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ABSTRACT
Objectives  The MOSAIC study aimed to evaluate if the 
Cow’s Milk-related Symptom Score (CoMiSS) can be used 
as a stand-alone diagnostic tool for cow’s milk protein 
allergy (CMPA).
Design  Single-blinded, prospective, multicentre 
diagnostic accuracy study.
Setting  10 paediatric centres in China.
Participants  300 non-breastfed infants (median age 16.1 
weeks) with suspected CMPA.
Interventions  After performing the baseline CoMiSS, 
infants commenced a cow’s milk protein elimination diet 
with amino acid-based formula for 14 days. CoMiSS was 
repeated at the end of the elimination trial. Infants then 
underwent an open oral food challenge (OFC) with cow’s 
milk-based formula (CMF) in hospital. Infants who did 
not react during the OFC also completed a 14-day home 
challenge with CMF. A diagnosis of CMPA was made if 
acute or delayed reactions were reported.
Primary outcome measures  A logistic regression model 
for CoMiSS to predict CMPA was fitted and a receiver–
operator characteristic (ROC) curve generated. An area 
under the curve (AUC) of ≥0.75 was deemed adequate 
to validate CoMiSS as a diagnostic tool (target sensitivity 
80%–90% and specificity 60%–70%).
Results  Of 254 infants who commenced the OFC, 250 
completed both challenges, and a diagnosis of CMPA 
made in 217 (85.4%). The median baseline CoMiSS in 
this group fell from 8 (IQR 5–10) to 5 (IQR 3–7) at visit 2 
(p<0.000000001), with a median change of −3 (IQR −6 
to −1). A baseline CoMiSS of ≥12 had a low sensitivity 
(20.3%), but high specificity (87.9%) and high positive 
predictive value (91.7%) for CMPA. The ROC analysis 
with an AUC of 0.67 fell short of the predefined primary 
endpoint.
Conclusions  The present study did not support the 
use of CoMiSS as a stand-alone diagnostic tool for 
CMPA. Nevertheless, CoMiSS remains a clinically useful 
awareness tool to help identify infants with cow’s milk-
related symptoms.

Trial registration number  NCT03004729; Pre-results.

INTRODUCTION
Cow’s milk protein allergy (CMPA) is one of 
the most common food allergies in infants 
and young children.1 The reported preva-
lence of CMPA in Europe, USA and China 
ranges from 0.5% up to 4.9%.2–5 While the 
immediate symptoms of immunoglobulin E 
(IgE)-mediated CMPA are readily recognised, 

Strengths and limitations of this study

	► The Cow’s Milk-related Symptoms Score (CoMiSS), 
a widely used clinical awareness tool, was designed 
to help primary healthcare providers in identifying 
infants with cow’s milk-related symptoms.

	► This single-blinded, prospective, multicentre study 
(MOSAIC study) in 300 Chinese infants with sus-
pected cow’s milk allergy was adequately powered 
to assess if CoMiSS could be used as a stand-alone 
diagnostic tool for cow’s milk protein allergy (CMPA).

	► Following the Standards for Reporting of Diagnostic 
Accuracy Studies 2015 guidelines for reporting diag-
nostic accuracy studies, the study validated CoMiSS 
as the index test against the reference standard for 
a diagnosis of CMPA, the oral food challenge (OFC).

	► The primary study endpoint was based on the area 
under the curve of the receiver operating charac-
teristic curve, in line with established diagnostic 
standards.

	► While the open OFC with predefined, objective stop-
ping criteria is generally considered adequate for 
a diagnosis of CMPA in infants, the lack of double-
blinding of the OFC in the present study may have 
introduced confirmation bias into the challenge 
readout.
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the diagnosis of non-IgE mediated CMPA may be difficult 
due to the delayed onset of symptoms and overlap with 
other common paediatric conditions, such as infantile 
colic, gastro-oesophageal reflux, gastrointestinal infection 
or lactose intolerance.6–9 In addition, apart from an oral 
food challenge (OFC) with cow’s milk, there is currently 
no diagnostic test for non-IgE-mediated CMPA.10–12

