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Disclaimer: The screenshots in this instruction for use are based on the iOS version of CalApp®. The 

Android version might differ in layout but not in functionality.

INTENDED USE

BÜHLMANN IBDoc® is an in vitro diagnostic immunoassay for the quantitative determination of fecal 

calprotectin in human stool. The results of the assay are analyzed by a downloadable smartphone 

application. IBDoc® is intended as an aid to the assessment of inflammation of the intestinal  

mucosa for inflammatory bowel disease (e.g. Crohn’s Disease and ulcerative colitis) monitoring. IBDoc® 

is an assay developed for self-testing / home use by trained patients ages 12 and above that are 

under the care of a healthcare practitioner. The test may also be used in a near-patient or  

laboratory setting. 

TABLE OF CONTENTS
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PRINCIPLE OF THE ASSAY

IBDoc® is a home test to measure calprotectin in stool samples for patients ages 12 and above. 

Calprotectin is a protein released by neutrophilic immune cells, which are a hallmark of acute 

inflammation. Determination of fecal calprotectin levels helps to detect gastrointestinal (GI) 

inflammation and monitor inflammatory bowel disease (IBD). Low levels of calprotectin are an 

indication to your healthcare practitioner that you are in a state of IBD disease remission. Your 

treatment can be continued without any additional endoscopic, radiologic or other investigations. 

High calprotectin levels can act as a red flag signal for a possible GI tract inflammation. This will 

prompt further clinical and laboratory evaluation by your healthcare practitioner. 

To determine calprotectin levels you will use the CALEX® Valve extraction device to collect a precise 

amount of stool sample. Inside the CALEX® Valve, calprotectin present in the stool sample is trans-

ferred to the extraction solution. The extract is then applied to the test cassette. Calprotectin in 

the sample is bound by anti-calprotectin antibodies linked to red gold particles. The red calpro-

tectin-antibody-gold particles flow with the extract through the test cassette, are caught on and 

color the Test Line. Antibody-gold particles, not bound to calprotectin will color the Control Line. 

The Test and Control Lines are measured by a smartphone application (CalApp®). The result is cal-

culated by CalApp® and sent to a secure server for the healthcare practitioner to review. The test 

has a quantitative range of 30-700 μg calprotectin / g stool and displays results up to 1000 μg/g.

PRINCIPLE OF THE ASSAY
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MATERIALS AND ACCESSORIES PROVIDED IN ONE IBDoc® TEST SET (B-IBDOC): 

Before running the test, please ensure that all components are in the set.

Quantity Kit Components

1 CALEX® Valve Device filled with extraction solution (5 mL)

1 Test Cassette

2 Stool Collection Papers

1 Quick Guide

MATERIALS AND ACCESSORIES REQUIRED, BUT NOT PROVIDED WITH THE TEST KIT:

•	 iOS or Android smartphone validated by BÜHLMANN for the use with IBDoc®.

•	 You can find a complete list of validated smartphones on www.ibdoc.net. 

•	 An internet connection on your smartphone (see also important information).

•	 The smartphone App „CalApp®“: Available from the iTunes App Store or Google Play Store.

•	 Examination gloves, if necessary available from your doctor.

THE IBDoc® TEST KIT MUST BE STORED IN THE REFRIGERATOR (2-8 °C).

MATERIALS AND ACCESSORIES
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•	 Disease management should be performed together with your healthcare pracitioner (HCP). 
Do not adapt your treatment without consultation. 

•	 Contact your HCP if:
•	 you feel that the IBDoc® result does not reflect your current health status.
•	 the result is not displayed properly (see picture S, page 14 and chapter result  

interpretation, page 19).
•	 you have any questions about IBDoc®.

•	 Please read the instruction for use carefully before starting the test procedure. Pages 6 to 7 
contain an overview of all kit components. The step by step prodecure walkthrough starts on 
page 8. 

•	 Make sure that you are properly trained by your HCP before performing the test.

•	 Take your time to perform the test at your home and make sure you are not distracted.

•	 Keep your smartphone away from water to avoid damage.

•	 Additional costs for your internet connection may arise depending on your carrier.

•	 You can perform the IBDoc® test under different lighting conditions, but you must prevent 
direct sunlight, strong sideward-light or casting a shadow onto the test casette while reading 
the test cassette in test procedure - step 6.

•	 Your smartphone must have at least 20 % of battery charge left or connected into a power 
source.

•	 The CALEX® Valve and the test cassette must not be used after the expiry date printed on the 
labels. The test cassette is stable at room temperature for 4 hours after opening the pouch.

•	 The CALEX® Valve and the test cassette must not be reused.

•	 None of the components are poisonous or otherwise hazardous.

•	 For hygienic reasons, dispose of test components as soon as they are used and wash your 
hands.

•	 A link to set your password will be sent to your IBDoc® email (username), which you provided 
to your HCP. If you fail to receive this message then check your spam folder.

•	 If the blue protection cap (figure 3, page 6) of the CALEX® Valve seems loose or has fallen off 
when opening the package, place it back on the outlet.

