
Welcome to Jurassic Park: 
Reptile-Associated 

Salmonellosis
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: It is not even necessary to travel all that far to contract
diseases from lizards, snakes, and turtles, as many of us may 

have the opportunity to visit some of the numerous U.S. households
that have included pet reptiles as part of their family—and its

microbial flora. 

Source: Reptile-associated salmonellosis—Selected states, 1996-1998.
MMWR Morb Mortal Wkly Rep 1999;48:1009-1013.

Aseries of four cases, reported in a recent issue of the
CDC’s Morbidity and Mortality Weekly Report, highlighted

the clinical and epidemiological characteristics of salmonellosis
transmitted from reptiles to humans. Many more cases had been
reported from 16 state health departments (see Figure). Syn-
dromes of fever, vomiting, bloody diarrhea, and even death in
one young patient from salmonellosis, were linked to positive
Salmonella cultures in pet iguanas and corn snakes. These
occurred in a 3-week-old boy, a 6-year-old and his 3-year-old
brother, an 8-month-old, and a 5-month-old boy who died.

■ COMMENT BY MARIA D. MILENO, MD 
Salmonella infections can result in severe invasive illnesses,

including sepsis and meningitis, particularly in infants. Despite
considerable educational efforts, some reptile owners remain
unaware that pet reptiles place them and their children at risk for
salmonellosis. Commercial distribution of pet turtles, shorter
than 4 inches long, was banned in 1975; until that time, pet tur-
tles were an important source of salmonellosis for young pet
owners. The popularity of other common and exotic reptiles is
growing and continues to pose a substantial threat. More than
93,000 reported cases (7%) of Salmonella infections each year
are attributable to pet reptiles for children. Most persons who
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contract reptile-associated salmonellosis are infants
and young children who are infected with Salmonella
spp. after handling either a reptile or objects contami-
nated by a reptile, and then failing to wash their hands
properly. To draw attention to this issue for the U.S.
public, several important recommendations have been
made (see Table).

To make matters worse, “man’s best friend,” the
dog, may be also be subject to Salmonella infections
acquired from dog treats that were manufactured from
pig ears. To date, 30 cases of salmonellosis have been
linked to such exposures, and 30% of Salmonella
infantis infections occurred in children younger than
2 years of age; 48% in children younger than 4 years
old. Health Canada has issued a public health warning
that infants, the elderly, and immunocompromised
persons should avoid handling dog treats manufac-
tured from sources such as pig ears, which can be
contaminated with Salmonella spp. (Dr. Mileno is
Director, Travel Medicine, The Miriam Hospital,
Assistant Professor of Medicine, Brown University,
Providence, RI.)   ❖

Table

Recommendations for Preventing Transmission of
Salmonella from Reptiles to Humans

• Pet store owners, veterinarians, and pediatricians should provide infor-

mation to owners and potential purchasers of reptiles about the risk for

acquiring salmonellosis from reptiles.

• Persons should always wash their hands thoroughly with soap and water

after handling reptiles or reptile cages.

• Persons at increased risk for infection or serious complications of salmo-

nellosis (e.g., children aged < 5 years and immunocompromised per-

sons) should avoid contact with reptiles.

• Pet reptiles should be kept out of households where children aged < 1

year and immunocompromised persons live. Families expecting a new

child should remove the pet reptile from the home before the infant

arrives.

• Pet reptiles should not be kept in child care centers.

• Pet reptiles should not be allowed to roam freely throughout the home or

living area.

• Pet reptiles should be kept out of kitchens and other food preparation

areas to prevent contamination. Kitchen sinks should not be used to

bathe reptiles or to wash their dishes, cages, or aquariums. If bathtubs

are used for these purposes, they should be cleaned thoroughly and dis-

infected with bleach.

Source: MMWR Morb Mortal Wkly Rep 1999;48:1012.
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Figure

Rate of Reptile-Associated Salmonella Serotypes
Isolated from Humans—United States, 1963-1998

* Per 10,000,000 population

† Reptile-associated serotypes are isolates from nonhumans reported to
CDC and the U.S. Department of Agriculture that are isolated from rep-
tiles ≥ 50% of the time.

