                          Antibiotics 

 The first antibiotic discovered is Sulfonamide but it wasn't very common due to its toxicity. 
 Soon after that Penicillin was discovered. Penicillin discovered by Alexander Fleming (Noble prize 1945).


 There are several groups of antibiotics : 
1-Penicillins 
2- Cephalosporins 
3- Carbapenems 
4- Monobactams 
5- Glycopeptides: vancomycin, teicoplanin 
6- Aminoglycoside: gentamycin, streptomycin, Amikacin. 
7- Fluoroquinolones: ciprofloxacin.
8- Macrolides: erythromycin, clarthromycin, azithromycin.
9- Tetracycline: Doxycycline.

The first four groups share a common feature which is the presence of the Beta-lactam ring.

every antibiotic belongs to a group and you should know all these groups because usually all the agents that found in the same group share the same side effects and activity.

Penicillin:  

- penicillin G  (G refers for gold standard) 
- penicillin V
what is the difference between them? Stability, penicillin G is given IV while penicillin V is given orally.

-  Amoxicillin ( better for the oral form, better bioavailability) 
- Ampicillin ( better for the IV form)

-Cloxacillin  and Oxacillin >> they are almost the same.
- Piperacillin: antipseudomonal penicillin.
Methicillin: It was used to treat infections caused by Staphylococcus aureus that would be resistant to penicillins ( penicillin resistance staph aureus).

**Adverse effect: interstitial nephritis, therefore it is no longer clinically used, similar penicillins such as oxacillin, naficillin are used.


principles of antibiotics therapy:

when you have any infection you should choose the appropriate antibiotic .

 How to choose the appropriate antibiotic?

 1) Identification of the microorganism causing the disease: 

A) By culture: is regarded as the golden standard for identification of the microorganism, why? Because it enables us to do sensitivity test.

 B) By using gram stain on a sample taken from pus, CSF, plural and synovial and peritoneal fluids, (sometimes) urine and sputum (it’s not a sterile fluid). 
C) statistical(educated) guess (Bacteriologic statistics) : it means that when the previous tests were made and non of them gave a positive result then you should refer back to medical sources and statistics to know the most common cause of a certain disease, for example cellulitis ( skin inflammation): the possibility that you will find the microorganism is 5% but if we know that the most common cause of cellulitis is staph aureus or streptococcus bacteria it will be much easier to deal with the disease).

**the most common cause of pneumonia is streptococcus pneumonia.

**Bacteriologic statistics (the application of knowledge of the organisms most likely to cause infection in a given clinical sitting)

D) serology:  by using antibodies against specific microorganism or their products (ELISA), and the most common infections detected by ELISA is HIV infection and Brucella.

E) PCR: is a modality promising to replace culture methods, PCR on a sample from blood, sputum, urine, tissues or body fluids.
- PCR is available to measure HIV viral load, hepatitis B viral load, hepatitis C viral load and GI pathogens ( gastroenteritis).
Note: Viral load is a measure of the severity of a viral infection, and can be calculated by estimating the amount of virus in an involved body fluid. (Wikipedia)
2)Antimicrobial susceptibility: 
that presents in your society, you should know if there is resistance or not, if the sensitivity is high or low and you will get that by practice.

How to know the antimicrobial sensitivity ?

1- Disk diffusion method : measuring the inhibition zone of each antibiotic and comparing different sensitivities, results presented as : sensitive/resistant/intermediate.

[image: ]


2- Minimum inhibitory conc. (MIC): MIC of an antibiotic is determined by using the following procedures: 

A) E-test (Epsilometer): using a strip with different concentrations of an antibiotic, then observing the inhibition zone of each concentration to identify the MIC (minimal inhibitory concentration). 
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B) Using a plate that contains a buffer then we put the bacteria on the plate with different concentrations of an antibiotic, then observing the inhibition zone under the microscope. Let’s assume that: 
at concentration 1 there was growth
at 2 >> growth
at 4 >> No growth
at 6 >> No growth
so the MIC is 4
 
Note: both procedures (A+B) give you the same number (MIC) but E-test is easier and faster .

3- Minimum bactercidal conc. (MBC):   total inhibition (the concentration at which the antibiotic kills the bacteria ).

for clinical purposes MIC works well but MBC is more accurate although nowadays it’s no longer used because it’s so hard.


3) The narrowest effective spectrum: 
another rule that you should use the narrowest effective spectrum, for example: if we have an infection that will resolve by amoxicillin there is no need to describe imipenem (belongs to the subgroup of carbapenems and it is a very wide spectrum agent, expensive and has a lot of side effects) therefore you should use the narrowest effective agent.

4) Host factors (Allergy, Age, renal and liver, site of infection, pregnancy, metabolic abnormalities).

Age: - Elderly people and children have a compromised immune system.
- children need smaller doses than adults.
- elderly people have weak immune system (a 90 year old man behaves like a pt with AIDS).

