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Abstract

AIM: To explore the value of fecal lactoferrin in pre-
dicting and monitoring the clinical severity of infectious
diarrhea.

METHODS: Patients with acute infectious diarrhea
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ranging from 3 mo to 10 years in age were enrolled,
and one to three stool samples from each subject were
collected. Certain parameters, including white blood
cells /differential count, C-reactive protein, fecal mucus,
fecal pus cells, duration of fever, vomiting, diarrhea
and severity (indicated by Clark and Vesikari scores),
were recorded and analyzed. Fecal lactoferrin was de-
termined by enzyme-linked immunosorbent assay and
compared in different pathogen and disease activity.
Generalized estimating equations (GEE) were also used
for analysis.

RESULTS: Data included 226 evaluations for 117 indi-
viduals across three different time points. Fecal lactofer-
rin was higher in patients with Sa/monella (11.17 ug/g
* 2.73 ug/q) or Campylobacter (10.32 png/g = 2.94 ug/q)
infections and lower in patients with rotavirus (2.82 nug/g
*+ 1.27 ug/q) or norovirus (3.16 pg/g = 1.18 pg/q) in-
fections. Concentrations of fecal lactoferrin were signifi-
cantly elevated in patients with severe (11.32 pg/g %
3.29 ug/g) or moderate (3.77 ug/g £ 2.08 ng/g) disease
activity compared with subjects with mild (1.51 ug/g
+ 1.36 pg/g) disease activity (P < 0.05). GEE analysis
suggests that this marker could be used to monitor the
severity and course of gastrointestinal infections and
may provide information for disease management.

CONCLUSION: Fecal lactoferrin increased during bac-
terial infection and with greater disease severity and
may be a good marker for predicting and monitoring in-
testinal inflammation in children with infectious diarrhea.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Infectious diarrhea caused by pathogens may induce
gastroenteritis, bloody stool, or severe intraabdominal
infections, which spreads disease, especially among infant
and child populations, and increases the economic bur-
den. Viral infection is a leading cause of diarrhea among
children in developed and developing countries. More-
over, several bacterial pathogens, including Salmonella
spp., Campylobacter spp., and Shigella spp., can cause invasive
diarrhea. These pathogens have the capacity to invade
the mucosa of the distal small intestine and colon, stimu-
late local and systemic inflammatory responses, and may
sometimes cause hemorrhaging and ulceration of the
mucosa. Although acute infectious diarrhea is a common
clinical disease in children, few reliable and noninvasive
diagnostic tools have been used as biological markers in
patients with acute infectious diarrhea or persistent diges-
tive symptoms.

Lactoferrin, an 80 kDa iron-binding glycoprotein
produced by many exocrine glands, is a major whey pro-
tein with a major constituent in the secondary granules
of neutrophilic leukocytes. Lactoferrin displays diverse
biological activities, ranging from the activation of innate
immunity“’zJ, microbicidal effects”, and anti-cancer cell
responses’ . Exposure of host cells to lactoferrin may
modulate subsequent cellular functions, such as cytokine
gene activation”, cytotoxicity”, and T cell” or B cell”
maturation. Lactoferrin may affect innate immunity by
stimulating macrophages through interaction with toll-
like receptor pathwayslzj. Because diarrheal illnesses
are extremely common in communities and hospitals
throughout the world, a noninvasive inflammatory mark-
er may be helpful for disease management. The presence
of lactoferrin in bodily fluids, including intestinal lumen,
is proportional to the flux of neutrophils, and its assess-
ment can provide a reliable biomarker for inflammation.
Neutrophils have been shown to be involved in the per-
petuation of inflammation in the gut in acute infections
caused by Shigella and Salmonella and inflammatory bowel
disease (IBD)""". Guerrant ¢ a/'” confirmed increased
fecal lactoferrin in 96% (25/26) of samples from patients
with shigellosis and concluded that fecal lactoferrin was a
useful marker for fecal leukocytes.

Few scales are available for evaluating gastroenteritis
disease severity. The most commonly used scoring scales
are the Vesikari 20-point scale, in which an episode of
gastroenteritis with a score = 11 is considered severe!”!
(= 11 moderate, = 16 severe), and the Clark 24-point
scale, in which an episode of gastroenteritis with a score
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= 16 is considered severe!!. Our present prospective
study was conducted to explore the role of fecal lactofer-
rin in gastrointestinal infection, including (1) predicting
bacterial or viral infection; (2) ascertaining the extent to
which values may be associated with the severity of gas-
troenteritis in the above scales; and (3) monitoring the se-
verity and course of gastrointestinal infection, which may
provide information for disease management.

