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Two patients with Bruton’s X-linked agammaglobu-
linemia are described with bacteremia and skin/bone
infection due to an organism which by 16S rRNA gene
sequence analysis was most closely related to “Flex-
spira” rappini (and thus designated a Flexispira-like
rganism, FLO) and more distantly related to the Hel-
cobacter species. The organism required microaero-
ic conditions and, supplemental H2 gas for growth

and was reliably stained with acridine orange. In com-
mon with Helicobacter cinaedi infections, the focus of
the FLO infection was in one case in the blood vessels
or lymphatics of an extremity and in the other case in
the skin and adjacent bone of an extremity. In both
cases, prolonged IV antibiotic therapy was necessary
to clear the infection. The susceptibility of XLA pa-
tients to FLO infection appears to be related to the fact
that XLA is associated with severe B cell (humoral)
immunodeficiency and thus these patients have diffi-
culty with intravascular or intralymphatic infection.
These findings elucidate the nature of FLO infections
in humans and point the way to their detection and
treatment. © 2000 Academic Press

Key Words: agammaglobulinemia; bacteremia; Heli-
cobacter; immunodeficiency.

INTRODUCTION

In this paper we describe two patients with Bruton’s
X-linked agammaglobulinemia (XLA) who had bacte-
remia and several unique system manifestations due to
infection with an unusual “Flexispira”-like organism
(FLO). Flexispira species are closely related to the ge-
nus Helicobacter, and the bacteriologic and molecular
characteristics of one of these organisms have been
described previously (1). Here we describe a second
case and provide a more in-depth description of the
clinical and immunologic characteristics of the pa-
tients, relating the pathogenesis of the infection to the

underlying immunodeficiency.
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XLA is a primary immunodeficiency disorder char-
acterized by either an absence or a very severe defi-
ciency of B cells, consequently resulting in a lack of
normal antibody production (2–4). This disorder is due
to a mutation of a gene on the X-chromosome encoding
a tyrosine kinase (Btk) specific to B cells and mono-
cytes, which is necessary for the maturation of early B
cells (pre-B cells) (5–8). As a result of this B cell dis-
order, the patients develop frequent bacterial infec-
tions of the upper and lower respiratory tracts that are
primarily due to encapsulated bacteria such as Hae-
mophilus influenzae and Streptococcus pneumoniae.
Patients usually do not have an increased difficulty
with viral infections except for those that enter via the
gastrointestinal tract and disseminate hematog-
enously, such as poliovirus, some enteroviruses, and
the hepatitis viruses (9). The primary treatment of
XLA is administration of intravenous immunoglobulin
with at least 400 mg/kg for 21 days (10, 11).

Although XLA and other B cell deficiencies are also
associated with enteric infections due to Giardia and

ampylobacter (9), there have been no reported cases
f sepsis with the Helicobacter species. However, a
eview of the literature reveals that other immuno-
eficiencies have been associated with systemic in-
ections with Helicobacter organisms, the majority

occurring in individuals with HIV-induced immunode-
ficiency. The species isolated have included Helicobac-
ter westmeadii (12), Helicobacter strain Mainz (13, 14),
and most frequently, Helicobacter cinaedi (15–23). Two
reports of bacteremia caused by “Flexispira rappini”
have occurred, one in a normal 9-year-old female with
pneumonia (24) and the other in a 65-year-old male
hemodialysis patient with HIV infection (25). The two
FLO strains isolated from our XLA patients were found
to be closely related to each other and belong to the
same species, and although they are closely related to
F. rappini, they are thought to represent a different

species altogether (1).
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Case Reports

