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The gating hierarchy for SLL at 4 wpi (Figure 10A) illustrates the sparsity of CD21α+ 

cells, NK cells (probably just CTLs with very low CD3 expression), and TCR-γδ T cells. The 

CD4+ T cell gate on all cells demonstrates a clear separation between CD4+ positive and negative 

cells; however, the IFN-γ+ cells are being divided by the gate, which is also evident for the central 

and effector memory gate. The IFN-γ+ CTL population is grouped tightly within the CTL gate and 

also CCR7- gate. 

Examining the composition IFN-γ+ SLLs at 2 and 4 wpi in the lung amplifies the strong 

response observed in CD4+ T cells and CTLs. At 2 wpi, CD4+ T cells accounted for 40.57% of 

IFN-γ+ cells with CTLs accounting for 23.08%. Conversely, at 4 wpi, CTLs accounted for 47.59% 

of IFN-γ+ cells with CD4+ T cells accounting for 35.81% (Figure 10B). TRT 2 did possess a lower 

composition of IFN-γ+ CTLs than TRT 0 and TRT 1 at 4 wpi in the lung. For IFN-γ+ CD4+ T cells, 

the highest percentage are an effector phenotype at 2 wpi (70.58%) and 4 wpi (39.71%) (Figure 

10C); the CTL CCR7 expression is similar to the 2 wpi and 4 wpi peripheral blood profile with 

greater variability in CCR7 expression across treatments at 2 wpi vs. 4 wpi (Figure 10D).  
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Figure 10. Lung composition and disposition: CD4+ T cells and CTLs comprise the majority of 
the IFN-γ+ response in the lung. A continuation of analysis from Figure 9: (A) Gating hierarchy 
for IFN-γ expression and all lymphocyte subsets (all pigs overlaid – 4 wpi); (B) composition of 
IFN-γ+ single living lymphocytes after 1-7-4 stimulation in isolated lung cells at 2 wpi or 4 wpi; 
(C) % IFN-γ+ CD4+ T cells expressing a memory phenotype after 1-7-4 stimulation in isolated 
lung cells at 2 wpi or 4 wpi; (D) % IFN-γ+ CTLs expressing a tissue homing (CCR7-) phenotype 
after 1-7-4 stimulation in isolated lung cells at 2 wpi or 4 wpi. The data were analyzed using 
Fisher’s LSD repeated-measures 2-way ANOVA; groups were pooled and compared for weekly 
differences; dissimilar superscripts (a or b) are significantly different (p < 0.05). Significant 
differences between treatments within each week are designated as **** p < 0.0001. *** p < 0.001, 
** p < 0.01, * p < 0.05. 
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Lastly, with respect to the disposition of IFN-γ+ cells within SLLs (Figure 11A) in the 

tracheobronchial lymph nodes, the CD21α gate and CD4 gates divide IFN-γ+ cells. Depicted in 

Figure 11B, the composition of IFN-γ+ SLL in the lung at 2 wpi and 4 wpi is as expected with 

CD4+ T cells being the largest component at 2 wpi (58.41%) and 4 wpi (42.81%) followed by 

CD21α+ cells (37.35% and 33.60%, respectively). Also, notably, the composition of CTLs 

increased between 2 wpi and 4 wpi (0.86% to 11.88%). Additionally, there were differences 

between treatments for the composition of IFN-γ+ SLL within CD4+ T cells and CD21α+ cells at 2 

wpi and 4 wpi (Figure 11B). The phenotype of CD4+ T cells shifted between 2 wpi and 4 wpi 

from almost exclusively central memory to a mix between central memory and naïve (Figure 

11C). Additionally, CTL CCR7 expression increased slightly at 4 wpi; however, this change could 

simply reflect the increased contribution of CTLs to overall IFN-γ+ cells (Figure 11D).  

