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Abstract. Co-infection with pathogens that cause acute febrile illness creates a diagnostic challenge as a result of
overlapping clinical manifestations. Here, we describe four fatal cases of Leptospira species/dengue virus co-infection in
Puerto Rico. Although all patients sought care early, antibiotic administration was delayed for most. Steroids were
administered to all patients, in most cases before antibiotics. These cases show the need for clinicians evaluating patients
in or recently returned from the tropics with acute febrile illness to consider both dengue and leptospirosis. Furthermore,
they illustrate the need for nucleic acid- or antigen-based rapid diagnostic tests to enable timely patient diagnosis and
management. In particular, antibiotic therapy should be initiated early for patients with suspected leptospirosis, and
steroids should not be administered to patients with suspected dengue.

INTRODUCTION

Leptospirosis and dengue are acute febrile illnesses (AFI)
that are endemic throughout the tropics,1 including the
Caribbean.2,3 Leptospirosis is a zoonosis caused by infection
with Leptospira species bacteria that are transmitted through
direct or indirect contact with animal urine.4 Dengue is an
arboviral disease caused by infection with any of four dengue
virus-types (DENV-1–4).1 Although most patients infected
with DENV or Leptospira spp. will experience either no
symptoms of disease or a self-limited AFI, a small percentage
will develop severe disease.1,4 Of patients hospitalized with
leptospirosis, 5–15% die typically as a result of organ (e.g.,
kidney, liver) failure, pulmonary hemorrhage, and/or septic
shock.4,5 Severe dengue has a case fatality rate of < 0.1–10%,
most frequently caused by plasma leakage evidenced by hypo-
volemic shock with or without severe hemorrhage.1,6

Puerto Rico is a United States territory located in the
Caribbean, and in 2010 had a population of 3.7 million resi-
dents.7 Although dengue is a common cause of AFI in Puerto
Rico,8,9 the incidence of leptospirosis10 is unclear because of
underreporting and lack of routine diagnostic testing.11 Iden-
tification of leptospirosis cases through diagnostic testing of
suspected dengue cases12 has enabled detection of concurrent
epidemics.13 The incidence of reported dengue and leptospi-
rosis cases is typically highest during and soon after the rainy
season (i.e., May–November).
The overlapping clinical manifestations of leptospirosis and

dengue create a diagnostic challenge,14,15 as even fatal cases
cannot always be differentiated based solely upon the patients’
clinical course, illustrating the need for diagnostic testing
using blood or tissue specimens. Furthermore, Leptospira spp./
DENV co-infections have been reported from Mexico,16

Barbados,17 India,18–22 Pakistan,23 and Jamaica,24 although
it is unclear if co-infection is more likely to result in death.
Here, we report four fatal cases of Leptospira spp./DENV

co-infection in Puerto Rico, of which one (Case 1) was previ-
ously described.25

MATERIALS AND METHODS

In 2010, the Centers for Disease Control and Prevention
(CDC) initiated enhanced surveillance for fatal AFI in
Puerto Rico, including collection of tissue specimens during
autopsies conducted at the Institute of Forensic Sciences of
Puerto Rico; routinely querying hospital infection control
nurses for recent deaths; systematic review of all death certif-
icates at the Vital Registry of Puerto Rico; and diagnostic
testing of specimens for evidence of dengue, leptospirosis,
and other AFI. Medical records from all health care visits of
each patient were reviewed using a standardized chart
abstraction form. All blood and tissue specimens were tested
for molecular and serologic evidence of DENV infection as
previously described.9 Polymerase chain reaction (PCR) with
primers specific for Leptospira spp.26 and microscopic agglu-
tination test (MAT)27 were performed on all blood specimens.
Immunohistochemistry (IHC) with a mixture of 16 reference
rabbit polyclonal anti-Leptospira spp. antibodies28 was per-
formed on all tissue specimens. Co-infection was defined as
detection of two pathogens by molecular or antigen-based
diagnostics in the same individual during a single illness epi-
sode. This investigation underwent CDC human subjects
review and was determined not to be research involving
human subjects; as such, Institutional Review Board approval
was not required.

