Response of healthy dogs to infusions
of human serum albumin
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Objective—To evaluate the clinical and immunologic response in healthy dogs to infusions
of human serum albumin (HSA).

Animals—9 healthy purpose-bred mixed-breed dogs.

Procedures—Each dog was administered a 25% HSA solution once or twice. Various physi-
cal examination and laboratory variables were serially evaluated. Antibody against HSA was
assayed before and after infusion by use of an ELISA. Intradermal testing was also con-
ducted. A repeated-measures ANOVA or Friedman repeated-measures ANOVA on ranks
was used to compare results for the variables.

Results—Adverse clinical reactions were observed after the first or second infusion in 3
dogs. Anaphylactoid reactions were observed in 1 of 9 dogs during the first infusion and
in 2 of 2 dogs administered a second infusion. Two dogs developed severe edema and ur-
ticaria 6 or 7 days after an initial infusion. All dogs developed anti-HSA antibodies. Positive
responses for ID tests were observed in 8 of 9 dogs. Short-term increases were detected
in blood protein, total bilirubin, and calcium concentrations after HSA infusion. Serum cho-
lesterol concentrations and platelet counts decreased after HSA infusion.

Conclusions and Clinical Relevance—Administration of HSA resulted in profound reac-
tions in 2 of 9 dogs administered a single infusion and in 2 of 2 dogs administered a second
infusion. This indicates that there is risk of life-threatening adverse reactions to HSA infu-

sion in healthy dogs. (Am J Vet Res 2007;68:657-663)

ypoalbuminemia is a common complication of a

number of disease processes in dogs,' and it is as-
sociated with a worsened prognosis for recovery from
several diseases.”” Although treatment of underlying
disease is crucial to the treatment of hypoalbuminemia,
it is not always possible to immediately identify or
eliminate the causes of low albumin concentrations.

Synthetic colloids, such as hydroxyethylstarch, can
improve intravascular COP, but they cannot provide the
multiple other vital functions of albumin.®” Therefore,
albumin is often administered for supportive care. Ca-
nine plasma typically contains 25 to 30 g of albumin/L.®
Thus, to adequately replete albumin in a severely hy-
poalbuminemic dog, large volumes of canine plasma
would be required. This poses problems related to cost,
availability, and the potential for volume overload. Cur-
rently, there are no commercially available concentrated
canine albumin products. However, pharmaceutical-
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ABBREVIATIONS

cop Colloid osmotic pressure
HSA Human serum albumin
BSA Bovine serum albumin
oD Optical density

grade concentrated HSA is commercially available, and
veterinarians sometimes administer concentrated HSA
to critically ill dogs.5+®

We are aware of only retrospective and anecdotal
reports®*® on the safety of HSA infusion in ill dogs. Al-
though albumin molecules are somewhat conserved,
there are distinct differences among albumin molecules
found in various species.c Because HSA is a xenoprotein
for dogs (ie, a protein foreign to the species), it is rea-
sonable to assume that it can elicit an immunologic re-
sponse that may have adverse consequences after initial
or repeated exposure. In fact, mild to marked type III
hypersensitivity reactions have been described after in-
fusions of BSA in dogs.? We hypothesized that infusion
of a commercial pharmaceutical-grade HSA product to
healthy dogs would lead to development of specific an-
tibodies and that clinically relevant adverse reactions
would be observed after repeat albumin infusion.

Materials and Methods

Animals—Nine healthy sexually intact purpose-
bred adult mixed-breed dogs (6 females and 3 males)
with serum albumin concentrations within the refer-
ence range were enrolled in the study. Dogs were ob-
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tained from several sources. They were of similar size
(mean weight, 20.3 kg; range, 18.5 to 25.8 kg) and
judged to be in good health on the basis of results of
physical examination and a preenrollment CBC, serum
biochemical analysis, and urinalysis. Dogs were housed
in a routine manner in animal facilities accredited by
the Association for Assessment and Accreditation of
Laboratory Animal Care International. All experimen-
tal procedures were reviewed and approved by the Uni-
versity of Missouri Animal Care and Use Committee.

