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EDITORIAL
The increasing impact of non-communicable diseases
The contents of the Annals has generally reflected the traditional emphasis
on infectious and vector-borne disease in the discipline of tropical medicine.
A subject analysis for the Annals’ first 15 years of publication (1995-2009)
showed that communicable conditions comprised 58.6% of the content, with
far lower proportions of non-communicable diseases (NCDs).1 (Amongst the
latter, reflecting an Australian specialty, snakebite and marine envenomation
topics made up a large proportion, namely 9.5% of content). This imbalance
is slowly changing: the Annals has recently carried articles on NCDs, such
as the physical health impacts of tropical cyclones,2 nutritional interventions
in children,3 and obesity in developing countries;4 and most of the annual
Townsville Health Research Week abstracts that are published in the Annals,
deal with NCDs.5
There is increasing recognition that non-communicable diseases (NCDs),
such as heart disease, cancer, diabetes, and chronic lung and mental diseases,
previously considered to be largely a problem of developed countries, are
becoming major health problems in developing nations as well. It has been
predicted that NCDs will account for 80% of the global burden of disease by
2020, and will be responsible for 70% of deaths in in developing countries,
up from less than 50% today.6 At the same time, communicable diseases
continue to be a major cause of mortality in developing countries. As a more
inclusive indicator of disease burden than mortality, disability-adjusted life
years (DALYs) are often employed. This measure of lost years of healthy life
is the combination of years of life lost through premature death, and years
lived with disability.
A revealing analysis of the global and regional burden of disease at
the beginning of the century was published in 2006.7 Childhood deaths
comprised nearly 20% of the total in 2001, with 99% of these in low- and
middle-income countries. Causes of death in children were predominantly
(>50%) infectious: acute respiratory infections, measles, malaria and HIV/
AIDS. The ten leading contributors to the global health burden were, however,
a mixture of communicable and NCDs: perinatal conditions, lower respiratory
tract infections, ischaemic heart disease, cerebrovascular disease, HIV/AIDS,
diarrhoeal disease, unipolar major depression, malaria, chronic obstructive
pulmonary disease, and tuberculosis.7 Cancer and diabetes are other NCDs
that have substantial global disease burdens.6 In the decade 1990-2001, there
was a moderate (20%) reduction in disease burden due to communicable,
maternal, perinatal, and nutritional conditions. The joint effects of health risk
factors was evident, with 45% of global mortality and 36% of global disease
burden attributable to combinations of diseases.7 In developing countries
there is a large overlap in diseases such as tuberculosis, HIV, malaria and
severe viral infections, with NCDs, producing this ‘double burden of disease’.
Tuberculosis in particular is strongly linked to other communicable diseases
and NCDs that influence the immune system. Comorbid NCD risk factors
for tuberculosis include diabetes, smoking, malnutrition, and chronic lung
disease.8 Globalisation has contributed to the growing burden of NCDs, as
it has direct effects on risks to populations and indirect effects on national
economies and health systems.9 The globalisation of the production and
marketing campaigns of tobacco and alcohol industries provide major
challenges for health policy makers and public health practitioners. Likewise,
unhealthy food and leisure choices and habits have also become globalised,
contributing to the obesity pandemic.4

pressing health and socioeconomic problems,11 it is three times higher, at
27%; for Fiji, also upper middle income, it is 31%.10 The prevalences of
major risk factors (smoking, alcohol consumption, raised blood pressure
and obesity), and public health policies and measures in place to reduce or
control NCDs in each country are also listed.10
In this issue of the Annals, the theme of NCDs (and sometimes their
interaction with communicable diseases) is carried by articles on smoking
and metabolic syndrome, military health, impact of NCDs and other factors
on tuberculosis transmission on Pacific island countries, and Indigenous
prison mortality. Not to neglect infectious diseases, there is also a review
of treatment of typhoid fever, and case reports of Q fever and Whipple’s
disease.
John Frean
National Institute for Communicable Diseases, and University of the Witwatersrand,
Johannesburg, South Africa.
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The World Health Organization has published NCD country profiles for 2014,
and these make for interesting reading.10 For example, in Australia, a high
income country, premature mortality from NCDs (that is, the probability of
dying between ages of 30 and 70 years from the four main NCDs, namely
cancers, diabetes, cardiovascular, and chronic respiratory diseases), is
9%; for South Africa, an upper middle income country, but one with many
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SMOKING AND METABOLIC SYNDROME IN A RURAL
MALAYSIAN POPULATION
M Aye,1 JSF Cabot,2 M Sazali3
1. Department of Medicine, Meleka Manipal Medical College, Meleka, Malaysia
2. Cancer Center of Guam, Guam, USA
3. Epidemiologist, State Health Department, Ministry of Health, Perak, Malaysia

Abstract
Tobacco smoking is a well-established risk factor for coronary artery disease, amongst many other conditions. Coronary artery disease is one of most
common causes of mortality and morbidity worldwide; this study investigated its association with smoking and metabolic syndrome. It was a retrospective
hospital-based study of 259 male patients in a rural Malaysian population. Smoking was significantly associated with coronary artery disease, with increased
waist circumference, and with high serum triglycerides. Diabetes mellitus was the best predictor for developing metabolic syndrome followed by smoking,
but age, body mass index and ethnicity were not significantly associated with metabolic syndrome. Smoking was the strongest risk factor for developing
coronary artery disease and was significantly associated with metabolic syndrome. The prevalence of coronary artery disease was higher in smokers with
diabetes mellitus and metabolic syndrome.
Key words: Smoking, coronary artery disease, increased waist circumference, metabolic syndrome

Introduction
The metabolic syndrome (MetS) is a constellation of central obesity and
various metabolic abnormalities, and carries an increased risk for diabetes
and cardiovascular diseases. It is estimated that the prevalence of MetS in
adults is 20-25% worldwide.1
Smoking is a strong risk factor for genesis of atherosclerosis2 and endothelial
dysfunction3 and is reported to be associated with high serum lipids, high
triglycerides, low high-density lipoprotein cholesterol (HDL-C),4-6 and also
for causing insulin resistance and hyperinsulinemia.7,8 Thus, smoking might
be an important modifiable risk factor for metabolic syndrome (MetS) and
coronary artery disease (CAD). The role of tobacco in the pathophysiology of
MetS is thought due to the actions of nicotine, a major harmful component
of cigarette smoke. Nicotine acts through nicotinic acetylcholine receptors,
widely expressed in the central and peripheral nervous systems. Nicotine
action is mediated by several mechanisms. Either directly or indirectly, it
augments the release of several important neurotransmitters and hormones,
including dopamine, serotonin, glutamate, and γ-aminobutyric acid and
acetylcholine in the central and peripheral nervous systems, and arginine
vasopressor, corticotrophin releasing hormone, adrenocorticotropic
hormone, and growth hormone, epinephrine and norepinephrine from
the adrenal medulla, and cortisol from the adrenal cortex.9-11 Nicotine also
acts on the hypothalamic-pituitary-adrenal axis12 and finally, on the renin
angiotensin-aldosterone system.13
Positive correlation between smoking and MetS has been seen in some but
not all studies.14,15 One study in Turkish women even found a protective effect
of smoking on MetS.16 Different definitions of MetS and individual baseline
information of the study population might explain inconsistent results on this
issue. The prevalence of smoking among Malaysian adult males is 46.5%
based on the latest National Health and Morbidity Surveys (2006).17 An
association of smoking and MetS is not appreciated by the general population
and smoking has been promoted as a weight control. Such concepts are an
added excuse to continue smoking. Our study looked for an association
between smoking and MetS.