Taken together, cell-mediated immunity measured by IFN-γ+ cells following PRRSV-2 

stimulation is a much higher percentage (>1% cells) at the site of infection in the lungs and early 

in the lymph nodes (2 wpi) than in peripheral blood (~0.1% of cells). Within lymphocyte subsets, 

memory CD4+ T cells and CCR7- CTLs are the highest responders in the lung while CD4+ T cells 

and CD21α+ cells are the strongest responders in the draining lymph nodes during acute PRRSV-

2 infection. 
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Figure 11. Lymph Nodes composition and disposition: CD4+ T cells and CD21α+ cells comprise 
the majority of the IFN-γ+ response in the tracheobronchial lymph nodes. A continuation of 
analysis from Figure 9: (A) Gating hierarchy for IFN-γ expression and all lymphocyte subsets (all 
pigs overlaid – 4 wpi); (B) composition of IFN-γ+ single living lymphocytes after 1-7-4 stimulation 
in isolated lymph node cells at 2 wpi or 4 wpi; (C) % IFN-γ+ CD4+ T cells expressing a memory 
phenotype after 1-7-4 stimulation in isolated lymph node cells at 2 wpi or 4 wpi; (D) % IFN-γ+ 
CTLs expressing a tissue homing (CCR7-) phenotype after 1-7-4 stimulation in isolated lymph 
node cells at 2 wpi or 4 wpi. The data were analyzed using Fisher’s LSD repeated-measures 2-way 
ANOVA; groups were pooled and compared for weekly differences; dissimilar superscripts (a or 
b) are significantly different (p < 0.05). Significant differences between treatments within each 
week are designated as **** p < 0.0001. *** p < 0.001, ** p < 0.01, * p < 0.05. 
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4. Discussion.  

In the present study, we examined the effects of three different gilt vaccination treatments 

on the adaptive immune response in young, nursery piglets upon PRRSV infection. The gilt 

vaccinations were an industry standard MLV (TRT 0) along with the addition of one of two 

different autogenous killed vaccines (TRT 1 or TRT 2). Overall, we observed TRT 1 resulted in 

transfer of maternal NA to piglets, which reduced viremia and lung interstitial pneumonia at 2 wpi; 

TRT 2 had lower NA titers than TRT 1 and similar viremia to TRT 0; however, TRT 2 still 

appeared to provide greater protection than TRT 0 at 2 wpi. Significant differences and conclusions 

for the CMI response (quantified as IFN-γ production) between treatments were not obvious; 

however, this trial did chronicle snapshots of the CMI response to acute PRRSV-2 infection in 

young weaned pigs. This narrative illustrates development of PRRSV-specific memory CD4+ T 

cells and CTLs in the peripheral blood, which migrate to the lungs and tracheobronchial lymph 

nodes to combat infection. This is consistent with PRRSV CMI research and hypotheses for the 

CMI response to infection; however, this is the first paper to comprehensively illustrate these 

changes. 

We are conservative in some of our conclusions because we are missing four control groups 

that would have been helpful but were not necessary to answer the main question of this study; 

ideally, we would have included three treatment groups of piglets from vaccinated gilts that were 

not infected with PRRSV-2 and also a treatment of piglets from unvaccinated gilts that were 

infected with PRRSV-2. The addition of these four groups would have added 48 piglets to the 

study and based upon the research principle of reduction, we chose not to include those groups. 

We can make the following statements about the anticipated results if those groups had been 

included based on the literature: i) gilt vaccination does result in transfer of maternal CMI memory 
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cells [49,50] and IFN-γ SCs, but those SCs are difficult to differentiate from background at one or 

two weeks of age [195]; ii) anti-PRRSV MDA in unchallenged piglets would have remained over 

the course of the four-week study [45,51]; iii) PRRSV-2 infection in piglets from unvaccinated gilts 

would have been more severe than in our treatments due to lack of MDA and CMI transfer 

[51,109,138]. 

