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Abstract: Infections pose a significant threat to morbidity and mortality during treatments for pedi-
atric cancer patients. Efforts to minimize the risk of infection necessitate preventive measures en-
compassing both environmental and host-focused strategies. While a substantial number of infec-
tions in oncologic patients originate from microorganisms within their native microbiological envi-
ronment, such as the oral cavity, intestines, and skin, the concrete risk of bloodstream infections
linked to the consumption of contaminated food and beverages in the community cannot be over-
looked. Ensuring food quality and hygiene is essential to mitigating the impact of foodborne ill-
nesses on vulnerable patients. The neutropenic diet (ND) has been proposed to minimize the risk of
sepsis during neutropenic periods. The ND aims to minimize bacterial entry into the gut and bacte-
rial translocation. However, a standardized definition for ND and consensus guidelines for specific
food exclusions are lacking. Most centers adopt ND during neutropenic phases, but challenges in
achieving caloric intake are common. The ND has not demonstrated any associated benefits and
does not ensure improved overall survival. Consequently, providing unified and standardized food
safety instructions is imperative for pediatric patients undergoing hematopoietic cell transplanta-
tion (HCT). Despite the lack of evidence, ND is still widely administered to both pediatric and adult
patients as a precautionary measure. This narrative review focuses on the impact of foodborne in-
fections in pediatric cancer patients and the role of the ND in comparison to food safety practices in
patients undergoing chemotherapy or HCT. Prioritizing education regarding proper food storage,
preparation, and cooking techniques proves more advantageous than merely focusing on dietary
limitations. The absence of standardized guidelines underscores the necessity for further research
in this field.

Keywords: cancer; foodborne infections; gut microbiota; hematopoietic cell transplantation;
neutropenic diet

1. Introduction

Infections pose a significant threat to morbidity and mortality during treatments for
pediatric cancer patients [1]. Various factors, such as skin and mucosal damage, the use of
central venous devices, prolonged or severe neutropenia, and concurrent immunosup-
pressant use, contribute to the increased risk of opportunistic infections in children un-
dergoing cancer treatment [2]. Sepsis represents one of the leading causes of fatal compli-
cations, and neutropenia significantly elevates the risk of sepsis [3].

The mortality rate attributed to infection in pediatric patients with severe neutro-
penia is estimated to be approximately 0.4% to 1.0% in those receiving chemotherapy and
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experiencing febrile neutropenia [4]. An association has been suggested between febrile
neutropenia and gut microbiota (GM) composition. Specifically, individuals with a more
stable GM profile over time tended to experience a shorter duration of fever. Patients with
prolonged fever had higher levels of certain GM microbes before hematopoietic cell trans-
plantation (HCT). These results could suggest a potential link between GM composition
and the development and progression of febrile neutropenia [5]. Preventive measures, in-
cluding environmental and host-focused strategies, are needed to reduce the morbidity
and mortality associated with infectious complications. While a significant proportion of
infections in oncologic patients are believed to originate from organisms within the resi-
dent microbiological flora, the possibility of bloodstream infection (BSI) potentially ac-
quired through the consumption of contaminated food and beverages in the community
is a concern [2]. Foodborne infections are particularly challenging, causing gastroenteritis
with symptoms such as diarrhea, vomiting, abdominal pain, and dehydration. Complica-
tions can be severe, affecting the nervous system and joints and causing hemorrhagic co-
litis, nutritional deficiencies, vascular issues, and renal failure [6-9]. Children are at a
higher risk of enteric and foodborne diseases. Age-related factors (physiological impair-
ment of the immune system and experimental touching and testing behaviors), dietary
factors (tendency to consume certain types of foods such as dried milk products, snack
foods, and candies), and environmental factors (direct contact with floors and other sur-
faces and the presence of an infected person or pet at home) are some of the main risk
factors for the pediatric population [10]. Further risks extend to the young with pre-exist-
ing or underlying conditions that affect their natural immunity, such as children with on-
cohematological conditions [11-16]. Monitoring food quality and hygiene is vital to re-
ducing the incidence and severity of foodborne illnesses [17].

Therefore, promoting food safety and educating patients on healthy eating practices
is crucial to minimizing the risk of infections and their complications in vulnerable popu-
lations [18]. The neutropenic diet (ND), a low-bacteria diet, has been developed in recent
years to reduce food-related risks [3]. The rationale behind the ND is to minimize the in-
troduction of bacteria and potential pathogens from food into the gut, thus reducing the
risk of bacterial translocation and bacteremia [19]. The ND generally involves excluding
foods such as fresh fruits and vegetables and limiting dairy and meat products, especially
the raw ones. However, there is no universal definition of the ND, and national consensus
guidelines for specific food exclusions are lacking [20].

