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ABSTRACT Extremely drug-resistant (XDR) Acinetobacter baumannii is a notori-
ous and frequently encountered pathogen demanding novel therapeutic inter-
ventions. An initial monoclonal antibody (MAb), C8, raised against A. baumannii
capsule, proved a highly effective treatment against a minority of clinical isolates.
To overcome this limitation, we broadened coverage by developing a second
antibody for use in a combination regimen. We sought to develop an additional
anti-A. baumannii MAb through hybridoma technology by immunizing mice with
sublethal inocula of virulent, XDR clinical isolates not bound by MAb C8. We
identified a new antibacterial MAb, 65, which bound to strains in a pattern dis-
tinct from and complementary to that of MAb C8. MAb 65 enhanced macrophage
opsonophagocytosis of targeted strains and markedly improved survival in lethal
bacteremic sepsis and aspiration pneumonia murine models of A. baumannii
infection. MAb 65 was also synergistic with colistin, substantially enhancing pro-
tection compared to monotherapy. Treatment with MAb 65 significantly reduced
blood bacterial density, ameliorated cytokine production (interleukin-1b [IL-1b],
IL-6, IL-10, and tumor necrosis factor), and sepsis biomarkers. We describe a
novel MAb targeting A. baumannii that broadens immunotherapeutic strain cov-
erage, is highly potent and effective, and synergistically improves outcomes in
combination with antibiotics.
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More than 75,000 cases of extremely drug-resistant (XDR) Acinetobacter baumannii
infections occur annually in developed countries, resulting in more than 30,000

deaths and excess health care costs of $742 million (1). One-third of those cases occur
in the United States, resulting in 10,000 deaths and health care costs of $390 million
every year (1). More than half of A. baumannii isolates from the United States and
China are XDR (1–4), yet, unlike other resistant bacteria that cause deadly infections,
there are few antibiotics in the pipeline that could treat these infections (5, 6). Thus,
there is a critical need for new strategies to prevent and treat these infections.

We previously found that virulent A. baumannii strains can evade the innate
immune system, causing sustained TLR4 ligation by lipopolysaccharide (LPS), which
ultimately leads to death by sepsis (7–10). Thus, enhancing innate immunity is a
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promising strategy to improve outcomes. Therefore, we focused on monoclonal anti-
bodies (MAbs) as a passive immunotherapeutic approach, first demonstrating that pas-
sive immunization with polyclonal serum targeting A. baumannii improved survival of
infected recipient mice, validating the approach (9).

To that end, we previously developed a MAb, C8, that was able to bind approxi-
mately half of A. baumannii strains tested (11). Here, we present a second MAb, 65,
that is also highly protective during blood and lung infections, complementing the
strain coverage of our first MAb. We describe in vitro and in vivo antibacterial effects of
MAb 65, demonstrating efficacy with a humanized variant of the MAb, supporting
translation of both MAbs to treat drug-resistant A. baumannii infections.

RESULTS
Development and characterization of anti-A. baumannii IgG1 MAb. We gener-

ated a murine IgM MAb with a kappa light chain through hybridoma technology by
immunizing mice with sublethal inocula of two XDR clinical isolates of A. baumannii
(VA-Ab59 and VA-Ab65) obtained from patients at the Louis B. Stokes Veterans Affairs
Hospital in Cleveland, Ohio, to which our initial MAb C8 did not bind (12). After con-
firming that the initial murine IgM bound to both immunizing strains of A. baumannii
by flow cytometry, we then humanized and isotype-switched the MAb to IgG1, calling
it MAb 65. When tested by flow cytometry, MAb 65 bound as well as immune serum to
the surface of VA-Ab41, an XDR clinical isolate of A. baumannii from a skin and soft-tis-
sue infection that is hypervirulent in mice (Fig. 1A). Strong surface binding of MAb 65
to VA-Ab41 was observed by flow cytometry at concentrations as low as 100 ng/ml.
We then assessed the ability of MAb 65 to bind to a broad collection of 302 clinical iso-
lates of A. baumannii, originating from a wide variety of infection types, from across
the United States. By flow cytometry, surface binding by MAb 65 was significantly
greater than that of negative isotype control antibody in 70 of the 302 (23%) A. bau-
mannii strains tested. Thirty-six (51%) of the strains bound by MAb 65 were not bound
by our first MAb, which had previously been tested against only 95 strains, and has
subsequently been tested against the additional isolates for the current study (11).
Combined with the original MAb C8 and the new MAb 65, 119 of 302 isolates (39%)
are bound by either MAb.

