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Pathogenic microorganisms. 

In this sheet and the upcoming ones we will talk about the most 

important pathogenic bacteria - most common causes of human 

infections-.  

In identifying a bacteria we start by taking a sample (throat swap, stool 

sample, blood, CSF "cerebrospinal fluid" sample or urine sample), then 

staining (we prioritize gram staining because it's faster and more helpful 

when it comes to identification) , and after that culturing the sample*. 

*culturing a sample is needed when we're using other types of stains 

since gram staining doesn't need a culture :)! 

One of the earliest steps in identifying the bacteria is Gram Staining. This 

staining test gives us a dichotomous key which helps us knowing (1) if 

the bacteria is G+ve or G-ve and  

(2) the bacterial shape (cocci/bacilli..) and arrangement (clusters/chain-

like/..). 

In case the bacterium is a gram nonreactive bacteria we use other 

special types of staining discussed previously.   

After Gram Staining and by looking at the dichotomous key, we can put 

bacteria in 4 major groups: 

1. gram +ve cocci  

2. gram -ve cocci  

3.gram +ve bacilli  

4. gram -ve bacilli  

Most of the bacteria "or nearly all of the bacteria" belong to one of 

these groups, the rest fall in an atypical bacteria group (e.g: Mycoplasma 

pneumonae and Mycobacteria). 

*student's question: Spiral bacteria are either grouped with cocci 

bacteria or atypical bacteria; depending on their response to gram 

staining. 
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We will discuss each group in details starting with 

 Gram Positive Cocci 

 Gram +ve cocci –as the name implies- are spherical in shape and 

purple in color after gram staining.  

 There are 3 major genera that are medically important  

a: Staphylococcus     b: Streptococcus     c:Enterococcus 

 All of them are facultative anaerobic bacteria (that means Oxygen 

is not toxic to them because they can use it as a final acceptor for 

the electrons as well as other alternatives). *keep in mind that 

note, because even if the bacterium doesn't have catalase to 

remove the toxic product of Oxygen, there must be an alternative 

system to do so, such as peroxidase.* 

 The three genera differ in their arrangement. Either in random 

clusters (staphylococci) or in chains/pairs (streptococci and 

enterococci). But even though arrangement is characteristic, we 

do not use it in differentiating and identifying bacteria, because 

sample preparation affects their arrangements aggressively (high 

mechanical stress causes separation of cells and high 

concentrations cause clustering of bacteria).  

We identify/ distinguish them based on:  

(1)- Biochemical tests  

Tests made to detect the presence of a certain enzyme, such as: 

 

a- Catalase test: is a test where neutralization of Hydrogen peroxide into 

water and Oxygen happens .Catalase enzyme is secreted by obligate 

aerobic and facultative anaerobic bacteria. 

Quick recap of obligate aerobic, obligate anaerobic and facultative 

anaerobic bacteria  

*Obligate anaerobic bacteria cannot live with the existence of Oxygen 

thus Oxygen is toxic to them. 
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*Obligate aerobic bacteria can ONLY use Oxygen as an electron receptor 

during their respiration process so they can't grow without it and thus 

Oxygen isn't toxic to them. 

*Facultative anaerobic bacteria can do with and without Oxygen thus 

it's not toxic to them.  

*Oxygen toxicity: certain by-products result from the existence of 

Oxygen -such as super oxide (O2-1) anion which is highly toxic-. 

Those bacteria that can live with Oxygen have superoxide dismutase 

enzyme which converts superoxide into hydrogen peroxide. Hydrogen 

peroxide is still toxic to bacteria but at much higher concentrations. 

Obligate aerobic and facultative anaerobic have other enzymes (catalase 

or peroxidase) which convert hydrogen peroxide into water and oxygen) 

*adding a drop of 3% hydrogen peroxide to a staphylococcus colony 

results in the formation of bubbles ; because staphylococcus has 

catalase which , as mentioned earlier, converts hydrogen peroxide into 

water and oxygen. 

So the formation of bubbles means that the colony is catalase +ve, 

otherwise it's catalase -ve. 

b- Coagulase test  

Coagulase is an enzyme made by certain bacteria which converts 

fibrinogen (soluble form) into fibrin (insoluble form) making a clot. 

Adding a bacterium producing this enzyme to a human plasma (or 

fibrinogen as a chemical compound) and put them in an incubator, the 

result will be a clot!  

End point: formation of clot/insoluble mass means that bacteria is 

coagulase positive and if the solution remained liquid then its 

coagulase negative. 

 

**these biochemical tests can be made in test tube or by using glass 

slides** 
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(2) Hemolysis: 

Bacteria -in this test-should be inoculated on a blood agar. And based on 

this test we divide the bacteria into three groups: 

a- alpha hemolytic bacteria which cause partial hemolysis for RBCs and 

oxidation of Hemoglobin into met-hemoglobin (normal blood is red, 

oxidized blood is green which results in the colorization of the 

surrounding media into green.) 

 b- beta hemolytic bacteria causes COMPLETE lyses of RBCs thus 

resulting in decolorization of blood. So the surrounding media returns to 

its original color (before the addition of blood) which is a transparent 

yellowish color. The bottom line is Beta hemolytics bacteria results in a 

transparent yellowish color when inoculated on a blood agar.  

c- gamma hemolytic bacteria do not oxidize nor cause hemolysis to RBCs 

thus the blood reserves its original color. 

*when deciding what type of bacteria we have inoculated on the 

surface of a blood agar we DO NOT consider the color of the colony 

BUT we do consider the color of the SURROUNIDNG MEDIA of the 

colony and based on that we call it an Alpha/Beta/ Gamma hemolytic 

bacteria :)! Don't get confused between the color of the colony itself 

and the color of the surrounding media. 

(3) Susceptibility to certain antibiotics: e.g. novobiocin, optochin and 

bacitracin 

We inoculate the bacteria on the surface of the growth media (usually a 

blood agar) then we add the "antibiotic susceptibility disk" (circular 

piece of a filter paper, impregnated with certain antibiotics).  If the 

bacterium is susceptible to a certain type of antibiotic in the desk, we 

will observe a clear zone around this antibiotic and the growth of the 

bacteria is spread through the rest of the plate.  

So, if we observe a growth of bacteria around, above or underneath the 

desk then it's resistant to the antibiotic in the desk other than that it's 

susceptible. 
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In the *susceptibility test* we usually use uncommon antibiotics -not 

medically used- because this type of identification is based on the 

intrinsic resistance not the acquired one. So we don't want any bacteria 

to develop resistance toward them. 

(4) Growth in presence of bile salts and high NaCl (4.5%) media 

 

Always remember that dichotomous key gained by gram 

staining is very important because it dictates what kind of 

tests we need to go thru for further identification. 

*Refer to the diagram in the slides (slide 6): This diagram is used to 

differentiate between the members of Garm +ve cocci which will be 

discussed in the next sheet. 

 

 

 

Our greatest glory is not in never falling, but in rising every time we fall.  

Confucius 

 

Good luck 

 

 

  

 

   


