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Abstract
Background and objectives: Guaiac fecal occult blood test (gFOBT) is often used to evaluate evidence of food protein-induced 
allergic proctocolitis (FPIAP) in children in primary care and gastroenterology settings; however, it has not been validated 
for this diagnosis, and little is known about the positivity rates in early infancy. In this study, we used samples from healthy 
asymptomatic infants aged two weeks to two months to evaluate the gFOBT positivity rate compared to those diagnosed with 
FPIAP.

Methods: This was a nested case-control study. Frozen stool samples from infants aged two days to five months enrolled in the 
Gastrointestinal Microbiome and Allergic Proctocolitis study were evaluated using gFOBT (n = 123). The results were inter-
preted by three blinded staff members, including a trained clinical research coordinator, a pediatric gastroenterologist, and an 
experienced medical assistant. Additionally, the samples were analyzed using a quantitative fecal immunochemical test (FIT) 
for hemoglobin to compare with gFOBT results.

Results: Eight percent of samples from the 100 healthy asymptomatic infants were gFOBT positive (11% when including posi-
tive and equivocal results). Seventy-four percent of samples from infants diagnosed with FPIAP were gFOBT positive. The 
interrater reliability of gFOBT interpretation was 81%. Of the healthy samples that yielded a positive gFOBT result, 50% also 
yielded a positive FIT result. Of the 23 FPIAP samples that yielded a positive gFOBT result, 29% yielded a positive FIT result.

Conclusions: Healthy asymptomatic infants in early infancy were gFOBT positive up to 11% of the time. Caution should be 
used when interpreting gFOBT results in young infants in a diagnostic setting.
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Introduction
The guaiac fecal occult blood test (gFOBT) is a non-invasive, 
qualitative method widely utilized in both adult and pediatric 
medicine to detect occult blood in stool, though its sensitivity and 
specificity in many clinical scenarios have not been investigated. 

In young infants, it is commonly used to aid diagnosis of food 
protein-induced allergic proctocolitis (FPIAP), also referred to as 
cow’s milk protein allergy (CMPA) or milk soy protein intoler-
ance,1–4 but its validity for this indication or in this particularly 
young age group has not been well studied. FPIAP is a non-immu-
noglobulin E-mediated food allergy presenting in the first months 
of life (median age of diagnosis is 35 days),1 with fussiness and 
mucus and/or blood in the stool in an otherwise healthy infant. It 
is often associated with nonspecific symptoms such as reflux or 
“colic”, watery stools, or constipation.2–4 Diagnosis is made clini-
cally, with no reliable biomarkers, and while oral food challenges 
are the recommended confirmatory method, these are very rarely 
done in clinical practice.4–8

The gFOBT has been used very frequently as a supportive tool 
in diagnosis, but its sensitivity and specificity in this context are not 
well established, with false positives being reported.3,9–11 In older 
studies, in many children thought to have FPIAP clinically based on 
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rectal bleeding,12 the diagnosis was not confirmed on biopsy or oral 
food challenges. As such, there is rising concern that FPIAP may be 
overdiagnosed based on the presence of rectal bleeding alone (gross 
or occult), particularly in otherwise healthy infants.13 There is little 
to no evidence on the use of gFOBT to diagnose FPIAP or to assess 
response to treatment. There is significant risk associated with di-
etary elimination in this age group, making overdiagnosis and treat-
ment of FPIAP a newly important area of study.

In this nested case-control study, we sought to evaluate the 
gFOBT positivity rate in healthy, asymptomatic infants from a 
large prospective healthy infant cohort. We focused on children 
aged two weeks to two months (when the majority of cases of 
FPIAP are identified). We also sought to evaluate the inter-rater 
reliability of interpretation of guaiac cards in the clinical setting. 
Finally, we evaluated the relative performance of newer quantita-
tive fecal immunochemical test (FIT) for hemoglobin, now more 
commonly used for colorectal cancer screening, in both healthy 
infants and those diagnosed with FPIAP from the same cohort.

