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Fatal Outcomes in Family Transmission of
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Background. Mycoplasma pneumoniae continues to be a significant cause of community-acquired pneumonia
and, on rare occasions, manifests as fulminant disease that leads to mortality, even in healthy individuals.

Methods. We conducted a retrospective study on members of a family who were quarantined by the Centers for
Disease Control and Prevention in 2002 for respiratory failure and death of a 15-year-old brother (sibling 1) and
a 13-year-old sister (sibling 2). Collected airway, cerebrospinal fluid (CSF), and serum samples from both deceased
siblings and serum samples from both parents and the remaining 3 ill siblings (sibling 3—5) were tested using a range
of diagnostic assays. Autopsy lung tissue samples from sibling 2 were also assessed using immunohistochemical and
immunoelectron microscopic methods.

Results. Autopsy evaluation of sibling 1 revealed cerebral edema consistent with hypoxic ischemic
encepatholopathy and pulmonary findings of bronchiolitis obliterans with organizing pneumonia (BOOP).
Postmortem lung examination of sibling 2 revealed lymphoplasmacytic bronchiolitis with intraluminal purulent
exudate, BOOP, and pulmonary edema. Results of diagnostic assays implicated the household transmission of
M. pneumoniae among all 5 siblings and both parents. Further analysis of lung tissue from sibling 2
demonstrated the presence of M. pneumoniae organisms and community-acquired respiratory distress syndrome
toxin. M. pneumoniae was cultured directly from sibling 2 autopsy lung tissue.

Conclusion. Evidence is provided that M. pneumoniae was readily transmitted to all members of the household
and that the resulting infections led to a spectrum of individual responses with variation in disease progression,
including lymphoplasmacytic bronchiolitis, BOOP, and death.

Mycoplasma pneumoniae is an atypical bacterial patho-
gen without a cell wall that affects both the upper and
lower respiratory tracts of children and adults. It is
implicated in airway diseases including pneumonia,
exacerbation of wheezing, tracheobronchitis, and phar-
yngitis, as well as extrapulmonary manifestations such as
neurological, hematologic, gastrointestinal, and derma-
tological pathologies [1, 2]. Among M. pneumoniae—
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infected patients, it is estimated that 3%—10% develop
clinical pneumonia and that <5% of cases of pneu-
monia are severe enough to require hospitalization.
M. pneumoniae—mediated fulminant pneumonia is
considered to be rare, regardless of the high prevalence
of the infection in the general population [1, 2].
Although M. pneumoniae has been recognized as
a significant clinical pathogen for decades, its virulence
determinants have only been partially deciphered.
Recently, we identified a unique M. pneumoniae
adenosine diphosphate-ribosylating and vacuolating
cytotoxin (designated community-acquired respiratory
distress syndrome [CARDS] toxin) [3]. The severity of
pulmonary disease caused by M. pneumoniae appears to
be dependent on biological properties of individual
mycoplasma strains and CARDS toxin concentration [4].
Interestingly, CARDS toxin transcription and translation
are substantially up-regulated during infection, in

Fatal Outcomes of M. pneumoniae Infection o CID 2012:54 (15 January) e 225



contrast to in vitro growth [5]. Furthermore, CARDS toxin
shares similarities to the toxin of Bordetella pertussis [3, 6].

The pulmonary presentations of M. pneumoniae pneumonia
have included cellular bronchiolitis [7], bronchiolitis obliterans
with organizing pneumonia (BOOP) or without organizing
pneumonia [7-9], bronchiectasis, pleural effusion, adult re-
spiratory distress syndrome [10], pulmonary embolism [11],
chronic interstitial fibrosis [12], and lung abscess [13]. The cur-
rent literature stresses the benign and often subclinical nature of
many of these infections; hence, the term “walking pneumonia” is
sometimes used to describe M. pneumoniae pneumonia. How-
ever, cases of fulminant pneumonia due to M. pneumoniae have
been encountered with resultant respiratory failure or death [8].

