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Bugs and Drugs   

 

Background  

Infectious diseases are disorders caused by organisms such as bacteria, viruses, fungi, 
and parasites (1). 

Since the identification of bacteria in the 1670s and the demonstration of the 
relationship between germs and disease (the Germ Theory) in 1864, there was no 
effective way to treat bacterial infections until Alexander Fleming’s discovered 
penicillin in 1928. Following then (1930s-1960s), most of the antibiotics we use today 
were developed (2). 

The term antimicrobial includes drugs or chemicals that either kill or slow down the 
growth of microbes namely antibacterial, antiviral, antifungal, and antiparasitic drugs. 
I will mainly focus on antibacterials. 

Basic concepts  

Infection is the presence of microorganism causing damage to body tissue. This is 
usually in the presence of acute inflammation.  

From a medical perspective, colonisation is when bacteria grow on body sites exposed 
to the environment without causing infection. Colonisation does not normally harm 
the patient and so does not routinely require treatment. For example, Neisseria 
meningitis can be found in up to 30% of the healthy population in their oropharynx. 
For this reason, it is important to correctly complete microbiology request forms to 
assist laboratories to distinguish between colonisation and infection (3). 

Examples of colonisation (4)  

Body	site	 Colonising	bacteria		
Endotracheal tube/ 
tracheostomy 

Mixed enteric flora (Enterococcus spp), E coli, 
pseudomonas) 

Urinary catheter Enteric flora (Enterococcus spp), E coli, pseudomonas) 
Upper respiratory tract Mixed enteric flora (Enterococcus spp), E coli, 

pseudomonas) 
Skin wounds  Skin flora Staph spp  

Enteric flora (Enterococcus spp), E coli pseudomonas) 
Pressure sores Skin flora Staph spp  

Enteric flora (Enterococcus spp), Ecoli pseudomonas) 
 

 

 



	 2	

Significance of Bacteraemia (5) 

Below is a table with organisms, their usual site of normal flora and common sites of 
infection. 

Organism  Site of 
normal flora 

Common causes of bacteraemia 

Staph aureus Skin and 
nose  

Cellulitis, septic arthritis/osteomyelitis, CVC 
infection 

Coag negative Staph Skin A common contaminant, CVC infection 

Strep pyogenes Not normal 
flora 

Tonsillitis, cellulitis, septic arthritis, 
osteomyelitis 

Strep agalactiae GI tract Septic arthritis, osteomyelitis, cellulitis in 
diabetes 

Group C Beta haemolytic 
strep 

Not usually 
normal flora 

Tonsillitis, cellulitis, septic arthritis, 
osteomyelitis  

Group G Beta haemolytic 
strep 

GI tract  Tonsillitis, cellulitis, septic arthritis, 
osteomyelitis 

Enterococcus spp GI tract Peritonitis, cholecystitis, cholangitis 

Strep anginosus GI tract Abscess, peritonitis, cholecystitis, cholangitis 

Strep gallolyticus GI tract Infective endocarditis  

Strep pneumonia URT CAP/HAP  
Less common arthritis/meningitis 

Alpha haemolyitc strep URT Infective endocarditis  

Diptheroids Skin Common contaminants 

Cutibacterium Skin Common contaminant 

Haemophilus influenza URT CAP/HAP 
Less common meningitis/septic arthritis 

Enterobacteriaceae GI tract UTI, peritonitis, cholecystitis, cholangitis  
Less common VAP 

Pseudomonas spp GI tract Catheter associated UTI, soft tissue diabetes 
Less common CAP/HAP/VAP 

Anaerobes eg clostidrium  
and bacteroides spp,  

GI tract Peritonitis, cholecystits, cholangitis  
Less common Necrotising fasciitis  
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Source of infection 

85% of infections are endogenous i.e. when the patient’s own bacterial flora gets into 
sites it should not be in. The remaining 15% of infection is acquired microorganism 
(exogenous). For this reason, it is important to know what constitutes as normal flora 
or not (6). 