The Cow’s Milk-related Symptom Score (CoMiSS) was 
proposed by an expert panel in 2015 as an awareness tool 
for evaluating cow’s milk-related symptoms in infants.13 
The CoMiSS tool generates a score based on gastrointes-
tinal, dermatological, respiratory and general symptoms 
(total score range 0–33) which may be associated with 
CMPA (online supplemental figure S1). A pilot study 
suggested that a CoMiSS≥12, in conjunction with a ≥50% 
score reduction following a cow’s milk protein (CMP) 
elimination diet was suggestive of a diagnosis of CMPA.14 15 
Several studies have assessed the diagnostic accuracy of 
CoMiSS in predicting CMPA, as well as tracking the clin-
ical response to an elimination diet.15–19 While the clinical 
usefulness of predicting CMPA by CoMiSS was suggested 
in some of these studies, none was adequately designed to 
formally validate CoMiSS as a diagnostic tool. Two recent 
systematic reviews have concluded that CoMiSS may be 
useful in monitoring the clinical response to an elimina-
tion diet but found published data insufficient to recom-
mend CoMiSS as a diagnostic tool for CMPA.12 20

The aim of the present study was to evaluate if CoMiSS, 
originally developed as an awareness tool, can be used 
as a stand-alone diagnostic tool for CMPA in infants. 
Secondary objectives included the assessment of sensi-
tivity and specificity of the baseline CoMiSS before any 
dietary intervention, as well as the performance of indi-
vidual clinical domains of CoMiSS. The primary endpoint 
of the present study was based on the area under the curve 
(AUC) of the receiver operating characteristic (ROC) 
for a logistic regression model used to predict CMPA. 
The ROC curve plots sensitivity against 1-specificity for 
different thresholds of the probability of CMPA predicted 
by the logistic regression model. An AUC of 1.0 demon-
strates perfect discrimination between diagnostic groups, 
and an AUC of 0.5 indicates discrimination no better than 
chance. There is debate about the usefulness of diagnostic 
tests with AUC values below 1.0. A common view is that 
an AUC of 0.8–0.9 generally indicates good to excellent 
diagnostic accuracy, while an AUC between 0.7 and 0.8 
is at the lower range of adequate performance.21 Based 
on these considerations, the primary hypothesis was that 
CoMiSS had a high sensitivity (target range 80%–90%) 
and at least moderate specificity (target range 60%–70%) 
for predicting a diagnosis of CMPA, corresponding with 
an AUC of at least 0.75 on the ROC analysis.

METHODS
The MOSAIC study was conducted as a single-blinded, 
prospective, multicentre diagnostic accuracy study 
in 10 clinical sites in China between December 2016 

and July 2018. All parents or legal guardians of partici-
pating infants provided written informed consent at the 
time of enrolment in the study. The overall conduct of 
the study was managed and monitored by a contract 
research organization, George Clinical, Sydney, Australia. 
The independent statistical analysis was performed by 
Cytel, USA. The MOSAIC study was prospectively regis-
tered (NCT03004729) prior to the enrolment of the 
first patient and the study protocol published in a peer-
reviewed journal before completion of the study.22

Study design
The assessment of CoMiSS as a diagnostic tool was 
conducted according to the Standards for Reporting of 
Diagnostic Accuracy Studies (STARD) 2015 guidelines for 
the reporting of diagnostic accuracy studies.23 CoMiSS was 
defined as the index test and validated against the OFC 
as the reference standard, with a binary diagnostic CMPA 
status as ‘absent’/‘present’. Applying a group sequential 
design, the study population was randomised 1:1 into a 
‘training set’ and a ‘test set’. A logistic regression model 
based on the baseline CoMiSS and change from baseline 
to visit 2 was fitted to the training set, with CMPA status as 
the binary response. This model was then used to predict 
a diagnosis of CMPA in the test set and to generate the 
final ROC curve. The primary study endpoint to validate 
CoMiSS as a diagnostic tool was based on an AUC≥0.75 of 
the ROC curve in the test set.