It is not only important to consider the food safety implications of different recom-
mendations but also the impact on nutritional intake and sufficiency, for which there is a
dearth of international guidelines [21]. Most centers have specific nutritional guidelines
for transplant patients, and the majority adopt the ND during the neutropenic phase. The
duration of dietary restriction is based on factors such as immunosuppressive therapy,
time after transplant, and cellular immune status [22]. Patients undergoing HCT often face
challenges in acquiring sufficient oral calorie intake due to the side effects of treatment,
such as mucositis, nausea, vomiting, and diarrhea. Malnutrition can have long-lasting and
serious effects on the transplant process and is considered an independent risk factor for
morbidity and mortality in HCT patients [22,23]. The gut microbiota (GM) also plays a
crucial role in the outcomes and side effects of HCT. Dietary nutrients significantly influ-
ence the GM’s diversity and function. Interestingly, some foods excluded from the ND
may act as natural sources of probiotics and prebiotics, which promote a healthy and di-
verse intestinal microbial environment [20]. This narrative review aims to evaluate the
impact of foodborne infections in pediatric cancer patients and the role of the ND in rela-
tion to food safety practices in patients undergoing chemotherapy or HCT. Electronic
searches were conducted in the PubMed database from 1970 to 2023 using the following
keywords: “neutropenic diet” OR “foodborne infection” AND “cancer” OR “hematologi-
cal diseases” AND “children” OR “pediatric” OR “paediatric”. Only articles written in
English were selected, and a manual reference search of the eligible articles was con-
ducted.
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2. Foodborne Infection in Children with Cancer or Undergoing Hematopoietic Cell
Transplantation

There are various ways in which pathogens can contaminate food and drinking wa-
ter. Contamination can occur at any phase of the farm-to-table process. For instance, it can
occur due to pesticide use or soil contamination during the packaging process, food trans-
portation, food handling, or the cooking process [17]. Salmonella spp., Campylobacter spp.,
Shiga toxin-producing Escherichia coli, hepatitis E virus, and norovirus are among the most
common microorganisms involved. Listeria monocytogenes is responsible for some of the
most severe infections, especially in immunocompromised patients [24,25]. When collect-
ing the medical history of a sick patient, information regarding possible food exposure is
a fundamental step, even though identifying the exact source of the disease is often diffi-
cult. Patients may find it difficult to recall the composition of their meals, especially when
the exposure occurred days or weeks earlier. Additionally, it can be challenging to trace
the origins of ingredients sourced from different places and used in a single dish. Moreo-
ver, not all people who consume contaminated food develop a symptomatic disease. Strict
monitoring of animals and the food chain, the promotion of proper hygiene procedures
such as thorough handwashing and proper administration of vaccines in animals, to-
gether with proper food cooking, preparation, and storage, are crucial to decreasing the
incidence and severity of foodborne illnesses [17,26-31].

Foodborne infections are indeed rare in pediatric patients with oncological disease
or undergoing HCT. Moreover, it is difficult to ascertain the incidence of foodborne dis-
eases in this population due to the sporadic nature of cases reported in the literature and
the authors’ frequent omission of the exact food source of the disease. Furthermore, there
is no national registration system [26] that may enable the tracking of each infection. The
most reported instances in the literature are summarized in Table 1.
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Table 1. Main studies on foodborne infection in children with cancer or undergoing hematopoietic cell transplantation (HCT).
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developed encephalo-
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and solid-organ trans-
plant recipients.
Ye X, 2015, [30]

Hospital in Houston,
Texas

2), respiratory distress
(n=2), septic shock (n
=1), cardiac arrhyth-
mia (n=1), and
pneumatosis intesti-

nalis (n=1)
(A)  Campylobacter
(A) Cyclosporine and gastroenteritis
Bacterial foodborne 4069 HCT (A) A4-year-old girl mycophenolate mo- (B)  Salmonella gas-
infections after hema- To describe the inci- with CIMMDIS fetil troenteritis NA
ipient
topoietic cell trans- Retrospective  dence of bacterial rec%pmn s (B) A 17-year-old girl (B) Clophosphamide (C)  Salmonella gas- Patients A and B devel-
. . (children . Post HCT o\ Recovery
plantation. cohort study  foodborne diseases af- and with CML and busulfan troenteritis and oped gut graft-versus-
Boyle NM, 2014, ter HCT dults) (C) A 3-year-old boy (C) Melphalan, etopo- bacteremia host disease
[28] acuts with neuroblastoma side, and car- Definite sources of the
boplatin infections are

NA

* All patients were neutropenic at the time of the infections; ** as the patient responded poorly to the corticosteroid pre-phase, he was treated in the very high-risk
group of the protocol European Organization for Research and Treatment of Cancer 58,881. NA = not available; HCT = hematopoietic cell transplantation; ALL =
acute lymphoblastic leukemia; JMML = juvenile myelomonocytic leukemia; DIC = disseminated intravascular coagulation; AML = acute myeloid leukemi-
aCIMMDIS = immune deficiency disorder; CML = chronic myeloid leukemia; SOT = solid organ transplantation.
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In a retrospective study conducted in 2011, 21 bacterial infections were observed in
15 pediatric patients who underwent chemotherapy or immunosuppression due to a re-
cent HCT. Out of these cases, only 3 (14%) were identified as foodborne. In one of these
three cases, the origin of the infection was uncertain, while in the other two cases, the
source of the food was not properly checked and investigated in patients with severe neu-
tropenia [2]. Arora et al. report the case of a 15-year-old boy with relapsed ALL who de-
veloped a Bacillus cereus infection on induction chemotherapy. This pathogen predomi-
nantly contaminates cream-filled pastries, potatoes, eggs, or other salads with creamy
dressings, but can also colonize catheters or open wounds. In this specific case, Arora et
al. were not able to identify the specific source of the infection [16]. In addition, Saleeby et
al. reported a case of bacteremia caused by Bacillus cereus. A 17-year-old girl with ALL in
the induction phase of chemotherapy was infected. The authors of the study determined
that the source of the infection originated from a non-sterile preparation of tea leaf extract.
In fact, tests of tea bags taken from the patient’s room and from other locations in the
hospital revealed a high prevalence of contamination by the Bacillus species [27].

