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Development of anthrax countermeasures that may be used concomitantly in a postexposure setting requires an understanding
of the interaction between these products. Anthrax immune globulin intravenous (AIGIV) is a candidate immunotherapeutic
that contains neutralizing antibodies against protective antigen (PA), a component of anthrax toxins. We evaluated the interac-
tion between AIGIV and BioThrax (anthrax vaccine adsorbed) in rabbits. While pharmacokinetics of AIGIV were not altered by
vaccination, the vaccine-induced immune response was abrogated in AIGIV-treated animals.

Bacillus anthracis, the etiologic agent of anthrax, causes human
disease via the gastrointestinal, cutaneous, or inhalation route.

Inhalational anthrax is the most lethal form of the disease and, if
untreated, is nearly 100% fatal (1). Mortality may be prevented if
treatment with antibiotics is initiated shortly after exposure to spores.
However, a delay in initiating antimicrobial therapy may result in
toxemia, which predominantly accounts for the morbidity and mor-
tality associated with inhalational anthrax disease (2, 3).

Vaccines are being developed for postexposure prophylaxis of
anthrax, to be used in combination with antibiotics (4). Addition-
ally, polyclonal and monoclonal antibody-based antitoxins have
been shown to improve survival when used to treat anthrax-in-
duced toxemia in rabbits, guinea pigs, and cynomolgus macaques
(5–7). Antibiotics do not appear to interfere with the concomitant
active (vaccination) or passive (antitoxin) immunization against
anthrax (4, 8). However, the effect of antitoxin on vaccine-in-
duced immune response has not been elucidated.

Anthrivig (human anthrax immunoglobulin), also known as
AIGIV, is purified from plasma of individuals vaccinated with the
FDA-licensed anthrax vaccine BioThrax (anthrax vaccine ad-
sorbed), also referred to as AVA (Emergent BioSolutions, Lansing,
MI). AIGIV is produced using the same manufacturing process as
that used for the manufacture of the FDA-licensed Gamunex-C
[immune globulin injection (human), 10% caprylate/chromatog-
raphy purified] (Grifols Therapeutics Inc., Clayton, NC). AIGIV
contains antibodies against protective antigen (PA), a component
of B. anthracis lethal toxin (LT) and edema toxin (ET), and neu-
tralizes the effects of these toxins by binding to the PA component,
as reported in the accompanying paper (9). We examined the
interaction of AIGIV with AVA when they were coadministered in
the New Zealand White (NZW) rabbit model.

Animal studies were conducted in compliance with the Animal
Welfare Act and followed the principles outlined in the National
Research Council Guide for the Care and Use of Laboratory Ani-
mals. All animal protocols were approved by the Institutional An-
imal Care and Use Committee. On study day 1, 4 groups of 8
rabbits (9.5 months of age, weighing between 3.2 and 4.7 kg) were
administered AIGIV at a dose of 14.2 mg/kg of body weight or 21.3
mg/kg of anti-PA IgG (364 and 546 mg/kg of total IgG, respec-
tively) via slow intravenous (IV) infusion. Control animals were
infused with Gamunex (546 mg/kg of total IgG) (Table 1). Follow-
ing infusion, animals in 4 out of 6 groups were immunized via

intramuscular (IM) injection on study days 1 and 8 with 0.5 ml of
AVA at a 1:16 dilution of the human dose. This dose of the vaccine
was selected because it has been shown to elicit an immune re-
sponse which lies within the linear portion of a vaccine dose-
response curve in the NZW rabbit model (10). Serum AIGIV lev-
els were assessed by measuring human anti-PA IgG by ELISA. The
rabbit immune response to AVA was assessed by measuring rabbit
anti-PA IgG by ELISA. Species-specific secondary antibodies were
used to distinguish between human and rabbit anti-PA IgG. The
ELISA values were used to perform PK analysis. The limit of quan-
titation (LOQ) of the human and rabbit anti-PA IgG ELISA was
9.27 and 5.0 �g/ml, respectively.

