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Abstract

Background: Hyperimmune plasma raised against -1—6-poly-N-acetyl glucosamine
(PNAG HIP) mediates more opsonophagocytic killing of Rhodococcus equi (R equi)
than does R equi hyperimmune plasma (RE HIP) in vitro. The relative efficacy of
PNAG HIP and RE HIP to protect foals against R equi pneumonia, however, has not
been evaluated.

Hypothesis: Transfusion with PNAG HIP will be superior to RE HIP in foals for pro-
tection against R equi pneumonia in a randomized, controlled, blinded clinical trial.
Animals: Four hundred sixty Quarter Horse and Thoroughbred foals at 5 large breed-
ing farms in the United States.

Methods: A randomized, controlled, blinded clinical trial was conducted in which
foals were transfused within 24 hours after birth with 2 L of either RE HIP or PNAG
HIP. Study foals were monitored through weaning for clinical signs of pneumonia by
farm veterinarians. The primary outcome was the proportion of foals that developed
pneumonia after receiving each type of plasma.

Results: The proportion of foals that developed pneumonia was the same between
foals transfused with RE HIP (14%; 32/228) and PNAG HIP (14%; 30/215).
Conclusions and Clinical Importance: Results indicate that PNAG HIP was not supe-
rior to a commercially available, United States Department of Agriculture-licensed RE

HIP product for protecting foals against R equi pneumonia under field conditions.
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Abbreviations: 95% Cl, 95% confidence interval; C'1q, complement component 1q; glm, generalized linear model; HIP, hyperimmune plasma; OD, optical density; OR, odds ratio; PBS, phosphate-
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1 | INTRODUCTION

Although many organisms cause respiratory disease in foals,
Rhodococcus equi is considered the most common cause of severe
pneumonia.t® Rhodococcal pneumonia is important to the equine
industry because it is endemic at many horse-breeding farms (with
cumulative incidence often exceeding 20%-40% of the foal

population),*”

where the costs resulting from veterinary care, long-
term treatment, and mortality of some foals can be very high.® In addi-
tion to substantial immediate costs, R equi pneumonia has a long-term
detrimental effect on the equine industry because foals that recover
from the disease are less likely to race as adults.”

Methods for preventing R equi pneumonia include chemoprophy-
laxis, vaccination, and transfusion of commercial plasma prepared
from donors hyperimmunized against R equi.°3° Chemoprophylaxis
using macrolides is not acceptable because of concerns for increasing

13,31

antimicrobial resistance in R equi strains, and because evidence of

effectiveness has been conflicting.'%'* Despite efforts to develop a

121626 3 Jicensed vaccine is not available.

vaccine against R equi,
Moreover, vaccines are neither completely effective nor universally
administered. Consequently, alternative approaches for prevention
will be needed even if an effective vaccine for R equi is developed and
approved for commercial use.

In the United States, the only approach for decreasing the inci-
dence of R equi pneumonia at horse breeding farms that is licensed by
the United States Department of Agriculture is transfusion of R equi
hyperimmune plasma (RE HIP). The use of RE HIP for preventing
R equi pneumonia is well established.?131529:30 Nevertheless, evi-
dence of effectiveness under field conditions remains variable and
conflicting.1>2729-31 This variable clinical efficacy is likely explained in
part by variation in the activity of antibodies recognizing R equi among
plasma products,3? differences in volume of plasma transfused to

29,30

foals, interindividual variability in susceptibility to infection, and

variation among veterinarians in criteria for diagnosis of R equi pneu-
monia.247-10.12.14,15,19,27,29,30,33

Recently, it was determined that transfusion of foals within
36 hours of birth with 2 L of plasma from donors hyperimmunized
against the conserved microbial polysaccharide -1—6-poly-N-acetyl
glucosamine (PNAG) protected these foals against experimental
intrabronchial infection with virulent Requi at 28 days of age,
whereas foals transfused at the same age with 2 L of plasma from
donors not hyperimmunized against PNAG or R equi were not protec-
ted.?® Moreover, PNAG hyperimmune plasma (PNAG HIP) was supe-
rior to RE HIP for mediating opsonophagocytic killing of R equi by
neutrophils in vitro.>* These in vitro findings suggested PNAG HIP
might be more effective than RE HIP for protecting foals against
rhodococcal pneumonia. Results of in vitro or small-scale experimen-
tal studies, however, might not be reproducible or representative of
clinical efficacy. Thus, we conducted a randomized, controlled, blinded
clinical trial at farms in several US states to compare the effectiveness
of transfusing foals with either 2 L of PNAG HIP or 2 L of RE HIP for
decreasing the cumulative incidence of pneumonia attributed to

R equi infection. Our objective was to determine whether PNAG

American College of
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HIP was superior to RE HIP for protecting foals against R equi under
field conditions.