Subjects and methods
This was a retrospective cross-sectional study with a sample size (n=257)
determined using Epi Info 6 for population surveys (CDC, Atlanta, USA).
The study period was from January 2010 to June 30, 2011. Subjects were
selected using clustered systematic randomizing and comprised patients
attending a rural district hospital in Malaysia, who were referred by medical
officers and other practitioners, or referred back from secondary and tertiary
level hospitals for continued care.
Fifteen patients were recruited every week, by randomly selecting patients
from two out-patient clinics. Inclusion criteria were males, age 13 years
and above. Exclusion criteria were patients with known causes of obesity
such as Cushing’s and pseudo-Cushing’s syndrome, and known causes
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of dyslipidaemia such as chronic renal failure, nephrotic syndrome,
hypothyroidism, and HIV patients on antiviral drugs.
The research purpose was explained and consent was obtained from all
patients aged 18 years and above, and from parents of those aged less than
18 years. All subjects were interviewed and examined by the investigators.
Questions were asked about smoking history, alcohol intake, occupation,
family income, exercise (mild: active with household chores; moderate
activity: 30 minute walk, jog, swimming three days per week, etc; strenuous
exercise: manual labour). Interviewers also assessed knowledge of healthy
food and lifestyle, and hazards of being obese (defined as body mass index
(BMI) ≥27). Coronary artery disease was defined by patients’ records of
coronary artery angiography, angioplasty, coronary artery bypass graft,
symptoms of angina, unstable angina, myocardial infarction plus ECG and
raised cardiac biomarkers, with or without echocardiogram changes, and
response to coronary vasodilators. Smokers were defined as those who
stated they actively smoked cigarettes, either intermittently or continuously.
Non-smokers were defined as those who stated they never smoked.
MetS was defined according to the US National Cholesterol Education
Programme Adult Panel III,18 with reference to Asian cut-off criteria for waist
circumference. Measurements of the BMI (kg/m2), waist circumference (WC)
(cm) and blood pressure (mmHg) were carried out by the same assigned staff.
Measurement of WC was standardized at the midpoint between the lower
costal cartilage and the highest point of iliac crest with the patient exhaling
completely. Blood samples for fasting plasma glucose (FPG), triglycerides
(TG), high-density lipoprotein cholesterol (HDL-C), total cholesterol (TC)
and low-density lipoprotein cholesterol (LDL-C), were taken in the early
morning after an overnight fast. Subject classifications were high waist
circumference (defined as WC ≥90 cm); normal weight (BMI 18.5-22.9),
overweight (BMI 23-26.9) and obese (BMI ≥27); hypertension (systolic BP
≥130 mmHg, or diastolic BP ≥85 mmHg); raised fasting plasma glucose
(FPG = 5.6 mmol/L-6.99 mmol/L; diabetes mellitus (FPG ≥7 mmol/L); low
HDL-C (<1.03 mmol/L), high TG (≥1.7 mmol/L), high TC (≥5.2 mmol/L)
and high LDL-C (≥2.4 mmol/L). Isolated high TC, TG, LDL-C and HDL-C
accompanying otherwise normal lipid profiles were recorded. Statistical
analyses were done with SPSS version 16 (SPSS Inc, Chicago, Il, USA).
Student’s t-test was used to compare means and the chi-squared test to
identify associations. Wilcoxon signed rank test was used for non-normally
distributed variables where applicable. P values <0.05 were considered
significant.

Results
Of 257 subjects recruited, 21% (54) were smokers. The highest percentage
of smokers was in age group ≥70 years, followed by age groups 30-39 and
40-49 years. However, a large percentage of smokers were age <50 years.
Prevalence of smoking was highest in Chinese and Indians, and lowest in
Malays. Non-smokers were more frequently overweight whereas smokers
were more frequently obese (Table 1).
November 2015

Table 1. Prevalences of age, ethnicity, overweight and obesity status in
smokers and non-smokers

Table 3. Physiological and biochemical characteristics of smokers and nonsmokers
Smokers ( n=53)
mean ± SD

Non-smokers (n=199)
mean ± SD

Age

53.5 ± 13.4

52.3 ± 13.8

3.9

BMI

27.2 ± 5.71

26.4 ± 5.84

6.3

7.4

WC

97.8 ± 13.9

92.8 ± 8.00

30-39

26.9

9.4

Systolic BP

141.0 ± 22.7

134.5 ±19.5

40-49

26.4

19.2

Diastolic BP

85.4 ± 10.8

82.6 ± 11.1

50-59

16.9

31.5

FBG

7.17 ± 2.89

7.09 ± 3.09

60-69

21.6

21.1

Triglycerides

2.37 ± 2.37

1.84 ± 1.59

≥70

30.8

7.4

HDL-C

1.07 ± 0.44

Smokers
(n=54)

Non-smokers
( n=203)

Age groups

%

%

<20

0

20-29

1.20 ± 0.85

BMI = body mass index (body weight in kg/height in meter ); WC = waist circumference;
FBG = fasting blood glucose LDL-C = low density lipoprotein, HDL-C = high density
lipoprotein; SD=standard deviation
2

Ethnicity
Malay

17.6

43.8

Chinese

23.3

27.6

Indian

23.7

28.6

Overweight ( BMI 18.5-22.9)

29.6

33.5

Obesity

51.9

40.9

High WC, raised FPG and hypertension were independent risk factors for
developing MetS in smokers by multiple logistic regression analysis (Table
4). DM was identified as independent factor for developing MetS in males
and smoking was borderline independent significance (Table 5).

BMI

(BMI≥ 27)

Table 4. Association of smoking with metabolic syndrome components by
multivariate logistic regression analysis

Smokers had significantly higher CAD, MetS, WC, and TG; they were
older, more obese both generally and centrally, and were more frequently
hypertensive (both systolic and diastolic) and hyperglycemic, than nonsmokers (Table 2). Mean HDL-C was lower in smokers (Table 3).

Table 2. Prevalences of coronary artery disease, metabolic syndrome, and
metabolic syndrome components in smokers and non-smokers
NonSmokers
smokers
( n=54)
(n=199)

P

OR

CI

Number

%

%

CAD

78

75.9

18.1

MetS

148

72.2

53.7

0.01

2.24 1.16-4.82

High WC

148

72.2

53.7

0.01

2.24 1.16-4.32

P

OR

95% CI

High WC

5.96

0.01

120.3

2.57-5634.2

Raised fasting plasma
glucose

4.21

0.04

34.0

1.17-992.0

High BP

4.01

0.04

19.5

1.07-358.1

High triglycerides

2.95

0.08

14.6

0.686-308.9

Low HDL-C

3.38

0.07

43.5

0.78-2436.8

<0.001 14.2 6.89-29.0

High
triglycerides

114

59.3

40.4

0.01

2.42 1.17-3.95

High BP

148

68.5

54.7

0.06

1.80 0.95-3.41

Raised FPG

155

68.5

58.1

0.16

1.57 0.83-2.97

Low HDL-C

124

53.7

46.8

0.34

0.70 0.34-1.47

DM

119

57.2

44.3

0.22

1.46 0.79-2.66

BMI ≥27

152

66.7

57.1

0.21

0.67 0.36-1.25

OR = odds ratio; CI = confidence interval

Wald
statistic

Table 5. Predictors of metabolic syndrome by multivariate logistic regression
analysis
Wald
statistic