In this study, we describe a range of clinical manifestations
associated with M. pneumoniae infection in a previously healthy
family. To our knowledge, for the first time, M. pneumoniae—
mediated disease progression is described in terms of myco-
plasma load, CARDS toxin detection, and individual subject
immunological and clinical responsiveness to infection.

MATERIALS AND METHODS

Collection of Samples

Patients’ samples were obtained for testing from the family
members after consent as approved by the institutional review
board (IRB) of The University of Texas Southwestern Medical
Center (IRB no. 0802-447). Informed consent was obtained
from legal guardians and informed assent was obtained from
patients =10 years of age. The University of Texas Health Sci-
ence Center at San Antonio IRB determined that this study did
not require IRB review.

Bacterial Strains and Recombinant Proteins

M. pneumoniae reference strain M129 and a clinical isolate
designated SA1 were grown in SP4 broth. Recombinant P1
adhesin carboxyl immunodominant domain (rP1-C) and re-
combinant CARDS toxin (rCARDS toxin) were expressed and
purified as reported elsewhere [3, 14].

Polymerase Chain Reaction (PCR) and Quantitative Real-time
PCR (qPCR) Detection of M. pneumoniae Infection

Collected lung tissue, cerebrospinal fluid (CSF), and serum
samples from both deceased siblings and serum samples alone
from the parents and the remaining 3 ill siblings were subjected
to DNA extraction using the QIAmp DNA Mini Kit (Qiagen,
Valencia, CA). Detection of M. pneumoniae was by PCR and
qPCR using P1 nucleotide sequences [15].

Isolation of M. pneumoniae Strain SA1 and Subtyping

Lung samples from the deceased 13-year-old subject were in-
cubated in SP4 broth and subsequently plated on SP4 agar.
Single mycoplasma colonies were picked and cloned in SP4

medium and compared with reference strain M129 by use of
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) analysis of total mycoplasma proteins and
immunoblotting against specific M. pneumoniae proteins. To
further characterize the M. pneumoniae clinical isolate, we used
P1 adhesin repetitive element-based PCR restriction fragment
length polymorphism assays (P1-PCR-RFLP [16]). In addition,
PCR-amplified full-length CARDS toxin gene was sequenced to
determine nucleotide differences between reference and clinical
strains (GenBank accession no. ABE27143).

Detection of Antibodies Against M. pneumoniae

Serum samples from each subject and CSF samples from siblings
1 and 2 were analyzed using enzyme-linked immunosorbent
assay (ELISA) and immunoblotting against total cell lysates of
both M. pneumoniae reference and SAL1 strains and using ELISA
against rCARDS toxin and rP1-C as indicator proteins [14].

Histological, Inmunohistochemical, and Immunoelectron
Microscopic Assessments

Lung autopsy samples were examined as described elsewhere
[17]. Briefly, paraffin-embedded sections were cut at 4-pm
thickness and stained with hematoxylin-eosin. Rabbit antiserum
reactive against rCARDS toxin and mouse anti-P1 monoclonal
antibody (US Biological, Swampscott, MA) at 1:1500 and 1:10
dilutions, respectively, were incubated with representative lung
sections, which were then stained with diaminobenzidene chro-
magen (Vector Laboratories, Burlington, CA) [17]. Control sec-
tions were treated similarly but without primary antibodies. For
immunogold electron microscopy, lung samples were processed
and analyzed for the presence of M. pneumoniae using anti-P1
rabbit antiserum (1:100 dilution) as reported elsewhere [5].

RESULTS

Case Report

AlL5 children of a family were admitted to a pediatric hospital in
Dallas, Texas, over a period of 5 days; 2 of the children experi-
enced a fatal outcome. All siblings were previously healthy
without contributory past medical history and were home-
schooled. Table 1 details the age, sex, clinical presentation, and
diagnostic assessment of the subjects, and the timeline graph in
Figure 1 indicates the onset of symptoms and time of diagnosis.
15-Year-Old Deceased Male Sibling (Sibling 1)

A 15-year-old white male was admitted in August 2000 to the
pediatric intensive care unit for sudden onset of respiratory
failure. He was in his usual state of health until 2 days prior to
admission when he developed sore throat, cough, and rhinor-
rhea with no noted fever, headache, or altered mental status. On
the morning of admission, his family was not able to arouse him
from sleep but confirmed him to be breathing and with heart-
beat. The family then noted cessation of breathing and called
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Table 1.

