
SARS: A Prospective Analysis of
an Amoy Gardens Cohort
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Hong Kong investigators report that SARS is a triphasic
illness, at least in patients given corticosteroids and ribavirin.

Source: Peiris JS, et al. Clinical progression and viral load in a 
community outbreak of coronavirus-associated SARS pneumonia: 

A prospective study. Lancet. Published online May 9, 2003.
http://image.thelancet.com/extras/03art4432web.pdf.

Peiris and colleagues prospectively studied 75 patients
with severe acute respiratory syndrome (SARS) admitted to the

United Christian Hospital in Hong Kong. They were among the 321
residents of the Amoy Gardens housing estate who developed this
syndrome.

The mean age of the patients was 39.8 ± 12.2 years. All 75 patients
were febrile at presentation, 65% had chills with 56% having rigors,
68% myalgia, 29% cough, 11% sore throat, 4% shortness of breath,
15% headache, and 1% diarrhea. The initial chest x-ray was abnor-
mal in 71%. Abnormalities seen on plain radiographs or CT scans in
varying proportions included both single- and multi-zonal involve-
ment, focal ground-glass opacification, and consolidation. 

The WBC was usually normal, but 75% had total lymphocyte
counts < 1000/mm3, and 37% were thrombocytopenic. The median
lymphocyte counts decreased from 800/mm3 on admission to
400/mm3 on day 21. Modest elevation of serum transaminases,
LDH, and creatine kinase were frequent. 

All patients were managed with a regimen that included amoxi-
cillin/clavulanate and azithromycin, with ribavirin and hydrocorti-
sone given “as soon as the diagnosis of SARS was established.”
The ribavirin was given intravenously in a dose of 8 mg/kg every 8
hours for 14 days. Hydrocortisone was given in a dose of 200 mg
IV every 8 hours for 10 days, followed by a prednisolone taper dur-
ing the next 11 days, with 500 mg IV pulses of methylprednisolone
daily for clinical worsening. 
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With this regimen, almost all patients initially became
afebrile, but fever recurred at a mean of 9 days; in 10
there was evidence of a nosocomial bacterial infection.
Approximately three-fourths developed watery diarrhea
after a mean of 7.5 days. Radiographic worsening was
observed at a mean of 7.4 days in 80% of the patients,
and desaturation to less than 90% occurred in 44%. At
least 15 patients developed ARDS and required mechan-
ical ventilation. At the time of writing, 5 (7%) of the
patients had died and 13 (17%) were receiving intensive
care. Increasing age and chronic hepatitis B virus infec-
tion were independent risk factors for the development
of severe respiratory disease. 

All but 7% developed IgG antibody to SARS viral anti-
gens at a mean of 20 days. SARS-associated corona-virus
RNA was detected in nasopharyngeal aspirates by RT-
PCR in 32% at initial presentation and in two-thirds on
day 14. Viral RNA was detected in stool samples collected

at 14 days in 97% of 67 and was detected in 42% of urine
samples at 15 days. The geometric mean nasopharyngeal
viral RNA titer increased from 2.3 × 105 copies/mL on day
5 to 1.9 × 107 copies/mL on day 10. The titer then
decreased to 9.8 × 104 copies/mL on day 15.

n COMMENT BY STAN DERESINSKI, MD, FACP
Peiris et al indicate that these patients exhibited a

triphasic pattern with an initial flu-like febrile illness
improving after a few days. Then, during the second
week, the fever frequently recurred, patients commonly
had diarrhea, and oxygen desaturation developed and
viral load peaked but then began dropping contempora-
neously with seroconversion. 

This extensive experience provides valuable informa-
tion concerning the clinical course of SARS. The gener-
alizability of the data must, however, be questioned for a
number of reasons. 

It is suggested that the route of infection in this cohort
may have been by the fecal-oral route (although more
recent epidemiologic investigation has uncovered a
potential airborne route of spread at the Amoy Gardens).
It is possible that infection occurring by the respiratory
route may have different clinical characteristics. One
finding that suggests this may be true is that only 29% of
patients coughed at the time of presentation.

