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In humans, infection with BordeteUa pertussis is considered to be localized to an epithelial surface. However,
an intracellular state in cultured cells and in the macrophages of infected animals has been shown. By using
indirect immunofluorescence with a monoclonal antibody, it was found that 3 of 20 bronchoalveolar lavage
specimens from children with human immunodeficiency virus infection had B. pertussis associated with
pulmonary alveolar macrophages. None of the cultures from the patients grew B. pertussis. The B. pertussis
appeared to be intracellular.

In humans, infection with Bordetella pertussis is consid-
ered to be a localized process at an epithelial surface (3, 7).
However, in a mouse model of pertussis, Cheers and Gray
visualized organisms within macrophages (4). Several inves-
tigators have described the presence of B. pertussis within
HeLa 229 cells (5) as well as within rabbit macrophages (9),
but the clinical relevance of these findings was unclear. To
investigate the possibility that B. pertussis is associated with
pulmonary alveolar macrophages in humans, we used indi-
rect immunofluorescence with a monoclonal antibody to
detect B. pertussis in bronchoalveolar lavage specimens
from pediatric patients with human immunodeficiency virus
infection.

B. pertussis infection in both adults (8) and children (1)
with human immunodeficiency virus infection has now
been described. Since bronchoalveolar lavage specimens
contain numerous macrophages, and since B. pertussis has
been associated with macrophages in animal studies (4, 9),
an association of B. pertussis with these human macro-
phages was sought. The cytospin preparations of broncho-
alveolar lavage fluid from 20 patients were examined for B.
pertussis.

Bronchoalveolar lavage specimens were processed with a
cytospin 2 (Shandon Instruments, Sewickley, Pa.) by using
the provided cytospin fluid. Slides were then fixed in acetone
at room temperature. All specimens were stained with an
affinity-purified G-10 antibody directed against the lipooli-
gosaccharide of B. pertussis (6) by an indirect immunofluo-
rescence technique. The antibody was used at a dilution of
1/50, corresponding to a protein concentration of 2 ,ug/ml. A
fluorescein-conjugated anti-mouse antibody was used at a
dilution of 1/40 (Sigma) to detect the primary antibody. All
specimens were examined with a Nikon epifluorescence
microscope with a 10Ox glycerol lens and standard cover-
slips with an antifading agent in buffered glycerol (0.1 M
p-phenylenediamine-1 M Tris-HCl, pH 8.0, in 9 parts glyc-
erol). Photographs were made with the Nikon UFX-II sys-
tem with a 2.5 x projection lens for an initial magnification of
x250. All bronchoalveolar lavage specimens were cultured

* Corresponding author.

for B. pertussis with Regan-Lowe selective media (Remel)
which had added cephalexin.

B. pertussis was associated with the macrophages of three
patients (Fig. 1 through 3). B. pertussis did not grow in
cultures of bronchoalveolar lavage fluid from any of the
patients. Organisms were seen almost entirely associated
with macrophages. The degree of macrophage-associated
fluorescence of organisms was much less intense than that
seen when the organisms were not associated with macro-
phages. Occasional groups of organisms that were not asso-
ciated with macrophages were observed. Some organisms
were isolated, and others seemed to be associated with
cellular debris (Fig. 4). From 50 to 100 macrophages on each

FIG. 1. Cytospin preparation of bronchoalveolar lavage speci-
men from patient 1. White bar = 10 ,m. Note multiple intracellular
B. pertussis organisms.
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FIG. 2. Cytospin preparation of bronchoalveolar lavage specimen from patient 2. White bar = 10 p.m. Note two prominent organisms in
the upper macrophage.

FIG. 3. Cytospin preparation of bronchoalveolar lavage specimen from patient 3. White bar = 10 ,am. Note several organisms in the
central macrophage.
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FIG. 4. Cytospin preparation of bronchoalveolar lavage specimen from patient 1. Note the extracellular B. pertussis organism (black line)
and amorphous material resembling a fragmented cell. White bar = 10 ,um.

slide were examined. Each macrophage contained 2 to 30
organisms. At least 10% of the macrophages had organisms
present.
The clinical details for the three patients are as follows.
Patient 1 was 18 months of age. He was hospitalized

because of an 8-day history of rhinorrhea and 3 days of
cough associated with vomiting. He had one documented
diphtheria-tetanus-pertussis vaccine (DTP) given at 2
months of age. His chest X ray showed diffuse infiltrates on
the right side with no focal consolidation. When the bron-
choalveolar lavage was performed because of presumed
pneumonia, he had received intravenous trimethoprim-sul-
famethoxazole for 48 h. All results of studies for mycobac-
teria, fungi, pathogenic bacteria, and Pneumocystis carinii
were negative.

