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SUMMARY

In southern Vietnam, a four-year-old boy presented with severe diarrhea, followed by
seizures, coma, and death. The cerebrospinal fluid contained 1 white cell per cubic mil-
limeter, normal glucose levels, and increased levels of protein (0.81 g per liter). The di-
agnosis of avian influenza A (HS5SN1) was established by isolation of the virus from cere-
brospinal fluid, fecal, throat, and serum specimens. The patient’s nine-year-old sister
had died from a similar syndrome two weeks earlier. In both siblings, the clinical diag-
nosis was acute encephalitis. Neither patient had respiratory symptoms at presenta-
tion. These cases suggest that the spectrum of influenza H5N1 is wider than previously
thought.

ORTY-FIVE CASES OF INFLUENZA A (H5N1) WERE REPORTED IN HUMANS

during 2004, of which 33 were fatal. All the patients presented primarily with

severe respiratory illnesses.® We report an additional fatal case of influenza
H5N1, diagnosed by isolating the virus from cerebrospinal fluid, fecal, throat, and serum
specimens, in a boy who presented with severe diarrhea but no apparent respiratory ill-
ness, followed by rapidly progressive coma, leading to a clinical diagnosis of acute en-
cephalitis. Two weeks earlier, his sister had died of a similar illness. These cases sug-
gest that the clinical spectrum of influenza H5N1 is wider than previously thought, and
therefore they have important implications for the clinical and public health responses
to avian influenza.

CASE REPORTS

PATIENT 1

A previously healthy nine-year-old girl presented to a hospital in Dong Thap Province in
southern Vietnam on February 1, 2004, with a four-day history of fever, watery diarrhea
without blood or mucus (daily frequency of stools exceeding 10 times), and increasing
drowsiness. She had no respiratory symptoms. On admission, she had a temperature
0f38.5°C, aweak pulse 0f 120 beats per minute, a blood pressure of 80/60 mm Hg, and
a score of 9 on the Glasgow Coma Scale (where scores range from 3 to 15, with lower
scores indicating reduced levels of consciousness). The results of a physical examination
and routine hematologic and biochemical measurements, including measurement of
blood glucose levels, were otherwise normal. A chest radiograph also was normal
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(Fig. 1A). Neuroimaging studies were not per-
formed. Culture and parasitologic examination of
stool specimens did not reveal enteric pathogens.
Examination of the cerebrospinal fluid showed no
white cells and normal levels of glucose and protein.
Bacterial cultures of blood and cerebrospinal fluid
were negative. The differential diagnosis was septi-
cemia from a gastrointestinal source or acute en-
cephalitis. She was treated with intravenous fluids,
acetaminophen, ceftriaxone, gentamicin, and man-
nitol. During the next few hours, her hemodynamic
condition stabilized, but the coma worsened, with
the Glasgow Coma Scale score decreasing to 5. De-
spite aggressive support, including intubation and
ventilation, the girl died on February 2, 2004. Acute

encephalitis of unknown origin was reported as the
cause of death. No autopsy was performed.

PATIENT 2

The four-year-old brother of Patient 1 presented to
the same hospital on February 12, 2004, with a two-
day history of fever, headache, vomiting, and severe
diarrhea. His stools (daily frequency, 10 times) were
watery without blood or mucus. On admission, he
was alert, and the results of physical examination
were unremarkable. The results of the laboratory
evaluation are shown in Table 1. A chest radiograph
was normal (Fig. 1B). Culture and parasitologic ex-
amination of stool specimens did not show enteric
pathogens. Enteric fever was diagnosed, and the pa-

w?

Figure 1. Chest Radiographs from the Two Siblings.

A radiograph obtained from Patient 1 on February 1 (Panel A) shows no abnormalities. Radiographs obtained from Pa-
tient 2 on February 12 (Panel B) and February 15 (Panel C) also show no abnormalities, but a radiograph obtained on
February 16 (Panel D) shows bilateral infiltrates and interstitial shadowing.
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Table 1. Hematologic and Blood Chemical Values for Patient 2.*

Variable February 12 February 15 February 16 Normal Range
Leukocyte count (cells/mm3) 7,300 3,600 2,500 5500-15,500
Neutrophils (%) 85 32 10 23-45
Lymphocytes (%) NA 68 88 35-65
Platelet count (cells/mm3) 314,000 100,000 30,000 250,000-550,000
Prothrombin time (sec) NA 15.1 14.2 11.0-13.5

