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Trimethoprim–Sulfamethoxazole–associated
Fulminant Respiratory Failure in Children and
Young Adults

To the Editor:

Trimethoprim–sulfamethoxazole (TMP-SMX) is an antibiotic
associated with rare respiratory adverse drug reactions (ADRs) that are

Table 1. Patient Characteristics

Variables
Patients without

Reintubation (n= 71)
Patients with

Reintubation (n= 15) P Value

Age, mean6SD, yr 64.4619.3 68.1614.6 0.48
Sex, M, n (%) 38 (53.5) 3 (20.0) 0.02
SAPS 3, mean6SD 64.1614.9 65.4615.8 0.76
Comorbidities, n (%)
COPD 8 (11.3) 1 (6.7) 0.60
Heart failure 7 (9.9) 1 (6.7) 0.70

Reason for intubation, n (%) 0.34
Pneumonia 23 (32.4) 1 (6.7)
Sepsis without pneumonia 22 (31.0) 9 (60.0)
Acute cardiogenic PE 4 (5.6) 0
Postoperative care 9 (12.7) 3 (20.0)
Coma 6 (8.5) 1 (6.7)
Shock 4 (5.6) 1 (6.7)
After cardiac arrest 2 (2.8) 0
Epistaxis 1 (1.4) 0

Reason for reintubation, n (%)
Hypoxemia — 6 (40.0) —
Hypercapnia — 2 (13.3) —
Cardiac failure — 3 (20.0) —
Neurological impairment — 3 (20.0) —
Others — 1 (6.6) —

48-h preextubation fluid balance, mean6SD, ml 457.261,664.7 1,010.561,864.5 0.25
Duration of MV before SBT, median (IQR), d 4.0 (3.0–7.0) 4.0 (3.0–8.0) 0.30
Use NIV after extubation, n (%) 14 (19.7) 6 (40.0) 0.09
E/e9 before SBT, median (IQR) 8.9 (7.3–11.4) 8.1 (6.6–10.0) 0.50
ICU mortality, n (%) 10 (14.1) 7 (46.7) 0.001
Hospital mortality, n (%) 16 (22.5) 7 (46.7) 0.02

Definition of abbreviations: COPD=chronic obstructive pulmonary disease; E= early diastolic transmitral flow velocity; e9=early diastolic mitral annular
velocity; IQR= interquartile range; MV=mechanical ventilation; NIV= noninvasive ventilation; PE=pulmonary embolism; SAPS 3=Simplified Acute
Physiology Score 3; SBT= spontaneous breathing trial.
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typically mild and self-limited (1). Here we describe 14 previously
healthy children and young adults exposed to TMP-SMX before the
development of fulminant respiratory failure, potentially reflecting a
previously unappreciated, life-threatening ADR to TMP-SMX. Some of
the results of this study have been previously reported (2–5).

Cases were identified following national news coverage of
an adolescent patient requiring extracorporeal membrane oxygenation
(ECMO) support owing to unexplained acute respiratory failure (4).
Inclusion criteria were as follows: 1) no previous history of pulmonary
disease, 2) >7 days exposure to TMP-SMX with documentation of
prescribing date and dose, 3) medical records available for review by the
authors, and 4) no alternative explanation for acute respiratory failure
revealed by medical evaluation and testing. The Naranjo causality
assessment tool for adverse drug reactions was completed on review of
each case (6). Adult patients provided signed authorization for medical
records from outside facilities, whereas a family member provided
authorization for medical records for deceased patients and children.
The institutional review board deemed this case series exempt from
review. An interfacility data use agreement was completed between
Children’s Mercy Hospital and Massachusetts General Hospital to share
case-specific clinical information.

Lung tissue from biopsy and/or autopsy was sent to Massachusetts
General Hospital for central pathology review. Histology was performed
using routine clinical techniqueswith slides stainedwith hematoxylin and
eosin; immunohistochemistry for keratins and CD68 was performed as
described previously (5). All available specimens were assessed by three
board-certified pathologists (A.R.S., M.M.-K., and M.S.T.).

We report clinical and pathological findings from 14
previously healthy children and young adults (median, 16.5 yr;
range, 10–37 yr) with TMP-SMX–associated fulminant
respiratory failure occurring between 1997 and 2018 (Table 1).
Seven cases were previously published, and seven are newly
reported (4, 5). Median TMP-SMX exposure duration was
21 days (range, 7–28 d) for nonsystemic illnesses including
urinary tract infection, folliculitis, and acne vulgaris. No

Table 1. Clinical Characteristics of 14 Patients with
TMP-SMX–associated Respiratory Failure

Characteristic Value

Median age (range), yr 16.5 (10–37)
Sex, F, n (%) 9 (64)
Race, n (%)
White 11 (79)
Mixed race 1 (7)
Asian 2 (14)

Geographical region, n (%)
Midwest 6 (43)
West 2 (14)
Northeast 2 (14)
Southeast 4 (29)

TMP-SMX exposure
Median duration (range), d 21 (7–28)