Patient 2 was 4 years of age. She was hospitalized because
of exposure to tuberculosis. She had a cough for several
weeks and a reticular-nodular pattern on her chest X ray.
Her 5-U tuberculin skin test was negative. She was receiving
either intravenous gamma globulin or placebos as part of a
study (information not available). She had received four
doses of DTP. She had received several courses of oral
trimethoprim-sulfamethoxazole over a 3-month period. A
bronchoalveolar lavage was done for diagnostic purposes.
All results of studies for mycobacteria, fungi, pathogenic
bacteria, and P. carinii were negative.

Patient 3 was 11 months old. He was hospitalized because
of a 1-week history of cough associated with vomiting and a
diffuse interstitial infiltrate on chest X ray. He had received
two doses of DTP. A bronchoalveolar lavage was done

because of suspected P. carinii infection. All results of
studies for mycobacteria, fungi, pathogenic bacteria, and
Pneumocystis carinii were negative.

B. pertussis will attach to respiratory epithelial cilia both
in vitro (11) and in vivo (7) (Fig. 5). Autopsy findings have
included B. pertussis enmeshed in the ciliated epithelium of
the respiratory tract. However, previous work with B.
pertussis has described an association with macrophages in
animals (4) or certain cell lines (5) only but not with
macrophages obtained from infected humans.

It is unlikely that the association of B. pertussis with
macrophages in specimens from humans would have been
seen in nonimmunocompromised patients, since nonimmu-
nocompromised patients with symptoms compatible with
pertussis do not usually have bronchoalveolar lavage per-
formed. In our experience, nasopharyngeal aspirates or
nasopharyngeal wire specimens that are obtained from non-
immunocompromised patients rarely contain macrophages.
In addition, deaths associated with B. pertussis infection are
rare, and since most deaths are associated with bacterial
superinfection, light microscopy would not be able to distin-
guish between a superinfecting pathogen and B. pertussis in
macrophages seen at autopsy.
The monoclonal antibody used to examine these speci-

mens does cross-react with Bordetella bronchiseptica (6),
and it is possible that these patients were not infected with B.
pertussis. However, B. bronchiseptica is easy to grow and is
not usually associated with infection in humans.
The B. pertussis that was observed in association with

these macrophages appeared to be intracellular. The cluster-
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FIG. 5. Cytospin preparation of nasopharyngeal aspirate from patient with pertussis. Note the presence of B. pertussis enmeshed in the
cilia of a nasal epithelial cell. G-10 antibody was used for staining, as for the previous bronchoalveolar lavage specimens. White bar = 10 ,um.

ing on the slide of the brightly staining organisms surrounded
by debris is suggestive of prior concentration within a cell
which subsequently underwent lysis (Fig. 4). Although the
macrophage-associated organisms might be membrane
bound, the diminution of intensity of staining is consistent
with internalization.
Even if these organisms were intracellular, they were not

viable as determined by culture. However, two of the three
patients had been receiving antibiotics which may have had
an effect on the viability of the organisms.
The locations of these organisms could have been deter-

mined by using differential fixation (10). However, this was
a retrospective study, and all of the specimens were fixed in
acetone.

If these organisms were intracellular, then this observa-
tion has implications for the understanding of B. pertussis
pathogenesis. An intracellular state of B. pertussis would be
consistent with the inability to show a carrier state by using
standard culture. An intracellular state would also explain
why eradication of B. pertussis from the nasopharynx re-
quires prolonged antibiotic therapy (2). Whether B. pertussis
exists in an intracellular state cannot be determined from
these studies. However, B. pertussis is surely associated
with pulmonary macrophages in humans and may be intra-
cellular. A prospective study of bronchoalveolar lavage
specimens prepared with differential fixation from patients
likely to have B. pertussis infection would clarify these
observations.

The G-10 monoclonal antibody for this study was provided by
Mike Brennan and Charles Manclark of the Center for Biologics
Evaluation and Research, Bethesda, Md.
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