Serum
Glucose (mmol/liter){ NA 5.0 NA 3.9-6.4
Alanine aminotransferase (U/liter) 1,020 NA NA <55
Aspartate aminotransferase (U/liter) 400 NA NA <50
Lactate (mmol/liter) NA 5.14 NA 0.5-2.2
Arterial blood
pH NA 7.27 7.38 7.38-7.42
Partial pressure of carbon dioxide (mm Hg) NA 19.8 21.6 35-45
Partial pressure of oxygen (mm Hg) NA 129.4% 192.2§ 70-100
Bicarbonate (mEq/liter) NA 9.0 12.5 22.0-26.0
Alveolar—arterial oxygen gradient (mm Hg) NA 60 500 20-60

* Laboratory data on February 12 were obtained at the Dong Thap provincial hospital; data on February 15 and 16 were ob-
tained at the pediatric referral hospital in Ho Chi Minh City. NA denotes not available.
7 To convert the values for glucose to milligrams per deciliter, divide by 0.05551.

I The patient was receiving 30 percent oxygen.
§ The patient was receiving 100 percent oxygen.

tientwas treated with intravenous fluids, acetamin-
ophen, ceftriaxone, and gentamicin.

As a result of increasing diarrhea and drowsi-
ness, the patient was transferred to a pediatric re-
ferral hospital in Ho Chi Minh City on February 15.
On admission there, he was coughing and had a
temperature of 38°C, a blood pressure of 80/30
mm Hg, a respiratory rate of 36 breaths per minute,
and a Glasgow Coma Scale score of 12. Ausculta-
tion of the lungs revealed mild crackles and wheezes
bilaterally. The laboratory findings are summarized
in Table 1. Blood cultures were negative for bacteria.
The chest radiograph was normal (Fig. 1C). Neuro-
imaging studies were not performed. The admis-
sion diagnosis was septicemia from a gastrointesti-
nal source, and intravenous fluids, ceftazidime, and
amikacin were started.

The patient had a generalized convulsion and
became comatose (Glasgow Coma Scale score, 7)
12 hours after admission, and he was transferred
to the intensive care unit with a clinical diagnosis of
encephalitis, where he was treated with phenobar-
bital and mannitol. Laboratory analysis of cerebro-
spinal fluid obtained by means of a slightly traumat-
ic lumbar puncture showed 1 white cell per cubic

millimeter, normal glucose levels, and increased
protein levels (0.81 g per liter). The number of
erythrocytes was not assessed. Bacterial culture of
cerebrospinal fluid was not performed. Respiratory
failure developed over the next 12 hours, the patient
was intubated, and mechanical ventilation was in-
stituted. A chestradiograph obtained on February
16 showed bilateral infiltrates (Fig. 1D). The patient
died on February 17, 2004. Acute encephalitis of un-
known origin was reported as the cause of death.
No autopsy was performed.

METHODS AND RESULTS

DIAGNOSTIC SPECIMENS

No diagnostic specimens were available from Pa-
tient 1. Patient 2 was included in an ongoing study
of the causes of acute encephalitis, and hence throat
and rectal swabs and cerebrospinal fluid and serum
specimens were stored at —80°C.

VIROLOGIC INVESTIGATIONS

Allvirologic investigations were done at the Oxford
University Clinical Research Unit, Hospital for Trop-
ical Diseases, in biosafety level 2 and 3 culture facil-
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ities and molecular diagnostic facilities consisting
of three physically separated laboratories — one for
the preparation of reagents, one for the extraction of
nucleic acids, and one for nucleic acid amplification.

Initial routine analyses of cerebrospinal fluid in-
cluded real-time polymerase-chain-reaction (PCR)
assays to identify herpes simplex viruses and entero-
viruses®> and capture enzyme-linked immunoas-
says (Venture Technologies) to identify IgM specific
for dengue virus and IgM specific for Japanese en-
cephalitis virus. The results of these analyses were
negative.