Normal flora are the microorganisms on an individual or object that do not cause 
disease (microbiome). Normal flora of the human body begins to change after 
approximately 4 days of hospital admission thus antibiotics used from the point 
onwards aim to cover hospital-acquired infections.   
 

Some clinicians assume that bacteria grown from a specimen requires treatment. In 
the absence of inflammation, it is either contamination or colonisation with exception 
to immunosuppressed patients who are unable to mount an inflammatory response.  

 
 
 
 
 
 
 
 

Figure	1:	The	difference	between	normal	in	the	community	vs	in	hospital	(Resistant microorganisms are shown in red)	
(5) 
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Basic Bacterial Identification by Microscopy 
 
The following classification system helps to remember the key causative 
microorganism. By using both these basic steps and the table of bacterial causes of 
infection, one can identify the likely bacteria from the gram film appearance on the 
microscopy result.  
 
 
1) Identifying the staining method 
Ziehl-Neelson stain Acid-fast Stains red bacteria with mycolic acid in their cell wall 
Gram stain Gram positive Stains purple bacteria with thick cell wall and no cell 

membrane  
Gram negative Stains red bacteria with a cell membrane outside a thin 

cell wall  
 
2) Identifying the shape 
Coccus Spherical  

Bacillus Rod shaped 
 
3) Identifying the growth requirements  
Aerobic Grows in the presence of oxygen  
Anaerobic Grows in the absence of oxygen  
Facultative anaerobic Able to grow in the presence or absence of oxygen  
Microaerophilic Grows in the presence of oxygen at >21% FiO2 
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Figure	3:	Basic	Bacterial	identification	(5) 
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Figure	4:	Table	of	bacterial	causes	of	infection	(13) 
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Body System  
 
Pneumonia  
 

• Common organisms include: staph aureus, streptococcus pneumonia, 
haemophilus influenza, mycoplasma pneumonia, 
legionella pneumophila (especially if travelled), chlamydia pneumonia and 
viral causes eg Influenza Virus, Parainfluenza Virus, Respiratory Syncytial 
Virus (RSV), Adenovirus 

• If history of COPD, as above plus: pseudomonas aeruginosa 
• If aspiration, as above plus: anaerobes e.g Bacteroides sp, fusobacterium sp. 
• If VAP as above plus Enterobacteriaceae eg E coli, klebsiella, Enterobacter 

serratia 
 

Investigations for pneumonia (7)  
Sputum swab Low sensitivity 50% as grows URT bacteria which may or may 

not be the causative organism 
Viral throat swab PCR for respiratory viruses 
Blood cultures Positive in <25% of cases  
Urine antigens Strep pneumoniae and legionella pneumophilia 
Bronchoalveolar lavage Bypasses upper respiratory tract flora  
Pleural tap For microscopy culture and sensitivity 

Empyema = pH<7.2, glucose<2.2mol/L LDH>1000U/L 
 
Prognosis and Complications 
 
Mortality is dependent on CURB-65 score (7): 
CURB-65 0-1 
CURB-65 2 
CURB-65 3-5 

<3% 
  9% 
 15-40% 

 
NB: When treating patients for aspirational pneumonia, metronidazole should not 
routinely be added. This is because most Beta lactam used to treat pneumonia will 
cover the common anaerobes. 
 
Urinary Tract Infection  
  
Microorganisms which cause urinary tract infections normally originate from the 
gastrointestinal tract. Common	causes	include:	E	coli,	Proteus	sp.	Klebsiella	sp.	
Enterobacter	sp.	
In the presence of a catheter, as above plus Pseudomonas sp and Enteroccocus, Staph 
aureus and Candida sp. 
 
Investigations for UTI: 

• Urine- Mid-stream urine (MSU), 
• Urine dipstick (bacterial nitrites PLUS leucocytes) 

  - Negative Predictive Value (NPV) = 97% CAN rule out UTI 
  - Positive Predictive Value (PPV)  = 60% CANNOT prove UTI 
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Mixed cultures usually indicate contamination with perineal flora. Up to a 3rd of 
elderly patients will have asymptomatic bacteriuria (8).   
 