Using Western blotting, we previously observed with MAb C8 that bacterial binding
was eliminated by treating bacterial surface structures with periodate while remaining
unaffected by proteinase K treatment, indicating an entirely carbohydrate target that is
consistent with a capsular epitope (11). Using ELISA, an alternative technique, we
observed only minimal reduction in binding with proteinase K treatment, whereas
binding by our new MAb 65 vanished when treating bacterial surface structures with
periodate (Fig. 1B). This indicated a target composed of carbohydrate that may be rein-
forced or supported by protein structures but not a glycosylated protein. Confocal im-
munofluorescence microscopy confirmed diffuse binding of MAb 65 to the surface of
the A. baumannii strain VA-Ab41 (Fig. 1C), identical to binding of our prior MAb C8 to
the capsule of HUMC1, another A. baumannii clinical isolate tested (11).

MAb 65 enhances macrophage uptake of A. baumannii via opsonophagocytosis.
VA-Ab41 and HUMC1 A. baumannii strains are considered hypervirulent, previously
defined (10) as having the ability to evade innate immune effector-mediated clearance
from the blood within the first hour of a bloodstream infection at a relatively low inoc-
ulum (i.e., 2� 107 CFU/mouse). Clearance of A. baumannii occurs primarily by macro-
phages and, to a lesser extent, by neutrophils and complement (10, 13). As such, we
investigated how well MAb 65 opsonizes A. baumannii for macrophage uptake in vitro.
MAb 65 significantly enhanced the internalization of these two hypervirulent A. bau-
mannii strains (VA-Ab41 and HUMC1) by RAW 264.7 macrophage cells, regardless of
whether serum was heat inactivated or complement active (Fig. 2A to C).

MAb 65 rescues mice with A. baumannii bacteremia. When mice were infected
intravenously (i.v.) with 2� 107 CFU of the XDR hypervirulent A. baumannii strain VA-
Ab41 and treated i.v. with 5mg isotype control or MAb 65, 75% of mice treated with
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isotype control succumbed to the infection, whereas the same percentage of mice
treated with MAb 65 survived (Fig. 3A). When we repeated the experiment with double
the inoculum, all mice treated with 50mg isotype control died, whereas all mice
treated with 50mg MAb 65 survived (Fig. 3B).

Since clinical treatment of A. baumannii infections using antibody therapy will likely
occur in conjunction with antibiotic treatment, we assessed the efficacy of administer-
ing MAb treatment in combination with colistin. At a high inoculum, MAb 65 and coli-
stin monotherapies improved survival compared to the isotype control but still
resulted in more than half of the mice dying (Fig. 3C). In contrast, combination therapy
was synergistic, resulting in complete protection against lethal bacteremia (Fig. 3C).
Moreover, clinical treatment may involve delayed time to onset of therapy. Mice
treated 30 min or 1 h postinfection intraperitoneally (i.p.) with 100mg MAb 65 survived,
whereas those treated immediately with isotype control succumbed to the infection
(Fig. 3D).

Treatment with MAb 65 reduced bacterial burden and prevented the onset of
sepsis. To determine the mechanism by which MAb 65 protects from lethal bactere-
mia, we studied the impact of MAb treatment on bacterial density and sepsis syn-
drome in mice challenged with A. baumannii. Mice were infected i.v. via the tail vein
with VA-Ab41 and then treated i.v. with 10mg isotype control or MAb 65. At 2 h postin-
fection, mice treated with MAb 65 had a 75% reduction of bacterial density in their
blood compared to mice treated with the isotype control (Fig. 4A). During the ensuing
16 h, bacterial density in the blood of mice treated with MAb 65 declined 2.9-log10-
fold, whereas mice treated with isotype control experienced a decline of only 0.9-log10-
fold (Fig. 4A).