Case 1. The first patient (G.M., reported previously
in Ref. 1) was a 36-year-old black male with XLA and a
history of chronic sinusitis, chronic hepatitis B and C,
and chronic prostatitis. A brief history of his leg symp-
toms and FLO infection is as follows: G.M. experienced
transient episodes of leg swelling from early childhood
that continued up to his most recent admissions for
persistent leg swelling and inflammation. In 1994, a
diagnosis of cellulitis was presumed after the appear-
ance of increased right ankle and calf edema, leading to
antibiotic treatment on several occasions. In 1996 (age
34), he was seen at NIH where a right leg lesion char-
acterized by increased pigmentation and “woody” or
ligneous swelling of both the calf and the thigh (not
associated with increased warmth) was noted (Figs. 1A
and 1B). Blood cultures at this point were positive for
a Helicobacter-like organism (not Helicobacter pylori)
that was eventually identified as FLO. Subsequently,
the patient was treated with multiple courses of
antibiotics for episodes of sepsis with this organism,
including courses of ampicillin/sulbactam, trimetho-
prim/sulfamethoxazole, ciprofloxacin, clarithromycin,
doxycycline, metronidazole, minocycline, and rifampin.
Nevertheless, blood cultures remained positive for
FLO, and there was only limited improvement in the
leg edema. The multiresistance of this isolate to a
variety of antibiotics narrowed therapeutic options to
imipenem, gentamicin, minocycline, and metronida-
zole. On subsequent testing of later isolates, the organ-
ism remained susceptible to imipenem, gentamicin,
and minocycline but had become resistant to metroni-
dazole (.32 mg/ml). The patient had received all of
these antimicrobial agents. In early 1997, he was
started on a 5-month course of iv gentamicin and imi-
penem. On this regimen, blood cultures became and
remained negative during an 18-month follow-up pe-
riod. In addition, systemic symptoms subsided, and leg
edema decreased substantially, although the minimal
swelling and a “ligneous” appearance persisted. Of in-
terest, G.M. has a brother with XLA who had a chronic
skin infection of the left lower leg or ankle, eventually
leading to ulceration. However, a specific organism was
not grown from either the leg lesion or the blood.

Case 2. The second patient (G.Q.) is a 21-year-old
Hispanic male who developed recurrent pneumonia,
sinusitis, and otitis media—as well as diarrhea and
failure to thrive at the age of 6 months. At that time,
examination revealed lack of tonsillar tissue and low
IgA, IgG, and IgM levels, which led to a diagnosis of
XLA and the institution of im immunoglobulin and iv
therapy. At age 13, the patient noted the onset of left
knee swelling followed later by the onset of right ankle
swelling, erythema, and pain. This led to an open sy-

novial biopsy that revealed nonspecific proliferative c
synovitis that was negative on culture. The ankle
swelling continued, gradually progressing to involve
the adjacent leg area and ultimately leading to the
formation of nonhealing skin ulcers. At age 17, a diag-
nosis of pyoderma gangrenosum (Fig. 1D) was made,
which led to treatment with oral steroids.

At age 18, the patient had the of onset fevers that led
to iv treatment with gentamicin, metronidazole, and
vancomycin. As a result, the fever resolved and the
above-mentioned right lower extremity (RLE) lesions
healed, but returned upon cessation of therapy and
were accompanied by an evanescent erythematous,
macular skin rash distributed in a random pattern
over the extremities (Fig. 1C).

At age 21, the patient noted left knee pain and swell-
ing and was placed on iv vancomycin. Biopsies of the
bone and synovium disclosed both acute and chronic
synovitis, and acute and chronic osteomyelitis of the
femur, but were culture-negative. Esophogastroduode-
noscopy at this point was positive for H. pylori and the
patient was treated with clarithromycin and omepra-
zole which led to clearance of the H. pylori. Subse-
uently, ultrasound studies revealed poor venous flow
nto the liver and splenomegaly, leading ultimately to
plenectomy; pathologic examination of the latter re-
ealed marked lymphoid depletion, absence of B cells,
nd extramedullary hematopoiesis.
At age 21, the patient was admitted to the NIH

NIAID) for further evaluation. Here, blood cultures
ere positive on several occasions for a Gram-negative

urved rod thought to be a Helicobacter-like organism
nd subsequently identified as FLO; however, antibi-
tic susceptibility testing was unsuccessful because the
rganism was unusually fastidious. Biopsy of the RLE
rea of ulceration revealed inflammation consistent
ith the healing phase of an ulcer and pyoderma
ranulosum; biopsy of the macular rash revealed non-
pecific inflammation, possibly due to urticarial reac-
ion or drug eruption. An MRI and a bone scan of the
ower extremities suggested the presence of osteomy-
litis of the distal left femur, proximal left tibia, and
he right calcaneus. These findings, along with the
ositive blood cultures, led to surgical debridement of
he femur. Specimens obtained during the procedure
ere positive for the same Gram-negative curved rod
rown from the blood.
Treatment with intravenous imipenem and gentami-

in was begun and led, initially, to resolution of the
evers and the macula rash and later to gradual im-
rovement in the RLE ulcers. However, the gentamicin
as discontinued because of hearing loss and was re-
laced by intravenous meropenem. After approxi-
ately 9 months of iv antibodies, there was substantial

mprovement in the RLE ulcers and therapy was dis-

ontinued.
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MATERIALS AND METHODS