Experimental design—Dogswereadministered 50 g

(200 mL) of a pharmaceutical-grade 25% HSA solution.*
Infusions were administered IV via a catheter inserted

in a cephalic vein. Attitude, rectal temperature, pulse
rate and quality, respiration rate, and systolic blood
pressure were monitored every 15 minutes for the first
hour and then at intervals of 30 minutes until comple-
tion of infusion. Initial infusion rate was 0.5 mL/kg/h,
and it was increased incrementally to a maximum of
4 ml/kg/h. Typically, the rate was increased from 0.5
to 1 mL/kg/h after the evaluation at 15 minutes, with
subsequent increases of 1 ml/kg/h after subsequent
evaluations. Infusion was stopped when systolic blood
pressure exceeded 180 mm Hg or adverse reactions (as-
sessed subjectively) were detected. When hypertension,
tachycardia, or tachypnea developed, infusion was tem-
porarily halted and reinstituted when these variables
returned to the respective reference range. When severe
adverse reactions were detected (eg, collapse or hypo-
tension), infusion was discontinued and the dog treated
by IV administration of physiologic saline (0.9% NaCl)
solution at an initial rate of 90 mL/kg/h (which was
subsequently adjusted on the basis of clinical response)
and diphenhydramine (2 mg/kg, IV).

Originally, we intended to perform identical proce-
dures on all dogs 5 weeks after the initial HSA infusion.
Because of serious adverse reactions observed in the
first 2 dogs administered a repeat infusion, we opted to
abandon the second infusion for the remaining dogs.

Collection of data—Immediately prior to infusion
of HSA, a serum sample was obtained for antibody as-
say and dogs were evaluated by use of physical exami-
nation (including systolic blood pressure measurement
and gait evaluation), CBC, and serum biochemical
analysis and measurement of plasma COP and urine
albumin concentration. Physical examination and sub-
jective gait evaluation were conducted on each dog
by 1 of 2 investigators (LAC or MEK). Systolic blood
pressure was measured by use of a Doppler technique.
Serum biochemical analysis, CBC, and urinalysis were
conducted in a routine manner by personnel at the Vet-
erinary Medical Diagnostic Laboratory of the University
of Missouri. Urine was assayed for albumin content by
use of a commercial test kit.! Plasma COP was measured
by use of standard techniques.”®

Vital signs (ie, rectal temperature, pulse rate and
quality, respiratory rate, and blood pressure) and atti-
tude were monitored frequently throughout infusion
and at 1, 2, 4, and 8 hours after completion of HSA in-
fusion. Physical examination, including blood pressure
measurement and gait evaluation; CBC; and assay of
urine albumin concentration were repeated 24, 48, and

72 hours and 7, 14, and 21 days after infusion. Serum
biochemical analysis was repeated 24 hours and 7 days
after infusion, and measurement of plasma COP was
repeated 24 hours after infusion. Serum was obtained
for antibody assay 7, 14, and 21 days after infusion. In-
tradermal testing was conducted on each dog at least 5
weeks after the final administration of HSA.

Antibody determination—Antibodies against HSA
were measured in serum samples by use of an indirect
ELISA. Two hundred microliters of HSA diluted to a con-
centration of 4 pg/mL in coating buffer (0.1M NaHCO,
[pH, 9.6]) or coating buffer alone was added to wells
of 96-well plates. The HSA was allowed to bind (incu-
bation at 4°C for 48 hours). Wells were emptied, and
300 UL of blocking buffer (PBS solution with 0.5% non-
fat dry milk and 0.05% Tween 20) was then added to
each well. Plates were incubated at 20°C for 30 minutes.
Serum that had been stored at —-80°C was diluted 1:50
in fresh blocking buffer, and 200 pL of this solution was
added to HSA-coated and uncoated wells. After incuba-
tion at 37°C for 1 hour, plates were washed 3 times by
use of PBS solution with 0.05% Tween 20. Then, 200 uL
of alkaline phosphatase-labeled secondary antibody"
was added to each well, and plates were incubated at
37°C for 1 hour. Plates were washed 5 times by use
of PBS solution with 0.05% Tween 20, and 100 puL of
substrate solution (1 mg of phosphatase substrate’/mL
of substrate buffer [2mM MgCl,, 27.5mM NaCO,, and
22.5mM NaHCOB]) was added to each well. Plates were
then incubated in the dark at 20°C for 1 hour.