Gastroenteritis  
 
Gastroenteritis is inflammation of the stomach and small intestine causing ≥3 liquid 
or loose stools (Bristol stool chart 5-7) in 24 hours with or without vomiting. 
The speed of onset is related to the infectious cause: 
• Minutes to hours caused by a pre-formed toxin 
• Hours to days caused by viruses and bacteria 
 

Common causes of gastroenteritis  
Preformed toxin Staph aureus, Bacillus cereus, Clostridium perfringens 
Viruses Norovirus, Rotavirus, Adenovirus 
Bacteria Campylobacter, Shigella, Salmonella, E coli, C diff 
Returning travelers As above plus Vibrio cholera, Vibrio 

parahaemolyticus, Typhoid and Paratyphoid 
Parasites Cryptosporidium, Giardia lamblia  
 
Investigations for stool:  

• Culture or PCR for bacteria 
• Toxin testing for C diff 
• Antigen testing or PCR for viruses 
• Microscopy is not routinely performed: if history of foreign travel then it may 

be conducted for OCP (ova, cysts and parasites)  
• PCR for Cryptosporidium and Giardia lamblia Cryptosporidium spp. and 

Giardia can also be conducted  
 
Treatment is primarily supportive except for C diff, Typhoid and Paratyphoid, Giardia 
lamblia.  
 
Clostridium difficile Associated Disease (CDAD) 
 
About 3% of the general population are asymptomatic carriers of C diff. When 
antibiotics are administered, C diff becomes the most common cause of antibiotic-
associated diarrhoea. Symptoms are due to toxin production which usually occurs 5-
10 days after commencing antibiotics. 
To diagnose C diff, a 2 step process is undertaken. Firstly looking for the enzyme 
GDH then secondly the presence of toxins A and B. 

Interpretation of C. difficile test results:  
•  C. diff toxin detected;  the patient has C. diff and should be treated if still 

symptomatic 
•   C. diff toxin not detected, C. diff toxin gene DETECTED; The patient is likely to 

be colonised with C. diff. They should be reviewed and the need for treatment 
assessed.  

Treatment options include oral vancomycin, fidaxomicin and faecal bacteriotherapy.   
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Prognosis and Complications 
90% of patients with CDAD respond to treatment. However, up to a third of these 
have recurrent infection. The mortality from toxic megacolon is over 50% (9). 
 
Meningitis 
 
Listed below are the common causes of meningitis 
 
Common Causes 
 

• Neisseria meningitidis 
• Streptococcus pneumoniae 
• Enterovirus e.g. Echovirus and Parechovirus 
• Herpes Simplex Virus (HSV) 
• Varicella Zoster Virus (VZV) 

 
If Elderly/Pregnant: 

• Listeria monocytogenes 
 

If Unvaccinated 
•  Mumps Virus 
•  Measles Virus 
• Haemophilus influenzae type b (Hib) 

Investigations: 
• Cerebrospinal	fluid	(CSF)	for	microscopy,	culture	and	sensitivity,	glucose	

and	protein.	
• PCR	is	also	routinely	available	for	N.	meningitidis,	Strep	pneumoniae,	

HSV-1, HSV-2, and Enteroviruses. VZV and CMV should also be considered.	
• Lumbar	puncture	should	ideally	be	undertaken	within	1	hour	of	

admission	to	hospital	and	prior	to	antibiotics	were	possible.	LP	should	
not	be	undertaken	were	features	of	raised	intracranial	pressure	are	
present.	