•	 If either the pouch holding the test cassette is damaged or the CALEX® Valve is leaking after 
opening the original packaging, do not use the test kit.

IMPORTANT ADVICE FOR CORRECT TEST HANDLING

•	 Many stool samples require up to 2 hours to fully detach from the grooves (step 4, p. 11). It 
may be easiest to prepare and extract your stool sample (as decribed in test procedure - step 
3 and 4) in the morning and continue with the next steps in the evening. Do not leave the 
processing of the extract for more than 24 hours. In this way, the stool sample has enough 
time to completely detach from the grooves and you are not under any time pressure for the 
rest of the test procedure.

•	 If you have problems to collect the stool sample i.e. the stool does not stick to the grooves of 
the CALEX® Valve device, perform the test on another day. Use a new IBDoc® test. 

IMPORTANT INFORMATION
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Figure 3: 
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Figure 4: Test cassette
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Figure 5: CalApp® navigation menu
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STEP 1: INSTALLATION OF THE APP AND LOGIN
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A

B

1.1 Search for „CalApp“ or „IBDoc“ (A) on the iTunes App 
store or Google Play store.

1.2 Download and install CalApp® onto your 
smartphone.

Note: Please verify that you have an iOS or Android 
smartphone validated by BÜHLMANN. You can find a 
complete list of validated smartphones on  
www.ibdoc.net. Login will be blocked on a smart-
phone that is not validated.

1.3 Make sure that you have a stable internet 
connection.

Note: Please be aware that you need an internet 
connection to log into CalApp® at first startup.

1.4 Tap on the CalApp® icon and start the login process.

Note: At the first start up you will have to agree that 
CalApp® is allowed to send you push notifications. A 
push notification will send you a reminder one day 
before the next test is due.

You need to have at least 20 % battery charge left on 
your smartphone to perfrom the test.

You will have to agree that CalApp® is allowed to use 
the camera.

1.5 Enter your IBDoc® account email address (username) 
and password (B).

Note: If you forgot your password you can reset it by 
tapping on the „Forgot Password“ button (B). Once 
you entered your IBDoc® account email address 
(username), a link to reset your password will be 
sent to your email address.

1.6 Read and accept the End User Licence Agreement 
(EULA).

Note: Due to data protection and security reasons 
your session expires after 7 days and you will need 
to log in again. 
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STEP 2: PREPARATIONS FOR THE TEST PROCEDURE
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2.1 You can freely navigate between the tutorial screens 
and get additional text information by tapping the 
circled “i” button (C). If you are an experienced user 
you may skip these instructions (by tapping the “skip 
intro” button) and start with the test procedure right 
away (see step 3).

Note: You can consult the tutorial video in the help 
menu (fig. 5, p. 7) at any time.

2.2 Now you have completed the smartphone prepara-
tions. Put it aside but keep it in reach for later steps. 
Start with the test procedure (step 3).

2.3 Take the IBDoc® test kit out of the fridge and keep the 

single components in a dry and shaded place until 

needed in the test procedure.

Note: Keep the test cassette in the pouch until you 
are ready to load the test cassette in step 5.
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STEP 3: STOOL COLLECTION
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3.1 Please empty your bladder first if necessary, since urine 
can affect the test.

3.2 Unfold the stool collection paper by holding the open 
ends and gently pulling outwards (D).

3.3 Place the stool collection paper on top of the toilet 
seat near the back (E).

Caution: The paper must not touch the toilet water.

3.4 Make sure that the stool collection paper is correctly 
fixed on the toilet seat. 

3.5 Make sure that your stool sample is caught on the 
collection paper (F). 

Note: In case your stool collection fails the first time, 
you have a second stool collection paper provided 
with the test kit.

If needed put your examination gloves on and pro-
ceed to step 4 of the test procedure.

The subsequent steps 3 and 4 must be performed continuously without interruption 
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STEP 4: STOOL EXTRACTION
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Click!
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4.1 Remove the CALEX® Valve from the packaging.

4.2 Hold the CALEX® Valve device with the white cap at the 
top and remove the white sampling pin by simultane-
ously turning clockwise and pulling it upwards (G). 

4.3 Dip the dosing tip with the grooves into the stool, and 
twist before removing. Repeat the procedure at 3 to 
5 different positions of the stool sample in order to 
fill the grooves of the dosing tip (fig. 2, p. 6) complete-
ly (H).

Caution: Make sure that all grooves are completely 
filled with stool. It does not matter if the dosing tip 
of the sampling pin is fully covered with stool, since 
excess stool will be stripped off at the next step.

4.4 Place the sampling pin back into the funnel of the 
CALEX® Valve body (fig. 3, p. 6) and push it into the 
final locking position. You feel and hear a “click” (I).

Note: After the stool sample is collected, you can 
flush the remaining stool down the toilet together 
with the stool collection paper.