As expected, human anti-PA IgG levels in animals that received
Gamunex remained below the LOQ for the duration of the exper-
iment. In animals infused with AIGIV, the peak concentration of
human anti-PA IgG was detected 1 h following AIGIV infusion.
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TABLE 1 Study design

Group
No. of
animalsa

AVA dose (dilution
of human dose),
days 1 and 8

AIGIV dose (mg/kg
of anti-PA IgG),
day 1

Gamunex dose
(mg/kg), day 1

1 8 1:16
2 8c 14.2
3 8c 21.3
4 8c 1:16 14.2
5 8 1:16 21.3
6 8 1:16 546b

a Equal numbers of male and female NZW rabbits, weighing between 3.2 and 4.7 kg at
the start of the study, were used.
b Equivalent dose of total IgG as AIGIV at a dose of 21.3 mg/kg.
c Three rabbits, one in each of groups 2, 3, and 4, did not receive a full dose of AIGIV
and were therefore excluded from the PK analysis.
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By study day 29, human anti-PA IgG levels dropped below the
LOQ (Fig. 1). Group mean maximum concentration of AIGIV
(Cmax) and area under the concentration-time curve (AUC) val-
ues increased in a dose-proportional manner (Table 2). Adminis-
tration of AVA to animals that received AIGIV did not affect the
AIGIV pharmacokinetic (PK) parameters (Fig. 1 and Table 2) (P �
0.18).

Following the second AVA vaccination, administered on study
day 8, animals that received AVA alone or AVA and Gamunex
developed a robust immune response, with the peak anti-PA IgG
concentration occurring on day 15 (Fig. 2). In contrast, animals
that received AIGIV at the dose of either 14.2 mg/kg or 21.3 mg/kg
of anti-PA IgG had no detectable immune response to vaccination
throughout the study (Fig. 2), indicating that under these experi-
mental conditions, administration of AIGIV abrogated the im-
mune response to AVA in the rabbit model (P � 0.003).

A possible explanation for the observed impairment of the se-
rum antibody response to AVA in animals infused with AIGIV
may be immunological interference. Interference between im-

mune globulins and vaccines administered concomitantly has
been observed previously in animal models and humans. Exam-
ples include concomitant active and passive immunization against
plague (11) and hepatitis A (12). However, in other cases of coad-
ministration of a vaccine and an immune globulin, including
those against hepatitis B and poliovirus, inhibition of immune
response to a vaccine does not occur (13, 14). In the case of con-
comitant administration of the tetanus-diphtheria vaccine and
tetanus toxoid, a decrease in the vaccine-induced immune re-
sponse has been observed in the short but not long term, and it
appears to be dependent on the patients’ age and prevaccination
antibody titer (15, 16).

The mechanism of interference between active and passive im-
munization is not fully understood. One possible explanation for
this finding is the formation of immune complexes between the
passively acquired antibodies and the antigen supplied by the ac-
tive immunization, resulting in inability of the antigen-specific B
cells to recognize the antigen (17). For example, B-cell response to
vaccination with a vector expressing a rabies virus glycoprotein

FIG 1 Human anti-PA IgG levels in rabbit sera measured by ELISA. The data are presented as geometric mean human anti-PA IgG concentrations with 95%
confidence intervals (CIs). Arrows represent the time points when vaccinations were administered, day 1 and day 8, respectively. Serum samples were collected
9 to 10 days prior to infusion (baseline), at 1, 12, 24, 36, 48, 72, and 96 h postinfusion, and on study days 7, 9, 11, 15, 22, and 29. Three rabbits, one in each of groups
2, 3, and 4, did not receive a full dose of AIGIV and were therefore excluded from the analysis. Values below the assay LOQ were replaced with the LOQ (9.27
�g/ml). The PK profile of AIGIV was not significantly different among groups 2 through 5 (P � 0.18).