As part of the encephalitis study, stored cerebro-
spinal fluid and serum specimens were inoculated
onto C6/36 mosquito cells, baby-hamster—kidney
(BHK-21) cells, Vero cells, and human rhabdomyo-
sarcoma cells in the biosafety level 2 laboratory.
Primary culture of cerebrospinal fluid and serum
specimens from Patient 2 was done in April and
September 2004, respectively. Nonspecific cyto-
pathic effects, consisting of ballooning and detach-
ment of cells, were observed in Vero and BHK-21
cells within one week after the inoculation of cere-
brospinal fluid and in rhabdomyosarcoma cells on
blind passage. All three cell lines inoculated with
the patient’s serum showed cytopathic effects on
primary culture. Immunofluorescence and PCR as-
says were negative for herpes simplex viruses type
1 and 2, varicella—zoster virus, enteroviruses, den-
gue viruses, and Japanese encephalitis virus.

Further efforts at identification were delayed un-
til late October. At that time, the stored viral isolates
were inoculated onto LLC-MK2 and Madin—Darby
canine-kidney cells to further assess the cell tro-
pism, and both cultures showed cytopathic effects
within one week. At this time, an influenzavirus was
suspected, and this suspicion was confirmed by in-
fluenza A-specific reverse-transcriptase (RT) PCR
of culture supernatant. A highly pathogenic strain of
avian influenza A was considered the likely cause in
view of the broad tropism of the virus, and hence all
further cultures and hemagglutination-inhibition
assays were done in the biosafety level 3 laborato-
ry. The viral isolates were subtyped as influenza A
(H5N1) virus by serotype-specific RT-PCR assays
and hemagglutination-inhibition assays, as de-
scribed previously.™* For the hemagglutination-
inhibition assays, reference antiserum against
H1N1 (A/New Caledonia/20/99), H3N2 (A/Panama/
2007/99 and A/Korea/770/02), and H5N3 (A/Duck/
HK(/820/80) viruses was used.

Subsequently, stored throat and rectal swabs

were inoculated onto Madin—Darby canine-kidney
cells on separate occasions, and influenza A (H5N1)
virus was also isolated from these specimens. Final-
ly, viral RNA was detected directly in stored cere-
brospinal fluid and serum specimens and in throat
and rectal swabs by a real-time RT-PCR assay tar-
geted at a conserved region of the matrix gene (for
details see the Supplementary Appendix, available
with the full text of this article at www.nejm.org).
Quantitative estimations revealed viral loads of
85,000 and 64,000 copies of complementary DNA
per milliliter of serum and cerebrospinal fluid, re-
spectively, and 180,000 and 98,000 copies per mil-
liliter of viral-transport medium in throat and rec-
tal swabs, respectively.

EPIDEMIOLOGIC INVESTIGATION

After the diagnosis was established in November
2004, the hamlet and house of the two children were
surveyed and their parents and neighbors were in-
terviewed. The family lived in a one-room house.
The parents had no other children. Water from a
nearby canal was used for washing and, after boil-
ing, for drinking. Patient 1 swam regularly in this
canal, as did other children in the neighborhood. At
the time of the children’s illnesses, the family owned
apparently healthy fighting cocks. Many chickens
and ducks were present in the hamlet and canal dur-
ing early 2004, but none were ill. All were culled in
February as part of routine measures to contain the
outbreak of influenza HS5SN1 in poultry. The parents
did not handle poultry from markets. Before the
children were admitted, they were cared for by both
parents and several close relatives. No febrile illness-
es were reported in the parents, close relatives, or
other residents of the hamlet.

DISCUSSION

We report a fatal case of influenza A (H5N1) in a
child who presented with severe diarrhea, followed
by convulsions and coma, and who received a diag-
nosis of acute encephalitis. The diagnosis of influ-
enza H5N1 was established by isolating the virus
from stored cerebrospinal fluid, serum, throat, and
rectal specimens. The possibility of laboratory con-
tamination can be ruled out, for the following rea-
sons: all clinical specimens were cultured on sepa-
rate occasions, weeks or months apart; viral RNA
was subsequently detected directly in all stored spec-
imens; and the H5N1 virus was not isolated from
other patients’ specimens during the same period.
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Although the possibility remains unproven because
of the lack of specimens from Patient 1, the tempo-
ral relationship and similarity of illnesses render it
likely that the two patients died of the same disease.

