL-10 were measured using separate com-

mercially available ELISA kits (Cloud-Clone Corp.) according to the

manufacturer's instructions. The optical densities in the microwells

for each parameter were determined at 450 nm and read by an

automated plate reader (Elx800 Microplate Reader, BioTek Instru-

ments, Inc, USA) using the KC Junior program (BioTek Instruments,

Inc, USA).

2.6 | Statistical analyses

Statistical analysis was performed using Statistica Desktop

13 (StatSoft Polska Sp. z o.o., Poland). Results are presented as

arithmetic mean or mean percentage and SD. Data were evalu-

ated for normal distribution using the Shapiro-Wilk test and for

homogeneity of variances by Levene's test. The differences

between the mean values recorded in the experimental group and

those found in the control groups at the same time point were

analyzed using 1-way ANOVA. A Tukey's post hoc test was per-

formed to compare several groups. For a few results that were

not normally distributed, the nonparametric Kruskal-Wallis

ANOVA and median tests were used. A P-value <.05 was consid-

ered significant in all cases.

3 | RESULTS

3.1 | Total and differential leukocyte count

On days 2, 5, and 7 after the first administration of pegbovibrastim

significant increases (P < .05) in total leukocyte, granulocyte, lympho-

cyte, and, monocyte counts were observed in E group when com-

pared with those in C group. These increases were more pronounced

after the second administration of pegbovigrastim and the counts

remained significantly higher (P < .05) than those in the C group until

the end of the study on day 21 for total leukocyte and granulocyte

counts or until day 14 for the lymphocyte and monocyte counts

(Figure 1A-D).
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F IGURE 1 The mean (±SD) number of total leukocytes (A) and
numbers of cells in granulocyte (B), lymphocyte (C), and monocyte
(D) subpopulations in the peripheral blood of calves after
administration of pegbovigrastim. E—experimental group; C—control

group; arrow—pegbovigrastim injection; * significant difference
(P < .05) between the E and C groups.
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3.2 | CD11b antigen

The percentages of CD11b-bearing granulocytes and monocytes in

the E group were higher than those in the C group throughout the

study, with the exceptions of days 0 and 21 for monocytes. Significant

(P < .05) differences in the percentages between the examined groups

were observed on days 2 and 21 for granulocytes and on days 2, 5,

7, 9, and 12 for monocytes (Figure 2).

3.3 | Phagocytic activity of granulocytes and
monocytes

After the first administration of pegbovigrastim, no significant

(P < .05) differences in the percentages of phagocytic granulocytes

and monocytes were observed when comparing the E group to the

C group. Also, none were observed after the second administration

(Figure 3A,C). Nevertheless, on days 2 and 5 after the first administra-

tion of pegbovigrastim, the mean fluorescence intensity (MFI) for

granulocytes was significantly (P < .05) higher in the E group than in

the C group. At the remaining time points, no significant differences

(P < .05) between the groups were observed (Figure 3B). The MFI for
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F IGURE 3 The mean (±SD) phagocytic activity of granulocytes
(A,B) and monocytes (C,D) expressed as the mean percentage of
phagocytic cells and mean fluorescence intensity (MFI) in the peripheral
blood of calves after administration of pegbovigrastim. E—experimental
group; C—control group; arrow—pegbovigrastim injection; * significant
difference (P < .05) between the E and C groups.
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F IGURE 2 The mean (±SD) percentage of CD11b antigen on
granulocytes (A) and monocytes (B) in the peripheral blood of calves
after administration of pegbovigrastim. E—experimental group;
C—control group; arrow—pegbovigrastim injection; * significant
difference (P < .05) between the E and C groups.
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monocytes significantly (P < .05) increased in the E group on days

2, 5, and 7 after the first injection of pegbovigrastim when compared

with the C group. The intensity continued to be higher after the sec-

ond administration and remained significantly (P < .05) so in compari-

son to that of the C group until day 12 of the study (Figure 3D).