The major reason to suspect, however, that these data
may not be representative is the fact that all these
patients received antibiotics, ribavirin, and corticos-
teroids, which may have altered the course of the illness
either favorably or unfavorably (or some combination of
the 2). Thus, it is very likely that the initial temporary
reduction of fever was the result of corticosteroid
administration, which may also have resulted in the drop
in lymphocyte counts from already low levels at presen-
tation. The increase in viral load may also have been the
result of immunosuppression resulting from corticos-
teroid administration. Peiris et al conclude that the sub-
sequent decrease in viral titers at a time when the pul-
monary disease was worsening suggests that the latter is
the consequence of immunopathological damage, rather
than direct cytolytic effect. If so, it occurred in the face
of significant corticosteroid doses. 

Corticosteroid therapy may also have contributed to
an apparently high incidence of nosocomial infection in
these patients. The use of ribavirin is also worrisome
here. In vitro studies indicate that this drug has little or
no in vitro activity against the SARS coronavirus. How-
ever, Peiris et al argue that ribavirin may exert an
immunomodulatory effect, perhaps by facilitating a Th-
1 response. However, given its potential toxicity, it is
difficult to justify its use in SARS outside a randomized,
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controlled trial setting. 
Finally, the majority of patients developed diarrhea

during their hospitalization. Peiris et al suggest that this
may be the result of enteric infection by the SARS coron-
avirus. It seems at least as likely, however, that the diar-
rhea was the consequence of the administration of amox-
icillin/clavulanate and azithromycin to these patients.

This paper is a useful contribution to our understand-
ing of SARS. It will be of interest, however, to see the
results observed in a similarly large cohort in the absence
of the pharmacological interventions used here.   n

Norovirus and the Innate
Immune System
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Data from a murine model indicates the
innate immune system is critical to control of Norovirus
infection.

Source: Karst SM, et al. STAT1-dependent innate immunity
to a Norwalk-like virus. Science. 2003;299:1575-1578.

There are many beautiful discoveries in sci-
ence. They are more beautiful when they integrate

into an emerging problem, such as those we recognize
now as emerging infectious disease. Several newly emer-
gent viruses are causing havoc in the world. Humans
seem to have limited innate immunity to many of these
newly emergent viral pathogens, notably West Nile
Virus, noroviruses, and novel coronaviruses that cause
severe acute respiratory syndrome (SARS). The intesti-
nal misery caused by Norwalk-like caliciviruses may be
self-limited in days, suggesting that innate immunity
may be more operative than acquired immunity. Or could
norovirus infections have some lasting consequences? 

With some serendipity, I suspect, Karst and col-
leagues at Washington University in St. Louis have
recovered a new murine norovirus from the brains of
mice deficient in a function known as signal transducer
and activator-1 of transcription (STAT-1). They called
the new virus Murine Norovirus 1 (MNV1), and they
showed through phylogenetic analysis of the viral capsid
protein that MNV1 was a norovirus that was relatively
unrelated to other noroviruses. Note that the norovirus
group is 1 of 4 groups in the Caliciviridae. Of the other
3 groups, Lagovirus, Vesivirus, and Sapovirus, only the
last one along with norovirus is pathogenic for humans.

The research group next asked the question of

whether mice lacking innate immune function would be
more susceptible to MNV1. Well, Karst et al have some
very special mice indeed, not only those lacking STAT-1
function but also those lacking recombination-activating
genes (RAG2) and those lacking both the interferonαβ
and the interferonγ receptors. They used these specifi-
cally immune-deficient mice to define the immune win-
dow of opportunity required for pathogenicity.

MNV-1 causes encephalitis, meningitis, cerebral vas-
culitis, pneumonia, and hepatitis in susceptible animals.
Mice deficient in RAG alone were not killed by MNV-1
but the animals were persistently infected in feces and
multiple visceral organs, thus suggesting that B and T cell-
dependent adaptive immunity were not necessary for pro-
tection from lethality. Mice lacking either interferonαβ
receptors or the interferonγ receptors were not killed by
MVN-1 but mice lacking both were 10,000 times more
susceptible to MVN-1, showing that interferon protection
is central to innate immunity and that interferonαβ and the
interferonγ receptors can “compensate” for each other. 

