Hantavirus Pulmonary Syndrome in Florida: Association
With the Newly Identified Black Creek Canal Virus
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Hantavirus pulmonary syndrome (HPS) is a
recently recognized viral zoonosis. The first
recognized cases were caused by a newly
described hantavirus, Sin Nombre virus (previously
known as Muerto Canyon virus), isolated from
Peromyscus maniculatus (deer mouse). We
describe a 33-year-old Floridian man who resided
outside the ecologic range of P maniculatus but
was found to have serologic evidence of a
hantavirus infection during evaluation of azotemia
associated with adult respiratory distress
syndrome. Small mammal trapping conducted
around this patient’s residence demonstrated the
presence of antihantaviral antibodies in 13% of
Sigmodon hispidus (cotton rat). Serologic testing
using antigen derived from the Black Creek Canal
hantavirus subsequently isolated from this rodent
established that this patient was acutely infected
with this new pathogenic American hantavirus. HPS
is not confined to the geographical distribution of P
maniculatus and should be suspected in individuals
with febrile respiratory syndromes, perhaps
associated with azotemia, throughout the
continental United States.

antavirus pulmonary syndrome (HPS) is a re-

cently recognized viral zoonosis characterized by
a febrile prodrome progressing to severe noncardio-
genic pulmonary edema.'® This emerging infectious
disease is caused by at least two newly described han-
taviruses: the first is Sin Nombre virus (SNV), which
caused an outbreak of acute respiratory failure in the
southwestern United States during the summer of
1993, and the viral sequence of the second was iden-
tified in lung tissue from a patient in Louisiana.*® Field
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investigations have identified Peromyscus manicula-
tus (deer mouse) as the rodent reservoir for SNV in
the southwestern United States, and efforts are ongo-
ing to identify the rodent reservoir for the Louisiana
virus.® We report the first case of HPS from the south-
eastern United States due to Black Creek Canal virus
(BCCV), the recently isolated hantavirus from Florida
cotton rats (Sigmodon hispidus), in a patient with
noncardiogenic pulmonary edema and acute renal in-
sufficiency.”8

CASE REPORT

A 33-year-old previously healthy black male was
hospitalized in October 1993 with diagnoses of sep-
sis, acute renal failure, acute rhabdomyolysis, and
suspected disseminated intravascular coagulation af-
ter a 4-day prodrome of fever, chills, myalgias, ab-
dominal pain, emesis, and malaise. Three days after
onset of his iliness, his temperature was 102°F, his
blood pressure was 74/50 mm Hg, his respiratory rate
was 24, and his hematologic and chemical profiles
were abnormal (ie, he had 30% bands, 76,000 platelets,
and a creatinine of 4.6 mg/dL) (Table I).

Evaluation on hospitalization also revealed elevated
serum lactate dehydrogenase, creatine kinase, aspar-
tate aminotransferase, alanine aminotransferase, pro-
thrombin time, and partial thromboplastin time, in ad-
dition to hypoxemia on an arterial blood gas (PaO, =
55 on room air) and radiographic evidence of mild in-
terstitial pulmonary edema with a normal cardiac sil-
houette consistent with noncardiogenic pulmonary
edema. A urine analysis at that time was significant
for 1+ proteinuria with 5-10 RBC/hpf but no de-
tectable casts, his spot urine sodium was 76 mumol/L,
osmolality was 300 mOsmv/kg, and his fractional ex-
cretion of sodium was 3.5%; the calculated serum os-
molality was 295 mOsmvkg.