Interventions and outcome measures
Non-breastfed infants under 6 months of age with any 
suspected cow’s milk-related symptoms were consecutively 
enrolled according to the published inclusion criteria.22 
Symptoms had to be present for at least 1 week and have 
developed within the first 2 months of commencing an 
infant formula containing intact CMP. After the base-
line assessment which included the baseline CoMiSS 
(visit 1), infants were fed an amino acid-based formula 
(AAF; Alfamino, Nestlé Health Science, Switzerland) for 
14 days. In infants 4 months of age or older, a CMP-free 
complementary diet was permitted. At the end of the 
elimination trial, CoMiSS was repeated (visit 2). In addi-
tion, the likelihood of CMPA was rated by investigators on 
a visual analogue scale (VAS; range 0 = ‘no CMPA’ to 10 
= ‘definite CMPA’) before and after the elimination trial.

After having completed the elimination trial, infants 
underwent an open OFC with a cow’s milk-based infant 
formula (CMF; NAN1, Nestlé, Switzerland) over 6 hours 
in hospital, following the published PRACTical ALLergy 
(PRACTALL) consensus report.24 A detailed descrip-
tion of the OFC procedure is provided in the published 
protocol.22 Infants who attempted the OFC comprised the 
intent-to-treat (ITT) analysis population. The OFC was 
assessed based on predefined objective stopping criteria.24 
Investigators performing the OFC were single-blinded to 
the CoMiSS result and response to AAF. Infants who did 
not react during the day 1 OFC in hospital were asked 
to continue with a 14-day, open CMF challenge at home. 
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Subjects who completed both OFC phases were included 
in the per protocol (PP) analysis cohort. Any suspected 
allergic reactions (ie, vomiting, diarrhoea, recurrence 
of rectal bleeding, increased crying or regurgitation, 
eczema flare) during the home challenge were verified 
by the research staff during a clinical visit. A diagnosis of 
CMPA was made if infants had reacted either during the 
OFC in hospital or at home.

Sample size calculation
A pooled data analysis from three published trials 
using CoMiSS for the evaluation of hypoallergenicity 
of formulas intended for CMPA suggested that infants 
having a low CoMiSS (median, 5) after 1 month of a CMP 
elimination diet had a high likelihood of suffering from 
CMPA (OR, 0.83; 95% CI 0.75 to 0.93; p=0.002).15 Based 
on that estimate, around 80 subjects with a positive OFC 
and 35 subjects with a negative OFC were required to test 
the study hypothesis regarding the AUC (with 90% power 
and at 5% level of significance). For the group sequen-
tial design, two cohorts of 115 infants each (training 
set and test set) with and without CMPA were required 
(total of 230 infants). Assuming a non-completer rate of 
25%–30%, 300 infants needed to be enrolled.

Interim analysis
In view of uncertainties in the sample size estimation 
based on the expected prevalence of CMPA in the study 
cohort, a two-stage, adaptive, group sequential design was 
used.25 The main purpose of the interim analysis was to 
stop the trial early for efficacy or futility, or to increase 
the sample size if the interim AUC results for the ROC 
analysis fell in the ‘promising zone’.26 The interim anal-
ysis was planned after 146 subjects had completed the 
OFC sequence and was carried out in an unblinded 

fashion by an independent Statistical Centre. The interim 
decision was made by an independent Data Monitoring 
Committee (iDMC).

Statistical analysis
Descriptive statistics (mean, median, SD) were used to 
summarise baseline characteristics of the study cohort, 
including CoMiSS. The IQR indicates the range between 
the 25th and 75th percentiles. The change in CoMiSS 
from baseline to visit 2 was assessed by the Wilcoxon 
signed-rank test for paired data, and the change in VAS 
scores by paired t-test. Based on 2×2 contingency tables 
of a CoMiSS cut-off ≥12 by CMPA status, sensitivity, spec-
ificity, positive predictive values (PPVs) and negative 
predictive value (NPV) were calculated. This analysis was 
performed both for the baseline CoMiSS ≥12 alone, and 
for CoMiSS ≥12 in combination with a 50% percentage 
reduction from baseline. In addition, a sensitivity anal-
ysis assessed the diagnostic accuracy of CoMiSS for lower 
cut-off values (≥5 to ≥11). All statistical analyses were 
performed at the two-sided 5% level.