3.4 | Oxidative burst activity of granulocytes and
monocytes

No significant (P < .05) differences between the examined groups

were observed throughout the study in the percentages of activated

cells or MFI values, with the exception of MFI on day 7 when signifi-

cantly (P < .05) lower values were found in the E group (Figure 4A,B).

3.5 | Myeloperoxidase concentration

Neither administration of pegbovigrastim caused detectable changes

in the MPO concentration despite this parameter undergoing marked

changes in the untreated C group, in which the concentration signifi-

cantly (P < .05) increased on days 7, 14, and 21 of the study. At the

remaining time points, the MPO concentrations were comparable

between the groups (Figure 5).

3.6 | Cytokine concentrations

The first administration of pegbovigrastim caused a detectable

increase in the IL-1β concentration until day 7 when comparing the

E group to the C group. After the second administration, an increase

in this parameter was observed on day 9 of the study. At the remain-

ing time points, the IL-1β concentrations were comparable between

groups. No significant (P < .05) differences between the examined

groups were observed throughout the study (Figure 6A).

An increase in the IL-6 concentration in the E group was observed

throughout the study when compared with the C group, but this

increase did not represent a significant (P < .05) difference

(Figure 6C).

The concentrations of TNF-α, IL-1RA, and IL-10 were comparable

between the groups throughout the study, with the exception of

IL-10 on day 21 when an increased concentration was observed in

the E group (Figure 6B,D,E).

4 | DISCUSSION

We evaluated the effect of pegbovigrastim administration in clinically

healthy calves on the expression of CD11b, the concentration of

MPO, and selected cytokines.

Phagocytes are the major cells involved in nonspecific immunity,

which is the first line of host defense against infection, activated

shortly after exposure to a pathogen. Being phagocytes, neutrophils

are involved primarily in phagocytosis and oxidative burst, key mecha-

nisms of the host antimicrobial defense.19

Previous studies have shown a stimulating effect of pegbovigras-

tim administered to dairy cows on the leukocyte-dependent immune

response.5,8,9,11,12 A previous study11 demonstrated a more than

4-fold increase in the number of circulating neutrophils 24 hours after

the first administration of pegbovigrastim to cows before expected

calving. The second injection administered after calving caused an

approximately 10-fold increase in the neutrophil count 1 day after

injection when compared with the count in control cows.11 A marked

stimulation of the production of total whole blood leukocytes and the

neutrophil, monocyte, and basophil subsets was observed in another

study after 2 administrations of pegbovigrastim to dairy cows during

the transition period, which was especially evident after the second

injection.12 Our observations are consistent with the results of the

2 studies, with a clearly stronger stimulation of leukocyte production

manifested in the total and differential leukocyte counts, including

that of granulocytes, after the second injection of pegbovigrastim

compared with the baseline values in those studies.11,12

Our previous study on the effect of pegbovigrastim injection on

some immune parameters in calves challenged with Mycoplasma bovis
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F IGURE 4 The mean (±SD) oxidative burst activity of leukocytes
expressed as the mean percentage of cells and mean fluorescence
intensity (MFI) in the peripheral blood of calves after administration of
pegbovigrastim. E—experimental group; C—control group; arrow—
pegbovigrastim injection; * significant difference (P < .05) between
the E and C groups.
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showed similar changes in the number of circulating granulocytes and