Characteristics of Mycoplasma pneumoniae Infection Within a Family By Use of Serum Samples

Parameters Sibling 12 Sibling 2° Sibling 3 Sibling 4 Sibling 5 Father Mother
Age in years 15 13 6 10 17 NA NA
Sex Male Female Male Female Male Male Female
Diagnosis Respiratory Respiratory Respiratory Respiratory Pneumonia NCE NCE
failure/arrest failure/arrest infection infection
Test results
PCR + 4+ 3 + + = =
ELISA IgM P1° ++ - ++ + T+ - _
CARDS toxin AP AR = IFaF T ++++ — =
ELISA IgG P1P ++++ - + ++ ot Tt T4
CARDS toxin = +* + + R ++ T4
Immunoblot P1° +++ - + ++ T4 + +
CARDS toxin® + * - +++ + 4 +
M. pneumoniae WCL® ++ + + ++ +++ +++ 4+

Abbreviations: CARDS, community-acquired respiratory distress syndrome; ELISA, enzyme-linked immunosorbent assay; Ig, immunoglobin; NA, not available;
NCE, not clinically evaluated; PCR, polymerase chain reaction; WCL, whole cell lysate.

@ Death.

© ELISA positivity was determined based on optical density (405 nm) readings. OD4os values of <0.2 were considered to be negative. ELISA positivity: —, negative;

+,0.2-0.4; ++, 0.41-0.6; +++, 0.6-0.8; ++++, >0.8.

¢ Immunoblot positivity: —, negative; +/—, threshold level; +, low intensity; ++, medium intensity; +++, strong intensity.

4 Immunoblot profiles using M. pneumoniae strains SA1 and M129 were similar.

paramedics, who found the patient to be pulseless with cardiac
electrical activity and initiated cardiopulmonary resuscitation
(CPR) including endotracheal intubation. On admission to the
hospital, physical examination was only notable for a febrile
(39°C), sedated, and mechanically ventilated male patient. Ini-
tial chest X-ray radiograph revealed multifocal parenchymal
opacities involving the perihilar regions and lower lobes. The
patient continued with intermittent fevers throughout his hos-
pital course, during which a maculopapular rash developed.
General laboratory studies (complete blood cell count, liver
function tests, electrolyte levels, and creatinine levels) were re-
markable for an initial white blood cell count of 13.2 k/pL, initial

aspartate aminotransferase level of 247 U/L, and initial alanine
aminotransferase level of 506 U/L; these values normalized over
the course of hospitalization. Toxicology testing was negative.
CSF indices were within reference limits, except for a white
blood cell count of 22 cells/pL.

An infectious diseases evaluation was performed. Endotra-
cheal aspirates revealed many white blood cells with no bacteria
seen on Gram stain and no growth of bacteria on routine cul-
ture. Viral direct fluorescence assays on nasopharyngeal speci-
mens for respiratory syncytial virus, adenovirus, influenza virus,
and parainfluenza virus and viral culture were negative. Blood,
urine, and cerebral spinal fluid bacterial cultures were without
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Figure 1.

Timeline graph showing the onset of symptoms and time of diagnosis of the siblings. Further details of the siblings are included in Table 1.
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Figure 2.

