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Abstract 

Although some vaccines and antibiotics have been 
very effective in preventing and treating respiratory dis
ease, they have not been fully satisfactory. Recently, 
components of the innate immune system have been in
creasingly appreciated for their role in host defense 
against microbial pathogens. These molecules include 
lysozyme and lactoferrin, but recent work in cattle, 
sheep, man and other species have identified new classes 
of peptides expressed by respiratory epithelial cells that 
have potent microcidal activity in nanogram quantities. 
These peptides, termed antimicrobial peptides (AMP), 
include defensins, cathelicidins and anionic peptides. 
Some are expressed continuously whereas expression 
of others is stimulated by infection/inflammation. In 
calves, we have found that two AMP from the defensin 
family, tracheal antimicrobial peptide (TAP) and lingual 
antimicrobial peptide (LAP), are expressed in the new
born and increased in response to Mannheimia (Pas
teurella) haemolytica infection. In contrast, sheep beta 
defensin-1 (SBD-1) is not induced by infection and, in 
fact, appears decreased during viral infection with 
paramyxovirus-3 (PI-3). Decreased SBD-1 by Pl-3 may 
increase the lung's susceptibility to secondary infections 
or re-infections. Other innate defense molecules include 
proteins released with lung surfactant. Surfactant pro
tein A and D (SAD) can opsonize and aggregate respira
tory syncytial virus (RSV) and activate alveolar 
macrophages. Preliminary work suggests that chronic 
bacterial infections result in reduced SpA and SpD ex-

pression and we are currently assessing SAD expres
sion in response to Pl-3 and RSV. A long-term goal of 
our work is to identify ways to up-regulate expression 
of AMP and/or surfactant proteins in the neonate and 
at times of stress in older animals in order to r educe 
microbial colonization. Other investigators are seeking 
ways to utilize AMP's as a new class of antibiotics . 
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Introduction 

Respiratory disease is a serious cause of death and 
economic loss in cattle and sheep.1·15·25 Of every 1000 
cattle that enter feedlots, an average of 12.6 die, and 
respiratory disease accounts for 57 .1 % of these deaths 
and most deaths occur within 45 days of entering the 
feedlot; a time of great stress .65 Parainfluenza virus 3 
(PI-3) typically causes mild to moderate disease, but may 
predispose the lung to secondary, more virulent patho
gens such as M. haemolytica. 1·3·4·28·35 Bovine and ovine 
respiratory syncytial viruses (RSV) also cause pneumo
nia and can predispose the lung secondary bacterial in
fections. 8·27·58·59 The mechanism(s ) that lead(s ) to 
increased lung susceptibility to secondary bacterial in
fection after an initial viral infection is/are poorly de
fined. Vaccines to paramyxoviruses and M. haemolytica 
can enhance resistance to infection; however these vac
cines are not completely effective.1•2·4•15·19 Despite some 
improvement in managerial practices, vaccines and clini-

•nr. Ackermann was the 2002 Pfizer Excellence in Bovine Research Award winner. 
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cal therapies, M. haemolytica pneumonia remains a 
widespread problem and methods to enhance host re
sistance to colonization and pneumonia by PI-3/BRSV 
and M. haemolytica are needed. 

Although the defense of the lung is multifactoral 
and complicated, it is reasonable to suspect that alter
ations in the innate immunity of respiratory epithelial 
cells during and after paramyxoviral pneumonia may 
have at least a partial role in allowing colonization of 
secondary bacteria. Recent work by us and others, par
ticularly Dr. Gill Diamond, increasingly indicates that 
respiratory epithelia of sheep, cattle and other species, 
produce antimicrobial peptides (AMP), including B
defensins and anionic peptides, and surfactant protein 
A and D (SAD) (collectively AMP-SAD), all of which have 
potent microcidal activity. 13•22•29•36•45•77 A long-term inter
est of ours is to develop methods to enhance AMP-SAD 
expression by respiratory epithelia, particularly during 
the neonatal period and at times of stress/shipping. A 
better understanding of AMP-SAD expression and the 
means to enhance their activities is needed because of 
the high incidence ofparamyxoviral andM. haemolytica 
pneumonia in sheep and cattle, the increasing frequency 
of antibiotic resistance, and the general expectation by 
consumers for producers to use antibiotics less fre
quently. 

Pl-3, RSV and Mannheimia haemolytica 

Parainfluenza virus type 3 (Pl-3). PI-3 infections 
are often subclinical, and can cause fever, coughing, se
rous nasal and ocular discharge, and dyspnea. Young 
and immunosuppressed animals as well as those under 
stress (overcrowding, shipping) are most susceptible. PI-
3 binds glycoconjugates of epithelial cells via activity of 
the viral hemagglutinin/neuramindase (HA/NA), repli
cates in epithelial cells of the upper respiratory tract, 
and spreads to the lower respiratory tract where it has 
a predilection for bronchiolar epithelial cells.26,60 Re
infection with PI-3 can occur and secondary infections 
with bacteria are common. Mannheimia (Pasteurella) 
haemolytica, Pasteurella multocida and Haemophilus 
somnus are the most common bacteria isolated from 
calves (and also sheep) infected with PI-3. 1,35,65 In ex
perimental infections oflambs and calves, PI-3 enhances 
development oflesions when inoculated simultaneously 
or prior to M. haemolytica and leads to decreased alveo
lar macrophage activity.28•35•80 Human PI-3 decreases 
MHC II expression37 and blocks type I and II interferon 
expression via altered STAT signaling pathways88 , 

thereby inhibiting an active (humoral/cell-mediated) 
immune response, leaving great dependence on innate 
immunity. 

