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Pulmonary Leptospirosis With Diffuse Alveolar Hemorrhage:
High-Resolution Computed Tomographic Findings

in 16 Patients
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Bruno Hochhegger, MD, PhD,*‡ and Edson Marchiori, MD, PhD*
Objective: The aim of this study was to evaluate the high-resolution com-
puted tomographic (HRCT) findings from patients with leptospirosis and
diffuse alveolar hemorrhage (DAH).
Materials andMethods:We retrospectively reviewed HRCT findings
from 16 patients diagnosed as having leptospirosis causing DAH. The pa-
tient sample was composed of 13 men and 3 women aged 22 to 53 years
(mean age, 34.5 years). Diagnosis was established with confirmation of
leptospirosis infection by serologic microagglutination test. Histopatholog-
ical study was performed in 8 patients. Two chest radiologists analyzed the
HRCT images and reached decisions by consensus.
Results: The predominant HRCT findings were ground-glass opacities
and airspace nodules (both n = 12, 75%), ground-glass nodules (n = 9,
56.25%), consolidations (n = 7, 43.75%), “crazy-paving” pattern (n = 3,
18.75%), and interlobular septal thickening without ground-glass opacity
(n = 3, 18.75%). Bilateral pleural effusion was an associated finding in 2
(12.5%) patients. Analysis of the axial distribution of the lesions revealed
diffuse distribution in 11 (68.75%) patients and peripheral lung zone pre-
dominance in 5 (31.25%) patients. Abnormalities were bilateral in all 16
(100%) patients. Analysis of the craniocaudal distribution of the lesions re-
vealed lower zone predominance in 9 (56.25%) patients, diffuse distribu-
tion in 5 (31.25%) patients, middle zone predominance in 1 (6.25%)
patient, and upper zone predominance in 1 (6.25%) patient.
Conclusions: The most frequent HRCT findings in patients with lepto-
spirosis causing DAH were ground-glass opacities, airspace nodules,
ground-glass nodules, and consolidations. The lesions showed symmetrical
distribution with lower zone predominance in most cases.
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L eptospirosis is a zoonosis caused by spirochetes of the species
Leptospira interrogans, comprising all human pathogenic

strains (>200 serovars). It occurs worldwide, commonly in tropi-
cal and subtropical regions, and is one of the most widespread
zoonoses in the world, being considered an important public
health problem.1–3 Humans are infected when mucous mem-
branes or abraded skin come into direct contact with the urine of
wild or domestic infected animals (especially rats, mice, and dogs)
or by exposure to contaminated water or soil or other matter.1,4

The diagnosis of leptospirosis is based on clinical findings,
history of direct or indirect exposure to infected animals in
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endemic areas, especially in the context of urban floods or other
immersion in contaminated water, and positive serological tests,
preferably a microscopic agglutination test.1,5,6

Leptospirosis produces numerous clinical findings, but
patients usually manifest 2 main clinical presentations. The
mild form (anicteric leptospirosis) accounts for 90% of cases
and commonly begins abruptly and includes headache, myalgia
(especially of the calf muscles), ocular abnormalities, fever,
nausea, vomiting, rash, epistaxis, and meningismus. The more
severe form (icteric leptospirosis or Weil disease) is associated
with jaundice, liver and renal impairment, and major hemor-
rhagic complications.4,7–10 Leptospirosis is also associated
with cardiovascular collapse and significant mortality.9

Severe pulmonary involvement in leptospirosis consists
primarily of hemorrhagic pneumonitis. In advanced cases,
adult respiratory distress syndrome, diffuse alveolar hemorrhage
(DAH), and significant mortality may occur.1,8,9 The syndrome
of DAH consists of hemoptysis, anemia, bilateral airspace
opacification on chest radiographs, and a decreased hematocrit
secondary to bleeding from the pulmonary microvasculature into
the alveolar space.2,9,11,12