2 | MATERIALS AND METHODS

21 | Study population

The participating farms were selected because of excellent record-
keeping, expert and committed staff, and expressed willingness to
record data for the project. Our goal was to include 400 foals from
farms in Kentucky (n = 1 farm), New York (n = 1 farm), Oklahoma
(n = 1 farm), and Texas (n = 2 farms). This sample size was calculated
using the following assumptions: (a) statistical power = 90%; (b) sig-
nificance level P < .05; (c) cumulative incidence in RE HIP-transfused
foals = 30%; and (d) cumulative incidence in PNAG HIP-transfused
foals = 15%. Calculations indicated 322 foals would be needed
(161 foals per group). We targeted a population of 400 foals to
account for losses of foals to follow-up occurring for reasons such as
transfer to other farms or unexpected deaths. Each of the participat-
ing farms was a large breeding farm that had a cumulative incidence
of R equi pneumonia over the past 3 years of approximately 25%, and
had at least 50 foals residing at the farm from birth through weaning.
Eligible farms were willing to randomly assign at least 50 foals born
consecutively (ie, no selection of which foals were included in the
study) to be transfused with 2 L of either PNAG HIP or RE HIP and to
record data using study forms provided by the investigators.

Eligible foals appeared healthy at birth and had evidence of ade-
quate transfer of passive immunity based on a commercial test kit
(eg, SNAP Foal IgG test, IDEXX, Inc), and resided at the farm from
birth through weaning. Foals that developed clinical signs of sepsis,
diarrhea other than so-called “foal-heat diarrhea,” or infectious dis-
ease other than pneumonia attributed to R equi were excluded from
the study. Foals with evidence of other perinatal disorders (eg, perina-

tal asphyxia/hypoxic-ischemic encephalopathy) were excluded.

2.2 | Transfusion

Each participating foal was transfused with 2 L (approximately
40 mL/kg of body weight) within 24 hours of birth. Plasma was
labeled as either O or 1 by the collaborating manufacturer
(Mg Biologics, Inc, Ames, lowa) (Figure S1). Treatment order was
preassigned randomly based on expected foaling date of mares using
a blocked design to ensure that equal numbers of foals were assigned
to receive each type of plasma. Treatment assignment was made in
blocks of 10 with equal distribution of each plasma within 10-foal
blocks (eg, if the first 5 foals were randomly assigned to plasma “1”
then the next 5 foals would receive plasma “0”). The purpose of this
blocking was to ensure that no seasonal bias occurred in the distribu-
tion of assigned plasma to obviate potential confounding effects of
birthdate on the association of plasma type with development of

pneumonia. Investigators (including data analysts) and farm
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personnel were blinded to the identity of the 2 plasma types until
final data analysis was completed. An aliquot of the transfused
plasma (2 mL) was collected immediately post-transfusion from the
residual plasma in the infusion set for ELISA testing as described
below. Plasma aliquots were stored frozen at —20°C at the farm
until shipped frozen overnight to the Equine Infectious Disease
Laboratory at Texas A&M University. Investigators at each farm
recorded on a preprinted roster the name, birth date, type of
plasma transfused (0 or 1), and whether a plasma sample for ELISA
testing for the study was collected from the foal. The roster also
was used to indicate foals that were excluded from the study
(eg, stillbirth, neonatal sepsis). These forms were stored in binders
that were returned to investigators at Texas A&M University when

the study was completed.

2.3 | Foal health monitoring

All study foals were monitored at least twice daily through weaning
(ie, age = 5 months) by farm veterinary medical and technical staff for
signs of pneumonia including lethargy, coughing, depressed attitude,
fever (rectal temperature > 39.4°C), increased respiratory rate (>
60 breaths/min) or effort (abdominal lift, flaring nostrils), and
extrapulmonary manifestations of R equi infection such as poly-
synovitis and uveitis. Foals with clinical signs had a CBC and thoracic
ultrasonography performed. Foals were diagnosed with presumed
R equi pneumonia by the farm veterinarian(s) if they had ultrasono-
graphic evidence of pulmonary abscess(es) or consolidation > 2 cm in
maximal diameter and any 2 of the following clinical findings:
(a) cough; (b) fever (rectal temperature > 39.4°C); (c) lethargic attitude;
(d) increased respiratory rate and effort; and (e) leukocytosis (white
blood cell count > 13 000 cells/uL or fibrinogen > 400 mg/dL). No
farms in the study based diagnosis of R equi only on findings of tho-
racic ultrasonography for screening. Those making the diagnosis of
R equi pneumonia were masked to the type of plasma transfused to
the foals. A study data form (Figure S2) was completed by a farm vet-
erinarian for each eligible foal when it was weaned. Diagnosis of
R equi pneumonia was determined before data analysis and before
unmasking of plasma type. All foals that developed pneumonia
were treated according to the high standard of care of the

participating farm.