These cases have important clinical, scientific,
and public health implications. In both cases, the
clinical presentation led to diagnoses of gastroin-
testinal infection and acute encephalitis, which
alone or in combination are common clinical syn-
dromes in southern Vietnam. Patient 1 had no res-
piratory symptoms and a normal chest radiograph
less than 24 hours before she died. Although Pa-
tient 2 showed signs of pneumonia during the last
day of his life, a respiratory illness was not consid-
ered his most relevant clinical problem. Recently,
another patient with influenza H5N1 was described
with an initial presentation of fever and diarrhea
alone.’® These cases emphasize that avian influenza
A (H5N1) should be included in the differential di-
agnosis of a much wider clinical spectrum of dis-
ease than previously considered and that clinical
surveillance of influenza HSN1 should focus not
only on respiratory illnesses, but also on clusters of
unexplained deaths or severe illnesses of any kind.
Awareness of the full clinical spectrum is essential
to appropriate management of the illness, since
treatment with antiviral agents is likely to be bene-
ficial only when it is started early in the course of
illness.

Encephalitis and encephalopathy are rare com-
plications of infection with human influenzavirus-
es, and the pathogenesis remains unclear.5® Al-
though viral RNA has been detected in some cases,
reports of isolation of influenzavirus from cerebro-
spinal fluid are extremely rare.””° By contrast, avian
influenza A (H5N1) viruses replicate systemically
in poultry, affecting multiple organs, including the
central nervous system.® Furthermore, the HSN1
strain implicated in the 1997 Hong Kong outbreak
causes encephalitis in experimentally infected mice
without prior host adaptation.**"1® Recent studies
in ducks and mice show that the capacity of HSN1
strains to cause systemic illness, including central
nervous system involvement, is increasing.”*® The
currently circulating strain of H5N1 has also been
shown to cause encephalitis in tigers and leop-
ards.® These reports suggest that avian influenza
A (H5N1) virus is progressively adapting to mam-
mals and becoming more neurologically virulent.

In our patient, systemic infection was evidenced
by the viremia, which is rarely reported in humans
with influenza,?®23 and by the isolation of virus

from cerebrospinal fluid and rectal specimens. Itis
likely that hepatitis and metabolic acidosis were
also secondary to disseminated viral infection. Since
imaging of the brain or histologic analyses were not
performed in either patient, we cannot be sure
whether they had encephalopathy or true encepha-
litis. However, the presence of virus in the cerebro-
spinal fluid of Patient 2 strongly suggests that the
virus had a causative role in his coma. The precise
mechanism of this role needs to be addressed by
appropriate investigations of future patients with
similar presentations. Although the lumbar punc-
ture was traumatic, the marginal increase in the pro-
tein level and the near-absence of white cells in the
cerebrospinal fluid argue against blood contamina-
tion sufficient to explain the similarity of the viral
loads in the serum and cerebrospinal fluid.

Assuming that the two children died of the same
illness, why influenza HSN1 presented in this sim-
ilar atypical manner in these two siblings remains
an enigma. On the basis of the combination of in-
fluenza, elevated aminotransferase levels, and coma,
a diagnosis of Reye’s syndrome in Patient 2 could
be considered. However, the finding of normal
blood glucose levels, the absence of aspirin use,
and the evidence of disseminated infection with a
highly pathogenic virus as a plausible cause of the
illness argue against this diagnosis. Further re-
search is needed to determine whether host factors,
which may determine a person’s susceptibility to
disseminated or central nervous system infection,
or a particularly neurologically virulent strain of vi-
rus is involved.

The routes of transmission in our patients are
unclear. Epidemiologic investigations did not reveal
exposure to ill poultry. In view of recent data sug-
gesting that ducks infected with the current HSN1
strain shed large amounts of virus, the source of
transmission may have been domestic ducks present
in the canal near the children’s house. Water from
this canal was used for washing, and Patient 1 was
reported to have swum regularly in this canal. Di-
rect transmission from sister to brother appears un-
likely, considering the interval between their illness-
es. Only if the incubation period was unusually long
could sister-to-brother transmission be implicated.
Nevertheless, the isolation of virus from a rectal
specimen is a major source of concern, since it high-
lights a potential route of human-to-human trans-
mission, especially in combination with crowded
living conditions and diarrhea.

In conclusion, our cases emphasize a hitherto
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tributable to avian influenza A (HS5N1) virus and public health.

provide important information for treatment and
future clinical surveillance. The presence of viable

virus in the feces of our patient has important im-
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