The OD of each well was measured at 405 nm, ad-
justed at 490 nm, and used to calculate the relative con-
centration of anti-HSA antibody in each serum sample
by subtracting the OD of the HSA-coated well from the
OD of the uncoated well. Wells coated with HSA but
not exposed to serum served as blanks. Serum collected
from a dog that had previously received an infusion of
HSA and had a strong reaction to HSA for ID tests was
used as a positive control sample. Each sample was as-
sayed in duplicate.

ID testing—Intradermal testing was conducted at
least 5 weeks after completion of the final HSA infusion
(range, 5 to 10 weeks; mean, 6.1 weeks). Physiologic
saline solution was used as a negative control injection,
whereas histamine’ diluted in PBS solution to achieve
a concentration of 5 pug/mL was used as the positive
control injection. A solution was made that comprised
0.1 mL of 25% HSA solution and 0.4 mL of physiologic
saline solution. An area over the lateral portion of the
thorax was clipped of hair, and 0.05 mL of each solution
was administered by ID injection. Wheal reactions were
graded 15 and 30 minutes after ID injection by use of
a scale of 0 (no response) to 4+ (maximum response),
where response to the positive control injection (ie, his-
tamine) was equivalent to a 4+ reaction.

Statistical analysis—Only data from dogs that
received an entire HSA infusion were included in sta-
tistical analysis. Therefore, data from 1 dog were ex-
cluded from statistical analysis for the first infusion,
and data from both dogs were excluded from analysis
for the second infusion. Summary statistics were re-
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ported as mean = SEM. Parametric (repeated-mea-
sures ANOVA) or nonparametric (Friedman repeat-
ed-measures ANOVA on ranks) tests were used to
compare clinical and clinicopathologic variables, de-
pending on the normality of distribution of the data.
To determine specific differences among time points,
post hoc testing was conducted by use of Holms-Si-
dak (parametric) or Tukey (nonparametric) tests.
Plasma COP measured before the start of infusion
and 24 hours after infusion were compared by use of
a paired ¢ test. Significance (values of P < 0.05) was
determined by use of statistical analysis software.
Serum antibody concentrations, results of ID tests,
urine albumin concentrations, and nonquantifiable
changes during physical examination were reported
descriptively.

Results

Clinical reactions—Adverse clinical reactions
were observed after initial and second albumin infu-
sions. Eight of 9 dogs were administered the complete
infusion volume for the first infusion, whereas infusion
was discontinued after administration of only a small
amount of HSA in the other dog. Only 2 dogs were ad-
ministered a second infusion of HSA because of the se-
verity of adverse reactions that developed during that
infusion, and neither of those 2 dogs were administered
more than a miniscule amount of HSA during the sec-
ond infusion. When we were able to complete the HSA
infusions, mean time to completion was 3.75 hours
(range, 3 to 4.5 hours).

The initial infusion was temporarily discontinued
in 2 dogs because of hypertension. Infusion was rein-
stated within 20 minutes in both dogs, and infusion

B

Figure 1—Photographs of a dog 7 days after IV infusion of 50 g of pharmaceutical-grade HSA. Notice the severe edema (A, B, and C)

was completed at a slightly slower final rate (3 mL/kg/
h) in both dogs without further incident.