4.5 Shake the CALEX® Valve vigorously for 10 seconds (J) 
and let it stand for 2 hours on the blue protection cap. 

Note: Since many stool samples require up to 2 hours 
to fully detach from the grooves you have to wait at 
least 2 hours before proceeding with the next step. 
Continue with the procedure at a convenient time 
point within the next 24 hours.

Keep the CALEX® Valve device in a dry and shaded 
place during the waiting period.

Caution: Do not remove the 

blue protection cap!
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STEP 5: LOADING THE TEST CASSETTE

Caution: Make sure you have your smartphone ready 
and that you are logged into CalApp®.

5.1 Unpack the test cassette. 

5.2 Shake CALEX® Valve again vigorously for 10 seconds. 
Holding the CALEX® Valve upright, flick the bottom of 
the CALEX® Valve to remove any airbubbles trapped in 
the outlet (K).

Caution: To get accurate test results it is important 
that the grooves of the dosing tip are free before the 
next step. If there is any residual stool left in the 
dosing tip, repeat step 5.2 before continuing. 

5.3 Remove the protection cap (L, 1) and place the outlet 
of the CALEX® Valve onto the circular sample loading 
port (fig. 4, p. 6) of the test cassette (L, 2). Turn the 
throttle (fig. 3, p. 6) from position 1 to position 2 
counterclockwise (M) and make sure that the outlet 
remains in close contact with the sample loading port.

5.4 As the liquid is loaded (N, 1) a reddish color appears 
in the reading window. Allow the reddish color to 
reach the middle of the reading window of the test 
cassette (N, 2 arrow). This will take 20 to 30 seconds.

5.5 Start the timer in CalApp® immediately (N, 3).

Caution: Open the throttle of the CALEX® Valve only 
once. The test is designed to work with the first 
drop released.

5.6 Remove the CALEX® Valve from the sample loading port 
of the test cassette and put the protection cap back 
on.

Note: The CALEX® Valve must be used only once.

5.7 Leave the test cassette for 12 minutes until the timer 
starts to “beep”. Then proceed immediately to step 6 
of the test procedure.

Note: Make sure that your phone is not on mute, so 
you can hear the timer ring.

The subsequent steps 5 to 7 must be performed continuously without interruption. 
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STEP 6: READING THE TEST CASSETTE
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Note: Make sure that the test cassette is positioned 
on a plain and uniform surface (O). Do not place test 
cassettes on furniture edges or patterned back-
grounds as this may interfere with image capture by 
your smartphone.

6.1 Once the timer has run out, proceed immediately to 
take an image of the test cassette by pressing the 
„Scan“ button.

Caution: A time out message will appear 90 seconds 
after pressing the “Scan“ button. The camera view 
will close and CalApp® will return to the start screen.

6.2 Align the frame in the camera view with the edges of 
the test cassette (Q). Touch the screen to focus, if 
necessary.

Note: Hold your smartphone horizontally to the test 
cassette and not at an angle (P).

Move smartphone slowly up and down to get the 
frame in proper alignment with the test cassette. If 
the smartphone is in the correct position, the frame 
will turn from red (Q) to green (R). If the color does 
not change, touch the screen to refocus on the 
image. Once the position is indicated as correct 
(green), please hold your smartphone at the same 
position until the reading is complete. Please make 
sure that you scan the test cassette in under  
1 minute.

6.3 Once the CalApp® has found a good image to analyse, 
five green dots appear and the screen displays „analys-
ing test“.
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STEP 7: ADDING NOTES AND SAVING TEST RESULT
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7.1 As soon as the test cassette has been read, CalApp® 
takes you to the result view (S).

Note: If you do not have an internet connection 
while performing the test, the result may appear as 
„Pending“ in a blue box until an internet connec-
tion is established at the next login. Your test result 
is not lost in any case.

7.2 By tapping into the „Notes“ box you can leave a 
comment for yourself or for your healthcare 
professional.

Note: Only full stops and commas are allowed as 
punctuation marks.

7.3 Once you have typed your note, tap the „Save“ button 
(S) to save the test result.

Note: Test results are sent automatically to the IBDoc® 
Portal and your HCP is notified via email. If CalApp® 
does not have an internet connection at the time the 
test cassette is measured, the test result is automat-
ically sent the next time an internet connection is 
established. 
You can review your test result history at any time 
by accessing the test result list or the mobile portal 
(fig. 5, p. 7).

7.4 After the test result is saved, dispose of the CALEX® Valve 
device and the test cassette (T).

7.5 You have reached the end of the test procedure. 
CalApp® will return to the start screen of the naviga-
tion menu.

Caution: Do not read the same test cassette again.

Note: Uploaded results will be displayed by a cloud 
symbol with a check mark. Results that are not yet 
uploaded will be displayed with an arrow in the 
cloud symbol. You can perform a manual upload by 
pulling down to refresh the result list (fig. 5, p. 7).
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QUALITY CONTROL FEATURES

CRITICAL STEPS IN THE TEST PROCEDURE

To ensure optimal IBDoc® test performance always remember:  

MIN 2H
MAX 24H

1

2
Stool collection (step 4.3)
Make sure all the grooves 

of the sampling pin are 

completely filled with 

stool. Do not worry about 

excess stool. This will be 

removed by the CALEX®  

Valve. 