Although high-resolution computed tomography (HRCT)
is superior to chest radiography for the demonstration of subtle
features, such as ground-glass opacities, and the extent of ab-
normalities, few English-language articles have described the
tomographic findings of leptospirosis.1,2,7–10,13,14 Pulmonary
infections, particularly leptospirosis, are frequently absent from
differential diagnoses in reviews of DAH.15–17 However, they
should be considered because of the obvious therapeutic implica-
tions.2 The aim of this study was to describe HRCT findings from
16 immunocompetent patients with leptospirosis causing DAH.
METHODS
Our institutional review board approved this study and

waived the requirement for informed patient consent. All data
used in this study were anonymized. This retrospective observa-
tional study reviewed HRCT images from 16 patients (13 men,
3 womenwith a mean age of 34.5 [range, 22–53] years) diagnosed
as having leptospirosis and DAH. The patients were examined be-
tween 2007 and 2014 in 6 tertiary hospitals in 3 states of Brazil.

The study population was composed of immunocompetent
patients with histories of exposure to the risk of acquiring leptospi-
rosis, characteristic signs and symptoms, pulmonary involvement,
and diagnoses of leptospirosis infection, regardless of age or sex.
The inclusion criteria were diagnostic confirmation of leptospiro-
sis infection by serologic microagglutination test, confirmation of
DAH by clinical findings and sequential bronchoalveolar lavage
(BAL) revealing increasing red blood cell counts, and availability
of chest HRCT images acquired during the acute phase of the dis-
ease. Histopathological correlation was performed for 8 patients,
who presented intra-alveolar red blood cells with accumulation
of siderophages. Patients with other pulmonary infections,
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FIGURE 1. A 22-year-old man with leptospirosis. High-resolution
CT at the level of the lower lung fields shows bilateral
ground-glass opacities.

FIGURE 2. A 48-year-old man with leptospirosis. Computed
tomography shows bilateral ground-glass opacities involving
mainly the peripheral regions of both lungs.
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confirmed by laboratory tests, were excluded, as were those with
tomographic findings suggestive of pulmonary involvement
resulting from chronic lung diseases.

All HRCT images were obtained 2 to 7 days after the onset of
pulmonary symptoms. Chest CT examinations were performed
using a variety of helical scanners because different hospitals were
involved in this study. In the initial studies, HRCT images were
obtained at full inspiration with 1- to 2-mm slice thickness at 5-
to 10-mm intervals and reconstructed using a high–spatial fre-
quency reconstruction algorithm. The most recent CT images
were obtained using helical acquisition and reconstructed with 1-
to 2-mm slice thickness and 1- to 2-mm intervals using a high–spatial
frequency reconstruction algorithm. The acquisition time was 0.5 to
1 second per rotation, peak voltage was 120 kVp, modulated tube
current was 100 to 400 mA, pitch was 1, and matrix was 512 �
512 pixels. The images were reviewed using mediastinal (width,
350–450 HU; level, 10–20 HU) and lung (width, 1200–1600 HU;
level, 2500–2700 HU) window settings.

Two chest radiologists with more than 15 years of experience
independently reviewed the images, and final assessment was
achieved by consensus. The radiologists were blinded to patient
demographics, clinical data, and final diagnoses. The HRCT im-
ages were evaluated to determine the presence and distribution
of ground-glass opacities, consolidation, airspace or ground-
glass nodules, “crazy-paving” pattern, interlobular septal thicken-
ing, and any associated findings, such as pleural effusion.

The definition of HRCT findings followed the Glossary of
Terms for Thoracic Imaging proposed by the Fleischner Soci-
ety.18 Ground-glass opacities appear as hazy increased opacity
of the lung, with preservation of bronchial and vascular mar-
gins. “Consolidation” was defined as an opacity that obscured
the margins of vessels and airway walls, with or without air
bronchograms. A “nodule” was defined as a rounded or irregular
opacity that was well or poorly defined and 3 cm or less in diam-
eter. Airspace (acinar) nodules are round or ovoid poorly defined
pulmonary opacities approximately 5 to 8 mm in diameter. A
“ground-glass nodule” was defined as a nodule that did not oblit-
erate the bronchial and vascular margins. Crazy-paving pattern
appears as thickened interlobular septa and intralobular lines
superimposed on a background of ground-glass opacity. Interlob-
ular septal thickening is seen as thickening of the linear opacities
between secondary pulmonary lobules composed of connective
tissue and containing lymphatic vessels and pulmonary venules.
92 www.jcat.org

