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Infection

S E C T I O N  O N E 01

01    Severe Pulmonary Tuberculosis
02    Non-tuberculous Mycobacterial Disease
03    Hospital-acquired Pneumonia
04    Lemierre’s Disease
05    Haemoptysis due to Bronchiectasis

1    Severe Pulmonary Tuberculosis

P R O B L E M

Oni Choudhury, Heather Milburn

Case History
A 30-year-old, non-English-speaking Estonian man presented with a four-week history 
of productive cough, haemoptysis, weight loss, fever and night sweats. He had recently 
arrived in the UK and was working as a casual labourer. He had no past medical history 
and was on no medication. He had not been treated for, vaccinated against (i.e. Bacillus 
Calmette-Guérin [BCG]) or had any known tuberculosis (TB) contact. His alcohol intake 
was excessive but he did not smoke. He lived in a hostel. 
 On examination he was unwell with fever (39.2°C) and tachypnoea (18 breaths/min) 
and his oxygen saturation (SaO2) was 91% on air. There was no lymphadenopathy. Chest 
examination revealed reduced breath sounds and bronchial breathing in the left lung. His 
haemoglobin was 10.4 g/dl with a low white cell count (3.9 ¥ 109/l) and lymphocytosis. 
The C-reactive protein (CRP; 194 mg/l) and erythrocyte sedimentation rate (ESR; 
84 mm/h) were raised. Renal function was normal but liver function tests were slightly 
elevated. The albumin was 21 g/dl. The chest radiograph (CXR) demonstrated dense left-
lung consolidation (Figure 1.1) and a left-sided pneumothorax occurred shortly after 
admission. Acid-fast bacilli were isolated in sputum. Contact tracing revealed that his 
partner, who was 11 weeks pregnant, had a strongly positive tuberculin skin test and her 
CXR was consistent with early TB. 
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§01 Infection2

What factors would you take into account when you treat this patient? 

How would you manage this patient?

What treatment adjustments are required in liver and renal disease?

When would you use steroid therapy in pulmonary tuberculosis?

How would you manage drug resistance in this patient?

How would you manage this patient’s pneumothorax?  

How would you treat the pregnant partner of this patient?

Figure 1.1 Chest radiograph.

Background
Mycobacterium tuberculosis affects 9.4 million people and causes 1.7 million deaths a year 
worldwide, despite being a curable disease1 and is one of the commonest causes of infectious 
mortality. The incidence of tuberculosis (TB) is highest in sub-Saharan Africa but over 50% 
of cases occur in Asia (i.e. India, China) due to the high population density and incidence is 
increasing in Eastern Europe and Russia. About 10% of cases globally are multidrug resistant 
(MDR), and around 10% of TB cases are co-infected with human immunodeficiency virus 
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01 Severe pulmonary tuberculosis 3

(HIV). However, co-infection rates vary geographically, affecting 35%–40% of sub-Saharan 
African cases, 2.7% of UK cases and 1%–2% of cases in China.

In the UK, 60% of TB occurs in the 15–44-year-old age group, 66% of patients are 
non-UK born and >70% are from ethnic minority groups.2 In this case, age, ethnic origin 
(associated with drug resistance, HIV co-infection), social factors (e.g. isolation, pov-
erty, homelessness) and alcohol consumption (i.e. non-compliance) must be taken into 
account. The risk factors associated with non-compliance and factors associated with 
resistant disease are listed in Table 1.1. Although treatment regimens for pulmonary 
tuberculosis are evidence based,3,4 the management of complications such as extensive 
lung damage and pneumothoraces is less clear.

Table 1.1 Risk factors for non-compliance with therapy and resistant disease in TB

a.  Main risk factors for tuberculosis
1 Ethnic origin, sex and age
 • Caucasian; >50 years old; M > F
 • Asian/Chinese; <50 years old; M = F
 • African; <40 years old; M = F
2 Medical factors
 • Diabetes; renal and malignant disease
 • Immunosuppression (chemotherapy, steroids)
 • Immunomodulatory drugs (infliximab)
 • Vitamin D deficiency
 • Smoking
3 Poverty, poor nutrition, homelessness, social isolation
4 HIV/AIDS
5 Alcohol addiction

b.  Risk factors for non-compliance with therapy
1 Alcohol addiction
2 Homelessness
3 Drug abuse
4 Mental illness

c.  Factors associated with resistant disease
1 Contact with resistant disease 
2 Treatment failure, inadequate previous anti-TB therapy
3 Adding a single drug to a failing regimen
4 Immigration from area of high resistance

AIDS, acquired immune deficiency syndrome, F, female;  M, male.

Management of Mycobacterium tuberculosis
Patients with ‘open TB’ (i.e. sputum smear positive) should be isolated either at home or 
in a hospital negative-pressure side room (i.e. vented to the outside air) and hospital staff 
should wear face masks when attending the patient. After two weeks of TB therapy, HIV-
negative patients with sensitive organisms are considered non-infectious and although 
bacilli may be seen in sputum these are usually dead. 

The standard TB treatment regimen includes four drugs in the initial two months 
(rifampicin, isoniazid, pyrazinamide, ethambutol) followed by two drugs for a further 
four months (rifampicin, isoniazid).3,4 Initial therapy with four drugs has superseded 
previous guidelines5 recommending three drugs because of increasing background isoni-
azid resistance. In this case, an initial four-drug regimen is essential as isoniazid resistance 
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§01 Infection4

is greater in immigrants, ethnic minority groups, HIV-positive patients and previously 
treated patients. A three times weekly directly observed therapy (DOT) regimen for six 
months is equally effective. Drug doses are calculated according to body weight (Table 
1.2). Pyridoxine (vitamin B6) is given to most patients as their diets are often poor (e.g. 
alcoholics) or they have diabetes, renal failure or HIV infection. 

Central nervous system (CNS) TB requires twelve months’ treatment but non-CNS 
TB usually responds to six months’ therapy. Baseline full blood count and renal and liver 
function tests (LFTs) should be checked and if the patient is not at risk of adverse drug 
reactions need not be rechecked unless symptoms develop. Steroid therapy may be con-
sidered (see below). Essential advice for patients is listed in Table 1.3.

The doctor making the diagnosis has a legal obligation to notify the public health 
authorities (even if the diagnosis is made after death). This triggers appropriate contact 
tracing and allows planning of treatment and screening services. As contact tracing is 
undertaken by the community TB nursing services, they should also be informed about 
all index cases.