The central immune response, however, involves
STAT-1 and mice that were STAT-1 deficient were very
susceptible to infection. An intact STAT-1 response
would prevent lethal infection. When the organs of wild-
type mice were compared to STAT-1-deficient mice, the
wild-type mice handled the infection like asymptomati-
cally infected humans. Surprisingly, 1 day after inocula-
tion, wild-type mice had viral RNA in liver, intestine,
and spleen but not other organs. In the same experiment,
STAT-1-deficient mice had MNV1 RNA in multiple
organs and tissue injury at 3 and 7 days, suggesting
widespread infection associated with STAT-1 deficiency. 

n COMMENT BY JOSEPH F. JOHN, Jr., MD
The medical sciences are becoming very sophisticated,

as evidenced by the excellence of this article. Not only did
Karst et al discover a new norovirus, but also found how it
affected normal and immunodeficient mice. The take-home
point is that 1 small deficiency in the viral-defense activa-
tion system—1 kinase in that system—can lead to persis-
tent infection. That infection would ordinarily go undetect-
ed since the causative agent had heretofore not been identi-
fied. They also found that what may seem like primarily an
intestinal infection may actually be affecting multiple inter-
nal organs. How many other unidentified pathogens lurk in
the guts of mice or men remains to be determined.

Mammalian defense systems must respond very
quickly to agents like noroviruses, as shown by the Sci-
ence article. Once the interferon system is fired by the
virus, those signals from the interferons trigger intercel-
lular responses from molecules like STAT-1 that in turn
trigger a nonspecific antiviral response. In the case of the



mouse, and probably humans, that response, if absent,
results in severe multisystem infection. Such a small
defect results in uncontrolled infection that even delayed
cellular and humoral responses would not control. 

In what seems to be a totally unrelated article, a group
of family practitioners from the Carolinas Medical Cen-
ter in Charlotte tried to answer an old question of the
value of multivitamin and mineral supplements on a
broad host of infections.1 Barringer and associates stud-
ied only type 2 diabetic patients, but their findings may
be more generalized. They gave the multivitamins and
mineral supplement (or placebo) to 130 participants for
1 year. The infection incidence was 73% in the placebo
group and only 43% in the treatment group. The infec-
tions inhibited were primarily milder, respiratory tract
and influenza-like illness, but the differences between
placebo and treatment groups were, in the words of Bar-
ringer et al, dramatic. To that conclusion I agree and
support that their findings deserve a larger trial. Perhaps
as we study the effect of STAT-1-like activation in
humans, we may find that nonspecific medication like
vitamins facilitate this early response defense.   n

Reference
1. Barringer TA, et al. Effect of a multivitamin and 

mineral supplement on infection and quality of life.
Ann Intern Med. 2003;138:365-371.

Human Coronaviruses
Before SARS
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Human coronavirus OC43 accounted for 6%
of respiratory illnesses studied in Normandy during a
single season. 

Source: Vabret A, et al. An outbreak of coronavirus OC43
respiratory infection in Normandy, France. Clin Infect Dis.
2003;36:985-989.

Vabret and colleagues in normandy examined
1803 respiratory specimens collected from October

2000 through April 2001 for the presence of genomic
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Figure

Phylogenetic Correlations of Known Noroviruses and a New Mouse Norovirus MNV-1. 
The Other Caliciviruses Are Shown in Relation to Norovirus

Reprinted with permission from: Karst SM, et al. STAT1-dependent innate immunity to a Norwalk-like virus. Science. 2003;299:1575-1578. Figure 1.
Sequencing and phylogenetic analysis of the MNV-1 genome. Copyright 2003. American Association for the Advancement of Science.



material of human coronaviruses (HCoV) 229 and
OC43 using RT-PCR assays. Overall, a virus was detect-
ed in samples from 189 (37.8%) of 501 patients. HCoV
OC43 was detected in samples from 30 (6%) of 501
patients that were submitted from February 8 through
March 27; HCoV 229 was not detected. RSV was
detected in specimens from 6.1% of patients, influenza
virus A in 7.8%, influenza virus B in 7.2%, parainfluen-
za virus 3 in 1%, rhinovirus in 6.4%, enterovirus in 1%,
and adenovirus in 2%. Testing was not performed for the
presence of human metapneumovirus. 

