Acceptable Young Calf ®
Vaccination Strategies—
What, When, and How?

Christopher C.L. Chase, bvm, Ms, PhD

KEYWORDS

® Bovine ® Mucosal ® Immunology ® Vaccinology e Calves

KEY POINTS

e Management factors beginning with colostrum management for the calf are essential for
good immune development and vaccine response.

e Vaccines are often viewed as a catch-all solution for management and nutrition errors; the
“best” vaccine can never overcome these deficiencies.

e Calf vaccine protocols need to take into consideration animal flow, actual “disease”
threats, and labor on the farm.

INTRODUCTION—IN THE BEGINNING, THERE WAS THE IMMUNE RESPONSE

The immune system consists of 3 lines of defense systems: mucosa epithelium, innate
immunity, and adaptive or acquired immunity (Fig. 1) that work together to give cattle
protection from disease. The mucosa epithelium of the respiratory and gastrointestinal
(Gl) system is the largest immune organ of the body and provides the barrier, “the kill
zone” that eliminates 99.9% of all infections (Fig. 2)." The mucosa integrates all the
components of the immune system: (1) barrier components (mucous and mucins, tight
junctions); (2) innate immunity (macrophages, defensins, neutrophils, interferon, cyto-
kines); and (3) adaptive immunity (secretory IgA and IgG, and T and B lymphocytes).
This system is very susceptible to dehydration and changes in microbial populations.
In addition, the mucosa epithelium, along with the lamina propria, is the immune “fire
wall” (Fig. 3),2 the regulatory system that provides “homeostasis” mechanisms that
balance the immune system to provide a stable healthy internal environment to mini-
mize inflammation (Fig. 4).° Homeostasis is dependent on both development of
mucosal epithelium and the calf’'s microbiome. Once the mucosa epithelium is
breached, the innate system is the first to be activated and responds almost immedi-
ately (Fig. 5). The adaptive response follows up 10 to 14 days later in naive animals.
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Immune Responses

1st Line of Defense
Barriers
Invasion Skin & Mucous membranes and secretions

& infection Tight junctions, rapidly regenerating surfaces,
peristaltic movement, lysozyme,
sebaceous/mucous secretions, stomach acid,
commensal organisms

Innate immunity 2nd Line of Defense
i Humoral and Cellular Components

Cellular, cytokine and protein defenses

Interferons, defensins, chemokines, cytokines
(pro-inflammatory and T stimulatory),
complement proteins, TLRs, phagocytosis, NK
cells

Barriers

X Inflammation

3rd Line of Defense

Ada ptive immunity Humoral and Cellular Components
Cellular and humoral defenses
Antibodies, cytokines, chemokines,
T helper cells, cytotoxic T cells

Fig. 1. Immune responses: the barrier, innate, and adaptive immune components. (From
Chase C. Neonatal Immune Development in the Calf and its Impact on the Vaccine response.
Veterinary Clinics of North America: Food Animal Practice. Volume 24, Issue 1, March 2008,
Pages 87-104.)

The immune system is regulated to prevent an over-response (too much of a good
thing). The cumulative effect of these anti-inflammatory responses is to regulate the
immune system, maintain homeostasis, and direct the immune response away from
the memory response to the short-term antibody immune response. At the same
time, overexpression of proinflammatory cytokines from infectious agents, feed intake
issues (diet changes, fasting) and stress can result in immune dysfunction and an
over-reactive immune system that can result in immunopathology and disease.>*