2.4 | ELISA testing

A subset of plasma samples from both transfusion groups was tested
to verify foals received the assigned plasma type. For ELISA testing,
plasma samples were selected from all foals that developed R equi
pneumonia and 1 to 3 healthy foals that received the same plasma
type that were closest matched to the foal by birthdate and same lot
number of plasma. Our goal was to identify 2 healthy foals for each
pneumonic foal but this was not always possible, but on average we

had approximately 2 healthy foals for each pneumonic foal. For VapA,

153 samples were tested of which 85 (55 healthy foals, 30 pneumonia
foals) were RE HIP samples and 68 (42 healthy foals and 26 pneumo-
nia foals) were PNAG HIP samples. One hundred seventy-one
samples were tested for C'lg deposition. Of those samples,
92 (62 healthy foals, 30 pneumonia foals) were from RE HIP samples,
and 79 (53 healthy foals, 26 pneumonia foals) were from PNAG HIP
samples. The purpose of this testing was to assess the internal validity
of the study (ie, extent to which foals had been correctly assigned to
their respective plasma). The rationale for this sampling strategy is
that it was unbiased by plasma type and ensured representation of all
foals that developed pneumonia.

As noted above, an aliquot of the transfused plasma (2 mL) was
collected immediately post-transfusion from the residual plasma in
the infusion set and shipped to either Mg Biologics for VapA ELISA or
to the Department of Medicine in the Brigham & Women's Hospital
at Harvard Medical School for deposition of C'1q onto PNAG. Plasma
samples were stored at —80°C until thawed for testing. Samples from
foals transfused with RE HIP were expected to have high levels of
activity against VapA and foals transfused with PNAG HIP were
expected to have high levels of activity for deposition of C'lq onto
PNAG. Samples were tested for activity against VapA at Mg Biologics
using the approved assay for assessing potency of their United States
Department of Agriculture-licensed RE HIP product; details of this
standardized and regulated assay are proprietary. The ratio of the
optical density (OD) of the sample to the OD of the positive control
was used as the outcome for the VapA ELISA. Testing for serum
endpoint activities for deposition of C'1q onto purified PNAG was
ELISA plates
(Maxisorp, Thermo Scientific, Rochester, New York) were coated
with 0.6 pg/mL of purified PNAG diluted in sensitization buffer
(0.04 M PQg, pH 7.2) overnight at 4°C. Plates were washed 3 times
with phosphate-buffered saline (PBS) containing 0.05% Tween
20, blocked with 120 pL of PBS containing 1% skim milk for 1 hour

at 37°C, and washed again. Dilutions of different foal sera were

performed as previously described.?® Briefly,

added in 50 pL volumes, after which 50 pL of 10% intact, normal
horse serum was added as a source of C'lqg. After 60 minutes of
incubation at 37°C, plates were washed and 100 pL of goat anti-
human C'lq, which also binds to equine C'l1q, diluted 1 : 1000 in
incubation buffer was added and plates were incubated at room
temperature for 60 minutes. After washing, 100 pL of rabbit anti-
goat 1gG whole molecule conjugated to alkaline phosphatase and
diluted 1 : 1000 in incubation buffer was added, and then incu-
bated for 1 hour at room temperature. Washing and developing of
the color indicator then was performed by adding p-nitrophenyl
phosphate substrate, and color development determined after
60 minutes at room temperature. Optical density 405 nm values of
this highest serum dilution tested were used to determine relative
activity. Negative OD values after background subtraction
(no primary antibody added) indicated sera with less activity than
this control.2® Those testing the samples for VapA and C'1q depo-
sition were blinded to the status of the samples (ie, blinded to
both the disease status of the foal and with which plasma the foal

was transfused).
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TABLE 1 Distribution of foals by Farm Foals transfused with RE HIP Foals transfused with PNAG HIP Total
farm and type of plasma transfused
New York 52 (54%) 45 (46%) 97 (100%)
Kentucky 48 (51%) 47 (49%) 95 (100%)
Texas 1 43 (51%) 41 (49%) 84 (100%)
Texas 2 25 (51%) 24 (49%) 49 (100%)
Oklahoma 60 (51%) 58 (49%) 118 (100%)
Total 228 (51%) 215 (49%) 443 (100%)

Note: Distribution of foals by farm and type of plasma transfused in a randomized, controlled trial
comparing the relative efficacy of RE HIP and PNAG HIP to protect foals against Rhodococcus equi

pneumonia.