HCoV OC43 was detected in 29 nasal aspirates and 1
bronchial aspirate. The virus was isolated from all age
groups. Sixty percent of those from whom HCoV OC43
was isolated had fever, 57% had gastrointestinal symp-
toms, 37% rhinitis, 30% pharyngitis, 13% otitis, and 3%
laryngitis. Approximately one-third had lower respirato-
ry tract infection, including bronchitis (17%), bronchi-
olitis (10%), and pneumonia (7%). One of the 2 patients
with pneumonia was a heart transplant recipient, while
the other was 84 years of age. 

n COMMENT BY STAN DERESINSKI, MD, FACP
The identification of the etiologic agent of SARS as a

novel coronavirus has stimulated interest in this group of
RNA viruses, making this publication quite timely. The
SARS coronavirus is sufficiently distinct from previous-
ly known coronaviruses for it to comprise a new group
(Group IV). HCoV 229 and HCoV OC43, previously
the only known coronaviruses to infect humans, belong,
respectively, to Groups I and II; Groups III consists of
only animal, mostly avian, coronaviruses. The other
coronaviruses infect a range of mammalian hosts, caus-
ing respiratory, neurologic, and enteric disease.1

Coronaviruses contain a single positive-sense RNA
strand comprised of approximately 3000 nucleotides, mak-
ing it the largest known RNA virus genome. Viral replica-
tion occurs in 2 steps. Initially, viral RNA is translated to
create an RNA-dependent RNA polymerase, which is then
used to copy a minus-strand RNA from the positive-strand
genomic RNA. Messenger RNAs are transcribed from this
minus-strand RNA, as is viral genomic RNA. 

HCoV OC43 and HCoV 229 together account for
approximately one-third of common colds. Most infec-
tions occur in winter or spring, often in epidemics, which
may occur irregularly (HCoV OC43) or at approximately
2-4 year intervals (HCoV 229). Lower respiratory tract
infection, including pneumonia and pleuritis, occurred in
one-third of marine recruits during an outbreak.2

Vabret and colleagues found that “digestive prob-
lems” were noted in 58% of the coronavirus-infected
patients. This is of interest given that diarrhea has fre-

quently been present in SARS patients and with the sug-
gestion that one of the routes by which SARS transmis-
sion may occur is fecal-oral. While there has been no
unequivocal evidence that the previously known coron-
aviruses cause acute enteric infection, they have been
detected in feces.   n

References
1. McIntosh K. Coronaviruses. In: Richman DD, Whitley

RJ, Hayden FG, eds. Clinical Virology. New York, NY:
Churchill Livingstone; 1997.

2. Wenzel RP, et al. Coronavirus infections in military
recruits. Am Rev Respir Dis. 1974;109:621-624.

A Standard of Care for 
Invasive Fungal Infections
for the United Kingdom
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: A standard of care for dealing with invasive
fungal infections based on the best available evidence
was proposed by organizations in the United Kingdom.

Source: Denning DW, et al. British Society for Medical
Mycology proposed standards of care for patients with 
invasive fungal infections. Lancet Infect Dis. 2003;3:230-240.

The incidence of invasive fungal infections
in all developed nations continues to increase

