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Diagnostic Stewardship

It should promote 

• Ordering the right test 
• Collecting the right specimen

• Performing the tests by the right method

• Reporting the right interpretation of the test results
• Communicating the report at the right time
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Clinical components

• Ordering the right test (indication)

Collecting the right specimen  Microbiology 
components

• Performing the tests by the right method (accurately and 
reliably)

• Reporting the right interpretation of the test results

• Communicating the report at the right time
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Linking Diagnostics to Stewardship: The right Test 
for the Right Patient at the Right Time

• Is the test appropriate for 
the clinical setting?

• Will the clinical care of the 
patient be affected by the 
test result?

• Will the result be available 
in time to optimally affect 
acre?
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Diagnostic Stewardship
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Pulcini C et al, 2017
https://doi.org/10.1016/j.cmi.2017.07.013

https://doi.org/10.1016/j.cmi.2017.07.013


Diagnostic and Antimicrobial Stewardship
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Role of Microbiology Laboratory
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Diagnostic

pathway

Sastry A, et al. (2022) Essentials of Antimicrobial Stewardship (1st Ed.) Jaypee
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Diagnostic Stewardship

Infrastructure Support
Microbiology laboratory should 
provide automated  methods that 
dramatically  reduce the ‘’turn 
around’’ time –

a) Bactec or Bact-T/ Alert

b) Vitek MIC method.

c) Biomarkers: Procalcitonin and CRP

d) Rapid molecular test.

e) Emergency lab
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Ordering 
the right 
test and 
interpret 
diagnostic 
tests

Right patient

Right test

Right time
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Collecting the Right Specimen

• Type of specimen collected

• Method of collection 

• Volume of the collected specimen

• Time of collection

• Specimen labeliing

• Transport time

• Storage conditions to be maintained
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Choose and Interpret Diagnostic Tests Wisely

• Test performance
• Diagnostic utility
• Testing volumes
• Lab feasibility
• Cost effectiveness
• Clinical impact



Automation in 
culture
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Clinical Microbiology Decision Support 
Systems

Data from LIS, instrument integrity along with artifical intelligence 
from guidleines like CLSI 

BACTEC MGIT 960



Automation in Identification

MALDI-TOF

VITEK

PHOENICS

MICROSCAN6/24/2023 16



Automation in AST

VITEK

Also

BD Pheonics
MicroScan 
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Extended AST

• If needed Broth microdilution for colistin and agar dilution for fosfomycin

• Methodologies to reconfirm the aberrant results of AST 

Xpert Carba R Biofire film array

Direct susceptibility  
testing- for preliminary 
report
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Molecular Tests
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Syndromic testing
• Symptom driven “ broad grouping of probable pathogens into one” 

rapid test that maximizes the chance of getting the right answer in a 
clinically relevant timeframe.
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With 
Automation

• Mean identification time after culture positivity reduced

o From 32 hours (±16 hours) to 6.5 hours (±5.4 hours) 

• Mean time to susceptibility results reduced

o From 48 hours (±22 hours) to 23 hours (±14 hours) 

• Time to therapy adjustments reduced

o From 75 hours (±59 hours) to 30 hours (±30 hours) 

• Mean hospital costs per patient reduced  by 30%

Chirstensen et cl, 2022. Open Forum Infectious Diseases



Direct Microscopic Testing

Stained smears

• Gram stain

• Ziehl-Nelsen stain

• Auramine –rhodamine staining

• Albert staining for C diphtheriae

• PAS for fungus

• GMS stain for fungus

• Leishman, Giemsa, Field’s stain 
etc

Mount preparation

• Direct wet mount

• Saline wet preparation

• Iodine wet mount

• KOH mount

• Indian ink mount preparation

• Hanging drop preparation
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Utility of Direct Microscopic Testing

• Specimen quality- accept or reject the sample

• Preliminary diagnosis

• Guide impirical therapy

• Further processing of culture workups

• Culture report always be interpreted based on the DST 
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Common critical alerts at DST level

Direct Gram stain findings of positively flagged BC bottles

Positive Gram stain findings from CSF and other sterile fluids

Capsulated budding yeast cell seen on India Ink preparation

Gram stain of large boxcar shaped Gram-positive rods in a tissue- suggestive of gas gangrene

Positive Albert staining

Peripheral blood smear positive for malaria parasite

Broad aseptate hyphae seen in KOH mount of tissues

Positive Gram stain finding in intraocular specimens of suspected endopthalmitis cases 
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What About the Mismatch Between Direct 
Microscopy and Culture Findings?