The following sections will briefly examine and unify the results. PRRSV-2 infection was 

consistent with previous research and resulted in viremia (Figure 1B), fever (Figure 1C) and lung 

pathology (Figure 2). Differences observed between treatments for viremia (Figure 1B) and lung 

pathology (Figure 2) at 2 wpi did not necessarily result in observable differences in PRRSV 

infected cells in the lung and BAL (Figure 3) at the same time point; PRRSV+ cells in the lung 

and BAL consisted of macrophages, MoDCs (lungs only), and MHC-II- CD172a+ cells (possibly 

neutrophils that phagocytosed PRRSV). With respect to MHC-II expression, PRRSV-2 is 

immunosuppressive [23,148] interfering with type I interferons among other immune modulatory 

actions [62] and during infection can downregulate MHC-II expression in antigen presenting cells: 

PAMs [198] and monocyte-derived dendritic cells [199,200]. In this study, we detect PRRSV 

infection of macrophages and PRRSV+ MoDCs consistent with previous research. The MHC-II- 

CD172a+ cells are most likely neutrophils that phagocytosed viral particles, though not studied in 

PRRSV, this is consistent with bacterial studies [201,202]. 

 The maternal transfer of NAs through suckling (Figure 4) in TRT 1 and TRT 2 probably 

contributed to the reduction in interstitial pneumonia at 2 wpi (Figure 2) and reduced viremia 

(TRT 1, Figure 1); offspring NA titers at weaning were strongly correlated with maternal NA 

titers (Figure 4D) consistent with previous research [45,47].  Notably, for TRT 1, NA titers initially 

declined between 0 wpi through 2 wpi as maternal antibodies decreased, but then they remained 
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consistent from 2 – 4 wpi foreseeably as piglet NA titers emerged and may indicate maternal 

transfer of PRRSV-specific T cells and B cells that assisted with more rapid production of NA 

titers than occurred for TRT 0; low NA titers emerged in two pigs at 4 wpi in TRT 0 (Figure 4C). 

When comparing maternal NA titers to 1-7-4 (TRT 1 higher than TRT 0 and TRT 2, Figure 4B) 

with 1-7-4 induced IFN-γ production (no TRT differences, Figure 5), we observe a key 

relationship between humoral immunity and CMI: NA titers often only react to homologous 

PRRSV strains, but CMI often exhibits greater cross-reactivity between heterologous PRRSV 

strains [84] and provides greater protection than no vaccination [51]. The majority of peripheral 

blood PRRSV-specific maternal IFN-γ+ lymphocytes were CD4+ T cells with a central memory 

phenotype (Figure 6) and foreseeably these were transferred to piglets in colostrum; Bandrick et 

al. demonstrated differences in T-cell phenotypes between maternal blood, colostrum, and piglet 

blood; however, the antigen-specific T-cell proliferative response was consistent between 

colostrum and piglets [50]. Returning to our symphony analogy, maternal memory cells and 

antibodies are transferred to offspring [44] based primarily upon what is circulating in the 

peripheral blood because these are the current or recent pathogens present in the mother’s 

environment. The phenotypes differ between maternal blood and colostrum with plasma cells also 

migrating to the mammary glands for increased antibody transfer, but this suggests a rationale for 

repeated booster vaccination of sows during gestation as a method to increase transfer of passive 

immunity to piglets and would be worthy of further analysis. 

With respect to maternal transfer of PRRSV-specific memory cells to offspring, we do not 

observe a strong indication of circulating 1-7-4 responsive memory T cells at 0 wpi prior to 

infection. Piglet absorption of maternally-derived immune cells occurs through the first week of 

suckling and may continue longer based upon the continued presence of  immune cells in milk 
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[44]. Additionally, the IFN-γ+ CD4+ T cells did not exhibit an effector memory phenotype. 

Additionally, despite the high presence in the lungs of IFN-γ+ TCR-γδ T cells, we did not observe 

this characteristic in the blood. This does not mean effector memory and TCR-γδ T cells transfer 

did not occur, but only that we did not detect them with our testing at two weeks after farrowing. 

The highest concentration of maternal cell transfer occurs in with colostrum uptake within the first 

24-48 hours after farrowing.   