Source: MMWR Morb Mortal Wkly Rep 1999;48:1011.
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Fecal and Oral Shedding 
of H. pylori
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: This study was directed to learn, by using
polymerase chain reaction (PCR) testing, the frequency
of H. pylori in saliva, stool, and vomitus of infected vol-
unteers. Immunomagnetic separation (IMS)-PCR was
chosen as the detection method because of its superior
ability to identify live organisms. 

Source: Parsonnet J, et al. Fecal and oral shedding of Heli-
cobacter pylori from healthy infected adults. JAMA 1999;282:
2240-2245.

Several important unresolved questions about
Helicobacter pylori, the causative agent of almost all

non-NSAID related peptic ulcers and a likely cause of
gastric cancer, remain unanswered. The path by which
H. pylori leaves a host to enter the environment, the
environmental location, method of human acquisition,
and individual susceptibility to this organism are uncer-
tain. This study was directed to learn, by using poly-
merase chain reaction (PCR) testing, the frequency of H.
pylori in saliva, stool, and vomitus of infected volun-
teers. Immunomagnetic separation (IMS)-PCR was cho-
sen as the detection method because of its superior abili-
ty to identify live organisms. 

After sodium phosphate-induced catharsis, ipecac-
induced emesis, and volitional saliva expectoration, H.
pylori detection by IMS-PCR was performed (n = 16). 

Stool culture obtained prior to catharsis was culture
negative in all 16 patients, but positive in five of 16
using IMS-PCR. Post-cathartic stools were H. pylori-
positive in 11 of 16 subjects by IMS-PCR, but only
50% of specimens were culture-positive. All vomitus
samples from infected person were culture-positive as
well as IMS-PCR positive. Saliva was culture-positive
in only 18.8% of subjects but IMS-PCR positive in
43.8%.

■ COMMENT BY LOUIS KURITZKY, MD
Despite the ready retrieval of H. pylori from saliva,

there is little evidence of oral-oral transmission (e.g.,
the H. pylori strain present in married couples is
rarely concordant and, thus far, studies of treated
patients, whose infected partners are not treated, do
not show significant risk of reinfection).

Saliva, stool, and vomitus all harbor H. pylori,
which might serve as sources of transmission. Since

up to half of middle-aged adults have been infected,
the question might best be reframed to seek how the
other half remain uninfected. (Dr. Kuritzky is Courtesy
Clinical Assistant Professor, University of Florida,
Gainesville, FL.) ❖

Special Feature
Fever and Neutropenia: 
More Challenges than
Changes in the 
Last 20 Years
By J. Peter Donnelly, PhD

The number of neutropenic patients has in-
creased considerably since Pizzo wrote his first edi-

torial on fever in the immunocompromised host in
1983. Not only are there more patients being treated for
malignancies but also more are receiving bone marrow
transplants.1 These patients are compromised at virtual-
ly every level of their immunity—phagocytic, cellular,
and humoral—and also have breaches to the integument
affecting the skin and mucosal defense barriers. This
gives rise to complications that may not be infectious
but that are nonetheless accompanied by fever. But,
because pyrexia is often the only sign of infectious dis-
ease, empirical antimicrobial therapy is still started
promptly once an attempt at diagnosis has been made. 

Risks Differ
All patients who are profoundly neutropenic (an

absolute neutrophil count < 500 per cubic millimeter, <
0.5 × 109 L) and who develop a fever (temperature >
101°F or > 38°C sustained for several hours or a single
temperature > 101°F or > 38.3°C) should be assumed to
have a potentially life-threatening infection and treated
accordingly until proven otherwise. This is still the most
important principle governing management of potential-
ly infectious complications that occur during neutrope-
nia. At the same time, it is generally acknowledged that
not all patients with neutropenia are at equal risk. For
instance, those who develop neutropenia after cytotoxic
chemotherapy or immediately after preparation for
transplantation nearly always have concurrent breaches
of the physical defense barriers, particularly the mucosa
of the oral cavity and gastrointestinal tract. Such damage
allows potentially pathogenic microorganisms that
reside on these surfaces to establish local infection and
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gain entry into the tissues. Patients in this category
should always be given empirical therapy promptly and
in a hospital under the watchful eye of experienced doc-
tors and nurses. By contrast, other less severely compro-
mised individuals may require nothing more than care-

ful observation and “watchful waiting” as outpa-
tients. Several approaches to discriminating those at
risk from those who are not at risk have been pro-
posed as discussed by Rolston (see Table 1) but, as
yet, none has been tested thoroughly enough nor for
long enough to determine the true costs and principal
benefits.2 Nonetheless, there is a clear desire to allow
as many patients as possible to be managed at home
rather than in hospitals.