Subjects and Specimen Preparation

Peripheral blood mononuclear cells (PBMCs) were
obtained by lymphapheresis from normal adult volun-
teers and patients and then further purified for studies
of CD41 T cell proliferation and cytokine production as

FIG. 1. (A, B): Back and front views of lower limbs of patient G.M
and thigh). (C) Evanescent erythematous rash on the left lower leg of
right lower leg of patient G.Q.
previously described (26).
Proliferation and Cytokine Production Assays

Cell cultures were performed to measure T cell pro-
liferation and cytokine production as previously de-
scribed (26). To measure CD41 T cell proliferation,
CD41 cells were stimulated with anti-CD28 plus either
anti-CD2 or anti-CD3 in 96-well flat-bottom plates,

howing hyperpigmentation and swelling of the right lower limb (calf
ient G.Q. (D) Chronic ulcerative lesion (pyoderma-like lesion) on the
. s
pat
harvested, and counted in a liquid scintillation counter
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as previously described (26). To measure cytokine pro-
duction, PBMCs and PB CD41 T cells were cultured in
24-well plates and stimulated with anti-CD28, and
either anti-CD2 or anti-CD3, as previously described
(26). After 48 h, supernatants were removed and as-
sayed for IL-2, IL-4, IL-5, IL-10, and IFN-g using com-
mercially available ELISA kits, following methods
outlined by the manufacturer (R&D Systems, Minne-
apolis, MN). For analysis of IL-12, cell populations
were prestimulated with IFN-g for 18 h and subse-
quently with SAC for an additional 24 h. Supernatants
were then removed and assayed by a commercially
available ELISA kit (R&D Systems).

Western Blot Assay

Isolated PBMCs were lysed at a concentration of 4 3
07 cells in 100 ml of PBS (Life Technologies, Gaithers-

burg, MD) containing 1% Triton X-100 (Research Prod-
ucts International, Mount Prospect, IL), 1 mM PMSF
(Sigma, St. Louis, MO), and 10 mg/ml aprotinin (Sigma)
on ice for 15 min followed by centrifugation at maxi-
mum speed for 1 min in a microcentrifuge. The super-
natant was isolated and added to an equal volume of
SDS sample buffer containing 2% 2-mercaptoethanol
and heated at 100°C for 5 min. A total of 15 ml of
sample was loaded onto a 1-mm 4–20% SDS polyacryl-
amide gel (Novel Experimental Technology, San Diego,
CA) and transferred to an Immobilon-P PVDF mem-
brane (Millipore, Bedford, MA) by semidry transfer at
15 V for 2 h in Novex transfer buffer (Novel Experi-
mental Technology) containing 10% methanol. The blot
was washed three times in T-TBS (0.1 M Tris, pH 7.4,
0.3 M NaCl, 0.1% Tween 20) for 5 min and blocked
overnight in T-TBS containing 0.2% casein. The mem-
brane was then probed with monoclonal anti-BTK
(8E5-A10) (27) at a concentration of 5 mg/ml for 1 h,
washed three times in T-TBS, and subsequently incu-
bated with a goat anti-mouse IgG horseradish peroxi-
dase conjugate (Life Technologies) at a 1:5000 dilution
for 1 h. After being washed further, the blot was de-
veloped for 1 min with 5 ml of SuperSignal (Pierce,
Rockford, IL) substrate for 1 min, drained, and then
exposed to Kodak BioMax MR film for 3 min. After
exposure, the blot was washed with T-TBS and re-
probed with an anti-WASP monoclonal (3F3-A5) (28) at
a concentration of 2 mg/ml as above, to insure that
samples were equally loaded on the blot. The blot was
not stripped before reprobing.