THE GREAT UNKNOWN—PRENATAL DEVELOPMENT, FETAL IMPRINTING,
COLOSTRUM DEVELOPMENT, AND THE CALF'S IMMUNE RESPONSE

The impact of nutrition and environmental exposure (weather, physical, microbial, etc.)
to the pregnant cow on the developing fetal calf and its long-term health is a virtual
unknown. The concept of fetal imprinting (aka epigenetic changes) has not been
well studied in cattle.® Most studies in the pregnant dry cow have only looked at the
effect of dry cow nutrition on colostrum and have failed to show measurable differ-
ences in colostral quality or absorption in the calf. In contrast, a few fetal imprinting
studies in ruminants, where caloric restriction occurred during gestation, resulted in
developmental changes in the enterocytes of the gut and the development of the
gastrointestinal tract (GIT) of the calf.® Work at South Dakota State University in
beef cows demonstrated that calves born from cows that received 80% of NRC
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Fig. 2. The mucosal barrier. Mucosal epithelial cells (MEs) are integrated into a continuous,
single-cell layer that is divided into apical and basolateral regions by tight junctions. MEs
sense the microbiota and their metabolites to induce the production of antimicrobial pep-
tides (AMPs). Goblet cells produce mucin and mucous, that is organized into a dense, more
highly cross-linked inner proteoglycan gel that forms an adherent inner mucous layer, and a
less densely cross-linked outer mucous layer. The outer layer is highly colonized by constit-
uents of the microbiota. The inner mucous layer is largely impervious to bacterial coloniza-
tion or penetration because of its high concentration of bactericidal AMPs, as well as
commensals specific secretory IgA (slgA), which is moved from their basolateral surface,
where it is bound by the receptor, to the inner mucous layer. Responding to the microbiotal
components, innate lymphoid cells (ILC), lymphoid tissue inducer cells (LTi), and natural
killer cells (NK) produce cytokines, which stimulate AMP production and maintain the
epithelial barrier. (Adapted from Maynard CL, Elson CO, Hatton RD, Weaver CT. Reciprocal
interactions of the intestinal microbiota and immune system. Nature. 2012;489(7415):231-
241. https://doi.org/10.1038/nature11551)

caloric intake over a 91-day period of midgestation had lower antibody responses at
4 months of age after weaning than calves born to cows receiving 100% NRC caloric
requirement.” Microbial exposure during early human development primes fetal im-
mune cells to be responsive to various antigens,® but these effects have not been
measured in calves. The effect of excessive or deficiencies in vitamin and mineral
levels on fetal calf development and subsequent health also has not been well char-
acterized. This area of fetal programming and immune development will continue to
be an area of great interest in understanding how to “maximize” calf health and
well-being.
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Fig. 3. The mucosal firewall. (1) The mucus represents the primary barrier limiting contact
between the microbiota and host tissue preventing microbial translocation. (2) Epithelial
cells produce antimicrobial peptides that also play a significant role in limiting exposure
to the commensal microbiota. (3) Translocating commensals are rapidly eliminated by
tissue-resident macrophages. (4) Commensals or commensal antigens can also be captured
by DCs that traffic to the mesenteric lymph node from the lamina propria but do not pene-
trate further. Presentation of commensal antigens by these DCs leads to the differentiation
of commensal-specific regulatory cells (T,eg), Thy; cells, and IgA-producing B cells.
Commensal-specific lymphocytes traffic to the lamina propria and Peyer’s patches. In the
Peyer’s patches, Teq can further promote class switching and IgA generation against com-
mensals. The combination of the epithelial barrier, mucus layer, IgA, and DCs and T cells
comprises the “mucosal firewall,” which limits the passage and exposure of commensals
to the gut.
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Fig. 4. (A) Commensals promote the induction of regulatory T cells via direct sensing of mi-
crobial products or metabolites by T cells or dendritic cells. Further commensals promote the
induction of Th17 cells that can regulate the function and homeostasis of epithelial cells. In
the context of inflammation, similar mechanisms may account for the regulatory role of the
microbiota. (B) Commensal-derived metabolites can also have a local and systemic effect on
inflammatory cells. For example, SCFA can inhibit neutrophil activation. Upon entrance into
the tissue, inflammatory monocytes can also respond to microbial-derived ligands by pro-
ducing mediators such as PGE, that limit neutrophil activation and tissue damage. (Belkaid
Y, Hand TW. Role of the Microbiota in Immunity and Inflammation. Cell. 2014;157(1):121-
141. https://doi.org/10.1016/j.cell.2014.03.011)

THE ESSENTIAL INGREDIENTS FOR A GOOD IMMUNE AND VACCINE RESPONSE—
COLOSTRUM, HYDRATION, ENERGY, AND GOOD MANAGEMENT
Colostrum