He was admitted to the intensive care unit and was
placed on broad-spectrum antibiotics and supple-
mental oxygen and was aggressively hydrated.
Although his azotemia resolved over the next 48 hours,
he started to develop progressive shortness of breath
with radiographic evidence of increasing interstitial
pulmonary edema and moderate alveolar pulmonary
edema with small pleural effusions. He required me-
chanical ventilation for 12 days before improvement
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TABLE |
Laboratory Test Results
Laboratory Tests Normal Values” Day -48t Day 4 Day 5 Day 7 Day 9 Day 22t
Blood urea nitrogen {mg/dL) 10-20 8 41 63 20 21 16
Creatinine (mg/dL) 0.9-15 1.3 4.6 4.7 1.00 1.4 0.8
Aspartate aminotransferase (U/L) 5-40 16 411 211 231 57
Alanine aminotransferase (U/L) 7-56 13 293 132 144 99
Lactate dehydrogenase (U/L) 313-618 1378 3,535 2,575 4,784
Total protein (g/dL) 6.0-7.7 6.8 5.3 '
Albumin (g/dL) 3.0-4.7 4.4 29
Creatine kinase {U/L} 57-374 1,926 2,932 5,427 211
Hemoglobin (g/dL) 14.0-18.0 15.5 15.5 144 10.3 11.3 12.0
Platelets {103/mm3) 140-440 212 76 42 150 633
White blood cell count (mm3) 4.0-11.0 55 4.6 7.2 8.1 15.8 145
segs (%) 36-56 32 38 20 29 56 48
bands (%) 5-11 30 25 37 29 18
lymphocytes (%) 24-44 45 24 48 20 10 16
monocytes (%) 2-6 8 8 4 12 2 13
Prothrombin time (sec) 9.2-13.0 11 11.4 10.6
Partial thromboplastin time {sec) 23-40 41 41 34
Thrombin time (sec) 16-18 25
Fibrin/fibrinogen degradation product negative positive
Fibrinogen (mg/dL) 200-400 170

"For laboratory tests of sera drawn on days 5-22.
TSerum collected as part of medical evaluation prior to illness onset.

Platelet value from day 21 and creatine phosphokinase value from day 23 shown.

SNormal value 60-200 U/L.

of his diffuse combined interstitial and alveolar infil-
trates. He also required a 3-day period of intravenous
vasopressors for severe hypotension (blood pressure
77/45 mm Hg) unresponsive to additional fluid ad-
ministration on the same day of intubation.

An echocardiogram performed 5 days after admis-
sion while the patient was normotensive on intravenous
dopamine showed a moderate pericardial effusion
without hemodynamic compromise and normal left
ventricular systolic function. Bronchoscopy performed
12 days after admission showed normal airways, all ori-
fices patent, no endobronchial lesions, no purulent se-
cretions, and minimal airway erythema; no trans-
bronchial biopsy was performed. His hospital course
was complicated by progressive peripheral edema with
a positive fluid balance of 20 liters before he sponta-
neously diuresed; this diuresis heralded an improve-
ment in his respiratory status. He was discharged home
in good condition 5 days following extubation.

Hantaviral infection was suspected after multiple
negative bacterial cultures and extensive nondiagnos-
tic serologic studies including a convalescent lep-
tospirosis titer of <1:560 by immunohemaglutination.
The earliest serum sample available—obtained 11 days
after onset of illness—showed the presence of im-
munoglobulin G (IgG) antibody to recombinant SNV
nucleocapsid protein at a titer of 6,400 but no im-
munoglobulin M (IgM) antibody to native SNV antigens
by an IgM capture enzyme-linked immunosorbent as-
say.’ Serum samples collected 6 weeks and 3 months
later showed no change in IgG titer to SNV (Table II).

TABLE I
Hantaviral Antibody Tests
Seoul Sin Nombre Black Creek Canal
IlgM 1gG IgM IgG IgM lgG
Day1ll 50 50 50 6,400 >6400 25,600
Day 58 50 400 50 6,400 1,600 25,600
Day 87 50 100 50 6,400 400 25,600

These serologic results demonstrated prior infection
with a hantavirus but did not establish recent infection.

ENVIRONMENTAL INVESTIGATION

In the 7 weeks before onset of his illness, the patient
resided in a semirural part of south Dade County, and
his residence was surrounded by grassy fields where
rodents had been observed. The patient reported ob-
serving rodents in his residence and walking in the fields
swrrounding his residence. The occurrence of this HPS-
compatible illness outside the known range of P man-
tculatus prompted an investigation to further character-
ize this patient’s illness and the local rodent species.?
Rodent trapping in south Dade County yielded 90 S
hispidus, 74 Mus musculus (house mouse), 18 Oryzo-
mys palustris (rice rat), 9 Rattus rattus (black or roof
rat), and 7 Rattus norvegicus (brown or Norway rat).