In a large single-center study at the “Fred Hutchinson Cancer Research Center” in
Seattle, Boyle et al. conducted a one-year follow-up study on all patients who underwent
HCT between 2001 and 2011 [28]. The aim was to estimate the incidence of foodborne
diseases in these patients. Patients were considered to have a bacterial foodborne infection
if Campylobacter jejuni, Listeria monocytogenes, Escherichia coli 0157:H7, Salmonella spp., Shi-
gella spp., Vibrio spp., or Yersinia spp. were isolated in culture within one year post-trans-
plant. Again, the study failed to specify the infection’s actual food source. Of the 4069
patients, 12 (0.3%) developed a bacterial foodborne infection, and 3 of these were pediatric
patients. The clinical presentation in the three children was severe, but all the patients
recovered after adequate and prolonged antibiotic therapy and appropriate supportive
care [28].

The viruses that are more commonly involved in foodborne diseases are norovirus
and hepatitis E virus [29]. A prospectively enrolled surveillance study of diarrhea in 55
HCT patients and 61 solid organ transplant (SOT) recipients with a mean age of 9 + 6.8
years showed that 25 (22%) were positive for the presence of norovirus in stool. Fifty per-
cent of Norovirus patients experienced diarrhea lasting > 14 days, and fifty-five were hos-
pitalized for diarrhea, with 27% requiring admission to the intensive care unit (ICU).
Therefore, noroviruses are the principal causes of diarrhea and are associated with signif-
icant complications in immunocompromised pediatric transplant recipients [30]. Further-
more, norovirus infection, which is often foodborne (fresh fruits and vegetables are typi-
cally the foods involved) or waterborne, causes chronic gastroenteritis due to the pro-
longed viral shedding [31].

Timely identification of the diarrhea’s etiologic agent is crucial for improving patient
clinical management, such as by helping limit antibiotic use or avoiding invasive endo-
scopic procedures that are performed during the investigation of different diagnoses like
graft versus host disease (GVHD) or adverse events resulting from immunosuppressive
therapy [30]. Another virus involved in foodborne diseases is the hepatitis E virus. This
foodborne infection, which can result from the consumption of undercooked game or
pork meat, can lead to chronic hepatitis in immunocompromised organ transplant recipi-
ents [11,32]. In this subset of patients, chronic infections can be life-threatening, as hepatic
insults can lead to inflammation and fibrosis. Furthermore, the need for re-transplantation
as a result of post-transplant hepatitis is of great concern [33].

Finally, Cryptosporidium, Giardia, and Toxoplasma are common parasitic foodborne in-
fections in children with cancer and other hematological conditions [11,15,34]. Domenech
et al. report two cases of Cryptosporidium infection during maintenance chemotherapy for
ALL [15]. It is well known that Cryptosporidium can cause prolonged watery diarrhea and
malabsorption associated with nausea and vomiting that can be life-threatening in trans-
plant patients; moreover, the organism is very difficult to eradicate [11,34]. Toxoplasmosis
is a rare infection that can occur after HCT and SOT, but it has a significantly high
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mortality rate [11]. The reported cases are often associated with inconsistent use of the
prophylactic trimethoprim and sulfamethoxazole (TMP-SMX) therapy, and the main
sources of infection are undercooked meat, unpasteurized sheep or goat’s milk, contami-
nated vegetables, raw oysters, clams, mussels, and also contact with contaminated cat fe-
ces [35-37].

Given the predictability, potential severe clinical manifestations, and limited effective
prophylactic therapies associated with these pathologies [38], it is understandable why
significant efforts have been made to educate patients on the importance of consuming
healthy and properly inspected food to reduce the risk of infections and their complica-
tions [18].

3. Dietary Restrictions to Reduce the Risk of Foodborne Infections: From
a Neutropenic Diet to Safe Food Handling

Children receiving antiblastic therapy have an increased risk of developing neutro-
penia, defined as an absolute neutrophil count (ANC) less than 500 cells/mm?. Neutro-
penia significantly elevates the risk of potentially fatal infections, such as sepsis. A low-
bacteria diet, referred to as ND, has been developed to reduce the risk of sepsis during
periods of neutropenia [3]. ND, also known as the immune-compromised diet, low-bacte-
ria diet, low-microbial diet, or sterile diet, involves excluding foods considered high in
microbial risk, especially fresh fruits and vegetables, and limiting dairy and meat prod-
ucts. However, there is no universal definition for the ND, and there is a lack of consensus
regarding specific food exclusions [20]. The rationale behind the ND is to reduce the in-
troduction of bacteria into the gut and potential pathogens contained in food sources,
thereby lowering the risk of bacterial translocation and bacteremia [19].