CASE REPORTS

Case 2. In July 2010, an unemployed 22-year-old male
smoker from eastern Puerto Rico with a history of asthma,
obesity, and alcohol and marijuana abuse presented to the
emergency department (ED) due to a 3-day history of fever,
malaise, vomiting, and diarrhea (Table 1). The patient had
been taking acetaminophen and ibuprofen at home. Potential
sources of animal, mosquito, or environmental exposure were
not reported. Upon arrival at the ED, the patient was febrile
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(temperature [T] = 39.5°C), tachycardic (heart rate [HR] = 135
beats per minute [bpm]), and had leukocytosis and thrombocy-
topenia (Table 2). He was admitted with a diagnosis of viral
syndrome, given methylprednisolone and acetaminophen,
and dengue diagnostic testing was ordered.
On hospital Day 2, oseltamivir, amikacin, ceftazidime, and

a 1 L bolus of half normal saline were administered. Labora-
tory results showed worsening thrombocytopenia and bloody
stool. Blood and urine cultures from admission were negative.
Methicillin-sensitive Staphylococcus aureus was cultured from
a bronchial aspirate, and influenza A/B virus antibody was
detected by complement fixation; it was unclear if this antibody
was the result of recent or historic infection. Chest radiograph
(CXR) revealed peribronchial thickening and alveolar opaci-
ties consistent with bronchitis.
On hospital Day 3, the differential diagnoses following an

infectious disease consultation included dengue, influenza,
bronchopneumonia, and sepsis. The patient was transferred
to the intensive care unit (ICU) at a tertiary care hospital
with a diagnosis of severe bilateral pneumonia, and upon
arrival he was afebrile and had hemoptysis. Azithromycin
was administered, and Candida albicans was cultured in a
bronchial aspirate.

On hospital Day 4, the patient developed severe respiratory
difficulty, arterial blood gases (ABG) showed low oxygen
partial pressure (PaO2) (49.7 mm of Hg), and mechanical
ventilation was initiated. CXR showed extensive bilateral
lung opacities consistent with extensive pulmonary edema
or acute respiratory distress syndrome, pneumopericardium
and pneumomediastinum, and subcutaneous air in the
left supraclavicular space. He was given vancomycin,
co-trimoxazole, and norepinephrine. The patient developed
jaundice and soon after became combative, extubated himself,
and in so doing lacerated his trachea. The patient was then
sedated. Following an infectious disease consultation, sus-
pected leptospirosis was added to the differential diagnosis,
cefepime and penicillin were added to his antibiotic regimen,
and leptospirosis diagnostic testing was ordered.
On hospital Day 5, he was transfused with two units each of

fresh-frozen plasma (FFP) and packed red blood cells
(PRBCs). His hematocrit continued to drop and hemoptysis
was again reported in addition to new onset hematuria. CXR
revealed worsening pneumomediastinum.
On hospital Day 6, two units each of FFP and PRBCs were

transfused. The patient continued to have hemoptysis, hema-
turia, and jaundice. On hospital Day 7, he was transfused with

Table 1

Demographic and clinical characteristics of four individuals that died following co-infection with Leptospira species and dengue virus,
Puerto Rico, 2010–2012

Case ID Age (years) Sex
Risk factors and
exposure history

DPO first
presentation

DPO first
received
antibiotics

DPO first
received
steroids DPO of death

DPO
dengue/

leptospirosis
diagnostic test

ordered Cause of death†

1* 42 M Hypertension; recently
incarcerated

4 6 4 15 NA/4 Leptospirosis

2 22 M Asthma, smoker,
alcohol abuse

3 5 3 11 3/7 Cardiorespiratory arrest

3 64 M Smoker; exposure to animals,
cleaned roof gutters with
skin abrasion on finger

2 2 3 3 2/2 Septic shock

4 67 M Diabetes, hypertension;
farmer, exposure to animals

4 5 4 7 5/5 Multiple organ failure;
acute viral syndrome

*A detailed description of the clinical course of Case 1 can be found in Reference 25.
†As listed on the death certificate; if a death certificate was not available, discharge diagnosis was used instead
DPO = day post-illness onset; M = male; NA = not applicable.