Indication for TMP-SMX, n (%)
Acne 8 (57)
Skin or soft tissue infection 5 (36)
Urinary tract infection 1 (7)

Symptoms at hospital admission, n (%)
Any respiratory symptoms 14 (100)

Shortness of breath 14 (100)
Chest pain 8 (57)
Cough 9 (64)
Hypoxemia 13 (93)

Any constitutional symptoms 11 (79)
Fever 8 (57)
Pharyngitis 4 (29)
Malaise 4 (29)

Vital signs at hospital admission, n (%)
Temperature >388C 8 (57)
Heart rate .100 beats/min 13 (93)
Respiratory rate .20 breaths/min 13 (93)
Oxygen saturation on room air

>90% 6 (43)
80–89% 4 (29)
<79% 4 (29)

Laboratory results at hospital admission, n (%)
White blood cell count .11,0003103/ml 0 (0)
White blood cell count ,4,5003103/ml 1 (7)
White blood cell count .80% neutrophils 6 (43)
Absolute eosinophil count .500/ml 0 (0)
Creatinine mg/dl .23upper limit of normal 0 (0)
Alanine aminotransferase U/L .23 upper

limit of normal
1 (7)

Absolute eosinophil count .500/ml during
hospitalization, n/total n (%)

9/10 (90)

Air leak syndrome prior to intubation, n (%)
Pneumomediastinum 8 (57)
Pneumothorax 5 (36)

Median hospital length of stay (range), d 102 (16–459)
Median duration of advanced airway (range), d 122 (12–455)
Tracheostomy, n (%) 13/14 (93)
ECMO, n/total n (%) 12/14 (86)
VV, n/total n (%) 7/12 (58)
VA, n/total n (%) 1/12 (8)
VA to VV or VV to VA, n/total n (%) 4/12 (33)

Median ECMO duration (range), d 71 (9–193)
Ambulating on ECMO, n/total n (%) 6/12 (50)
Treatment, n (%)
Broad-spectrum antimicrobials 14 (100)
Systemic glucocorticoids 14 (100)
Intravenous immunoglobulin 4 (29)
Plasmapheresis 4 (29)
Hydroxychloroquine 1 (7)

(Continued )

Table 1. (Continued )

Characteristic Value

Azathioprine 1 (7)
Mycophenolate 1 (7)
Rituximab 1 (7)

Lung pathology, n/total n (%) 9/14 (64)
Biopsy or autopsy consistent with DAIDE 7/9 (78)*

Organ transplant, n/total n (%) 3/14 (21)
Lung 2/3 (67)
Heart/lung 1/3 (33)

Death, n (%) 5 (36)

Definition of abbreviations: DAIDE=diffuse alveolar injury with delayed
epithelialization; ECMO=extracorporeal membrane oxygenation;
TMP-SMX= trimethoprim–sulfamethoxazole; VA= venoarterial;
VV= venovenous.
*In two specimens in which DAIDE morphology was not observed, one
biopsy was on Day 18 of hospitalization; the sample was a small fragment
of peripheral lung demonstrating alveolar hemorrhage consistent with the
clinical history of hemothorax. The second was explanted lung tissue from
a 16-year-old female who received a bilateral lung transplant on Day 98 of
hospitalization; this showed advanced-stage fibrosis, lung architecture
remodeling, and bronchiolarization consistent with a history of DAIDE but
not diagnostic (6).
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clear racial or geographic trend was present (Table 1).
Our patients had no history of inhalation or smoking
exposure except for a single patient who had one incident
of electronic cigarette use 2 months before illness. There was
no unifying TMP-SMX manufacturing company link across
cases.

All patients presented with shortness of breath and
required hospital admission and mechanical ventilation.
Initial laboratory studies were unremarkable. Chest computed
tomographic scans showed extensive lung involvement with
ground-glass opacities and consolidation. Pneumomediastinum
and/or pneumothorax was present in eight patients (57%) before
intubation. Twelve patients (86%) required ECMO support for a
median duration of 71 days (range, 9–193 d). All patients were
empirically treated with corticosteroids and broad-spectrum
antibiotics. Comprehensive medical evaluation revealed no
alternate explanation for acute respiratory failure. All cases
scored “probable” for TMP-SMX causality using the Naranjo
assessment tool (6). Working and discharge diagnoses included
eosinophilic pneumonia, acute interstitial pneumonia
(Hamman-Rich syndrome), autoimmune disease, or a
nonspecified etiology.