An additional dog developed a shock-like reaction
within 10 minutes after receiving an estimated infusion
volume of < 1.5 mL of HSA during the initial infusion.
That dog became profoundly weak and collapsed; the
dog had poor responses to stimuli and pale, muddy-col-
ored mucous membranes. The dog became hypotensive
(systolic blood pressure, 80 mm Hg) and tachypneic
(respiratory rate, 60 breaths/min). Pulses were weak,
but pulse rate remained within the reference range.
The dog was treated immediately by IV administration
of physiologic saline solution and diphenhydramine
(2 mg/kg, IV). Rectal temperature decreased to a low
of 37.3°C 30 minutes after the infusion was stopped.
During the first 45 minutes of treatment, systolic blood
pressure returned to the reference range. Although the
dog vomited twice and had diarrhea once during the
next several hours, it continued to improve clinically.
Vital signs were in the respective reference ranges with-
in 3 hours, and the dog was able to stand and walk.
The dog appeared completely normal by the following
morning. Because this dog did not complete the initial
albumin infusion, results from hematologic and bio-
chemical evaluations after infusion were not included
in the statistical analysis. Although the attitude of the
dog remained unaffected, the dog developed severe
facial edema and urticaria 6 days after the shock-like
episode. At that time, the dog was treated with diphen-
hydramine again, and clinical signs resolved during the
subsequent 2 to 3 days.

In a second dog, we were able to complete the ini-
tial infusion without incident, but this dog also devel-
oped edema and urticaria 7 days after the initial HSA
infusion. The dog remained alert and active and had

and urticaria (D and E). The dog also was pruritic. In panel D, notice the large urticarial wheals (arrows) on the top of the dog's head.
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Figure 2—Mean + SEM plasma concentrations of total solids
(squares) and serum concentrations of total proteins (circles) and
albumin (triangles) in 8 dogs before (preinfusion) and at various
time points after IV infusion of 50 g of pharmaceutical-grade HSA.
*TFWithin a variable, value differs significantly from the preinfu-
sion value (*P < 0.001; TP = 0.006; £P = 0.026).

an apparently normal appetite. Vital signs were with-
in the respective reference ranges. However, the dog
developed marked edema in the facial area and distal
portions of the limbs. The dog also developed urticaria
and was pruritic (Figure 1). The dog was treated ini-
tially by IM administration of diphenhydramine (2.16
mg/kg), which was followed by oral administration of
diphenhydramine every 12 hours for 3 doses. Edema,
urticaria, and the pruritic condition improved during
the subsequent 3 days.

Neither of the dogs administered a second infusion
of HSA had an adverse reaction to the first infusion
(during the infusion or the 5-week period thereafter).
However, both had an anaphylactic response during
the second infusion nearly identical to that seen in the
aforementioned dog. In both dogs, the adverse reaction
developed soon after the second HSA infusion was ini-
tiated (total infused volume was < 1.5 mL). Both dogs
became weak; collapsed; had a poor response to stim-
uli; and had pale, muddy-colored mucous membranes.
Each dog also became severely hypotensive (systolic
blood pressure could not be immediately registered in
1 dog and was 40 mm Hg in the other dog), hypother-
mic, and tachypneic. Pulses were weak in both dogs,
but pulse rate remained within the reference range.
Both dogs responded well to treatment with IV admin-
istration of physiologic saline solution and diphen-
hydramine. Both dogs vomited and had diarrhea during
the subsequent few hours, but vital signs returned to
within the respective reference ranges. Both dogs ap-
peared clinically normal again within 1 day, and neither
developed facial edema or urticaria at any point after
infusion. Because of the severity of the adverse reaction
observed in both the dogs administered a second HSA
infusion, it was decided that we should not administer
a second infusion to the remaining dogs.

Except for the 3 aforementioned anaphylactic epi-
sodes and 2 episodes of urticaria and edema, important
changes were not detected during physical examina-
tion. Although there were day-to-day variations, there

was no significant alteration in systolic blood pressure,
rectal temperature, pulse rate, or respiratory rate in the
days after HSA infusion. None of the dogs developed
a change in gait during the course of the study. In 1
dog, a grade II/VI systolic left basilar murmur was aus-
culted only after HSA infusion. This murmur persisted
and was determined via echocardiography to have been
caused by mild pulmonic stenosis; we believe the mur-
mur was not detected by investigators during the prein-
fusion examination.