Bovine and ovine respiratory syncyt-ical virus 
(RSV). RSV is a negative sense single-stranded, envel-
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oped RNA virus of the Paramyxoviridae family. 27 ,42-44 

Transmission occurs from direct inoculation or large 
aerosol particles into the eye and nose.42•44 Replication 
occurs first in nasopharyngeal epithelium followed by 
replication in the lower respiratory tract. RSV causes 
hyperplasia, necrosis and sloughing of the respiratory 
epithelium with increased mucus production and leu
kocyte infiltration. This can lead to obstruction of small 
airways and more severe manifestations like tracheo
bronchitis, bronchiolitis, or pneumonia8•27•42•44 as well as 
otitis media. RSV infection is associated with second
ary bacterial infections. Major RSV envelope glycopro
teins are the F (fusion) and G (attachment) proteins and 
these induce neutralizing antibodies in the host.20 How
ever, immunity following infection is not complete nor 
long-lasting, and re-infection in humans occurs fre
quently irregardless of age.43 Traditional therapies 
(bronchodilators, steroids, ribavirin) in human patients 
for severe RSV infection generally have no overall sig
nificant benefit.48 A recently introduced recombinant 
antibody (Palivizumab) to RSV F protein reduced pa
tient hospitalization, but is not yet cost effective for gen
eral prophylaxis. 

As indicated, RSV is a globally important respira
tory disease in cattle, sheep and man. In humans, 
preterm infants and neonates have elevated risks for 
severe RSV infection.43•75 The mechanism(s) for this is 
(are) not well defined; however, infants, compared to 
adults, have a diminished capacity for innate and ac
quired immune responses. 75 Infants have reduced abil
ity for antibody production and this is partially due to 
the presence of maternal antibodies.67 Furthermore the 
increased risk of bacterial infection in infants is due in 
part to immature neutrophils deficient in antimicrobial 
peptide expression. 63 

Mannheimia haemolytica. M. haemolytica (biotype 
A) is one of the most important respiratory pathogens 
of cattle and sheep. 1•4•11•15•25 M. haemolytica resides in 
the tonsil and nasal cavity of healthy ruminants and 
undergoes selective proliferation during stress or viral 
infection.34 It can cause serious outbreaks of acute pneu
monia in neonatal, weaned and growing lambs and adult 
sheep. 25 Neonatal and weaned lambs housed together 
are particularly susceptible. Live M. haemolytica vac
cines can enhance resistance to infection; however these 
vaccines are associated with local tissue reactions, tran
sient anorexia, fever, and even septicemia. 19•34 Experi
mental vaccines with partially purified M. haemolytica 
leukotoxin can induce an antibody titer, 19 but the effec
tiveness in preventing pneumonia has not been fully 
determined. Despite some improvement in managerial 
practices, vaccines and clinical therapies, M. haemolytica 
pneumonia remains a widespread problem and meth
ods to enhance host resistance to colonization and pneu
monia by M. haemolytica are needed. 
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Innate Immunity 

The anti-microbial activity ofrespiratory secretions 
were first demonstrated by Alexander Fleming.32,77 He 
later assessed the anti-bacterial activity of lysozyme, 
an important innate immune factor in respiratory se
cretions. 33 Since then, a wide variety of innate immune 
factors have been identified (Table 1). These factors, 
working in concert with mucociliary clearance, phago
cytosis by alveolar macrophages, enzyme release by 
neutrophils, and physiologic activity by intravascular 
macrophages, help to protect the respiratory tract 
against microbial colonization and accumulation of par
ticulate material. More recently, a group of small anti
microbial peptides and surfactant proteins with potent 
anti-microbial activity at nanogram concentrations have 
become increasingly appreciated for their role in innate 
immunity (Table 1). 

Antimicrobial peptides (AMP) 
of the respiratory tract 

AMP are recently characterized small peptides 
present in epithelial cells, leukocytes and other cells of 
the body. In respiratory tract secretions, many AMP are 
constantly and immediately ready for activity against 
respiratory pathogens. AMP have evolved over the last 
half a billion years, and are present in a wide variety of 
living organisms including plants, insects, and verte
brates.77 The major families of AMP in the respiratory 
tract of cattle, sheep and man include the alpha, beta and 
theta defensins, cathelicidins, and anionic peptides. In
terestingly, AMP of cattle have been on the forefront of 
scientific investigation. The first defensin identified was 
Tracheal Antimicrobial Peptide (TAP), by Dr. Gill Dia
mond.29•30·77 Dr. Diamond went on to show that TAP was 
produced by respiratory epithelia and its expression could 
be induced by inflammatory stimuli such as IL-1. 74 Shortly 
thereafter, Lingual Antimicrobial Peptide (LAP) was iden-

Table I. Antimicrobial factors in lung surface fluid77. 

tified from the tongue of cattle and 14 other defensins 
were discovered in bovine neutrophils. 77 

Defensins. Defensins are peptides produced by a wide 
range of species76 that have activity against bacteria, vi
ral and fungal pathogens.41•45,76 They are small (roughly 
45 amino acids ), cationic, and have a diverse primary 
amino acid structure and a more constant secondary and 
tertiary structure.29·77 Defensin families are defined by 
three to four intramolecular cysteine disulfide bonds . 
Based on the location of the cysteine moieties and the dis
ulfide bonds, the defensins are further classified into al
pha, beta and theta defensins .6·49 In humans, four 
beta-defensins (HBD-1, HBD-2, HBD-3, HBD-4) have been 
described (Table 2), but up to 28 have been predicted. HBD-
1 is expressed constitutively while HBD-2, 3, and 4 are 
inducible.7•38·39·53 HBD-1 was originally isolated in blood 
filtrate and is expressed in the lung, skin, gastrointesti
nal and urogenital epithelium.55·69·79 HBD-1 has an im
portant role in innate pulmonary defense against 
pathogens. In patients with cystic fibrosis, high airway 
salt concentration can render HBD-1 inactive and this may 
predispose the lung to bacterial infection (40). HBD-1 also 
participates in cell regulation by promotion of cell differ
entiation/maturation in vitro. HBD-1, HBP-2, and 
defensins in general, are thought to exert their antimicro
bial activity perhaps by forming pores and causing mem
brane disruption.36.61 Other activities include healing of 
epithelium,68 monocytic, dendritic and T cell chemot
axis,18·85·87 synergism with other antimicrobial factors such 
as lysozyme and lactoferrin,6 and complement activation. 71 