Abbreviations: PNAG HIP, p-1—6-poly-N-acetyl glucosamine hyperimmune plasma; RE HIP,
Rhodococcus equi hyperimmune plasma.
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FIGURE 1 Comparison of VapA optical density ratios between

Rhodococcus equi hyperimmune plasma and PNAG hyperimmune plasma.
Boxplot of optical density (OD) ratios from ELISAs measuring antibody
activity against purified VapA protein in 153 plasma samples, stratified
by plasma type. Of those samples, 85 (42 healthy foals, 43 pneumonia
foals) were RE HIP samples and 68 (32 healthy foals and 36 pneumonia
foals) were PNAG HIP samples. Samples of RE HIP had significantly
higher (asterisks represent P < .05) VapA OD ratios than samples of
PNAG HIP. PNAG HIP, -1—6-poly-N-acetyl glucosamine hyperimmune
plasma; RE HIP, Rhodococcus equi hyperimmune plasma

2.5 | Data analysis

The primary study outcome was the proportion of foals that devel-
oped pneumonia attributed to R equi as defined above. Data were
analyzed using descriptive and inferential methods. For descriptive
purposes, data were summarized as proportions using figures or text.
For inferential analysis, we compared the OD ratio of VapA and rela-
tive OD activities for C'1q deposition onto PNAG between foals
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FIGURE 2 Comparison of C'1q relative optical density between
Rhodococcus equi hyperimmune plasma and PNAG hyperimmune
plasma. Boxplot of relative optical density (OD4gosnm) antibody
activities for deposition of C'1q onto PNAG by plasma samples from
171 plasma samples, stratified by plasma type. Of these samples

92 (49 healthy foals, 43 pneumonia foals) were from RE HIP, and
79 (43 healthy foals, 36 pneumonia foals) from PNAG HIP. Samples
from PNAG HIP had significantly higher (asterisks represent P < .05)
C'1q OD4o5nm activities than RE HIP. PNAG HIP, -1—6-poly-N-
acetyl glucosamine hyperimmune plasma; RE HIP, Rhodococcus equi
hyperimmune plasma

transfused with RE HIP and those transfused with PNAG HIP using
the generalized linear model (gIm) function with an identity link using
R statistical software (Version 3.3.3, R Core Team, Vienna, Austria),
with OD ratios (for VapA) or relative OD (for C'1q) as the dependent
(outcome) variable and plasma group as the independent variable. The
Wilcoxon rank-sum test was performed using the wilcox.test function
in R statistical software to compare OD ratios of VapA among foals
transfused with RE HIP and relative OD for C'1g among foals trans-
fused with PNAG HIP between foals that developed pneumonia and
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foals that did not develop pneumonia. Logistic regression was per-
formed for the binary outcome of pneumonia (yes or no) with farm
and plasma type included as independent effects. The effect of plasma
type (adjusted for effects of individual farm) was reported as the odds
ratio (OR) and the 95% confidence interval (95% Cl) for the OR, esti-
mated using maximum likelihood methods. Logistic regression also
was performed for data from each individual farm for the binary out-
come of pneumonia with plasma type as an independent effect. The
effect of plasma type for each farm was reported as the OR and
95% CI for the OR, estimated using maximum likelihood methods.
Logistic regression was performed using the glm function with a bino-
mial link in R statistical software. Fisher's exact test was used to com-
pare proportions of foals with pneumonia within farms when cells had
values of O in the referent 2 x 2 table, using the fisher.test command

in R. Significance was set at P < .05 for all analyses.

TABLE 2 Odds ratios of developing pneumonia for type of
plasma transfused to foal and farm of origin

Variable Odds ratio (95% Cl) P value
Plasma type
PNAG HIP 1 (Not applicable) Not applicable
RE HIP 0.74 (0.44-1.23) 24
Farm
Texas 1 1 (NA) NA
Texas 2 1.33 (0.43-4.08) .62
Kentucky 0.86 (0.31-2.41) 77
Oklahoma 1.25 (0.50-3.13) .63
New York 5.99 (2.63-13.65) <.001

Note: Odds ratios (and 95% Cls) estimated using logistic regression for the
outcome of pneumonia attributed to Rhodococcus equi among 443 foals
from 5 farms transfused with either RE HIP or PNAG HIP.

Abbreviations: Cl, confidence interval; PNAG HIP, p-1—6-poly-N-acetyl
glucosamine hyperimmune plasma; RE HIP, Rhodococcus equi
hyperimmune plasma.

3 | RESULTS

3.1 | Study population

A total of 460 foals were transfused, of which 231 received RE HIP
(plasma 0) and 229 received PNAG HIP (plasma 1). No reactions to
plasma were reported during or after transfusion. Seventeen foals
were lost to follow-up. Fourteen foals from the New York farm were
lost to follow-up: 11 unexpectedly left the farm before weaning such
that their R equi pneumonia status could not be monitored in accor-
dance with study protocols, and 3 foals died from causes unrelated to
R equi infection. By chance, all of the foals that left the farm before
weaning were assigned to the PNAG HIP group. Two foals at the
Oklahoma farm and 1 foal from Kentucky were lost to follow-up
because of death to causes unrelated to R equi infection. The distribu-
tion of the type of each plasma by farm was tabulated for the
443 foals included in the study (Table 1). Three of the 443 foals
(0.7%) died from R equi pneumonia. All 3 foals that died received
plasma O (RE HIP); 2 foals that died were from the Texas 2 ranch, and
the other foal was from the New York farm.