Clinicopathologic evaluation—Significant clinico-
pathologic changes were identified after the initial infu-
sion of HSA. Mean + SEM platelet count was decreased
significantly (P = 0.005) from the preinfusion value
(331 X'10° = 94 X 10° platelets/uL) at 7 days after infu-
sion (252 X 10° + 101 X 10° platelets/uL). Plasma con-
centration of total solids was increased at all time points
from 24 hours after infusion through 7 days after infu-
sion (Figure 2). There were no significant alterations in
hemoglobin concentration, total number of WBCs, or
neutrophil counts. Serum albumin concentration was
increased significantly from the preinfusion value (2.95
+0.28 g/L) at 24 hours (4.00 + 0.44 g/L; P = 0.009) and
7 days (3.58 + 0.31 g/L; P = 0.01) after infusion. Serum
total protein concentration was increased significantly
(P =0.017) at 24 hours after infusion (before infusion,
5.80 + 0.54 g/L; 24 hours, 6.30 + 0.85 g/L). Total bili-
rubin concentration was increased significantly from
the preinfusion value (0.20 = 0.08 mg/dL) at 24 hours
(0.65 +0.30 mg/dL; P < 0.001) and 7 days (0.46 + 0.07
mg/dL; P = 0.004) after infusion. Serum calcium con-
centration was significantly (P < 0.001) increased from
the preinfusion value (9.80 = 0.55 mg/dL) at 24 hours
after infusion (10.43 = 0.38 mg/dL). Serum globulin
concentration was significantly (P = 0.008) decreased
at 24 hours after infusion (before infusion, 2.83 + 0.58
g/L; 24 hours, 2.30 + 0.69 g/L). Serum cholesterol con-
centration was significantly (P < 0.001) decreased from
the preinfusion value (129.2 + 20.6 mg/dL) at 24 hours
(110.0 + 18.9 mg/dL) and 7 days (100.2 + 23.2 mg/dL)
after infusion. No significant alterations were identi-
fied in serum urea nitrogen, creatinine, or glucose con-
centrations; amylase, alkaline phosphatase, or alanine
transaminase activities; total carbon dioxide content; or
sodium, potassium, chloride, or phosphorous concen-
trations. Plasma COP (reference range, 18 to 24 mm Hg)
was significantly (P < 0.001) increased from the pre-
infusion value (21.9 + 2.1 mm Hg) at 24 hours after
infusion (29.8 + 2.1 mm Hg).

Microalbuminuria was detected in only 1 dog, and
it was evident before and after HSA infusion. In that
dog, the semiquantitative assessment yielded a low
positive result before infusion and consistently yielded
a medium positive result after infusion.

Immunologic response—Serum antibodies against
HSA were not detected in any dog before the initial HSA
infusion, but those antibodies developed after infusion.
In 1 dog, antibodies could not be assayed because of
high nonspecific binding; data for that dog were ex-
cluded from further analysis. That dog did not have an
adverse reaction to HSA infusion. For the remaining
dogs, increased OD values for the ELISA were detected
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Figure 3—Mean + SEM anti-HSA antibody response of 7 dogs
before and at various time points after IV infusion of 50 g of phar
maceutical-grade HSA. *tWithin a variable, value differs signifi-
cantly from the preinfusion value (* P < 0.001; TP = 0.005).

at 7 days after infusion; the OD values were significant-
ly higher at 14 and 21 days after infusion (Figure 3).
Results of ID testing revealed a positive response
suggestive of specific anti-HSA IgE production in 8 of 9
dogs. In 3 dogs, response to ID injection of dilute HSA
was graded as 4+, with the evaluated wheal and flare
actually exceeding the size of that for the histamine
control injection. One of these 3 dogs developed the
anaphylactic reaction during the initial HSA infusion.
In 3 dogs, the response was graded as 2+, whereas the
response was graded as 1+ and 3+ in 1 dog each.

Discussion

The hypothesis of the study reported here was that
dogs would develop anti-HSA antibodies after infusion
of pharmaceutical-grade HSA and that a delayed second
exposure would result in antibody-mediated adverse
clinical reactions. We were able to verify the develop-
ment of anti-HSA antibodies in all dogs and an adverse
clinical response in both dogs administered a second
infusion. In addition, some dogs had an immediate ana-
phylactoid reaction and delayed adverse reaction to the
initial infusion.

