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  Clinical microbiology laboratory plays several important roles in the 

management of microbial infections 

 

Despites the significant advances and use of rapid and accurate 

automation techniques for ID , AST, Typing  

Microbial direct smear using standard routine and specific staining 
methods and release of accurate reports for: 

●Early diagnosis   ●Timely treatment   ●Follow up 

SPECIAL IMPORTANT 

References: 2019 









 

 Correct collection of clinical samples 

 Use of appropriate containers 

 Correct transport and maintaining  

 Correct preparation and processing  

 Appropriate staining with standard procedure 

 QA, QC plan for all methods and use of PC, NC 

 Expert personnel to view and report accurately 

Accuracy determinants of direct smear results 



 

 

 

  

   

 

 

 

 

 

  Failure of determinants 

Delayed, unreliable, FN & FP ; results  

Death  

Irreparable harm to patients 



Staining of Bacteria 

 Bacteria cells are almost colorless and transparent 

 

 A staining technique is applied to the cells to color 

 

 Shape and size can be easily determined under the microscope  



Principle of staining 

 Stains → combine chemically with the bacterial protoplasm. 

 

 Commonly used stains are salts: 

 Basic dyes: colored cation + colorless anion: 
Methylene Blue  
 Crystal Violet 
 Carbol Fuchsin 
 Safranin 
Malachite Green 

 Acidic dyes: colored anion + colorless cation 

 Nigrosine  

 India Ink 

 Eosin 

 

 



Types of staining techniques 

Simple staining 
 (use of a single stain) 

Differential staining 
 (use of two contrasting stains  

separated by a decolorizing agent) 

For visualization of 

morphological shape & 

arrangement 
Identification Visualization  

of structure 

Gram  

stain 
Acid fast 

 stain 
Spore  

stain 

Capsule  

stain 



Slide Preparation 

 Clean slide 

 Label 

 Smear in circle  

• Broth 

• Solid + H20 

 Air dry first 

 Heat fix (usually) 

• Kill organism 

• Adhere to slide 

• Accepts dye     



Simple Stains 



Simple Staining 

 Type of staining: Simple stain 

 Name of dye: Crystal violet 

 Shape of cells: Cocci 

 Arrangement of cells: Clusters 

 Color: Purple 

 

         Staphylococci       
 

 

 

 



Differential Stains 





Gram +ve 

S.aureus 

Gram –ve 

   E.coli 

Step 1: Crystal Violet 

Step 2: Gram’s Iodine 

Step 3: Decolorization  

           (Acetone-Alcohol) 

Step 4: Safranin Red 





















Errors During Gram Staining 

 Excessive or insufficient decolorization (↑False GN, ↓False GP) 

 Excessive heat during fixation (False GN) 

 Low concentration of crystal violet (False GN) 

 Excessive washing between steps (False GN)- less than 5 second 

 Excessive counterstaining (False GN) 

 Extreme thickness of smear (False GP) 



. The determination of : 

Slide thickness 

Time of fixation, staining, washing, decolorization,etc.  

 

Must be setup with every microbiology laboratory 

 

 

Type of stain ,concentration, quality and environment condition, etc 





Acid Fast Staining: 

 

Fuchsin Acid-Fast Stain (Conventional Methods):  

 Ziehl-neelsen or kinyoun 

 
 

Fluorochrome Stain ( New Method) 

 Auramine-rhodamine 

 



Carbolfuchsin-based stains  

Utilize a regular light microscope 

 

Must be read at a higher magnification (1000x) 

 

Two types: ziehl-neelsen and kinyoun.  

 

Both use carbolfuchsin/phenol as the primary dye  

 

Smear is then decolorized with acid (HCI or H2SO4) /alcohol 
(Complete/ partial)  and counter-stained with methylene blue 





Fluorescence Microscopy 

Advantages: 

More accurate 

10% more sensitive than light microscopy 

Faster to examine = less technician time 

Disadvantages: 

Higher cost 

Less feasible in many areas 

 



Auramine Stain  



Auramine-rhodamine Stain  



Reference: Baily & Scott 2017. 



Reference: WHO, CDC, eCDC 2016. 



Quality Control 

ATCC, PTCC 

Known Strains 

BCG (AF Stain) 

Gram Stain: At least weakly 

Other Stains: Every staining 

Result Analysis 

Documentation & Record 

Positive Control 

& 

 Negative Control 

Troubleshooting 





Basic Concepts for Specimen Collection 

Actual site of infection, avoiding contamination 

Optimal times(early morning sputum for AFB culture). 

Sterile, leak-proof , specimen containers, screw cap tube  

Transport media (anaerobe transport, Cary-Blair, VTM) 

Preferably prior to antibiotic therapy 

Properly label  

Specific source (e.g. wound, left leg) 

Minimize transport time 

Maintain an appropriate environment 
 

 

 

 

 



Evaluation determinants 

Patient information and history 

Specimen type and time of collection 

Container 

Transportation to laboratory 

Storage before processing 

Sample processing 

Direct smear and staining 

Primary plating media 

Direct smear examination 

Interpretation and preliminary diagnosis 

Report of result (routine and critical) 

ID , AST , Final Diagnosis 
 

 

 



Importance of direct smear for primary diagnosis 

and report: 

 

 Sterile body fluids  

 Specific arrangement and structure in bacteria, fungi, etc.  