MATERIALS AND METHODS

This prospective study enrolled and analyzed children be-
ing treated in Chang Gung Children’s Hospital located in
Northern Taiwan. All subjects provided written informed
consent, and three fecal samples were collected from
each subject.

Enrollment was conducted between September 2008
and May 2010. Diarrhea was defined as three or more
outputs of loose or liquid stools per day. Inclusion cri-

teria were 3 mo to 10 years of age and hospitalization
with infectious diarrhea. Exclusion criteria were immu-
nodeficiency and history of IBD or gastrointestinal tract
surgery. The study protocol was approved by the Institu-
tional Review Board of Chang Gung Memorial Hospital.
Informed consent was obtained from the parents of all
cligible children. The study was performed in accordance
with the Declaration of Helsinki.

Upon entering the study, hospitalized patients re-
ceived treatment consisting of intravenous fluid and oral
rice water or half-strength formula. The severity of diar-
rhea was evaluated according to the following parameters:
volume of stools, fecal consistency and frequency. Other
clinical symptoms, including fever, vomiting, abdomi-
nal pain, daily intake, and appetite, were also assessed.
All participants underwent first-step hematology and
biochemistry tests [including blood cell counts, serum
C-reactive protein (CRP), and electrolytes] as well as fe-
cal pus cell and mucus analysis. Disease severity was re-
corded using the severity scoring methods of the Vesikari
20-point scale and Clark 24-point scale. In the Vesikari
20-point scale, an episode of gastroenteritis with a score
= 11 is considered moderate or severe (< 11 mild, =
11 moderate, = 16 severe)m, and in the Clark 24-point
scale, an episode of gastroenteritis with a score = 16 is
considered severe. Fecal samples of some patients were
collected at three different time points, including the
initial stage of infectious diarrhea, 3-5 d later and 7-10 d
later. Series follow-ups of fecal lactoferrin were measured
by enzyme-linked immunosorbent assay. Their control
group comprised 15 children (mean age, 3.7 years; range,
1-10 years) without diarrhea. We compared and analyzed
the levels of fecal lactoferrin collected from the different
patients at the same time point.

Identifying pathogens

To assess the etiology of infectious diarrhea, fecal speci-
mens were collected to detect Salmonella, Shigella or Cam-
pylobacter colonies on specifically prepared agar plates.
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Table 1 Patient characteristics

Gender
Female 52
Male 65
Age (mean), yr 3.23 (3 mo-10 yr)
Pathogen identified
Rotavirus 41
Norovirus 28
Salmonella 31
Campylobacter 17
Disease severity (Vesikari scoring scale)
Mild 42
Moderate 50
Severe 25
Duration of diarrhea (median), h 73.8 (14-169)
Vomiting, (d) 2.1 (0-5)
Fever, (d) 2.9 (0-7)
WBC counts (10°/L) 12 658 + 2364
CRP (mg/L) 347+22.1

Hemoglobin (g/dL, n =117)
Platelets (10°/L, n = 117)

11.6 (8.2-15.3)
232 (134-585)

Range in brackets. WBC: White blood cells; CRP: C-reactive protein.

The fecal specimens were also sent for evaluating rofavirus
antigen levels by ELISA and norovirus RNA by real-time
polymerase chain reaction.

Lactoferrin assay

The stool samples were prepared and analyzed for lacto-
ferrin according to the manufacturer’s instructions (As-
sayMax Human Lactoferrin ELISA Kit, St. Chatles, MO,
United States). This assay employs a quantitative sandwich
enzyme immunoassay technique that measures lactoferrin
in 4 h. A polyclonal antibody specific for lactoferrin was
pre-coated onto a microplate. Lactoferrin standards and
samples were sandwiched by the immobilized antibody
and a biotinylated polyclonal antibody specific for lacto-
ferrin recognized by a streptavidin-peroxidase conjugate.
Absorbance was read at 440 nm. Lactoferrin was ex-

pressed as pg/g of feces.

Statistical analysis
Simple univariate correlation coefficients (Spearman
rank correlation) were calculated using baseline data
only. Independent associations between the variables
of interest were investigated by generalized estimat-
ing equations (GEE). GEE is a regression technique
that allows the investigation of longitudinal data while
adjusting for within-patient correlations. GEE requires
a predefined working correlation structure for the de-
pendent variable (lactoferrin), and based on first level
and follow-up data, an exchangeable correlation struc-
ture was chosen here. The GEE approach was devel-
oped to correct for repeated outcomes within the same
subject“sl. When using data from more than two time
points, the GEE analysis was employed for longitudinal
analysis (associations).