Table 1.2 Standard antituberculous drug doses

Drug Daily dose 3 ¥ weekly dose

Isoniazid 300 mg 15 mg/kg 3 ¥ weekly (maximum 1 g)

Rifampicin (BM <50 kg) 450 mg 600 mg

Rifampicin (BM >50 kg) 600 mg 900 mg

Pyrazinamide (BM <50 kg) 1.5 g 2.0 g

Pyrazinamide (BM >50 kg) 2.0 g 2.5 g

Ethambutol 15 mg/kg 30 mg/kg

BM, body mass.

Table 1.3 Essential advice for patients starting antituberculous therapy

• Red urine (due to rifampicin)
• Red contact lenses due to rifampicin
• Nausea – usually improves
• Abdominal pain, vomiting or jaundice – stop drugs and contact doctor
• Efficacy of oral contraceptive pill reduced – need alternative contraception
• Potential drug interactions 
    Rifampicin decreases levels of warfarin, phenytoin, digoxin, methadone, sulphonylureas, steroids, theophylline, 

ciclosporin
   Isoniazid increases levels of phenytoin, carbamazepine, warfarin, diazepam
• Visual acuity and colour vision loss with ethambutol – stop drugs and contact doctor

Treatment adjustments  in  liver and  renal disease
Liver function tests are often slightly raised in alcoholics or new patients with TB (e.g. 
hepatic TB). Antituberculous therapy should not be withheld in these patients as LFTs 
usually improve with therapy or remain stable. Viral hepatitis should be excluded.

In chronic liver disease, baseline LFTs should be followed by regular monitoring (i.e. 
weekly for two weeks then every two weeks). If aspartate transaminase (AST) and alanine 
transaminase (ALT) are greater than twice normal, continue to monitor 1–2-weekly; 
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01 Severe pulmonary tuberculosis 5

if greater than five times normal, or if bilirubin rises, stop therapy until liver function 
recovers. Reintroduce drugs individually, starting with reduced doses of each drug whilst 
monitoring LFTs and clinical condition. If there is a further reaction, exclude the offend-
ing drug and include a second-line alternative (see below). These patients should be 
managed by a TB expert as antituberculous drug-induced hepatitis can be fatal.

Treatment of TB in renal disease is complicated and should be managed by a TB spe-
cialist, and reference should be made to the 2010 British Thoracic Society Guidelines.6 
Generally, isoniazid, rifampicin and pyrazinamide are given in normal doses as they have 
biliary excretion, although pyrazinamide metabolites may accumulate and cause gout. 
Ethambutol is renally excreted and the dose should be given less frequently (e.g. three 
times per week) to avoid optic neuropathy. Peak and trough levels should be measured. 
Moxifloxacin is a possible alternative to ethambutol. Pyridoxine is required to prevent 
isoniazid-induced peripheral neuropathy. Drugs are usually given after dialysis in end-
stage renal failure. 

Corticosteroid  therapy  in pulmonary  tuberculosis
Steroid therapy (30–60 mg daily) is recommended in cerebral, meningeal, pericardial 
and genitourinary TB to reduce complications due to fibrosis. Steroids also help to pre-
vent hypersensitivity antituberculous drug reactions. Steroids have been used in large 
tuberculous pleural effusions but their role in pulmonary TB is unclear. 

A systematic review of eleven randomized clinical trials of standard chemotherapy 
with or without steroids (approximately 30 mg/1–3 months) demonstrated early reso-
lution of fever and inflammatory markers, increased weight gain and reduced hospital 
length of stay with steroids.7 Unfortunately, most of the trials pre-dated modern anti-TB 
therapy and only two included rifampicin. Uncontrolled studies show some advantage 
with steroids in conjunction with rifampicin.8 Anti-inflammatory effects, cytokine inhi-
bition and suppression of lymphocyte tumour necrosis factor a (TNF-a) release have 
been proposed as potential mechanisms.

Currently, the American Thoracic Society does not advocate steroid use in pulmonary 
disease as there is insufficient evidence of benefit.4 Nevertheless, expert opinion suggests that 
some patients with severe, cavitating pulmonary TB may benefit. Further well-designed tri-
als are needed. Remember that rifampicin effectively halves the oral dose of steroid.  

Management of drug  resistance 
Numbers of cases of drug resistance are increasing in the UK and in 2009 7.8% of isolates 
were resistant to at least one first-line drug, 6.9% were resistant to isoniazid, 1.4% to 
rifampicin and 1.2% were MDR.2 In this case, after six weeks’ culture, the patient’s drug 
sensitivity tests indicated isoniazid mono-resistance. The mono-resistant treatment regi-
men must include three drugs to which the organism is sensitive:

P	 Isoniazid resistance that is reported before the start of therapy is treated with 
rifampicin, ethambutol, pyrazinamide and intramuscular streptomycin for two 
months followed by rifampicin and ethambutol for seven months. If reported after 
the onset of therapy, stop isoniazid and treat with rifampicin and ethambutol for 
twelve months with two months of initial pyrazinamide.

P	 Pyrazinamide resistance is uncommon. Use rifampicin and isoniazid for nine 
months with two months of initial ethambutol.
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P	 Rifampicin resistance is rare. It often indicates MDR TB and is treated as such 
until sensitivities are known. Use isoniazid and ethambutol for 18 months with two 
months of initial pyrazinamide.

P	 Ethambutol resistance is uncommon. Treat with six months of rifampicin and isoni-
azid and two months of initial pyrazinamide.

MDR TB is defined as resistance to two or more first-line agents, including isoniazid and 
rifampicin. Although infectivity is no different from normal TB, treatment is more complex 
as second-line drugs are more toxic and less effective than first-line agents. Management must 
involve a specialist experienced in the treatment of MDR TB, isolation in a negative-pressure 
room, close supervision and monitoring for drug toxicity and compliance. Treatment is with 
five or more drugs to which the organism is sensitive (including an injectable) until sputum 
cultures are negative. Treatment is continued with three or four drugs for a total of 18–24 
months. Table 1.4 lists available second-line antituberculous therapies. 