Before you release the 
extract on the test cassette 

(step 5.3), allow the CALEX® 

Valve to stand for 2-24 

hours at room 

temperature.  

Before you release the 
extract on the test 
cassette (step 5.3), flick 

the bottom of the CALEX®  

Valve to release any air 

bubbles trapped in the 

outlet.

During extract release 
onto the test cassette 
(step 5.4), keep the outlet 

of the CALEX® Valve in 

contact with the sample 

loading port until the 

reddish color reaches the 

middle of the test 

cassette. 
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Figure 6: Test results

VALID

Control Line (C) and Test 

Line (T) are visible. 

VALID 

Control Line (C) is visi-
ble. The calprotectin 
concentration is below 
the detection limit 
and the Test Line (T) is 
not visible. 

INVALID 

Control Line (C) is not 
visible. 

INVALID 

Control Line (C) is not 
visible. 

For a valid result, the Control Line (C) has to be visible. If the signal intensity of the Control Line (C) 

is below a threshold after 12 minutes of incubation time, the test result is also invalid and the test 

has to be repeated using another test cassette. The CalApp® determines the validity of the test cas-

sette automatically.
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INFORMATION

THE NEXT SECTION OF THE INSTRUCTION FOR USE DESCRIBES THE 
RESULT INTERPRETATION AND PERFORMANCE EVALUATION OF THE 

IBDoc® AND IS IN PARTICULAR INTENDED FOR HEALTHCARE 
PRACTITIONERS.
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LIMITATIONS AND CONTRAINDICATIONS

•	 Multiple fecal calprotectin measurements performed at up to 4 weeks intervals have been sug-

gested to have best diagnostic accuracy in predicting clinical relapse in patients 12, 13.

•	 It is advised that IBD patient monitoring with IBDoc® be established during disease remission. 

This will allow optimal determination of rising calprotectin levels that may indicate disease 

relapse.

•	 Fecal calprotectin levels determined by IBDoc® are intended as an aid to IBD monitoring and 

should be interpreted in combination with other clinical and laboratory findings.

•	 Fecal calprotectin results should be considered an adjunctive target for treatment 11.

•	 IBDoc® testing should be performed by users ages 12 and above only. 

•	 Fecal calprotectin levels in newborns and young children can be significantly increased 14, 15. 

•	 It is recommended that fecal calprotectin testing in patients below the age of 18 should be 

performed under parental supervision. 

•	 In rare cases, when calprotectin levels are extremely high (above 5000 μg/g, ie. in acute UC), 

the test system may be prone to a high dose hook effect, that can result in values below the 

expected 700 μg/g upper limit (see peformance). It is advised to give particular attention to 

IBDoc®-measured levels above 250 μg/g when accompanied by strong symptoms that could 

indeed indicate acute inflammation. In this case retesting of a patient’s stool sample by a lab-

oratory in timely manner is recommended for confirmation.

•	 Patients that are on or have been on continuous NSAID medication (i.e., Aspirin®, Ibuprofen, 

Aleve®, Excedrin®) may have elevated fecal calprotectin values and specimens from these 

patients should not be tested or used as part of the diagnostic interpretation.

•	 Only validated smartphone models can be used with the IBDoc® (more information available 

on www.ibdoc.net).

•	 An additional control of the test strip image for any abnormalities is recommended when 

assessing IBDoc® test results. Please refer to fig. 6 p. 15.
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The following IBDoc® result categories reflect condensed knowledge of published cut-offs and, spe-

cifically, clinical performance studies for BÜHLMANN fCAL tests (please refer to section: summary of 

clinical literature). Thresholds can be classified as a color code or as a value:

Normal: Fecal calprotectin levels below 100 µg/g can reliably 

indicate patients, with low risk of clinical relapse, in endo-

scopic remission. Invasive endoscopic procedures can be avoid-

ed in these patients 1-11.

Moderate: Fecal calprotectin levels between 100-300 µg/g may 

indicate the necessity of tighter control in the following peri-

od to assess disease development tendencies. Particular atten-

tion should be paid to calprotectin values of 250 µg/g and 

above. 

High: Fecal calprotectin levels above 300 µg/g should be 

repeated and, if raised levels are confirmed, prompt further 

investigative procedures 1-11.

The above IBDoc® result categories are default settings and may be adjusted. It is advised that health-

care practitioners verify the default thresholds by determining the patient’s baseline calprotectin 

level during disease remission.

A false negative result for a patient with endoscopic inflammation, that is a calprotectin result in a 

green category that should appear red, is highly unlikely. However it is important that the patient 

remains under the care of a healthcare practitioner and reports any clinical symptoms to prevent 

delay of appropriate clinical decisions and treatment, should a false negative result occur. 