A subset of plasma samples from both the transfusion groups
were tested to verify foals received the assigned plasma type, as
described above. The OD ratios for VapA were significantly (P < .05)
higher among RE HIP compared to PNAG HIP (Figure 1). The relative
OD values for C'1g deposition were significantly (P <.05) higher
among foals that were transfused with PNAG HIP compared to RE
HIP (Figure 2). Among foals transfused with RE HIP, there was no sig-
nificant difference (P = .68) of OD ratios for VapA of plasma samples
between those that developed pneumonia and those that did not
develop pneumonia (Figure S3). Among foals transfused with PNAG
HIP, there was no significant difference (P = .6) in the relative OD
values for C'1q of samples from foals that developed pneumonia and

foals that did not develop pneumonia (Figure S4).

PNAG HIP RE HIP T.AB.LE'3 Inleldu'aI farms
distribution of foals within plasma type

Farm Pneumonia  Healthy Pneumonia  Healthy OR (95% CI)® P value® and odds ratios (OR) of pneumonia based
Kentucky 1(2%) 46 (98%) 6 (13%) 42(87%) 0.30(0.04-1.40) .27 on plasma type
Oklahoma 6 (10%) 52 (90%) 6 (10%) 54(90%) 1.39 (0.45-4.47) .57
New York 17 (38%) 28 (62%) 12 (23%) 40 (77%)  2.67 (1.22-5.99) .02
Texas 1 6 (15%) 35 (85%) 2 (5%) 41 (95%) 3.51 (0.75-25.04) 15
Texas 2 0 (0%) 24 (100%) 6 (24%) 19 (76%) ND¢ .02¢

Note: Odds ratios (and 95% Cls) estimated using logistic regression for the outcome of pneumonia
attributed to Rhodococcus equi for each of 5 farms where foals were transfused with either RE HIP or
PNAG HIP.

Abbreviations: 95% Cl, 95% confidence interval; PNAG HIP, -1—6-poly-N-acetyl glucosamine
hyperimmune plasma; RE HIP, Rhodococcus equi hyperimmune plasma.

20OR = odds of pneumonia among foals transfused with PNAG HIP relative to RE HIP.

bP values derived from logistic regression unless indicated by footnote “c.”

°ND = not determined because incalculable due to complete separation; P value derived using Fisher's
exact test.
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3.2 | Association of plasma type with pneumonia

The proportion of foals that developed pneumonia was the same
among foals transfused with RE HIP (14%; 32/228) and PNAG HIP
(14%; 30/215). Using multivariable logistic regression with pneumonia
as the binary outcome and plasma type and farm as dependent vari-
ables, the odds of pneumonia in foals transfused with RE HIP were
not significantly higher than among foals transfused with PNAG HIP
(OR, 0.74; 95% Cl, 0.44-1.23; P = .24), adjusted for the effect of
farm. The odds of pneumonia were approximately 6-fold higher
(P < .001) for foals at the New York farm compared to the reference
farm Texas 1 (Table 2). The cumulative incidence and effect of plasma
type varied among farms (Table 3): PNAG HIP was significantly infe-
rior to RE HIP at the New York farm, whereas PNAG HIP was signifi-

cantly more effective than RE HIP at a Texas farm.

4 | DISCUSSION
Cumulatively, the odds of developing R equi pneumonia were not sig-
nificantly different between foals that were transfused with commer-
cially available RE HIP and those transfused with PNAG HIP. The
finding that effects of plasma type varied among farms and that
within-farm effects were occasionally significant underscores the
importance of conducting a large-scale, multisite study for assessing
clinical efficacy. Results from single farms, particularly with small sam-
ple size, might not reflect effects at other farms. The cumulative inci-
dence of R equi pneumonia at most of the farms was markedly lower
than those reported at these farms for recent preceding years. This
relatively low incidence decreased the statistical power of the study.
The reason for this lower incidence is unclear, but some of the farms
historically transfused foals with 1 L (rather than 2 L) of RE HIP to pre-
vent R equi pneumonia, and observational epidemiological studies
indicate that transfusing 2 L of RE HIP is superior to 1 L for decreasing
the incidence of R equi pneumonia.??%°

Results of ELISA testing of plasma samples for VapA and C'lqg
deposition onto PNAG indicated that misclassification of the type of
plasma administered to study foals was unlikely. Some low ELISA
results for both VapA and C'1q were observed among foals transfused
with RE HIP and PNAG HIP, respectively. These results could have
been attributable to mishandling of either the plasma product or the
sample aliquot at the farm or in the laboratory, or to variation of anti-
body activity among batches or lots.32 For example, thawing plasma
at too high of a temperature can result in denaturing of immunoglobu-
lins, and delays in sample freezing, exposure to high ambient tempera-
tures, or improper thawing in the laboratory could have impacted
quality of antibodies in the aliquots submitted for testing. These low
results were not associated with R equi pneumonia, a specific farm,
plasma lot, or month of transfusion (data not shown). Because RE HIP
and PNAG HIP were tested for adequate antibody activities against
VapA and C'lqg deposition, respectively, before shipping, we believe
that degradation of antibodies in the plasma sample collected immedi-

ately after transfusion is the most likely explanation of the

unexpectedly low ELISA results for some samples. Interestingly, 2 RE
HIP samples had high relative OD values for C'1q deposition onto
PNAG. These findings might be attributable to samples classified as
RE HIP that were actually PNAG HIP. However, these samples also
had high VapA titers, indicating that these donors might have had
background antibody activity to PNAG despite being hyperimmunized
against R equi. Because PNAG is found on the surface of many differ-
ent bacteria,®®> a plasma donor could have produced functional anti-
bodies against PNAG as a result of infection or natural exposure.