• Direct microscopy negative but culture positive

• Direct microscopy positive but culture negative
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Non-Culture / Molecular Methods for Faster Detection
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• WBC count

• ESR

• CRP

• Lactate

• PCT

• IL-6

• Host gene 
expression panels

Biomarkers of infection /inflammation



Biomarkers in Sepsis
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Procalcitonin guided antibiotic therapy in sepsis



Fungal biomarkers

• Galactomannan

• (1-3) –β-D-Glucan

• Candida mannan
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Rapid point of care Test
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ICT

Pneumococcal antigen 
detection

GAS antigen detection

GBS antigen detection

C. difficile toxin detection 

COVID antigen detection

Cryptococcal antigen 
detection

Malaria RDT

HIV, HBV, HCV ICT

LAM lateral flow assay
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Latex Agglutination

Bacterial meningitis 
panel 

Molecular POCT

GeneXpert- TB, SARS-
CoV-2

Truenat-TB, SARS-CoV-2



Diagnostics-Guided Antibiotic Treatment
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Ensuring the Right Method

• SOP available according to guidelines

• Adequate training of the staff at regular intervals

• Necessary resources and infrastructure to perform the tests available 
effectively 24 x 7 functional Lab

• Rigorous Quality control  to ensure accuracy and reliability of reports 
generated
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Right interpretation of test results

Direct microscopy: Gram staining interpreted according to standard 
guidelines.

I. Presence of organisms with the type of Gram stain morphology

II. Inflammatory cells such as pus cells

III. Sample is appropriately collected

Culture : colony morphology, quantitative culture when required

Identification: Upto species level, correlated with clinical findings and 
DST findings
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Data collection
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ORGANISMS NATURAL RESISTANCE TO

P. aeruginosa Ampicillin, amoxycillin, co-amoxiclav, first-generation cephalosporins,

second-generation cephalosporins, cefotaxime, ceftriaxone, nalidixic  

acid, trimethoprim

B. cepacia Ampicillin, amoxycillin, first-generation cephalosporins, colistin,

aminoglycosides

Stenotrophomonas maltophilia All β-lactams except ticarcillin/clavulanate

Salmonella spp. Cefuroxime, aminoglycosides (active in vitro, not active in vivo)

Klebsiella spp., Citrobacter

diversus

Ampicillin, amoxycillin, carbenicillin, ticarcillin

Proteus vulgaris Ampicillin, amoxycillin, cefuroxime, colistin, nitrofurantoin

Serratia spp. Ampicillin, amoxycillin, co-amoxiclav, first-generation cephalosporins,

cefuroxime, colistin

H. influenzae Penicillin G, erythromycin, clindamycin

Streptococci Fusidic acid, aminoglycosides (except as synergists)*

S. pneumoniae Trimethoprim, aminoglycosides

Methiciilin-resistant

S.aureus

All β-lactams

Enterococci Penicillin G, carbenicillin, ticarcillin, all cephalosporins,

aminoglycosides*, mupirocin

Listeria Third-generation cephalosporins, fluoroquinolones

INTRINSIC 
RESISTANCE
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Selective reporting

Reporting results for specific 
antimirobial agents while suppressing 
few others based on

• Organism identified

• Mechanism of resistance

• Body site

• Clinical setting

• Patient demographics

• Aberrant results
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Selective reporting

Langford BJ, et al. J Clin Microbiol.2016; 54:2343-2347
6/24/2023 37



Culture Reporting (Two Stage Reporting: The UK Model)

Team 2:
Cl. Micro. Reporting
• Consultant
• Senior resident

Team 1 :

Technical Reporting

• Technologist

• Resident
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Cascading reporting

• “strategy of reporting antimicrobial susceptibility test results in which
secondary (e.g., broader-spectrum, more costly) agents may only be
reported if an organism is resistant to primary agents within a
particular drug class (cascade reporting is one type of selective
reporting).”

• susceptibilities are performed for a panel of antimicrobials but
reported for only the narrowest-spectrum drugs (primary agents)
while suppressing the susceptibilities of more broad-spectrum agents,
higher-cost agents, high-toxicity agents or those with the potential for
over prescription (secondary agents).
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Testing limitations

• In commercial AST systems, the suppression of results may also occur
if the manufacturers has not obtained FDA approval for a specific
antimicrobial agent/organism combination

• Inclusion of the the result into the patients report may be decided
based on the AST result of other agents

• Results may be released to the clinicians with a warning comment

6/24/2023 40
Sastry A, et al. (2022) Essentials of Antimicrobial Stewardship (1st Ed.) Jaypee



Cumulative Antibiogram
✓Manual culture register

✓Excel based register

✓Information System design

Susceptibility (%) for the year 2020Organisms

First-line agents Second-

line  agents

Restricted agents
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Escherichia coli 231 31 41 45 SP 41 52 71 78 91 92 95 96

Klebsiella pneumoniae 289 IR 31 33 SP 23 46 61 72 82 76 75 88

Acinetobacter baumanii 245 IR IR IR SP 44 75 63 68 86 19 85 99

Salmonella Typhi 45 NT NR 100 SP 23 CIN NR NR CIN NR NBP NR

Abbreviations:

For Salmonella, data for year  

2019, 2020 are included

Color coding %Svalue

Green > 80%

Yellow 60-80%

Susceptibility of  

cefotaxime can be inferred  

from ceftriaxone

Red ≤ 60%

Gray Data not

available
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General Rules
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• Generate cumulative antibiograms at least annually.
• Include only final, verified results

• Consider only species with antimicrobial susceptibility testing data for at least 30
isolates to guarantee statistical validity of the estimates.