Studies have shown that high calprotectin levels, above 300 µg/g, will not always indicate develop-

ment of a clinical relapse. High calprotectin levels should be treated as a red flag signal and repeat-

ed. Confirmation of raised levels should prompt further investigative procedures. 

RESULT INTERPRETATION
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SUMMARY OF CLINICAL LITERATURE 

Correlation of calprotectin levels and the inflammatory state of patients’ intestinal mucosa, accord-

ing to endoscopic evaluations, were determined in three independent studies using BÜHLMANN fCAL 

tests.

Study 1 (Spain) 
[Ref. 1]

Study 2 (Spain)
[Ref. 2]

Study 3  
(Australia, New 
Zealand) [Ref. 3]

Patient number and demographics 89 (CD1) 

Ages 32-58
44 % male

123 (UC2)  

Ages: 18-85 
66.4 % male

99 (CD1 after 
resection)
Ages: 29-473 
46.5 % male

Calprotectin level chosen as the 
decision point

272 µg/g 280 µg/g 100 µg/g

% of patients with values below the 
decision point in endoscopic remission4 98 % 86 % 91 %

% of patients with values above 
decision point with endoscopic relapse5 76 % 80.3 % 53 %

Table 1: Correlation of calprotectin levels with IBD disease activity determined by endoscopic evalua-
tions. Results for studies 1 and 2 were obtained with BÜHLMANN lateral flow assays (Quantum Blue® fCAL 
and Quantum Blue® fCAL high range). Results in study 3 were obtained with the BÜHLMANN fCAL® ELISA).

 
1 CD = Crohn`s disease patients, 
2 UC = Ulcerative Colitis patients, 
3 Interquartile range (IQR), 
4 Negative predictive values (true negative / (true negative + false negative)), 
5 Positive predictive values (true positive / (true positive + false positive)).inv
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SUMMARY OF CLINICAL LITERATURE 

The diagnostic value of calprotectin in predicting clinical remission and relapse, according to patients 

symptoms, clinical activity indices, unplanned need for therapy escalation, hospitalization or emer-

gency was determined in three studies using BÜHLMANN fCAL tests.

Study 4 (UK)
[Ref. 4]

Study 5 (Spain)
[Ref. 5]

Study 6 (Spain)
[Ref. 6]

Number of patients in a study 92 (CD1) 
 

 

38 % male

30 (CD1) 

adalimumab 
therapy 

Ages: 24-64 
43.3 % male

33 (CD1) 
20 (UC2)
infliximab therapy 

Ages: 18-68 
47.2 % male

Follow-up time after calprotectin 
measurement

12 months 4 months 12 months

Calprotectin level chosen as decision 
point

240 µg/g 204 µg/g 160 µg/g

% of patients with values below 
decision point in clinical remission3 96.8 % 100 % 96.1 %

% of patients with values above 
decision point in clinical relapse4 27.6 % 75 % 68.7 %

Table 2: Results for study 4 were obtained with the BÜHLMANN fCAL® ELISA. Results for studies 5 & 6 were 
obtained with BÜHLMANN lateral flow assays (Quantum Blue® fCAL and Quantum Blue® fCAL high range).

1 CD = Crohn`s disease patients
2 UC = Ulcerative Colitis patients 
3 Negative predictive values (true negative / (true negative + false negative))
4 Positive predictive values (true positive / (true positive + false positive)).inv

ali
d



LF-IBDOC8	               22/32� Release date: 08-07-2021

PERFORMANCE CHARACTERISTICS

USER PERFORMANCE EVALUATION

Seventy five (75) patients diagnosed with Ulcerative Colitis or Crohn’s disease, according to classical 

criteria (64.2 % female, ages 18-69) were enrolled at three study sites and provided a single stool 

specimen. IBDoc® test results were generated by the patients with their own smartphones as well as 

by healthcare providers using the Samsung Galaxy® S4 and iPhone® 6 smartphone models, running 

the Android and iOS version of the CalApp® software, respectively. IBDoc® results were compared to 

reference calprotectin values from the same sample. To establish reference values multiple measure-

ments of three independent CALEX® Cap stool extractions were performed with the BÜHLMANN fCAL® 

ELISA in a laboratory.

None of the 75 patients obtained a false-positive result (red → green) or false-negative (green → red) 

result (see table 3). The total within-result category agreement achieved by the patients was 81 % 

in comparison to a total agreement of 91 % obtained by HCPs. (To optimize test performance, please 

refer to the critical steps in the test procedure section). 