As expected and consistent with our previous research [109], IFN-γ production increased in 

peripheral blood CD4+ T cells and CTLs over the 4-week course of acute PRRSV-2 infection 

(Figure 7B, 7C) and the percentage of central and effector memory increased  as well (Figure 

8C). CD21α+ cells (Figure 7D, 8B) displayed strong initial IFN-γ production and the reason for 

this is unknown: it could be maternal transfer of cells [46], especially innate B cells [203]; or it 

might be just background IFN-γ production [195] after weaning. However, the proportion of 

CD21α+ IFN-γ+ cells within all SLLs decreased over time being replaced by CD4+ T cells and 

CTLs. The characteristics observed in peripheral blood was consistent with what we observed at 

necropsy in the lungs and tracheobronchial lymph nodes (Figures 9-11): In the lungs at the initial 

site of infection, PRRSV-specific cell-mediated immunity (CD4+ T cells and CTLs) ranged 

between 1-5% of the T-cell subset and approached 10% or more in some pigs (Figure 9); similar 

percentages were observed in CD4+ T cells in the lymph nodes at 2 wpi; however these levels were 

gone by 4 wpi and were never at such a high percentage in lymph node CTLs (Figure 9). The high 

percentage of PRRSV-specific IFN-γ+ CD4+ T cells and CTLs in the lungs is substantially higher 

to the approximately 0.1% IFN-γ+ in stimulated PBMCs (Figure 7B, 7C); and it illustrates the 

migration and concentration of effector memory cells and CTLs at the site of infection.  
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Within the lungs (Figure 10B), CD4+ T cells and CTLs are the highest IFN-γ+ producers 

and shift in dominance between 2 wpi and 4 wpi. Systemic CD4+ memory T cells were primarily 

a central or effector memory phenotype at 2 wpi and 4 wpi. Notably, the percentage of naïve CD4+ 

T cells was higher in the lungs (Figure 10C) and lymph nodes (Figure 11C) at 4 wpi than 2 wpi; 

this result appears to be inconsistent with the shift we would expect and requires further 

investigation of CD4+ memory T-cell IFN-γ+ production; the effector phenotype of IFN-γ+ CD4+ 

T-cells in the lungs confirms our understanding of migration as does the lack of the effector 

phenotype in the tracheobronchial lymph nodes. As would be expected, IFN-γ+ CTLs in the lung 

are mostly CCR7- (Figure 10D) and CCR7+ in the lymph nodes (Figure 11D). Within the 

tracheobronchial lymph nodes (Figure 11B), CD4+ T cells and CD21α+ B cells are the highest 

IFN-γ+ producers with similar contributions and a rise of CTLs at 4 wpi. The evidence of CD4+ T 

cells and CD21α+ B cells from the tracheobronchial lymph nodes both producing IFN-γ provides 

an indication that the cell types could be involved in producing IFN-γ in order to effect class-

switching from IgM to IgG [204]. 

For TRT 2 at 2 wpi, we observed strong IFN-γ production from TCR-γδ T-cells in the lung 

and lymph nodes (Figure 9C, 9F) and partly with TRT 1 TCR-γδ T-cells in the lung only. This 

potentially demonstrates the mechanistic reason for improved performance of TRT 2 pigs over 

TRT 0 pigs at 2 WPI. Any other evidence for improved performance between TRT 2 and TRT 0 

is not apparent (TRT 1 had higher NA titers and lower viremia than TRT 0). Indicating the 

importance of TCR-γδ T-cells to maternally-derived immunity, a separate colostrum study 

revealed that TCR-γδ T-cells comprise the highest percentage of colostrum and increase the 

percentage of TCR-γδ T-cells in piglet blood after suckling [50]. We did not observe a strong role 

for TCR-γδ T cells (Figures 7F, 8B) in the peripheral blood, which conflicts with our previous 
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study [109]. We hypothesize two reasons for this difference: these pigs possessed an immature 

immune system [23] and were two weeks younger than pigs in that study; and in that study, the 

TCR-γδ T-cell response appeared strongest after clearance of viremia – a period we did not include 

in this study. Additionally, NK cells did not appear to play an important role in IFN-γ production 

following PRRSV-2 restimulation (Figures 7E, 8B, 9C, 9F).  