Table 1.4 Second-line antituberculosis drugs

Drug Dose Side effects

Ciprofloxacin

Moxifloxacin
Ofloxacin
Azithromycin
Clarithromycin
Streptomycin

Amikacin
Capreomycin
Kanamycin
Ethionamide (or
 prothionamide)
Aminosalicylic acid (PAS)
Rifabutin

500–750 mg bd

400 mg daily
400 mg bd
500 mg od
500 mg bd
15 mg/kg daily or 3 × per week 
(maximum total dose 1 g) 
15 mg/kg
15 mg/kg
15 mg/kg
BM <50 kg: 375 mg bd
BM >50 kg: 500 mg bd
4 mg 3 × per day
300–450 mg od

GI upset, headache, drug interaction, connective tissue 
disorders
Long QT interval
GI upset, headache
GI upset
GI upset
Vertigo, tinnitus, ataxia, renal impairment

As for streptomycin
As for streptomycin
As for streptomycin
GI upset, hepatitis; avoid in pregnancy

GI upset, fever, rash, hepatitis
As for rifampicin; uveitis with macrolides

BM, body mass; GI, gastrointestinal.

Contacts of MDR TB should be treated with two drugs (depending on sensitivities in 
the index case) for six months, although there is no evidence to validate this treatment 
period. If the resistance is extensive in the index case, no chemoprophylactic regimen 
may be suitable and these contacts require close follow-up. The British Thoracic Society 
provide an expert advice panel to assist with the management of MDR TB.9

Management of pneumothorax  in  tuberculosis 
Since the advent of effective chemotherapy the occurrence of pneumothorax has 
decreased and occurs in <1% of hospital TB cases, so there is very little up-to-date evi-
dence for management. Intercostal drainage remains standard therapy although resolu-
tion may take up to six weeks.10 Factors influencing the length of drainage include the 
extent of underlying parenchymal damage, delay from diagnosis to drainage and the 
presence of an empyema. There is no evidence to suggest that surgical intervention pro-
vides any great benefit over tube drainage.
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Tuberculosis  treatment  in pregnancy
The diagnosis of TB is often delayed in pregnancy as the initial non-specific symptoms 
are attributed to the pregnancy and chest radiographs are avoided. Tuberculin skin tests 
are not affected by pregnancy but a negative test should not be followed by BCG, as live 
vaccines are contraindicated in pregnancy. Diagnosis in the first trimester has a similar 
outcome to that in non-pregnant women. Diagnosis in the second or third trimester, 
particularly when associated with inadequate treatment, is associated with pre-eclamp-
sia, small-for-date babies, spontaneous abortion and an increase in pre-term labour and 
obstetric mortality, particularly in third-world countries.1

Rifampicin, isoniazid, pyrazinamide and ethambutol are not teratogenic. Standard 
therapy using these four drugs for six months is recommended in non-CNS TB. Poor 
absorption due to morning sickness in early pregnancy is the main problem with treat-
ment and may cause drug resistance. Second-line drugs have variable toxicity and should 
be used only after specialist advice (e.g. streptomycin causes fetal ototoxicity). Babies 
of sputum-positive mothers who have been treated for less than two weeks at delivery 
should be treated with isoniazid and skin-tested at six weeks. If the skin test is negative, 
the isoniazid is stopped and BCG given one week later (BCG is sensitive to isoniazid). 
The concentrations of drugs in breast milk are too low to prevent or treat infection in the 
baby. Consequently breast-feeding is safe.   

Conclusion
In this case the patient had ‘open TB’ (i.e. sputum smear positive) and was homeless (i.e. 
cannot be isolated at home for two weeks) and consequently was admitted to a hospi-
tal negative-pressure side room. He was at high risk of non-compliance because he was 
alcoholic, homeless and unable to communicate effectively (non-English speaking). To 
ensure effective therapy his minimum requirements included adequate accommodation, 
close follow-up including urine examination (i.e. rifampicin stains urine red) and tablet 
counts by the community TB nursing team. Dosette boxes help people with chaotic lives 
to remember their medication and ensure correct treatment in those with poor under-
standing. If there is concern about compliance, sputum should be rechecked and consid-
eration given to DOT, which aims to improve compliance by witnessing the ingestion of 
medication three times weekly. DOT improves treatment completion, prevents relapses 
and reduces drug resistance. 

Further Reading
1  World Health Organization. Global Health Observatory. Tuberculosis. www.who.int/gho/tb/

en (accessed 21 06 11).

2  Health Protection Agency (UK). Tuberculosis. www.hpa.org.uk (accessed 21 06 11).

3  National Institute for Health and Clinical Excellence. Tuberculosis: clinical diagnosis and 

management of tuberculosis and measures for its prevention and control. Clinical guideline 

117. London: NICE, 2006. www.nice.org.uk (accessed 01 06 11). 

4  American Thoracic Society, CDC and Infectious Diseases Society of America. Treatment of 

Tuberculosis. MMWR Recommendations and Reports, 2003; 52 (RR-11): 1–88. 

01-PS Respiratory Medicine-section 01-cpp.indd   7 25/08/2011   15:38



§01 Infection8

5  Joint Tuberculosis Committee of the British Thoracic Society. Chemotherapy and manage-

ment of tuberculosis in the United Kingdom: recommendations 1998. Thorax 1998; 53: 

536–48.

6  Milburn HJ, Ashman N, Davies P et al. Guidelines for the prevention and management of 
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2    Non-tuberculous Mycobacterial Disease

P R O B L E M

Ronan Breen, Richard Leach

Case History
A 64-year-old man with emphysema (forced expiratory volume in 1 second [FEV1] 
0.9 l, forced vital capacity [FVC] 3.5 l, gas transfer [KCO] 50% predicted), left apical 
cavitation following previous tuberculosis (TB) and a small aspergilloma presented 
with a chronic obstructive pulmonary disease (COPD) exacerbation and a small right-
sided pneumothorax. Before admission his exercise tolerance had been poor and he had 
intermittent night sweats. 
 On examination he was thin with a body mass index (BMI) of 18 kg/m2. He was 
breathless and mildly febrile (37.6°C), with a saturation (SaO2) 89%, reduced right-sided 
air entry and widespread expiratory wheeze. Sputum microbiology detected a heavy 
growth of Moraxella catarrhalis but sputum was smear negative for acid-fast bacilli 
(AFB). The C-reactive protein (CRP) was 24 mg/l. Figure 2.1 illustrates his presenting 
chest radiograph (CXR). The COPD exacerbation was treated with antibiotics, steroids and 
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02 Non-tuberculous mycobacterial disease 9