Table 2

Laboratory values of four individuals that died following co-infection with Leptospira species and dengue virus, Puerto Rico, 2010–2012

Case ID

WBC Platelets Hematocrit

First Highest First Lowest First Lowest

DPO Value DPO Value DPO Value DPO Value DPO Value DPO Value

1* 4 19.1 6 21.7 4 111 7 70 4 40.4 7 26.10
2 3 9.6 10 38.3 3 58 5 34 3 37.1 8 23.3
3 2 8.2 3 18.5 2 29 2 20 2 36.1 3 24.3
4 4 7.7 6 13.9 4 25 5 15 4 37.9 5 33.0

Case ID

Creatinine Total bilirubin AST ALT

First Highest First Highest First Highest First Highest

DPO Value DPO Value DPO Value DPO Value DPO Value DPO Value DPO Value DPO Value

1* 6 2.86 6 2.86 7 4.77 7 4.77 6 285 6 285 7 140 7 140
2 3 1.25 6 1.55 5 0.51 10 6.9 5 29 10 389 5 68 5 68
3 2 5.8 3 7.4 2 4.04 3 5.19 2 48 3 1,117 2 23 3 351
4 4 4.6 5 6.2 5 4.01 6 7.28 5 94 6 196 5 93 5 93

*A detailed description of the clinical course of Case 1 can be found in Reference 25.
Abbreviations: WBC = white blood cell count; DPO = day post-illness onset; AST = aspartate aminotransferase; ALT = alanine aminotransferase
Units: WBC and Platelets = + 103/mm3; Hematocrit = %; AST and ALT = international units/L; Cre and Total bilirubin = mg/dL.
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another unit of PRBCs and platelet apheresis was performed.
CXR showed subcutaneous emphysema and atelectasis in the
left lower lobe. On hospital Day 8, platelet apheresis and one
unit of PRBCs were administered. Repeat ABG revealed a
drop in PaO2 (41.4 mm of Hg). CXR revealed bilateral
ground-glass opacities and hypoaerated lungs. It became
increasingly difficult to adequately ventilate the patient and
he was pronounced dead on hospital Day 9.
Autopsy revealed ascites, bilateral pleural effusions, swell-

ing of the right hand and arm, and two ecchymoses in the
left upper arm. Microscopic examination of tissue speci-
mens revealed centrolobular necrosis of the liver, extensive
intraalveolar hemorrhage mixed with fibrin and edema
(Figure 1A), interstitial nephritis (Figure 1B), and type II
pneumocyte hyperplasia in the lung. DENV-4 was detected
by reverse transcription-PCR (RT-PCR) of nucleic acid
extracted from kidney, liver, lung, and spleen specimens;
DENV-specific IHC was negative in the same tissues.
Leptospira spp. antigen was detected by IHC in the kidney
(Figure 1C), liver, and lung. Detection of anti-Leptospira spp.
immunoglobulin M (IgM) by enzyme-linked immunosorbent
assay (ELISA) in the pre-mortem specimen was reported
after the patient died; neither DENV nor Leptospira spp.
nucleic acid were detected by PCR. A MAT titer of 1:800
was detected in a post-mortem whole blood specimen; highest
reactivity was to serovar Icterohemorrhagiae.
Case 3. In December 2011, an obese 64-year-old retired

construction worker from the San Juan metropolitan area
with a history of skin cancer presented to the ED due to a
2-day history of fever, icteric sclera, chills, myalgia, and mal-
aise. He denied shortness of breath, hematuria, vomiting,
diarrhea, cough, bleeding, and recent travel. He had been
taking acetaminophen, glucosamine, and simvastatin at
home. The patient reported that 1 week before admission he
had cleaned out the roof gutters of his house with bare hands
while he had an abrasion on his finger.
Upon evaluation, the patient was afebrile, tachycardic