Immunolocalization of Mycoplasma pneumoniae and community-acquired respiratory distress syndrome (CARDS) toxin in lung specimen of

sibling 2. In focal peribronchiolar sites, intra-alveolar collections of alveolar macrophages and monocytes were present, some of which showed
positively-immunostained intracytoplasmic mycoplasma aggregates and CARDS toxin. Bold arrows indicate immunostained aggregates of mycoplasma
organisms (Mp panel) and CARDS toxin (CARDS panel) that are similar in size and distribution (original magnification Xx40). Insets indicate the higher

magnification of same (original magnification X60).

growth. Commercially available PCR assays for enterovirus,
herpes simplex virus, and M. pneumoniae on CSF were negative.
Serum immunofluorescence assays for St Louis encephalitis vi-
rus immunoglobulin M (IgM) and immunoglobulin G (IgG),
West Nile virus IgM and IgG, California encephalitis virus IgM
and IgG, and Legionella species were negative. Serum Chlamydia
species IgG and human immunodeficiency virus (HIV) ELISAs
were negative. However, serum M. pneumoniae IgM and IgG
ELISAs were positive at 1:80 and 1:160, respecively (ARUP
Laboratories, UT); serum M. pneumoniae complement fixation
was positive at >1:256. Total serum IgM and IgG levels were
normal. Over the hospital course, the subject received broad-
spectrum antibiotics, including gatifloxacin, clindamycin, cef-
triaxone, azithromycin, and doxycycline. His neurological status
never improved beyond minimal response to painful stimuli,
even when all sedation was stopped, and computed tomography
of the brain was consistent with severe global hypoxic ischemic
injury. Support was withdrawn 14 days after admission. The
findings recorded in the autopsy report included cerebral edema
consistent with hypoxic ischemic encepatholopathy, with no
evidence of encephalitis or meningitis, and acute and organizing
pneumonia with BOOP. Because the complement fixation test
to detect M. pneumoniae infection is based on crude lipid an-
tigen that contains glycolipids that occur commonly in plants
and bacteria [18] and even in human brain tissue [19], we
further confirmed the positive M. pneumoniae serologic results
by measuring IgM and IgG serum responses to M. prneurmoniae
unique rP1-C and rCARDS toxin proteins. As shown in Table 1,
the subject exhibited strong immunoresponsiveness against
these M. pneumoniae proteins. In addition, PCR analysis for
M. pneumoniae was positive.

13-Year-Old Deceased Female Sibling (Sibling 2)
The 13-year-old sister was noted to exhibit 2 weeks of re-
spiratory symptoms similar to those preceding sibling 1’s sud-
den onset of respiratory failure. Four days after sibling 1 was
admitted to the hospital, sibling 2 developed fever and com-
plained of dyspnea. She was found unresponsive in her bed the
next morning by her family; paramedics confirmed her to be
asystolic and initiated CPR. She was pronounced dead after
advanced cardiac life support failed to revive her in the emer-
gency center. Premortem bacterial blood and sputum cultures
and nasopharyngeal viral culture were unrevealing. Total serum
immunoglobulin levels were low (IgG level, 322 mg/dL; IgM
level, 24 mg/dL; IgA level, 32 mg/dL). HIV test was negative.
Detection of serum M. pneumoniae IgM and IgG levels was
negative by commercial laboratory testing, in contrast to sibling
1. Lymphoplasmatic bronchiolitis and focal sites of BOOP and
alveolar edema and intra-alveolar hemorrhages were histo-
pathological findings at autopsy. Some of the bronchioles also
contained an intraluminal exudate of neutrophils, admixed with
monocytes and epithelial debris that extended into subjacent
alveoli, (ie, focal bronchopneumonia). Postmortem lung stains
and/or cultures were negative for routine bacteria, acid-fast
bacilli, fungi, Legionella species, and viruses. However,
M. pneumoniae PCR (ARUP Laboratories, UT) was positive
on lung tissue. Furthermore, our studies indicated positive
M. pneumoniae serum PCR (Table 1) and lung tissue qPCR; in
the latter case, 8 X 10’ M. pneumoniae genome copies were
detected per gram of lung tissue. Immunostaining using
mouse monoclonal antibodies reactive against P1 adhesin
protein revealed M. pneumoniae organisms localized to the
surface of bronchiolar 2, Mp).

epithelium (Figure
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Figure 3. Immunogold electron microscopic detection of Mycoplasma
pneumoniae in lung tissue of sibling 2. M. pneumoniae cells were gold-
particle-labeled with anti—-M. pneumoniae antibodies (arrows) as described
in the Materials and Methods. Mycoplasma cells were visualized with a JEOL
1230 transmission electron microscope. Gold labeling (arrows) reveals
M. pneumoniae with its characteristic tip organelle (scale bar, 0.1 pm).