Our findings in healthy dogs administered HSA are
extremely similar to those described for healthy dogs
infused with another xenoalbumin, BSA.¢ In that study,
the investigators administered BSA to 9 dogs that did
not have prior exposure to exogenous albumin, and 1 of
the dogs immediately developed an urticarial reaction.
Two of the dogs were administered a second infusion of
BSA 14 days later; 1 of these 2 immediately developed
an urticarial reaction, whereas the other dog developed
an anaphylactoid reaction. Additionally, 5 dogs admin-
istered only a single infusion of BSA in that study de-
veloped generalized type III hypersensitivity reactions a
mean =+ SD of 15 + 2.7 days after infusion.

In contrast to our study in which there was a severe
adverse reaction to xenoalbumin administration (ie,
HSA) in healthy dogs, there are numerous published
reports*®*" that suggest that HSA can be used without
serious adverse consequences in critically ill dogs. In a
retrospective report,® HSA was administered to 64 dogs
and 2 cats in a critical care setting. Although 19 of these

animals did not survive until discharge and 5 others
died within 18 hours after infusion, the authors attrib-
uted these deaths to progression of underlying disease
or euthanasia, rather than to an adverse reaction to HSA
administration.

It seems unlikely that the total dose of HSA admin-
istered or the infusion rate explain the adverse reactions
seen in the dogs reported here, compared with the ef-
fects in clinically affected dogs described in another re-
port.® In that report, the total dose administered varied
among patients but ranged from 1.8 to 10.8 mL of 25%
HSA/kg (mean, 5.3 ml/kg). All dogs that received a
complete infusion in our study received 50 g (200 mL)
of 25% HSA. On the basis of the body weights of the
dogs in our study, the dose ranged from 7.7 to 10.8 mL/
kg (mean, 9.3 mL/kg). Investigators in that other study®
described a maximum infusion rate of 4 mL/kg/h for
the treatment of hypotensive dogs and constant infu-
sion rates of 0.1 to 1.7 mL/kg/h for other uses. The dogs
of the study reported here were administered HSA at an
initial rate of 0.5 mL/kg/h with incremental increases
to a final rate of 4 ml/kg/h, provided that vital signs
remained stable. Because the most severe adverse reac-
tions detected in the dogs of our study were at the slow-
est delivery rate and after infusion of only miniscule
volumes of HSA, it seems unlikely that infusion rate or
dose administered could have accounted for these reac-
tions. However, it is likely that our relatively rapid rate
of infusion contributed to the 2 episodes of hyperten-
sion during infusion in these normovolemic dogs. This
was supported by the rapid resolution of hypertension
when the HSA infusion was discontinued temporarily
and reinstituted at a slower rate.

It also seems unlikely that the specific preparation
of HSA used in the study reported here accounted for
the adverse events. All commercially available pharma-
ceutical-grade HSA products are derived from the same
basic procedure, Cohn cold ethanol fractionation. The
product® used in our study contained no preservatives,
and the stabilizers used in the product were identical to
those used in most other products,'™ including the pro-
duct” used in a retrospective clinical series.® Adverse re-
actions in our study resulted from infusion of HSA with
various lot numbers. When contacted, the manufac-
turer reported no known adverse reactions in humans
administered product from the lots used in our study.

Adverse reactions to albumin infusion could result
from nonimmunologic or immunologic mechanisms.
True anaphylaxis is a type I hypersensitivity response
requiring prior sensitization to the triggering antigen.
Clinically identical reactions that are not antibody-
mediated events are termed anaphylactoid reactions.
Both anaphylactic and anaphylactoid reactions are de-
tected more often with parenteral routes of administra-
tion, especially IV injection.'® Proteins are excellent
antigens; therefore, protein-based therapeutics are es-
pecially likely to result in anaphylaxis.!' None of these
laboratory-raised dogs had prior exposure to HSA, and
none had any detectable serum anti-HSA antibodies
prior to the initial HSA infusion.

We did not specifically measure anti-HSA IgE con-
centrations, and serum IgE concentrations are typically
low because most of this immunoglobulin is bound to
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receptors on mast cells and basophils. Retrospectively,
ID testing completed before HSA infusion could have
been used to detect background amounts of IgE. Unfor-
tunately, ID tests were not completed until weeks after
the initial infusions. By that time, ID test response was
positive but serum antibodies (non—class-specific anti-
bodies) had also been identified.