Proinflammatory (interleukin-1b [IL-1b], IL-6, and tumor necrosis factor [TNF]) and
anti-inflammatory (IL-10) cytokines were also dramatically different in mice treated

FIG 1 Surface binding of A. baumannii by purified MAb 65. (A) A. baumannii VA-Ab41 bacteria grown to log phase were
stained with various concentrations of purified MAb 65 (primary antibody), followed by fluorophore-conjugated anti-
human IgG heavy and light chain (polyclonal secondary antibody), to assess MAb binding by flow cytometry. Binding of
polyclonal immune serum from the immunized mice euthanized to create hybridomas was used as a positive control. (B)
ELISA of MAb 65 binding to capsule preparations of A. baumannii, including capsule preparations left untreated, treated
with proteinase K to degrade protein, or treated with periodate to degrade carbohydrates. The plot includes linear trend
lines of averages with standard deviation error bars. (C) Confocal immunofluorescence microscopy confirmed diffuse
surface binding of MAb 65 (rhodamine, blue) to DNA-stained (Cy5, red) A. baumannii VA-Ab41.
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with MAb 65 compared to mice treated with isotype control (Fig. 4B). TNF was highly
elevated in mice treated with isotype control by 2 h postinfection and significantly
lower in mice treated with MAb 65 (Fig. 4B). Conversely, IL-10 was significantly ele-
vated in mice treated with MAb 65 by 2 h postinfection and returned to baseline by 18
h postinfection, whereas levels of the cytokine remained flat for mice treated with iso-
type control (Fig. 4B). By 18 h postinfection, IL-6 had significantly diminished in mice
treated with MAb 65 but not in mice treated with isotype control (Fig. 4B).

Sepsis biomarkers were congruent with cytokine profiles and blood bacterial den-
sities, including renal failure based on hypoglycemia (low blood glucose) and elevated
blood urea nitrogen (BUN), consistent with septic shock syndrome in mice treated with
isotype control but not in mice treated with MAb 65 (Fig. 4C).

MAb 65 protects against lethal A. baumannii pneumonia. We further tested the
efficacy of MAb 65 in another clinically relevant in vivomodel of infection: an aspiration

FIG 2 MAb 65 opsonizes A. baumannii for macrophage uptake. (A and B) RAW 264.7 murine macrophage cells were
ineffective at taking up A. baumannii in the absence of complement or MAb 65. In the presence of complement-active
CD-1 mouse serum (CA serum), macrophages were no more capable of taking up bacteria than heat-inactivated CD-1
mouse serum (HI serum). However, the addition of MAb 65 (20mg/ml) significantly improved the ability of macrophages
to take up bacteria, regardless of whether the complement was active or heat inactivated. Median and interquartile ranges
are shown. *, P, 0.05 compared to isotype control groups by the Wilcoxon rank sum test for unpaired comparisons. (C)
Hema-3 staining reveals the dramatic increase in macrophage internalization of VA-Ab41 bacteria upon addition of 20mg/
ml MAb 65.
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pneumonia model that recapitulates the most common clinical presentation of A. bau-
mannii infection (14). Administration of 100mg MAb 65 i.v. was protective against aspi-
ration pneumonia (Fig. 5A). MAb 65 was also able to clear nearly all bacteria from both
the lungs and the blood by 48 h postinfection, whereas mice treated with isotype con-
trol experienced increased blood bacterial burden and no change in lung bacterial bur-
den (Fig. 5B and C). When examined by immunohistochemical staining to highlight the
presence of intrapulmonary bacteria, the effects of bacterial burden in the lungs were
unclear by 2 h postinfection but were clearly greater in the mice treated with isotype
control compared to mice treated with MAb 65 at 24 h postinfection (Fig. 5D). By 2 h
postinfection, lungs from mice treated with the isotype control began to demonstrate
thickened intralobular septa and early alveolar consolidation, as visible on high-power
microscopy (Fig. 5D). At 24 h postinfection, lungs from mice treated with isotype con-
trol demonstrated severe hemorrhagic alveolar consolidation, while lungs from mice
treated with MAb 65 appeared more normal (Fig. 5D).