Despite using a randomized, controlled, and blinded study design,
our study had some limitations. The principal limitation is that we did not
perform tracheobronchial aspiration to collect fluid to submit for microbi-
ologic culture of R equi, PCR to confirm virulence of any R equi isolated,
and cytologic evaluation of the tracheobronchial aspirate fluid to sub-
stantiate the diagnosis of R equi pneumonia. This limitation was unavoid-
able because large horse breeding farms neither routinely perform nor
would consent to tracheobronchial aspiration of all foals suspected to
have R equi pneumonia. Thus, we cannot exclude the possibility that mis-
classification of the primary outcome masked true effects of either of
the plasma types. However, the randomized design made it improbable
that this misclassification would have differed between the 2 plasma
treatments. We believe the diagnostic criteria used for our study reflect
standard practices at horse breeding farms in the United States. We did
not include a negative control group of foals that were not transfused
with plasma or transfused with plasma from donors that were not hyper-
immunized against R equi or PNAG. Thus, we could not assess whether
either plasma decreased the incidence of R equi pneumonia at the partici-
pating farms. The participating farms were not willing to consent to have
a group of foals forego plasma transfusion. We also cannot draw any
conclusions about the efficacy of transfusing with 2 or 1 L of either HIP,
nor can we draw any conclusions about the efficacy of PNAG HIP rela-
tive to RE HIP when foals are transfused with only 1 L of plasma. We
did not have post-transfusion serum samples from foals to determine
antibody activity against VapA or PNAG to better understand the associ-
ation of antibody activities in the individual foals with odds of developing
pneumonia.

Despite these limitations, we believe that our results provide evi-
dence that PNAG HIP was not superior to RE HIP for preventing
R equi pneumonia. Well-designed, large-scale clinical trials are needed
to characterize the efficacy of transfusing foals with RE HIP (or PNAG
HIP) and the efficacy of transfusing 2 L vs 1 L.

ACKNOWLEDGMENT

This study was supported by the Grayson-Jockey Club Research
Foundation Inc, and the Link Equine Research Endowment, Equine
Infectious Disease Epidemiology Program. The authors thank Jocelyne
M. Bray and Sophia C. Cortez-Ramirez of the Equine Infectious Dis-
ease Laboratory at Texas A&M University for technical assistance.

CONFLICT OF INTEREST DECLARATION

Gerald B. Pier is an inventor of intellectual properties (human mono-
clonal antibody to PNAG and PNAG vaccines) that are licensed by Bri-
gham and Women's Hospital to Alopexx Inc, an entity in which Gerald



KAHN ET AL.

2918 | Journal of Veterinary Internal Medicine AC\?' M

[Open Access NS

an College of
rnal Medicine

Veterin:

B. Pier also holds equity. As an inventor of intellectual properties,
Gerald B. Pier also has the right to receive a share of licensing-related
income (royalties, fees) through Brigham and Women's Hospital from
Alopexx Inc. Gerald B. Pier's interests were reviewed and are managed
by the Brigham and Women's Hospital and Partners Health care in
accordance with their conflict of interest policies. Colette Cywes-
Bentley is an inventor of intellectual properties (use of human mono-
clonal antibody to PNAG and use of PNAG vaccines) that are licensed
by Brigham and Women's Hospital to Alopexx Inc. As an inventor of
intellectual properties, Colette Cywes-Bentley also has the right to
receive a share of licensing-related income (royalties, fees) through
Brigham and Women's Hospital from Alopexx Inc. Sarah C. Meyer and
Patrick J. Sutter work for MG Biologics that produced the plasma used
for this project and thus might have potential earnings from plasma
sales, but they had no part in the study design other than masking
plasma and did not participate in data analysis. No other authors have

a conflict of interest.

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE
(IACUC) OR OTHER APPROVAL DECLARATION

This study was approved by the Texas A&M University IACUC and
the Clinical Research Review Committee of the Texas A&M College of
Veterinary Medicine & Biomedical Sciences (Protocol #2018-0429),
and included informed owner consent for participation.

OFF-LABEL ANTIMICROBIAL DECLARATION

Authors declare no off-label use of antimicrobials.

HUMAN ETHICS APPROVAL DECLARATION
The authors declare human ethics approval was not needed for this
study.

