
  

Macroscopic and microscopic 
examination in bacteriology



  

Macroscopic examination of specimens

Where?: lab – area / room for receiving specimens

When?: upon receipt of specimen 

Why?:

1. Assess adequate/inadequate collection and 
transport

2. Orientation of diagnosis



  

Macroscopic examination: 
1. Assessment of collection & transport

• Integrity of package and sample container

• Quantity: adequate for required tests

• Colour: 
• blue(ish) urine →prior administration of urinary antiseptics
• red(ish) serum – hemolysis →improper collection and storage
• turbid serum with filaments→bacterial contamination (improper 

collection and/or storage) 



  

Macroscopic examination: 
2. Orientation of diagnosis

Cerebrospinal fluid (CSF)
- Normal aspect: clear liquid 
- Pathologic aspects: colour, turbidity, deposits, clots

e.g. 

fever, headache, neck stifness, photophobia + turbid CSF 
→ (presumptive) bacterial meningitis 

fever, headache, neck stifness, photophobia + clear CSF 
→ (presumptive) viral meningitis



  

Macroscopic examination: 
2. Orientation of diagnosis

Pus
- Colour – depends on presence of bacterial pigment

e.g.

Staphylococcus aureus – creamy, yellow pus

Pseudomonas aeruginosa – blue-greenish pus



  

Staphylococcus aureus: creamy, yellow pus



  

Pseudomonas aeruginosa – blue-greenish 
pus

• Skin graft infected with

Pseudomonas aeruginosa
• Pyocyanin – blue pigment

produced by Ps.aeruginosa 

(pyocyanic bacillus)



  

Macroscopic examination: 
2. Orientation of diagnosis

Urine
- Colour, turbidity 
- presence (and type) of 

sediment
- blood (hematuria)
- pus (pyuria)



  

Macroscopic examination: 
2. Orientation of diagnosis

Sputum
- colour, consistency, adherence, presence of pus

e.g. 
- ”rusty” red - pneumococcal pneumonia (presence of 

blood/blood pigments)

- bright red – tuberculosis (hemoptisys)

- yellowish – white – presence of white blood cells 
(infection)



  

Macroscopic examination: 
2. Orientation of diagnosis



  

Macroscopic examination: 
2. Orientation of diagnosis

Faeces (stool)
- colour, 
- consistency, 
- presence of blood traces, mucus, pus – might indicate 

Salmonella, Shigella infections



  



  

Microscopic examination

• Light (bright) field microscopy
• Dark field microscopy
• Phase contrast microscopy
• UV microscopy

• Fluorescence microscopy



  

Light (bright) field microscopy

to the eye
↑

2nd magnification lens 
(ocular / eyepiece)

↑
1st magnification 10x, 40x, 100x 
(objective lens)

↑
SPECIMEN

↑
Condenser

↑
Light from incandescent source  



  

Light (bright) field microscopy

Objective lenses:

• 10 x – general overview of sample
• 40 x – ”large” microorganisms: fungi, parasites
• 100 x - bacteria



  

Light (bright) field microscopy

• Wet mounts (unstained materials)
– Direct light

– Observation of cells (PMN, macrophages), 
mobile germs in liquid samples (urine, CSF), 
shape and disposition of germs 
(cocci/bacilli/spirilli/vibrios)

• Stained smears



  

Wet mounts: Microscope glass slide and 
cover slip



  

Wet mount – Vaginal secretion



  

Stained smears

- Smear specimen on microscope glass slide 
- Dry (air)
- Heat Fixation (flame): helps adhesion of 

specimen to slide, kills bacteria, favours 
absorbtion of stain on bacterial surface  

- Staining: 
- Monostaining e.g. Methylene blue

- Combined (2 dyes) e.g. Gram, Ziehl Nielsen



  

Gram staining
1. heat-fixed smear flooded with crystal violet (primary stain)
2. crystal violet drained off and washed with distilled water 
3. smear covered with ”Gram's iodine” (Lugol) (mordant or helper)
4. iodine washed off: all bacteria appear dark violet or purple

5. slide washed with alcohol (95% ethanol) or an alcohol-acetone 
solution (decolorizing agent) 

6. alcohol rinsed off with distilled water 

7. slide stained with safranin, a basic red dye (counter stain) 
8. smear washed again, heat dried and examined microscopically

Exact protocol – depending on the kit



  

Gram staining



  

Gram stained smear



  

Streptococcus mutans – Gram stained 
smear



  

Ziehl-Neelsen Staining

• Mycobacteria – impermeable to dyes due to high 
lipid and wax content of cell wall – usual staining 
techniques (e.g. Gram) cannot be used