Colostrum intake in the neonatal calf is essential because of its rich milieu of compo-
nents for both physiologic and immunologic development—it provides important
growth factors for GIT development, microbiome formation, and immune protection
and development, to allow the newborn calf to establish homeostasis, which is essen-
tial for a protective response to vaccines (Fig. 6).° “Success” of colostrum manage-
ment program has been measured based on total serum protein levels greater than
5.2 g/dL."° Dairy calves are at a distinct disadvantage, as their transition from colos-
trum to milk and milk to solid feed is much more abrupt than the “suckling calf”
(Fig. 7)'", which is not optimal for achieving “homeostasis” either at birth or weaning
and for responding to vaccines. Colostrum is often primarily viewed as the “passive
antibody” provider as its major contribution for calf health. Although maternal antibody
is a major component, 3 other components have been underappreciated for their
contribution to immune development and vaccine responses—vitamin A, micro-
biome/microbiome growth factors, and colostral cells.
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Fig. 5. The host immune response to infection and vaccines. PMN, neutrophils; TLR, toll-like
receptor; TNF-o, tumor necrosis factor alpha-proinflammatory; IL-12, interleukin 12-proin-
flammatory; IFN-o/B, interferon alpha/beta; NK, natural killer cell; IFN-y, interferon

gamma-proinflammatory.
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Fig. 6. Development of the immune response in the calf: from conception to puberty. (From
Chase C. Neonatal Immune Development in the Calf and its Impact on the Vaccine response.
Veterinary Clinics of North America: Food Animal Practice. Volume 24, Issue 1, March 2008,

Pages 87-104.)
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Fig. 7. Contrast in transition of colostrum and milk intakes in cow-calf suckling versus bottle
suckling. (A) A calf suckling from the dam, as would occur in nature or in a beef cow-calf
pair. During week 1, the calf would consume colostrum from the dam during the first 1
to 2 milkings, followed by transition milk in milkings 2 to 6 and mature milk by milkings
7 to 8. In nature, weaning would occur at approximately 8 months of life and would take
place over 2 to 4 months. (B) A calf suckling a bottle, as occurs in commercial dairy produc-
tion. On commercial dairy farms, calves are typically fed 1 or 2 meals of colostrum, followed
by an abrupt transition to whole milk or milk replacer. Calves are typically weaned at 5 to
6 weeks of age to encourage early starter intake and rumen development. Weaning on com-
mercial dairy farms is often abrupt and takes place over 1 to 2 weeks. (Adapted from Fischer,
AJ., Villot, C., Niekerk, J.K. van, Yohe, T.T., Renaud, D.L., Steele, M.A., 2019. Nutritional
regulation of gut function in dairy calves: From colostrum to weaning. Appl Animal Sci
35, 498-510. https://doi.org/10.15232/aas.2019-01887.)

Vitamin A

Calves are born vitamin A deficient, and colostrum is rich in vitamin A and its active
metabolic forms (retinol, retinal, retinoic acid, and provitamin B-carotene).’> These
metabolites, which are essential for mucosal immune and vaccine responses in the
neonatal (Fig. 8),'® are not present in injectable vitamin A products. Calves with

(6
Blood !

Circulation / Winge \ B ‘
S » “
EMcctor/memory J ﬁ 4  \
7 Teells ’,}:"" 4 1 4 \{i,
- Lymphatic | Small Intestinal
Vessel | issue
Chemokine ﬂ
E“ receptor
CCRY Blood
] Clirculation ceL2s
| Retinol |l ——7 : O oo
| (Vitamin A) Gut-related PCV in the small intestine
Lymphoid ()rg(y MAdCAM-1
A A A A A

Fig. 8. Vitamin A metabolites aids in trafficking lymphocytes to mucosal surfaces. There are
fewer T and B cells seen in mucosal lymphoid follicles with vitamin A deficiency. (Adapted
from Iwata, M., 2009. Retinoic acid production by intestinal dendritic cells and its role in
T-cell trafficking. Semin Immunol 21, 8-13. https://doi.org/10.1016/j.smim.2008.09.002.)
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vitamin A deficiency respond poorly to nasal vaccines and are more susceptible to
bovine respiratory syncytial virus (BRSV) infections.'* Neonatal calves with vitamin
A deficiency were 2.8 times more likely to die."®

Microbiome/microbiome growth factors

A key feature in the development of an immune response is a highly diverse micro-
biome in the gut. This development requires 3 components: microbiome organisms,
microbiome growth factors, and mucosal cell growth factors.'® Colostrum accelerates
GIT microbiome development.'" Animals fed colostrum within 12 hours of birth, have 2
to 4 logs more of commensal organisms than calves not fed colostrum, and the quan-
tity of beneficial bacteria was higher, while the colonization of Escherichia coli was
reduced (Fig. 9).'¢ Interestingly, pasteurization of colostrum increased the levels of
colostral microbiome growth factors (oligosaccharides) and the proportion of benefi-
cial GIT in the lower small intestinal tract,'®'” in addition to reducing coliform bacteria
and Mycobacterium associated with Johne disease.!’ Oligosaccharides have also
been associated with enhanced IgG absorption from colostrum. Mucosal growth fac-
tors like insulin-like growth factor 1 (IGF-1) and glucagon-like peptide-1 and -2
enhance GIT growth and microbiome development.'