Antibody-mediated anaphylaxis seems less likely
than an anaphylactoid response in the dog with only a
single exposure to HSA, but antibody-mediated or non—
antibody-mediated reactions could explain the severe
clinical reactions in both dogs administered a second
albumin infusion. In 1 study,'? investigators postulated
that severe adverse reactions in 2 healthy dogs adminis-
tered HSA were anaphylactoid responses to serum pro-
tein aggregates, rather than true anaphylaxis, because
neither dog had prior exposure to HSA. In the study
reported here, anaphylaxis or an anaphylactoid reaction
could not account for the onset of urticaria and edema
in 2 dogs 7 days after HSA infusion.

Type III hypersensitivity reactions may also be re-
sponsible for adverse reaction to drugs, particularly
xenoproteins. Serum sickness is a type III hypersen-
sitivity response in which soluble circulating immune
complexes diffuse into vessel walls where they affix and
activate complement.”® Because antibody formation is
not an immediate event, serum sickness is evident 6 to
21 days after exposure to the protein antigen. Deposi-
tion of immune complexes and the resulting inflamma-
tory response causes a widespread vasculitis (ie, serum
sickness). After subsequent exposures to the inciting
antigen, the vasculitis may develop earlier and may be
much more profound. Classic physical manifestations
of serum sickness include fever, arthralgia, lymphade-
nopathy, edema, and skin lesions. Two of the dogs in the
study reported here developed severe edema and urti-
carial skin lesions within a time frame compatible with
serum sickness, and both dogs had detectable anti-HSA
antibodies by 7 days after infusion. In the experience of
other investigators,' type I1I hypersensitivity responses
have been identified approximately 1 to 2 weeks after
administration of pharmaceutical-grade HSA to several
healthy dogs. Several of the reactions have been severe,
including 2 that were fatal."*

It remains unclear why adverse reactions of healthy
dogs to infusion of HSA were common in the study
reported here and have been detected by other inves-
tigators'? but are uncommonly reported in veterinary
retrospective reports on use of HSA in a clinical set-
ting. In clinical use, HSA is administered to critically
ill dogs. Sick dogs may be immunosuppressed as a re-
sult of the underlying disease state or drug treatment.
Furthermore, dogs administered HSA are often hypo-
albuminemic and may be malnourished; malnutri-
tion impacts immune function in a number of ways."
Suppression of immunologically mediated responses
to HSA may prevent or blunt the severity of adverse
reactions. It is also possible that, in some cases, dete-
rioration of clinical condition or death in extremely
sick patients may have been incorrectly attributed to
underlying disease, rather than to an adverse drug re-
action. This may be especially true when the reaction
to infusion was delayed (eg, type III hypersensitivity),

compared with an acute reaction (eg, anaphylactic
reaction).

In the study reported here, HSA was administered
to normoalbuminemic dogs, which prompted the con-
cern that adverse reactions may have been related to
hyperalbuminemia. All immediate reactions developed
after only miniscule amounts of albumin were admin-
istered. Delayed reactions were detected in 1 dog that
received only a small amount of HSA and in an addi-
tional dog that received the complete HSA infusion. At
the time of the adverse reaction 1 week after infusion,
the serum albumin concentration in the latter dog (3.2
g/dL) was within the reference range (reference range,
2.9 to 4.0 g/dL), which effectively eliminated the con-
cern that the adverse reactions were attributable to
hyperalbuminemia.

Significant alterations of laboratory variables were
evident after infusion of a complete 50-g dose of HSA
to the dogs. Although only 2 dogs had obvious edema
after infusion, decreased platelet counts 7 days after in-
fusion may have been related to subclinical vasculitis
with resultant platelet consumption. Plasma COP was
significantly increased, a finding that was not surprising
given that an important use of concentrated albumin is
to provide colloid support.” Similar to findings in the
aforementioned retrospective study® serum albumin
and total protein concentrations and plasma concentra-
tions of total solids all increased after administration of
concentrated HSA to the dogs of our study. We detected
a decrease in serum globulin concentrations 24 hours
after infusion, but this decrease was not significantly
different by 7 days after infusion. Because globulin
concentrations decreased quickly and were returning
to preinfusion values 7 days after infusion, whereas al-
bumin concentrations were still significantly increased
at that time, we believe dilution of globulin related to
increased osmotic pressure and a resultant increase in
intravascular volume was a more likely explanation
than diminished globulin production or loss of globu-
lins. Globulin content was actually slightly increased
7 days after infusion in the 2 dogs that had edema
and urticaria compatible with type III hypersensitivity
responses.