Serial passaging with MAb 65 did not diminish its binding capacity. We serially
passaged A. baumannii VA-Ab41 with isotype control or MAb 65 to evaluate whether
escape mutants might arise. Serially passaging the bacteria to log phase 20 times did
not result in loss of the MAb 65 binding site. Flow cytometry showed no difference in
the degree of MAb 65 binding to VA-Ab41 after being serially passaged in the isotype
control (Fig. 6A) or MAb 65 (Fig. 6B). Opsonophagocytosis of VA-Ab41 by RAW 264.7

FIG 3 MAb 65 rescues mice with A. baumannii bacteremia. Mice were infected i.v. via the tail vein with the XDR hypervirulent A.
baumannii strain VA-Ab 41 and treated with MAb 65. (A) Most mice infected with 2� 107 CFU could not clear the infection if
treated with 5mg isotype control, but most mice survived when treated with 5mg MAb 65. N= 8 mice/group; *, P, 0.05 versus
isotype control group by the nonparametric log rank test. (B) All mice infected with 4� 107 CFU succumbed to the infection if
treated with 50mg isotype control, but all mice survived when treated with 50mg MAb 65. N= 7 mice/group; *, P, 0.05 versus
isotype control group by the nonparametric log rank test. (C) Mice were mostly unable to survive an infection with 5� 107 CFU
when treated with 5mg isotype control, fewer than half survived with a single dose of 0.005mg/kg colistin or 5mg MAb 65
monotherapy, and all survived with the combination of colistin and MAb 65 treatment. N= 8 mice/group for isotype control
group and 5 mice/group for MAb 65, colistin, and combination groups; *, P, 0.05 versus isotype control group; **, P, 0.05
versus all groups by the nonparametric log rank test. (D) Mice treated 30min or 1 h postinfection intraperitoneally (i.p.) with
100mg MAb 65 survived, whereas mice treated with 100mg isotype control did not survive. N= 5 mice/group; *, P, 0.05 versus
isotype control group by the nonparametric log rank test.
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FIG 4 MAb 65 ameliorates bacterial burden, cytokine profile, and sepsis biomarkers during A. baumannii bacteremia. (A and B)
Bacterial burden (A) and cytokines (B) of mice infected i.v. via tail vein with 2� 107 CFU A. baumannii VA-Ab 41 and treated with
10mg isotype control or MAb 65; blood plasma was assessed for cytokine levels by Luminex assay. (C) Sepsis biomarkers were
congruent with cytokine profiles and blood bacterial densities; blood plasma was assessed for biomarkers of sepsis by iSTAT. N= 5 to
6 mice/group; *, P, 0.05 compared to isotype control group at same time point postinfection by the Wilcoxon rank-sum test for
unpaired comparisons; medians and interquartile ranges are shown.

Nielsen et al. Infection and Immunity

October 2021 Volume 89 Issue 10 e00162-21 iai.asm.org 6

https://iai.asm.org


macrophages with MAb 65 was no different between the parent strain and those pas-
saged in either isotype control or MAb 65 (Fig. 6C). Finally, MAb 65 was still able to res-
cue mice infected with VA-Ab41 that had been passaged in the presence of MAb 65
(Fig. 6D). Therefore, serial passaging did not lead to escape mutants.

DISCUSSION

A. baumannii is among the most antibiotic-resistant pathogens now encountered in
clinical medicine (15). Identifying new therapies is greatly needed, particularly with the
paucity of novel antibiotics under development to treat infections caused by this orga-
nism. We have now identified a second immunotherapeutic, MAb 65, that binds to a
carbohydrate moiety on the surface of A. baumannii. The repertoire of strains bound
by MAb 65 complements that of our first monoclonal antibody, MAb C8, greatly
increasing the likelihood that a clinical A. baumannii infection will be recognized by
our immunotherapy. Both MAbs are highly effective at rescuing mice from lethal bac-
teremia and pneumonia caused by hypervirulent XDR A. baumannii clinical isolates.
Furthermore, both MAbs work synergistically in combination with colistin, which is the
current standard of care for treatment-resistant A. baumannii infections. These results
pave the way for clinical development in the setting of immunotherapy as an adjunct
treatment with standard-of-care antibiotics.