Organism Identification

Biochemical, electronmicroscopic, and molecular
characterization and identification of the organism in

case 1 (FLO-1) have been previously described (1).
Identification of organism 2 (FLO-2) was performed
using the same methodology. Results of the biochemi-
cal and microscopic characteristics are shown in Table
1, which also compares these isolates to other Helico-
bacter and to F. rappini. Gene sequencing of the 16S
rRNA of FLO-2 was done at the NIH by the previously
described method, while whole cell DNA-DNA hybrid-
ization studies between the FLO-1 and FLO-2 and
between each FLO and F. rappini were done at the
CDC.

Antibiotic Susceptibility Testing

The fastidious nature of the organism precluded the
use of traditional disk or microdilution methods. In-
stead, in vitro antibiotic susceptibility testing was per-
formed with the use of E-test strips (AB Biodisk, Pis-
cataway, NJ) placed on heavily inoculated sheep blood
agar and incubated in a microaerophilic atmosphere
with H2. The E-test strips were generally read after 2
to 3 days of incubation. Along with the patient’s organ-
ism, control organisms for which the MICs were known
were tested with the same conditions and medium to
validate the expected activities of the antibiotics. Al-
though there are no National Committee for Clinical
Laboratory Standards recommended breakpoints for
this organism, susceptibility or resistance for each an-
tibiotic was estimated based on MIC breakpoints used
for other organisms. The following agents were tested:
amoxicillin–clavulanate, ampicillin, azithromycin,
ceftriaxone, ciprofloxacin, clindamycin, chlorampheni-
col, doxycycline, gentamicin, imipenem, minocycline,
and metronidazole. b-Lactamase production was
tested for by using DrySlide nitrocefin (Difco, Detroit,
MI). Susceptibilities were determined with the first
blood isolate recovered from patient G.M. at NIH in
August 1996.

RESULTS

Immunologic Characterization of Patients
G.M. and G.Q.

The two patients described here were assigned the
diagnosis of XLA on the basis of strong evidence for the
presence of a defect in the BTK gene. Patient G.M. had
a male sibling with a similar B cell defect and was
shown on Western blot of postnuclear supernatant us-
ing a mAb specific for BTK to produce abnormally low
amounts of a BTK molecule (Fig. 2). Subsequent se-
quencing of this patient’s BTK cDNA showed a 33-
base-pair deletion (cDNA bases 2008–2040) of exon 18
at the exon 18–19 junction. This in-frame deletion
results in a BTK protein missing amino acids 626–636,
thereby resulting in a protein with impaired function

and/or stability. Sequence analysis of a genomic PCR
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product encompassing exon 18 and part of introns 17
and 18 revealed that exon 18 was intact, but there was
a G to T mutation in the conserved first position of
intron 18. This results in the use of a cryptic splice site
within exon 18 at cDNA position 2007, causing the
deletion of the remainder of exon 18. Patient G.Q. had
no family history of similar diseases but was shown on
Western blot analysis of postnuclear supernatant to
express little or no BTK (Fig. 2). The diagnosis of XLA
in both patients was corroborated by the fact that using
flow cytometric analysis they had virtually no circulat-
ing B cells.

Flow cytometric studies of T cell phenotypes in the
two patients disclosed that while both patients had
normal numbers of CD31 T cells, one of the two pa-
tients, G.M., had a reversed CD4/CD8 T cell ratio (0.41)
and elevated numbers of CD81 T cells which expressed
a marker of previous activation (HLA-DR) or differen-
tiation (CD57). Because this patient also had chronic
hepatitis B and C infection, these T cell findings prob-
ably represent a response to intracellular viral infec-
tion rather than a response to the FLO infection.

Studies of T cell function (see Materials and Meth-
ods) revealed that both patients’ T cells exhibited nor-
mal proliferative responses following polyclonal stim-
ulation with anti-CD3 or anti-CD2 plus anti-CD28, in
comparison with two simultaneously studied normal
cell populations. In addition, studies of patient T cell
cytokine production (IFN-g, IL-4, IL-5, and IL-10) also
appeared to be normal or even somewhat increased
(with respect to IL-4/IL-5 production), again in compar-
ison with two simultaneously studied normal cell pop-
ulations. Finally, stimulation of patient PBMCs with
S. aureus Cowan 1 (SAC) and IFN-g revealed normal
production of IL-12, once again in comparison with

