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In the Literature
Protozoa and Food-borne
Enteric Pathogens

Gourabathini P, Brandl MT, Redding KS,
et al. Interactions between food-borne
pathogens and protozoa isolated from let-
tuce and spinach. Appl Environment Mi-
crobiol 2008; 74:2518–25.

The US Centers for Disease Control
and Prevention estimates that 76 million
Americans become ill, 1300,000 are hos-
pitalized, and ∼5000 die due to food-
borne illnesses each year [1], with fresh
produce, which is often eaten raw, among
the most important vehicles for trans-
mission. Among the most feared of the
infections are those caused by Shiga
toxin–producing Escherichia coli O157
(STEC O157), because of its association
with hemolytic uremic syndrome. An
outbreak of STEC O157 infection in the
United States in 2006, which caused hun-
dreds of cases of diarrhea and dozens of
cases of hemolytic uremic syndrome, was
traced to spinach that had probably been
contaminated in the field by irrigation
water that itself had been contaminated
by cow feces [2]. Iceberg lettuce was im-
plicated in another outbreak that oc-
curred later in that same year.

One means routinely utilized to control
bacterial pathogens that contaminate the
surface of leafy vegetables is to wash them
with a sanitizer, most often containing
chlorine—a process that reduces the bac-
terial load but does not eliminate it. Gour-
abathini and colleagues have now explored
one potential explanation for the ability of
these enteric pathogens to persist by ex-
amining the potential role of protozoa in
this phenomenon. They were able to re-
cover multiple protozoans, including flag-
ellates, ciliates, and amoebae, from spin-
ach and lettuce that had been purchased
in stores and demonstrated that these
protists readily ingested fluoroscein-la-
beled Salmonella enterica, STEC 0157, and
Listeria monocytogenes. Although there
were differences among the individual

protozoan-bacteria pairs, in general, the
bacteria were sequestered within proto-
zoan food vacuoles, where they often sur-
vived and replicated. Protozoa apparently
expel these vacuoles (also called vesicles)
and viable STEC 0157, having multiplied
within them, may then escape into their
environment.

These investigators had previously
demonstrated enhanced survival of S. en-
terica in food vacuoles released by the cil-
iate Tetrahymena pyriformis ATCC 30202
(originally isolated from spinach). Fur-
thermore, S. enterica contained within
vesicles was protected from low concen-
trations of calcium hypochlorite, a com-
monly used produce sanitizer. The study
examined here indicates that survival and
replication within food vacuoles of a va-
riety of protozoa present on the surface of
store-bought leafy vegetables, especially
spinach, is a more general phenomenon.
Although it was not studied here, this in-
travesicular environment may also provide
the protozoa with protection against san-
itizing agents, thus allowing their intro-
duction into the human food supply.
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Is the Neutropenic Diet
Effective and Necessary?

Gardner A, Mattiuzzi G, Faderl S, et al.
Randomized comparison of cooked and
noncooked diets in patients undergoing
remission induction therapy for acute my-
eloid leukemia. J Clin Oncol 2008; 26:
5684–8.

In 1981, Jack Remington and Steve
Schimpf published a statement entitled
“Please Don’t Eat the Salads” in which
they strongly recommended that neutro-
penic patients not eat uncooked food in
order to avoid ingestion of microorgan-
isms that might subsequently be the cause
of bacteremic infection [1]. This statement
contributed to the widespread adoption of
“neutropenic diets,” which, among other
things, generally prohibit fresh vegetables,
fruits, and juices. This implementation oc-
curred in the absence of empirical evi-
dence of the benefit of such dietary re-
striction. Gardener and colleagues have
now examined the issue in a randomized
trial that compared diets involving cooked
and noncooked foods in patients under-
going remission induction therapy for
acute myeloid leukemia.

All patients were managed in rooms
with filtered air and received prophylaxis
with levofloxacin and valacyclovir, as well
as with an antifungal agent. A total of 153
patients were randomized. Patients as-
signed to noncooked food were encour-
aged to eat fresh fruit and vegetables daily;
the fruit and vegetables were washed for
30 s with cold water before they were
eaten. The patients were balanced, with
limited exception, with regard to their che-
motherapeutic regimens.