Pathogens
At first sight, the range of potential opportunistic

and professional pathogens capable of causing
infection in neutropenic patients is daunting, since
virtually any organism can become invasive if host
defenses are severely impaired. But, in practice, a
few species of bacteria and fungi predominate. Bac-
teria can represent an immediate threat but there has
been a remarkable and consistent change in the
species of bacteria responsible for infection. Twenty
years ago, the gram-negative bacilli such as
Escherichia coli, Klebsiella pneumoniae, and
Pseudomonas aeruginosa accounted for almost
two- thirds of episodes of bacteremia and were
rightly feared for the havoc they wreaked. Now the

reverse is true, with the gram-positive bacteria predomi-
nating.3 (See Figure 1.) In fact, the skin commensal
coagulase-negative staphylococci (mainly Staphylococ-
cus epidermidis) and the oral viridans (or alpha-

Table 1

Paradigm for Risk-Based Therapy of Febrile Neutropenic Patients

Risk Group Neutropenia Malignancy Procedure Comorbidity Clinical Anticipated Treatment Treatment Treatment
State Response Place Approach Admini-

to Empirical stration
Therapy

High risk > 14 days hemato- allogeneic substantial unstable slow in-patient empirical parenteral

logical HSCT, therapy

autologous until end of

HSCT, febrile episode

chemotherapy

Moderate 
risk 7-14 days solid tumor autologous minimal stable rapid in-patient empirical parenteral

HSCT with early therapy until or 

discharge end of febrile parenteral

episode, then then oral

follow-up as 

outpatient

Low < 7 days solid chemo- none stable — out- appropriate oral, 

risk tumor therapy patient out-patient parenteral,

treatment then oral or

parenteral

Source: Rolston KV. Clin Infect Dis 1999;29:515-521.

Figure 1

Shift in Pathogens Through the Years

Source: Zinner SH. Clin Infect Dis 1999;29:490-494.



haemolytic) streptococci (principally S. mitis and S.
oralis) are now the two most frequent isolates from
blood cultures. The steady rise to prominence of the
skin staphylococci can be attributed to the increased use
of indwelling intravenous-access devices that remain in
place for weeks and even months, whereas the occur-
rence of oral mucositis induced by more intensive
chemotherapy seems to have allowed the viridans strep-
tococci to make their debut. It must also be acknowl-
edged that the shift away from the gram-negative bacilli
toward these bacteria also coincided with more exten-
sive use of co-trimoxazole (trimethoprim-sulfamethox-
azole) and especially the fluoroquinolones such as
ciprofloxacin for antibacterial prophylaxis. These drugs
are effective in selectively decontaminating the gas-
trointestinal tract of gram-negative bacilli but they also
exert considerable selective pressure on the commensal
flora favoring the less susceptible bacteria such as those
that reside on the skin and mucous membranes. It must
also be said that these changes have yet to become
apparent beyond the borders of northern Europe and
North America, since in developing countries the old
foe, gram-negative bacilli, still reigns supreme. 

Initial Evaluation of Fever
The initial evaluation of a febrile, neutropenic patient

should include a thorough inventory of the body to dis-
close sites of potential infection, particularly the oral
cavity, lungs, gastrointestinal tract (including the per-
ineal area), skin, and soft tissues. True, there is no clini-
cal evidence whatsoever of such infection in up to two-
thirds of cases, but the effort can be rewarding when a
site is identified, such as an exit site infection of a cen-
tral venous catheter or an anal fissure. These would be
cases for considering including a focused-spectrum
antibiotic in the empirical regimen. 