In our previous paper [109], we evaluated the CMI response to PRRSV-2 with PRRSV-

induced in vitro T-cell proliferation (90 hour culture) and cytokine production (IFN-γ, TNFα, and 

IL-2) (18 hour culture). This study, we only evaluated in vitro T-cell IFN-γ production (24 hour 

culture, plus overnight rest) but included a staining to differentiate B cells and NK cells. IFN-γ 

production decreases over time in in vitro culture, but proliferation assays work by amplifying 

differences in cells over time. We have been working towards an effective protocol for evaluating 

both proliferation and IFN-γ in one FCM staining / test utilizing Ki-67 to differentiate proliferation 

as recently demonstrated [205] and hope this combined test will provide greater fidelity to 

distinguish PRRSV responding cells from background. Since not all PRRSV-specific immune 

cells produce IFN-γ and not all cells proliferate, combining both metrics will enable us to better 

differentiate PRRSV-specific central memory and effector memory phenotypes. 
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CHAPTER 5 

Porcine Adaptive Immunity Vulnerability Analysis to PRRSV Infection 

Author’s viewpoint: 

The complexity and design of the mammalian immune system is awe-inspiring. Whether 

one believes the design evolved through natural selection or was designed by an intelligent 

transcendent being does not change its mystery, intricacy, redundancy, or purpose. The 

mammalian immune system has two mutually supporting missions: distinguish between friend and 

foe (foreign or internal (cancer, microbiome)) and eliminate foes while preserving self. As a US 

Army officer, I observe many similarities between the immune system’s design and vulnerabilities 

with the operational approach planning tool employed by military joint operational planners. 

Joint Publication 3-0 is the US Department of Defense manual for Joint Operations. Figure 

V-7 (JP 3-0) illustrates a key concept for how joint planners should apply an operational approach 

to a large-scale combat operation by describing the operation by different phases and identifying 

transitions. Combat operations are continuous operations, yet phases guide operational planning 

and act as controls; operational activities in one phase (shaping, deterring) will continue into other 

phases, but additional capabilities will be combined in order to achieve the desired effect. Figure 

V-7 also clearly illustrates the idea of transitions: The greatest vulnerability during a combat 

operation occurs at transitions, the change between phases.  JP 3-0 outlines key principles for 

transitions: occur over time and space, driven by events not time, and changing situations require 

operational changes. Finally, Figure V-7 (Chapter 5, Figure 1) phase names accurately describe an 

immune response: shape, deter, seize the initiative, dominate, stabilize, enable civilian control 

(return to non-aggressive state), and shape.  
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Table 1 applies the concepts and phases of JP 3-0, Figure V-7 (Chapter 5, Figure 1) to 

Porcine Reproductive and Respiratory Syndrome Virus (PRRSV) infection and the adaptive 

immune response to identify the transitions during infection: Transitions illuminate the 

vulnerabilities of the immune response and knowledge gaps are extrapolated from those 

vulnerabilities. From the knowledge gaps, we pose research questions to help guide future PRRSV 

research. 

 

Figure 1. Copied from Joint Publication 3-0, Figure V-7. No permission required. 
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Table 1. Immune response transitions / vulnerabilities for future PRRSV research. 

Phase PRRSV  Porcine immune 
response 

Transition 
(vulnerability) 

Knowledge 
gap 

Research 
question(s) 

Shape • Farm 
circulation 

• Mucosal barriers 
• Innate immunity 
• MDI 
• Adaptive immunity AM, Ig 

production, and Ig class 
switching from vaccination 

• Farm management 
practices 

• Exposure prior to 
vaccine efficacy 
achieved 

• Exposure to 
heterologous strain 

 

• Vaccination 
induced Ig class 
switching  

• Cross-reactive 
epitopes 

• Duration of  
autogenous vaccine 
efficacy 
 

• What vaccines / 
adjuvants result 
in Ig class 
switching and 
cross-reactive 
epitopes? 

• What is the 
timeline from 
viral isolation 
to autogenous 
vaccine 
production / 
administration 
compared to 
farm strain 
mutations after 
vaccination 
pressures? 