Recent computerized searches of human and mouse 
chromosomes have found numerous more beta-defensin 
gene sequences in syntenic clusters. 78 The clusters have 
similar gene sequences and organization which suggests 
that each cluster pair arose from a common ancestor 
that was retained because of conserved function. At least 
26 genes in these regions are predicted to be transcribed 
and, therefore, expressed.78 Such searches may iden
tify additional beta-defensins of cattle and sheep. 

Factor/product Relative concentration Source 

Lysozyme 
Lactof errin 
IgA secretory component 
Phospholipase A2 
BPI 
Surfactant proteins A, D (SAD) 
Defensins 
Cathelicidins 
Anionic peptide 

? denotes uncertainty 
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µg-mg/ml 
µg/ml 
µg/ml 
µg-mg/ml 
? 
ng-µg/mll 
ng-µg/ml 
? 
0.8-1.3 mM 

epithelia, neutrophils 
epithelia, macrophages 
epithelia 
epithelia 
epithelia (?) 
epithelia 
epithelia, neutrophils 
neutrophils, epithelia? 
epithelia 

161 

(Q) 
n 
0 

"O 
'< 
'""I ..... 

{IQ 

s:' 
► 
~ 
'""I ..... 
(') 

§ 

► C/) 
C/) 

0 
(') 

~-..... 
0 
i:i 
0 
>-+i 
t:o 
0 
< s· 
(1) 

'i::I 
p5 
(') ,....,. ..... ,....,. 

~r 
(1) 
'""I 
C/) 

0 
"O 
(1) 

i:i 

~ 
(') 
(1) 
C/) 
C/) 

&. 
C/) ,....,. 
'""I ;.: 
a ..... 
0 p 



Bovine beta-defensins. Both TAP and LAP are ex
pressed by epithelial cells of the respiratory tract. Their 
expression can be induced by inflammatory stimuli; 
however, TAP expression is much greater than 
LAP. 29,32,74,81 Because of their inductive properties, TAP 
and LAP are increased shortly after initial infection by 
certain respiratory pathogens. We have found that LAP 
expression is markedly increased in calves after infec
tion with M. haemolytica.81 TAP expression is increased 
by Gram-negative bacterial components such as li
popolysaccharide and inflammatory cytokines.29•74 Bio
logically, the increase of both TAP and LAP may 
significantly contribute to defense against microbial 
pathogens shortly after infection and may then allow 
time for humoral and cell mediated responses. 

Sheep beta-defensin-1 (SBD-1) appears not to be 
induced by infection or inflammatory stimuli (prelimi
nary findings, not shown) and thus has similar consti
tutive expression and tissue distribution as HBD-1.51•52 
SBD-1 expression is developmentally regulated in late 
gestation through the neonatal period with maximal 
expression in some tissues reached weeks after birth.51 
This suggests a window of immature SBD-1 expression 
in the neonate that provides an environment more con
ducive to severe PI-3, RSV and M. haemolytica infec
tion. We have found that sheep beta-defensin-2 (SBD-2) 
is also expressed in lung;however, the expression is low. 

Anionic peptide was first isolated from respiratory 
tract of sheep and has potent microcidal activity against 
a wide variety of pathogens.12-15 Anionic peptide is a 
septamer of aspartates, requires zinc as a cofactor for 
bactericidal activity, and is present in pulmonary sur
factant. Much of the work characterizing anionic pep
tide was done by Dr. Brogden. Briefly, anionic peptide 
is present in the cytoplasm of individual respiratory epi
thelial cells of the nasal cavity, trachea, bronchi, bron
chioles, and alveoli12-15 and also in some submucosal 
gland cells of the trachea of human, ovine and bovine 
lung. In man, anionic peptide differs in concentration 
and location of respiratory tract of healthy patients when 
compared to patients with cystic fibrosis. 14 In sheep, 
we have determined that anionic peptide production 
decreases during acute M. haemoltyica pneumonia in 
sheep and cattle (Table 2). We have also determined 
that during chronic bacterial pneumonia, hyperplastic 
epithelial cells have increased anionic peptide.31 

Cathelicidin SMAP29 of ovine origin sheep has very 
potent activity against respiratory pathogens .16 
Cathelicidins are often expressed by neutrophils72,90 and 
cattle, sheep, goats and man expression a number of 
cathelicidin peptides.72 Some studies have suggested that 
some cathelicidins are expressed by respiratory epithe
lia29•77 of humans; however, expression in the respiratory 
tract of cathelicidin in sheep and cattle have not been 
fully characterized. 72 
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Surfactant proteins with antimicrobial activity 