Which Empirical Regimen?
There has been a protracted dispute

about whether combination therapy is
obligatory or monotherapy will suffice.
In many respects the debate is more a
matter of taste than substance since
there are several antibiotics, such as the
cephalosporins, ceftazidime and
cefepime, and the carbapenems, imipen-
em and meropenem, that clearly are
effective as single agents for empirical
therapy (see Table 2).4 However, with
the changing pattern of pathogens the
issue deserves to be looked at afresh but
there seems little willingness to do so.
Instead, most physicians prefer to com-

plement the initial regimen when they know what the
cause of the fever is and some even when they do not.
However, the fact remains that no matter which regimen
is used, sooner or later other antimicrobial agents will
be added to complement the core regimen. In many
cases, the choice of drug will be driven by persistent
fever that is as refractory to antibiotics as it is to diagno-
sis and is naturally assumed to be the result of a cryptic
infection due to gram-positive cocci such as the coagu-
lase-negative staphylococci. Thus, vancomycin will be
chosen (or teicoplanin in Europe). Others will fear the
worst and prescribe amphotericin B assuming that a
fungus like Aspergillus fumigatus is lurking in the lung
shadows. Many of these cases of persistent fever will
remain unexplained and there will be no evidence to
support the anxiety of the physician. But instinct and
experience often provide better results at the bedside
than guidelines arrived at by consensus. One issue does
seem clear, however. Vancomycin (or teicoplanin) is
seldom necessary upfront.4 These drugs contribute little
in managing persistent fever, they can always be added
when infection is clinically or microbiologically attrib-
utable to gram-positive bacteria and, importantly, the
specter of vancomycin-resistant enterococci looms
large and has already proved troublesome in some cen-
ters. So, the lesson here is to stay your hand and use
vancomycin and teicoplanin sparingly. 

Resistant or Not?
Disturbingly, at least in North America, resistance to

several antibiotics now exceeds 10% (see Figure 2),
making it difficult to choose a made-to-measure, one-
size-fits-all empirical regimen.6 The situation in Europe
is more varied and resistance seems less pronounced.
But the principal message to convey is that each institu-
tion should know its own resistance patterns and select

Infectious Disease Alert 85

Table 2

Outcome of Monotherapy for the Initial Treatment of 
Fever During Neutropenia

Percent of Episodes
Success with Cefepime Ceftazidime Meropenem Ceftazidime plus
monotherapy amikacin

Overall 53 55 56 52

MDI 47 43 43 42

Glycopeptides added 22 27 33 42

Glycopeptides added

for MDI 21 36 - -

Further infections 10 15 12 12

Source: Ramphal R. Clin Infect Dis 1999;29:508-514.
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empirical regimens as well as the most reliable agents
for complementing this. Also, there should be a protocol
to guide antibiotic use in each unit and a policy through-
out the hospital. Regular antimicrobial surveillance of
pathogens should be in place and the alarm should be
raised whenever resistance rates start drifting in an
upward direction. This, of course, requires resources that
providers may be unwilling to commit. Indeed, it may
seem cheaper just to choose the broadest regimen possi-
ble and apply it to every situation in the forlorn hope that
overall costs will be contained and no one will suffer
unduly. History suggests otherwise—blind, profligate
use of antibiotics is dangerous, and has undoubtedly pro-
vided the greatest impetus for crafty bacteria to pull out
all the stops and reinvent themselves in resistant clones.
Moreover, it is no accident that high resistance rates run
parallel with high consumption of antibiotics that only
the wealthiest of countries can afford.

Beyond Managing Fever
Patients with prolonged immunosuppression may

have several febrile episodes or persistent fever despite
empirical therapy. One approach is to change therapy if
there is no immediate response or by the next ward
round, usually by increasing the number of drugs in
direct proportion to the level of anxiety. Sometimes the
regimen is repeatedly changed for as long as fever per-
sists. This has been variously termed planned progres-

sive therapy, and even escalatory therapy, and is often
justified by the fact that with each change in therapy
more patients become afebrile, supporting the belief
that each change adds an incremental value to the ulti-
mate response rate. However, in many cases, the puta-
tive increment is no more than what would be expected
were no changes to therapy made.