bronchodilators. Following initial recurrences, the right-sided pneumothorax (arrow in 
Figure 2.1) was eventually successfully drained.
 At follow-up six weeks later the patient was clinically well but sputum mycobacterial 
culture from the previous admission had isolated a scanty growth of Mycobacterium 
kansasii. Three sputum samples following this appointment were AFB smear negative 
but at follow-up two months later one of three cultures had again isolated M. kansasii. 
Symptoms were stable apart from 1 kg weight loss, CXR was unchanged and CRP was 
32 mg/l. A high-resolution computed tomography (HRCT) scan demonstrated widespread 
emphysema with apical cavitation but no other abnormality. Three further sputum 
samples were AFB smear negative but at follow-up two months later, one of the three 
cultures had again isolated M. kansasii. Symptoms and CXR were unchanged apart from a 
further 1 kg in weight loss and a CRP of 20 mg/l.

P R O B L E M

Figure 2.1 Chest radiograph. The right-sided pneumothorax is indicated by the arrow.

01-PS Respiratory Medicine-section 01-cpp.indd   9 25/08/2011   15:38



§01 Infection10

What are the criteria to diagnose non-tuberculous mycobacterial (NTM) lung 
disease?

What are the characteristic clinical features of NTM disease?

How would you manage the M. kansasii isolated in this patient?

Should pulmonary NTM infection be notified and contact traced? 

Can NTM lung disease affect other sites?

Background
Non-tuberculous mycobacteria (NTM), also called atypical, opportunistic or environ-
mental mycobacteria, are ubiquitous in the environment and are found in water (includ-
ing tap water), soil, dust, milk, animals and birds. To date, 125 different species have 
been identified. They are low-grade pathogens and only a few (e.g. M. avium complex 
[MAC], M. kansasii, M. malmoense, M. abscessus, M. xenopi) cause significant human ill-
ness. Because NTM can be isolated following environmental contamination, more than 
one culture-positive specimen is often required for diagnostic purposes. Similarly the 
decision to treat is often dependent on the likelihood of active infection determined from 
clinical, radiographic and microbiological progression. 

The American Thoracic Society (ATS) and the Infectious Diseases Society of America 
(IDSA) clinical and microbiological criteria for diagnosing NTM lung disease are given 
in Table 2.1.1 The 1999 British Thoracic Society guidelines2 differ slightly and suggest 
that NTM lung disease is likely if the CXR is suggestive and three or more positive spu-
tum samples are obtained seven days apart with or without symptoms; or if there is one 

Table 2.1 Clinical and microbiologic criteria for diagnosing NTM lung disease

Clinical (both required)
1 Pulmonary symptoms, cavitary or nodular opacities on CXR, or a HRCT scan showing multifocal bronchiectasis with multiple 

small nodules

AND
2  Appropriate exclusion of other diagnoses

Microbiology
1  Positive culture results from at least two separate sputum samples. If the initial sputum results are non-diagnostic consider 

repeating

OR
2  Positive culture results from at least one bronchial wash or bronchoalveolar lavage (BAL)

OR
3  Transbronchial or other lung biopsy with mycobacterial histopathologic features (granuloma or AFB) and +ve culture for NTM, or 

biopsy with mycobacterial histopathologic features and 1 or more sputum or BAL samples that are NTM culture +ve
4  Expert advice should be sought when NTM are recovered that are infrequent or usually represent environmental contamination
5  Patients who are suspected of having NTM lung disease but who do not meet the diagnostic criteria should be followed until the 

diagnosis is firmly established or excluded
6  Making the diagnosis of NTM lung disease does not necessitate the institution of therapy, which is a decision based on the 

potential risks and benefits of therapy for each case

+ve, positive.
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02 Non-tuberculous mycobacterial disease 11

positive culture from a sterile site (e.g. pleural fluid, biopsy); or two positive cultures 
from bronchoalveolar lavage (BAL) on separate occasions. 

Clinical  features of non-tuberculous mycobacteria disease 
Symptoms and signs of NTM disease are variable and non-specific. Most cases present 
with a subacute illness, productive cough and weight loss. Fatigue, dyspnoea and fever 
are common and haemoptysis occasional. Symptoms frequently mimic those seen in 
TB. The underlying lung disease (e.g. COPD) may complicate evaluation of the symp-
toms and signs and in these cases the underlying disease progression may be atypical. 
Occasionally a hypersensitivity-type illness occurs. For example MAC-associated ‘hot 
tub syndrome’ resolves when hot-tub exposure stops (± steroids and antibiotics).

P	 Radiographic features in NTM lung disease are either (i) fibrocavitary (often indis-
tinguishable from TB) or (ii) characterized by clusters of small nodules (<5 mm) and 
multifocal bronchiectasis which is typically located in the mid and lower lung fields. 
A plain CXR may be sufficient for evaluation of fibrocavitary disease but HRCT scan 
is often required to confirm nodular/bronchiectatic disease.

P	 Mycobacterial culture and isolation of NTM is essential for the diagnosis of NTM 
lung disease. Presumptive diagnosis based on clinical and radiographic features is 
not adequate to initiate therapy. In addition, as a single sputum culture may be 
due to contamination it is inadequate for diagnosis. Three sputum samples col-
lected on three separate days optimize the predictive value of sputum analysis. A 
study correlating MAC culture with new radiographic cavitation and infiltration 
demonstrated that greater than two positive cultures (from three specimens) was 
associated with radiographic progression in >90% of cases whereas a single posi-
tive culture was not.3 Table 2.1 illustrates the microbiological requirements for 
NTM diagnosis.

Management of NTM  isolation
Chronic pulmonary disease is the most frequent clinical manifestation of NTM. In the 
USA,1 the commonest pulmonary pathogens, in order of frequency, are MAC, M. kansas-
ii and M. abscessus whereas in the UK2 M. kansasii, MAC, M. malmoense and M. xenopi 
are the most frequent. Treatment should be in close liaison with the tuberculosis and 
infectious disease teams.

M. kansasii
M. kansasii is usually acquired from tap water, which is the major reservoir for this NTM. 
Lung disease due to M. kansasii occurs in geographic clusters and is more frequent in 
south-east England, Wales and central USA. It primarily affects middle-aged to elderly 
white men or those with pre-existing lung disease, especially those with emphysema, 
healed TB, alcoholism or immunodeficiency. The clinical course closely parallels that 
of TB with subacute illness and upper lobe cavitary infiltrates. Untreated, the disease 
progresses. 