Normal 

<100

Moderate 

100-300

High

>300

Total

IB
D
oc

®
 P

at
ie

n
t

Normal 

<100
24 2 0 26

Moderate 

100-300
3 7 7 17

High

>300
0 2 30 32

Total 27 11 37 75

FC references values

Table 3: Agreement of results obtained by patients using IBDoc® with laboratory reference measure-

ments (BÜHLMANN fCAL® ELISA) from the same stool sample.
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METHOD COMPARISON

Forty (40) leftover clinical specimens with calprotectin levels in the range of 46-708 µg/g were mea-

sured with IBDoc® according to the instruction for use, using three different test cassette lots. The 

test cassettes were analyzed with Samsung Galaxy® S4 and iPhone® 6 smartphone models running 

the Android and iOS versions of the CalApp® software, respectively. The obtained results were com-

pared to reference calprotectin values determined as a mean of multiple BÜHLMANN fCAL® ELISA mea-

surements of three CALEX® Cap extracts, prepared from each stool specimen. Method comparison was 

performed using Passing-Bablok regression analysis. Bias at clinical decision points determined for 

each test cassette lot and smartphone model are described in table 4. Examples of Passing-Bablok 

regression analysis for test cassette lot 1918 are depicted in figure 7.

Figure 7: Passing-Bablok regression analysis of IBDoc® results obtained with test cassette lot 1918 and 
Samsung Galaxy® S4 (A) and iPhone® 6 (B) smartphones compared to reference calprotectin values. 
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Smartphone Samsung Galaxy® S4 (Android) iPhone® 6 (iOS)

Test cassette lot 1918 1919 4325 1918 1919 4325

Bias at 100 µg/g -14.0 % 8.6 % -1.4 % -2.3 % 20.9 % 9.6 %

Bias at 300 µg/g -6.7 % 8.7 % -7.2 % -1.0 % 13.3 % 3.9 %

Table 4: Bias of IBDoc® measurements at clinical decision points when compared to reference calpro-
tectin values obtained with the BÜHLMANN fCAL® ELISA test. IBDoc® measurements were performed with 
three test cassette lots: 1918, 1919, 4325 and two smartphone models. 
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Smartphone Samsung Galaxy® S4 (Android) iPhone® 6 (iOS)

Test cassette lot 1918, 1919, 4325 1918, 1919, 4325

Bias at 100 µg/g -7.6 % 5.4 %

Bias at 300 µg/g -4.4 % 6.5 %

READER COMPARISON

All IBDoc® test cassettes obtained in the method comparison study were additionally analyzed with 

the Quantum Blue® Reader — a dedicated instrument for BÜHLMANN lateral flow assay analysis. The 

comparison between smartphone readings and Quantum Blue® Reader  results are summarized in 

table 5 and figure 8. 

Table 5: Bias of CalApp® measurements performed with Samsung Galaxy® S4 and iPhone® 6 smartphones 
at clinical decision points when compared to Quantum Blue® dedicated reader measurements. 
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Figure 8: Passing-Bablok regression analysis of Samsung Galaxy® S4 (A) and iPhone® 6 (B) smartphone 
readings compared to resuls obtained with the Quantum Blue® Reader. 
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RECOVERY

Six stool specimen extracts were spiked with 150 µg/g calprotectin in calibrator material of human 

serum origin. The „baseline“ extract was spiked with the corresponding amount of extraction buf-

fer. „Baseline“ and „spiked“ samples were measured in eight replicates with the IBDoc® assay. One 

test cassette lot was used. The results were analyzed using Samsung Galaxy® S4 and iPhone® 6 smart-

phones, running the Android and iOS versions of CalApp®, respectively. The results are summarized 

in table 6. 

Sa
m

su
n

g 
G

al
ax

y®
 S

4 Sample # 1 # 2 # 3 # 4 # 5 # 6

Baseline [µg/g] 65.1 87.6 110.5 196.4 186.0 282.4

Spike value [µg/g] 150.0 150.0 150.0 150.0 150.0 150.0

Expected (baseline+spike) [µg/g] 215.1 237.6 260.5 346.4 336.0 432.4

Observed [µg/g] 208.1 226.3 280.0 354.1 349.0 450.5

% Recovery (observed/expected) 96.7 95.2 107.5 102.2 103.9 104.2

iP
h

on
e®

 6

Sample # 1 # 2 # 3 # 4 # 5 # 6

Baseline [µg/g] 73.8 109.4 132.9 230.5 216.3 319.6

Spike value [µg/g] 150.0 150.0 150.0 150.0 150.0 150.0

Expected (baseline+spike) [µg/g] 223.8 259.4 282.9 380.5 366.3 469.6

Observed [µg/g] 246.3 264.4 324.8 385.9 399.0 478.6

% Recovery (observed/expected) 110.1 101.9 114.8 101.4 108.9 101.9

Table 6: IBDoc® recovery results obtained with one test cassette lot, analyzed with Samsung Galaxy® S4 
and iPhone® 6 smartphones.  
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PRECISION

Repeatability: 12.9-23.3 % CV
Within-laboratory precision: 16.7-28.3 % CV
Intermediate precision 1 (3 laboratory locations): 16.4-22.5 % CV
Intermediate precision 2 (3 test cassette lots): 13.1-22.5 % CV

The precision study was designed according to the CLSI guideline EP05-A2. Precision was determined 

with four stool sample extracts with calprotectin values covering the assay measuring range. Two of 

the samples were chosen to correspond to the 100 µg/g and 300 µg/g clinical decision points. 