• heat and phenol (carbolic acid) help penetration 
of dye inside mycobacterial cells

• gold standard for diagnosis of tuberculosis and 
leprosy

• + Nocardia, Cryptosporidium



  

Ziehl-Neelsen Staining

• used for Mycobacterium tuberculosis and Mycobacterium 
leprae = acid fast bacilli: stain with carbol fuschin (red 
dye) and retain the dye when treated with acid (due to 
lipids i.e. mycolic acid in cell wall)

Reagents
• Carbol fuchsin (basic dye) - red
• Mordant (heat)

• 20% sulphuric acid (decolorizer) – acid fast bacilli retain 
the basic (red) dye

• Methylene blue (counter stain) – the other elements of 
the smear, including the background will be blue



  

Mycobacterium tuberculosis - Ziehl-Neelsen 
Staining



  

Mycobacterium tuberculosis – Ziehl Neelsen 
staining from culture



  

Mycobacterium avium – Ziehl Neelsen 
staining 



  

Giemsa staining

• Smears from blood, vaginal / urethral secretion, bone 
marrow aspirate 

Steps:
- Fixation with methanol (2-3 min)
- Coloration with Giemsa solution (20 min)

- Washing – buffered water

- Drying
- Microscopic examination (immersion)



  

Malaria parasites in blood smear 
(Wright/Giemsa staining)



  

Dark field microscopy

• Special condenser – alows light to enter only at the 
periphery of the objective

• Used for examination of not stained cells, components of 
microorganisms (e.g. cilia, flagella):
– wet mounts performed directly of biological products (e.g. 

Treponema pallidum in syphilis primary lesions, Leptospira in 
urine samples)

– Liquid bacterial cultures – to monitor bacterial growth 
– Bacteria that cannot be stained by conventional methods e.g. 

Borrelia burgdorferi (Lyme disease)



  

Treponema pallidum – dark field microscopy



  

Spirochetes – wet mount by dark field 
microscopy



  

Leptospira – dark field microscopy



  

Borrelia burgdorferi – dark field microscopy



  

Phase contrast microscopy

•  optical microscopy that 
converts phase 
shifts (invisible) in light 
passing through a 
transparent specimen to 
brightness changes 
(visible when shown as 
brightness variations) 



  

Phase contrast microscopy

Allows observation of living cells 
1953: Frits Zernike awarded 

the Nobel prize (physics) 



  

UV microscopy

• Light source: ultraviolet light instead of white light 
• UV light wavelength = 180 - 400 nm
• White light wavelength = 400 – 700 nm 
- allows visibility of smaller microorganisms (smaller 

wavelength → smaller resolution power) 

- allows observation of substances absorbed by 
microorganisms (become fluorescent under UV light) 

- UV radiations - not visible→images impressed on 
photographic film (image converter tube) / captured by 
phototube and projected on screen



  

UV microscopy



  

Fluorescence microscopy

• very similar to UV microscopy
• based on the property of some substances to produce 

fluorescence after absorbing UV light
• microorganisms stained with fluorescent dye 

(fluorochrome) → produce fluorescent images through 
UV microscope 

• Immunofluorescence: culture of bacteria incubated with 
a specific antibody coupled with fluorescent dye; the 
dye-coupled antibody will cover the surface of respective 
bacteria; under UV light bacteria covered with antibodies 
coupled with fluorescent dye will produce fluorescence



  

Treponema denticola – wet mount, dark field 
microscopy + fluorescent dye staining



  

Microscopy for various biological specimens

• CSF: 
– wet mounts – assess type & no of cells (white/red blood cells)
– Stained smears from centrifugation sediment: Gram, Ziehl-

Neelsen + aditional smear

– Presumptive causative agents:
• High no of PMN on wet mount→ bacterial meningitis Neisseria 

meningitidis, Haempohilus influenzae
• Ziehl-Neelsen stained smear – very important in case 

M.tuberculosis is suspected (cultures take 2-3 weeks)



  

Microscopy for various biological specimens

• Pus
– Gram stained smears: PMN + staphylococci, streptococci

• Urine
– Gram and Ziehl-Neelsen stained smears prepared from 

sediment (after centrifugation of specimen)
– Urinary infection: smear with germs + high no of PMN

• Sputum
– Prewashing of specimen in several, successive Petri dishes (to 

remove germs from the pharynx attached to sputum)
– Gram (staphylococci, streptococci), Ziehl-Neelsen 

(M.tuberculosis)