(HR = 110 bpm), hypotensive (blood pressure = 88/55), and
had thrombocytopenia. Leptospirosis was included in the
differential diagnosis on the same day, and leptospirosis and
dengue diagnostic testing were ordered. Later that day,
the patient was admitted to the ICU with a diagnosis of
suspected leptospirosis, acute renal failure, and severe throm-
bocytopenia. Laboratory results showed hyperglycemia
(glucose = 237 mg/dL) and metabolic acidosis (pH = 7.18;
PaO2 = 41.4 mm of Hg). Blood and urine cultures were
negative. Methicillin-sensitive S. aureus was cultured from a
bronchial aspirate. CXR revealed normal heart size and no
pleural effusion (Figure 2A and 2B), suggesting that the
patient did not have appreciable plasma leakage. The patient
was given ceftriaxone, mannitol, bicarbonate drip, docusate,
and ranitidine.
On hospital Day 2, ABG showed worsening metabolic and

respiratory acidosis. Methylprednisone was administered
after mechanical ventilation was initiated, and the patient
became combative and was restrained. CXR suggested con-
gestive heart failure in the absence of pleural effusions
(Figure 2C). Laboratory results revealed a 33% drop in
hematocrit, suggestive of occult hemorrhage. The patient
was transfused with one unit of platelets and hemodialysis
was initiated. He became severely hypotensive and died on
hospital Day 2. Autopsy was not performed.

Figure 1. Histopathologic evaluation of tissue specimens collected
post-mortem from an individual (Case 2) that died in Puerto Rico in
2010 following co-infection with Leptospira species and dengue virus-
type 4. Tissue specimens were taken from the lung (A) and kidney
(B and C) and stained with hemotoxylin-eosin (A and B; original
magnification 10 + and 20 +, respectively) or probed with polyclonal
anti-Leptospira antibody for immunohistochemical detection of
Leptospira antigen (C; arrowheads indicate antigen; original magnifi-
cation 63 +).
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Dengue and leptospirosis diagnostic test results were
received after the patient died. DENV-1 and Leptospira spp.
were detected by PCR of nucleic acid extracted from a single
serum specimen. Anti-Leptospira spp. antibody was not
detectable in serum by IgM ELISA or MAT. Anti-DENV
IgG antibody was detected by ELISA.
Case 4. A 67-year-old obese male from central Puerto

Rico with a medical history of diabetes, hypertension, and
gout presented to the ED in July 2012 due to a 4-day
history of fever, headache, malaise, anorexia, and vomiting.
The patient reported a history of unspecified animal expo-
sure while working on a farm. Laboratory values revealed
thrombocytopenia and acute renal injury. He was admit-
ted with a presumptive diagnosis of acute viral syndrome,
suspected dengue, suspected leptospirosis, and renal fail-
ure. He was given a 1 L bolus of half normal saline
and methylprednisone.
On hospital Day 2 he developed dyspnea, tachypnea, and

bibasilar crackles. CXR revealed elevated right hemidia-
phragm and mild pulmonary congestive changes. Abdominal
ultrasound revealed hepatomegaly and thickened gallbladder
wall suggestive of acalculous cholecystitis. Urinalysis revealed
gross hematuria, ABG showed metabolic acidosis, and he
developed respiratory failure. The patient was transferred to
the ICU for mechanical ventilation and upon arrival was
given azithromycin and ceftriaxone. Repeat laboratory values
revealed worsening thrombocytopenia and continued decline
in renal function consistent with intrarenal acute tubular
necrosis. Additional laboratory results showed elevated serial
troponins (1.39 ng/mL). Serum was collected for dengue and
leptospirosis diagnostic testing.
Although blood cultures were negative on hospital Day 3,

vancomycin and levofloxacin were added to the patient’s anti-
biotic regimen, and oseltemavir and 25% albumin were given.
The patient’s condition continued to deteriorate, culminating
in cardiac arrest and death on hospital Day 4. Autopsy was
not performed.
Results from laboratory testing were received after the

patient expired. DENV-1 and Leptospira spp. nucleic acid
were amplified by PCR from the serum specimen, in which
anti-DENV IgG was detected by ELISA and a MAT titer

of 1:100 was detected; highest reactivity was against
serovar Icterohemorrhagiae.