There has been recent success in the development of a multivalent immunotherapy
that protects against the highly drug-resistant bacterial species Pseudomonas aeruginosa
(16), demonstrating promising results in a recent phase 1 study (17). Future studies of this
immunotherapy for the treatment of A. baumannii infections will investigate the combina-
tion of multiple monoclonal antibodies versus multivalent antibodies to treat infections of
A. baumannii. Additionally, a lead candidate for passive immunization will need to be
screened for toxicity against human tissues after establishing GMP production. These two
MAbs are highly complementary and, together, bind to 39% of a diverse collection of 302
A. baumannii strains tested. Therefore, three or four MAbs may be required to achieve 80

FIG 5 MAb 65 rescues mice with A. baumannii aspiration pneumonia. Mice were challenged via oral aspiration with 2� 107 CFU VA-Ab41 and treated i.v. with
100mg MAb 65 or isotype control. (A) Most mice survived aspiration pneumonia when treated with MAb 65. N=7 to 8 mice/group; *, P, 0.05 versus isotype
control group by the nonparametric log rank test. Mice treated with MAb 65 experienced a decrease in bacterial burden in the lungs (B) and blood (C) by 24
h postinfection, with nearly undetectable levels of bacteria by 48 h postinfection. N=5 mice/group; *, P, 0.05 versus isotype control group by the Wilcoxon
rank-sum test for unpaired comparisons; medians and interquartile ranges are shown. (D) Lung architecture was consistent with these findings.

Acinetobacter baumannii Immunotherapy Infection and Immunity

October 2021 Volume 89 Issue 10 e00162-21 iai.asm.org 7

https://iai.asm.org


to 90% strain coverage to enable empirical therapy without necessitating a diagnostic
assay to identify which clinical strains are bound by the MAbs.

In conclusion, we have now developed two MAbs that rescue mice from blood and
lung infections caused by hypervirulent, XDR clinical isolates of A. baumannii. Both MAbs
have been successfully humanized and are able to opsonize bacteria for phagocytic clear-
ance, modulate the release of inflammatory cytokines to improve survival, and function
synergistically with the antibiotic colistin. These MAbs may be useful as part of a multiva-
lent therapeutic regimen to treat antibiotic-resistant A. baumannii infections.

MATERIALS ANDMETHODS
Generation of hybridomas. To generate hybridomas, we performed primary immunizations by infect-

ing mice intravenously with a small, sublethal inoculum (5� 104 CFU) of viable A. baumannii VA-Ab59 bac-
teria. Secondary immunizations followed 3 weeks later with the capsule extract of VA-Ab65 injected i.v.,
and tertiary immunizations followed 3 months after the secondary immunizations with the same capsule
extract, this time injected i.p. Two weeks following the last boost and 3days before harvesting of spleens
for hybridoma fusion, we injected mice subcutaneously with 50mg anti-mouse CD40 MAb (clone 5C3;
BioLegend) (18). Hybridoma cell lines were propagated in 96-well, flat-bottom plates in Dulbecco’s modi-
fied Eagle medium supplemented with 20% fetal bovine serum (DMEM-20). Supernatants were harvested
from wells for initial screening by flow cytometry to identify antibodies that bound to intact bacteria.
Subcloned monoclonal hybridomas were slowly transitioned from DMEM-20 to protein-free hybridoma
medium (Life Technologies). Antibodies were purified from monoclonal hybridoma supernatants using
protein G-agarose resin (ThermoFisher Scientific) per the manufacturer's instructions. Isotype was deter-
mined by a BD Pharmingen mouse immunoglobulin isotyping ELISA kit (ThermoFisher Scientific).

Development of the humanized MAb. The humanized IgG1 MAb was developed by Precision
Antibody using their well-established methodology. In brief, MAb 65 heavy- and light-chain variable regions
were identified by reverse transcription-PCR (RT-PCR) using the Novagen mouse Ig degenerate primer set per
the manufacturer’s instructions. Light- and heavy-chain variable regions were aligned with the murine germ
line sequences from which they were derived and their human analogs. Humanized variable regions were
electronically grafted to human IgG1 heavy- and light-chain constant regions and synthesized in mammalian
expression vectors at GenScript.