A univariate comparison between groups was per-
formed with a 7 test for repeated measures, and the 12 test
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Figure 1 Grouped samples of fecal lactoferrin (ug/ g feces) in healthy
children and children with gastroenteritis caused by different pathogens,
including rotavirus, norovirus, Salmonella and Campylobacter infection.
The mean level of fecal lactoferrin was higher in patients with Salmonella or
Campylobacter infections but lower in patients with rotavirus or norovirus infec-
tions. Horizontal line: Mean; °P < 0.05.

and Fisher’s exact test were used with categorical data.
Analyses were performed on the intention-to-treat popu-
lation. A P value less than 0.05 was considered significant,
and the statistical tests were two-tailed. The GraphPad
Software Prism 3.03 (GraphPad Software, Inc., San Di-
ego, CA, United States) and SPSS Software, version 15.0
(SPSS Inc., Chicago, 1L, United States), were used for the
statistical analysis.

RESULTS

Description of samples

A total of 154 participants were screened between Septem-
ber 2008 and May 2010. From that cohort, 37 patients were
excluded from further study because no definite pathogen
was identified from the stool examination. Among the
individuals included in the study, rofavirus infection was
diagnosed in 41 patients, and norovirus infection was diag-
nosed in 28 patients. In addition, Salmonella infection was
diagnosed in 31 patients and Campylobacter infection in 17
patients. Demographic details are shown in Table 1.

The data include a total of 226 evaluations for 117
individuals across three different time points. The pat-
tern of assessment was as follows: 43 subjects (36.9%)
had three assessments, 23 (19.6%) had two assessments,
and 51 (43.5%) had one assessment. The mean age of the
subjects was 3.23 years (SD 2.15, range 3 m/0-10 y/o),
and 65 (55.5%) were male.

Fecal lactoferrin

The mean = SD of the fecal lactoferrin concentration
was 11.17 pg/g £ 2.73 ug/g in patients with Salnonella
infections, 10.32 pg/g + 2.94 pg/g in patients with Caz-
Pylobacter infections, 2.82 pg/g £ 1.27 pg/g in patients
with rotavirus infections and 3.16 pg/g £ 1.18 ug/g in pa-
tients with norovirus infections (Figure 1). Concentrations
of each fecal marker for patients with either form of
bacterial infection were significantly elevated compared
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Table 2 The Vesikari and Clark severity scoring scales for the evaluation of gastroenteritis in children

Severity scoring scales Point value
1 2 3
Vesikari®”
Duration of diarrhea (d) 14 5 =6
Maximum number of diarrhea stools/24 h 1-3 4-5 =6
Duration of vomiting (d) 1 2 =8
Maximum number of vomiting episodes/24 h 1 2-4 =5
Temperature (C) 37.1-38.4 38.5-38.9 =39.0
Dehydration - Mild Moderate to severe
Treatment Rehydration Hospitalization -
Clark
Diarrhea
Number of stools/d 2-4 5-7 =8
Duration in days 1-4 5-7 =8
Vomiting
Number of emeses/d 1-3 4-6 =7
Duration in days 2 3-5 =6
Rectal temperature
Temperature (C) 38.1-38.2 38.3-38.7 = 38.8
Duration in days 1-2 3-4 =5
Behavioral symptoms/signs
Description Irritable/less playful Lethargic/listless Seizure
Duration in days 1-2 3-4 =5
a disease activity. The P values for lactoferrin were < 0.05.
‘ a | Mild
20 - A Moderate
i " ¥ Severe Univariate linear regression analysis
- a v Certain parameters associated with the level of fecal lac-
15 B M toferrin, including white blood cells/differential count,
2 " C-reactive protein, fecal mucus, fecal pus cells, duration
Q I~ .. . . . .
=S v of fever, vomiting, diarrhea and severity (as indicated by
= _ — . .
240 | viv Clark and Vesikari scores), were recorded and analyzed.
% - R v To determine the correlation between these parameters
s L N . and fecal inflammatory markers, we performed a univari-
© - Apaad . . .
S ] TS v ate linear regression analysis. . .
- . M M The univariate linear regression analysis revealed that
|— A
_ o "mal A:é;‘ . the Vesikari score, Clark score, fecal pus cells, CRP, vom-
A A .. . . .
o [ "tmmammem il iting and dehydration were all correlated with lactoferrin
Mild Moderate Severe level (Table 3).

