
Faecal�Calprotectin
Chronic�abdominal�pain�with�constipation�or�diarrhoea�is�a�common�presenting�complaint.� �It�remains�challenging�for�
the�clinician�to�distinguish�between�inflammatory�bowel�disease�(IBD)�(most�commonly�ulcerative�colitis�and�Crohn's�
disease)�and�irritable�bowel�syndrome�(IBS).��Fortunately,�faecal�calprotectin�(FC)�has�shown�promise�in�recent�research�
that�has�translated�into�daily�practice�thereby�reducing�costs�of�the�diagnostic�work-up�and�subsequent�management�of�
these�patients.

Calprotectin� is�a�cytosolic�protein�present� in�neutrophils.� � In�an� individual�with�normal�bowel� function,� there� is�no�
generalised�bowel�inflammation,�and�therefore�very�few�neutrophils�are�present.� �In�cases�of�inflammation,�there�is�a�
consequent�increase�in�neutrophils�attracted�to�the�bowel,�resulting�in�increased�levels�of�calprotectin�being�shed�into�
the�faeces.��This�basic�hypothesis�makes�calprotectin�a�valuable�marker�for�distinguishing�between�IBD�and�IBS.��FC�has�a�
high�negative�predictive�value,�and�is�therefore�a�good�“rule-out”�test.� �Hence,�when�the�FC�is�below�the�cut-point,�50�
µg/g�stool�usually,�IBD�is�unlikely.��This�reduces�the�need�for�colonoscopy�and�further�investigations�in�patients�with�IBS,�
who�can�be�managed�more�appropriately.� �It�must�be�noted�that�elevated�FC�levels�may�also�be�caused�by�conditions�
other�than�IBD,�such�as�infective�gastro-enteritis�and�certain�colorectal�cancers.

FC�can�also�be�used�as�a�marker�of�the�response�to�treatment.��A�FC�value�that�normalises�during�treatment�is�an�excellent�
surrogate�marker�of� successful� treatment�outcome� in�patients�with� IBD.�Failure�of�FC� levels� to� reduce�or�normalise�
indicates�that�the�treatment�and�compliance�therewith�needs�to�be�reviewed.� �In�addition,�FC�can�predict�relapse�in�
patients�with�established� IBD.� �Values�have�been� shown� to� rise�prior� to�patients�becoming� symptomatic� therefore�
allowing�for�an�early�modification�or�reintroduction�of�treatment�and�the�consequent�modification�and�attenuation�of�
the�relapse�period.��Finally,�there�is�also�evidence�that�FC�levels�correlate�with�the�disease�severity�in�IBD.

FC�can�be�measured�on�any�random�stool�sample�with�no�requirement�for�a�24�hour�stool�collection.� �If�a�delay�of�>�24�
hours�is�anticipated�in�the�sample�reaching�the�laboratory,�the�stool�sample�should�be�frozen.��Results�are�reported�in�µg�
calprotectin�per�gram�of�stool.

FC�can�be�used�in�both�adult�and�paediatric�populations.��Levels�in�active�IBD�in�children�can�be�very�high,�exceeding�the�
measurement�range.��Generally,�these�results�are�reported�as�greater�than�the�measuring�range,�since�the�FC�test�is�not�
reliably�linear�in�dilution.�

Summary

Ÿ FC�assists�clinicians�in�distinguishing�between�IBD�and�IBS
Ÿ A�random�stool�sample�is�required
Ÿ Cut-points�depend�on�the�assay�used�and�are�indicated�on�the�laboratory�report
Ÿ Serial�results�need�to�be�measured�using�the�same�instrument�since�the�test�is�not�standardised
Ÿ FC�levels�may�be�elevated�in�other�conditions�e.g.��infective�gastroenteritis�and�certain�colorectal�cancers
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As we continue further into the multidrug resistant era,  
it becomes necessary to develop a deeper understanding 
of how to perform and interpret antimicrobial susceptibility 
testing. The clinical microbiology laboratory provides valuable 
susceptibility data that can guide the selection of antibiotic 
regimens for patients with infections. When a specific 
microorganism is cultured, identification of the organism and 
antibiotic susceptibility testing (AST) is performed. In terms of 
direct relevance to the management of infectious diseases, AST 
is arguably the single, most important activity carried out in the 
microbiology laboratory.