Colostral cells

The feeding of colostrum containing live colostral cells results in higher numbers of
activated T helper cells, less respiratory disease,'® and higher vaccine responses,
including higher B cell numbers in calves vaccinated between 1 and 4 months of
age.'® Pasteurization or freezing mitigates the positive effect of the live cells, making
colostrum management an important factor, depending on the type of disease burden
at the farm, especially for the prevention of Johne disease.

Hydration and Nutrition

One of the most critical issues in poor responses to vaccines is when animals are
dehydrated and/or energy “starved.” The immune system requires hydration and en-
ergy for the barrier to be effective and for the immune system to actively respond and
develop an effective and long-lasting immune response. Hydration in the young calf
has been underappreciated. Dairy calves, given free access to water from birth,
consumed more milk, grew better, and weighed more than calves given free access
to water at 17 days of age.?® This effect on growth was seen out to 5 months of
age, when the study was ended. Although not statistically significant, the acute-
phase protein, haptoglobin (HPG), an innate protein induced by inflammation, was
twice as high at 14 days of age in the calves not receiving free access to water as
compared with the calves receiving free-choice water from birth.?° Another large
calf study measured calf outcomes based on a single HPG test at 8 days of age.
The average HPG from 1365 calves from 15 farms was at levels similar to the levels
seen in the calves not receiving free-choice water in the Wickramasinghe study.?
Calves with higher HPG levels at 8 days of age had higher disease and higher mortal-
ity.?" This implies that the lower HPG levels seen with calves receiving free-choice wa-
ter from birth have long-term health consequences, which should include better
vaccine responses. The immune system is a major consumer of energy and in times
of negative energy, like seen in the newborn calf and newly weaned calf, can be diffi-
cult times for the immune system to respond. The immune response requires energy,
protein, vitamins, and trace minerals. Both malnutrition and overfeeding may result in
impairment of immune function and increased susceptibility to disease, because of a
deficiency or excess of proteins or calories, or a relative imbalance in vitamin or trace
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mineral content.?? As calves are born with only 3% to 4% of body weight as fat, they
can become emaciated and die if energy balance is negative for more than 3 to
5 days.?® The use of milk replacers and calf starters, supplemented with higher levels
of butyric and linolenic acids, reduced the proinflammatory response, increased the
anti-inflammatory responses after vaccination and increased antibody responses.?*
It also decreased diarrhea, Clostridial-associated disease, and improved average
daily gain and feed efficiency.?* Animals under intensive production conditions typi-
cally have a completely controlled diet. It is very important that the diet, especially
the vitamin and trace mineral content, be optimally formulated. Key vitamins and min-
erals for optimal immune function include vitamins A, C, E, and the B complex vita-
mins, copper (Cu), zinc (Zn), magnesium (Mg), manganese (Mn), iron (Fe), and
selenium (Se). Of these, zinc, copper, and selenium are the “immune microminerals.”
The balance of these constituents is especially important as excess or deficiency in
one component may influence the availability or requirement for another. Zinc is
involved in protein synthesis and antibody formation, cell differentiation, and enzyme
formation and function. Zinc also plays a major role in skin and mucosal integrity, the
first line of defense of the immune system. It is also essential for innate immune re-
sponses.?® Copper and manganese are directly involved with cell-mediated immunity
and protein matrix formation during the healing process. Copper has been linked with
the ability of isolated neutrophils to kill yeast and bacterial infections. Selenium is an
essential antioxidant.?® Manganese plays a role in facilitating the “germ-killing” func-
tion of macrophages.?’