P

OR

95% CI

DM

20.2

<0.001

3.82

2.13-6.83

Smoking

3.69

0.05

2.04

0.99-4.24

Age

5.20

0.02

0.97

0.95-0.99

BMI

15.6

<0.001

0.88

0.83-0.94

Ethnicity 1 ( Malay)

0.00

0.93

0.97

0.48-1.96

Ethnicity 2 ( Chinese)

2.69

0.10

1.88

0.88-4.01

Smokers with DM (S+/DM+) had the highest percentage of CAD and the
highest odds ratio, followed by smokers without DM (S+/DM-). Diabetes
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without smoking (S-/DM+) was not associated with CAD, and the nondiabetic, non-smokers (S-/DM-) had significantly less CAD (Table 6).
Likewise, smoking with and without MetS (S+/MetS+ and S+/MetS-) were
significantly associated with CAD, with S+/MetS+ having the highest odds
ratio. There was no association between nonsmoking with MetS (S-/MetS+)
and CAD, and nonsmokers without MetS (S-/MetS-) were significantly less
likely to develop CAD (Table 7).

Table 6. Associations between smoking, diabetes mellitus, and coronary
artery disease
% of CAD

P

OR

95% CI

S+/DM+

82.9

<0.001

18.4

6.82-49.4

S+/DM-

68

0.00

7.49

3.14-17.9

S-/DM+

21.7

0.25

0.78

0.50-1.21

S-/DM-

15.5

0.00

0.36

0.23-0.56

S+ = smokers; S- = non-smokers

Table 7. Associations between smoking, metabolic syndrome, and coronary
artery disease
% of CAD

P

OR

95% CI

S+/MetS+ (29/39)

74.4

<0.001

10.0

4.56-21.9

S+/MetS-

(10/15)

66.7

<0.001

5.12

1.69-15.5

S-/MetS+

(31/110)

26.2

0.51

0.94

0.49-1.43

S-/MetS-

(9/94)

9.6

<0.001

0.14

0.07-0.31

Discussion
Our finding of a significant association between smoking and MetS (Table
2) is consistent with previous reports that active smoking is associated with
development of MetS and is dose dependent.19-23 Our study recruited only
males, and is thus consistent with the report that an association between
smoking and MetS is only observed in men,15 although we cannot comment on
this association in women. Significant association of smoking with increased
waist circumference, insulin resistance and elevated triglycerides was
observed by us and others.24-27 However, this is contrary to a general concept
that smokers have lower WC than non-smokers,28 and this misconception
may keep smokers concerned about weight gain from stopping smoking.29
Smokers should be advised that smoking causes visceral fat accumulation
and increases the risk of MetS and CAD. Among middle-aged smokers of
both sexes, waist circumference increased in a dose dependent fashion with
smoking, particularly in women.30,31
Our finding supports Kishida et al32 that smoking seems to accelerate
visceral fat accumulation and promote obesity-related disorders. Medical
research has focused on visceral adiposity as a target for the management of
MetS. High WC is also noted to be an independent risk factor for developing
MetS, among other components in smokers (Table 4). Although obesity
(defined as BMI ≥27) was not significantly associated with smoking in our
study (Table 2), there is a higher BMI trend in smokers (Table 1). Our study
supports reports that smoking decreases body weight in the short term due
to increased energy expenditure and reduced appetite.14,33-34 However, heavy,
chronic smokers tend to have greater body weight than do light smokers
or non-smokers, which likely reflects a clustering of risky behaviors (e.g.
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low degree of physical activity, poor diet, and smoking) that is conducive to
weight gain. The acute response of decreased appetite and increase body
metabolism might lead to the false impression that smoking controls weight,
whereas chronic changes increase appetite and decrease metabolic rate. Our
study and others have highlighted the fact that smoking causes increases
in both general and central obesity. Thus smoking is not a tool to decrease
body weight. Peeters et al reported that the co-occurrence of overweight
and smoking has substantial consequence for health,35 and according to the
Framingham study, the life expectancy of obese smokers was 13 years less
than that of normal-weight non-smokers.
We did not find hypertension to be significantly higher in smokers than
non-smokers, consistent with Raihan et al,33 who stated that various studies
since 1971, relating smoking and blood pressure, had given varying results.
Recent studies suggested that smoking causes vasomotor dysfunction as the
result of reduction of nitrous oxide (NO), which functions as a vasoregulatory
molecule that could have hypotensive action. While the exact mechanism
and pathophysiology of such effects in cigarette smoking are still not well
understood,36,37 our findings differ from others who showed smoking had
significant association with hypertension.38,39 We did note smoking and
hypertension to be independent predictors for MetS (Tables 4, 5).
Raised fasting plasma glucose was not significantly associated with
smoking, although there was a trend for higher levels in smokers, consistent
with previous findings.33 DM also did not appear to be significantly
associated with smoking, differing from reports showing that smoking had
significant associations with DM.40-41 However, raised FPG was noted to be
an independent predictor of MetS in smokers (Table 4).
Significant association of high TG with smoking, and a trend of low HDL-C
in our study is consistent with other studies.5,15,42 The association of cigarette
smoking with high TG can be explained by the elevated plasma free fatty
acids (FFAs) caused by decreased lipoprotein lipase activity,34 increased
3-hydroxy-3-methylglutaryl-CoA reductase activity, and increased glucose-6phosphate dehydrogenase activity with smoking.14 These FFAs stimulate the
hepatic synthesis and secretion of cholesterol, which increases production
of very low-density lipoproteins (VLDL) and serum TG concentrations,
and decreases HDL concentrations.5,43,44 However, low HDL-C was nonsignificantly associated with smoking in our study. It may be that there are
different determinants of HDL-C, especially genetic, than for TG.
Our findings of significant association with CAD of smoking alone, smoking
plus DM, and smoking plus MetS, are consistent with reports by others.45
The direct effect of nicotine and carbon monoxide on the blood vessels and
oxygen carrying capacity, the important role of nicotine and its metabolites
on insulin resistance,11,12 the anti-estrogenic effect, and increased level of
stress hormones like cortisol46-47 resulting from cigarette smoking, are
strong independent risk factors for cardiovascular disease as well as for
non-insulin-dependent diabetes mellitus.43,48 The synergistic effect of DM
and smoking on development of CAD is seen in Table 5, with DM noted to be
the most predictive factor for developing MetS in males in our study.
The very high prevalence of MetS in smokers in our study seems to be
mainly contributed by high WC and high TG. Passive smoking also appears
to be associated with MetS,15 and this factor should also be considered in
population studies of MetS. The pathophysiology of MetS in smokers is
described in many reports.9,10,11,12 Smoking possibly has a pseudo-Cushing’s
effect like alcohol and therefore perhaps smokers should either be excluded
from MetS studies, or such studies should stratified for smoking. Larger
population studies need to be carried to validate these proposals.