 

Patient and public involvement
There was no patient or public involvement.

RESULTS
Of 300 infants enrolled, one subject was excluded due to 
a missing baseline CoMiSS. The baseline characteristics of 
all infants with an evaluable CoMiSS (n=299) are shown in 
table 1. Forty-six (15.3%) infants were withdrawn by their 
parents before the OFC; the reasons for early withdrawal 
were not systematically documented. The remaining 254 

Table 1  Baseline characteristics

 �
 �

All infants CMPA Non-CMPA Excluded

n=299 n=217 n=33 n=49

Gender, n (%) Male 178 (59.5%) 126 (58.1%) 21 (63.6%) 31 (63.3%)

Female 121 (40.5%) 91 (41.9%) 12 (36.4%) 18 (36.7%)

Gestational age, median (IQR) Weeks 39 (38–40) 39 (38–40) 39 (38–40) 39 (38–40)

Age at enrolment, median (IQR) Weeks 16.1 (9.9–20.8) 16.1 (10.1–20.3) 16.1 (10.1–20.3) 16.3 (9.3–21.3)

Race, n (%) Asian 299 (100%) 217 (100%) 33 (100%) 49 (100%)

Method of delivery, n (%) Vaginal 151 (50.7%) 114 (52.8%) 17 (51.5%) 20 (40.8%)

C-section 147 (49.3%) 102 (47.2%) 16 (48.5%) 29 (59.2%)

Birth weight, median (IQR) kg 3.3 (3.0–3.6) 3.4 (3.0–3.7) 3.3 (3.1–3.5) 3.3 (3.0–3.6)

Birth length, median (IQR) cm 50.0 (49.0–50.0) 50.0 (50.0–51.0) 50.0 (49.0–50.0) 50.0 (48.8–50.2)

Weight, median (IQR) kg 6.40 (5.35–7.45) 6.50 (5.40–7.50) 6.30 (5.00–7.10) 6.20 (5.40–7.50)

Length, median (IQR) cm 63.0 (59.3–65.8) 63.3 (60.0–65.8) 60.0 (57.1–64.0) 62.8 (58.5–66.0)

Head circumference, median (IQR) cm 40.0 (38.5–42.0) 40.0 (38.5–42.0) 39.5 (38.5–42.4) 40.0 (39.0–42.0)

Baseline CoMiSS, median (IQR)  �  8 (5–10) 8 (6–11) 5 (4–10) 7 (5–8)

CMPA, cow’s milk protein allergy; CoMiSS, Cow’s Milk-related Symptom Score.
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(84.6%) infants completed the CMP elimination diet with 
AAF and attempted the OFC (ITT cohort). Of the 254 
infants in the ITT set, 250 infants completed both stages 
of the OFC (PP cohort). The parents of four infants did 
not want to proceed with the 14-day home challenge and 
withdrew from the study.

Interim analysis
The single interim look was carried out at 53.3% informa-
tion fraction (n=160 subjects), with an associated 0.35% 
alpha spent. The interim ROC analysis of the training set 
(n=80) found an AUC of 0.604 (sensitivity 69%, speci-
ficity 51%) which crossed the futility boundary. However, 
as recruitment at the time of the iDMC meeting had 
progressed fast and was nearly at the planned study end, 
the recommendation was to continue the trial to the final 
sample size of 300 infants. In addition, the statistical anal-
ysis plan was simplified towards a single final analysis of 
the entire ITT cohort.