The diet’s evolution over the years is summarized in Figure 1.

The evolution of the diet

Rationale: to reduce the introduction of bacteria into the gut and potential pathogens contained in food
sources

4 —
Sterile diets of autoclaved and irradiated foods used in the context of

1960 germ-free environments -> considered unpalatable by patients ->
S cooked-food diet, more acceptable

.

A
Low-bacterial diet or neutropenic diet (ND) -> less than 500 colony-

1 9805 forming units/gram of food. Only 20% of meat and 30% of fresh fruit and
vegetables -> lower intakes of protein, energy, fiber, and vitamin C

b4
Food safety guidelines (F5Gs) -> based on five major areas that
recommend how foed should be shopped, storaged, prepared, cooked
20005 and served -> minor difficulty with dietary restrictions, differences in
febrile neutropenia and ANC compared to the ND group were not

L 4

statistically significant

Figure 1. The diet’s evolution over the years.

The ND was first introduced in the 1960s through the “sterile diet,” a diet in which
foods were sterilized in autoclaves or irradiated to eliminate bacterial loads. This diet was
unpalatable to patients because it lacked taste; thus, it was eventually replaced by the
“cooked food” diet, which is a non-sterile diet that sought to eliminate foods with a high
bacterial load [39]. The current ND, or low-bacterial diet, was developed in the 1980s with
the objective of limiting the presence of bacteria to less than 500 colony-forming
units/gram of food. Only a small proportion, specifically 20% of meat and 30% of fresh
fruit and vegetables, possessed this attribute and were suitable for consumption by neu-
tropenic patients [40]. Individuals following a neutropenic diet tend to have lower intakes
of protein, energy, fiber, and vitamin C compared to those on a regular diet. These
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restrictions in the neutropenic diet may worsen existing nutritional deficiencies, which is
of particular concern since many children undergoing cancer treatment already experi-
ence micronutrient deficiencies [23]. Patients undergoing cancer treatment are already at
a higher risk of malnutrition. Malnutrition reduces immune defenses and, consequently,
increases the risk of infection. It can also lead to more severe treatment-related side effects
and a poorer treatment outcome [23,41]. Malnutrition is also linked to impaired gut barrier
function, which increases the risk of bacteremia. All these reasons call into question
whether the risk of foodborne infection from consuming a normal diet outweighs the risks
associated with reduced nutritional intake and malnutrition. Additionally, following a
neutropenic diet may significantly impact the quality of life of patients [23]. Furthermore,
a lack of uniformity has been found in the development and administration of the ND, as
evidenced by a study conducted by Braun et al. that demonstrates the inconsistency in
this diet’s application. In this study, the survey was sent to 1639 pediatric oncologists at
198 institutions that are members of the Children’s Oncology Group. Fifty-seven percent
of oncologists used ND in their hospitals, but food restrictions and start and end require-
ments were very different from one center to another [42]. Studies have investigated
whether the ND’s microbiological profile and bacterial load differed from those of other
diets that can be prescribed in a hospital ward. Maia et al. analyzed 36 food samples, of
which 18 were part of a normal hospital diet and 18 were part of the ND. Five samples
were considered inadequate for ingestion because of a microbiological count above rec-
ommendations for B. cereus (n = 4) and coagulase-positive Staphylococci (n = 1). In con-
clusion, ND did not have a lower microbial load compared to the regular hospital diet.
Furthermore, samples from the ND had less fiber and vitamin C, and no samples achieved
the suggested daily intake of fiber, calcium, and iron [43]. This scarcity of fiber and vitamin
C is due to the limited representation of fresh fruit and vegetables in the ND, as cooking
processes can reduce nutrients and diminish nutritional quality [44]. Similar results were
examined in a study conducted by Galati et al. Thirty-four food samples were analyzed:
three varieties of vegetables and nine varieties of fruits in raw form and sanitized with
chlorine solution (n = 12), raw and washed under running water (n = 12), and cooked (n =
10). All samples were negative for the presence of Salmonella spp., and no colonies of
coagulase-positive Staphylococci were found. Vitamin C was studied in 20 samples. The
findings revealed a mean loss of 38.9% of vitamin C in cooked food compared to raw food.
These results confirm that there is no vast microbiological impact on raw food but rather
a loss of nutrients in cooked food. A systematic review, published in the Cochrane Data-
base, analyzed 619 studies investigating the effectiveness of a low-bacterial diet compared
to a control diet in preventing infections in adult cancer patients undergoing chemother-
apy-induced neutropenia. The authors concluded that there is no substantiating evidence
to endorse the utilization of a low-bacterial diet to prevent infections and their associated
consequences [4]. A few pediatric clinical trials were conducted over the years to study
whether ND could effectively reduce the impact of infection in children undergoing chem-
otherapy. One of the first studies was conducted by Moody et al. in 2006 [45], in which the
safety and feasibility of the ND were studied and compared to the food safety guidelines
(FSGs) set by the Food and Drug Administration (FDA). FSGs are based on five major