Conclusions
Our study shows that smoking is significantly associated with MetS. In
addition to its known direct effect on the endothelial function of blood vessels,
smoking also has an effect on metabolism and is an independent risk factor
for CAD, with additional risks if coupled with DM and MetS. Although our
study was hospital based and included only men, it does show that smoking
is associated with MetS, high WC and CAD, and is a modifiable factor to
prevent and treat MetS.
November 2015
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COMPARISON BETWEEN INDIGENOUS MORTALITY RATES IN
A PROVINCIAL QUEENSLAND PRISON WITH THE GENERAL
INDIGENOUS POPULATION
David Kault
College of Engineering, Science and Technology, James Cook University, Townsville, Australia

Abstract
There has been much concern about the gap in disadvantage and mortality between Indigenous and non-Indigenous Australians. One focus of this concern
has been black deaths in custody. This has been considered to be particularly relevant as Indigenous people are vastly over-represented in Australian prisons.
This author recently attended an Aboriginal protest rally and was disturbed by the discordance between the emphasis given to black deaths in custody and
this author’s own experience as a part-time general practitioner in the male wing of a provincial Queensland prison over the previous 5.75 years. In response,
an analysis was performed comparing the Indigenous male mortality in this prison with the expected mortality of an Indigenous male population of the
same size and age structure. The mortality of prisoners is much lower than expected. The reasons for the improved survival of Indigenous prisoners, and its
implications, are briefly discussed.
Key words: Prison, mortality rates, indigenous Australians, Queensland

Introduction
Indigenous speakers at a recent protest rally attended by the author, clearly
regarded black deaths in custody as the most dramatic manifestation of
the many sources of disadvantage and discrimination faced by Indigenous
people and focused much of their attention on this issue. However, this
author has the impression from work in Indigenous communities and in
a prison, that this focus is misplaced. Black deaths in custody would not
seem to represent inadequate care of Indigenous people in custody, but
rather reflects underlying disadvantage and dysfunction resulting in a
disproportionate number of Indigenous people in custody. A focus on deaths
in custody would seem to detract from attention to underlying real causes of
disadvantage and the ability to address these. Accordingly, this author has
analysed black deaths in custody occurring on his watch and has compared
this with the mortality rate in the general Indigenous community.

Methods
It was estimated that the author had the equivalent of 1748 person-years
observation of male Indigenous prisoners during 5.75 years from the time of
commencement of work at the prison in 2009 to the time of the last revision
of this paper in 2015. Obtaining a precise value rather than an estimate
would have required access to daily Indigenous prisoner numbers over this
time. This was not available to the author. Instead, at various times over
the period 2009 to the present, there were 7 different estimates available of
total male prisoner numbers at this prison from a variety of publicly-available
and internal sources. An exponential growth curve was fitted to the data.
It gave an average prisoner number growth rate of 5.18%. The number of
prisoner years of observation, over the 5.75 years up until the date of last
revision of this paper, could then be calculated by integration. There was also
information showing that the number of Indigenous prisoners had remained
very close to 62% of all prisoners throughout this period. This then gives
the person-years of observation of Indigenous male prisoners. The ages
of the Indigenous prisoners were obtained from a snapshot available to the
author in November 2014. It is assumed that this age structure has remained
constant.
General male Indigenous age-specific death rates are available from the
Australian Bureau of Statistics.1 It was assumed that these had remained
constant over the period of observation. This age-structured death rate was
used to calculate the expected number of male Indigenous deaths at the prison
over the period of observation. In effect, these are the calculations to obtain a
standardised mortality ratio (SMR)2. The actual number of male Indigenous
deaths was assumed to follow a Poisson process with this expected number
of deaths. This allows a calculation of the p-value based on the assumption
that the death rate at this prison is the same as the mortality of Indigenous
males in general. The actual number of male Indigenous deaths at the prison
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over this period was obtained by my personal recollection, confirmed by
other long serving health staff: there were none. There were, however, two
deaths of Indigenous men, who had recently been in custody in the prison
and who had been moved to the local hospital in the final stages of terminal
illnesses. These recollections are almost certainly accurate as a death in
custody is a very major event for health staff.

Results
There were several choices for male Indigenous age-specific mortality
available – figures for Queensland, figures for the Northern Territory
and combined figures for all states and territories with larger Indigenous
populations. It was noted that states with a longer history of white occupation
tended to have appreciably lower Indigenous mortality rates than those
of the Northern Territory, with Queensland having mortality rates slightly
better than the combined rates. It is speculated that the lower figures in
Queensland are weighted by the proportion of Indigenous people who live in
the longer-occupied area of South East Queensland and who may therefore
have better mortality rates, akin to those of New South Wales. Since the
prison in question mainly serves prisoners from North Queensland with an
appreciable number of Indigenous prisoners originating from the Northern
Territory, it could be expected that the rates applicable to this population
may be between the figures for Queensland as a whole and for the Northern
Territory.
The expected death rate for the 1748 person-years of observation of the male
Indigenous prisoners, on the assumption that they have the same mortality
as the general Indigenous population, is given by:

∑

general male Indigenous mortality in each age group x
proportion in this age group x 1748

each age group

Low and high expected death rates are obtained using Queensland and
Northern Territory figures respectively. This gives a low figure of 6.19
and a high figure of 11.29. Assuming a Poisson distribution for the actual
number of deaths, the probability of the observed death rate of zero (giving
an SMR of 0) is between e-11.29 and e-6.19 or between 0.000013 and 0.00204.
This therefore constitutes evidence that is highly statistically significant that
in this prison, male Indigenous prisoners fare better than the general male
Indigenous population.
There is however a moot point about whether it is appropriate to include
the two men who died in hospital, as deaths in this prison’s custodial care.
Both these men were in the final stages of terminal illnesses unrelated to
their incarceration. The exact status of one of the men at the time of death
cannot be reliably ascertained by this author. It is known that one of the two
was formally released from custody for his final hours in palliative care, but
November 2015

the planned release of the other man in similar circumstances was to occur
about the time of his death and he may still have formally been in the prison’s
custody at the time of death. Since any change in the custodial status of these
men was due only to their impending death, it may be argued that, regardless
of their official custodial status, these deaths should be counted as deaths
in this prison’s custody. Counting these 2 deaths, the Poisson distribution
gives a probability of 2 or fewer deaths when the expected number is 11.29
or 6.19, to be 0.00095 or 0.0538 respectively, depending on whether NT or
Queensland mortality data are used. Whilst use of Queensland Indigenous
male mortality rate gives a probability just short of ‘statistical significance’,
it seems fair to assert that the data is reasonably convincing in showing
that the mortality of male Indigenous prisoners is less than the mortality of
male Indigenous people in general. The best guess estimate from these very
limited data, is that imprisonment reduces mortality by a factor of 6.19/2 to
11.29/2, or in other words Indigenous male prisoners are between about 3
and 6 times less likely to die than those not in prison.