Within-laboratory precision was determined by performing duplicate measurements in two runs, one 

in the morning, one in the afternoon, over a period of 10 days. To determine intermediate precision, 

in a first study, three different operators, at three different laboratory locations with different light-

ing conditions, performed duplicate measurements in a morning and an afternoon run over a peri-

od of 5 days. In a second study, intermediate precision was determined using three different IBDoc® 

test cassette lots. Duplicate measurements were performed over a period of 5 days. 

All IBDoc® results obtained in the precision study were analyzed using two different smartphone mod-

els: The Samsung Galaxy® S4 and iPhone® 6 and running the Android and iOS versions of CalApp®, 

respectively. Three different iPhone® 6 devices were used for the intermediate precision study at 3 

laboratory locations. 

The final values are presented as coefficients of variation (table 7, 8).

Sample Mean FC 
conc. 
[µg/g]

Repeata-
bility  
[% CV]

Within-lab 
precision 
[% CV]

Mean FC 
conc. 
[µg/g]

Intermdiate 
precision 1 
[% CV]

Mean FC 
conc. 
[µg/g]

Intermdiate 
precision 2 
[% CV]

1 51.3 19.0 28.4 45.7 19.3 44.7 20.1

2 111.6 17.0 19.6 112.6 16.1 100.6 17.5

3 292.9 12.9 17.1 296.1 15.4 281.6 19.0

4 574.7 13.9 17.2 580.1 16.4 640.8 13.1

Table 7: Precision data of IBDoc® results analyzed with Samsung Galaxy® S4 running the Android versi-
on of CalApp®.

Sample Mean FC 
conc. 
[µg/g]

Repeata-
bility  
[% CV]

Within-lab 
precision 
[% CV]

Mean FC 
conc. 
[µg/g]

Intermdiate 
precision 1 
[% CV]

Mean FC 
conc. 
[µg/g]

Intermdiate 
precision 2 
[% CV]

1 52.0 14.0 20.1 49.6 17.7 50.9 22.5

2 125.7 17.2 24.3 126.1 22.5 114.2 17.1

3 300.2 16.2 16.7 298.2 17.3 292.4 13.9

4 570.6 23.3 23.3 562.6 21.5 662.1 17.2

Table 8: Precision data of IBDoc® results analyzed with iPhone® 6 running the iOS version of CalApp®.
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SENSITIVITY 

LoB, LoD, LoQ < 30 µg/g.

Limit of Blank (LoB) - highest measurement result, that is likely to be observed with a 95 % proba-

bility for a blank sample. The LoB was established according to the CLSI guideline EP17-A. Extraction 

buffer was used as a blank sample, as stool specimens negative for calprotectin do not occur natu-

rally. The negative samples were measured on 60 IBDoc® test cassettes. The study was repeated with 

a second test cassette lot. 

Limit of Detection (LoD) - the lowest concentration of calprotectin that can be detected in over  

95 % of the samples. The LoD was established according to the CLSI guideline EP17-A. Two different 

stool specimens were used to generate a total of six samples by dilution in extraction buffer to achieve 

the range of 1 LoB-4 LoB. Each sample was measured in ten replicates (60 IBDoc® test cassettes in 

total). The study was repeated with a second test cassette lot. 

Limit of Quantitation (LoQ) - the lowest concentration of calprotectin that can be detected with a 

total error (combined error of imprecision and bias) of <25 %. Four low level stool extracts around 

and below 30 μg/g were measured on 10 test cassettes (40 IBDoc® test cassettes in total). The study 

was repeated with a second test cassette lot. Calculation of the LoQ was performed according to CLSI 

guideline EP17-A2.

All IBDoc® results obtained in the sensitivity study were analyzed using two different smartphone 

models: The Samsung Galaxy® S4 and iPhone® 6, running the Android and iOS versions of CalApp®, 

respectively. The results of LoB and LoD studies for IBDoc® are summarized in table 9. 

Smartphone Lot Limit of Blank (LoB) Limit of Detection (LoD) Limit of Quantitation (LoQ)

Android OS 1 8.915 µg/g 13.9 µg/g 24.3 µg/g

Android OS 2 15.006 µg/g 22.8 µg/g 27.2 µg/g

iOS 1 15.889 µg/g 29.1 µg/g 24.3 µg/g

iOS 2 9.906 µg/g 19.7 µg/g 27.2 µg/g

Table 9: Limit of Blank, Limit of Detection and Limit of Quantitation values obtained with two dif-
ferent smartphone models and two test cassette lots.
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INTERFERING SUBSTANCES

All BÜHLMANN fCAL lateral flow assays use the same extraction buffer, lateral flow technology and 

antibodies. Interference studies were performed with the BÜHLMANN Quantum Blue® fCAL and fCAL 
high range assays in accordance with CLSI guideline EP7-A2. Interference of pharmaceuticals, food 

supplements, hemoglobin and enteropathic microorganisms was investigated by “paired-difference 

testing” in stool extracts with calprotectin target values of 50 µg/g and 250 µg/g calprotectin. Dupli-

cate measurements of control and spiked extracts were performed. No interference has been shown 

with substances listed in table 10 and 11 for BÜHLMANN calprotectin lateral flow assays.