Deter • Enter 
respiratory 
system and 
infect 
macrophages 

• Mucosal barriers 
• Innate immunity 
• Respiratory secreted 

neutralizing IgG and IgA 
• TEM  direct macrophage 

phagocytosis with IFN-γ 
• TCR-γδ T cells survey 

mucosa and periphery 

• PRRSV 
immunosuppression 

• Vaccination did not 
result in Ig class-
switch and secretion 

• IgG and IgA not 
cross-reactive with 
heterologous strains 

• TEM and CTLs not 
activated 

• Secreted 
respiratory IgG and 
IgA NA titers 
required to prevent 
infection 

• Role of TEM and 
CTLs in deterring 
PRRSV reinfection 

• How do serum 
NA titers and 
duration 
compare to 
nasal IgG and 
IgA titers and 
duration? 

• How do 
challenge doses 
compare to 
farm exposure? 

Seize the 
Initiative 

• Replicate in 
the BAL and 
lungs 

• Respiratory 
shedding 

• APCs present PRRSV and 
migrate to LNs to present to 
T cells and B cells 

• B cells produce NA and 
class-switch to IgG 

• Resident TEM produce IFN-γ 
and CTLs kill infected cells  

• TCR-γδ proliferation, IFN-γ 
production and migration to 
LN 

• PRRSV 
immunosuppression 

• Secreted IgG and 
IgA not effective 

• Resident TEM and 
CTLs fail to direct 
IR preventing 
PRRSV infection 
and replication  

• APCs present 
PRRSV 

• Secreted IgG and 
IgA 

• Resident TEM and 
CTLs actions upon 
initial heterologous 
infection 

 

• How do TEM, 
TCR-γδ, and 
CTLs 
overwhelm 
PRRSV in 
lungs 
preventing 
viremia? 

• How do anti-
PRRSV T-cell 
phenotypes in 
the blood 
correlate with 
the lungs? 

Dominate • Viremia and 
spread to 
lymphatic 
system 

• Respiratory 
shedding 

• B-cell proliferation, AM and 
plasma cells produce 
overwhelming serum and 
secreted NA  

• T-cell proliferation, AM, and 
migration of TEM and CTLs 
to periphery and TCM to LNs; 
high IFN-γ production 

• T-cell subsets in high 
concentration in peripheral 
blood 

• TCR-γδ proliferation, IFN-γ 
production and migration to 
LN 

• IR delayed; 
secondary bacterial 
infection occurs 

• Pig immune system 
not fully developed 
until 4 weeks old 

• Variable T-cell 
responses 

• Viremia cleared; 
PRRSV persists in 
lymphatic system / 
semen 
 

• Immune 
components 
resulting in delay, 
induced Tregs 

• T-cell CoP; IFN-γ, 
CTLs, TEM and TCM 

• Bacterial and viral 
pathogens most 
likely to cause 
secondary diseases, 
PRDC 
 

• What direction 
does the CNS 
provide to the 
immune system 
to transition to 
dominating 
operations and 
also to return to 
suppressive 
state? 

• What are best 
measures for T-
cell response: 
IFN-γ and 
proliferation? 
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Table 1 continued. 

Phase PRRSV  Porcine immune 
response 

Transition 
(vulnerability) 

Knowledge 
gap 

Research 
question(s) 

Stabilize • Viremia 
clearance; 
lymphatic 
system 
persistence 

• No 
respiratory 
shedding 

• Innate immunity clears 
neutralized virus 

• Memory B cells continue 
AM and plasma cells 
secrete NA; serum NA 
titers and secreted NAs 
remain and slowly decline  

• Circulating memory T cells 
decline but CTLs, TEM and 
TCM, TCR-γδ T cells 
continue to clear infection 
at periphery 

• CD4+ T-cell phenotypes 
begin to shift from Th to 
Tregs  

• Viremia rebound 
• Secondary 

infections 
overwhelm IR 

• Long-term PRRSV 
persistence in 
lymphatic system 
 

 

• Biphasic PRRSV 
infection, viremia, 
and shedding 

• Treg induction 
timeline / 
influences 
 

• How does an 
effective early 
adaptive IR 
shorten 
duration of 
viremia and 
increase 
performance; 
what genetics / 
vaccines 
promote early 
IR?  