Discussion
Limitations of the methodology
There are a number of issues relevant to the calculations here:
1. Perhaps the most important consideration is the issue of a post hoc
fallacy. This arises when observers are in a position to observe a number
of situations, the most unusual of the situations is noted and then a
statistical analysis is performed limited to only that situation, with the
statistics confirming it is indeed particularly unusual and therefore by
definition ‘statistically significant’. It could be argued here that this paper
was written only because an unusual event had occurred of no deaths
in custody and since this was the event that was analysed, a post hoc
fallacy will apply. However, the period that was chosen was simply the
full length of this observer’s presence at the prison until after the protest
meeting that stimulated this analysis. The post hoc fallacy would then
only be relevant if one had the philosophical viewpoint that there are
many prisons where a prison doctor might have the propensity to write
an analysis such as this, but the analysis arose only from this prison
simply because the results here were so unusual. This viewpoint does
not seem very reasonable. To put it perhaps too simply, the post hoc
fallacy is of little relevance because it is unlikely that most Australian
prison doctors have the interest and the background to write a paper on
Indigenous prisoner mortality, but refrain from doing so only because
they can see that their results will not be remarkable.
2. A related issue is that this analysis concerns just one prison and so
excludes consideration not only of mortality in other prisons but also
deaths in other custodial situations such as watchhouses. In other
words, granted that one accepts the argument in 1. that the data can
be accepted almost as a random sample, it is possible that some of the
risk of mortality for the people in the sample may be specific to features
of the particular prison. However, it seems reasonable to assume that
the contrasts between the life of prisoners in different prisons will be far
smaller than the contrast between life in and out of prison, so the results
from this one prison very likely indicate an effect of prisons in general.
3. Another reason why deaths in custody may be less than expected from
overall mortality rates, is that a degree of physical fitness is required to
commit some of the crimes for which people are being incarcerated, so
this would be an argument to suggest that prisoners might be expected
to have a better mortality rate than people outside who will include those
physically incapable of committing a crime. My experience, referred to
below, gives me the impression that such a healthy survivor effect for
people in prisons is of minimal relevance and indeed the converse is
much more likely to be the case.
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4. The Indigenous mortality rates for each state are based on relatively small
numbers in each age group and so are less certain than mortality rates
based on large populations. This will add very slightly to uncertainty in
the findings here. Additionally, assumptions discussed in the methods
section, such as the constancy of the age structure of Indigenous
prisoners over the period of observation, will not be precisely true and
so such assumptions will also add slightly to uncertainty in the findings
here.
5. It would seem reasonable to expect that prisoners come in with poorer
physical health than non-imprisoned members of the Indigenous
community of the same age, as abuse of alcohol and other drugs and
violence can be expected to be more common for people who end up in
prison. My experience as a doctor in various Indigenous communities
over a number of years as well as my experience in a prison with a
majority of Indigenous prisoners, also shows that abstinence from
tobacco smoking (since May 2014), improved compliance with
medications and a healthier diet are other advantages which Indigenous
prisoners have, compared to the disadvantages of their likely lifestyle
after release. In short, prisoners are forced to live much healthier lives
than many of them would otherwise choose to live on the outside.
6. A smaller issue that will lead to a minor underestimate of the differences
between the mortality of Indigenous prisoners and non-prisoners is that
the male Indigenous age-specific death rates that are used, apply not
just to the 97% of Indigenous males over 15 years of age who are not
in custody but also include the approximately 3% who are in custody.
Some of the items in the list above could suggest that the protective effect
of custody on Indigenous mortality shown in this analysis may have been
overestimated and other items could suggest an underestimation. However
the most important source of inaccuracy would seem to be that discussed in
item 5, and this implies that this study will considerably underestimate the
protective effect of imprisonment on the type of people who come to prison.
A complete tally of Indigenous male mortality in all Australian prisons has
been undertaken and shows that the crude Indigenous death rate in custody
(of 0.19 per 100 person-years) is now slightly lower than the crude nonIndigenous death rate in custody.3 An analysis of the death rate of ex-prisoners
has also been undertaken.4 Summary figures available from this study
involve quite a number of approximations and do not adjust Indigenous exprisoner mortality for age, only giving results for all ex-prisoners combined,
in broad age strata. To the extent that one can compare populations that
differ geographically and in time and generally in age structure, a comparison
of these two studies suggests that the Indigenous ex-prisoner mortality rate
in the year after release is increased more than 4-fold (two estimates are
available of indigenous ex-prisoner mortality, of which the lower is 8.61 per
1000 person-years).4
To properly allow for the likelihood that those at highest risk of choosing the
most unhealthy lifestyles outside prison, are protected from such choices
by imprisonment, a more accurate study could be envisaged where the ageadjusted mortality of Indigenous prisoners throughout Australia is compared
with their age-adjusted mortality post-release with due allowance for other
difficulties in assessing the mortality of ex-prisoners.5 The study here, takes
full account of age but compares Indigenous male prisoners to Indigenous
men in general, not to Indigenous male ex-prisoners. It is also based on a
very limited amount of observation. It can therefore provide only weaker
evidence of the protective effect of imprisonment. As even this study provides
reasonably convincing evidence for a protective effect of imprisonment, it
reinforces the conclusion from previous studies that imprisonment almost
certainly lowers Indigenous mortality.3,4,5
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Ethical note
Due to the sensitivity of the issue, this author has encountered reluctance
from several personnel who would have had the authorisation to organise
a wider study of this type. However, the author considered this study to be
important because a misplaced focus on an issue that can be revealed to be
a non-problem, namely, deaths in custody, has an opportunity cost in terms
of lives that could be saved elsewhere. Accordingly, this study proceeded
without being submitted for scrutiny to either the relevant custodial system or
health system and associated ethics committees. However, this study should
be regarded as ethical as it involved no interventions and no disclosure of
any data which could identify any individual and no disclosure regarding
imprisonment that goes substantially beyond data publicly available.1,6

Implication of these findings
There has long been concern about black deaths in custody.7 It would be
entirely appropriate for the Indigenous community to be outraged if there
were deaths occurring as a result of racially motivated neglect, criminal
neglect, or indeed, outright murder. It seems reasonable to suspect that there
may have been a few such deaths in recent history and for these, outrage
is an appropriate response by the Indigenous community, and this outrage
should be fully supported by the non-Indigenous community. However, the
Black Deaths in Custody Royal Commission ‘established that Aboriginal
people in custody do not die at a greater rate than non-Aboriginal people
in custody’.7 The excess of Indigenous deaths that occur in custody simply
reflects the excess of Indigenous people in custody. One response to the
excess of Indigenous deaths in custody is a call to reduce the incarceration
rate of Indigenous people. Unfortunately, whilst some Indigenous people
are in prison as a result of situations such as non-payment of fines that
would not result in imprisonment for more affluent people, many are in
prison for serious violent crime largely inflicted on their own community.6
Non-imprisonment or early release of violent offenders back into Indigenous
communities seems likely to add to community disruption and dysfunction,
so may well be counterproductive. The work here goes further and shows
that some of the offenders themselves would suffer premature death as
a result of early release from prison as they are likely to resume the selfdestructive lifestyle from which they are largely protected by imprisonment.
Indigenous disadvantage is very real and has many components. For example,
it seems likely to this author that current pro-development Government
policies in remote areas, by overriding Indigenous sovereignty and land
rights, will be perpetuating hopelessness. Much Indigenous disadvantage
also seems to be the result of vicious cycles set in train by the earlier
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process of colonisation of Australia with subsequent welfare responses that
have been dis-empowering. There is much to be done to overcome this
disadvantage. Focusing on the wrong issue, black deaths in custody, diverts
attention from real causes of disadvantage. Furthermore, if calls for reduced
Indigenous imprisonment were heeded but without major social changes
in other areas, the calculations here show that the direct result would be an
increase in premature Indigenous deaths.
These conclusions could be extrapolated to other areas such as mandatory
alcohol treatment programs. When risk to life is high, human rights have to
be balanced against other considerations,8 particularly the protective effect
of holding people in a custodial arrangement. Since not all prisoners in this
study had a prior lifestyle that was particularly unhealthy, one would expect
that the protective effect of a custodial arrangement would be even greater
for those taking part in a mandatory alcohol treatment program. This study
can then be seen as allowing calculation of a lower bound on the person
years of life that would be saved by such a program and this should inform
any debate on the costs of such a program in terms of human rights.
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Abstract
The atoll nations of Kiribati, Marshall Islands and Tuvalu are home to the highest rates of tuberculosis in the Pacific region. These countries also have very
high rates of poverty, overcrowding and non-communicable diseases such as smoking and diabetes mellitus, which are all well-established risk factors for
tuberculosis transmission. In addition, these three countries are among the most vulnerable in the world to the impacts of climate change, due to, inter alia,
their very low elevation and extreme susceptibility to sea-level rise and extreme weather events such as cyclones, droughts and storm surges. Tuberculosis
transmission rates have been linked to climate activity, such as changing seasons, yet tuberculosis has not hitherto been seriously discussed in the international
literature as an infectious disease considered susceptible to climate change. This paper highlights the unique and unprecedented convergence of social and
environmental risk factors for tuberculosis transmission risk in these three Pacific atoll countries, which demonstrate that tuberculosis is indeed a ‘climatesensitive’ disease warranting international support for climate policy and public health intervention.
Key words: Pacific Islands, climate change, tuberculosis, non-communicable diseases