Bacterial strains. HUMC1, VA-Ab41, VA-Ab59, and VA-Ab65 are A. baumannii clinical skin and soft-
tissue infection isolates that are extremely drug resistant (XDR). HUMC1 and VA-Ab41 are hypervirulent
in our murine bacteremia model (i.e., an inoculum of ,5� 107 CFU is lethal to all mice) (8–10, 19).

Bacterial binding by flow cytometry. To assess surface binding of antibodies, A. baumannii subcul-
tures were passaged for 3 h to mid-log-phase growth, rinsed three times in phosphate-buffered saline
(PBS), and then resuspended in PBS supplemented with 0.1% NaN3 to prevent contamination of the flow

FIG 5 (Continued)
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cytometer. Hybridoma supernatant or purified MAb was added to each well, gently mixed with a plate
vortexer, and incubated for 30min at 37°C. Bacteria were then washed and transferred to 5-ml tubes in
PBS. Flow cytometry was conducted on a CANTO II Cytometer (BD) with staining by AF647-conjugated
anti-human IgG secondary antibody.

Target identification. To identify the target of the MAb, we made a bacterial surface preparation, as
described previously (20–22). In brief, we grew an overnight culture of A. baumannii VA-Ab41 in tryptic
soy broth, centrifuged it at 4,000� g for 5min, and extracted capsular polysaccharide with ethylenedia-
minetetraacetic acid and then phenol. An ELISA was run with the bacterial capsular polysaccharide ei-
ther untreated, treated with 0.25 M sodium periodate (NaIO4) to degrade polysaccharides, or treated
with 10mg/ml proteinase K to degrade polypeptides.

Confocal immunofluorescence microscopy. To detect surface binding of A. baumannii by purified
MAb 65, frozen bacteria were fixed with 4% paraformaldehyde (PFA) in PBS for 5min, rinsed three times
with PBS, blocked for 15min in PBS with 1% bovine serum albumin (BSA; 23209; ThermoFisher) and
0.1% Triton X (AAA16046-AE; VWR), and then incubated with 10mg/ml primary antibody for 1 h at 37°C.
Bacteria were then rinsed with PBS and blocked in PBS with 10% goat serum (50062Z; ThermoFisher) for
10min at room temperature. Samples were then incubated with 10mg/ml secondary antibody (A21445;
ThermoFisher) diluted in PBS for 45min at room temperature. The bacteria were then placed in a
mounting medium containing propidium iodide (101098-046; VWR) and imaged by confocal microscopy
(Perkin Elmer Ultraview spinning disc confocal microscope).

In vitromacrophage opsonophagocytosis assays. To measure opsonophagocytosis, we used RAW
264.7 murine macrophages (5� 105/well; ATCC) stimulated with 100 U/ml gamma interferon overnight,
as we previously described (23). Cells adhered to the cover glass overnight in a humidified incubator at
37°C supplemented with 5% CO2. Bacteria were prepared from overnight cultures of A. baumannii sub-
cultured to log phase, washed in PBS, and resuspended in Hanks’ balanced salt solution (HBSS) to
2� 108 CFU/ml. Cells were rinsed three times with HBSS, and bacteria were added to wells at a ratio of
20:1 (bacteria to macrophages) in the presence (or absence) of 10% CD-1 (IMSCD1-COMPL; Innovative
Research Inc.) mouse serum that was either complement active or heat inactivated. Macrophages were
washed three times with HBSS, fixed with 100% methanol, and Hema-3 stained according to the manu-
facturer's protocol (Fisher Scientific). To quantitate bacteria per macrophage, coverslips were imaged on
a Leica DMLS clinical microscope with a Leica ICC50 HD digital camera.