Drug trade name Spiked concentration (mg/mL)

Ferro-Gradumed 0.04 mg/mL

Prednison 0.13 mg/mL

Imurek 0.07 mg/mL

Pentasa 2.00 mg/mL

Lansoprazol 0.07 mg/mL

Asacol 0.50 mg/mL

Vancomycin 0.80 mg/mL

Sulfametoxazol 0.64 mg/mL

Trimethoprim 0.13 mg/mL

Ciprofloxacin 0.08 mg/mL

Food supplement Spiked concentration (mg/mL)

Vitamin E 0.12 mg/mL

Multiple Vitamin 0.43 mg/mL

Hemoglobin Spiked concentration (mg/mL)

Human hemoglobin 0.5 mg/mL

Table 10: Substances and their levels that were tested and show no interference with BÜHLMANN calprotec-
tin lateral flow assays.

Microorganism OD of culture

Escherichia coli 0.87

Salmonella enterica subsp. enterica 1.81

Klebsiella pneumoniae subsp. pneumoniae 1.33

Citrobacter freundii 0.64

Shigella flexneri 0.23

Yersinia enterocolitica subsp. enterocolitica 0.91

Table 11: Microorganisms that were tested and show no interference in BÜHLMANN calprotectin lateral flow 
assays.
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CROSS-REACTIVITY

BÜHLMANN calprotectin assays use a monoclonal capture antibody directed against heterodimeric 

and polymeric calprotectin (MRP8/14) complexes. The cross-reactivity of the antibody with non-het-

erodimeric forms of calprotectin was tested in the BÜHLMANN fCAL® ELISA assay using Incubation Buf-

fer spiked with different levels of MRP8 and MRP14 monomers as samples. The results are summarized 

in table 12. 

Amount of 
spiked protein

MRP8 MRP14

Amount detected % cross-reactivity Amount detected % cross-reactivity

100 µg/mL 26 ng/mL 0.03 % 38.7 ng/mL 0.04 %

10 µg/mL 8 ng/mL 0.08 % 3.4 ng/mL 0.03 %

1 µg/mL <4.0 not detected <4.0 not detected

100 ngmL <4.0 not detected <4.0 not detected

10 ng/mL <4.0 not detected <4.0 not detected

1 ng/mL <4.0 not detected <4.0 not detected

100 pg/mL <4.0 not detected <4.0 not detected

10 pg/mL <4.0 not detected <4.0 not detected

1 pg/mL <4.0 not detected <4.0 not detected

PERFORMANCE CHARACTERISTICS

Table 12: Cross-reactivity of the monoclonal capture antibody, used in IBDoc®, against non- 

heterodimeric forms of calprotectin tested in the BÜHLMANN fCAL® ELISA assay
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MEASURING RANGE

Quantitative: 30-700 µg/g. 

Semi-quantitative: 30-1000 µg/g.

Results are displayed for calprotectin values of up to 1000 µg/g. 

The initial measuring range of the assay was established in a linearity study according to CLSI guide-

line EP06-A. Three high stool sample extracts were blended with low calprotectin (<10 µg/g) extracts 

to provide three dilution series spanning the potential measuring range of the assay. Each dilution 

level was assayed in 10 replicates. Two test cassette lots were used. 

In a follow-up study the upper Limit of Quantitation was established according to CLSI guideline 

EP17-A. Five stool extract samples, with reference calprotectin values determined using the BÜHL-

MANN fCAL® ELISA, were assayed in 10 replicates on one test cassette lot. The LoQ was determined as 

the calprotectin reference value of the highest sample with a relative total error (%TE)  

<25 %. Total error was calculated using the RMS model described in CLSI guideline EP17-A2.

Lateral flow assay results were analyzed with the Quantum Blue® Reader, instead of the CalApp® soft-

ware, as both reader systems show high agreement (please refer to section Reader Comparison).

Sample Reference 
value [µg/g]

Observed 
value [µg/g]

SD 
[µg/g]

Bias 
[µg/g]

Total error 
[µg/g]

Relative total 
error [%]

1 272 281 41 9 42 15.4

2 544 478 61 -66 90 16.5

3 723 680 100 -43 109 15.1

4 798 608 116 -190 223 27.9

5 1112 856 153 -256 298 26.8

Table 13: Determination of the upper Limit of Quantitation. The upper LoQ was determined as 723 µg/g.

HOOK EFFECT

IBDoc® measurements of two samples with calprotectin concentrations above 5 000 μg/g, performed 

on two different test cassette lots, yielded results in the range of 334 μg/g-740 μg/g. Additionally a 

single 282 μg/g calprotectin read for a sample above 10 000 μg/g was observed in the IBDoc® user 

performance evaluation. 
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