MANAGEMENT AND BIOSECURITY

Many stressors cause major dysfunction to the immune system and affect vaccine re-
sponses. Disease can be managed by the diligence of the producer (Fig. 10). These
animal husbandry practices are necessary, and their deficiencies cannot be “cor-
rected” by vaccines (see Fig. 10). The nutritional aspects have been discussed earlier.
Housing, particularly heat abatement, airflow and proper “winter” environment are
critical. An often-overlooked issue in group housing with automatic calf feeders,

* Good Husbandry

* Nutrition
* Feed
* Water
* Housing
* Ventilation
* Heating/Cooling
* Electrical issues
* Managing Procedures
* Surgical Procedures
* Vaccination

. gﬂf Veterinary Use Only)
* Transportation 5.Vel Licensa No.303

* Handling

* Biosecurity

Fig. 10. Management factors to improve health and immune response.
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waterers and/or lockups can be low-level electrical forces. Common procedures such
as dehorning (disbudding), castration, and vaccination that are often done concur-
rently, need to be implemented carefully particularly in areas of pain management
for surgical procedures and “immune reactions” that occur after “normal vaccination”
such as inappetence, listlessness, and febrile response. With the increased use of off-
site calf rearing facilities, transportation and handling also need to be managed care-
fully. Finally, biosecurity procedures cannot be neglected. This begins with testing of
neonatal calves for bovine viral diarrhea virus (BVDV) persistent infection (Pl). Proper
cleaning and disinfection procedures of housing, transportation (trucks and trailers),
surgical instruments, and milk feeding equipment, along with proper use of personal
protective equipment (boots, gloves, etc.) are essential. Traffic flow and signage
also need to be implemented. Single use of hypodermic needles is also essential.

DO | REALLY NEED TO VACCINATE THE YOUNG CALF? YES, BUT PROBABLY LATER
THAN WE THINK

In assessing vaccine protocols, it has been my experience that calves are vaccinated
too soon and too often. Simplifying protocols frequently can result in reduced morbidity,
reduced expense, and improved gain. The use of parenteral 5-way viral vaccines in
dairy calves at 2 and 5 weeks of age (particularly if given at 2 weeks of age) has actually
resulted in slightly higher morbidity and mortality and no difference in performance.?®
Interestingly, only higher maternal antibody titers to BRSV and bovine herpesvirus 1
(BHV-1) in the calf have been associated with less bovine respiratory disease (BRD)
in either vaccinated or nonvaccinated calves.?® Higher titers to BVDV, bovine corona-
virus, or Mannheimia haemolytica were not associated with reduced BRD.

The newborn calf is immunologically naive at birth. It has had no chance to enhance
adaptive immunity by “experience” because of the protective environment in the
uterus. It is further handicapped by maternal factors and the hormonal influences of
parturition, and by its lack of antibodies in circulation and in the tissues. The ingestion
of colostrum is essential for providing the neonate with immunologic protection during
at least the first 2 to 4 weeks of life. Although all the essential immune components are
present in the neonate at birth, many of the components are not functional until the calf
is at least 3 weeks of age and may continue to develop until puberty (see Fig. 6).° This
ongoing maturity of the immune system in the developing neonate, coupled with
maternal antibody interference, makes vaccination strategy more complex. The mu-
cosa epithelium provides immune function very early, making most intranasal and
oral vaccines effective in calves less than a week of age. Parenterally administered
modified live virus (MLV) vaccine responses begin at 7 to 10 days after birth, although
BVDV MLV vaccines should be avoided. particularly in dairy calves before at least
2 months of age, as the major BVDV vaccine strains inhibit innate immune bacterial
killing for 10 to 14 days after vaccination.®° The use of oral coronavirus/rotavirus vac-
cines in the neonatal is not an effective strategy to prevent these diarrheal diseases, as
colostral antibodies neutralize the vaccine virus.®>'*? Bacterial parenteral vaccines
typically do not have much response in animals less than 3 weeks of age, with the
exception of Clostridium perfringens toxoids that have an immune response when
administered at 3 days of age.®®

WHAT? PATHOGENS/IMMUNOGENS AND TYPES OF VACCINES
What to Vaccinate for? What Pathogens Make Sense?