	What is an MIC?

The Minimum Inhibitory Concentration (MIC) is an in vitro 
test that determines the lowest concentration of an antibiotic 
required to inhibit the growth of a specific bacterial strain.  
A low MIC value (e.g., <0.12 µg/mL) indicates that the bacteria 
are highly susceptible to the antibiotic. In contrast, a high MIC 
value (e.g., >32 µg/mL) suggests that the bacterial strain is 
resistant, and even high—or potentially toxic—doses of the 
antibiotic may be ineffective in inhibiting bacterial growth and 
infection. Generally, the higher the MIC, the more resistant the 
bacterial strain depending on the antibiotic being tested.

Why is MIC important for patient care?

MIC’s assist in the selection of antimicrobials to which bacteria or 
yeast are susceptible and are therefore likely to effectively treat 
the infection. 
 
How is MIC reported and what do the values mean?

For each bacterial group or fungal species, international 
standardized cutoff values, referred to as clinical breakpoints, are 
established for individual agents. These breakpoints facilitate 
the interpretation of MIC values. This, in turn, enables the 
laboratory to provide clinically relevant information to guide 
treatment.

AST reports which include MIC results or breakpoints, will have  
a numerical value and an interpretive category: 
 
•	 S (Susceptible): there is a high likelihood of therapeutic  
	 success using standard dosing regimens 
•	 I (Intermediate) or SDD (Susceptible Dose Dependant):  
	 there is a high likelihood of therapeutic success when  
	 exposure to the agent is increased by utilizing a higher  
	 dosing regimen or by the agent’s physiological  
	 concentration at the site of infection 
•	 R (Resistant): there is a high likelihood of therapeutic failure  
	 even when there is increased exposure (i.e. higher dosing  
	 regimen)

While MIC measures the antimicrobial’s in vitro effectiveness 
against a microbial strain, it does not fully predict in vivo 
efficacy (i.e., effectiveness in the patient).  It is thus important to 
also consider the drug’s pharmacokinetic/pharmacodynamic 
(PK/PD) properties when selecting an appropriate antibiotic.

THE ABC’S OF MICS:   
THE VALUE OF MIC RESULTS IN ANTIBIOTIC TREATMENT DECISIONS

Pathogenetic Triad: 

1.  Figure 1 illustrates the complex interplay between the antibiotic, 
the patient, and the infecting organism in infectious diseases.

AST and MIC interpretation:

The use of antimicrobials with MIC values that fall within the 
susceptible category during the treatment of an infection may 
improve therapeutic efficacy. However, several factors must be 
considered, including the clinical indication, site of infection, 
patient characteristics, comorbidities, and the PK/PD properties of 
the antimicrobial agent. 

It is important to note that MIC values are dependent on the 
specific antibiotic tested as well as the organism for which 
susceptibility testing is being performed. Importantly, a low MIC 
value for one antibiotic is not necessarily comparable to a low MIC 
value for another.

For example, an E. coli isolate with a ciprofloxacin MIC of ≤0.25 
µg/mL (susceptible) and an amoxicillin-clavulanate MIC of ≤4 µg/
mL (susceptible) does not imply that ciprofloxacin is the preferred 
agent. For respiratory tract infections, amoxicillin-clavulanate is 
generally preferred as it is a first-line agent with a favourable safety 
profile. In contrast, for complicated urinary tract infections (UTIs), 
ciprofloxacin may be preferred due to its excellent urinary tract 
concentrations and prostatic tissue penetration.