Treatment: M. kansasii is most sensitive to treatment with rifampicin although isoni-
azid, ethambutol, clarithromycin and ethionamide are also effective. Drug regimes con-
taining rifampicin report sputum conversion rates of almost 100% with low long-term 
relapse rates.1,2 Daily treatment regimes should include rifampicin 10 mg/kg/day (maxi-
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mum 600 mg), ethambutol 15 mg/kg/day, isoniazid 5 mg/kg/day (maximum 300 mg) 
and pyridoxine 50 mg/day for a duration that includes twelve months of negative sputum 
cultures. Patients with rifampicin-resistant M. kansasii require a three-drug regime based 
on in vitro susceptibilities including clarithromycin or azithromycin, moxifloxacin, 
ethambutol, sulfamethoxazole and streptomycin or amikacin. Treatment may be indefi-
nite in non-compliant subjects. Overall response rate is 100%, with >90% five-year cure 
and <10% relapse.

M. avium complex 
M. avium complex is most commonly acquired from natural water sources including 
indoor pools and hot tubs. Lung disease presents as:

P	 Apical fibrocavitary disease in 40–50-year-old male smokers who drink excessive 
alcohol. If untreated it progresses to severe lung destruction over 1–2 years.

P	 Nodular/bronchiectatic disease in post-menopausal, non-smoking, white females 
with thin body habitus, scoliosis and pectus excavatum. Consequently it is often 
referred to as ‘Lady Windermere syndrome’. It affects mainly the right middle and 
lingular lobes. It is characterized by HRCT findings of bronchiectasis and peripheral 
nodules centred round the bronchovascular bundle with a ‘tree-in-bud pattern’. 
Unlike fibrocavitary disease it progresses slowly. 

In human immunodeficiency virus (HIV)-positive patients with a CD4 count 
<50 cells/ml, MAC is the cause of 90% of NTM infection and is rarely confined to the 
lungs. Widespread dissemination occurs early. The CXR shows diffuse interstitial, alveo-
lar and nodular infiltrates.

Treatment: the introduction of the macrolides – clarithromycin and azithromycin – 
to previous regimes using rifampicin or rifabutin, ethambutol and streptomycin repre-
sented a major advance in treatment. All untreated MAC strains are macrolide sensitive 
but as resistance can develop, macrolide monotherapy should be avoided. Drug regimes 
including a macrolide achieve sputum clearance in 70%–90% of cases with associated 
negative sputum cultures for twelve months. 

Recommendations for initial therapy depend on the type of pulmonary disease and 
are shown in Table 2.2.1 The primary microbiological goal is twelve months of negative 
sputum cultures whilst on therapy. Intermittent drug regimes are not recommended for 
fibrocavitary disease or those who have been previously treated. Doses may have to be 
modified for small body mass (<50 kg), age (>70 years) and drug intolerance (i.e. gas-
trointestinal effects with clarithromycin). Occasionally surgical resection is justified in 
patients with localized MAC disease. 

In HIV-positive cases MAC treatment should be considered lifelong unless immune 
restoration is achieved with antiretroviral therapy. The risk of drug interactions between 
rifampicin, macrolides, protease inhibitors and non-nucleoside reverse transcrip-
tion inhibitors should be considered. MAC prophylaxis is achieved with azithromycin 
1200 mg weekly or clarithromycin 500 mg twice daily. 

Other NTM
Other NTM causing lung disease (e.g. M. malmoense, M. xenopi, M. abscessus) show vary-
ing sensitivity and resistance to treatment and specialist advice should always be sought. 
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The incidence of M. malmoense and M. xenopi is similar to M. kansasii in parts of the UK. 
In these areas they often cause NTM lung disease. 

P	 M. malmoense: is best treated with rifampicin and ethambutol (± clarithromycin, 
ciprofloxacin, isoniazid) for 24 months but up to 10% of patients remain culture 
positive or relapse after two years’ treatment. 

P	 M. xenopi: often colonizes hot water systems as it is an obligate thermophile (i.e. 
optimal growth at 45°C). It causes fibrocavitary lung disease with an insidious onset 
and commonly occurs in patients with COPD. Optimal therapeutic regimens include 
clarithromycin, rifampicin, ethambutol and isoniazid (± streptomycin, ciprofloxacin 
or moxifloxacin) and are continued until sputum cultures have been negative for 
twelve months. Although sputum conversion occurs rapidly, relapse rates are high 
and in one study mortality was 57% at five years, probably reflecting the severe 
underlying lung disease.2,4 

P	 M. abscessus: no treatment has proven efficacy in lung disease. However, multidrug 
regimens including clarithromycin 1000 mg/day and one or more parenteral agents 
(e.g. amikacin, imipenem), for several months, may produce symptomatic improve-
ment. The only curative therapy requires surgical resection of localized lung disease 
combined with multidrug therapy.  

Notification of non-tuberculous mycobacteria  infection
The risk of cross-infection with NTM lung disease is very low. Notification and contact 
tracing are not required. If a patient is notified as TB and AFB are subsequently found to 
be NTM, the patient should be ‘de-notified’ and medication changed as appropriate.

Non-tuberculous mycobacteria  involvement of non-pulmonary  tissues
Non-pulmonary NTM is less common but can involve many other sites:

P	 Lymphadenitis due to NTM (e.g. MAC, M. malmoense) occurs mainly in children 
(1–5 years old) and often presents with non-tender, cervical lymphadenopathy and a 

Table 2.2 Therapy for MAC lung disease

Type of pulmonary disease Initial therapy

• Nodular bronchiectatic disease
•  Fibrocavitary disease in patients unable to 

tolerate daily therapy
•  When disease suppression rather than cure is an 

appropriate goal

Three times weekly regime of:
1 Clarithromycin 1000 mg or azithromycin 500–600 mg
2 Ethambutol 25 mg/kg
3 ± Rifampicin 600 mg

• Fibrocavitary disease
• Severe nodular bronchiectatic disease

Daily regime of:
1 Clarithromycin 1000 mg/day or azithromycin 250 mg/day
2 Ethambutol 15 mg/kg/day
3 Rifampicin 450–600 mg/day 

• Advanced severe fibrocavitary disease
• Previously treated disease

Daily regime of:
1 Clarithromycin 1000 mg/day or azithromycin 250 mg/day
2 Ethambutol 15 mg/kg/day
3 Rifabutin 150–300 mg/day or rifampicin 450–600 mg/day
4 ± Streptomycin or amikacin
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normal CXR. Surgical resection of affected nodes is recommended. Antituberculous 
therapy is reserved for post-operative recurrence. 