Surfactant proteins A & D (SAD) are calcium-de
pendent lectins and members of the collectin fam
ily. 21•24,57,89 SAD expression and function are primarily 
studied in the lung; however, extrapulmonary expres
sion has been detected elsewhere including the Eusta
chian tube.57·70·83 In the lung, SAD are expressed by 
type-II pneumocytes and Clara cells;23 however, surfac
tant protein A has two transcripts, one of which is ex
pressed by submucosal glands of large airways. SAD 
have an important role in immunomodulation, surfac
tant homeostasis, and pulmonary defense. 21,22,57 SAD 
interact with bacterial, fungal and viral pathogens by 
binding and forming aggregates.21•47 The SAD aggre
gates can inactivate the pathogen,47·84 stimulate phago
cytosis,73 enhance antigen presentation10 and potentiate 
oxidant responses of neutrophils,9 Developmentally, con
stitutive expression of SAD in the rat increases late in 
gestation and through the neonatal period.24 Deficiency 
of SAD in vivo is associated with increased risk for in
fection,5 and enhanced inflammation and inflammatory 
cell recruitment during infection.62 SAD can reduce RSV 
infection.47,48,56•57·62 Severe RSV infection in infants is 
associated with reduced SAD in the bronchoalveolar 
lavage (BAL). 56 In mice, SAD inhibit RSV infection in 
vivo and play a major role in clearance from the 
lungs .47•57•62 SAD are similar in man and sheep.22·57·64 
We have found that SAD appears to be decreased in bron
chioles undergoing hyperplasia during chronic pneumo
nia (unpublished observations). Such an alteration in 
SAD expression may allow chronic infections to persist 
and/or secondary infections to become established in 
already diseased lungs. 

Conclusions 

Our long-term goal is to better understand the in
nate immune system in order to reduce or prevent disease 
in neonates and in older animals at times of stress (wean
ing, shipping, overcrowding, inclement weather, etc.). This 
may be difficult, because it is clear that innate immune 
factors , including AMP-SAD, are not fully effective in pre
venting respiratory tract infections in normal animals, 
since we already know that they express AMP-SAD and 
infections occur anyway. However, it is equally clear that 
humoral and cell mediated immune responses are also not 
fully effective, since animals with normal antibody and 
cell-mediated responses also acquire infections. Since the 
time of Jenner and Pasteur, vaccines against microbial 
pathogens have been developed and refined, yet respira
tory disease and pneumonia remain major health prob
lems. Thus, a multi-factorial strategy that includes 
adequate management, nutrition, housing, ventilation, and 
optimal activity of all aspects of the immune system, in-
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eluding innate, humoral, and cell-mediated responses, 
appears reasonable. In the meantime, defining and un
derstanding the mechanistic basis of AMP-SAD expres
sion may be useful in making such strategies possible. 

Acknowledgements 

A special thanks to Mr. Jack Gallup; Drs. Howard 
Lehmkuhl, David Meyerholz, Branka Grubor; Margie 
Carter and the Image Analysis Facility, Iowa State Uni
versity; the Department of Veterinary Pathology and 
the College of Veterinary Medicine, Iowa State Univer
sity; USDA/CSREES-NRI, CGP 99-35204-7681; and the 
J.G. Salsbury Endowment. 

References 

1. Ackermann MR, Brogden KA: Response of the ruminant respira
tory tract to Mannheimia (Pasteurella ) haemolytica infection. Mi
crobes and Infection 2:1079-1088, 2000. 
2. Adair BM, Bradford HE, Bryson DG, Foster JC, Mcnulty MS: Ef
fect ofparainfluenza virus challenge on cell-mediated immune func
tion in parainfluenza-3 vaccinated and non-vaccinated calves. Res 
Vet Sci 68(2):197-199, 2000. 
3. Al-Darraji AM, Cutlip RC, Lehmkuhl HD: Experimental infection 
of lambs with bovine respiratory syncytial virus and Pasteurella 
haemolytica: immunofluorescent and electron microscopic studies. Am 
J Vet Res 43(2):230-235, 1982. 
4. Aubry P, Warnick LD, Guard CL, Hill BW, Witt MF: Health and 
performance of young dairy calves vaccinated with modified live 
Mannheimia haemolytica and Pasteurella multocida vaccine. J Am 
Vet Med Assoc 219:1739-1742, 2001. 
5. Awasthi S, Coalson JJ, Yoder BA, Crouch E, King RJ: Deficiencies in 
lung surfactant proteins A and D are associated with lung infection in pre
mature neonatal baboons. Am J Respir Grit Care Med 163(2):389-97, 2001. 
6. Bals R: Epithelial antimicrobial peptides in host defense against 
infection. Respir Res 1(3):141-50, 2000. 
7. Bals R, Wang X, Wu Z, Freeman T, Bafna V, Zasloff M, Wilson JM: 
Human beta defensin 2 is a salt-sensitive peptide antibiotic expressed 
in human lung. J Clin Invest 102:874-880, 1998 
8. Belknap EB, Ciszewski DK, Baker JC: Experimental respiratory 
syncytial virus infection in calves and lambs. J Vet Diagn Invest 7:285-
298, 1995. 
9. Benne CA, Benaissa-Trouw B, van Strijp JA, Kraaijeveld CA, van 
Iwaarden JF: Surfactant protein A, but not surfactant protein D, is 
an opsonin for influenza A virus phagocytosis by rat alveolar mac
rophages. Eur J Immunol 127(4):886-90, 1997. 
10. Brinker KG, Martin E, Borron P, Mostaghel E, Doyle C, Harding 
CV, Wright JR: Surfactant protein D enhances bacterial antigen pre
sentation by bone marrow-derived dendritic cells. Am J Physiol Lung 
Cell Mol Physiol 281(6):L1453-63, 2001. 
11. Brogden KA, Ackermann MR, DeBey MD: Purified lipopolysac
charide-associated protein from Pasteurella haemolytica induces pul
monary inflammation in calves and sheep. Infect Immun 63: 
3595-3599, 1995. 
12. Brogden KA, Ackermann MR, Buttner KM: Detection of anionic 
antimicrobial peptides in ovine bronchoalveolar lavage fluid and res
piratory epithelium. Infect Immun 66:5948-5954, 1998. 
13. Brogden KA, Ackermann MR, Buttner KM: Small, anionic and 
charge-neutralizing propeptide fragments of zymogens are bacterio
cidal. AntimicroAgents and Chemo 41: 1615-1617, 1997. 
14. Brogden KA, Ackermann MR, McCray PB Jr, Buttner KM: Differ
ences in the concentration of small, anionic, antimicrobial peptides in 
the bronchoalveolar lavage fluid and in the respiratory epithelia of pa
tients with and without cystic fibrosis. Infect Immun 67:4256-4259, 1999. 