Calf vaccine programs are probably the most effective against viral pathogens (BHV-1
[IBR], BRSV, and BVDV). This is because many of the cattle bacterial pathogens
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(Histophilus somni, M haemolytica, Pasteurella multocida, Moraxella spp., Myco-
plasma bovis, Salmonella typhimurium, and C perfringens) are “normal inhabitants”
of the bovine microbiome and they are “endemic” in most herds.®3* Stressors that
were discussed earlier play a major role in allowing these “normal” bugs to become
pathogenic. Looking at a herd, it is essential to have a strong diagnostic program in
place to get accurate pathogen diagnosis. With next-generation sequencing, diag-
nostic PCR, and good old-fashioned pathology and microbiology isolation, there
has never been a better time to determine which pathogens are occurring and
when. Being strategic in vaccination requires targeting those pathogens on that
farm or ranch. A term that we have learned from COVID-19 is Replication Rate called
R “naught” (Ry).%°*¢ Replication rate is the number of susceptible animals that one
infected animal can infect (Fig. 11). Probably, one of the most “infectious” viruses is
BRSV (Table 1). BRSV has been estimated to have an Ry ~36. A BRSV susceptible
animal (neonate) is highly susceptible to BRSV infection because of the high Rq_ In a
herd with BRSV disease history, BRSV vaccination would be on the top of the list.
Once an animal is infected with BRSV and endemic in the herd, the immunity is not
perfect but Rq is 1.1 so BRSV is barely circulating in the herd (see Table 1). For IBR
and BVDV transient infections, the rate is around ~3—meaning one infected animal

Basic reproduction number

Fig. 11. The basic reproduction number (R naught). In this example, the Ry = 2, meaning
that one infected animal can infect 2 susceptible animals.



Acceptable Young Calf Vaccination Strategies

Table 1
Herd immunity thresholds for selected bovine vaccine-preventable diseases
Herd
Immunity
Needed
Disease Ro to Prevent
BVDV PI o0 d >95%
BRSV-naive 36.5° >95%
BHV-1-naive 3.2P¢ 75%-86%
BVDV-transient 0.259-3.4¢ 70%-80%
BRSV-endemic 1.147 50%-60%
BHV-1-latency 0.5¢ 0%
COVID19 2-3 60%-66%

M.C.M. de Jong, et al. Am. J. Vet. Res. 1996;57, 628-633.
Bosch, J.C., et al. Vaccine. 1998;16, 265-271.

Moerman, A., et al. Veterinary Record. 1993;132, 622-626.
Sarrazin, S., et al. The Veterinary Journal 202, 244-249.
Brock, J., et al. Vet Res. 2020;51, 124.
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shedding virus could potentially infect 3 susceptible animals (see Table 1). By the time
we get 70% to 80% of the animals either infected or protected from vaccination, the
occurrence of infections to those viruses will be low and herd immunity has been
achieved (see Table 1). The BVDV Pl animal is the one case that totally destroys
the concept of herd immunity. As the BVDV Pl animal continually sheds virus, any sus-
ceptible animal is at risk of infection. This makes the R, for a herd with BVDV PI of «
“infinity” indicating that a herd with a Pl animal can never vaccinate its way out of the
threat of BVDV. Endemic viral infections frequently include rotavirus and bovine coro-
navirus, along with C perfringens, which represent a threat to the newborn susceptible
animals. Environmental pathogens like Bacillus anthracis (anthrax), Leptospira spp., E
coli, Campylobacter require considerations based on herd history and locality. Finally,
Brucella abortus represents a “regulatory” vaccine.

HOW DO WE VACCINATE—ROUTE?
Mucosal Delivery Versus Parenteral Delivery

Mucosal delivery of vaccine either orally or intranasal is a strategy that has been used
for 3 reasons: (1) mucosal responses occur earlier in the neonatal calf than parenteral,
(2) the presence of systemic maternal antibody has little effect on generating antigenic
mass necessary for developing an immune response that occurs after immunizing with
a mucosal vaccine (in the face of maternal antibody [IFOMA]), and (3) mucosal vacci-
nation results in the generation of secretory IgA that is produced locally and protects
mucosal surfaces where most pathogens are colonized and/or infect the host
(Fig. 12). For all vaccines, mucosal or parenteral, the critical immune reactions occur
in the draining lymph node (see Fig. 12; Fig. 13). With the right adjuvanted parenteral
MLV vaccine, a protective mucosal IgA response can occur IFOMA.®” The paradigm
that only mucosal vaccines result in the immune response IFOMA and induce mucosal
IgA is not true. The key ingredient for a parenteral MLV vaccine to induce mucosal im-
munity is the adjuvant. Most adjuvants cannot overcome IFOMA and/or produce a
mucosal IgA response (see Fig. 13). The more sophisticated oil-saponin adjuvants
have this ability.®”
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Fig. 12. Where does the immune response occur with mucosal vaccine? (1) Delivery of nasal
vaccine; (2) uptake of vaccine antigen through nasal mucosa; (3) immune induction in nasal-
associated lymphoid tissue (NALT), including tonsils; (4) antigen targeting and migration of
mucosal dendritic cells (DCs) to regional draining lymph node; (5) immune induction and
amplification in regional (cervical) lymph nodes by antigen-loaded DCs and macrophages
(M®); (6) compartmentalized homing and exit of NALT-induced T and B cells to secretory
effector sites in airways, gut, and uterine cervix; and (7) local production and polymeric
Ig receptor (plgR)-mediated external transport of dimeric IgA to generate secretory IgA
(SIgA). (Adapted from Brandtzaeg P. Potential of nasopharynx-associated lymphoid tissue
for vaccine responses in the airways. Am J Respir Crit Care Med 2011;183:1595-1604.)