	


Resistance mechanism of bacteria :
When you work on bacteria , you should know mechanisms of resistance and the most important mechanism is producing of B-lactamase .
B-lactamases : the enzymes that break the B-lactam ring , there are many types app. 50 enzymes , they are simple or complex and the most important one is ESBL( extended spectrum B-lactamases ) which makes resistance against 90% of antibiotics .
Pharmacodynamic profile :
Slide 11 :the curve talks about the minimal inhibitory concentration and explains that when you give antibiotic , the level will increase then go down and when you give another antibiotic or another dose , the level increased again .
Some concepts about the curve :
   - time above MIC : time spended above MIC .
   - peak or concentration maximum : the highest concentration that was reached .
   - area under the curve ( AUC ) : the whole area under the curve .
   - trough : the last point in the curve .
Note : in some antibiotics , it is important that the concentration must be more than MIC as much as possible which is called time-dependent killing , the most important example is penicillin which is given 3-4 times aday because this concentration must be always in the blood but there are other antibiotics like Aminoglycosides (gentamycin, amikacin ) are given once or twice aday also  you need very high level and  this is fine, because if  the concentration of these antibiotics drops to level below MIC it will continue working .
Resistance selection:
Resistance is already present but in very low amounts and this is proved when the scientists went to remote islands to collect bacteria and they found that MRSA (methicillin resistant staph. aureas )is present ( from 1000 specimen , there is one MRSA ) but in our societies there is high percentage of MRSA which indicated that people hastened the presence of resistance , this resistance is due to resistance selection.
If you have population of bacteria , there is probability that there is resistance to the used antibiotic but if the immunity of the Pearson is strong this will help in getting rid of all bacteria but if the immunity is weak , it will not be able to get rid of all bacteria and this will give high chance for development of resistant bacteria  which will be dominant in that patient then he will transmit this bacteria to other people or in the future he will be ill due to this bacteria .
Two factors for bacterial resistance :
1- Misuse of antibiotics ( heavy use , not completing the whole course , taking minimum dose …..).
2- Weak immunity , and this will help in transmitting the resistant bacteria or living in environment where there is heavy use of antibiotics and this will not allow the normal flora to populate.
Slide (12): there is population of bacteria give them antibiotic X  if the patient has weak immunity , all bacteria will die except the resistant bacteria .
New phenomena in bacterial resistance : when you misuse an antibiotic , you do not generate bacterial resistance against this antibiotic only but also against other antibiotics .this phenomena was discovered  when they give some patients bactrim (trimethoprim and sulfamethoxazole) then they do stool culture and they found E.coli that is resistant to trimethoprim and also to penicillin so we can say that “ genetic resistance come in packages “ , there is no definite cause for this phenomena.
You have to know that there is published data about antibiotics ( which is part of your job ) which can be manual e.g sanfords that tells you everything about antibiotics and their doses …etc. or as application on your phone.
Host factors :
1- Previous history of allergic reaction to antibiotics , so the most important question before prescribing antibiotic is if there is allergy for this antibiotic and if there is allergy you should use another one but if you have to use antibiotic that causes allergy you should use it with caution.
2- Problems in immunity , most common problem is neutropenia (represents the most common immune deficiency ) in which the count of neutrophils is less than 1000 and the patient is more exposed to infection so we can give him prophylactic antibiotics.
3- CLL (Chronic Lymphocytic Leukemia) , multiple myeloma , asplenia which are treated empirically .

Age :
· When age increases , renal function decreases , toxicity increases.
· When age increases , absorption decreases .
· Tetracycline causes discoloration for teeth so it should not be given for patients younger than 8 years old , but tetracycline is not always present so we study doxycycline which is of the same group .
· When age increases , INH hepatotoxicity increases.
· When age increases , nephrotoxicity increases .
· When age increases , Ag and cochlear toxicity increases (aminoglycosides could cause loss of hearing from one dose so do not use it unless you have satisfactory cause ).
Two forms of toxicity :
1- Hearing , reduction of hearing occurs in 70% of patients but they do not feel it and do not know.
2- Vestibular toxicity , vertigo ,which is very annoying to the patient , it is rare and it goes after a long period due to adaptation by his nervous system .

Genetic / Metabolic :
· People with G6PD deficiency cannot take Bactrim ( sulfar compound ) because it will cause hemolysis for the patient .
· For diabetic patients , if they are given antibiotic with dextrose the sugar level elevates because the patient was given high amounts of sugar, also they have poor IM absorption because they have microangiopathy but this fact still controversial .
· 

       Pregnancy :
· You should know if the patient is pregnant or not 
· Antibiotics that are absolutely contraindicated for pregnant woman : tetracycline, floroquinolone , doxycycline.
· In the past they said that flagell ( metronidazole ) should not be given to pregnant lady then they reduce recommendations in order to be benefit .
· How they know that certain antibiotic should not be given to pregnant or not ??
By testing it on animals although animals are not accurate models for humans because animals differ from humans in many things for example metronidazole which is considered toxic in the past but after many studies in different countries they said that metrnidazole is not as toxic as they though about it .
· In pregnant women ,it is preferred to avoid any medications during the first trimester .
· Does the antibiotic dose need to be increased during pregnancy because the volume of dissolution becomes more ?
No .

Renal and liver function :  
The worst combination of antibiotics on kidney is vancomycin and aminoglycosides .

Is the combination of antibiotics is good or bad ??
Sometimes it is good and sometimes it is bad , when you know what you are doing it will be good.
TB is the most common infection that needs combination of antibiotics to prevent emergence of resistance .

Synergism :
Combined effect of 2 antibiotics is more than sum of them .
Antagonism : 
When the antibiotics are inconsistent with each other .
So before you give combination of antibiotics , you should make sure that are consistent with each other .
· Antibiotics are not always safe , 5% of patients will have side effects .
· Anaphylaxis is the most common toxicity of antibiotics where there is shortness of breath , hypotension …..
· 1/10000 patients have prophylaxis from penicillin and death occurs in 1/100000 courses of antibiotics .
· 10-20% of patients who claim to have an allergy to penicillin are truly allergic.
Route :
-oral : in stable and mild infections
-IV : in serious infections.
How to monitor the response for antibiotics ??
· Clinically ( to see if the patient gets better or not )
· Drug levels 
· Lab tests 

Cost :
If all other factors are equal , the last consideration is the cost ( the least expensive drug should be chosen ).
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