P	 Widespread dissemination (e.g. MAC) occurs in the immunocompromised (e.g. 
HIV positive).

P	 Skin and soft tissue lesions (e.g. M. abscessus, M. chelonae, M. marinum) may follow 
local invasion (e.g. injection with a tap water–contaminated needle).

Conclusion
In this patient the isolation of three positive cultures of M. kansasii over six months in 
the absence of progressive clinical or radiological disease suggests ‘colonization’ but not 
‘active’ disease. Given the slow progression of NTM lung disease, the concept of ‘colo-
nization’ may not be justified, as slow progression with few initial symptoms may still 
proceed to severe disease. Nevertheless, as this patient was clinically stable with minimal 
symptoms (apart from weight loss) and no evidence of radiological progression, expert 
advice recommended continued microbiological and radiological monitoring without 
treatment.  

Further Reading
1  Griffith DE, Aksamit T, Brown-Elliott BA et al.  An official ATS/IDSA statement: diagnosis, 

treatment, and prevention of nontuberculous mycobacterial diseases. Am J Respir Crit Care 

Med 2007; 175: 367–416. 

2  British Thoracic Society. Management of opportunistic mycobacterial infections: Joint 

Tuberculosis Committee Guidelines 1999. Thorax 2000; 55: 210–8. 

3  Tsukamura M. Diagnosis of disease caused by Mycobacterium avium complex. Chest 1991; 99: 

667–9. 

4  Research Committee of the British Thoracic Society. First randomised trial of treatments for 

pulmonary disease caused by M avium intracellulare, M malmoense, and M xenopi in HIV 

negative patients: rifampicin, ethambutol and isoniazid versus rifampicin and ethambutol. 

Thorax 2001; 56: 167–72.  
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Richard Leach

Case History
A 69-year-old man was admitted to hospital with acute abdominal pain and peritonitis. 
He had a history of indigestion but no previous cardiorespiratory illness. At surgery a 
perforated duodenal ulcer was successfully over-sewn. Two days post-operatively he 
developed low-grade fever (37.8°C), tachycardia (90 beats/min) and tachypnoea (22 
breaths/min). The following day he was confused and agitated, with a temperature of 
38.5°C, tachycardia (95 beats/min), tachypnoea (26 breaths/min), oxygen saturation 
(SaO2) 89% on air and 96% on 40% oxygen, blood pressure (BP) 110/70 mmHg, 
bilateral crepitations on chest auscultation and falling urine output at 25 ml/hr. Initial 
investigations demonstrated a raised white cell count of 18 × 109/l, urea of 12 mmol/l 
and creatinine of 170 mmol/l. Blood gases on air revealed partial pressures of arterial 
oxygen (PaO2) of 8.2 kPa and carbon dioxide (PaCO2) of 4.0 kPa, pH 7.3 and bicarbonate 
18 mmol/l. A chest radiograph demonstrated bi-basal atelectasis and some minor lower 
lobe consolidation. A diagnosis of post-operative pneumonia was made and the patient 
was treated with intravenous amoxicillin by the surgical houseman; the patient appeared 
to improve over the next 24 hours. The following day the chest team was called to review 
the patient who had become more confused, tachypnoeic, hypotensive (BP 95/55 mmHg), 
hypoxaemic (SaO2 89% on 40% oxygen) and oliguric (urine output <20 ml/hr). A repeat 
chest radiograph was performed (Figure 3.1).

How is hospital-acquired pneumonia (HAP) defined and the diagnosis established?

What is the pathogenesis and which organisms cause HAP?

What other factors determine the type of causative organism in HAP?

What is the incidence and mortality associated with HAP?

How would you manage this patient?

Background
The pathogenesis, causative organisms and outcome of hospital-acquired pneumonia 
(HAP) differ from community-acquired pneumonia (CAP).1–4 Preventative measures 
and early antibiotic therapy guided by awareness of the role of potential multidrug resist-
ant (MDR) pathogens improves outcome in HAP.4,5

3    Hospital-acquired Pneumonia

P R O B L E M
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HAP is defined as any lower respiratory tract (LRT) infection developing >48 hours 
after hospital admission that was not incubating at the time of admission. The definition 
of HAP includes ‘ventilator-associated pneumonia’ (VAP), which refers to pneumonia 
developing >48–72 hours after endotracheal intubation. In the USA, health-care-associ-
ated pneumonia (HCAP) is described and identifies patients who are at immediate risk of 
pneumonia caused by ‘hospital-acquired’ pathogens rather than the expected ‘commu-
nity-acquired’ pathogens. HCAP includes any patient admitted to hospital for >2 days 
within 90 days of the current infection, residing in a nursing home, receiving wound or 
intravenous therapy within 30 days of the current infection, or who attends a hospital 
or haemodialysis clinic.4 Diagnosis of HAP is based on both clinical and microbiological 
assessment but may be difficult as clinical features are often non-specific or confused with 
concurrent illness (e.g. acute lung injury), and previous antibiotic therapy limits micro-
biological evaluation. HAP is suspected if a patient develops new radiographic infiltrates, 
hypoxaemia and at least two of three clinical features suggestive of infection (e.g. tem-
perature >38°C, purulent secretions, leukocytosis or leukopaenia). Diagnostic tests verify 
infection and determine the causative organism (± antibiotic sensitivity). They include 
routine blood counts, blood gas analysis, serology, blood cultures, diagnostic thoracen-
tesis of pleural effusions, chest radiography and LRT cultures including endotracheal 
aspirates and bronchoalveolar lavage in intubated patients. Computed tomography (CT) 
scanning aids diagnosis and detects complications, which are frequent with cavitation, 
abscesses, effusions and haemoptysis (Figure 3.2).