Needleless Injections

Needle-free injection devices (NFIDs) result in a high-pressure stream that penetrates
the epidermis and dermis with some subcutaneous penetration.®® NFID-administered
vaccines can use half to a tenth of the dose required for intramuscular vaccines
because of the higher antigen dispersion and contact with the antigen-presenting cells
found in the skin. The use of NFID decreases the number of needle-stick injuries.
Needle-free devices also have disadvantages, including start-up cost of the equip-
ment, exhaustible gas-storage infrastructure (for those systems using compressed
or CO2 gas system), technical and operational expertise (training of the operators
and maintenance of the units), and inability to completely replace needle-syringe de-
vices. The cost of the equipment varies depending on the type of needle-free injector
and there are additional associated costs with maintenance and infrastructure, espe-
cially with compressed gas devices. The needle-free application requires a consistent
application method. Needle-free devices are calibrated to deliver the vaccine when
the needle-free device is perpendicular (90°) to the skin. Vaccinations made at more
acute or oblique angles will affect the distribution of the vaccine in the tissue. In addi-
tion, because of the moving parts and gas system, regular maintenance is required.
Finally, there is no “one-size-fits-all” needle-free device for all applications that require
injections. Humidity, cattle breed, hide condition (hair coat, mud, snow, etc.), and age
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Fig. 13. Properly adjuvanted parenteral vaccines can induce mucosal IgA responses via the
draining lymph node. DPLN, draining peripheral lymph node; MALT, mucosal-associated
lymph tissue. (From Su F, Patel GB, Hu S, et al. Induction of mucosal immunity through sys-
temic immunization: Phantom or reality? Hum Vaccin Immunother 2016;12:1070-1079.)

of the animal affect the elasticity and thickness of the hide, greatly changing the force
required for correct delivery. Different ages, breeds of cattle, treatment dose, and vis-
cosity of injection substance require different injection volume, injection pressure, and
even different NFIDs. Adoption of needle-free devices in the US cattle industry has
been slow, although there has been better adaption in the swine industry, driven by
foreign markets that require the use of NFID. Reasons for this low industry implemen-
tation rate involve cost of the unit and associated maintenance and infrastructure
costs, higher complexity than needle-syringe device, availability of devices (a smaller
handheld injector that is used in Europe is not available in the United States), uncer-
tainty if the animal was vaccinated (ie, no physical sensation that the animal was vacci-
nated and/or a “wet” appearance at the injection site), and requirement for training.

MLV and inactivated—together is even better

MLV vaccines have been used because of the good antibody response, longer dura-
tion of immunity, fewer doses needed per animal, and lower cost. To a lesser extent,
modified live bacterial vaccines have also been used (Brucella abortus, M haemolytica,
Pasteurella multocida, and Salmonella dublin). These MLV vaccines are administered
intramuscularly, intranasally, or subcutaneously. As the basis for establishing a good
immune response, they are optimal. Although the return to virulence in MLV vaccines
has been minimal, mutations will occur and there is some risk of new strains arising.
Nonadjuvanted MLV vaccines also fail to booster well-vaccinated animals. Active vac-
cine immunity neutralizes vaccine virus preventing the MLV from replicating and pre-
venting a booster immune response.®®4° Unlike maternal interference, this active
immune interference never goes away in well-vaccinated animals. The animal’s

31



32

Chase

Box 1
Vaccine schedule

Neonatal Calves

Respiratory Diseases
MLV intranasal vaccines (depends on maternal antibody levels—many MLV IM or SC not
effective before 30-45 days—only adjuvanted MLV IM or SC likely effective before 30-45
days)
Branding time-beef MLV IM or SC, MLV adjuvanted, not affected by maternal
antibody; inactivated viral vaccines??