Antihantaviral antibodies were detected in 12 (13%)
of the S hispidus and none of the other rodent species.
Nucleotide sequence analysis of hantaviral genetic ma-
terial amplified by reverse transcriptase-polymerase
chain reaction from lung tissues of 3 S hispidus
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showed this viral material was consistent with a pre-
viously unrecognized hantavirus closely related to, but
distinct from, both the hantavirus circulating in
Louisiana® and SNV.!° Subsequently, BCCV, a new han-
tavirus, was isolated from these rodents.” Repeat sero-
logic testing of the patient using native BCCV antigen
showed the presence of IgM antibodies at a titer of
26,400 in the 11-day serum; titers fell to 1,600 6 weeks
later and to 400 3 months later. IgG to BCCV was also
detected at a titer of 25,600 in all three sera.

DISCUSSION

The first pathogenic American hantavirus was iden-
tified in the United States in June 1993, after a cluster
of unexplained respiratory deaths in the southwestern
United States.? The clinical illness was designated HPS
and is characterized by a typical prodrome consisting
of fever, chills, myalgias, headaches, and gastrointesti-
nal symptoms that rapidly progresses to severe hemo-
dynamic dysfunction and bilateral noncardiogenic pul-
monary edema simulating adult respiratory distress
syndrome. Typical clinical laboratory findings included
hemoconcentration, neutrophilic leucocytosis, left shift,
circulating immunoblasts, thrombocytopenia, hypoal-
buminemia, and mild transaminase and lactate dehy-
drogenase elevations. None of the first 17 reported cases
had an elevation of creatinine greater that 2.5 mg/dL.
The mortality rate is approximately 509%. HPS has now
been confirmed by the Centers for Disease Control and
Prevention (CDC) from 17 western and midwestern
states known to harbor P maniculatus. In August 1993,
genetic sequences suggesting the presence of another
novel hantavirus were identified in tissues of a Louisiana
resident who died of HPS-like illness.? Qur data suggest
that the etiologic agent of the Florida case was BCCV,
a third new US pathogenic hantavirus, from a distinct
rodent reservoir, S hispidus, which is found throughout
the southeastern and southcentral United States.!!

This patient’s illness, although compatible with
HPS, had prominent renal insufficiency early in the
disease course, which has not been noted with SNV
and is more characteristic of infections with Old World
hantaviruses such as Puumala, Seoul, and Hantaan.? !
Although his markedly elevated creatine kinase is also
atypical for HPS, there were no other indications of
rhabdomyolysis. The patient’s clinical course and ele-
vated fractional excretion of sodium and other labo-
ratory parameters are compatible with oliguric acute
tubular necrosis and consistent with the transient re-
nal impairment due to acute tubulointerstitial nephri-
tis seen in Puumala infections. Prominent renal in-
sufficiency was also noted in the Louisiana patient
infected with an unnamed pathogenic hantavirus and
suggests that these new American hantaviruses, at
least in the southeastern United States, may be more

nephropathic than previously assumed. Clearly, iden-
tification of additional patients will be necessary to
confirm whether renal disease is caused by these new
viruses. Although this patient had serologic evidence
of recent BCCV infection, we were unable to obtain
viral genetic material for sequence information from
the patient’s serum samples.

Definitive confirmation of the ability of this virus to
cause human disease will require the isolation of the
virus or viral sequences from human tissues. In addi-
tion to the rest of the continental United States, resi-
dents of the southeastern region should follow interim
guidelines to reduce contact with rodents.'* Physicians
throughout the continental United States should con-
sider HPS in patients with a syndrome of unknown eti-
ology characterized by acute febrile noncardiogenic
pulmonary edema, with or without acute renal insuffi-
ciency. Suspected patients should be reported to local
and state health authorities who can arrange for spec-
imens to be submitted to CDC for diagnostic testing.
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