Seven adequate lung tissue samples were available
(five biopsies and two autopsy specimens). Four biopsies
were obtained within the first week of hospital admission
and one was obtained on Day 23. Death occurred on Day 16 and
45 for the two specimens obtained at autopsy. All revealed a

pattern of injury consistent with a recently identified pattern termed
diffuse alveolar injurywith delayed epithelialization (DAIDE; Figure 1) (5,
7), which is characterized by early organizing diffuse alveolar damage
with a paucity of hyaline membranes, diffuse alveolar denudation, and
macrophages lining denuded alveolar walls (Figure 1). The diffuse
alveolar denudation and lack of significant bronchiolocentric injury
in DAIDE is unique and distinct from ECMO-associated changes and
the pathology in vaping-related lung injury, influenza, or coronavirus
disease (COVID-19) (8–10). Cases initially diagnosed as eosinophilic
pneumonia did not meet criteria for the diagnosis (11). Explant
pathology was available for the three patients who underwent organ
transplantation as described below. The mean date of transplant was 107
days (range, 98–119 d) from hospital admission. Histopathology of
explanted lungs (one of which was reported previously [5]) no longer
shows diffuse alveolar injury and instead shows reepithelization of
alveolar walls as well as advanced fibrosis and architectural remodeling
characteristic of a late phase of diffuse alveolar injury along with
prominent bronchiolarization. Notably, bronchiolarization has been
shown to arise from peribronchiolar basaloid pods (Figure 1) and is an
evolutionarily conserved response to acute lung injury that is particularly
prominent in all late-stage DAIDE cases yet identified (5, 12).

Five patients (36%) died, and three patients (21%) underwent
transplantation (two lung and one heart/lung). Of the nine survivors,
eight are known to have been weaned to room air over time. One was
lost to follow-up 1 year after illness but was on nasal cannula oxygen
at that time. Of the seven nontransplant survivors, three available
pulmonary function tests all showed mild restrictive disease at 1 year
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Figure 1. Histopathology of trimethoprim–sulfamethoxazole–associated fulminant respiratory failure: diffuse alveolar injury with delayed epithelialization.
(A) Low magnification (320) shows diffuse alveolar denudation and peribronchiolar basaloid pods (PBPs, arrows), with thickened alveolar walls. (B) High-
power magnification (3200) of the rectangular area in A shows an absence of pneumocytes, relative sparing of bronchioles, and prominent PBPs
(previously “squamous metaplasia”), which are proliferating regenerative basaloid/squamoid cells adjacent to terminal bronchioles that are focally
contiguous (arrowheads) with ciliated bronchiolar epithelium (arrows). (C and D) Pancytokeratin (C) and keratin 5/6 (D) immunohistochemical stains
highlight the diffuse lack of alveolar epithelium, relatively spared bronchiolar epithelium, and basaloid nature of PBPs. (E and F) Thickened alveolar walls
lack hyaline membranes or pneumocytes (E) and instead are lined by macrophages (arrowheads) (F). (G and H) Pancytokeratin stain (G) confirms the lack
of alveolar pneumocytes, which are replaced by CD68-positive macrophages (H).
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after illness. All survivors are highly functional and include two
nurses, one physician, one physical therapist, and four who returned
to being full-time students/employees.

Limitations of this study include potential biases associated with
identification of cases following media coverage and associated patient
self-reporting, retrospective review of cases, the lack of blinding by the
examining pathologists, and a relatively small number of cases.
Identified cases likely underrepresent the scope of those affected;
however, this series reveals an effective way to identify rare ADRs
among subjects exposed to a relatively common drug.

The severity of these cases and resultant mortality is remarkable.
Although causation cannot be proved, these cases have striking
clinical and pathological findings, absence of an identified alternative
etiology, and shared TMP-SMX exposure before respiratory symptom
onset. All seven adequate lung samples demonstrated a novel
pathologic finding, DAIDE, which has not yet been described other
than in these TMP-SMX–exposed patients.

In summary, our results identify a novel, rare ADR to TMP-SMX
with a distinct pathological pattern (DAIDE). Several important
questions remain. The pathology shows a near-complete lack of alveolar
epithelium and apparentmacrophage barrier formation. It is unclearwhy
TMP-SMX is selectively toxic or destructive to alveolar epithelium. The
diffuse denudation and lack of hyaline membranes appears to be distinct
from other forms of diffuse alveolar damage associated with more
common causes of acute respiratory distress syndrome (ARDS). Risk
factors for developing this rare but severe ADR are also unknown.
Although these cases occurred in children and young adults, we do not
knowwhether younger age is a risk factor.We speculate that children and
young adults are less likely to have comorbidities, making this diagnosis
of exclusionmore easily recognized in younger patients; however, further
work is needed to determine risk. Appropriate management is unclear.
The patients’ lack of response to TMP-SMX discontinuation in
combination with immunosuppression suggests the process rapidly
causes irreversible destruction. Transplant has been curative, and
survivors have not had evidence of disease recurrence. Early
consideration of lung biopsy in ARDS is controversial but in similar
cases may allow for earlier diagnosis of TMP-SMX–associated ARDS
and consideration of lung transplant (13). n
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ANote on Common Apathy versus Hypoactive Delirium
in Critical Illness

What’s in a name? That which we call a rose
By any other word would smell as sweet.

—William Shakespeare, “Romeo and Juliet”Act II, Scene II; Quarto 2 (1597)

To the Editor:

Science is a work in progress. Some of the ideas in this note have
previously been reported as a “guest foreword,” and here we expand on
them, using a novel approach and line of reasoning (1). If we want to
further improve outcomes in critical illness, it is essential to make the
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