SEPTEMBER 2002 

15. Brogden KA, Lehmkuhl HD, Cutlip RC: Pasteurella haemolytica 
complicated respiratory infections in sheep and goats. Vet Res 29:233-
254, 1998. 
16. Brogden KA, Kalfa VC, Ackermann MR, Plamquist DE, McCray 
PB, Jr., Tack BF: The ovine cathelicidin SMAP29 kills ovine respira
tory pathogens in vitro and in an in vivo model of pulmonary infec
tion. Antimicrobial Agents and Chemo 45: 331-334, 2001. 
17. Brogden KA, De LuccaAJ, Bland J, Elliott S: Isolation ofan ovine 
pulmonary surfactant-associated anionic peptide bactericidal for Pas
teurella haemolytica. Proc Natl Acad Sci USA 93:412-416, 1996. 
18. Chertov 0, Yang D, Zack Howard OM, Oppenheim JJ: Leukocyte 
granule proteins mobilize innate host defenses and adaptive immune 
responses. Immun Rev 177:68-78, 2000. 
19. Confer AW, Clinkenbeard KD , Gatewood DM, Driskel BA 
Montelong M: Serum antibody responses of cattle vaccinated with 
partially purified native Pasteurella haemolytica leukotoxin. Vaccine 
15:1423-1429, 1997. 
20. Connors M, Collins PL, Firestone CY, Murphy BR: Respiratory 
syncytial virus (RSV) F, G, M2 (22K), and N proteins each induce 
resistance to RSV challenge, but resistance induced by M2 and N pro
teins is relatively short-lived. J Virol 65(3):1634-7, 1991. 
21. Crouch EC: Surfactant protein-D and pulmonary host defense. 
Respir Res 1(2):93-108, 2000. 
22. Crouch E, Hartshorn K, Ofek I: Collectins and pulmonary innate 
immunity. Immunol Reviews 173:52-65, 2000. 
23. Crouch E, Parghi D, Kuan SF, Persson A: Surfactant protein D: 
subcellular localization in nonciliated bronchiolar epithelial cells. Am 
J Physiol 263(1 Pt 1):L60-6, 1992. 
24. Crouch E, Rust K, Marienchek W, Parghi D, Chang D, Persson A: 
Developmental expression of pulmonary surfactant protein D (SP-D). 
Am J Respir Cell Mol Biol 5(1):13-8, 1991. 
25. Cuthbertson JC: Sheep disease surveillance based on condemna
tions at three scottish abattoirs. Vet Rec 112:219-221, 1983. 
26. Cutlip RC, Lehmkuhl HD: Experimentally induced parainflu
enza type 3 virus infection in young lambs: pathologic response. Am 
J Vet Res 43(12):2101-7, 1982. 
27. Cutlip RC, Lehmkuhl HD: Lesions in lambs experimentally in
fected with bovine respiratory syncytial virus. Am J Vet R es 
40(10):1479-82, 1979. 
28. Davies DH, Long DL, McCarthy AR, Herceg M: The effect of 
parainfluenza virus type 3 on the phagocytic cell response of the ovine 
lung to Pastuerella haemolytica. Vet Microbiol 11(1-2):125-144, 1986. 
29. Diamond G, Legarda D, Ryan LK: The innate immune response 
of the respiratory epithelium. Immunol Rev 173:27-38, 2000. 
30. Diamond G, ZasloffM, Eck H, Brasseur M, Maloy WL, Bevins CL: 
Tracheal antimicrobial peptide, a cysteine-rich peptide from mam
malian tracheal mucosa: peptide isolation and cloning of a cDNA. Proc 
Natl Acad Sci USA 88: 3952-3956, 1991. 
31. Fales-Williams AJ, Ramirez-Romero R, Brogden KA, Gallup JM, 
Ackermann MR: Increased anionic peptide immunoreactivity distri
bution and intensity during the progression and resolution of bacte
rial pneumonia. Clinical and Diagnostic Laboratory Immunology 
9:28-32, 2002. 
32. Fleming A: On a remarkable bacteriolytic element found in tis
sues and secretions. Proc R Soc London Ser B 93:306-319, 1922. 
33. Fleming A, Allison VD: Observations on a bacteriolytic substance 
("lysozyme") found in secretions and tissues. Br J Exp Pathol 3:252-
260, 1922. 
34. Frank GH, Briggs RE, Loan RW, Purdy CW, Zehr ES: Respiratory 
tract disease and mucosa} colonization by Pasteurella haemolytica in 
transported cattle. Am J Vet Res 57:1317-1320, 1996. 
35. Fulton RW, Purdy CW, Confer AW, Saliki JT, Loan RW, Briggs RE, 
Burge LJ: Bovine viral diarrhea infections in feeder calves with res
piratory disease: interactions with Pasteurella sp., parainfluenza-3 
virus, and bovine respiratory syncytial virus. Can J Vet Res 64(3): 151-
159, 2000. 
36. Ganz T, Selsted ME, Szklarek D, Harwig SS, Daher K, Bainton 
DF, Lehrer RI: Defensins: natural peptide antibiotics of human neu
trophils. J Clin Invest 76:1427-1435, 1985. 

163 

(Q) 
n 
0 

"O 
'< 
>-; ...... 