Copyright © 2016 Wolters Kluwer H
The distribution of lesions in the lung parenchyma along the
axial axis was classified as central, peripheral, or diffuse. In addition,
the predominance of findings in 1 lung or symmetric involvement
was recorded. The distribution was noted to be peripheral when
abnormalities were predominant in the outer third of the lung pe-
riphery, in contact with the pleural surface, and central when ab-
normalities were predominant in the inner two thirds of the
transverse plane. In the craniocaudal direction, lung zones were
defined as upper, middle, and lower. The “upper zone” was de-
fined as that above the level of the aortic arch, the “middle zone”
was delineated between the aortic arch and carina, and the “lower
zone” was defined as that below the level of the carina. Lymph
node enlargement and pleural effusions were also assessed.

RESULTS
The most common HRCT findings in our study sample were

ground-glass opacities and airspace nodules (Figs. 1–3), observed
in 12 (75%) patients each, followed by ground-glass nodules
(n = 9, 56.25%) (Fig. 4), consolidations (n = 7, 43.75%) (Fig. 5),
crazy-paving pattern (n = 3, 18.75%) (Fig. 6), and interlobular
septal thickening without ground-glass opacity (n = 3, 18.75%).
Bilateral pleural effusion was observed as an associated finding
in 2 (12.5%) patients. A summary of the HRCT findings is pre-
sented in Table 1.

Abnormalities were distributed diffusely in 11 (68.75%) pa-
tients, and peripheral lung zone predominance was observed in
5 (31.25%) patients. No central lung zone predominance was ob-
served. Abnormalities were bilateral in all 16 (100%) patients, but
right lung predominance was observed in 6 (37.5%) patients. Re-
garding craniocaudal distribution, the lesions demonstrated lower
zone predominance in 9 (56.25%) patients, diffuse distribution in
5 (31.25%) patients, middle zone predominance in 1 (6.25%) pa-
tient, and upper zone predominance in 1 (6.25%) patient.

DISCUSSION
In our study sample, the most common HRCT findings of

DAH caused by leptospirosis were ground-glass opacities and air-
space nodules, observed in 12 patients each. Other frequent find-
ings were ground-glass nodules (n = 9), consolidations (n = 7),
crazy-paving pattern (n = 3), and interlobular septal thickening
without ground-glass opacity (n = 3). Bilateral pleural effusion
was seen in 2 patients. Abnormalities were distributed diffusely
in 11 patients. The craniocaudal distribution of lesions in our
© 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 3. A 31-year-old man with leptospirosis. Computed
tomography shows bilateral airspace nodules and airspace
consolidation involving mainly the subpleural regions.

FIGURE 5. A 35-year-old man with leptospirosis. Computed
tomography shows bilateral areas of consolidation in the lower
lobes, with air bronchogram. Note also ground-glass opacities in
both lungs.

J Comput Assist Tomogr • Volume 40, Number 1, January/February 2016 Leptospirosis With Alveolar Hemorrhage
study revealed lower zone predominance in the majority of
(n = 9) patients.

Correlation between HRCT and histopathological findings
demonstrated that the areas of ground-glass attenuation and
FIGURE 4. A 53-year-old man with leptospirosis. High-resolution
CT (right lung) demonstrates disseminated ground-glass nodules
in the upper lobe.
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consolidation were represented by filling of alveoli by edema
and hemorrhagic exudates. In some cases, the ground-glass pat-
tern reflected the presence of alveolar septal thickening caused
by inflammation, with or without airspace filling. The interlobular
septal thickening was related to infiltration of the interlobular
septa by edema or blood. The airspace nodules were characterized
microscopically by alveoli filled with blood.