despite the success of combination antiretroviral therapy
in reducing the incidence of AIDS. This trend is likely to
continue reflecting an increase in the susceptible popula-
tion, which includes patients treated for malignancies,
recipients of transplants, those given intensive care, and
neonates. Denning and colleagues were struck by 3
observations. Far from being inevitable, the mortality
associated with invasive fungal diseases could be low-
ered dramatically with improved management as had
been achieved in France; the outcome from cancer in the
United Kingdom was lower than in other developed
countries; and the practice of mycology in the United
Kingdom was far from ideal. They, therefore, set out to
define those standards of care that should help lower
mortality due to invasive fungal infections to a mini-
mum. The intention was to define absolute standards
that could be audited. To help them in their task, they
consulted widely and adopted the scales proposed by the
Infectious Diseases Society of America to assess the
quality of the evidence. 
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Beginning with microbiology, they nailed their colors
firmly to the mast. The laboratory should use the tests
detailed in the Figure, which should provoke little com-
ment from microbiologists. However, and here is the
rub, this also presupposes that clinicians will obtain
specimens from their patients, something that is fre-
quently not done for a variety of reasons. Similarly, no
one would quibble about the standards expected of
histopathology except that, once again, tissue is seldom
available from patients in life and also postmortem, as
there are fewer autopsies being undertaken. Ironically,
radiology has come to play an increasingly important
role since CT scans are now generally available and
increasingly being requested for those patients most at
risk of developing invasive fungal infection, particularly
neutropenic patients and recipients of transplants. There
may well be some geographical variation in the indica-
tions for ordering a CT scan (eg, some would include a
positive PCR for Aspergillus or a positive galactoman-
nan test), but the principle is clear—a CT scan or other
appropriate imaging technique should be ordered when
any of the criteria detailed in the Figure are met.

n COMMENT BY J. PETER DONNELLY, PhD
The standard of care for management proposed in
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Figure 

Standards of Care for Radiology, Microbiology, and Histopathology—United Kingdom

Table

Standard of Care for Management—
United Kingdom

1. Identify clearly requests for microbiology, histology, and 

radiology coming from immunocompromised patients

2. Patients with candidaemia

• Remove or replace central venous catheters except when 

long-term access is needed when careful individual assessment 

should be made

•   Treat with a systemic antifungal agent at an appropriate dose

3. Treatment within 6 h of transplant recipients or profoundly 

neutropenic patients with a systemic antifungal agent at an 

appropriate dose active against molds when there is

•   A new positive culture of Aspergillus or mold

•   A new pulmonary infiltrate or cerebral abnormalities 

consistent with a fungal infection

4. Treat patients with cryptococcal meningitis initially with 

amphotericin B deoxycholate > 0.7 mg/kg/d or > 4 mg/kg/d 

lipid-based amphotericin B with flucytosine 75-100 mg/kg/d 

(adjusted for renal function)
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the Table reflects opinions and practices in the United
Kingdom. However, few would disagree with the notion
that requests for radiology, microbiology, or
histopathology from immunocompromised patients
should always indicate this fact. Moreover, the manage-
ment of candiaemia and the transplant recipient or pro-
foundly neutropenic patient would not cause a stir, as it
is in line with what experts now agree. However, the
agents used to treat these entities, as well as cryptococ-
cosis, may seem peculiar to the United Kingdom. Be
that as it may, this document could easily serve as a
basis for setting standards in other countries, including
those belonging to the European Union and even further
beyond. While intellectually appealing, it will take
more than just a consensus to persuade the different
hospitals and institutes to accept the standards as their
practice and then to implement them. A body will also
have to be established to oversee auditing to help main-
tain the standard, which will require funding and com-
mitment by the participants, their professional associa-
tions, and their health care providers, not an easy task
these days. Nevertheless, these standards fit well in the
context of dealing with invasive fungal diseases since
there is a consensus about defining them, more options
for diagnosing them, more agents available to treat
them, and a willingness to move away from more pas-
sive management involving empirical therapy to a more
pro-active stance of early recognition and preemptive
treatment.   n

CME Questions

25. The noroviruses are controlled with what immune defense?
a. Humoral response (antibody)
b. A monocyte response
c. Interferons
d. Early intracellular responses to interferon (ie, STAT-1)

26. Which of the following is correct?
a. Coronaviruses are DNA viruses.
b. Coronaviruses only infect humans.
c. Coronaviruses are frequent causes of the common cold.
d. IgG antibody to SARS coronavirus can be detected during the

first week of illness in > 90% of patients.
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HIV and Cardiac Risk
Source: Hadigan C, et al. Clin Infect
Dis. 2003;36(7):909-916.