Materials and methods

Study design and sample collection
The Gastrointestinal Microbiome and Allergic Proctocolitis 

(GMAP) study is an ongoing prospective, observational healthy 
infant cohort study evaluating the early development of food al-
lergies in infants, as previously published.1,14,15 The GMAP study 
was approved by the Massachusetts General Hospital Institutional 
Review Board (IRB - #2013P002374), in accordance with the 
Declaration of Helsinki (as revised in 2024), and a parent of all 
enrolled infants gave written informed consent. Infants in GMAP 
were prospectively identified as having FPIAP based on prespeci-
fied diagnostic criteria (symptoms, pediatrician diagnosis, docu-
mented blood in the stool), as previously published. Stool samples 
were collected longitudinally from diapers at every infant well-
child visit and were stored in cryovials at −80 degrees Celsius. We 
selected infants from the GMAP study who developed FPIAP and 
those who did not for this nested case-control study (n = 123) to 
evaluate testing for occult blood in the stool (Fig. 1). Inclusion in 
this nested case-control study was defined as not having diagnosed 
FPIAP (for the healthy, asymptomatic control group) or having di-
agnosed FPIAP (for the positive control group). Exclusion from 
this nested case-control study was defined as being out of the age 
range (older than six months) or having a documented reason for 
having blood in stool other than FPIAP. From the stored samples 
available, we selected “positive control” or FPIAP samples from 
infants diagnosed with FPIAP (as per clinical diagnosis from the 
treating physician and documented positive guaiac test or gross 

Fig. 1. Consort flow diagram of the parent GMAP Cohort Study and the nested case-control presented here. FIT, fecal immunochemical test; FPIAP, food 
protein-induced allergic proctocolitis; gFOBT, guaiac fecal occult blood test; GMAP, Gastrointestinal Microbiome and Allergic Proctocolitis.
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blood in stool not attributable to another cause, as previously pub-
lished),1 who had stored samples collected on the date of known 
guaiac positivity in real time in the clinician’s office. We first 
thawed and repeated gFOBT on these samples (stored at −80°C 
for several years). We then selected samples from healthy infants 
without FPIAP (our healthy controls), based on parent report, phy-
sician assessment, and chart review. These were age-matched to 
the range of ages represented by the positive controls (median age 
of 1.04 months, with a range of 0.46 to 2.17 months for the healthy 
infants and a median age of 0.92 month, with a range of 0.099 
to 5.49 months for the positive controls) (Table 1). For cases and 
controls, we processed the first 23 and 100 samples, respectively, 
that had adequate volume of frozen stool and met the inclusion 
criteria above.

gFOBT interpretation
Samples were slowly thawed, and several distinct smears from the 
same tube were collected. The Beckman Coulter (Indianapolis, IN, 
USA) gFOBT kit was used following the manufacturer’s instruc-
tions. The result of each card was read by blinded staff, includ-
ing a trained clinical research coordinator performing the test, a 
clinical pediatric gastroenterologist on research study staff, and a 
trained blinded medical assistant who frequently reads these tests 
in the pediatric primary care setting. All three were instructed to 
record a binary “positive” or “negative” result. A “positive” result 
occurred when the smear on the card turned blue upon applica-
tion of the developer solution, indicating the presence of blood. 
Additionally, the clinical research coordinator and gastroenterolo-
gist were instructed to record another answer, choosing from three 
choices: “weakly positive/borderline”, “positive”, or “negative” 
result. A “weakly positive” result was defined as a card that turned 
light blue or had small blue spots upon application of the developer 
solution. In cases where the three readers disagreed on a binary 
result, the majority ruled.

Chart review
Healthy infants without FPIAP whose gFOBT were positive were 
then chart reviewed for any evidence of possible contributors to 
false-positive results (comorbidities, medications, supplements, 
clinical symptoms, diet), and these were recorded.

FIT testing
A hemoglobin enzyme-linked immunosorbent assay from Ameri-
can Laboratory Products Company Diagnostics (Salem, NH, USA) 
was performed on the same sample set as above to quantify human 
hemoglobin present. A cut-off value to determine positivity ac-
cording to the FIT was presented as one standard deviation above 
the median hemoglobin concentration of the healthy infant sam-
ples, as suggested by the manufacturer.

Statistical analysis
We used Fisher exact and chi-square testing to assess the asso-
ciation between breastfeeding and occult blood testing results. We 
used a point-biserial correlation to assess the correlation between 
gFOBT and FIT testing, with FIT results treated as a continuous 
variable and gFOBT treated as binary (positive/negative). Com-
parison of median FIT results between infants with and without 
FPIAP was also conducted through a Mann-Whitney U test.