areas that recommend how food should be shopped, stored, prepared, cooked, and served
to avoid excessive bacterial contamination. Some recommendations are general advice
that should be included in any diet, such as not to consume expired foods or to wash
hands before cooking; others are more specific, such as the refrigerator’s temperature and
cooking temperature for meat. It is important to emphasize that these suggestions are ex-
tremely less stringent than the neutropenic diet. In Moody’s randomized study, there was
no statistically significant difference observed in the two main outcomes, febrile neutro-
penia and ANC, between the two study groups. The mean nadir for each group was 615
x 10%/L and 286 x 10°/L for the food safety and neutropenic diet arms, respectively. If only
those patients who became neutropenic were included, then the mean nadir for each
group was 184 x 10°/L and 130 x 10°/L for the food safety and the ND groups, respectively.
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Before the study concluded, an ANC below 1000 x 10°/L was 13.7 days for the food safety
diet group and 7.9 days for the ND group. The mean number of days with an ANC below
500 x 10°/L was 9.2 days for the food safety arm and 5.9 days for the ND arm. At the end
of the study period, researchers conducted weekly interviews using the 24-h diet recall
method with cancer patients and their parents, or alone if over the age of 16, to examine
adherence to the diet and tolerability. Adherence to the FSGs was 99.99%, as opposed to
94.1% for those who had followed the ND. Nine out of ten patients reported no difficulties
in following the FSGs. Some parents also found the guidelines to be helpful. The parents’
sole recommendations were to add more information about nutrients, calories, and con-
venience foods and to translate the guidelines into their native language. With regard to
the ND, all nine patients in the study admitted to having difficulties with dietary re-
strictions. The difficulty in sustaining the diet for more than one cycle was primarily due
to “too much to do” and “takeout foods”. Typically, patients failed to adhere to the ND
because of the restriction on raw fruit and takeout food. The fact that the frequency of
infections in the two groups was similar suggests that cancer patients should be allowed
to increase their food quality [45]. In 2018, the same authors conducted a similar multicen-
ter study that evaluated the effectiveness of ND restrictions on a larger population of pe-
diatric cancer patients. A group of 150 patients was randomly assigned to the FDA-ap-
proved FSGs (n =73) or ND + FSGs (n = 77). The primary outcome was to detect neutro-
penic infections; the second outcome was to study ND adherence and acceptability.
Twenty-four (33%) of FSG patients and twenty-seven (35%) of ND + FSG patients devel-
oped neutropenic infections. The microbiological cause of the infections was not found in
most hospitalized patients. Furthermore, there were no significant differences in symp-
toms at presentation, including gastrointestinal symptoms, in the average duration of neu-
tropenia (24 days for the FSG group and 25 days for the ND + FSG group), the degree of
neutropenia (71% for the FSG group and 74% of the ND + FSG group developed a grade
4 neutropenia), and the days in which the ANC was <500 x 10°/L (9.6 days for the FSG
group and 10.5 days for the ND + FSG group). Diet adherence in the FSG group was higher
in the ND + FSG group (99.26 + 4.8% versus 92.64 + 15.32%). This second group of patients
admitted to making a significant effort to follow the ND and were less satisfied. These
data confirm the previous study, showing that a liberalized diet significantly increases
adherence compared to a neutropenic diet and requires less effort, with no significant in-
crease in neutropenic infections [46]. Tramsen et al. investigated the real effectiveness of
the restrictions on social contact, pets, and food (including ND) imposed on patients with
AML receiving chemotherapy in line with the AML-BFM 2004 trial. A total of 339 patients
were enrolled in this multicenter analysis. The main outcome was the analysis of infec-
tious complications, wherein data were gathered from surveys conducted by the different
centers participating in the study. Following the statistical analyses, researchers found no
significant association between the previously mentioned restrictions and a decreased in-
cidence of FUQO, bacteremia, pneumonia, and gastroenteritis [47]. A recent consensus
statement from the Italian Association of Pediatric Hematology and Oncology (AIEOP)
and the Alliance Against Cancer’s Survivorship Care and Nutritional Support Working
Group did not recommend the ND, as there is no evidence to suggest that it is better than
regular diets with respect to safe food handling [48].

In conclusion, the ND has not been shown to be effective in reducing infections in
children undergoing chemotherapy, although many centers still use it. Table 2 summa-
rizes the major studies addressing ND in pediatric oncology patients. The ND is often
associated with a lack of patient compliance and a lower quality of life. Most importantly,
the real benefits of the ND over an unrestricted diet have not been convincingly demon-
strated. Therefore, the application of the ND should be questioned [49].
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Table 2. Major studies addressing neutropenic diet (ND) in pediatric oncology patients.

Title of the Study, First Author,

Year [Ref] Type of Study Objective

Population Outcome

To evaluate the infection rate
Multicenter  in pediatric cancer patients
prospective  randomized to the ND or
randomized  FDA-approved FSGs and as-
controlled trial sess tolerability and adher-
ence to the diets.