Importantly, immunostaining of lung sections also revealed
the presence of CARDS toxin (Figure 2, CARDS) associated
with alveolar macrophages. Furthermore, immunoelectron
microscopy clearly demonstrated M. pneumoniae organisms in
the lungs (Figure 3). We also were able to successfully culture
M. pneumoniae organisms from sibling 2’s lung specimens
at 2 independent research laboratories (The University of Texas
Southwestern Medical Center at Dallas and The University of
Texas Health Science Center at San Antonio). In an attempt to
understand the unusual severity of these M. prneumoniae in-
fections, we further characterized the M. pneumoniae clinical
isolate designated as SA1, which was isolated in San Antonio. This
strain was confirmed as M. pneumoniae by sequencing of the
CARDS toxin gene, by comparing SA1 protein profiles with
reference strain M129 using SDS-PAGE and immunoblotting
against major M. pneumoniae proteins (P1, P30, ClpB, CARDS
toxin, pyruvate dehydrogenase subunits A and B, and elongation
factor Tu), and by subtyping, which determined the clinical
isolate to be categorized as type II-b using P1-PCR-RFLP.

Interestingly, sibling 2 did not demonstrate a notable humoral
immune response to M. pneumoniae proteins (Table 1).
Siblings 3, 4, and 5, and Parents

The 6-year-old brother, 10-year-old sister, and 17-year-old
brother were admitted to the hospital on the same day that
sibling 2 died. These children had been experiencing respiratory
symptoms, mainly consisting of cough and rhinorrhea without
fever, for 1-3 weeks. Two of the children had experienced
a nonspecific erythematous rash, and one had experienced
myalgias and arthralgias prior to admission. On admission,
general laboratory studies (complete blood cell count, liver
function tests, electrolyte levels, and creatinine levels) and
physical examination were unremarkable, except that one child
had scattered rales on chest auscultation. In addition, total IgG,
IgM, and IgA levels were normal for all siblings. Chest X-ray
radiographs revealed focal infiltrates consistent with pneumonia
and bronchial wall involvement among the surviving 3 siblings.
The 3 siblings were tested for infectious agents in a similar
manner as for sibling 1, except CSF samples were not obtained,
and the results were similarly unrevealing. However, serum
ELISA for M. pneumoniae total IgG and IgM were positive in
siblings 3, 4, and 5. All 3 children plus both parents (Table 1)
were immunoblot positive against M. pneumoniae whole cell
lysates, CARDS toxin, and/or P1 (Table 1). Both parents ex-
hibited detectable serum M. pneumoniae IgG levels. Further-
more, PCR analysis revealed the presence of M. pneumoniae in
serum samples of the 6-, 10-, and 17-year-olds but not in those
of the mother or father. Azithromycin therapy was prescribed
for these siblings, and recovery was uneventful. The parents
were not clinically evaluated (Table 1).

DISCUSSION

Since the first report of fatal M. pneumoniae infection [20],
severe cases have been reported sporadically. In the previous
reviews of fatal M. pneumoniae infection, death was associ-
ated with diffuse pneumonia, adult respiratory distress syn-
drome, vascular thrombosis, and disseminated intravascular
coagulation [20-23]. Histopathological analyses of tissues
from fatal cases of M. pneumoniae pneumonia [7-9, 24] and
from M. pneumoniae—infected animal models [17, 25] have
shown ulceration and destruction of ciliated epithelium of
bronchi and bronchioles, edema of bronchial and bronchiolar
walls, bronchiolar and alveolar infiltrates of macrophages and
lymphocytes, and bronchiolitis obliterans. Chan and Welsh [8]
reviewed cases of M. pneumoniae pneumonia that resulted in
respiratory failure and death and reported that fulminant cases
were more common in young healthy adults. Rollins et al [7]
observed BOOP based on open lung biopsy and emphasized
that M. pneumoniae causation is often omitted from differential
diagnosis. In the present study, both deceased siblings had
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experienced respiratory symptoms for about 2 weeks before
their acute cardiopulmonary failure episodes, so the findings of
a reparative lung response, such as BOOP, could be expected.
However, the primary lung finding in sibling 2 was lympho-
plasmacytic bronchiolitis with intraluminal exudate, a pattern
reported in M. pneumoniae—infected humans and experimen-
tally infected animals.