Enteric Diseases
Rota-coronavirus MLV-1 dose—within the first week of life—not recommended because of
maternal interference and later onset of protection.
Clostridial perfringens Toxoid in the first 3 to 5 days after birth

Calves (>3 months)

2 to 3 weeks before weaning
MLV-1 dose (BVDV 1 & 2, BRSV, BHV-1, PI-3)
Inactivated-2 doses (BVDV 1 & 2, BRSV, BHV-1, PI-3)
Bacterial respiratory disease? (M haemolytica, H somni, and/or P multocida)
Clostridial diseases

At weaning
MLV-immune dysfunction—delay—a few days to a month
Inactivated-2 doses
Bacterial respiratory disease?
Clostridial diseases

2 to 3 weeks after weaning
MLV-1 dose
Inactivated-2 doses
Bacterial respiratory disease?
Clostridial diseases

Heifer Development
Respiratory and Reproductive Diseases
Heifers (prebreeding)—Heifers need to receive at least 1 dose of MLV before addition to the
breeding herd (1 dose should contain BVDV Singer strain)
MLV-2 doses—BVDV and BHV-1
more than 6 and 2 months before breeding
Inactivated viral-2 doses
5 and 2 weeks before breeding
Leptospirosis-2 doses
5 and 2 weeks before breeding
Brucellosis-1 dose

immune system cannot differentiate between a natural infection or vaccine virus.
Another issue with MLV IBR (BHV-1) vaccines is that they result in latency and their
continued use throughout the life of the animal will ensure that BHV-1 will be present
in the herd, even though the rates of the shed are between 0.13% and 2.6% of the an-
imals’ shed.®®

Inactivated vaccines contain chemically or physically treated bacteria, toxins, and/
orviruses. There is no danger of replication in the vaccinated animal of the pathogen or
adventitious agents that may be present in an MLV. Improved adjuvants have
increased the scope and duration of inactivated virus immunity. They have several dis-
advantages including cost, and more doses required per animal. Inactivated vaccines
generate cell-mediated responses.*!*? Interestingly, there is ample evidence that
inactivated vaccines can effectively boost MLV vaccines.*?*3-%6 |nactivated vaccines
have also been shown to decrease BHV-1 latency shed rates.**
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Frequency of vaccination. No more than 1 to 2 doses of MLV or 2 to 3 doses of inac-
tivated vaccines should be administered in young calves less than 4 months of age to
develop good herd immunity against respiratory diseases (Box 1).

Interval between doses of vaccine. In all animals, after vaccination, there is expansion
in the populations of responding T-cells and B-cells. To have a complete and mature
immune response, this T-cell and B-cell expansion must not only stop, but an active
process of cell death (apoptosis) must also occur. This “waning process” allows “cull-
ing” T-cells or B-cells that may be poor responders or even cause autoimmunity to be
removed by apoptosis. This whole process from vaccination to achieving mature im-
mune response homeostasis takes at least 3 weeks (Fig. 14). This fully developed
mature primary response can then be boosted to get a true anamnestic secondary
response. In many cases, cattle vaccine primary and booster doses are administered
at 2-week intervals. In young calves, this is done to provide an opportunity to make
sure that the calves develop a primary response in the face of maternal immunity.
The adjuvants that are used with most commercial vaccines provide superior immune
development over older generation adjuvants like alum. In most instances, if primary
vaccination occurs after 3 weeks of age, booster vaccination beyond 3 weeks and
even longer will be efficacious (see Fig. 14). The dogma that revaccination must occur
within 2 weeks of the primary vaccination is not true and the anamnestic response will
be better if we wait longer.

2° response
to antigen A \

Magnitude 1" nesponse

oo t ti A
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proliferation =  apoptosis proliferation
toAgA toAg B

Fig. 14. Importance of timing and the booster response is dependent on the type of vaccine
and/or adjuvant.
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SUMMARY

Management of the calf’'s immune system is not a simple process. Stressors and nutri-
tion often compromise immunity. It is important that vaccinations be given at optimal
times and that vaccination is not overused. Vaccination can never overcome poor
management.
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revaccination with modified-live viral or combination modified-live/killed viral vac-
cines after primary vaccination with modified-live viral vaccine. Vaccine 2017;35:
1046-54.

46. Walz PH, Montgomery T, Passler T, et al. Comparison of reproductive perfor-
mance of primiparous dairy cattle following revaccination with either modified-
live or killed multivalent viral vaccines in early lactation. J Dairy Sci 2015;98:
8753-63.
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