The HRCT findings of DAH in leptospirosis reported in the
literature are similar to ours. Ground-glass opacities are the most
common pattern, frequently involving multiple lobules. Other de-
scribed findings are ground-glass or airspace nodules, areas of
consolidation, and crazy-paving pattern. Abnormalities involve
mainly the peripheral and dorsal lung regions and the lower lung
zones.1,2,8,13 The HRCT shows more extensive abnormalities than
do chest radiographs. Ground-glass opacities, airspace consolida-
tion, and airspace nodules are caused by pulmonary hemorrhage,
as confirmed in BAL and autopsy studies.1,4,13

The main route of infection in our casuistic was through con-
tact with flood water (14 patients). The other 2 patients (sewer
FIGURE 6. A 44-year-old man with leptospirosis. High-resolution
CT at the level of the lower lobes demonstrates bilateral areas
of ground-glass attenuation with superimposed interlobular septal
thickening (crazy-paving pattern).
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TABLE 1. High-Resolution CT Findings in Patients With
Leptospirosis

Finding n (%)

Ground-glass opacities 12 (75)
Airspace nodules 12 (75)
Ground-glass nodules 9 (56.25)
Consolidations 7 (43.75)
Crazy-paving pattern 3 (18.75)
Interlobular septal thickening without
ground-glass opacity

3 (18.75)

Bilateral pleural effusion 2 (12.5)
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maintenanceworkers) had occupational exposure to contaminated
water. The disease incubation phase (interval between possible in-
fection and symptom onset) ranged from 7 to 15 days. All patients
complained of the sudden onset of headache and fever, with tem-
peratures ranging from 38°C to 40°C. Fourteen patients had myal-
gia, mainly involving the calves. Progressive dyspnea and
crackles on auscultation were observed in 15 cases, with progres-
siveworsening in 9 cases. Hemoptysis was observed in 16 patients
and was massive in 7 cases.

Acute renal failure requiring dialysis occurred in 10 patients.
Nine of them died. Eight of the 9 patients who died had massive
hemoptysis, and 7 evolved with jaundice on hospitalization days
3 to 5. All patients developed respiratory failure and acute respira-
tory distress syndrome. In the 9 patients who died, worsening of
clinical conditions was rapidly progressive. Chest radiographs ob-
tained in the intensive care unit showed increased opacification of
the lungs. Seven patients showed progressive clinical improve-
ment and were discharged 10 to 20 days after the onset of pulmo-
nary symptoms. Chest radiographs were obtained for 5 of these
patients, and follow-up HRCT was performed for 2 patients,
which showed partial reabsorption of pulmonary opacities at a
mean interval of 5 days.

Severe forms of leptospirosis are associated with a fatality
rate of more than 50%,19 caused mainly by pulmonary hemor-
rhage.4 In 1 series of 89 fatal cases of leptospirosis, pulmonary
involvement was detected clinically in 74% of cases and was
the strongest risk factor for death. Autopsy was performed in
43 of these patients and showed pulmonary hemorrhage in
72% of cases.19

Increased frequency of alveolar infiltrates, dyspnea, and ra-
diological score severity are poor prognostic indicators in severe
leptospirosis.4 Microscopic examination usually demonstrates
multiple foci of interstitial and alveolar hemorrhage, with varying
degrees of severity. Other findings, such as pulmonary conges-
tion, pulmonary edema, and hyaline membrane formation, are
also frequent.4,20–22 Leptospira are uncommon in the lung tissue,
although leptospiral antigen is present at sites of tissue injury. In-
flammatory infiltrates are generally not prominent.4,20,21,23

Pulmonary hemorrhage may also be occult, with few or no
chest radiographic abnormalities despite the presence of clinical
symptoms. In a study conducted by Paganin et al,24 chest radio-
graphs were normal in 38.7% of 31 patients with DAH confirmed
by BAL. The HRCT revealed ground-glass opacities consistent
with alveolar hemorrhage in these patients.

Our study has some limitations. First, the study was retro-
spective, limiting the ability to investigate clinical correlations.
Second, the HRCT techniques varied widely, given the long (7-
year) study period and the different institutions involved in the
survey. However, we do not believe that this variation affected
94 www.jcat.org
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our results. Despite these limitations, to our knowledge, this is
the first original article systematically addressing the findings
of leptospirosis causing DAH evaluated by HRCT.

In conclusion, leptospirosis should be considered in the dif-
ferential diagnosis of DAH, particularly in regions known to be
endemic for the disease. The most frequent patterns observed in
immunocompetent patients with leptospirosis causing DAH are
ground-glass opacities and airspace nodules. Consolidations,
crazy-paving pattern, and ground-glass nodules were also ob-
served. The lesions showed diffuse and symmetrical distribution,
with lower zone predominance in most cases.
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