Introduction
The small island developing states (SIDS) of the Pacific region are among
the most vulnerable in the world to the impacts of climate change, including
the likely detrimental effects on human health.1–4 The pathways by which
climate change threatens population health may be considered in terms of
direct (or primary), indirect (or secondary) and disseminated, diffuse or
tertiary effects.5–7 The priority ‘climate-sensitive’ health risks identified by
Pacific island countries (PICs) in the vulnerability and adaptation assessment
process led by the World Health Organization (WHO) between 2010 and
2013 include such direct effects (e.g. health impacts of extreme weather
events and heat-related illnesses); indirect effects (including compromised
water and food security and safety, and increasing burden of water- and
food-borne diseases; increasing incidence of vector-borne diseases,
zoonoses and respiratory illnesses; and disorders of the eyes, ears, skin
and other body systems); and diffuse effects (disorders of mental/psychosocial health; increasing burden of non-communicable diseases; health
system problems and population pressures).8,9 Climate-sensitive health
risks for PICs correspond largely with risks reported for other geographical
areas.10–13 In the Pacific, however, there exists a contemporary confluence of
demographic, socio-economic and environmental risk factors that highlights
some specific diseases hitherto overlooked in the climate change and
health literature. One of these diseases is tuberculosis (TB) – a scourge
since ancient times, still present in many developing countries, including the
extremely climate-sensitive Pacific atoll nations of Kiribati, Marshall Islands
and Tuvalu, where the prevalence of TB is among the highest in the world.14
TB is a mycobacterial infection spread by respiratory droplets. Recent
progress in case detection, diagnostics, treatment and follow-up care
notwithstanding, TB is still responsible for approximately 8.6 million new
infections and 1.3 million deaths annually worldwide.15,16 TB transmission
risk is linked to conditions favouring exposure to infected individuals (e.g.
poverty, overcrowding)17,18 and impairment of the immune response of
exposed individuals (e.g. HIV infection, alcohol abuse, malnutrition and
immunosuppressive drugs).19 Diabetes mellitus also compromises immune
function, and is thus associated with increased TB infection and mortality.20,21
Smoking and indoor air pollution are significant additional TB risk factors.22
Risk factors for TB have been studied in depth in the relevant literature.
One of the more holistic models of transmission considers populationwide determinants such as globalisation, urbanisation, poverty, and weak
social, economic and environmental policies; and ‘proximate’ risk factors
that affect individuals, such as malnutrition, HIV infection, lung diseases,
diabetes mellitus and smoking.18,23 The roles of the physical environment
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and meteorological factors, and the potential impact of climate change on
TB transmission have been surprisingly absent from much of this literature.
Despite Hippocrates of Cos – often referred to as the ‘Father of Medicine’ –
having noted the relationship between variations in climate and patterns of
disease, including ‘phthisis’ (TB) over two millennia ago,24 and century-old
reports discussing the impact of different types of climate on recovery of
patients with TB,25–27 specific consideration of the seasonality and climatesensitivity of TB seems only to have returned to serious consideration
relatively recently.28–31 Given this correlation between climatic factors
and TB activity, it seems reasonable to assume that globalization and the
manifestations of climate change, in particular the prospect of more frequent
and/or severe environmental disasters, may increase TB transmission risk,
primarily by increasing the exposure of infectious individuals to others,32,33 or
via interplay with established risk factors such as HIV.34
This paper explores some important environmental and social determinants
of TB transmission risk, that are considered in relation to the case study
of three low-lying atoll countries in the Pacific region: Kiribati, Marshall
Islands and Tuvalu. In doing so, well-understood TB risk factors such as
overcrowding and smoking are placed in the context of 21st century health
and development challenges facing Pacific communities, most particularly
the effects of climate change and the ‘epidemic’ of non-communicable
diseases (NCDs).35 We postulate that a convergence of established and
novel risk factors is occurring that may increase TB transmission risk for
these island nations, if appropriate adaptation and mitigation strategies and
socio-economic policies for poverty reduction are not implemented promptly
and effectively.

Methods
We performed a retrospective descriptive analysis of secondary data from
the three study countries related to TB infection rates, the prevalence of
diabetes and other NCD risk factors, and population, demographic and geopolitical information relevant to climate change. The primary sources of this
information were census and survey data from each country, as well as the
Demographic and Health Surveys conducted by the Secretariat for the Pacific
Community (SPC, the regional technical agency based in New Caledonia)
and the WHO STEPwise Surveillance of NCD Risk Factors (STEPS) surveys.
In addition, the available literature on the epidemiology and social and
environmental determinants of TB was reviewed, to assess the possible
impact of converging risk factor pathways on TB transmission risk in the
three study countries. Finally, a conceptual model was developed, drawing
upon aspects of earlier models,18 to explain this unique convergence of TB
risk factors occurring in the Pacific atoll context.
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Results
The table presents the descriptive analysis of the key risk factors related to TB and climate change impacts in the three Pacific atoll study countries.
Indicator

Kiribati

Tuvalu

Marshall Islands

Data source

628 (10th highest in world)
429
343 (1st in Pacific)
17

377 (31st highest in world)
241
193 (4th in Pacific)
37

1080 (2nd highest in world)
572
276 (3rd in Pacific)
111

2012 TB data taken from the WHO Global
Tuberculosis Report 2013 (WHO, 2013a)

103,758 (2010)

11,206

54,999

49%

47%

65%

Kiribati: Kiribati Census of Population and
Housing (Government of Kiribati, 2011)
Marshall Islands, Tuvalu: SPC-Statistics for
Development Division 20111

127 (national) (80th in
world)
3184 (South Tarawa in
2010)

431 (national)(30th in world) 304 (national)(44th in world)
1900 (Funafuti in 2002)
2619 (Majuro in 2008)
~ 41,700 (Ebeye in 2011)
480
345

Kiribati: Current pop. density: Kiribati census
2005. Projected pop. density SPC-Statistics for
Development Division 20111
Tuvalu: SPC-Statistics for Development Division
20111
Marshall Islands: SPC-Statistics for Development
Division 20111

Burden of TB
TB Prevalence (/100 000)
Incidence (/100 000)
Case notifications (/100 000)
Mortality (/100 000)
Population size
Population (2011 estimates unless
otherwise stated)
Proportion living in urban settings
Upstream determinants
Population density
(persons/square kilometre)
Projected population density (national
average persons/square kilometre, by
2030)