Figure 3.1 Chest radiograph.
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Incidence and mortality 
Hospital-acquired pneumonia is the second commonest nosocomial infection after uri-
nary tract infections and accounts for 15% of hospital-acquired infections in the UK and 
USA.4,5 It is the most important in terms of mortality. It affects 0.5%–2% of hospital 
patients. Incidence varies between 5 and 10 episodes per 1000 discharges and lengthens 
hospital stay by 3–14 days. Incidence is highest on intensive care units (ICU) and surgical 
wards. ICU HAP accounts for 37% of all HAP, and VAP for >80% of ICU HAP. The risk 
of HAP increases 6–20 fold during mechanical ventilation (MV) and it occurs in 9%–27% 
of intubated patients. In ICU, it accounts for 25% of all infections and approximately 
50% of prescribed antibiotic use. The risk of VAP is 3%/day during the first five days of 
mechanical ventilation, 2%/day during days 5–10 and 1%/day after this.

HAP mortality is 30%–70% but early-onset HAP/VAP (defined as occurring within 
the first four days of hospitalization) is usually caused by antibiotic-sensitive bacteria and 
carries a better prognosis than late-onset HAP/VAP, which occurs after five days and is 
associated with MDR pathogens.4 However, prior antibiotic therapy or hospitalization 
predispose to MDR pathogens and are treated as late-onset HAP/VAP even if occurring 
before five days. Delayed or ineffective antibiotic therapy, bacteraemia (especially with 
Pseudomonas aeruginosa or Acinetobacter species), medical rather than surgical illness 
and VAP increase mortality.4,5

Pathogenesis and causative organisms
Oropharyngeal colonization with enteric Gram-negative bacteria occurs in most patients 
within a few days of hospital admission due to immobility, instrumentation (e.g. 
nasogastric tubes), inhibition of gastric acid secretion (e.g. proton pump inhibitors) or 
inadequate attendant hygiene with cross-infection. Subsequent aspiration of nasopha-
ryngeal secretions (± gastric contents) due to supine positioning, reduced consciousness, 
difficulty swallowing, leakage past endotracheal-tube cuffs or direct inoculation during 
airways suctioning introduces these organisms into the LRT. Impaired mechanical (e.g. 
cough), cellular and humoral host defences and inability to clear secretions (e.g. lung 

Figure 3.2 Chest CT scan showing abscess formation (1) and consolidation (2). 

(1)
(2)

01-PS Respiratory Medicine-section 01-cpp.indd   17 25/08/2011   15:38



§01 Infection18

 disease, sedation, MV, post-operative pain) promote ensuing infection.4 Haematogenous 
spread from distant infected sites may also cause HAP.

Accurate microbiological data of the causative organisms in HAP are limited.4,5 
Aerobic Gram-negative bacilli including Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Escherichia coli or Acinetobacter species cause 45%–70% of HAP and Gram-positive bac-
teria including Streptococcus pneumoniae and Staphylococcus aureus approximately 10%–
40%. S. pneumoniae and Haemophilus influenzae may be isolated in early-onset HAP/
VAP (less than four days in hospital). Polymicrobial infection is increasing (~50%) and 
isolated anaerobic infections occur in 25% of cases. Viral and fungal infections are rare in 
immunocompetent hosts.  

Factors that determine the type of causative organism
The potential pathogens causing HAP depends on (i) severity of illness, (ii) time of onset 
(i.e. early/late onset) and (iii) the presence of risk factors for HAP and infection with 
MDR organisms (Table 3.1, Figure 3.3).4 Risk factors for developing HAP may be host 
related (e.g. malnutrition, age, comorbid disease, alcohol dependency, smoking, obes-
ity), epidemiological (e.g. occupation, environment), therapy related (e.g. immunosup-
pressive therapy, posture, intravenous lines, sedation, MV, pain relief) or associated with 
infection control (e.g. isolation, hand washing).  

Table 3.1 Risk factors for multidrug-resistant pathogens causing hospital-acquired pneumonia

• Antimicrobial therapy in the previous 90 days
• Current hospitalization of >5 days
• High frequency of local antibiotic resistance
• Presence of risk factors for HCAP
   Hospitalization for >2 days in the previous 90 days
   Residence in a nursing home
   Home wound care or intravenous therapy
   Chronic dialysis within 30 days
   Family member with MDR pathogen 
• Immunosuppressive disease and/or therapy

Critical risk factors for developing HAP include prolonged (>48 hours) mechanical 
ventilation, duration of hospital or ICU stay, severity of illness (Acute Physiology and 
Chronic Health Evaluation [APACHE] score), presence of acute respiratory distress syn-
drome (ARDS) and medical comorbidity. In ventilated patients, prior use of antibiotics 
appears protective, whereas continuous sedation, cardiopulmonary resuscitation, high 
ventilatory pressures, upper airway colonization and duration of ventilation were inde-
pendent risk factors.  

Management 
Constant vigilance in hospital patients with early diagnosis and treatment of HAP 
improves morbidity and mortality. Antibiotic therapy must not be delayed whilst await-
ing diagnostic tests and microbiological results. 

P	 Supportive therapy includes supplemental oxygen to maintain PaO2 >8 kPa (satura-
tion <90%) and intravenous fluids (± inotropes) to maintain a mean blood pressure 
>65 mmHg and urine output 0.5–1.0 ml/kg/min. Physiotherapy and analgesia aid 
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sputum clearance post-operatively and in immobile patients. Avoid heavy sedation 
and paralytic agents that may depress cough. Semi-recumbent nursing of bed-bound 
patients with elevation of the bed head to 30° reduces aspiration risk. 

P	 Ventilatory support including non-invasive (e.g. continuous positive airway pres-
sure [CPAP], non-invasive positive pressure ventilation [NIPPV]) or mechanical 
ventilation may be required in respiratory failure. Subglottic aspiration using spe-
cially designed endotracheal tubes may reduce early-onset VAP but frequency of 
ventilator circuit changes does not affect VAP incidence. 

P	 Blood sugar control (4.0–6.5 mmol/l) with intensive insulin therapy may reduce 
morbidity and mortality. 

P	 Stress ulcer prophylaxis with sucralfate may reduce VAP risk in MV patients.  