Many patients with prolonged neutropenia require
continued antimicrobial treatment but this does not
exonerate the physician from carefully examining the
patient with neutropenia, at least daily, for any signs and
symptoms of progressive initial infection or new further
infections which may develop over time. For instance,
blood cultures should be done every 3-4 days for as
long as fever persists. But it is remarkable how little
attention is paid to the practice of microbiology in these
articles. For instance, while we are still heavily reliant
on blood cultures, we don’t take enough blood. Nor do
we obtain proper specimens when we do see lesions on
the skin or in the mouth and prefer to order a swab, hav-
ing briefly entertained the idea of taking a biopsy only
to dismiss it on the grounds that the results will prove of
little value. True, we are now more inclined to ask for a
bronchoscopy when a pulmonary infiltrate develops but
remain in doubt as to its value, especially when nega-
tive, and so continue to treat empirically. In fact,
although the empirical approach is based on the princi-
ple that fever is assumed infectious until there is proof

Figure 2

Susceptibility Patterns of Bacterial Isolates from Neutropenic Patients During 1997

Source: Jones RN. Clin Infect Dis 1999;29:495-502.
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beyond all reasonable doubt to the contrary, antimicro-
bial treatment will continue regardless of the results.
The advent of better imaging techniques, such as high-
resolution computed tomography and indirect means of
detecting pathogens, should make it easier to diagnose
infectious complications. For instance, microbiological-
ly defined infections can now be diagnosed by detecting
antigens such as Aspergillus galactomannan and the
presence of microorganisms can de determined using
PCR techniques. But whether they will bring about a
change in attitude, only time will tell.   ❖
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CME Questions
18. Which of the following is correct?

a. Pet amphibians have been identified as an important source of
Salmonella infection in children in the United States.

b. Pet turtles are currently an important source of Salmonella
infection in children in the United States.

c. Pet reptiles kept in child care centers can be considered not to
be a potential source of salmonellosis if the reptiles appear to be
healthy.

d. Immunocompromised persons and children aged younger than
5 years should avoid contact with reptiles.

19. Which of the following is correct?
a. In developed countries, aerobic gram-negative bacilli remain a

more common cause of bacteremia in neutropenic cancer
patients than do gram-positive cocci.

b. All patients with febrile neutropenia must be given empiric par-
enteral broad spectrum antibiotics.

c. Solid tumor patients with chemotherapy-related neutropenia
expected to be of less than seven days duration may be man-
aged as outpatients.

d. Patients with hematological malignancies and chemotherapy-
related neutropenia expected to last for more than 14 days may
be managed as outpatients.

20. Which of the following is correct?
a. There remains no evidence that avian influenza virus (H5N1)

can be transmitted from human to human.
b. The peroneal anatomy of young women (e.g., the distance from

the urethra to the anus) is reported to be an important risk factor
for the development of urinary tract infection in young women.

c. Granulocyte-macrophage colony-stimulating factor (GM-CSF)
accelerates the intracellular replication and growth of Mycobac-
terium avium in macrophages. 

d. Helicobacter pylori is absent from the vomitus of patients with
gastric infection due to this organism.
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GM-CSF Potentiates
Anti-Mycobacterial
Activity 

Source: Kedzierska K, et al. J Infect Dis
2000;181:390-394. 

Granulocyte-macrophage colo-
ny-stimulating factor (GM-CSF) is

known to play a significant role in the mat-
uration and activation of granulocytes and
macrophages. Kedzierska and colleagues
describe an HIV-infected patient with mul-
tidrug resistance disseminated Mycobac-
terium avium complex (MAC) infection
who received GM-CSF (200-400
mcg/day) for 40 days without specific
antimycobacterial therapy. Peripheral cir-
culating monocytes obtained before treat-
ment with GM-CSF demonstrated
impaired phagocytosis in vitro of MAC
(probably due to his underlying HIV infec-
tion), which was subsequently partially
reversed with GM-CSF therapy. Clinical
improvement was difficult to demonstrate
although Kedzierska et al believe that his
level of MAC bacteremia decreased dur-
ing GM-CSF therapy based on a prolonga-
tion in time for blood specimens to yield a
positive MAC culture. 