Regarding urinary isolates, the MIC for trimethoprim-
sulfamethoxazole may appear high at first glance. However, the 
reported MIC of 20 µg/mL reflects a combination of 1 µg/mL 
trimethoprim and 19 µg/mL sulfamethoxazole. For E. coli, the 
susceptibility breakpoint for this combination is ≤40 µg/mL (2 
µg/mL trimethoprim and 38 µg/mL sulfamethoxazole). Although 
resistance to trimethoprim-sulfamethoxazole is common, when 
susceptibility is confirmed, it remains a good option for targeted 
treatment of infections like UTIs due to its excellent urinary 
concentration.
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MICs help when antibiotic options are limited:

In critically ill patients in the ICU setting, where the risk of 
infection with multidrug-resistant organisms (MDROs) is high, 
it may be necessary to compare the MICs of different agents 
within the same antimicrobial class to determine the most 
optimal treatment. For example, in a patient infected with 
carbapenem-resistant Klebsiella pneumoniae, where treatment 
options are limited, group 2 carbapenems (imipenem, 
meropenem, and doripenem) may have MICs that fall within 
the susceptible to intermediate range. In such cases, the 
carbapenem with the lowest MIC may be considered, often in 
combination with another active agent from a different class. 
Additionally, strategies such as dose escalation, prolonged 
infusion, and increased dosing frequency may be employed to 
optimise clinical outcomes.

E.coli
PENICILLINS
    AMOXYCILLIN-CLAVULANATE I 16

    AMPICILLIN/AMOXYCILLIN R >=32

    PIPERACILLIN-TAZOBACTAM S <=4

CEPHALOSPORINS
    CEFTAZIDIME S <=1

    CEFUROXIME/CEFPROZIL I 8

    CEFEPIME S <=1

    CEFOTAXIME/CEFTRIAXONE S <=1

CARBAPENEMS
    DORIPENEM S

    ERTAPENEM S <=0.5

    IMIPENEM S <=0.25

    MEROPENEM S <=0.25

QUINOLONES
    CIPROFLOXACIN R >=4

AMINOGLYCOSIDES
    AMIKACIN S 4

    GENTAMICIN S <=1

    TOBRAMYCIN S <=1

FOSFOMYCIN
    FOSFOMYCIN S

NITROFURANS
     NITROFURANTOIN S

     SULFA/TRIMETHOPRIM S <=20

AST and MIC are a valuable antimicrobial 
stewardship tool:

•	 AST and MIC reporting helps to guide safe and  
	 effective antimicrobial use. 
•	 The 4 Ds of optimal antimicrobial therapy are “the  
	 right Drug, right Dose, De-escalated to pathogen- 
	 directed therapy and the right Duration of therapy”.  
•	 An agent with a narrower spectrum of activity is less  
	 likely to select for colonization with MDROs  
	 compared to broad-spectrum agents.  
•	 When a broad-spectrum antimicrobial agent is  
	 initiated for empiric antibiotic cover, it should be  
	 given for the shortest possible duration and  
	 de-escalated to the most appropriate directed agent  
	 according to PK-PD principles coupled with the  
	 culture and susceptibility report.

REFERENCES:
1.	 Figure 1 adapted from: Ahmad, Ijaz & Huang, Lingli & Hao, Haihong & 

Sanders, Pascal & Yuan, Zonghui. (2016). Application of PK/PD Modeling 

in Veterinary Field: Dose Optimization and Drug Resistance Prediction. 

BioMed Research International. 2016. 10.1155/2016/5465678.

2.	 Shorr, Andrew. (2012). Antibiotics in the Critically Ill: The Bug, Drug, Host 

Triad. Chest. 142. 8-10. 10.1378/chest.11-3325.

3.	 Joseph J, Rodvold KA. (2008). The role of carbapenems in the treatment of 

severe nosocomial respiratory tract infections. Expert Opin Pharmacother. 

2008 Mar;9(4):561-75. 

4.	 EUCAST Definitive Document. Methods for the determination of 

susceptibility of bacteria to antimicrobial agents. Terminology. Clin. 

Microbiol. Infect. 1998, 4, 291–296.

5.	 Kowalska-Krochmal B, Dudek-Wicher R. (2021). The Minimum Inhibitory 

Concentration of Antibiotics: Methods, Interpretation, Clinical Relevance. 

Pathogens 2021, 10,165.

Compiled by the PathCare Clinical Microbiology Team  


