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Respiratory Infections

• The lower respiratory tract 
consists of the trachea (windpipe), 
bronchial tubes, bronchioles, and 
the lungs.

• Lower respiratory tract infections 
are generally more severe than 
upper respiratory infections. LRIs 
are the leading cause of death 
among all infectious diseases.

• The two most common LRIs are 
bronchitis and pneumonia.



Pneumonia



Causes of Pneumonia

Pneumonia is caused by a number of infectious agents, including viruses, 
bacteria and fungi. The most common are:

• Streptococcus pneumoniae – the most common cause of bacterial
pneumonia in children;

• Haemophilus influenzae type b (Hib) – the second most common cause of 
bacterial pneumonia;

• Respiratory Syncytial Virus (RSV) is the most common viral cause of 
pneumonia in young children and infants,

• in infants infected with HIV, Pneumocystis jiroveci is one of the most 
common causes of pneumonia, responsible for at least one quarter of all 
pneumonia deaths in HIV-infected infants.



LRTI - Viral

• Influenza A/B

• Respiratory Syncytial Virus (RSV)
• Particularly in infants and young children. Disease may be asymptomatic, 

mild, or severe, including bronchiolitis and pneumonia

• SARS-CoV-2

• Laboratory diagnosis by PCR or rapid test
• GeneXpert Flu/RSV/COV cartridge

• Concurrent RSV, Flu and COVID outbreaks currently in Timor-Leste



LRTI - Atypical

Three specific infectious bacteria cause the majority of atypical pneumonia cases:

• Mycoplasma pneumoniae usually infects people under 40 with mild pneumonia 
symptoms. It commonly causes earaches, headaches, and a sore throat as well.

• Chlamydophila pneumoniae is common in school-aged children and young 
adults.

• Legionella pneumophila is more severe, generally, and seen most often in older 
adults, people who smoke, and those with weakened immune systems. It is also 
called Legionnaires’ disease.

• Rare cases of atypical pneumonia are caused by the bacteria Chlamydophila 
psittaci, which is contracted from infected birds, such as parrots, parakeets, and 
poultry.



PCR Multiplex Panels



Sputum Analysis -
Bacteriology



Pre-analytical Issues

• Even in well-equipped labs, establishing organism cause is only possible in 
around 30% of cases

• Specimens can be difficult to collect (if in poor clinical state, collectors 
unaware of importance of specimen quality)

• Transport is poorly understood, often has long delays, and small amounts 
of contaminant organisms will grow. This can hide the real cause of the 
infection.

• ETA/BAL specimens are desirable, but collection is difficult or unavailable in 
many places.



Specimen Quality

• Purulent sputum contains pus, 
composed of white blood cells, cellular 
debris, dead tissue, serous fluid, and 
mucus. 

• Typically yellow, brown or green –
seen in cases of bronchitis or acute 
upper respiratory tract infection





Gram Stain 
Interpretation



Normal 
Respiratory Flora





LRTI - Bacterial

Other bacterial causes

• Legionella species: uncommon, 
and difficult to culture.

• Klebsiella and other aerobic Gram 
negatives (Enterobacterales): less 
common as a causative pathogen 
(is it heavy? Is it pure?)

• Mycoplasma pneumoniae and 
Chlamydophila pneumoniae: 
largely self limited illness.



Picking the pathogens 
out of the zoo…



Culture and Identification

Blood Agar
+ Optochin 
disc











• Gram stain

• Clinical history

• CF or bronchiectasis?
• Consider ID + AST



S. aureus

• Clinical relevance must be assessed 
with Gram stain and clinical history

• S. aureus is a common coloniser of the 
respiratory tract



• Moderate growth of S. aureus 
amongst heavy respiratory flora.



Sputum Interpretation Table:



4 rules when interpreting sputum plates:

• 1) Is it pure or predominant?

• 2) Are there white cells?

• 3) Are there few or no epithelial cells?

• 4) What is the clinical history?

• On this plate, the HI is predominant.

• Should get full follow-up and reported 
as ‘Predominant organism in mixed 
bacterial growth’



Intrinsic Resistance





How do we report this?!
Case studies



Case Study 1 Gram stain results:

• No polymorphonuclear cells.

• No squamous epithelial cells.

• No organisms detected.

Question 1:

• Should this sample be set 
up for culture?

• Why?



Sure, let’s culture it.
Gram stain indicates this is a good sample, due 
to lack of SECs.



• No organisms were seen in 
the original Gram stain, but 
there is a predominant 
organism and it is growing in 
significant amounts. 

Should we do AST?

Should we identify and report?



What about the scanty GNB?

These are growing in 
insignificant amounts, are not 
predominant and were not seen 
in the Gram stain. 

Knowing that the reporting of 
gram-negative rods tends to 
prompt clinicians to treat, 
should these be mentioned at 
all? 

Or, should they be included in 
normal upper respiratory flora?



How I would 
report…



Case Study 2

Gram stain results:

• 3+ polymorphonuclear cells 

• Scanty squamous epithelial cells.

• Scanty gram-positive cocci in pairs.







How do we report?

• The original Gram stain of this specimen could be considered 
relatively significant (lots of WBC, scanty SEC, single organism seen)

• However – on culture we have grown a zoo.

• Although a few of the 5 colony types have morphologies consistent 
with S. aureus or S. pneumoniae, they are not predominant.

• S. pneumoniae and S. aureus are common causes of VAP, but they 
are also colonisers of the oropharynx. 
• Is it necessary to mention their growth in culture even if they are not 

predominant?

• If these organisms are reported, should susceptibility testing be offered?



• In this case, no predominant pathogen was identified 
in culture. 

• If every potential pathogen was picked out and 
identified (such as S. aureus and S. pneumoniae) 
regardless of quantity, clinicians might be prompted to 
treat with drugs like vancomycin (in order to cover for 
MRSA) and meropenem, intense and broad-coverage 
drugs that can select for resistant organisms, induce 
side effects and lead to C. difficile infection.

• If the culture results are reported as “mixed normal 
upper respiratory flora,” clinicians may be more likely 
to de-escalate treatment and search for other causes 
of the patient’s symptoms.



Any Questions?

• Link to Dr. Chris  Ashhurst-Smith’s excellent 
video:

https://idmic.net/2019/07/08/video-masterclass-
respiratory-plate-reading/