 Acid fast staining on different clinical specimens 
  

 CSF 

 Blood, Bone marrow aspirate  

 Synovial (joint) 

 Pericardial 

 Ascites (peritoneal) 

 Bile 

 
 

 

 

 Pleural 

 BAL 

 Sputum 

 Urethral discharge 

 Vaginal discharge 

 Pharynx (Throat) , etc. 

 

 

 



CSF: Cerebrospinal Fluid 



CSF: Cerebrospinal Fluid 

 

 Sterile, screwcap tube 

 Disinfect skin with iodine or chlorhexidine  

 Transportation < 15 min-RT , Immediately  

 Concentration by centrifugation 10000 g for 5-10 minutes 

Gram Staining- India ink- Acid fast staining. 

 BA, CA, Thio.  

 Add thio for CSF collected from shunt 

 Recommended to also collect blood culture 
 

 



 

     CSF Volume:  

 Bacterial culture > 1 ml 

 Fungal culture 2-5 ml 

Molecular > 1 ml 

Mycobacterial culture 5-10 ml 

 Viral culture > 1 ml 
 



 

 

 Low volume 

 Delay in transportation 

 Collection in unsterile tube, etc. 

 

 

  

 

Accept or reject of CSF ??  

 

100% ACCEPT (comments)  

 

  

 

Comments: 

 CSF culture and direct smear results are not reliable due to: 

Insufficient volume 

Improper sampling, transportation, maintaining 

Improper and non sterile container , etc 



Common causes of bacterial & fungal meningitis ; (CDC) 

Newborns:  

Group B Streptococcus (GBS), S. pneumoniae, L.monocytogenes, E.coli k1 

Babies and children:  

S. pneumoniae, N. meningitidis, H. influenzae type b (Hib), GBS. 

Teens and young adults:  

Neisseria meningitidis, Streptococcus pneumoniae. 

Older adults:  

S. pneumoniae, N. meningitidis, H. influenzae type b (Hib), GBS, Listeria 

monocytogenes, M. tuberculosis, Staphylococci. 

 Cryptococcus species (neoformans), Candida albicans. 

 



Staining & direct smear report 

WBC /hpf or Rare-Few-Mod-Many. (PMN, Lymphocyte) 

 RBC /hpf or Rare-Few-Mod-Many 

 Epithelial cell /hpf or Rare-Few-Mod-Many 

 Yeast, budding yeast ,pseudo hyphae  

 Bacteria : Rare-Few-Mod-Many 

Gram staining 

 India ink staining by request Cryptococcal antigen  

 Acid fast staining by request 
 

 

 

 Cryptococcal & Pneumococcal Ag by serologic methods  

 

 



CSF gram staining interpretation 

 Gram positive cocci (Staphylococci, GBS,..) 

 Lanceolate gram positive diplococci (Pneumococci) 

 Gram negative diplococci (Meningococci) 

 Gram positive bacilli (Listeria, …) 

 Gram negative coccobacilli (H. influenzae ) 

 Gram negative bacilli (E.coli , ….) 

 Yeast, Budding yeast, Pseudo hyphae (Candida species,.)  



Primary Report:  

Moderate pair of lanceolate gram positive diplococci resemble to 
Pneumococci seen by gram staining method. 

Final report for definitive diagnosis and antimicrobial susceptibility test will 
be ready after 72 hrs. 
 

 



Primary Report:  

A few of intracellular gram negative diplococci resemble to Neisseria 
species (Meningococci) seen / detected by gram staining method. 

Final report for definitive diagnosis and antimicrobial susceptibility test 
will be ready after 7 days.  
 

 



Primary Report:  

Many of  extra and intracellular gram negative coccobacilli like to             
H. influenzae seen / detected by gram staining method. 

Final report for definitive diagnosis and antimicrobial susceptibility test will 
be ready after 7 days.  
 

 



Primary Report:  

Many of  yeast, budding yeast & pseudohyphae elements seen / detected 
by gram staining method. 

Final report for definitive diagnosis and antimicrobial susceptibility test will 
be ready after 7 days.  
 

 



Primary Report:  

Many of  encapsulated yeast and budding yeast cells like to Cryptococcus 
seen / detected by india ink staining method. 

Final report for definitive diagnosis and antimicrobial susceptibility test will be 
ready after 7 days.  
 

 



Primary Report:  

1-9 Acid fast bacilli (AFB)/100 fields seen/ detected by ziehl neelsen/ 
fluorochrome staining method staining method. 

 

TB PCR for confirmation / Gene Xpert is recommended. 
 



Reference: Henry 2017. 



Blood / Bone Marrow 



Blood / Bone Marrow 

 

 Disinfect skin with iodine or chlorhexidine/with 70% alcohol. 

 Blood culture media set (aerobic and anaerobic bottle) or vacutainer tube 
with SPS 

 Transportation < 2 hrs /RT, must be incubated at 35-37°C 

 Draw blood at time of febrile episode 

 Draw two sets from right and left arms 

 Do not draw more than three sets in a 24-hr period 

 Direct gram stain from blood culture bottles 

 BA, CA, Thio.  

 Ideally, the blood should be mixed with 10 times its volume of broth (5 ml of 
blood in 50 ml of broth) 

 

 





Primary Report:  

Moderate gram positive cocci in the tetrads and clusters resemble to 
staphylococci seen by gram staining method. 

Final report for definitive diagnosis and antimicrobial susceptibility test 
will be ready after 72 hrs. 
 

 



Primary Report:  

Few gram positive cocci resemble to streptococci seen by gram 
staining method. 

Final report for definitive diagnosis and antimicrobial susceptibility test 
will be ready after 72 hrs. 
 

 