{IQ 

s:' 
► 
~ 
>-; ...... 
(") 

§ 

► C/) 
C/) 

0 
(") 

~-
...... 
0 
i:i 
0 
>-+i 
t:o 
0 
< s· 
(1) 

'i::I 
p5 
(") ,....,. ...... ,....,. 

~r 
(1) 
>-; 
C/) 

0 
"O 
(1) 

i:i 

~ 
(") 
(1) 
C/) 
C/) 

&. 
C/) ,....,. 
>-; 

;.: 
a ...... 
0 p 



37. Gao J , De BP, Han Y, Choudhary S, Ransohoff R, Banerjee AK: 
Human parainfluenza virus type 3 inhibits gamma interferon-induced 
major histocompatibility complex class II expression directly and by 
inducing alpha/beta interferon. J Viral 75(3):1124-1131, 2001. 
38. Garcia JR, J aumann F, Schulz S, Krause A, Rodriguez-Jimenez J , 
Forssmann U, Adermann K, Kluver E, Vogelmeier C, Becker D, 
Hedrich R, Forssmann WG, Bals R: Identification of a novel, multi
functional beta-defensin (human beta-defensin 3) with specific anti
microbial activity. Its interaction with plasma membranes ofXenopus 
oocytes and the induction of macrophage chemoattraction. Cell Tis
sue Res 306(2):257-64, 2001. 
39. Garcia JR, Krause A, Schulz S, Rodriguez-Jimenez F J , Kluver E, 
Adermann K, Forssmann U Frimpong-BoatengA, Bals R, Forssmann 
WG: Human beta-defensin 4: a novel inducible peptide with a spe
cific salt-sensitive spectrum of antimicrobial activity. FASEB J 
15(10):1819-21, 2001. 
40. Goldman MJ, Anderson GM, Stolzenberg ED, Kari UP, ZasloffM, 
Wilson JM: Human beta-defensin-1 is a salt-sensitive antibiotic in 
lung that is inactivated in cystic fibrosis . Cell 21;88(4):553-60, 1997. 
41. Gropp R, Frye M, Wagner TO, Bargon J: Epithelial defensins 
impair adenoviral infection: implication for adenovirus-mediated gene 
therapy. Hum Gene Ther 10;10(6):957-64, 1999. 
42. Hall CB: Respiratory syncytial virus and parainfluenza virus. N 
Engl J Med 344:1917-1928, 2001. 
43 . Hall CB: Respiratory syncytial virus: A continuing culprit and 
conundrum. J Pediatr 1999 Aug;135(2 Pt 2):2-7. 
44. Hall CB, Douglas RG, Schnabel KC, Geiman JM: lnfectivity of 
respiratory syncytial virus by various routes of inoculation. Infect 
Immun 33:779-783, 1981. 
45. Hancock RE, Diamond G: The role of cationic antimicrobial pep
tides in innate host defense. Trends Microbial 8:402-410, 2000. 
46. Hickling TP, Bright H, Wing K, Gower D, Martin SL, Sim RB, 
Malhotra R: A recombinant trimeric surfactant protein D carbohy
drate recognition domain inhibits respiratory syncytial virus infec
tion in vitro and in vivo. Eur J Immunol 29(11):3478-84, 1999. 
47. Hickling TP, Malhotra R, Bright H, McDowell W, Blair ED, Sim 
RB: Lung surfactant protein A provides a route of entry for respira
tory syncytial virus into host cells. Viral Immunol 13(1): 125-135, 2000. 
48. Hodge D, Chetcuti PAJ. RSV: Management of the acute eposiode. 
Paed Resp Rev 1:215-220, 2000. 
49. Hoover DM, Chertov 0, Lubkowski J : The Structure of Human 
beta -Defensin-1. new insights into structural properties of beta
defensins. J Biol Chem 276(42):39021-6, 2001. 
50. Howard TS, Hoffman LH, Stang PE, Simoes EA: Respiratory 
syncytial virus pneumonia in the hospital setting: length of stay, 
charges, and mortality. J Pediatr 137(2):227-32, 2000. 
51. Huttner KM, Brezinski-Caliguri DJ, Mahoney MM, Diamond G: 
Antimicrobial peptide expression is developmentally regulated in the 
ovine gastrointestinal tract J Nutr 128:297S-299S, 1998. 
52. Huttner KM, Lambeth MR, Burkin HR, Burkin DJ, Broad TE: 
Localization and genomic organization of sheep antimicrobial pep-
tide genes. Gene 206: 85-91, 1998. · 
53. Jia HP, Schutte BC, Schudy A, Linzmeier R, Guthmiller JM, 
Johnson GK, Tack BF, Mitros JP, Rosenthal A, Ganz T, McCray PB, 
Jr: Discovery of new human beta-defensins using a genomics-based 
approach. Gene 263(1-2)211-218, 2001. 
54. Kalfa VC, Palmquist D, Ackermann MR, Brogden KA: Suppres
sion of Mannheimia (Pasteurella) haemolytica serovar 1 infection in 
lambs by intrapulmonary administration of ovine antimicrobial an
ionic peptide. Int J Antimicrob Agents 17(6):505-10, 2001. 
55. Kaiser V, Diamond G: Expression of mammalian defensin genes. 
J Leuko Biol 68:779-784, 2000. 
56. Kerr MH, Paton JY: Surfactant protein levels in severe respira
tory syncytial virus infection. Am J R espir Crit Care Med 1999 
Apr;159(4 Pt 1): 1115-8. 
57. Khubchandani KR, Snyder JM: Surfactant protein A: the alveo
lus and beyond. FASEB J 15:59-69, 2001. 
58. Lehmkuhl HD, Cutlip RC: Experimental respiratory syncytial 
virus infection in feeder-age lambs. Am J ¼t Res. 40( 12): 1 729-30, 1979. 