Similar results have been reported by
Drs. Deresinski and Bermudez with HIV+
patients with disseminated MAC, as well
as a non-HIV-infected patient with dis-
seminated M. kansasii (Kemper CA, et al.
J Infect Dis 1998;177:914-920; Bermudez
LE, et al. Biotherapy 1995;4:3-10). Blood
monocytes obtained from four HIV-
infected patients with MAC bacteremia
treated with azithromycin and GM-CSF
for up to six weeks had significantly
enhanced activation and intracellular
killing of MAC ex vivo compared with
patients receiving azithromycin alone.
The effect was apparent within seven days
of administration of dosages as low as 50-
125 mcg/m2. Similar results have also
been reported with candidal infection,
although it has been difficult to demon-
strate a direct clinical benefit in many of

these unusual infections. Nevertheless,
there are increasing data to suggest that
GM-CSF may be a useful adjuvant in
patients with fungal and mycobacterial
infections poorly responsive or resistant to
conventional therapies.   ■

Peroneal Anatomy
and UTIs in Women

Source: Hooton TM, et al. Clin Infect
Dis 1999;29:1600-1601. 

In order to test the hypothesis
that physiogomy and urine-voiding

characteristics may affect the risk of uri-
nary tract infection (UTI), Hooton and
colleagues examined healthy nonpreg-
nant women aged 18-30 years. Case sub-
jects (n = 98) had a history of frequent
UTI (> 3 in the past 12 months or > 2 in
the past 6 months), while control sub-
jects (n = 107) had no history of UTI
during the previous year and no more
than one UTI in any preceding year. 

No difference in urinary flow character-
istics (peak and average flow rate, volume,
and voiding time) or post-void residuals
were identified. Remarkably, however, the
distance from the urethra to the anus as
well as from the posterior fourchette to the
anus in women with more frequent UTI
was significantly shorter than that of con-
trol subjects (although the mean difference
averaged only 0.2 cm). In women who did
not use spermicides, a distance from the
urethra to the anus of less than 4.5 cm was
significantly more frequent in case sub-
jects than controls (38% vs 10%, P =
0.0013), although this association was not
observed in spermicide users. No differ-
ence in urethral length (average length
~3.5 cm) was detected. 

In the absence of other risk factors,
such as frequent sex or use of spermi-
cides, Hooton et al argue that anatomic
differences in peroneal anatomy may
contribute to the frequency of UTI. While
an interesting theory, I’m baffled as to
how the seemingly minor differences

detected in this study could be an impor-
tant factor. Fecal pathogens can readily
colonize Foley catheters in men within
days of insertion, which entails migration
from the perirectal area to the penile mea-
tus (presumably a much longer distance).
Furthermore, peroneal anatomy in this
study was significantly associated with
weight, height, and body mass index, but
I know of no data suggesting that thin
women are at greater risk for UTI than
overweight ones. This seems like one of
those statistical observations that deserves
further exploration.   ❖

Human-to-Human
Transmission of 
Avian Flu

Source: Bridges CB, et al. J Infect Dis
2000;181:344-348.

Acentral concern during the out-
break of avian influenza (H5N1)

among humans in Hong Kong in 1997 was
the possibility of human-to-human trans-
mission which could lead to a larger pan-
demic. This retrospective surveillance study
investigated whether 217 health care work-
ers (HCWs) exposed to at least one patient
hospitalized were at risk of H5N1 viral
infection compared with 309 non-exposed
HCWs. No difference in the frequency of
poultry exposure was found between the
two groups. Antibody to H5N1 virus was
found in 10 HCWs, including eight (3.7%)
with exposure to a hospitalized patient vs.
two (0.7%) non-exposed HCWs. Two
HCWs with exposure had evidence of sero-
conversion in paired serum samples—nei-
ther reported exposure to poultry. One of
these reported a respiratory illness within
two days of exposure to a case, although
viral cultures remained negative. 

Although paired specimens were not
available from all exposed HCWs, these
data strongly support the limited occur-
rence of human-to-human transmission of
avian influenza during the outbreak in
Hong Kong.   ■
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