Feasibility and Safety of a Pilot Ran-
domized Trial of Infection Rate: Neu-
tropenic Diet Versus Standard Food
Safety Guidelines, Moody K, 2006
[45]

Infection rates for children on
19 pediatric on- the ND were similar to those of
cology patients patients following FSGs; the
(ND n =9; FSGsadherence rate was 94% for the
n=10) neutropenic diet and 100% for
the food safety guidelines.

To study neutropenic infec-
tion rates in pediatric oncol-
ogy patients randomized to
FSGs versus the ND plus
FSGs; study adherence to the
diets and acceptability.

A randomized trial of the effective-

ness of the neutropenic diet versus  Prospective
food safety guidelines on infection = randomized
rate in pediatric oncology patients, controlled trial
Moody K, 2018 [46]

150 patients ND offers no benefit over FSGs
were randomly | . . .
assiened to in the prevention of infection;

& diet adherence in the FSGs
FSGs (n=73) or roup was higher than in the
ND +FSGs (n = &'0"P &

77 ND + FSGs group.

Lack of effectiveness of neutropenic

Dietary restrictions were not

diet and social restrictions as anti-in-
fective measures in children with
acute myeloid leukemia, Tramsen L,

2016 [47]

Multi t
utcenter To check the effectiveness of 339 patients significantly associated with a

non-pharmacological
measures, including ND.

analyses on
AML-BFM
2004

treated in 37 in- decreased incidence of FUQ,
stitutions. bacteremia, pneumonia, and

gastroenteritis.

ND = neutropenic diet; FDA = Food and Drug Administration; FSGs = food safety guidelines; AML
= acute myeloid leukemia; BFM = Berlin-Frankfurt-Miinster; FUO = fever of unknown origin.

4. Food Restrictions for Patients Undergoing Chemotherapy or Hematopoietic Cell
Transplantation

Chemotherapy and HCT are characterized by a high risk of mortality and morbidity
due to infectious and immune-related complications, and intensive supportive care is pro-
vided. The significance of maintaining optimal nutritional status in these pediatric pa-
tients is increasingly recognized, both in terms of their immediate post-transplant out-
comes and their long-term development [20]. Nutritional support during chemotherapy
or HCT encompasses the type of diet administered during conditioning chemotherapy,
nutritional assistance during the neutropenic phase, and dietary considerations after re-
alimentation and discharge [20]. Patients undergoing chemotherapy or HCT often strug-
gle to achieve an adequate oral caloric intake due to treatment side effects, including mu-
cositis, nausea, vomiting, and diarrhea. The ND’s significant dietary restrictions in terms
of variety and types of foods eaten can exacerbate nutritional deficiencies, resulting in a
reduction in the daily intake of protein, fiber, and vitamin C. The long-term outcome of a
ND in children undergoing chemotherapy or HCT can vary based on various factors such
as the type and severity of cancer, individual response to treatment, and adherence to
dietary restrictions. Regular monitoring is essential to assess the effectiveness of the diet
and address any nutritional concerns, including the impact on their quality of life.

Malnutrition may have persistent, serious effects on the course of treatment and
transplantation [23,50]. A study showed that malnutrition before, during, and after HCT
is an independent risk factor for morbidity and mortality in patients who undergo HCT
[22]. There are no published studies comparing the quality of life of patients following an
ND versus those following a general diet during HCT. Trifilio et al. reported that patients
who experimented with both diets “emphatically stated that they preferred” the unre-
stricted diet because it was less restrictive in terms of food choices and allowed them to
maintain an adequate caloric intake [51].

4.1. Food Restrictions during Hematopoietic Cell Transplantation

At present, there is a dearth of international guidance on protocols for the corner-
stones of supportive care for patients undergoing HCT, including food restrictions. Due
to the absence of precise guidelines on food restrictions, there is inconsistency in clinical
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practices among different HCT centers [21]. Many centers follow their own trust guide-
lines or a mixture of guidelines from various sources [23]. Peric et al. conducted a survey
among the European Society for Blood and Marrow Transplantation (EBMT) centers
about their current nutritional practices. The survey was conducted from June 2015 to Jan-
uary 2016. The majority of respondent EBMT centers (93%) still regard the ND as a stand-
ard of care. These centers use either the standard ND or the ND with food fortification
and oral nutritional supplements [52].