Hiv-infected patients are at
increased risk of cardiovascular

disease, although longitudinal data
are limited. Hadigan and associates
compared the 10-year coronary heart
disease (CHD) risk estimates for 91
HIV-infected men and women with
lipodystrophy and fat redistribution
and 30 HIV-infected patients without
fat redistribution with that of 273
subjects from the Framingham Off-
spring Study. Fat redistribution was
based on a BMI result and circum-
ferences of the waist, hip, midarm,
and midthigh. The HIV-infected sub-
jects had an average duration of HIV
infection of 7.2 years and had
received an average of 4.7 years of
antiretroviral therapy. Ten-year CHD
estimates were significantly
increased among HIV-infected
patients with fat redistribution, com-
pared with that of the control sub-
jects (7.4% vs 5.3%, P = .002),
although the risk was especially
greatest for HIV-infected men. Com-
paring the percentage of HIV-infect-
ed subjects with a 10-year CHD risk
of > 10% to Framingham controls,
the relative percentages were 39% vs
17% for men (P = .001) and 4% vs
1% for women (P = .37).  

However, when HIV-infected sub-
jects were matched to Framingham
control subjects based on age, sex,
BMI, and waist-to-hip ratio, their 10-
year CHD risk was not significantly
greater than controls. A subanalysis
of HIV-infected patients with fat
redistribution suggested that patients
with primary lipodystrophy signifi-
cantly increased the risk for CHD,

while abdominal lipohypertrophy
and mixed lipodystrophy were asso-
ciated with a somewhat lower risk,
and protease inhibitor treatment had
no apparent effect. While HIV-
infected patients appear to be at
increased risk for CHD, this risk is
not significantly greater than that for
non-HIV-infected people with simi-
lar central fat redistribution. As
many of us feared, this study sug-
gests that nearly 40% of HIV-infect-
ed men have > 10% risk of CHD
during the next 10 years.   n

New FDA-Approved
Agent for 
Cryptosporidiosis

Sources: The Medical Letter .
2003;45:29-31; Leav BA, et al. Clin
Infect Dis. 2003;36:903-908.

Cryptosporidium are protozoal
parasites that cause spectacular

and sometimes life-threatening diar-
rhea in immunosuppressed patients,
as well as generally self-limited
intestinal disease in normal human
hosts and animals. Up until a few
weeks ago, there was no FDA-
approved treatment for cryp-
tosporidiosis, although paro-
momycin and azithromycin (espe-
cially at higher dosages) were of
some benefit in uncontrolled trials in
HIV. Nitazoxanide (Alinia, Romark
Labs) has just been approved by the
FDA for the treatment of cryp-
tosporidiosis and the treatment of
giardia in children 1-11 years old.
Nitazoxanide is a nitrothiazolyl-sali-
cylamide derivative, which is active
against a variety of parasites, includ-
ing C parvum, G lamblia , Isospora,
Entamoeba histolytica, as well as

some of the helminths, such as
Ascaris, Taenia spp., and Fasciola
hepatica. 

Cure rates of 80-88% were found
in adults and children infected with
C parvum when administered 100-
200 mg twice daily (for children)
and 500 mg twice daily (for adults)
for 7 days. A 3-day regimen in chil-
dren was somewhat less effective,
with a clinical response of 56% in
those without HIV infection, but a 3-
day course of the drug was no more
effective in HIV-infected children
than placebo. A placebo-controlled
clinical trial performed in patients
with AIDS and cryptosporidiosis in
Mexico found cure rates of 67% and
63% in patients receiving either 500
or 1000 mg twice daily, respectively,
for 14 days compared with 25% for
placebo recipients. Three- and 5-day
regimens were similarly effective
(80-85%) in HIV-negative Peruvian
children with giardiasis. Other small-
er studies have shown efficacy in
other parasitic diseases, including a
case of metronidazole-resistant giar-
dia in a patient with AIDS. 

The drug is well tolerated and is
available as a liquid formation (with
a strawberry flavor), a tremendous
advantage when administering the
drug to small children. The most
common side effects were diarrhea,
abdominal pain, vomiting, and
headache. Yellow sclerae can occur
due to deposition of the drug during
use, but this resolves when the drug
is discontinued. The manufacturer
recommends that children receive
100 mg twice daily for 3 days with
food, although higher dosages and a
longer duration of treatment may be
necessary for patients with immune
suppression.   n
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