OFC outcomes
Of 254 infants who attempted the OFC in hospital, 184 
(72.4%) had a clinical reaction to CMF during the day 1 
hospital challenge. Of the remaining 70 (27.6%) infants, 
66 (26.0%) completed the 14-day home challenge. Of 
these, 33 (13.0%) were diagnosed with CMPA. Combining 
positive challenges from both OFC stages, a total of 217 
(85.4%) infants had CMPA. A diagnosis of CMPA was 
excluded in 33 (13.0%) infants. A detailed description of 
the OFC outcomes has previously been published.27

Atopic dermatitis was by far the most common presen-
tation in both groups (54% vs 45%). There were minor 
differences in the clinical characteristics between the 
CMPA and non-CMPA groups. While rectal bleeding 
and regurgitation/vomiting were more commonly seen 
in infants with CMPA, infants in the non-CMPA group 
had a greater representation of constipation, persistent 
crying and respiratory symptoms. However, none of 
these differences was statistically significant, in part due 

to low numbers. The clinical presentation of infants in 
the PP cohort is summarised in table 2.

CoMiSS scores at baseline and change after the elimination 
trial
In the population of infants with evaluable data, the 
median baseline CoMiSS was 8 (IQR 5–10; range 0–24). 
Infants with CMPA had a higher CoMiSS at baseline, 
compared with CMPA-negative infants; 8 (IQR 6–11) 
versus 5 (IQR 4–10). In the infants with confirmed 
CMPA, there was a highly significant reduction in 
CoMiSS from 8 (IQR 6–11) to 5 (IQR 3–7) from base-
line to visit 2 (p<0.000000001), with a median reduction 
by −3 (IQR −6 to −1). A lesser reduction was observed 
in the infants without CMPA where CoMiSS fell from 5 
(IQR 4–10) to 3.5 (IQR 2–7), with a median change of 
−2 (IQR −5 to −1); p=0.0013. The absolute decrease in 
CoMiSS values from baseline to visit 2 was significantly 
greater in infants with high baseline scores (adjusted 
r2=0.568; p<0.0000001). CoMiSS scores at baseline and 
visit 2 are summarised in figure  1 and online supple-
mental table S1 (in supplemental materials).

Individual CoMiSS domains
In the present study, the composite CoMiSS was mainly 
made up of scores from the stool, eczema and respi-
ratory symptom domains, while crying and regurgi-
tation contributed to a much lesser extent. In the 
CMPA group, the reduction in scores for each clinical 
domain following the elimination diet was highly signif-
icant, while in the non-CMPA group changes were less 
pronounced or non-significant (crying, regurgitation, 
urticaria). Thirty-nine (15.6%) infants in the PP cohort 
had presented with rectal bleeding, suggestive of food 
protein-induced proctocolitis. As rectal bleeding is not 
part of the CoMiSS design, this clinical manifestation 
did not contribute to composite scores. Depending on 
concomitant symptoms, infants with rectal bleeding had 
total CoMiSS values ranging from 0 to 3. The skin scores 

Table 2  Clinical characteristics of infants who completed the oral food challenge

Main clinical presentation CMPA n=217 No CMPA n=33 Total n=250

Atopic dermatitis/eczema 118 (54.4%) 15 (45.5%) 133 (53.2%)

Rectal bleeding 35 (16.1%) 4 (12.1%) 39 (15.6%)

Persistent diarrhoea 23 (10.6%) 4 (12.1%) 27 (10.8%)

Regurgitation/vomiting 23 (10.6%) 1 (3.0%) 24 (9.6%)

Constipation 6 (2.8%) 3 (9.1%) 9 (3.6%)

Persistent crying/irritability 5 (2.3%) 2 (6.1%) 7 (2.8%)

Poor weight gain 5 (2.3%) 0 (0%) 5 (2.0%)

Respiratory symptoms 0 (0%) 3 (9.1%) 3 (1.2%)

Feeding difficulties 0 (0%) 1 (3.0%) 1 (0.4%)

Other/not documented 2 (0.9%) 0 (0%) 2 (0.8%)

CMPA, cow’s milk protein allergy.
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were almost entirely due to atopic dermatitis, as only 11 
infants had urticaria at baseline (CMPA n=9, non-CMPA 
n=2). Urticaria persisted to visit 2 in 4 infants (CMPA 
n=3, non-CMPA n=1). The change in CoMiSS for indi-
vidual clinical domains is summarised in figure 1 and 
online supplemental table S1.