TAB
Microbial Characterization of “

Test FLO-1 FLO-2

Catalase 1 1
Oxidase 1 1
Nitrate 2 2
Reduction

Urease 1 1
Alkaline phosphatase 1 1
Hippurate hydrolysis 2 2

Growth at
25°C 2 2
35°C 1 1
42°C 2 2

Nalidixic acid Resistant Resistant
Cephalothin Resistant Resistant
Periplasmic fibers 1 1
No. of Flagella 8–12 8–12
Distribution Bipolar Bipolar
PBMC from two simultaneously studied normal do-
nors. The normal T cell function disclosed by these
studies strongly suggests that abnormalities of T cell
function do not account for the occurrence of FLO in-
fection in these patients.

Microbiologic Characterization of Helicobacter-like
Species from Patients G.M. and G.Q.

Both patients were bacteremic with curved Gram-
negative rods that were slow growing and required
enriched media and a microaerobic atmosphere that in
addition to reduced oxygen levels also contained some
H2 gas. Fortunately, both organisms grew in aerobic
blood culture bottles (BTA, Organon-Teknika), with
positive detection occurring between 2 and 8 days of
incubation. Organisms were not reliably detected by
the automated detection system due to their slow
growth curves and were not reliably seen by Gram
stain. Staining of blood cultures using acridine orange
stain yielded the fastest and most reliable detection of
positive cultures. Subcultures to blood or chocolate

FIG. 2. Western blots of postnuclear supernatants of patients
with XLA and a control patient. Lane 1: normal control; lanes 2 and
3 (MW and HK): patients with known XLA; lane 4: patient G.M.; lane
5: (patient G.Q.) BTK, Bruton’s tyrosine kinase; WASP, Wiskott–

1
xispira”-like Organism (FLO)

“F. rappini” H. cinaedi H. pylori

1 or 2 1 1
1 1 1
2 1 1 or 2

1 2 1
2 2 1
2 2 2

2 2 2
1 1 1
1 2/weak 1

Resistant Sensitive Resistant
Resistant Intermediate Sensitive

1 2 2
10–20 1–2 4–8

Bipolar Bipolar Bipolar
LE
Fle
Aldrich syndrome protein (control protein).
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126 CUCCHERINI ET AL.
agar plates were successful only when incubated at
35–37°C under microaerobic conditions—as are used
for Campylobacter or Helicobacter isolation—as long as
H2 was included in the atmosphere. The organisms
from both patients were similar to each other morpho-
logically and by several biochemical characteristics,
shown in Table 1, which for comparison also shows the
characteristics for F. rappini, H. cinaedi, and H. pylori.

Molecular-based identification using 16S rRNA gene
sequence analyses showed that each of the FLO iso-
lates was most closely related to an organism currently
designated F. rappini, which may be a generically mis-

amed member of the genus Helicobacter. However,
the two patient FLO isolates were more closely related
to each other than to other Helicobacter sp. and F.
rappini. By DNA-DNA hybridization studies done at
the CDC, the two patient strains showed 81% related-
ness, a level sufficient to regard them as the same
species. In contrast, both strains had ,70% homology
with F. rappini, indicating that FLO represents a new
taxon distinct from F. rappini. At present, it is unclear
as to whether FLO-1 and FLO-2 will be included as
members of the genus Helicobacter, thus we have des-
ignated them Flexispira-like organisms; however, as
outlined in our previous publication relating to FLO, it
should be emphasized here that FLO organisms are
not in fact Flexispira sp. Regardless of whether FLO
organisms are present in the normal intestinal flora, it
seems likely that these organisms are widely dissemi-
nated in the environment and thus infection depend
more on patient susceptibility than the abnormal ex-
posure. This is underscored by the fact that there was
no history of unusual exposure to FLO organisms in
either patient.