Interpretation of CSF results 
 
 Bacteria Virus TB and listeria 
Opening pressure  >20cm <20cm >20cm 
WBC count ↑  Neutrophils ↑ Lymphocytes ↑ Lymphocytes 
Protein ↑ ↑ ↑ or normal ↑ ↑ ↑ 
Glucose <50% blood 

OR 
<2.2mmol/L 

>50% blood 
OR 
>2.2mmol/L 

<50% blood 
OR 
<2.2mmol/L 

Lactate >1.9mmol/L <1.9mmol/L >1.9mmol/L 
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Prognosis and Complications 
 
Mortality from meningitis is 20% (30% with S. pneumoniae or L. monocytogenes). 
Long-term sequelae including weakness, sensory loss, seizures and cranial nerve 
abnormalities occur in 44% L. monocytogenes, 30% S. pneumoniae and 7% N. 
meningitidis. Common complications include subdural empyema, seizures and 
cerebral venous sinus thrombosis. To reduce the risk of these complications, 
intravenous corticosteroids are indicated if suspicious of strep pneumonia meningitis 
(10).  

Viral meningitis is usually a self-limiting infection, which does not require treatment 
in patients with a normal immune system. Unfortunately, in as many as half of the 
cases of presumed viral encephaliditis, no causative organism is identified. 
   

Cellulitis 

Cellulitis is an acute infection of the skin and subcutaneous tissues. 
Common causes are:  
• Staphylococcus aureus 
• Beta-haemolytic Streptococcus (Groups A, C and G) 
 
Diabetics OR Vascular Insufficiency:  
• As above plus  
• Gram-negative bacteria e.g. Pseudomonas aeruginosa 
• Anaerobes e.g. Clostridium sp. 
 
Post-operative wounds have a similar bacterial profile to cellulitis. Any area of broken 
skin is normally colonised with bacteria, particularly enteric bacteria (E coli, 
pseudomonas and enterococcus).  Unless signs of acute inflammation are present, this 

Figure	5:	Pathophysiology	of	neuronal	injury	in	bacterial	meningitis	(14) 



	 11	

does not routinely require treatment even is swabs are positive.  
 
Intravascular device infection: Same organisms as cellulitis. For patients with a 
central line, paired cultures should be obtained. Paired cultures compare time to 
positivity between the two samples helping to distinguish CVC infection vs other sites 
of infection ie if CVC cultures are positive 2 hours before peripheral cultures, this 
suggests CVC infection. Not all bacteria cultures via CVC is significant as many tips 
are contaminated with skin bacteria on removal.  
 
Peritonitis  
 
Primary or secondary peritonitis is usually polymicrobial including enteric bacteria 
from the GI system via the lymphatic, blood, translocation or perforation.  
 
Sepsis 
 
Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated host 
response to infection. Septic shock is sepsis with circulatory, cellular or metabolic 
dysfunction. 

 
 
 
 

 
 

 
 
 
 

Figure	6:	Diagnostic	criteria	of	sepsis.	Adapted	from	the	surviving	sepsis	campaign	(11) 
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Figure	7.:	Sequential	organ	failure	score	(11) 

Treatment 
 
Broad-spectrum antibiotics should be given within 1 hour of the diagnosis of sepsis 
(Adult Sepsis Golden-Hour Management). Mortality increases by 7% per hour for the 
first 6 hours that treatment is delayed. In addition to antibiotics, a source of sepsis 
should be identified.          
          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure	8:	Adult	sepsis	”golden	hour”	management	flowchart	(11) 
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How Antibiotics Work - Mechanisms of Action 
 
There are 5 basic sites were antibiotics work. These are illustrated in the diagram 
below 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
How to Choose an Antibiotic 
 
The choice of antimicrobial therapy is based on the age of the patient, underlying risk 
factors for disease and patterns of antimicrobial resistance in the community.  

Before deciding whether to prescribe an antibiotic there are several factors to 
consider: 

1. Know the spectrum of activity 
2. Know the level of tissue penetration  

Figure	9:	Mechanism	of	action	of	antibiotics	(12) 
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Figure	10:	Antibiotic	spectrum	of	activity	(12) 
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Figure	11:	Antibiotic	tissue	penetration	(12) 
 
 
 
Antibiotic Resistance 
 
Relative resistance: When a microorganism in a particular body site will not respond 
to standard doses of antibiotic. It can sometimes be overcome by using higher doses 
of antibiotic. Most antibiotic resistance is relative. 
 