Bacterial inoculum preparation. Bacteria were grown overnight in tryptic soy broth (TSB) at 37°C with
shaking at 200 rpm. The bacteria were passaged to mid-log growth phase in TSB at 37°C with shaking at 200
rpm for 3 h. Subcultures were rinsed three times with PBS and resuspended in PBS. To reduce variability

FIG 6 Bacteria retain binding site after being serially passaged with MAb 65. Flow cytometry showed little difference in the
degree of MAb 65 binding to VA-Ab41 after serially passaging the strain 20 times with isotype control (A) or MAb 65 (B). (C) MAb
65 induced similar levels of opsonophagocytosis in RAW 264.7 murine macrophages in the presence of VA-Ab41, regardless of
whether it was the parent strain, passaged in the isotype control, or passaged in MAb 65; medians and interquartile ranges are
shown. *, P, 0.05 compared to strains incubated with isotype control by the Wilcoxon rank-sum test for unpaired comparisons.
(D) Mice infected i.v. with 1� 108 CFU VA-Ab41 passaged 20 times in the presence of MAb 65 were still able to be rescued with
100mg MAb 65. *, P, 0.05 versus isotype control group by the nonparametric log rank test.
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between inocula, identical aliquots of PBS-suspended subcultures were stored frozen at 280°C, thawed for
use when needed, and diluted with PBS to the appropriate concentration, as we have previously described
(24). During all in vivo experiments, the inoculum is delivered prior to treatment.

Mouse models of infection. C3HeB/Fe (wild type; strain 000658) mice were purchased from Jackson
Laboratories and used for survival, bacterial burden, and cytokine studies, as we have previously
described for A. baumannii infection (7, 8, 10). Mice were between 9 and 12weeks of age at the time of
infection and weighed approximately 30 g.

For the bloodstream infection model, mice were infected i.v. via the tail vein with designated inocula
of A. baumannii isolates. For the pneumonia model, an oropharyngeal model of aspiration pneumonia
that recapitulates hospital- or ventilator-associated pneumonia (relevant to intensive care unit popula-
tions) was used (14). In brief, mice were sedated with isoflurane and hung by their maxillary incisors,
tongues were held to prevent swallowing, and 50ml bacterial inoculum was placed in the trachea to
allow inoculation of the bacteria into the lungs by reflexive aspiration.

For colistin treatment, colistin sulfate salt (C4461; Sigma) was dissolved in PBS to 0.6mg/ml and
250ml delivered i.p. to each;30-g mouse for a dose of 0.005mg/kg of body weight.

All animal work was conducted following approval by the Institutional Animal Care and Use
Committee (IACUC) at the University of Southern California, in compliance with the recommendations in
the Guide for the Care and Use of Laboratory Animals (25) of the National Institutes of Health, IACUC pro-
tocol numbers 20208 and 20750.

Immunohistochemical staining. Lung tissue from mice infected with A. baumannii and treated
with humanized antibody was harvested, fixed, processed, and embedded in paraffin to create formalin-
fixed paraffin-embedded (FFPE) tissue, per standard protocols. Slides for immunohistochemistry were
cut at a thickness of 3 to 5mm and baked at 60°C for 1 h; immunostaining was performed using a Bond-
III automated immunostainer (Leica Biosystems). Preincubation steps included xylene dewaxing for
8min, washing with PBS for 10min, heat-induced epitope retrieval (HIER) using Bond epitope retrieval
solution 2 (Leica Biosystems) for 30min at 100°C, and washing slides with PBS for 10min. Slides were
incubated with mouse polyclonal serum at 1:500 for 1 h at room temperature. Slides were washed with
PBS for 10min. A MACH 2 rabbit horseradish peroxidase (HRP) polymer detection system (Biocare
Medical, LLC) and 3-39-diaminobenzidine (DAB) based chromogen kit (Bond polymer refine detection;
Leica Biosystems) were employed for secondary detection per the manufacturer’s directions. Slides were
dehydrated in alcohol (95% ethanol for 2min, 100% ethanol for 2min), returned to xylene, and cover-
slipped using standard mounting medium (Surgipath Micromount; Leica Biosystems).

Statistics. Survival was compared by the nonparametric log rank test. Bacteria per macrophage, bac-
terial burden in lungs and blood, cytokines, and biomarkers were compared with the Wilcoxon rank sum
test for unpaired comparisons. All statistics were run using STATA software version 15. Differences were
considered significant if the P value was#0.05.
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