Diagnostic accuracy assessment of CoMiSS
The study flow diagram according to the ‘STARD’ is 
shown in figure 2.23 Sensitivity, specificity, PPV and NPV 
were calculated based on 2×2 contingency tables for the 
PP cohort (online supplemental table S2). Applying a 
cut-off of ≥12, the baseline CoMiSS had a low sensitivity 
of 20.3%, but was highly specific for CMPA (87.9%) and 
had a high PPV (91.7%). A sensitivity analysis of a range 
for cut-off values showed that for lower cut-off values the 

sensitivity generally improved, but at the expense of spec-
ificity. Combining the baseline cut-off with a ≥50% reduc-
tion in CoMiSS also improved the specificity but further 
reduced the sensitivity. The best diagnostic accuracy was 
found for a baseline CoMiSS ≥6 (sensitivity 78.8%, speci-
ficity 51.5%); online supplemental table S2.

Similar findings were observed in the single final ROC 
analysis of the PP cohort. The estimated logistic regres-
sion model was (logit CMPA = 0.378 + (0.252×baseline 
CoMiSS) + (0.065×delta CoMiSS V1–V2) – (0.017×inter-
action of baseline and delta CoMiSS V1-V2)). Based on 
this ROC model, the AUC was 0.67 which fell short of the 
primary study endpoint of AUC ≥0.75; figure 3.

Investigator assessment of likelihood of CMPA by VAS
Paired VAS data on investigator assessment of the likeli-
hood of CMPA were available for 251 (99%) infants in the 
ITT cohort. The mean VAS slightly decreased from 7.15 
(SD 1.47) at baseline to 6.76 (SD 2.1) at visit 2; paired 
t-test p=0.0164. In infants with CMPA (n=217), investiga-
tors were less confident of a diagnosis of CMPA with a 
decrease in VAS from 7.26 (SD 1.43) to 6.86 (SD 2.07); 
paired t-test p=0.0039. Overall, there was poor correlation 
between the VAS at baseline or visit 2 with corresponding 
CoMiSS values (baseline, r=0.1; visit 2, r=0.16).

Impact of birth mode on baseline CoMiSS and CMPA
In the ITT set, 131 infants were born via caesarean 
section, and 118 via vaginal delivery. There was no signif-
icant association between birth mode and CMPA status 
(CMPA rate: caesarean section 94% (114/131) vs vaginal 
delivery 86% (102/118); χ2=0.018; p=0.89). In addition, 
there were no statistically significant differences between 
the baseline CoMiSS of infants born via caesarean section, 

Figure 1  The change in Cow’s Milk-related Symptom Score (CoMiSS) from baseline to the end of the elimination diet trial (visit 
2) is shown for the 217 infants with confirmed cow’s milk protein allergy (CMPA) and 33 infants without CMPA (median, IQR). 
The change in median CoMiSS is depicted for the total composite score, as well as for each of its five clinical domains (crying, 
regurgitation, stool, skin and respiratory scores).

Figure 2  The flow diagram summarises the disposition 
of subjects according to the Standards for Reporting of 
Diagnostic Accuracy Studies 2015 guidelines for reporting 
diagnostic accuracy studies. The index test (baseline Cow’s 
Milk-related Symptom Score (CoMiSS)) was validated 
against the oral food challenge as the reference standard for 
diagnosing cow’s milk protein allergy (CMPA).
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compared with vaginally delivered infants (median base-
line CoMiSS: 7 (IQR 6–10) vs 8 (IQR 5–10.5); N.S.).

Reporting of other secondary study objectives
Of the 11 secondary objectives defined in the published 
protocol,22 7 are reported here. The anthropometric 
outcomes to 9 months of age of the CMPA cohort have 
previously been published.27 The assessment of the 
impact of a family history of atopy on baseline CoMiSS 
and the prevalence of CMPA was omitted due to missing 
data. We also omitted the assessment of compliance with 
the elimination diet and of the therapeutic effect of an 
AAF-based diet as supporting data were not collected.