Results

Healthy infants’ gFOBT and FIT results
We analyzed samples from 100 healthy asymptomatic infants (me-
dian age 1.04 months [0.459, 2.17]) from the GMAP study,1 46% 
of whom were female, 50% of whom were exclusively breastfed, 
41% were partially breastfed, and 9% were fed formula at their 
initial visit (Table 1).

Of the 100 healthy asymptomatic infant samples, eight (8%) 
yielded a positive gFOBT result and 92 (92%) yielded a negative 
result when using the binary “positive” or “negative” interpreta-
tions (Table 2). When using this binary interpretation, the interrater 
reliability between the three readers was 81%. When allowing for a 
sample from an infant without FPIAP to be interpreted as “weakly 
positive”, three (3%) were determined to be “weakly positive”, 
eight (8%) were positive, and 89 (89%) were negative (Table 2).

Of the eight positive result samples, four (50%) had a FIT he-
moglobin concentration above the 0.603 µg/g cut-off value, and 
four (50%) had a hemoglobin concentration below the cut-off 
value (Fig. 2). Of the 92 negative result samples, three (3%) had a 
hemoglobin concentration above the cut-off value, and 89 (97%) 

Table 1.  Demographics stratified by food protein-induced allergic proctocolitis (FPIAP) status of this subset of analyzed infants from this cohort

No FPIAP FPIAP

N 100 23

Median age (months) 1.04 0.92

Age range (months) 0.46–2.17 0.10–5.40

Sex (Female) 46 (46%) 7 (30.4%)

Vaginal Delivery 64 (64%) 16 (69.6%)

Initial diet

  Exclusively breastfed 50 (50%) 12 (52.2%)

  Formula-fed 9 (9%) 3 (13%)

  Partially breastfed 41 (41%) 8 (34.8%)

Perinatal antibiotic exposure 0 (0.0%) 10 (10.0%)

Eczema 12 (52.2%) 40 (40.8%)

Immunoglobulin E-mediated food allergy 2 (8.7%) 0 (0.0%)
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had a hemoglobin concentration below the cut-off value (Fig. 2). 
Of the three “weakly positive” samples, three (100%) had a hemo-
globin concentration below the cut-off value (Fig. 2). If the “weak-
ly positive” samples were considered positive, this would bring the 
overall positivity rate to 11%. Upon chart review of the 11 healthy 
infants whose samples yielded either a positive or “weakly posi-
tive” result, at the time their samples were collected, none were 
on iron supplementation, two were being treated for a diaper rash, 
two were reported as being colicky/fussy, one had mucousy stool, 
and one was noted to have reflux. Receiving breast milk was not 
associated with an increased rate of positive gFOBT (p = 0.432) or 
FIT (p = 0.669).

Infants with FPIAP gFOBT and FIT results
We also analyzed the samples from 23 infants diagnosed with FPI-
AP (median age 0.92 month [0.099, 5.49]) from the GMAP study,1 
30.4% of whom were female, 52.2% of whom were exclusively 
breastfed, 34.8% were partially breastfed, and 13% were fed for-
mula (Table 1).

Of the 23 positive control samples from infants with known FPI-

AP, 17 (73.9%) yielded a positive gFOBT result, and six (26.1%) 
yielded a negative gFOBT result (Table 2). The interrater reliability 
between the three readers was 91%. Of these 17 positive result sam-
ples, five (29%) had a hemoglobin concentration above the cut-off 
value used in the FIT, and 12 (71%) had a hemoglobin concentra-
tion below the cut-off value. Of the six negative result samples, one 
(17%) had a hemoglobin concentration above the cut-off value, and 
five (83%) had a concentration below the cut-off value (Fig. 3).

We found no significant difference in median FIT results be-
tween infants with and without FPIAP (0.095 µg/g and 0.178 µg/g, 
respectively, p > 0.2). Across all samples analyzed, there was a 
very weak correlation between gFOBT and FIT results, with a 
point-biserial coefficient of 0.23 (p = 0.008) when utilizing contin-
uous FIT results, and a Spearman correlation of 0.39 when treated 
as binary (p < 0.001).