ORCID

Noah D. Cohen ' https://orcid.org/0000-0002-0384-2903

REFERENCES

1. Cohen ND. Rhodococcus equi foal pneumonia. Vet Clin North Am
Equine Pract. 2014;30(3):609-622.

2. Giguere S, Cohen ND, Chaffin MK, et al. Rhodococcus equi: clinical mani-
festations, virulence, and immunity. J Vet Intern Med. 2011;25:1221-1230.

3. Prescott JF. Rhodococcus equi: an animal and human pathogen. Clin
Microbiol Rev. 1991;4:20-34.

4. Cohen ND, O'Conor MS, Chaffin MK, et al. Farm characteristics and
management practices associated with Rhodococcus equi pneumonia
in foals. J Am Vet Med Assoc. 2005;226:404-413.

5. Chaffin MK, Cohen ND, Martens RJ. Chemoprophylactic effects of
azithromycin against Rhodococcus equi-induced pneumonia among
foals at equine breeding farms with endemic infections. J Am Vet Med
Assoc. 2008;232:1035-1047.

6. Chaffin MK, Cohen ND, Martens RJ, O'Conor M, Bernstein LR. Evalu-
ation of the efficacy of gallium maltolate for chemoprophylaxis
against pneumonia caused by Rhodococcus equi infection in foals.
Am J Vet Res. 2011;72:945-957.

7. Coleman MC, Blodgett GP, Bevevino KE, et al. Foal-level risk factors
associated with development of Rhodococcus equi pneumonia at a
Quarter Horse breeding farm. J Equine Vet Sci. 2019;72:89-96.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Arnold-Lehna D, Venner M, Berghaus LJ, Berghaus R, Giguere S.
Changing policy to treat foals with Rhodococcus equi pneumonia in
the later course of disease decreases antimicrobial usage without
increasing mortality rate. Equine Vet J. 2020;52:531-537.

Ainsworth DM, Eicker SW, Yeager AE, et al. Associations between
physical examination, laboratory, and radiographic findings and out-
come and subsequent racing performance of foals with Rhodococcus
equi infection: 11S cases (1984-1992). J Am Vet Med Assoc. 1998;
213:510-515.

Chaffin MK, Cohen ND, Martens RJ. Chemoprophylactic effects of
azithromycin against Rhodococcus equi-induced pneumonia among
foals at equine breeding farms. J Am Vet Med Assoc. 2008;232:1035-
1047.

Martens RJ, Martens JG, Fiske RA, et al. Rhodococcus equi foal pneu-
monia: protective effects of immune plasma in experimentally
infected foals. Equine Vet J. 1989;21:249-255.

Madigan JE, Hietala S, Muller N. Protection against naturally acquired
Rhodococcus equi pneumonia in foals by administration of hyper-
immune plasma. J Reprod Fertil Suppl. 1991,44:571-578.

Giguere S, Gaskin JM, Miller C, Bowman JL. Evaluation of a commer-
cially available hyperimmune plasma product for prevention of pneu-
monia caused by Rhodococcus equi in foals. J Am Vet Med Assoc.
2002;220:59-63.

Venner M, Reinhold B, Beyerbach M, Feige K. Efficacy of
azithromycin in preventing pulmonary abscesses in foals. Vet J. 2009;
179:301-303.

Higuchi T, Arakawa T, Hashikura S, et al. Effect of prophylactic
administration of hyperimmune plasma to prevent R. equi infection on
foals from endemically affected farms. Zentralbl Veterinarmed B.
1999;46:641-648.

Martens RJ, Martens JG, Fiske RA. Failure of passive immunisation by
colostrum from immunised mares to protect foals against R. equi
pneumonia. Equine Vet J Suppl. 1991;12:19-22.

Varga J, Fodor L, Rusvai M, et al. Prevention of Rhodococcus equi
pneumonia of foals using two different inactivated vaccines. Vet
Microbiol. 1997;56:205-212.

Becu T, Polledo G, Gaskin JM. Immunoprophylaxis of Rhodococcus
equi pneumonia in foals. Vet Microbiol. 1997;56:193-204.

Cauchard J, Sevin C, Ballet J, et al. Foal IgG and opsonising anti-
R. equi antibodies after immunisation of pregnant mares with a pro-
tective VapA candidate vaccine. Vet Microbiol. 2004;104:73-81.

Takai S, Kobayashi C, Murakami K, Sasaki Y, Tsubaki S. Live virulent
R. equi, rather than killed or avirulent, elicits protective immunity to
R. equi in mice. FEMS Immunol Med Microbiol. 1999;24:1-9.

Prescott JF, Nicholson VM, Patterson MC, et al. Use of Rhodococcus
equi virulence-associated protein for immunization of foals against
R. equi pneumonia. Am J Vet Res. 1997;58:344-349.

Lopez AM, Hines MT, Palmer GH, Knowles DP, Alperin DC, Hines SA.
Analysis of anamnestic immune responses in adult horses and priming
in neonates induced by a DNA vaccine expressing the vapA gene of
Rhodococcus equi. Vaccine. 2003;21:3815-3825.