Antibiotic therapy is initially empirical. The key decisions are (i) does the patient 
have early- or late-onset HAP and (ii) are there risk factors for MDR organisms (Table 
3.1), which determines the need for broad-spectrum antibiotic therapy. Initial empiric 
antibiotic therapy requires modification in 50% of cases because of failure to respond 
or microbiological detection of resistant organisms. Nevertheless getting ‘the treatment 

Early onset
(<4 days in hospital)

+
no risk factors

for
MDR pathogens

Late onset
(>4 days in hospital

+
risk factors

for
MDR pathogens   

Streptococcus pneumoniae;
Haemophilus influenza;
Staphylococcus aureus
(methicillin sensitive);

antibiotic-sensitive Gram-
negative bacilli e.g. E. coli,

Proteus spp 

All the early-onset HAP
pathogens

PLUS
MDR pathogens e.g.

Pseudomonas aeruginosa;
Klebsiella pneumoniae;

Acinetobacter spp;
MRSA;

Legionella pneumophilia  

Narrow-spectrum (single-agent) 
antibiotic therapy 

e.g.
ceftriaxone or fluoroquinolones 

(e.g. ciprofloxacin)
or co-amoxiclav or ertapenem

Broad-spectrum (multi-agent) 
antibiotic therapy

Antipseudomonal cephalosporin 
(e.g. ceftazidime) or

antipseudomonal carbapenem 
(e.g. imipenem) or

β-lactam/β-lactamase inhibitor
(e.g. piperacillin-tazobactam)

PLUS
antipseudomonal fluoroquinolones 

(e.g. levofloxacin) or
aminoglycoside (e.g. amikacin, 

gentamicin)
PLUS

vancomycin or linezolid 
(if risk factors for MRSA) 

HAP
or

VAP
or 

HCAP

LIKELY PATHOGENS
ONSET + MDR

PATHOGEN RISK TREATMENT

E. coli

Figure 3.3 Likely pathogens and empirical antibiotic treatment of hospital-acquired pneumonias. MRSA, 
methicillin-resistant Staphylococcus aureus. 
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regimen correct the first time’ is important, as effective initial therapy is associated with 
better outcomes. Therefore local patterns of bacterial antibiotic resistance should be used 
to modify therapeutic guidelines. Figure 3.3 illustrates the American Thoracic Society 
(ATS) guidelines for initial, empiric, intravenous antibiotic therapy.4 It should also be 
recognized that antibiotic regimens in the UK tend to be less aggressive (i.e. use of two 
broad-spectrum antibiotics to cover Gram-negative organisms in late-onset HAP would 
be unusual). 

P	 In early-onset HAP/VAP (<4 days in hospital) with no risk factors for MDR organ-
isms, antibiotic monotherapy is advised with either a b-lactam/b-lactamase inhibitor 
(e.g. piperacillin-tazobactam 4.5 g qds iv) or a third-generation cephalosporin (e.g. 
ceftazidime 2 g tds iv) or a fluoroquinolone (e.g. ciprofloxacin 400 mg tds iv).

P	 In late-onset HAP/VAP (>4 days in hospital) or with risk factors for MDR patho-
gens (Table 3.1) and most VAP or HCAP, combination therapy, with at least two 
broad-spectrum antibiotics to cover MDR Gram-negative bacilli and one antibiotic 
to treat methicillin-resistant Staphylococcus aureus (MRSA), is recommended by the 
ATS guidelines. For example:
P	 an antipseudomonal cephalosporin (e.g. ceftazidime 2 g tds iv) or antipseu-

domonal carbapenem (e.g. imipenem 0.5–1.0 g qds or meropenem 1 g tds iv) or a 
b-lactam/b-lactamase inhibitor (e.g. piperacillin-tazobactam 4.5 g qds iv);

P	 plus an antipseudomonal fluoroquinolone (e.g. ciprofloxacin 400 mg tds iv or 
levofloxacin 750 mg od iv) or aminoglycoside (e.g. gentamicin 7 mg/kg od iv, 
adjusted to maintain monitored trough levels <1 mg/ml); 

P	 plus vancomycin 15 mg/kg bd (adjusted to maintain monitored trough levels 
15–20 mg/ml) or linezolid 600 mg bd iv. 

P	 Adjunctive therapy with inhaled aminoglycosides or polymyxin should be consid-
ered in patients not improving with systemic therapy.

If the clinical response is good, a seven-day course of therapy is adequate. However, 
aggressive or resistant pathogens (e.g. P. aeruginosa, S. aureus) may require treatment 
for 14–21 days. Therapy should be directed at causative organisms when culture data are 
available and unnecessary antibiotics withdrawn. Sterile cultures (in the absence of new 
antibiotics in the previous 72 hours) virtually rules out the presence of HAP. Although 
there is some evidence for a reduction in ICU-acquired HAP/VAP with prophylactic 
antibiotic administration, this strategy is not recommended.4,5 

Conclusion
The most likely diagnosis in this case was HAP as the pneumonic process began >2 days 
after hospital admission. The differential diagnosis included peri-operative aspiration 
pneumonia or acute lung injury/ARDS secondary to a systemic inflammatory response 
syndrome (SIRS) associated with the initial peritonitis. HAP is associated with serious 
morbidity and a high mortality and getting ‘the treatment regimen correct the first time’ 
is important as effective initial therapy is associated with a better outcome. This patient 
had been in hospital <4 days and the risk of MDR organisms was low, so antibiotic mon-
otherapy with a broad-spectrum agent (see above) would have been appropriate.
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4    Lemierre’s Disease

P R O B L E M

Boris Lams, Christopher Kosky

Case History
A 22-year-old Caucasian male presented to the emergency department complaining of 
neck and left-sided chest pain. He was well until five days previously when he developed 
a sore throat. This was followed by left-sided neck pain, fevers, left-sided pleuritic chest 
pain and shortness of breath. He had no significant past medical history and took no 
medication. He had not travelled abroad recently and had no risk factors for human 
immunodeficiency virus (HIV). Examination revealed a respiratory rate of 35 breaths/min. 
Whilst breathing 60% oxygen his oxygen saturation (SaO2) was 95%. He had tenderness 
over the left lateral side of his neck and left-sided cervical adenopathy. His pulse rate 
was 135 beats/min with a blood pressure of 96/43 mmHg. He had reduced breath 
sounds in both lung bases. There were crackles at the left lung base. Heart sounds were 
normal and he had a soft, non-tender abdomen. Blood tests showed an elevated white 
cell count (17.7 × 109/l) and thrombocytopenia (45 × 109/l). A renal profile revealed an 
elevated urea (17.6 mmol/l) and creatinine (113 mmol/l). Liver function tests revealed an 
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