• Calculate cumulative antibiograms preferably at species level.

• Calculate the percentage susceptible per species/antibiotic combination, and
do not include isolates with intermediate susceptibility.

• Include only diagnostic isolates, but not isolates from  surveillance and 
screening cultures or from non-patient  sources.



Handling Multiple Isolates
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– All isolates strategy: all isolates of a given species collected during  the time period 
considered equally

– First isolate strategy: only the first isolate of a given species per  patient per 
analysis period is considered (= CLSI recommendation)

– Episode-based strategy: duplicate isolates are included when the  minimal 
interval of time between their recovery was n days.

– Antibiogram-based strategy: duplicate isolates are selected with  respect to their 
antimicrobial susceptibility

• considering every isolate with a deviating antimicrobial  susceptibility 
profile per patient

• selecting the most resistant or the most susceptible isolate per  patient, or

– Combination of strategies
• Courtesy Dr Nandini



• Report results only for antibiotics that are routinely tested

• Selective testing policies are common, including

(1)body site-specific testing (e.g., nitrofurantoin tested only  for urinary tract
isolates)

(2)second-line / cascade testing (i.e., second-line  antimicrobials, such as 
tigecycline and colistin, tested  merely on species with resistance to first-line
antibiotics)

(3)prescribing-specific testing (i.e., only those antimicrobials  tested which are 
requested or currently used for  treatment)

Courtesy Dr Nandini
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Comments in Clinical Microbiology Reporting

• Comments for various report 

categories

• Comments for in-progress reports

• Comments if parameters are 

missing in culture requisition form

• Comments related to specimen 

collection

• Comments as footnotes in AST 

Table

• Comments specific to site-specific 

culture reporting

• Infection control advice

• Specific organism-antimicrobial 

agent-related comments

• Predicted susceptibility-related 

comments

• Intrinsic resistance comments
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Behavioral interventions
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BP-MIC-Quotient (BMQ)

6/24/2023 47

MIC Based Report and Concept of BP-MIC Quotient (BMQ)



Distributing and Communicating  Antibiogram Data

• Pocket Guides or Other Hard Copy

• Website Application

1. Portable Document Format (PDF)

• Smartphone, or TabletApplication
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Mobile App  
Antibiotic Policy

Integrated with Antibiogram



Turn Around Time

Properties Laboratory-TAT Ward-TAT AMS-TAT

D u r a t i on

between:

Specimen receipt and

report authorized

Specimen collected
and report received by

the clinical team/

location

Decision of ordering
the test and action-

taken on the test

report

Components Pre-analytical: Sample

verify time; Wait-time

Analytical: Procedural  

time(C/S →ID→AST)

Po s t -a n a l yt i c a l :  

Authorization time

Lab-TATplus

Specimen transport  

time

Report dispatch time

Ward TAT plus

Hangover time  

Action taken time
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Interventions to reduce laboratory TAT
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Interventions to reduce Ward-TAT
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Report dispatch time improved by  

• Increasing the workforce

• Increase the frequency for 
manual dispatch

• Spreadsheet based register or 
Whatsapp delivery

• LIS based authorization

• Software based authorization

• Autoauthorization of negative 
culture reports

Auto-generated 
Message/ sms link

Curtesy : Dr Apurba Sastry
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Interventions to reduce AMS TAT
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Pathogen Directed AMS audit

• Communicate with the clinical team-availablity of the report (level of 
direct microscopy, organism identification)

• Help the clinical team to understand the interpretation of the report

• Address their queries

• Decide on further course of action.

• Verbal communication over 
telephone

• Verbal communication –bedside

• Written communication
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Synchronized 
Reporting with 
Clinical Round

Advices during AMS round
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Educational 
Interventions to 
Clinicians

• Interpretation of 
susceptibility reports

• Understanding the workflow 
of the laboratory

• Interpretation of antibiogram 
data

• Knowledge regarding sample 
collection, transport and 
rational use of antimicrobials
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“ SMART” Laboratory
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Handshake 
stewardship 

Communication Barriers

• Trust deficit
• No action on reports
• No culture of walking to talk
• No joint rounds
• Lack of confidence
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• Provide timely, reliable and reproducible
identification and antimicrobial susceptibility results

• Optimize communication of test results and alert
system

• Collaboration with ID physicians on updating
methods for susceptibility testing

• Participate in the development, revise and publicize
antibiogram reports consistent with CLSI guidelines

• Provide guidance for adequate specimen collection
• To evaluate the POCT tests
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