monocytes up to day 7 after first administration. This similarity occurred

despite the blood collection time differing by 1 day at some time points

(ie, being on day 4 instead of day 5, and day 11 instead of day 12).14

The effect of pegbovigrastim injection alone on the examined parame-

ters was not further evaluated in the previous study because the calves

were infected with a field strain of M. bovis on day 7, just before the re-

administration of pegbovigrastim.14 In our current study, after the sec-

ond injection of pegbovigrastim, an increase in the numbers of not only

granulocytes and monocytes but also of total leukocytes and lympho-

cytes (not determined in the previous study) was observed again and it

was even greater than the increase induced by the first injection. The

increase in lymphocyte count although progenitor cells were present

which were different from granulocytes and mononuclear phagocytes

could be due to the effect of pegbovigrastim on pluripotent hemopoi-

etic stem cells in the bone marrow, which are the same for all leuko-

cytes, or to an indirect low-level stimulating effect of pro-inflammatory

cytokines on leukocyte production and release.19 Similarly, in other

research, a significant increase in the number of circulating lymphocytes

after both injections of pegbovigrastim also was observed in dairy cows

during the transition period, although this increase was slightly delayed

after the second administration.12 Some stimulating properties of peg-

bovigrastim administration in calves on leukocyte production and a con-

comitant circulating leukocyte count increase were confirmed in a

previous study.15 Pegbovigrastim administered once to newborn calves

at a dosage of 25 μg/kg bw effectively increased the number of the

most commonly investigated leukocyte parameters (ie, total leukocytes,

segmented neutrophils, band cells, and monocytes), but it did so with

no significant changes in the lymphocyte and eosinophil counts.15

Despite some similarities, these results cannot be considered fully com-

parable with those of our current study because experimental design

differed in the dose of pegbovigrastim, the number of doses, and the

age of the animals used in the study.

In our current study, the increased phagocytosis of granulocytes

and monocytes after administration of pegbovigrastim was evident in

the significantly enhanced ingestion capability of individual

phagocytes and the markedly prolonged phagocytic activity for mono-

cytes. For comparison, in the pegbovigrastim-treated calves previ-

ously studied, the individual phagocytic activity of granulocytes was

less markedly augmented and that of monocytes was not affected.14

In contrast, in that study, pegbovigrastim administration significantly

increased the percentage of phagocytic granulocytes. However, simi-

lar to our current study, previous research also found no significant

changes in the percentage of phagocytic monocytes in the

pegbovigrastim-treated calves.14 In our current study, no significant

effect of pegbovigrastim administration was observed on the oxida-

tive burst of leukocytes. These results were consistent with those of

our previous study with regard to the percentage of cells showing the

ability to produce reactive oxidants, which was not significantly chan-

ged in the pegbovigrastim-treated calves. In contrast, the enzymatic

activity of the cells was enhanced, which was not observed in our cur-

rent study.14 Those results can only be compared with those noted

after the first injection of pegbovigrastim because, as already stated,

on day 7 of the study (before re-administration of pegbovigrastim) the

treated calves were infected with M. bovis. Differences in the age of

calves assigned to the experiments and differences of some time

points of sampling also should be considered when comparing the

results. The lack of a significant effect of pegbovigrastim administra-

tion to cows in the peripartum period on the phagocytic function of

blood-derived neutrophils was demonstrated in a previous study,9

although it should be stated that the authors did observe marked

impairment of the phagocytic activity of individual cells on day 7 post-

calving. However, similar to our current study, no significant changes

in the respiratory burst function of the neutrophils were found in the

pegbovigrastim-treated cows.9

In addition to phagocytosis and oxidative burst, neutrophils fulfill

their antimicrobial function by degranulation, during which various

enzymes are released, including MPO.19 Our current study showed a

more stable MPO concentration in the serum of pegbovigrastim-

treated calves than in the control calves throughout the study. This

finding may have been the result of the protective effect of pegbovi-

grastim on the calf against neutrophil degranulation, which is
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* significant difference (P < .05)
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suggested by the clearly increasing values of this parameter at some