TABLE 2 PK parameters for human anti-PA IgGa

Group (treatment)b Cmax (�g/ml) Tlast (days) t1/2 (days) AUClast (day � �g/ml) AUC0-� (day � �g/ml)

2 (AIGIV, 14.2 mg/kg of anti-PA
IgG); n � 7c

410.86 � 37.38 26.00 � 5.29 5.43 � 2.48 1,818.57 � 215.44 1,882.86 � 254.93

3 (AIGIV, 21.3 mg/kg of anti-PA
IgG); n � 7c

705.14 � 93.46 28.00 � 0.00 6.91 � 2.52 3,070.00 � 192.61 3,251.43 � 389.46

4 (AVA, 1:16; AIGIV, 14.2 mg/kg
of anti-PA IgG); n � 7c

445.00 � 33.42 17.86 � 7.84 4.04 � 2.87 1,791.43 � 386.11 1,881.43 � 428.74

5 (AVA, 1:16; AIGIV, 21.3 mg/kg
of anti-PA IgG); n � 8

714.38 � 104.38 22.75 � 9.85 4.17 � 1.85 2,818.75 � 537.41 2,946.25 � 432.47

a Cmax, maximum measured serum concentration during the period specified; Tmax, time to maximum measured serum concentration; Tlast, time of last measurable concentration;
AUClast, area under the serum concentration-versus-time curve from time zero to the last quantifiable concentration; AUC0-�, AUClast plus the additional area extrapolated to
infinity, calculated using the terminal elimination rate constant; t1/2, elimination half-life. Values are means � standard errors.
b Anti-PA IgG ELISA was not performed on sera from animals in groups 1 (AVA alone) and 6 (AVA plus Gamunex), which were not infused with AIGIV.
c Three rabbits, one in each of groups 2, 3, and 4, did not receive a full dose of AIGIV and were therefore excluded from the PK analysis.

Malkevich et al.

5694 aac.asm.org Antimicrobial Agents and Chemotherapy

http://aac.asm.org


was inhibited in mice passively immunized with rabies hyperim-
mune serum, resulting in vaccine failure upon challenge with a
virulent strain of rabies virus (18).

It remains to be determined whether the observed suppression
of the AVA-induced immune response under these experimental
conditions would affect the memory response to AVA if the ani-
mals were subsequently reimmunized or exposed to anthrax
spores at a later time point when the human anti-PA IgG levels
have substantially decreased. Indeed, there have been reports of
immune complexes eliciting a robust anamnestic response in the
absence of a primary antibody response (19–21). In efficacy stud-
ies with other anti-PA antibody-based anthrax therapeutics, sur-
viving animals were rechallenged with anthrax spores one or more
months after the first challenge; i.e., after the passively adminis-
tered antibody was expected to have been cleared from the animals
(8, 22). All rechallenged animals survived the second challenge,
suggesting that the passively administered antibodies did not in-
terfere with the development of protective long-term immuno-
logical memory in response to B. anthracis infection.

Because AIGIV will likely be used in conjunction with antibi-
otics, we also examined the effect of AIGIV on serum levofloxacin
levels in a separate experiment. NZW rabbits received 50 mg/kg of
levofloxacin by oral gavage once daily for 6 days and a single IV
infusion of AIGIV (14.2 or 21.3 mg/kg of anti-PA IgG; i.e., 364 or
546 mg/kg of total IgG, respectively) or Gamunex (546 mg/kg of
total IgG) on day 4. Peak and trough concentrations of levofloxa-
cin (as measured by high-pressure liquid chromatography
[HPLC]) were comparable in all groups throughout the study
period, indicating that concomitant administration of AIGIV did
not affect serum levofloxacin levels (data not shown). The effect of
a PA-based anthrax vaccine (4) and anti-PA-based antitoxin (8)
coadministration on levofloxacin levels has also been examined
previously in the rabbit model. The studies indicated that plasma
antibiotic concentrations were not affected by the concomitant
active or passive immunization.

It is not known whether the observed effect is common to any
PA-based anthrax vaccine and anti-PA antibody-based therapeu-
tic. Further studies in animal models and ultimately in humans
should be conducted to elucidate the mechanism for the apparent
decrease in vaccine-induced immune response when vaccination
is coadministered with an immune globulin and to investigate
potential strategies for overcoming this effect, such as delaying
vaccination until levels of passively administered antibody have
declined.
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