164 

59. Lehmkuhl HD, Cutlip RC: Experimentally induced respiratory 
syncytial viral infection in lambs. Am J Vet Res. 40(4):512-44, 1979. 
60. Lehmkuhl HD, Cutlip RC: Experimental parainfluenza type 3 
infection in young lambs: clinical, microbiological, and serological re
sponse. ¼t Microbial 8(5):437-42, 1983. 
61. Lehrer RI, Barton A, Daher KA, Harwig SS, Ganz T, Selsted ME: 
Interaction of human defensins with Escherichia coli. Mechanisms 
of bactericidal activity. J Clin Invest 84:553-561, 1989. 
62. Le Vine AM, Gwozdz JA, Stark J, Bruno M, Whitsett J , Korfhagen 
TR: Surfactant A protein enhances respiratory syncytial virus clear
ance in vivo. J Clin In vest 103(7):1015-1021, 1999. 
63. Levy 0 , Martin S, Eichenwald E, Ganz T, Valore E, Carroll SF, 
Lee K, Goldmann D, Thorne GM: Impaired innate immunity in the 
newborn: newborn neutrophils are deficient in bactericidal/permeabil
ity-increasing protein. Pediatrics . 104(6): 1327-33, 1999. 
64. Lines A, Gillett AM, Phillips ID, Wallace MJ, Hooper SB: Re
expression of pulmonary surfactant proteins following tracheal ob
struction in sheep. Exp Physiol 86(1):55-63, 2001. 
65. Lonergan GH, Dargatz DA, Morley PS, Smith MA: Trends in 
mortality ratios among cattle in US feedlots . J Am ¼ t Med Assoc 
219:1122-1127, 2001. 
66. Meehan JT, Cutlip RC, Lehmkuhl HD, Kluge JP, Ackermann MR: 
Infected cell types in ovine lung following exposure to bovine respira
tory syncytial virus. Vet Pathol 31:229-236, 1994. 
67. Murphy BR, Alling DW, Snyder MH, Walsh EE, Prince GA, 
Chanock RM, Hemming VG, Rodriguez WJ, Kim HW, Grah am BS, et 
al: Effect of age and preexisting antibody on serum antibody response 
of infants and children to the F and G glycoproteins during RSV in
fection. J Clin Microbial 24(5):894-8, 1986. 
68 . Murphy CJ, Foster BA, Mannis MJ, Selsted ME, Reid TW: 
Defensins are mitogenic for epithelial cells and fibroblasts . J Cell 
Physiol 155:408-413, 1993. 
69 . O'Neil DA, Porter EM, Elewaut D, Anderson GM, Eckmann L, 
Ganz T, Kagnoff MF: Expression and regulation of the human beta
defensins hBD-1 and hBD-2 in intestinal epithelium. J Immunol 
163(12):6718-24, 1999. 
70. Paananen R, Sormunen R, Glumoff V, van Eijk M, Hallman M: 
Surfactant proteins A and D in Eustachian tube epithelium. Am J 
Physiol Lung Cell Mol Physiol 281(3):L660-7, 2001. 
71. Prohaszka Z, Nemet K, Csermely P, Hudecz F, Mezo G, Fust G. 
Defensins purified from human granulocytes bind Clq and activate 
the classical complement pathway like the transmembrane glycopro
tein gp41 ofHIV-1. Mol Immunol 34:809-816, 1997. 
72. Ramanathan B, Davis EG, Ross CR, Blecha F: Cathelicidins: mi
crobicidal activity, mechanisms of action, and roles in innate immu
nity. Microbes and Infect 4:361-372, 2002. 
73 . Restrepo CI, Dong Q, Savov J, Mariencheck WI, Wright JR. Sur
factant protein D stimulates phagocytosis of Pseudomonas aeruginosa 
by alveolar macrophages. Am J Respir Cell Mol Biol 21(5):576-85, 
1999. 
74. Russell JP, Diamond G, Tarver TF, Scanlin TF, Bevins CL: Coor
dinate induction of two antibiotic genes in tracheal epithelial cells 
exposed to the inflammatory mediators lipopolysaccharide and tu
mor necrosis factor-a. Infect Immun 64:1565-1568, 1996. 
75. Schmidt AC, Couch RB, Galasso GJ, Hayden FG, Mills J , Murphy 
BR, Chanock RM: Current research on respiratory viral infections : 
Third International Symposium. Antiviral Res 50(3): 157-96, 2001. 
76. Schroder JM: Epithelial antimicrobial peptides: innate local host 
response elements. Cell Mol Life Sci 56(1-2):32-46, 1999. 
77. Schutte BC, McCray PB, Jr: Beta-defensins in lung host defense. 
Ann Rev Physiol 64:709-7 48, 2002. 
78. Schuttee BC, Mitros JP, Bartlett JA, Walters JD, Jia HP, Welsh 
MJ, Casavant TL, McCray PB, Jr.: Discovery of five conserved b
defensin gene clusters using a computational search strategy. Proc 
Natl Acad Sci 99:2129-2133, 2002. 
79. Singh PK, Jia HP, Wiles K, Hesselberth J , Liu L, Conway BA, 
Greenberg EP, Valore EV, Welsh MJ, Ganz T, Tack BF, McCray PB Jr: 
Production of beta-defensins by human airway epithelia. Proc Natl 
Acad Sci USA 95 (25):14961-6, 1998. 

THE AABP PROCEEDINGS-VOL. 35 

(Q) 
n 
0 

"O 
'< ., ..... 
{IQ 

s:' 
► 
~ ., ..... 
(") 

§ 

► C/) 
C/) 

0 
(") 

~-..... 
0 
i:i 
0 
>-+i 
t:o 
0 
< s· 
(1) 

'i::I 
p5 
(") ,....,. ..... ,....,. 