Return to  
suppressive 
state 

• Lymphatic 
system 
persistence / 
clearance 

 

• Innate immunity 
• Serum NA titers and 

secreted NAs remain and 
slowly decline 

• Circulating CTLs, TEM and 
TCM, decline in blood; TCR-
γδ T cells remain in blood 
longer 

• Tregs dominate IR 
producing IL-10 and TGF-β 

• Modification of 
Treg induction and 
PRRSV thymus 
dysregulation 

• Memory T cells not 
maintained at 
periphery 

• PRRSV persistence 
in lymphatic system 

• Characteristics of 
long-term memory 
IR in lungs and 
LNs 

• Infectivity of 
PRRSV 
persistence  
 

• Can pigs that 
cleared PRRSV 
infection and 
are not viremic 
infect naïve 
pigs upon 
entrance to 
nursery or 
finishing? 

Shape • Farm 
circulation 

• Mucosal barriers 
• Innate immunity 
• Respiratory secreted 

neutralizing IgG and IgA / 
serum NAs 

• TEM / CTLs / TCR-γδ T 
cells in periphery  and TCM 
in LN 

• Protected from 
homologous re-
exposure 

• Protection from 
heterologous 
exposure is age and 
strain dependent 

• Extent of PRRSV 
genetic diversity 
and protection 
upon re-exposure 

• To what extent do 
sow NAs decrease 
over time and what 
is the effect of 
booster 
vaccinations on 
MDAs 

 

• Do autogenous 
booster 
vaccinations 
during 
gestation 
increase 
transfer of 
homologous 
NA titers for 
higher parity 
sows? 

• What are the 
phenotypes of 
maternally 
transferred anti-
PRRSV B cells 
and T cells and 
to where do 
they migrate in 
offspring? 

• What role do 
TCR-γδ T cells 
play in MDI? 

 
Acronyms: APCs – antigen presenting cells, CoP – correlates of protection, CTLs – cytotoxic T-
lymphocytes, Ig – immunoglobulin, IR – immune response, LN – lymph nodes, MDA – 
maternally-derived antibodies, MDI – maternally-derived immunity,  NA – neutralizing 
antibodies, PRDC – porcine respiratory disease complex, Th – T helper, TCM – Th central memory, 
TEM – Th effector memory, Treg – Regulatory T cells 
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Compartmentalizing PRRSV infection and the porcine immune response into phases was 

valuable as it required us to first understand and categorize specific elements of the immune 

response as either initial entry forces (phases: shape, deter, seize the initiative), decisive action 

forces (phases: dominating, stabilizing) or security forces (phases: stabilizing, suppression, shape) 

and second to identify the vulnerabilities in each phase that impact the transition to the following 

phase. Additionally, it revealed the capacity of an overwhelming early immune response (deter / 

seize the initiative) to return to shaping operations. Finally, the vulnerability analysis made us 

consider some knowledge gaps and worthwhile achievable research questions. 

Our vulnerability analysis and knowledge gaps revealed themes that we summarize in the 

below broad questions:  

i) What is the role of neutralizing IgG and IgA in deterring PRRSV infection? 

ii) What are the specific roles of T-cell subsets / phenotypes (TCM, TEM, Treg, CTLs, and 

TCR-γδ T cells) in PRRSV infection and how can we most accurately quantify their tissue specific 

in vivo response with in vitro methods from peripheral blood and isolated tissues? 

iii) What are the characteristics of PRRSV infection from initial infection (minimum 

exposure, CD163 binding, neutralizing antibody epitopes) to viremia and whole body clearance; 

what are the vulnerabilities of PRRSV? 

We plan to address these questions through the following research lines of effort: i) expand 

and refine evaluation methods for serum and secreted NA; ii) improve T-cell evaluation methods 

beyond IFN-γ production and proliferation as separate measures and develop T-cell 

immunohistochemistry stainings to visualize the roles of anti-PRRSV T-cell subsets in the 

periphery; and iii) support vaccine evaluation studies to determine PRRSV vulnerabilities.  
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