170

Annual net population growth rate

1.8%

0.5%

0.7%

SPC- Statistics for Development Division1

Gross Domestic Product per capita
in USD

2,907

7,103

3,327

SPC- National Minimum Development
Indicators2

Basic needs poverty rate*

21.8

26.3

52.7

SPC- National Minimum Development
Indicators2

Youth literacy (%)

98.5%

98.6%

98%

SPC- National Minimum Development
Indicators2

Diabetes mellitus in adults aged 20-79
Prevalence (year)

28.77% (2013)

14.53% (2013)

34.89% (2013)

International Diabetes Federation Diabetes Atlas,
Sixth Edition (IDF, 2013)

TB-diabetes co-incidence
(Specific location, where specified)

37%

9.5%

45% (Ebeye)

Kiribati: CDC-SPC-MHMS study (Viney et al,
unpublished data)
Tuvalu: Personal communication- Ms Temilo
Seono (National TB Programme Co-ordinator)
Marshall Islands: Nasa et al, 2014

Prevalence of overweight and obesity in Males: 41.7%
adults (aged 15-64 years)
Females: 58.9%

Males: 76.3%
Females: 87.9%
(“overweight or obese”)

Males: 37.9%
Females: 52.2%

Kiribati and Marshall Islands: PICT NCD Risk
Factor STEPS reports, 2005-2010
Tuvalu: Tuvalu DHS 2007

Smoking rates
(Proportion adults who are daily
smokers, aged 15 years and above)

54.8%
(males 71.5%, females
39.2%)

37.9%
(males 54.6%, females
22.7%)

19.8%
(males 34.7%, females
4.2%)

Kiribati: WHO 2011 (from Kiribati STEPS, 2006)
Tuvalu: WHO 2011 (from Tuvalu census 2002)
Marshall Islands: WHO 2011 (from RMI STEPS
2002)

Prevalence of HIV infection
Incident HIV diagnoses (2011)

0.018
2

0.052
0

0.030
1

SPC HIV epidemiological update 2012

Total fertility rate (births/woman)

Urban 3.5
Rural 4.1
Urban 30.7
Rural 28.8

Urban 4.2
Rural 3.7
22.9

Urban 4.1
Rural 5.2
31.1

Kiribati: SPC Kiribati DHS 2009
Tuvalu: TFR from Tuvalu DHS 2007, CBR from
Tuvalu census 2002
Marshall Islands: TFR from RMI DHS 2007, CBR
from SPC-Statistics for Development Division
2011 (last census 1999)

Urban 7.3
Rural 5.3
Urban 30%
Rural 11%

Urban (Funafuti) 6.2
Rural (outer islands) 5.8
Funafuti: 31%
Outer islands 6%

Urban 7.6
Rural 6.6
Urban >30%
Rural ~25%

21.0%

36.3%

77.9%

93.7%

5
(243rd in world)

10
(242nd in world)

Proximate risk factors

Crude birth rate (/1000 population)

Household composition (i.e. level of
overcrowding)
Average number of people/household
Proportion of households with ≥9
people

Use of solid fuel for cooking (at
68.8%
household level)
Use of stove/fire with no chimney/hood 98.2%
(as proportion of all households using
solid fuel)

Kiribati: SPC Kiribati DHS 2009
Tuvalu: Tuvalu DHS 2007
Marshall Islands: RMI DHS 2007

Kiribati: Kiribati DHS 2009
Tuvalu: Tuvalu DHS 2007
Marshall Islands: RMI DHS 2007

Environmental
Maximum elevation (in metres)

81 (Banaba) (231st in
world); majority of inhabited
atolls <3

www.wikipedia.com

1. http://www.spc.int/sdd/
2. http://www.spc.int/nmdi/
*The proportion of the population living in poverty (as defined by the Millennium Development Goals (http://www.un.org/millenniumgoals/poverty.shtml)
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As can be seen from the table, Kiribati, Marshall Islands and Tuvalu are
relatively poor, extremely low-lying, urbanized and population-dense
countries, meaning that the manifestations of climate change, particularly
sea-level rise, are having – and will continue to have – profound effects on
their respective societies and economies. These three countries have among
the highest prevalence rates of TB and diabetes mellitus in the world. Between
15 and 35% of the adult population in these countries have diabetes, and up
to 45% of TB patients have concomitant diabetes, which is of great concern
in these countries experiencing the ‘triple burden’ of NCDs, communicable

diseases and climate change.36,37 A number of other social and environmental
risk factors for TB are summarised in the table. The very high population
densities of each country’s capital atoll (South Tarawa in Kiribati, Majuro
in the Marshall Islands and Funafuti in Tuvalu) and the extreme levels of
overcrowding on Ebeye island in the Marshall Islands warrant special
attention. An examination of these multiple, convergent risk factors in the
three study countries suggests that there are plausible pathways by which
climate change may interact with other, established TB risk factors and
consequently act as an indirect driver of TB transmission risk (Figure 1).

EXACERBATING FACTORS

MITIGATING FACTORS

Climate change
• sea-level rise
• extreme weather events
• compromised food
security
• health impacts
(including possible
increased NCDs)

Climate change action
• decreasing global greenhouse gas
emissions
• adaptation measures
• co-benefits

TB transmission risk in Pacific
atoll countries

Policy & legislative measures
• development/poverty reduction strategies
• housing support
• family planning/population programs

Socio-economic
• poverty
• overcrowding
Health systems interventions
• improvements in TB prevention, case
detection, diagnostic capacity, treatment,
compliance & follow-up
• scaled-up NCD and reproductive health
programs
• increased health access
• nutrition & smoking cessation programs
• ?other

Proximal/individual
• smoking
• diabetes mellitus
• malnutrition

Figure 1. Schematic representation of risk factors for tuberculosis transmission in Pacific atoll countries and opportunities for intervention (NB. solid lines
indicate where current research supports links; dashed lines indicate new/hypothetical links)

Discussion

Poverty

Pacific island atoll countries such as Kiribati, Marshall Islands and Tuvalu
have very high burdens of both TB itself, and some of the critical risk factors
– such as overcrowding and NCDs – that contribute to TB transmission. TB
rates have remained high in all three countries over time, despite increased
investment in disease prevention and control, improved management, active
TB case-finding strategies and highly sensitive and specific diagnostic
tools.38 All three countries of these countries are also extremely vulnerable
to the biopsychosocial effects of climate change. These effects potentially
amplify the role of TB determinants and risk factors through environmental,
economic and social pathways (Figure 1). Thus, Kiribati, Marshall Islands
and Tuvalu are likely unique in the Pacific - and possibly global - context, in
sharing environmental and social characteristics that potentially increase the
risk of TB, not to mention other infectious diseases, due to climate changerelated phenomena such as sea-level rise. A few of the most important of
these converging TB risk factors will be discussed in more detail below in
relation to the three study countries.