DISCUSSION

This is the first clinical report of systemic infection
caused by FLO, a new and uncommon bacterial spe-
cies, in two patients with severe B cell immunodefi-
ciency. Molecular studies with FLO-1 and FLO-2 re-
veal them to be more closely related to F. rappini than
o named Helicobacter species such as H. cinaedi or H.
ylori. This relatedness is further supported by the
istinctive morphologic features that FLO shares with
. rappini, which include periplasmic fibers along with

our or more flagella on each end of the organism
“bipolar”). Although there are at least four other spe-
ies of Helicobacter with demonstrated periplasmic fi-
ers and bipolar flagella, they are less closely related to
LO by 16S rRNA sequence homology and have been

solated from nonhuman mammals only.
For a comparison of clinical features of systemic in-

ections caused by other closely related organisms, we
eviewed infections caused predominantly by H. ci-

aedi and two cases caused by F. rappini. Of 7 patients K
ith H. cinaedi bacteremia reported by Burman et al.
20), 4 presented with multiple types of skin lesions
erythema nodosum, large erythematous plaques, and
ellulitis), while Kiehlbauch et al. (21) described fever-
ssociated macular rashes as well as “atypical” celluli-
is marked by brown- or copper-colored skin without
armth in 9 of 23 cases. Of note, the majority of these

ases occurred in immunocompromised HIV-positive
atients. An additional case reported by Tee et al. (22)
escribed an HIV-positive patient with H. cinaedi bac-
eremia who initially manifested lower limb culture-
egative cellulitis, progressing to chronic lymphedema.
Only four cases of F. rappini infection have been

eported, two in patients with gastroenteritis and
hronic diarrhea in which F. rappini was cultured from
he stool (29) and two in patients with bacteremia, one
n a child with pneumonia of unknown etiology (24)
nd one in an HIV patient on hemodialysis (25), both of
hom had F. rappini cultured from the blood. In the

ase report of the child, the primary clinical findings
ere fever, malaise, and cough associated with a lobar
neumonia; there were no skin or musculoskeletal
anifestations associated with the infection. The HIV

atient presented with chills and fever and was treated
or F. rappini sepsis, but had recurrent sepsis 21 days
ater. He had a prior history of repetitive infected skin
esions of the lower limbs, diagnosed as chronic erysip-
las, but more recently had suffered cellulitis of the
orearm secondary to a cat scratch. The portal of entry
f F. rappini is thought to be the patient’s GI tract
ecause the organism has previously been found in
he GI tract of laboratory mice as well as in humans
29–32).

Patient G.M.’s dermatologic findings were similar to
hose of H. cinaedi patients who developed a “cold”
ellulitis that progressed to a “woody”-appearing skin
esion suggestive of lymphatic obstruction. In contrast,
atient G.Q.’s dermatologic findings were more unique.
n his case, fevers were associated with evanescent
acular rashes, but these occurred in association with

hronic pyoderma granulosum-like lesions, a manifes-
ation that has not been seen previously. A prominent
eature of patient G.Q.’s clinical course was joint and
one infection. This has been previously reported in
ases of Helicobacter and Campylobactor bacteremias,
lbeit infrequently. In the seven patients with H. ci-
aedi bacteremia reported by Burman et al. (20), two
ad monoarticular, large-joint arthritis. Similarly, of
he two patients reported by Vandamme et al. with H.
inaedi bacteremia, one had monoarticular arthritis
nd the other a septic hip joint (17). Van der Ven et al.
23) reported a patient with soft tissue pain in the
ower extremity without cellulitis in scintigraphy and
n MRI that showed increased perfusion and the pres-
nce of soft tissue vascular structures. Furthermore,

erstens et al. (33) reported a patient with XLA who
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127FLEXISPIRA-LIKE INFECTION IN X-LINKED AGAMMAGLOBULINEMIA
had Campylobacter jejuni bacteremia and a several-
ear history of recurrent fevers, who ultimately devel-
ped erysipelas-like lesions in the lower legs associated
ith scintigraphic evidence of osteomyelitis. Finally,
imon and Markusse (34) reported the occurrence of
eptic arthritis related to C. jejuni bacteremia in a
atient with rheumatoid arthritis and XLA.
The association of FLO infection with XLA in partic-

lar, or infection with Helicobacter-like organisms with
mmunodeficiency in general has not been specifically
oted previously, except for the observation that H.
inaedi infections occur most frequently in HIV pa-
ients. The susceptibility of XLA patients to the FLO
nfection of the extremities described here may be due
o their extreme B cell (humoral) immune defect cou-
led with their completely normal T cell (cellular) func-
ion. Thus, as noted in both patients G.M. and G.Q.,
atients with XLA have virtually no B cells in the blood
r tissues but have a normal number of T cells and
onocytes which exhibit normal cytokine secretion.
atients with XLA contrast with patients with com-
on variable immunodeficiency (CVI) whose B cell