~r 
(1) ., 
C/) 

0 
"O 
(1) 

i:i 

~ 
(") 
(1) 
C/) 
C/) 

&. 
C/) ,....,. ., 
;.: 
a ..... 
0 p 



80. Slauson DO, Lay JC, Castleman WL, Neilsen NR: Alveolar mac
rophage phagocytic kinetics following pulmonary parainfluenza-3 vi
rus infection. J Leuko Biol 41(5):412-420, 1987. 
81. Stolzenberg ED, Anderson GM, Ackermann MR, Whitlock RH, 
Zasloff M: Epithelial antibiotic induced in states of disease. Proc. 
Natl. Acad. Sci USA 94: 8686-8690, 1997. 
82. Trigo FJ, Breeze RG, Liggitt HD, Evermann JF, Trigo E: Interac
tion of bovine respiratory syncytial virus and Pasteurella haemolytica 
in the ovine lung. Am J Vet Res 45:1671-1678, 1984. 
83. van Eijk M, Haagsman HP, Skinner T, Archibald A, Reid KB, 
Lawson PR, Archibold A: Porcine lung surfactant protein D: comple
mentary DNA cloning, chromosomal localization, and tissue distribu
tion. J lmmunol 164(3):1442-50, 2000. 
84. van Rozendaal BA, van SprielAB, van De Winkel JG, Haagsman 
HP: Role of pulmonary surfactant protein D in innate defense against 
Candida albicans. J Infect Dis 182(3):917-22, 2000. 
85. Woolums AR, Anderson ML, Gunther RA, Schelegle ES, LaRochelle 
DR, Singer RS, Boyle GA, Friebertshauser KE, Gershwin LF: Evaulation 
of severe disease induced by aerosol inoculation of calves with bovine 

respiratory syncytial virus . Am J Vet Res 60: 473-480, 1999. 
86. Yang D, Chen Q, Chertov 0 , Oppenheim JJ: Human neutrophil 
defensins selectively attract nai:ve T and immature dendritic cells. J 
Leuko Biol 68:9-14, 2000. 
87. Yang D, Chertov 0, Bykovskaia SN, Chen Q, Buffo MJ, Shogan J , 
Anderson M, Schroder JM, Wang JM, Howard OM, Oppenheim JJ: 
Beta-defensins: linking innate and adaptive immunity through den
dritic and T cell CCR6. Science 286(5439):525-528, 1999. 
88. Young DF, Didcock L, Goodbourn S, Randall RE: Paramyxoviridae 
use distinct virus-specific mechanisms to circumvent the interferon 
response. Virology 269(2):383-390, 2000. 
89. Zhang L, Ikegami M, Crouch EC, Korfhagen TR, Whitsett JA: 
Activity of pulmonary surfactant protein D (SP-D) in vivo is depen
dent upon oligomeric structure. J Biol Chem 276(22): 19214-19219, 
2001. 
90. Zanetti M, Gennaro R, Romeo D: The cathelicidin family of anti
microbial peptide precursors: A component of the oxygen-indepen
den t defense mechanisms of neutrophils. Ann NY Acad Sci 
832:147-162, 1997. 

Leptin: The Key to Beef Heifer Puberty and Its 
Enhancement by Monensin * 

Jerome Baker, MS PhD PAS, Coastal Plain Experiment Station, College of Agriculture and Environmental 
Science, The University of Georgia, Tifton, Georgia 31793 
Dan T Brown, MS PhD, College of Agriculture and Environmental Science, The University of Georgia, 
Blairsville, Georgia 
Mel Pence, DVM MS PAS, Veterinary Diagnostic and Investigational Laboratory and Department of Large 
Animal Medicine and Surgery, College of Veterinary Medicine, The University of Georgia, Tifton, Georgia 31793 
Rhonda Vann, MS PhD PAS, CMREC, Mississippi State University, Raymond, MS 39154 
Duane H Keisler, PhD, Department of Animal Science, University of Missouri, Columbia, Missouri 65211 

Introduction 

Leptin is being investigated as a necessary compo
nent to attain reproductive efficiency in beef cattle. The 
effect offeeding monensin on leptin levels at puberty sheds 
light on the mechanism of action ofleptin. Cows that calve 
early in the breeding season or have a calving interval of 
twelve months or less are more profitable than cows with 
longer calving intervals. For each 21-day heat-cycle a cow 
is late calving, her calf will weigh about 40 lb less.at wean
ing. Cows that calve early in the breeding season as heif
ers will be more likely to calve early as cows, and in order 
for heifers to calve early, they must reach puberty early. 
The selection and management of replacement heifers 
influences the reproductive efficiency of the cattle indus
try by optimizing age at puberty. Heifers that mature 
sexually at an early age are more likely to settle earlier 
in a controlled breeding season and wean a heavier calf. 
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These heifers tend to settle early each breeding season 
for the rest of their reproductive lives and have heavier 
weaning weights throughout their lifetime. 

With this economic value placed on reproduction, 
ways to measure, improve and predict reproductive effi
ciency in cattle are critically important. Age, nutritional 
status and genetics are factors that control the onset of 
puberty in beef heifers. Nutritional status of beef heifers 
and reproduction are intimately related. A target weight 
of 65% of mature weight at breeding is critical for a suc
cessful breeding program. Monensin is an ionophore feed 
supplement used to increase weight gain and decrease 
age at puberty in beef and dairy heifers. The mechanism 
of action to decrease age at puberty has not been fully 
determined. Pre-pubertal heifers fed monensin produced 
larger corpora lutea, larger follicles and exhibited in
creased response to administration of gonadotropins com
pared to control heifers fed to achieve equal weight gains. 
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