Figure 2 Fecal lactoferrin level (ug/ g feces) in children with mild , moder-
ate or severe disease activity according to the Vesikari score (< 11 mild,
= 11 moderate, = 16 severe). Levels of fecal lactoferrin were elevated in
moderate and severe disease activities. Horizontal line: Mean; °P < 0.05.

with those of virus-infected patients. The P values for
lactoferrin were < 0.05. No statistical differences were
observed in fecal lactoferrin concentrations between the
clinically confirmed Salmonella and Campylobacter infec-
tions. The P values for lactoferrin was 0.71.

The mean £ SD of fecal lactofertin concentration was
11.32 pg/g £ 3.29 pg/g in patients with severe disease ac-
tivity (Vesikari score = 16, Table 2), 3.77 pg/g £ 2.08 ug/g
in patients with moderate disease activity (Vesikari scote
= 11) and 1.51 pg/g £ 1.36 pg/g in patients with mild
disease activity (Vesikari score < 11, Figure 2). Concentra-
tions of each fecal marker for patients with either form
(viral or bacterial) of severe or moderate disease activity
were significantly elevated compared with those of mild
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GEE analysis results

Table 4 reveals the results of the multivariate analysis of
the predictive value of fecal lactoferrin with time varia-
tions. Subjects with higher Vesikari severity scores had
higher fecal lactoferrin levels initially (when time = 0), and
the levels of fecal lactoferrin may have decreased when
followed-up at different time points (when time > 0).

(Lactoferrin = 3.9289 + 3.2257 X Vesikati score - 0.1835
X time - 0.1575 X time X Vesikari score)

However, there was no significant relationship be-
tween fecal lactoferrin and the Clark score with time
variations. On the contrary, subjects with higher band
form (%) had higher fecal lactoferrin levels initially (when
time = 0), and the levels of fecal lactoferrin may have de-
creased when followed-up at different time points (when
time > 0).

(Lactoferrin = 3.6654 + 1.9759 X Band + 1.627 X time
-1.5261 X Band X time)
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Table 3 Univariate linear regression outcome: Lactoferrin

(y=a+px)

Table 4 Generalized estimating equations analysis for series

follow-up of fecal lactoferrin

B Standard 95% CI P value

error -
Lower Upper

WBC -0.05 0.10 -0.25 014 0581
Segment 0.00 0.02 -0.05 0.05 0.941
Band 0.47 0.27 -0.07 1.01 0.089
CRP 0.02 0.01 0.00 0.04  0.043"
Fecal pus cell

None 0.00

Present 0.38 1.55 -2.74 349  0.809
Fecal occult blood

None 0.00

Present 1.71 1.22 -0.73 4.15 0.165
Fecal mucus

None 0.00

Positive -2.21 1.46 -5.14 0.71 0.135
Vesikari scoring scale

Non-severe < 11 0.00

Moderate = 11 2.76 -1.50 7.02  0.191

Severe = 16 2.81 1.13 0.56 5.07  0.015"
Clark scoring scale

Non-severe < 16 0.00

Severe = 16 3.13 1.10 0.93 532  0.006"
Body temperature 0.29 0.30 -0.31 0.89 0341
Abdominal pain 0.88 0.63 -0.39 2.15 0.169
Abdominal distension ~ -0.30 1.01 -2.32 1.71 0.764
Dehydration 3.13 1.38 0.37 589  0.027°
Oral intake 1.13 1.23 -1.33 359 0362
Activity 1.13 1.00 -0.87 3l3) 0.262
Fever day 0.09 0.28 -0.46 0.65 0.739
Diarrhea day 0.41 0.29 -0.60 1.41 0.423
Vomiting day -0.99 0.53 -1.93 -0.04 0.041°

P < 0.05. WBC: White blood cells; Band: Band form neutrophil; CRP:
C-reactive protein.

DISCUSSION

An intense intestinal infection involves intense infiltration
of neutrophils, macrophages, mast cells, lymphocytes,
natural killer cells, other inflammatory cells in the epi-
thelial lining and the lamina propria of the colonic mu-
cosa''”. Cells in the innate immune system secrete various

enzymes and metabolites, including myeloperoxidase and
lactoferrin, produced by activated neutrophils. Lactofer-
rin is found mainly in the oral cavity and intestinal tract
where it can come into direct contact with pathogens,
such as viruses and bacteria. The noninvasive fecal mark-
er lactoferrin may prove useful in screening for inflamma-
tion in patients with abdominal pain and diarrhea"”. Our
study demonstrates the usefulness of fecal lactoferrin for
detecting colonic inflammation in children with gastroin-
testinal symptoms, such as enteritis or enterocolitis.