Mealey RH, Stone DM, Hines MT, et al. Experimental Rhodococcus
equi and equine infectious anemia virus DNA vaccination in adult and
neonatal horses: effect of IL-12, dose, and route. Vaccine. 2007;25:
7582-7597.

Lopez AM, Townsend HG, Allen AL, et al. Safety and immunogenicity
of a live-attenuated auxotrophic candidate vaccine against the intra-
cellular pathogen Rhodococcus equi. Vaccine. 2008;13:998-1009.

Pei Y, Nicholson V, Woods K, Prescott JF. Immunization by
intrabronchial administration to 1-week-old foals of an unmarked
double gene disruption strain of Rhodococcus equi strain 103+. Vet
Microbiol. 2007;125:100-110.

Rocha JN, Cohen ND, Bordin Al, et al. Oral administration of
electron-beam inactivated Rhodococcus equi failed to protect foals


https://orcid.org/0000-0002-0384-2903
https://orcid.org/0000-0002-0384-2903

KAHN ET AL.

Journal of Veterinary Internal Medicine AC\}’/IM | 2919

27.

28.

29.

30.

31

32.

against intrabronchial infection with live, virulent R. equi. PLoS One.
2016;11(2):e0148111.

Hurley JR, Begg AP. Failure of hyperimmune plasma to prevent pneu-
monia caused by Rhodococcus equi in foals. Aust Vet J. 1995;72:
418-420.

Cywes-Bentley C, Rocha JN, Bordin Al, et al. Antibody to poly-N-
acetyl glucosamine provides protection against intracellular patho-
gens: mechanism of action and validation in horse foals challenged
with Rhodococcus equi. PLoS Pathog. 2018;14(7):e1007160.

Kahn SK, Blodgett GP, Canaday NM, et al. Transfusion with 2 liters of
hyperimmune plasma is superior to transfusion of 1 liter or less for
protecting foals against sub-clinical pneumonia attributed to
Rhodococcus equi. J Equine Vet Sci. 2019;79:54-58.
Flores-Ahlschwede P, Kahn SK, Ahlschwede S, Bordin Al,
Cohen ND. Transfusion with 2 liters of hyperimmune plasma is
superior to transfusion of 1 liter for protecting foals against pneu-
monia attributed to Rhodococcus equi. Equine Vet Educ. 2021. doi:
10.1111/eve.13443

Sanz MG, Loynachan A, Horohov DW. Rhodococcus equi hyper-
immune plasma decreases pneumonia severity after a randomized
experimental challenge of neonatal foals. Vet Rec. 2016;178:261.
Sanz MG, Oliveira AF, Page A, Horohov DW. Administration of com-
mercial Rhodococcus equi specific hyperimmune plasma results in vari-
able amounts of IgG against pathogenic bacteria. Vet Rec. 2016;
175:485.

Open Access,

33.

34.

35.

ey onel ediine
Rakowska A, Cywinska A, Witkowski L. Current trends in under-
standing and managing equine rhodococcosis. Animals. 2020;
10(10):1910.

Folmar CN, Cywes-Bentley C, Bordin Al, et al. In vitro evaluation of
complement deposition and opsonophagocytic killing of Rhodococcus
equi mediated by poly-N-acetyl glucosamine hyperimmune plasma
compared to commercial plasma products. J Vet Intern Med. 2019;
33(3):1493-1499.

Cywes-Bentley C, Skurnik D, Zaidi T, et al. Antibody to a conserved
antigenic target is protective against diverse prokaryotic and eukary-
otic pathogens. Proc Natl Acad Sci U S A. 2013;110(24):e2209-e2218.

SUPPORTING INFORMATION
Additional supporting information may be found in the online version

of the article at the publisher's website.

How to cite this article: Kahn SK, Cywes-Bentley C,
Blodgett GP, et al. Randomized, controlled trial comparing
Rhodococcus equi and poly-N-acetyl glucosamine
hyperimmune plasma to prevent R equi pneumonia in foals.
J Vet Intern Med. 2021;35(6):2912-2919.
doi:10.1111/jvim.16294


info:doi/10.1111/eve.13443
info:doi/10.1111/jvim.16294

	Randomized, controlled trial comparing Rhodococcus equi and poly-N-acetyl glucosamine hyperimmune plasma to prevent Requi p...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Study population
	2.2  Transfusion
	2.3  Foal health monitoring
	2.4  ELISA testing
	2.5  Data analysis

	3  RESULTS
	3.1  Study population
	3.2  Association of plasma type with pneumonia

	4  DISCUSSION
	ACKNOWLEDGMENT
	  CONFLICT OF INTEREST DECLARATION
	  INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) OR OTHER APPROVAL DECLARATION
	  OFF-LABEL ANTIMICROBIAL DECLARATION
	  HUMAN ETHICS APPROVAL DECLARATION
	REFERENCES