In the survey conducted by Braun et al. investigating the administration of the ND to
patients undergoing HCT, 84% of the respondents stated that they had started the ND
upon hospital admission or at the start of the preparative regimen. In contrast, 14% of the
respondents initiated the diet based on ANC levels (89% when ANC was <500/L, 5% when
ANC was <1000/L, and 5% when ANC was <1500/L). Twelve percent of respondents
stopped the diet upon discharge, 24% stopped the diet when the patients were no longer
neutropenic, 35% stopped the diet day +100 post-transplant, and 29% stopped the diet at
discontinuation of immunosuppression. The survey results not only showed variability in
practices among different institutions but also within the same institution. This variability
in responses highlights the lack of clear guidelines on the topic of ND in pediatric patients [42].
Morris et al. conducted a national cross-sectional survey in the UK on food safety guid-
ance across specialist centers providing HCT or high-dose chemotherapy. They reported
consistencies in relation to the ND, specifically concerning the avoidance of unpasteurized
dairy products, raw or undercooked meat, and unpasteurized pate. Significant inconsist-
encies were observed in the responses concerning the source of water used in the medical
wards and the consumption of unpeeled fruits and vegetables [23]. Toenges et al. used a
questionnaire to investigate nutritional treatment after allogenic HCT (allo-HCT) in cen-
ters performing HCT in Germany, Austria, and Switzerland. All centers reported having
specific nutritional guidelines for transplant patients, and most centers (86%) adopted the
ND during the neutropenic phase. The duration of dietary restrictions was related to im-
munosuppressive therapy, time after transplant, and/or cellular immune status. In terms
of food-associated infections, 18% of centers observed infections during hospitalization,
while 64% reported at least one infection in the outpatient setting, demonstrating the as-
sociation between unregulated foodborne exposures in outpatient environments and
food-associated infections [22].

4.2. Effectiveness of the Neutropenic Diet in Children Undergoing Hematopoietic
Cell Transplantation

There is currently no scientific evidence demonstrating the efficacy of the ND in pre-
venting food-borne infections in adult or pediatric cancer patients undergoing chemother-
apy or HCT. The available data on the HCT population primarily originate from studies
conducted on adult patients, with limited information available for pediatric patients [21].
It is essential to reevaluate the use of the ND given its uncertain value and its potential
negative influence on nutritional status and quality of life [53].

Trifilio et al. conducted a retrospective study to analyze infectious complications in a
population of 726 adult patients undergoing HCT. Half of the patients followed an ND,
which excluded fresh fruit and vegetables, raw and undercooked meat and cheese, cold
smoked fish, raw grain products, and unpasteurized dairy products. The other half fol-
lowed a general hospital diet, which did not include uncooked meat, fish, or unpasteur-
ized dairy products. The study found significantly fewer microbiologically confirmed in-
fections in the general diet group (p < 0.027), particularly after the resolution of neutro-
penia (p < 0.008). Urinary tract infections and gastrointestinal infections (vancomycin-re-
sistant Enterococcus faecium, Enterobacteriacea, and Clostridium difficile) were more common
in the ND group. Changes to the normal GM induced by the change in diet could have
contributed to the emergence of pathogenic bacteria within the gastrointestinal tract and
subsequent urinary tract infections. There was no difference between the groups in terms
of mortality. The ND group had a longer length of stay after engraftment and a higher
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frequency of diarrhea. Acute grade II-IV gastrointestinal GvHD was more prevalent in the
ND group at 60 days after transplantation (47% versus 20%; p < 0.11) [51]. A randomized,
controlled prospective pilot study by Lassiter et al. evaluated the incidence of infection
and nutritional status in 46 adult patients undergoing HCT, with 25 patients on an ND
and 21 patients on a diet without restrictions from the first day of conditioning until en-
graftment. The study found no significant differences in infection rates or nutritional sta-
tus between the two groups. The authors concluded that, since immunocompromised pa-
tients typically have a reduced oral intake, it is essential to avoid restrictions that further
limit food choices. Many of the foods restricted in the ND are cool and odorless (for ex-
ample, fresh fruits and vegetables), which are appealing to patients undergoing HCT and
experiencing mucositis, nausea, or vomiting [54]. A random-effects meta-analysis by
Sonbol et al. involved 1116 adult and pediatric patients, of whom 772 underwent HCT
and were compared in terms of the ND and a regular diet. The analysis did not highlight
any statistically significant difference between the ND and a regular diet in terms of major
infection rates (relative risk [RR] 1.16; 95% confidence intervals [CI] 0.94 to 1.42) or bacte-
remia/fungemia (RR 0.96; 95% CI 0.60 to 1.53). ND was associated with a slightly higher
risk of infection in patients undergoing HCT (RR 1.25; 95% CI 1.02 to 1.54). There was no
difference in mortality between the ND and a regular diet (RR 1.08, 95% CI 0.78 to 1.50) [55].
In the study by Taggart et al., 102 pediatric patients undergoing HCT were divided into
two groups: 49 patients followed the neutropenic diet, while 53 patients followed the
modified HCT diet, which is a food safety-based diet with more relaxed restrictions. The
study did not find substantial evidence indicating differences in the incidence of BSI, viral
infections, GvHD, days of total parenteral nutrition use, or death in the first 100 days post-
transplant. There were no significant differences in subjective tolerance between the two
diets [50]. Despite the lack of scientific evidence in this regard, many centers still recom-
mend the ND, viewing it as a cautious and sensible practice [19].

A recently published study conducted a prospective, multicenter, randomized phase
3 trial that included all consecutive hospitalized adult patients undergoing auto- or allo-
HCT, as well as adult patients expecting a period of neutropenia >7 days. The study aimed
to investigate the impact of a protective diet (involving foods cooked at >80 °C and washed
and peeled thick-peel fruit) compared to a non-restrictive diet (involving washed fresh
fruit and vegetables handled in accordance with safe food handling practices). A total of
222 patients were randomly assigned and analyzed, with 111 in the protective diet group
and 111 in the non-restrictive diet group. The study found that the incidence of fever of
unknown origin, including febrile neutropenia with unknown origin, and sepsis was sim-
ilar in both arms. The incidence of acute GVHD was comparable between the two groups.
Therefore, the restrictive diet poses an unnecessary burden on patients’ quality of life [56].