In earlier animal studies centered on localizing M. pneumoniae
in tissue sites, mycoplasmas were identified primarily on the
surface of airway epithelium whereas evidence of tissue in-
flammation and tissue injury throughout the bronchial walls
suggested diffusion of unknown mycoplasma products from
the surface epithelium into deeper tissues. Since our discov-
ery of CARDS toxin, we showed that CARDS toxin, along
with M. pneumoniae organisms, can be detected on respiratory
epithelium surfaces of infected lungs and in peribronchiolar
alveolar spaces that contained inflammatory exudates of
edema, neutrophils, and alveolar macrophages and monocytes
[17]. Furthermore, rCARDS toxin alone elicits airway vacuo-
lization and cytotoxicity and extensive peribronchial and per-
ivascular cellular inflammation in baboons and mice after
inoculation into lungs [26]. We also reported that CARDS
toxin concentrations in bronchiolar lavage fluids of infected
mice are directly related to M. pneumoniae organism load
and disease severity [4]. In the lung tissue of sibling 2, we
observed the localization and distribution of M. pneumoniae
and CARDS toxin by immunohistochemical staining. We also
detected M. pneumoniae organisms by immunogold electron
microscopy. The substantial load of M. pneumoniae genomes
within the lung of sibling 2, the detection of CARDS toxin, and
the extensive lung pathology clearly reinforce the contributory
roles of M. pneumoniae to disease progression. Most likely, the
heavily infected lung tissue of sibling 2 permitted isolation of
M. pneumoniae strain SA1 subtype II-b from lung specimen.
Interestingly, in our prior investigation of various M. pneumoniae
strains and associated elicited pulmonary disease severity, it was
the type II strain that was most adept at colonizing, replicating,
and persisting, thus resulting in high concentrations of CARDS
toxin in bronchiolar lavage fluids and extensive lung disease
[4]. Why there was such a discrepancy in the M. pneumoniae
IgM and IgG responses between siblings 1 and 2 is unresolved.

Due to the high prevalence of M. pneumoniae infections
worldwide, severe cases of pneumonia are not uncommon, but
they are probably underdiagnosed. However, new methods have
been developed to identify M. pneumoniae infections [27, 28].
Furthermore, we reported that the CARDS toxin gene-based
qPCR assay and the CARDS toxin antigen-based capture assay
are highly specific and sensitive in the detection of active in-
fection of M. pneumoniae among mechanically ventilated sub-
jects [29] and in a high proportion of adult subjects with
refractory asthma [30]. As previously noted, the increase in the

severity of M. pneumoniae pneumonia in younger patients may
be biased, possibly due to a greater prevalence of infection or
increased susceptibility in younger patients. Possibly the siblings
(1 and 2) with a fatal outcome had an immunodeficiency,
whereas the other siblings who did not have a fatal outcome did
not share this immunodeficiency.

In summary, this report highlights the potentially serious
nature, as well as the diversity of individual immune response
and outcome, of M. pneumoniae infection in a previously
healthy family. The relatively young age of patients with fatal
M. pneumoniae infection is of unclear significance. Further-
more, this study is the first, to our knowledge, to link
M. pneumoniae infection, mycoplasma genome number,

and CARDS-toxin-mediated events in human disease,

emphasizing the need for improved diagnostic and treatment
modalities.
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