The most significant function of lactoferrin in mu-
cosal defense is its antimicrobial activity. Lactoferrin can
also amplify the actions of lysozyme and secretory im-
munoglobulin A"™. I vitro studies have shown lactoferrin’
s bactericidal effects on I cholerae, Salmonella enterica subsp.
enterica serovar mutants, Pseudononas aeruginosa, Escherichia cols,
and Candida albicans’™. Thus, increased stool levels of lac-
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Parameter Estimate Standard 95% P value
error  confidence interval
Clark score
Intercept 5.1523 0.7490 3.6843 6.6202 < 0.0001°
Clark score 2.0393 1.7397 -1.3704  5.4489 0.2411
Time -0.3729 0.2530 -0.8688 0.123 0.1405
Time x Clark 0.5826 0.8342 -1.0525 22177 0.485
Vesikari score
Intercept 3.9289 0.8437 2.2752 5.5825 < 0.0001°
Vesikari score 3.2257 1.3018 0.6741 5.7773  0.0132°
Time -0.1835 0.2715 -0.7157  0.3487 0.4992
Time x Vesikari  -0.1575 0.5222 -1.1811  0.8660  0.0429°
Band (band form neutrophil)
Intercept 3.6654 1.0750 1.5585 5.7723  0.0007°
Band 1.9759 0.6951 0.6135 3.3383  0.0045"
Time 1.6270 0.8206 0.0186 3.2354  0.0474"
Band x time -1.5261 0.4677 -2.4428  -0.6094  0.0011°

P <0.05.

toferrin in acute shigellosis may suggest increased degran-
ulation of neutrophils upon stimulation that may promote
the killing of Shigella in the colonic mucosa. Interaction of
lactoferrin with immune system cells induces a regulated
release of cytokines, such as interleukin 6 and tumor ne-
crosis factor alpha'”, which has also been observed dut-
ing acute Shigella infection in adults™?" and children.

Fecal lactoferrin has been reported as a promising
biomarker in active Crohn’s disease” and ulcerative coli-
tis™ requiring the exclusion of patients enrolled with a
history of the above IBDs. Indeed, in patients without
known IBDs suspected of having a bacterial diarrheal
illness, fecal lactoferrin may be useful in evaluating bac-
terial gastrointestinal infections in which antimicrobial
therapy may be presctibed (e.g., Salmonella, Shigella, Cam-
Ppylobacter, and pathogenic Escherichia coli spp.) and aid in
following the inflammatory activity of bacterial infection.
Previous study has suggested that fecal lactoferrin could
serve as a screening tool for deciding when to perform
a stool culture™. Fifty-five patients were enrolled in the
Choi e a/*" study, and the researchers reported that fe-
cal lactoferrin was higher in invasive bacterial pathogens
and might greatly enhance a cost-effective approach for
evaluating infectious diarrhea™. Fecal lactoferrin could
be a more sensitive test than fecal leukocytes for evaluat-
ing patients with acute diarrhea. Scerpella ez a/™ reported
that 94% of travelers with invasive pathogens had posi-
tive fecal lactoferrin, while only 69% had fecal leukocytes.
The other study has also found that fecal lactoferrin was
better than methylene blue for detecting invasive patho-
gensw. According to our study, the fecal lactoferrin level
is higher in bacterial gastrointestinal infections, such as
Salmonella and Campylobacter, but lower in patients with 7o-
tavirus ot norovirus infections. The above results are similar
to the findings of Choi e/ al™ (higher fecal lactoferrin in
Salmonella, Campylobacter and Shigella infections but lower
in rotavirus infections).

In some meta-analyses of the sensitivity and specific-

October 7, 2011 | Volume 17 | Issue 37 |



ity of different markers of intestinal inflammation associ-
ated with invasive pathogens (e.g, fecal leukocytes, occult
blood in stool, and fecal lactoferrin), fecal lactoferrin was
recommended as having the best diagnostic accuracy” .
In enteroaggregative Escherichia coli infectious diarrhea,
mucosal inflammation included heavy mucus formation,
intimate cell adherence, and secretion of toxins, and the
common finding was higher fecal lactoferrin, which sug-
gests a diffuse colonic inflammatory processm’m. Our
study has demonstrated that fecal lactoferrin is higher in
infections caused by Salmonella and Campylobacter and in
moderate or sevete disease sevetity.