DISCUSSION

Clinicians in Puerto Rico and throughout the tropics should
be aware of both dengue and leptospirosis, including the pos-
sibility of co-infection. Molecular and serologic diagnostic
tests for both illnesses should be ordered to properly diagnose
and manage patients with AFI. The cases described in this
report show the need for nucleic acid- or antigen-based rapid
diagnostic tests to identify patients with dengue and leptospiro-
sis in a timely manner. Because most currently available lepto-
spirosis rapid diagnostic tests reliably detect anti-Leptospira
IgM antibody 7 days after illness onset,29 such tests would
have had minimal clinical use for the cases described herein,
all of which presented within four days of illness onset.
Because antibiotics may reduce the morbidity and mortality

caused by leptospirosis if administered early in the illness,30,31

accurate and rapid diagnosis is critical to enable potentially
life-saving antibiotic therapy. As such, clinicians should initiate
early antibiotic therapy if leptospirosis is suspected. Equally
important is the need for patients to seek care early in their
illness to receive appropriate anticipatory guidance and treat-
ment. Targeted community outreach programs should be con-
ducted in Puerto Rico to improve awareness of leptospirosis,
especially in at-risk individuals (e.g., agricultural workers4),
and during the rainy season13 and after floods12 when envi-
ronmental conditions are favorable for human exposure to
Leptospira spp.4

Steroids were administered to all four of the fatal cases
described herein, and in three cases were administered before
antibiotics, which may have contributed to the patients’ fatal
outcome. Although the practice of administering steroids for
suspected dengue patients is not uncommon in Puerto Rico32

and other regions with endemic dengue,33,34 studies have
shown no benefit and potential detriment (e.g., immunosup-
pression, gastrointestinal bleeding) to patient outcome from
using steroids to treat dengue.35–37 As such, the World Health
Organization (WHO) does not recommend steroids to treat
dengue patients.1 Similarly, controlled trial of steroids to

Figure 2. Chest radiographs from an individual (Case 3) that died in Puerto Rico in 2011 following co-infection with Leptospira species and
dengue virus-type 1. Posteroanterior (A and C) and lateral (B) chest radiographs were taken on Day 1 (A and B) and Day 2 (C) of hospitalization.
The patient died on hospital Day 2.
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treat leptospirosis showed no benefit to patient outcome.38

Steroids should be reserved for patients that have a clinical
condition for which they have reproducibly been shown to
be beneficial.
This investigation was subject to several limitations.

Because all data were collected retrospectively through med-
ical chart review, behaviors that may have exposed patients to
Leptospira spp. were not elucidated for all case-patients. Sim-
ilarly, nasopharyngeal swabs were not routinely collected
from all patients, and thus, unless otherwise noted, diagnostic
testing for respiratory pathogens was not performed. Finally,
because dengue and leptospirosis diagnostic test results were
infrequently available when death certificates were completed,
the case-patients’ listed causes of death may be incomplete.
Although all patients had evidence of severe leptospirosis
(e.g., renal failure, hemoptysis), two (Cases 1 and 2) also had
signs and symptoms associated with severe dengue (e.g., evi-
dence of plasma leakage, hypovolemic shock). Nonetheless, it
is difficult to confidently assess the relative contributions of
dengue, leptospirosis and nosocomial infections to the patients’
fatal outcome.
Improved leptospirosis surveillance is needed in Puerto Rico

to better understand the epidemiology of leptospirosis, detect
outbreaks, and identify population-specific risk factors for
infection. Future studies should evaluate DENV/Leptospira
spp. co-infection, delayed administration of antibiotics, and
administration of steroids as risk factors for death.
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