Major infection (e.g., pneumonia, bac-
teremia, or fungemia) developed in 23
(29%) of 78 persons who ate only cooked
foods and in 26 (35%) of 75 persons who
ate some uncooked foods ( ), as wellP p .6
as in 19 (36%) of 53 patients who refused
randomization and were fed cooked diets.
There was also no statistically significant
difference in the time to major infection,
complete response rates to chemotherapy,
or mortality between the randomly as-
signed groups. Pneumonia occurred nu-
merically more frequently in the cooked-
food group than in the uncooked-food
group (15% vs. 5%; ), where-P p .06
as bacteremia or fungemia occurred less
frequently in the former (9% vs. 23%;
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). The 11 cases of microbemiaP p .03
among patients (4 of whom had pneu-
monia) who received cooked-food diets
included 2 cases due to Enterococcus spe-
cies, 4 due to aerobic gram-negative bacilli,
and 1 due to Candida species. The 23 cases
of microbemia among 22 patients (7 of
whom had pneumonia) included 5 cases
due to Enterococcus species, 8 due to aer-
obic gram-negative bacilli, and 1 due to
Fusarium species.

Although this study found no evidence
of benefit associated with consumption of
cooked-food diets with regard to the in-
cidence of major infections, the overall
power of the study was limited by sample
size. Furthermore, there appeared to be a
possible excess number of cases of bac-
teremia or fungemia among patients who
received uncooked-food diets (P p .03
for the difference). Although this may be
considered statistically significant, if ad-
justed for multiple comparisons (which
has become a controversial issue among
statisticians), it would not be the case. Fur-
thermore, there were no significant dif-
ferences between the groups with regard
to major infections or mortality. As the
authors state, a more definitive trial would
be welcome.
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Subversive Tuberculosis
Granulomas

Davis JM, Ramakrishnan L. The role of
the granuloma in expansion and dissem-
ination of early tuberculous infection. Cell
2009; 136:37–49.

The formation of granulomas in re-
sponse to infection with Mycobacterium
tuberculosis is generally considered a crit-
ical element in the protective host re-
sponse to the organism. Davis and Ra-
makrishnan, using transparent zebrafish
embryos experimentally infected with My-
cobacterium marinum and intravital real-
time imaging, appear to have disrupted
this dogma with evidence that granulomas
instead play in important role in the early
dissemination of the organism. The model
resulting from their work is one in which
expansion of the mycobacterial popula-
tion within granulomas formed early in
the infection is the result, at least in part,
of a process in which infected macro-
phages undergo apoptotic death and are
then ingested by macrophages newly re-
cruited to the site. In this experimental
system, an average of 2.3 newly arrived
macrophage cells ingest 1 previously in-
fected cell, thus amplifying the number of
mycobacteria-laden cells. Some of the
newly infected macrophages leave the es-
tablished granuloma and establish sec-
ondary granulomas. Both the massive
apoptosis of macrophages and the re-

cruitment of macrophages to the early
granuloma depend on RD1, part of the
ESX-1/RD1 secretion system. RD1 thus
plays a key role in establishing the viru-
lence of mycobacterial infection, turning
the innate immune system on its head by
utilizing the recruitment and phagocytosis
by macrophages against the host.

One can justifiably question the rele-
vance to tuberculosis in humans of a
model that uses M. marinum infection of
zebrafish. This model has, however, closely
mimicked the early stages of M. tubercu-
losis infection. Another caveat to consider
is that this model deals only with early
granuloma formation and says nothing
about the role of mature established gran-
ulomas, which undoubtedly differ in
many respects. One example of such a dif-
ference is the role of tumor necrosis factor,
an essential component of immunity to
M. tuberculosis. Although it is necessary
for the maintenance of granulomas, tumor
necrosis factor nonetheless does not play
an important role in their initial forma-
tion. Another difference is the time-de-
pendent intervention of adaptive immu-
nity which does not play a role in the
zebrafish model used in the study under
review. Nonetheless, the findings of Davis
and Ramakrishnan should make us re-
consider many of our concepts of the role
of the granuloma in tuberculosis, which
may initially play a subversive, rather than
a protective role.
DOI: 10.1086/598964
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