In our study, the data include 226 evaluations for 117
individuals across three different time points. Concentra-
tions of fecal lactoferrin were significantly elevated in pa-
tients with severe or moderate disease activity compared
with those with mild disease activity (P < 0.05 for each
marker). Univariate linear regression analysis revealed that
the Vesikati and Clark scores, fecal pus cells, CRP, vomit-
ing and dehydration were all correlated with the lactofer-
rin level. The parameters of the Vesikari and Clark scores
included body temperature, severity of dehydration, and
the number of instances and duration of diarrhea and
vomiting, Fecal pus cells are usually positive in bacterial
infection. Increased CRP may be related to intestinal mu-
cosal inflammation caused by pathogens. Taken together,
fecal lactoferrin might correlate with disease activity,
which may include the number of instances and duration
of diarrhea or vomiting, severity of fever or dehydration,
fecal pus cells and CRP.

GEE is a regression technique that allows the investi-
gation of longitudinal data and corrects for the repeated
outcomes within the same subject. GEE requires a pre-
defined working correlation structure for the dependent
variable (lactoferrin) and is based on first level and follow-
up data. In our study, we found that fecal lactoferrin on
the first evaluation and follow-up levels were highly asso-
ciated with Vesikari scores. The above results indicate that
fecal lactoferrin may be useful in monitoring the severity
of infectious diarrhea during the course of the disease
and may provide information for the management of gas-
trointestinal infection. In addition, fecal lactoferrin levels
at the first evaluation and at follow-up were also associ-
ated with the band-form percentile. This result suggests
that fecal lactoferrin may play a role in monitoring the
disease activity and providing guidance for treating infec-
tious diarrhea. According to our study, the measurement
of fecal lactoferrin may be a useful noninvasive test for
evaluating intestinal infectious or inflammatory situations.
For children with persistent diarrhea or recurrent diges-
tive symptoms after one episode of gastrointestinal infec-
tion, fecal lactoferrin could be a helpful tool for providing
treatment and management information for physicians.

In conclusion, the non-invasive marker fecal lactofer-
rin was able to predict bacterial or viral infection, and the
relative values may be associated with the severity of gas-
troenteritis, corresponding to Vesikari and Clark scores.
Furthermore, fecal lactoferrin may be useful in monitor-
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ing the severity and course of gastrointestinal infections,
which may provide information for disease management
and follow-up.
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COMMENTS

Background

This study provides increasing evidence that acute gastrointestinal infection is
a common clinical disease in children. Few reliable, noninvasive and painless
diagnostic tools have been used as biological markers in patients with acute
gastroenteritis.

Research frontiers

How to predict the infectious pathogens (virus or bacteria) that caused acute diar-
rhea has not been fully clarified. The use of fecal leukocytes, pus cells and serum
C-reactive protein has been attempted but was not fully effective. Fecal lactoferrin
could be involved in the inflammation caused by the intestinal infectious patho-
gen. We attempt to investigate a useful noninvasive fecal marker for predicting
and monitoring intestinal inflammation in children with infectious diarrhea.

Innovations and breakthroughs

The study design measures the level of fecal lactoferrin during acute infectious
diarrhea. The authors also investigated the clinical information and certain pa-
rameters of patients, as well as used univariate linear regression analysis and
generalized estimating equations to (1) predict bacterial or viral infection; (2)
ascertain the extent to which values may be associated with the severity of gas-
troenteritis; and (3) monitor the severity and course of gastrointestinal infection,
which may provide information for disease management.

Applications

This study found that fecal lactoferrin is higher in patients with Salmonella infec-
tion or Campylobacter infections but lower in patients with rotavirus infection
or norovirus infections. Fecal lactoferrin increased during bacterial infection
and with greater disease severity and may be a good marker for predicting and
monitoring intestinal inflammation in children with infectious diarrhea.

Peer review

The study by Chen and colleagues presents the value of using fecal lactoferrin
to predict and monitor the clinical severity of infectious diarrhea. The study is
well planned, includes a robust sample size, is well controlled and the results
are clearly interpretable. Perhaps, one benefit, which they argue for the ap-
proach in using fecal lactoferrin is that it allows for diagnosis and monitoring
without using invasive approaches.
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