The role of diet has gained prominence as a significant factor in influencing the com-
position, metabolic profile, and resilience of the GM, particularly in the context of trans-
plantation, due to the profound connection between the nutrients we consume and the
makeup and functions of the GM. Alterations in diet, even in the short term, can induce
rapid changes in the GM. A diet rich in fiber and fermented foods can enhance GM diver-
sity, reduce inflammation markers, and exert a distinct influence on immune responses
[57]. In patients undergoing allo-HCT, there is a destruction of the GM, characterized by
reduced diversity and a prevalence of potentially pathogenic bacteria, mainly caused by
the therapies such patients undergo for both the underlying pathology and the transplant
procedure. GM dysbiosis in patients undergoing allo-HCT contributes to major adverse
outcomes, such as the development of acute GVHD and the occurrence of BSI, and corre-
lates with mortality [20]. Furthermore, nutritional support is increasingly recognized as a
crucial element in modulating the GM of allo-HCT recipients. Nutrients introduced
through the diet are major modulators of the GM’s diversity and function. Foods com-
monly excluded from the ND may be natural sources of probiotics and prebiotics that
promote intestinal microbial diversity [20,23]. Increasing attention to the impact of
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nutritional status and gut dysbiosis on the clinical outcome of cancer patients and im-
provements in supportive care have enabled a reevaluation of the use of the ND [19].

4.3. Food Management Practices

Recently, the EBMT, the European Society for Clinical Nutrition and Metabolism (ES-
PEN), and the American Health Organization proposed replacing the ND with the imple-
mentation of safe food handling guidelines. This would result in enhanced palatability of
foods and, consequently, an increase in caloric intake without raising the risk of infection
[51,58-60]. The U.S. Department of Agriculture/FDA still advises against the consumption
of raw ground meat or unpasteurized milk and dairy products, classifying other foods
such as fresh vegetables and salad as low-risk foods for cancer patients as long as certain
handling and preparation conditions are strictly adhered to [21]. Fresh, raw fruits and
vegetables are permitted if previously washed under running tap water to ensure they are
free from visible damage [20].

The intake of fiber-rich fruits and vegetables may be beneficial for GM homeostasis
by providing the substrate for SCFA production, consequently modulating mucosal im-
munity, and reducing the incidence of GVHD [61,62]. Ifversen et al. proposed an algo-
rithm to provide guidelines on protective measures for pediatric and adolescent HCT pa-
tients after they are discharged to home. These guidelines are based on expert consensus
and include food restrictions, social distancing, and behavior at home and away from
home.

Patients are stratified into three risk classes—low, intermediate, and high—based on
immune recovery, the presence of GVHD, the level of immunosuppressive therapy, and
infectious frequency. This assessment is performed at discharge, at day +100, and at day
+180 post-HCT [21]. Clean, separate, cook, and chill are the four essential steps to be fol-
lowed to reduce pathogen overgrowth in food: “clean” brings together detailed recom-
mendations for washing hands and surfaces; “separate” provides guidance on how to
prevent cross-contamination from one food to another; “cook” provides guidance on how
to cook different foods at safe temperatures, and “chill” provides guidance on how to
properly refrigerate foodstuffs [21].

5. Conclusions

Pedjiatric cancer patients face an elevated risk of infectious complications, with a no-
table proportion of infections arising from organisms within the resident microbiological
flora. Although infrequent, foodborne infections can lead to severe clinical manifestations
[2,38]. Given their susceptibility to such illnesses, it is imperative to educate cancer pa-
tients in order to minimize risks and improve treatment outcomes [25]. Various dietary
approaches, including the ND, have been developed to mitigate the risk of infections. The
ND has failed to demonstrate any associated benefits, nor does it ensure superior overall
survival [63]. Despite challenges, ND has been widely administered to both pediatric and
adult patients as a precautionary measure [4,59]. Therefore, it is essential to offer shared
and standardized food safety guidance to pediatric patients undergoing chemotherapy
and HCT [23,46]. Clinical trials are ongoing, and long-term outcome analysis as well as
data on the effects on pediatric cancer patients’ health, physical development, and quality
of life are urgently needed. Emphasizing education about proper food storage, prepara-
tion, and safe cooking practices rather than focusing solely on food restrictions positively
impacts both the quality of life and the GM [23]. Given the documented influence of vari-
ous dietary elements on GM, it would be interesting to investigate the impact of specific
foods on intestinal flora and HCT outcomes [20]. It would also be useful to evaluate the
necessity of differentiated dietary guidelines based on the type of transplant the patient
undergoes, taking into account the potential significant differences in the intensity of
chemotherapy and immunosuppressive treatment [23]. The absence of standardized
guidelines underscores the necessity for further research in this domain [64].
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