DISCUSSION
The present diagnostic accuracy study conducted in 300 
Chinese infants was the first to attempt a formal validation of 
CoMiSS as a stand-alone diagnostic tool for CMPA. CoMiSS 
was originally established as a clinical awareness tool for 
cow’s milk-related symptoms in infancy. Currently, a defini-
tive CMPA diagnosis requires a formal CMP elimination and 
OFC sequence, particularly in infants with suspected non-
IgE-mediated CMPA presenting with a range of non-specific 
gastrointestinal or behavioural symptoms.10 12 However, in 
clinical practice the confirmatory challenge is often omitted 
or delayed. If validated as a diagnostic tool, CoMiSS could 
potentially simplify the complex diagnostic process and 
reduce the need for confirmatory OFCs.

The present study missed its primary endpoint and did 
not support the use of CoMiSS as a stand-alone diagnostic 

tool for CMPA. More precisely, the AUC of 0.67 remained 
below the predefined cut-off of at least 0.75. CoMiSS fell 
significantly from baseline to the end of the CMP elimina-
tion diet, with a greater reduction seen in the infants with 
CMPA. CoMiSS may therefore have a role in monitoring 
the response to a diagnostic elimination diet, as previously 
suggested.15 The significant score reduction observed in the 
non-CMPA group may be due to several factors, including 
the treatment of atopic dermatitis with moisturisers and/or 
topical corticosteroids which is likely to have reduced skin 
findings and which may indirectly have improved crying or 
sleep behaviours.28 In addition, a non-specific placebo effect 
after formula change, parental support during a clinical trial 
and a time effect in conditions that tend to improve spon-
taneously (eg, viral gastrointestinal or respiratory infections) 
may also have contributed to a decrease in scores.

Applying the recommended cut-off of ≥12, with or without 
a 50% score reduction after the elimination trial, CoMiSS was 
highly specific (range 87.5%–87.9%) for CMPA but lacked 
sensitivity (range 14.0%–20.3%); online supplemental table 
S2. Lowering the cut-off values generally improved the sensi-
tivity, but at the expense of specificity, with the best combi-
nation achieved for a CoMiSS cut-off of ≥6. This aligns 
with another recent Chinese study which found the best-
performing diagnostic cut-off values between 5 and 6.19 By 
comparison, the optimum diagnostic cut-off in a recent 
Italian study17 was ≥9 which corresponds with the 95th 
percentile in a study on CoMiSS in 413 presumed healthy 
European infants from Belgium, Italy, Poland and Spain.29 In 
that study, the median CoMiSS was 3 which is similar to the 
value of 3.5 (IQR 2–7) found in the non-CMPA at visit 2. By 
contrast, infants with CMPA in the present study had higher 
CoMiSS values at visit 2 (median 5; IQR 3–7), suggesting 
differences between populations or an incomplete response 
after 2 weeks of AAF treatment.

The composite CoMiSS in Chinese infants in our study 
was mainly made up of scores for the skin, respiratory and 
stool domains. This included more than 50% of infants 
with atopic dermatitis, and about 15% had presented with 
rectal bleeding. Even though atopic dermatitis and rectal 
bleeding are well-recognised manifestation of CMPA,1 10 28 
the high proportion of infants in the present study with these 
conditions differs from the clinical spectrum described in 
European studies.17 The design of CoMiSS emphasises the 
importance of persistent crying, regurgitation and abnormal 
stools, in line with clinical practices in Europe.13 Accordingly, 
two studies from Italy and India mostly included infants with 
a combination of these symptoms.16 17 By contrast, a study 
on CoMiSS from Turkey found that the presence of eczema 
was the most useful predictor of CMPA.18 A low number of 
symptoms, low scores for crying and regurgitation, as well 
as a significant number of infants with rectal bleeding may 
explain the generally lower CoMiSS values (median, 8) in the 
present study, compared with previous trials.17 19 These data 
suggest regional differences in the clinical spectrum of CMPA, 
as well as potential differences in perceptions by parents and 
primary care practitioners, for example, regarding persistent 
crying and regurgitation in infants. Differences in language 