Concentrations of calcium, which binds to albu-
min, were increased 24 hours after infusion, probably
as a response to the increase in albumin as a carrier. Se-
rum bilirubin also strongly binds serum albumin, and
the mild increases in bilirubin concentrations in these
dogs were not accompanied by increases in hepatic en-
zyme activity and were unlikely to be of clinical impor-
tance. Serum cholesterol concentration was decreased
at 24 hours and 7 days after infusion. Although the
initial decrease could have been related to a dilutional
effect, the continued decrease at 7 days after infusion
may also have been related to diminished cholesterol
production.

In the study reported here, we detected life-threat-
ening adverse reactions to infusion of pharmaceutical-
grade HSA in healthy dogs during both initial and sec-
ond administrations. Although there have been adverse
reactions to HSA infusion in people, such reactions are
extremely rare.'®!'” The pharmaceutical-grade product
from any manufacturer contains only a concentrate of
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albumin derived from pooled human venous plasma
with extremely minute amounts of stabilizing mol-
ecules. It appears likely that the adverse reactions in
our study were related to the small but real difference
in albumin molecules between species, rather than to
some other ingredient in the product. Currently, the
use of HSA in the treatment of critically ill people is
controversial, with many studies and large meta-analy-
ses failing to substantiate an improvement in survival
in patients treated with HSA.*"181% Although HSA does
provide oncotic support, it is questionable whether it
provides dogs with any of the other vital functions of
native canine albumin, especially given the differences
in albumin among species.®** To our knowledge, there
have been no controlled studies that provide evidence
for a benefit in survival for dogs receiving HSA. Future
studies should be designed in a prospective manner to
determine safety of HSA administration to critically ill
dogs and to try to determine whether HSA offers any
benefit in survival over the use of other colloids. Un-
less a therapeutic benefit can be documented, other col-
loids may be safer alternatives to HSA for provision of
oncotic support in hypoalbuminemic dogs. We believe
that repeat administration of HSA infusion should be
avoided altogether.

a.  Chan DL, Rozanski EA, Freeman LM, et al. Retrospective evalu-
ation of human albumin use in critically ill dogs (abstr). J Vet
Emerg Crit Care 2004;14:S8.

b.  Klainbart S, Aroch I. Use of human albumin in critically ill dogs
and cats (abstr). J Vet Emerg Crit Care 2005;15:515.

c.  Throop JL, Bingaman S, Huxley V. Differences between human
and other mammalian albumins raises concerns over the use
of human serum albumin in the dog (abstr). J Vet Intern Med
2004;18:439.

d.  Mosley CAE, Mathews KA. The use of concentrated bo-
vine serum albumin in canines (abstr). Vet Anesth Analg
2005;32:14-15.

e.  Human serum albumin, ZLB Bioplasma Inc, Berne, Switzerland.

f.  ERD HealthScreen urine tests, provided by Heska Corp, Love-
land, Colo.

g. Wescor 4420 colloid osmometer, Wescor Inc, Logan, Utah.

h.  Alkaline phosphatase AffiniPure rabbit anti-dog IgG, Jackson

ImmunoResearch, West Grove, Pa.

Phosphatase substrate S0942, Sigma-Aldrich Chemical Co,

St Louis, Mo.

Histamine base, Center Laboratories, Port Washington, NY.

SigmaStat, version 3.1, Systat Software Inc, Richmond, Calif.

Buminate 25%, Baxter Biosciences, Deerfield, I11.

Albuminar-25, Aventis Behring LLC, Kankakee, Il1.

Plasbumin-25, Bayer Healthcare, Elkhart, Ind.
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