unction is decreased but is not absent and who fre-
uently have somewhat deficient T cell function. The
mmunodeficiency profile of XLA is probably responsi-
le for the fact that XLA patients exhibit an increased
ncidence of chronic enteric infection, particularly in-
ection due to Campylobacter and enteroviruses (9),
.e., superficial infections that require specific antibody
esponses for resolution. In addition, XLA patients are
ubject to bacteremias, particularly with organisms
hat colonize the gastrointestinal tract (33–41). Such is
ot the case in CVI although it occurs in AIDS (12–16,
8, 21–23, 25, 42, 43), perhaps because in the latter
ase a B cell deficiency occurs secondary to a severe T
ell deficiency that is as profound as in XLA. That the
rigin of the FLO infection in the XLA patients studied
ere was the gastrointestinal tract is supported by the
act that, as mentioned, Helicobacter or Helicobacter-
ike organisms including F. rappini have been found to
olonize the gastrointestinal tract of mice.

Whether the FLO organisms will be identified as a
omponent of the normal intestinal flora of humans
emains to be seen. It seems likely that the B cell
eficiency of XLA patients also explains the somewhat
nusual nature of the infection of the extremities with
LO and perhaps H. cinaedi as well. Thus, it appears
hat blood vessels and lymphocytes provide not only a
onduit of spread, but also a focus of infection within
hese vascular/lymphatic structures. This possibility
as evident in G.M., who exhibited cold cellulitis and
oody lymphedema of the involved leg. In addition, the

nfection of the skin and bone seen in G.Q. could have
risen from prior intravascular infection. Of interest,
n both G.M. and G.Q., FLO infection was limited to the

ower extremities and was conspicuously absent in
heir internal organs. Although a peripheral or skin
attern of infection may be correlated with a lower
rowth temperature optimum of the infectious agent,
ur in vitro laboratory studies of FLO showed equiva-
ent growth at 37 and 35°C.

The two cases presented here illustrate the need to
onsider infection with Helicobacter/Flexispira species
n immunodeficient patients with unexplained fever—
articularly when the latter is associated with derma-
ologic findings or musculoskeletal infection. Moreover,
he index of suspicion specifically for FLO should be
eightened if these manifestations occur in a patient
ith XLA. In suspected cases, blood cultures should be
btained using an aerobic blood culture bottle (prefer-
bly a BacT Alert system) incubated for at least 10
ays and stained by acridine orange stain prior to
iscarding. If curved or spiral organisms are observed,
hey should be subcultured using enriched blood agar
nder microaerobic conditions that contain H2, and

plates should be incubated at 37°C for at least 7 days.
Selective media for isolation of Campylobacter usually
contain antibiotics and should not be used. Empiric
antibiotic coverage should be initiated promptly since
in vitro antibiotic susceptibility testing may be difficult
to obtain. On the basis of the recurrent bacteremias
observed in our two patients, we would recommend
treatment with iv imipenem or meropenem in combi-
nation with an aminoglycoside such as gentamicin.
Duration of therapy may need to be longer than stan-
dard and should be guided by studies of the organisms’
sensitivities in vitro, the patient’s response (decrease
in fever or improvement of skin/bone lesions or cellu-
litis), and the maintenance of negative blood cultures.
Both of the cases reported here were treated for up to
5 months.

In conclusion, FLO and other Helicobacter sp. must
be added to the spectrum of unusual infections occur-
ring in some B cell immunodeficiencies such as XLA. In
these, the immunodeficiencies and the lack of organ-
ism-specific antibody may vitiate containment of the
organism to gastrointestinal mucosal surfaces, leading
to bacteremia and dissemination. Subsequent localiza-
tion of the organism to vascular/lymphatic or muscu-
loskeletal sites may be associated with overlying skin
discoloration or swelling, with cellulitis or, rarely, with
joint infections. For unknown reasons, these manifes-
tations are common for systemic infections with this
group of organisms and should help raise the index of
suspicion for a Helicobacter-related infection and more
specifically for an infection with FLO in the febrile XLA
patient.
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