Absolute resistance cannot be overcome whatever concentration of antibiotic is used.  
 
Examples of absolute resistance: 
Microorganism Absolute resistance 
Aerobes Metronidazole 
Non culturable bacterium Teicoplanin, Vancomycin, Beta lactam 
Staph spp Temocillin, Colistin, Ceftazidime, 

Aztreonam 
MRSA As per Staph spp and Beta lactam 
Strep spp Temocillin, Colistin, Ceftazidime, 

Aztreonam, Fusidic acid, Amikacin, 
Tobramycin, Gentamycin 

Enterococcus spp As per Strep spp and macrolides, 
clindamycin, some 2nd and 3rd generation 
cephalosporins 
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Gram negative bacteria Fusidic acid, Linezolid, Daptomycin, 
Vancomycin, Teicoplanin 

 
Mechanisms of Resistance 
 

	
 
	

																								Figure	12:	The	4	main	mechanisms	of	resistance	(12) 

Acquisition of antibiotic resistance 
 
Antibiotic resistance can be spread between bacteria and bacterial species by  
mobile genetic elements. There are two principal mobile genetic elements, which  
carry resistance genes: 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure	13:	Acquisition	of		antibiotic	resistance	(12) 
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Laboratory testing for antibiotic resistance  
 
 Antibiotic resistance is determined using primarily four methods: 
1. The implication of resistance from bacterial species identification. 
2. Disc diffusion with zones of inhibition. 
3. Measurement of the minimum inhibitory concentration (MIC): The MIC is the least 

amount of antibiotic required to prevent a bacterium from multiplying 
4. Measurement of the minimum bactericidal concentration (MBC):  The MBC is the 

least amount of antibiotic required to kill a bacterium. It is very rarely performed.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Therapeutic Drug Monitoring (TDM) 
 
The majority of systemic antibiotics do not need to have their levels monitored. 
However, for others it is essential: 

• Aminoglycosides - Gentamicin, Tobramycin, Amikacin 
• Daptomycin (doses in excess of 6mg/kg or renal failure) 
• Glycopeptides – Vancomycin, Teicoplanin (doses in excess of 400mg) 
• Chloramphenicol (elderly and those with hepatic impairment) 
• Antifungals – Itraconazole, Posaconazole, Voriconazole, Isavuconazole 

  
Antibiotic assays should be taken at the correct times, usually: 

• Peak - 1 hour after administration 
• Trough - immediately before administration of the next dose 

 
Serum samples should be sent at the time of the 3rd or 4th dose. Subsequent levels 
should be checked with frequency according to renal function. 
 
 
 
 
 
 

Figure	14:Testing	of	antibiotic	resistance	(12) 
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Peak level (post-dose) generally assesses whether a therapeutic level has been 
achieved. If the peak level is too low or high: increase or decrease the dose by 
approximately 10% as appropriate. 
Trough level (pre-dose) generally assesses whether toxic levels are accumulating. If 
trough too high: the patient is unable to eliminate the antibiotic quickly enough 
therefore increase the time between doses.  

 
 
 
 

 
 
 
 
 

 
 

 
 

 
 

 
 

Spectrum of activity of Antifungals 
 
Fluconazole Candida spp except Candida glabrata and 

Candida krusei 
Itraconazole, Voriconazole, Posaconazole As for fluconazole plus Aspergillus spp 
Amphoteracin B  Candida spp except Candida lisitaniae 

Aspergillus spp expect Aspergillus 
terreus 

Caspofungin Candida spp except Candida parapsilosis 
Aspergillus 

 

Conclusion  

There are multitudes of pathogens, which are faced, in the critical care setting and 
causing a wide spectrum of diseases.  The above forms a framework to investigate 
and manage patients with infectious diseases. 

 

 

Figure	15:	Therapeutic	drug	monitoring	(12) 
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