Figure 3  The receiver operating characteristic) curve is 
based on the logistic regression model of the Cow’s Milk-
related Symptom Score (CoMiSS) and plots the sensitivity 
against (1-specificity) of CoMiSS for predicting cow’s milk 
protein allergy status. The area under the curve (AUC) of 0.67 
remained below the predefined primary study endpoint of 
≥0.75.
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and interpretation of CoMiSS may also affect its performance 
as a diagnostic tool.19 29 Future adaptations of the CoMiSS 
tool should therefore re-evaluate lower cut-off values in an 
attempt to improve the ability to identify infants with CMPA.

The present study had several limitations. The ITT cohort 
consisted to 85% of infants with CMPA. The early withdrawal 
of 46 (15%) enrolled participants due to possible non-
response to the elimination diet may have enriched the ITT 
cohort for a diagnosis of CMPA. In addition, the the lack of 
blinding during the OFC may have have led to an overesti-
mate of CMPA due to confirmation bias. However, single-
blinded, open OFC with predefined, objective stopping 
criteria are generally considered sufficient for a diagnosis of 
CMPA in infants, as even double-blind, placebo-controlled 
food challenges in this age group may be prone to errors.30 31 
A significant proportion of infants in our study had residual 
atopic dermatitis at the time of the OFC which could point 
to concomitant food allergies (eg, egg allergy) or incom-
plete treatment. Skin flares unrelated to CMPA may thus 
have confounded challenge outcomes. In addition, rectal 
bleeding which was not captured by CoMiSS may have 
reduced the diagnostic accuracy of the tool. The present 
study did not define the type of CMPA (ie, IgE-mediated vs 
non-IgE-mediated). While the clinical presentation of infants 
was mostly suggestive of non-IgE-mediated CMPA, there was 
an unexpectedly high rate of immediate and possibly IgE-
mediated reactions during the day 1 OFC. By contrast, there 
were only a small number of infants with urticarial reactions 
as a clinical marker of IgE-mediated CMPA. As skin prick 
testing or serum IgE antibody testing was not included in the 
protocol, this discrepancy could not be resolved. We were 
therefore unable to assess if CoMiSS performs equally well in 
infants with IgE-mediated or non-IgE-mediated CMPA. Simi-
larly, our study only assessed CoMiSS in formula-fed infants, 
and its usefulness in breastfed infants requires further study.

In summary, the present study in Chinese infants found 
that CoMiSS lacked accuracy as a stand-alone diagnostic test 
for CMPA. The spectrum of CMPA manifestations was asso-
ciated with generally low CoMiSS values which overlapped 
with the scores found in presumably healthy European 
infants.29 These findings indicate that the clinical spectrum 
of CMPA may differ between regions, with a lower prevalence 
of infantile colic and functional gastrointestinal symptoms 
in infants in China compared with European infants.32–34 In 
the Chinese infants of this study, a baseline CoMiSS ≥12 was 
highly predictive and specific for CMPA but lacked sensitivity. 
Other studies, as well as data in healthy infants, suggested 
that a lowering of the CoMiSS cut-off could improve its 
overall performance.17 29 At this stage, a diagnosis of CMPA 
still requires both a clear response to CMP elimination and 
a clinical recurrence of symptoms during a confirmatory 
OFC.10 In this process, CoMiSS may be used to document the 
change in symptoms after a CMP elimination.12 15 If a confir-
matory OFC is not feasible or declined by parents, a baseline 
CoMiSS of 12 or higher, in conjunction with an unequivocal 
clinical response to CMP elimination, was highly specific 
and predictive and may thus support a diagnosis of CMPA. 
Of note, CoMiSS is not suitable for infants with suspected 

food protein-induced proctocolitis or food protein-induced 
enteropathy syndrome (FPIES) as these conditions are 
outside its scope and design.13 In conclusion, CoMiSS did 
not demonstrate the required accuracy of a stand-alone diag-
nostic test for CMPA but remains a clinically useful awareness 
tool in primary care for the early identification of infants with 
cow’s milk-related symptoms.13 14
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