time points in the controls which received no pegbovigrastim. Pegbo-

vigrastim has a stable and beneficial effect on homeostatic relation-

ships in the calf. A visible decrease in the optical densities of basal and

stimulated MPO in the blood neutrophils of cows treated with pegbovi-

grastim twice during the peripartum period was shown in a previous

study.9 In that study, increased release of MPO from the blood neutro-

phils in the pegbovigrastim-treated cows was demonstrated, which pre-

ceded a decrease in this parameter at the next time point however.9

CD11b is the α-subunit of 1 of the 3 β2-integrin surface receptors—

CD11b/CD18 (forming membrane-associated component-1, Mac-1,

MO-1, complement receptor 3, CR3) which is expressed on bovine neu-

trophils and involved in cell migration into the site of inflammation or

infection.20-22 In our current study, the percentage of CD11b was signifi-

cantly increased after pegbovigrastim administration, and stimulation of

this response was clearly identified for both injections. The results are

consistent with in vitro observations in a previous study3 in which the

expression of selected neutrophil adhesion molecules after cell incubation

with bG-CSF expressed in Escherichia coli was evaluated. In that study, a

more than 2-fold increase was observed in the geometric mean fluores-

cence values of CD11b after the treatment of isolated bovine neutrophils

with recombinant bG-CSF. Additionally, the expression of CD11a and

CD11c, α-subunits of the other 2 β2-integrins, also was upregulated in

the activated neutrophils. According to the authors, because of only

30 minutes of neutrophil incubation with rbG-CSF, the upregulation of

CD11b expression was probably the result of the recruitment of the

stored integrin within the cell granules to the surface.3

Besides neutrophils, proinflammatory cytokines such as IL-1β,

IL-6, and TNF-α are involved in nonspecific immunity. These cytokines

are necessary in small amounts to activate adaptive immunity, which

makes the appropriate immune response to a specific antigen, and the

mobilization of which follows the nonspecific immune response.

These cytokines are also responsible for stimulation of many impor-

tant functions supporting the host's defense against infection (ie, pro-

duction, adhesion and migration of leukocytes).19 In our current study,

a marked but not statistically significant increase in IL-1β concentra-

tion was observed after the first pegbovigrastim administration. Simi-

larly, the IL-6 concentration was detectably increased after

pegbovigrastim was first given and remained so after its second injec-

tion. Some increase in concentration of IL-10 was observed only at

the end of the study, which may indicate activation of anti-

inflammatory processes at that time.19 Our current results are in par-

tial agreement with previous observations in a study23 that examined

the effect of G-CSF administration to human volunteers on the

release of some pro- and anti-inflammatory cytokines and cytokine

receptors in stimulated blood. An increase in IL-1RA release in the

challenged blood of G-CSF-treated individuals was observed in both

ex vivo and in vitro conditions and also regardless of the stimulator

used. However, there were no significant changes in the ex vivo

release of IL-1β, in free TNF-α, or in total TNF in the lipopolysaccha-

ride (LPS)-stimulated blood from G-CSF-treated donors. In that

study,23 an increase in the LPS-inducible ex vivo release of IL-6 and
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F IGURE 6 The mean (±SD) concentration of IL-1β (A), TNF-α (B),
IL-6 (C), IL-1RA (D), and IL-10 (E) in the serum of calves after
administration of pegbovigrastim. E—experimental group; C—control
group; arrow—pegbovigrastim injection.

DUDEK ET AL. 7

 19391676, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jvim

.16939 by N
ational V

eterinary R
esearch, W

iley O
nline L

ibrary on [19/12/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



IL-10 also was demonstrated. According to the authors, G-CSF has an

immunomodulating effect on the cytokine response profile, but with a

shift toward those cytokines with antiinflammatory properties, such as IL-

1RA and IL-10, which was partly confirmed in our current study.23

5 | CONCLUSIONS

Pegbovigrastim administration to calves caused a detectable increase

in total and differential leukocyte counts, stimulation of the phago-

cytic activity of granulocytes and monocytes, and modulation of the

response of selected cytokines. Our results documented stimulation

of nonspecific immunity in pegbovigrastim-treated calves, which sup-

ports its use in the prevention of diseases in calves during early rear-

ing. However, more clinical research is needed to determine whether

an increased leukocyte count and potentiated function decrease clini-

cal disease occurrence.
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