Discussion
In this study, we first sought to evaluate the gFOBT positivity rate 
in healthy young infants. We found that 8% (11% when including 
“weakly” positive results) of healthy asymptomatic infants aged 
zero to two months had a positive gFOBT. This adds to a few prior 
reports of high rates at this age.9,16 This is a relatively high positiv-
ity rate in infants without symptoms, which clinicians should con-
sider carefully when using gFOBT for diagnostic purposes, par-
ticularly in this age range. Concha et al.,9 who confirmed FPIAP 
diagnoses through oral food challenges, found an FOBT sensitivity 
of 84% and a specificity of 66%, with 34% of healthy infants test-
ing positive, concluding that FOBT is not specific enough to con-
firm FPIAP in infants with rectal bleeding, as a significant portion 
of healthy infants also had positive results.

Guaiac testing also has variability in interpretation, with dis-
crepancies among providers in identifying what constitutes a 
“positive” or “weakly/borderline positive” result, leading to accu-
racy issues, particularly among noncertified providers.17 We found 
the inter-rater reliability to be 81%. Due to many limitations of 
gFOBT, relatively newer immunochemical fecal occult blood tests 
(FIT) have emerged, with higher specificity in detecting human 

Fig. 2. Visualization of hemoglobin concentration in samples from infants without food protein-induced allergic proctocolitis (FPIAP) compared to guaiac 
fecal occult blood test (gFOBT) results of the same samples. SD, standard deviation.

Table 2.  Results of guaiac fecal occult blood test (gFOBT) compared to 
fecal immunochemical test (FIT) in healthy infants and infants with food 
protein-induced allergic proctocolitis (FPIAP)

Positive FIT Negative FIT Total

Healthy infants

  Positive gFOBT 4 (50%) 4 (50%) 8

  Negative gFOBT 3 (3%) 89 (97%) 92

  Total 7 (7%) 93 (93%) 100

Infants with FPIAP

  Positive gFOBT 5 (29%) 12 (71%) 17

  Negative gFOBT 1 (17%) 5 (83%) 6

  Total 6 (26%) 17 (74%) 23
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hemoglobin.18 These tests detect antibody-human hemoglobin 
complexes, making them less susceptible to interference from non-
human hemoglobin sources.18,19 However, a meta-analysis of stud-
ies on detecting colorectal cancer in patients with iron deficiency 
anemia has shown no significant difference between gFOBT and 
FIT.20 FIT application in diagnosing gastrointestinal disorders in-
volving bleeding in infants and children remains underexplored. 
We evaluated the performance of a quantitative FIT assay in this 
infant population, both in healthy asymptomatic infants and in 
those diagnosed with FPIAP, and found poor correlation between 
the FIT and gFOBT results. The majority of the samples that were 
gFOBT positive were FIT negative, and yet (depending on cut-off 
values) there were more FIT-positive results than positive gFOBT 
results in the healthy control samples. The poor correlation be-
tween FIT and gFOBT could be explained by a number of fac-
tors that warrant further investigation: different methodologies to 
measure heme (FIT is human-specific, guaiac is not), resulting in 
different causes of false positives and false negatives for each test.

There are several possible explanations for positive FIT and/
or positive gFOBT in healthy young infants, including increased 
permeability of the infant’s GI tract leading to small amounts of 
heme, dysbiosis, maternal blood in breast milk,21 and previously 
identified causes of false positives of the tests themselves. While 
we were not able to distinguish maternal from infant blood in 
these samples, we did show that there was no association between 
breastfeeding and positive gFOBT or FIT.

There are several limitations to this study. Samples were pre-
viously frozen at −80°C for several years, which likely lowered 
the sensitivity (however, the number of positive results is there-
fore likely under- rather than over-reported, making the findings, 
if anything, more striking).22 The positive control samples were 
positive 74% of the time, which may represent a combination of 
freeze-thaw effects as well as the non-homogenization of stool 
samples. Because enrollment was closed for several years, we 
were not able to reproduce these findings in fresh samples, but this 
is an important area for future research.

Conclusions
In summary, caution should be used in interpreting gFOBT re-

sults in young infants, as we found that up to 11% were positive 
in healthy, asymptomatic infants. More prospective research is 
needed to understand the role (if any) of gFOBT or FIT testing 
in this age group, as well as work toward discovery of novel, 
better-performing noninvasive biomarkers. In the meantime, we 
advise against using gFOBT as a primary diagnostic tool for 
CMPA or FPIAP. Instead, we strongly advise following pub-
lished clinical guidelines in the diagnosis and management of 
infants suspected to have CMPA or FPIAP, which require an 
open challenge of the offending food one month after symptoms 
resolve before confirming the diagnosis and continuing dietary 
antigen restriction.
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