Poverty increases the risk of TB infection and worsens an individual’s
prognosis.39,40 Evidence for this is suggested in the Pacific, where high rates
of TB are observed in atoll countries with lower per capita income levels
(Table). Conversely, the largest reductions in the burdens of TB over recent
decades have been achieved in two PICs (Commonwealth of the Northern
Mariana Islands and New Caledonia) which are both classified as highincome countries and whose level of economic development has ensured a
better standard of living - including access to health care - across all income
groups.
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Overcrowding
Another significant concern in relation to TB risk is overcrowding. Urbanised
areas in the capital atolls of each country (respectively, South Tarawa,
Majuro and Funafuti) are becoming increasingly crowded. This has been
identified as a significant risk factor for TB transmission, both in terms of
overall population density41 and household-level overcrowding,42 whereby
the number of persons per room is strongly associated with TB transmission
risk.43
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Population growth
High fertility rates compound the problem of population density and
household-level overcrowding in all three countries.44,45 To ensure sustainable
development in Kiribati, Marshall Islands and Tuvalu, population growth must
slow. This is especially important in the context of rural-urban migration and
climate change, which increase both demand for and availability of land.46 In
parallel, measures targeting women’s education and family planning must be
implemented in parallel with economic development, and improved housing
and infrastructure. All of these may be considered to be intrinsic – or at
least related – to climate change adaptation. There has been significant
attention, and some action to date, on adaptation in the Pacific, and in Kiribati
in particular. One such adaptation measure, which is relatively extreme but
deemed necessary by the leadership within the government of Kiribati, is
the re-location of i-Kiribati citizens to neighbouring islands or countries, as
one measure to reduce population density in South Tarawa (Anote Tong,
President of Kiribati, personal communication, 2013).

Smoking and diabetes
Smoking and diabetes are important proximate risk factors for TB in the
Pacific context; smoking is also a well-known risk factor for a range of other
NCDs including heart disease and certain cancers.47,48 Smoking and diabetes
increase the risk of TB synergistically20,22 and approximately 29% of all TB
in 22 high-burden endemic countries is attributable to these two proximate
risk factors.18 Seven of the ten highest diabetes-prevalence countries
globally are in the Pacific, with Marshall Islands and Kiribati respectively
the third and fourth highest.49 Both countries are implementing TB-diabetes
collaborative control activities in response to the identified link between the
two diseases, with patients with diabetes recognised as having a threefold
risk of developing TB.20,50,51 Case-control studies conducted in Kiribati show
that TB patients appear three times more likely to have diabetes than people
without TB (Viney et al, unpublished data, 2014) and in the Marshall Islands
approximately 45% of TB patients had concomitant diabetes (Nasa et al,
2014). Global efforts to detect, diagnose and control diabetes are therefore
likely to have a positive impact on TB control.52,53 All three study countries
also have high rates of daily cigarette smoking – see table. Thus, localised
strategies to prevent and reduce the burden of diabetes and smoking appear
likely to reduce the burden of TB in the Pacific.

Climate change
These three low-lying atoll countries are among the most vulnerable in the
world to the impacts of, inter alia, sea-level rise (bringing with it the prospect
of forced relocation) and the potential for compromised water and food
security. Food security - which exists ‘when all people at all times have
access to sufficient, safe, nutritious food to maintain a healthy and active
life’- is a complex development issue which has already had a profound
negative impact on the health of Pacific island populations.54 Compromised
food security can result in over-nutrition, with resultant increase in individual
and population level overweight and obesity, and subsequent development
of type 2 diabetes.55 The fragility of food security is compounded in atolls
due to the lack of arable land for agriculture and the related scarcity of fresh
water.56 Water, sanitation and hygiene (WASH) problems already place
a heavy burden on i-Kiribati communities, as the absence of groundwater
sources enforces a reliance on rainwater harvesting and wells to aquifers,
which frequently become contaminated with pathogens causing diarrhoea.57
This, along with the lack of improved sanitation facilities in most households
and the common practice of open defecation (including in the lagoon side
of the atolls), particularly in children, contributes to high rates of diarrhoeal
disease, which then feeds into a vicious cycle of malnutrition, immune
suppression and increased transmission of infections.58 There is little
research on the association of TB and climate change, and TB has been
hitherto all but absent from the various published lists of diseases thought
likely to be susceptible to climate change. We argue that traditional schemas
for upstream determinants and risk factors for TB should incorporate the
wider effects of climate change and consideration of the ecology of fragile
island environments. These islands have a unique suite of vulnerabilities
which impacts on the health of their populations, but may also provide
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opportunities for intervention. The latter mainly relate to interventions to
reduce poverty, smoking and NCD rates, as well as reducing greenhouse
gas emissions and enabling the so-called ‘co-benefits’ of climate change
mitigation, which have positive effects on individual and population health.
Other opportunities for health protection include mainstreaming climate
change adaptation and mitigation measures with health systems
strengthening. Guidelines exist on building climate-resilient health systems,
which incorporates the full spectrum of health sector activities, from
research, governance, financing, emergency preparedness and capacitybuilding to provision of essential services, technology and infrastructure.59
Poorly-resourced health systems such as those in Kiribati, Marshall Islands
and Tuvalu are at close to maximal capacity at present, yet still struggle to
achieve adequate health access and outcomes. These difficulties are very
likely to be exacerbated by climate change, as with other major development
challenges, thus any support to the health sector in these and other countries
facing similar challenges may be considered not just relevant, but vital to
climate change adaptation.

Conclusion
In the Pacific atoll countries of Kiribati, Marshall Islands and Tuvalu there is
a unique convergence of risk factors for TB that is coupled with the already
devastating effects of climate change in these highly vulnerable communities.
Therefore, we argue that, in the Pacific atoll context at least, TB must be
considered a climate-sensitive disease. Efforts towards addressing the
causes and effects of climate change in these small, poor, overcrowded,
low-lying atoll countries must take into account the broad range of health
impacts that climate change entails, and the health sector should provide
leadership in addressing these impacts via a ‘Health in all policies’ approach
to adaptation and mitigation. In addition, efforts towards improved TB
control should incorporate wider contextual issues such as social, economic
and environmental factors driving disease transmission, and consider the
unprecedented pressures that climate change places on TB and other,
hitherto overlooked, climate-sensitive diseases. Policies and interventions
to improve the socioeconomic status of communities (including poverty
reduction strategies and provision of adequate housing); increasing access
to, and quality of, health services (particularly those related to TB, NCDs
and reproductive health); and addressing the drivers and impacts of climate
change, will benefit population health, and have the potential to reduce TB
transmission risk in the face of climate change in Pacific atolls and other
vulnerable communities elsewhere in the developing world.
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Abstract
Between November 2013 and May 2014, the author deployed to the Middle East as the Senior Medical Officer (SMO) for Australian Defence Force (ADF)
personnel in the Middle East and Afghanistan. He was responsible for ensuring that adequate healthcare was provided to more than 1 200 personnel located
across an enormous area, stretching from Afghanistan in the north to Tanzania in the south, and from Bahrain in the west to the Indian Ocean in the east. This
was professionally very challenging, and involved the management of a wide range of health threats, including improvised explosive devices and rabies in
Afghanistan, heat illness, Middle East respiratory syndrome (MERS) and vehicle accidents in the Middle East, and tropical diseases such as yellow fever and
malaria along the east African coast. The deployment was also personally challenging, with the requirement to travel extensively and negotiate with a wide
range of individuals and organisations, at a time when national involvement in the Middle East was being significantly reduced.
Key words: Australian Defence Force, military medicine, Middle East, public health, tropical medicine, occupational medicine

Introduction
In November 2013, the author (Fig. 1) was fortunate to deploy to the Middle
East as the Senior Medical Officer for the ADF in the Middle East Area of
Operations (MEAO). This position is a multi-faceted one, involving a variety
of roles including being the medical advisor to a two-star general and his
staff, a staff officer on a deployed headquarters, and the technical supervisor
for health personnel deployed across thousands of kilometres. Tasks
undertaken included constantly reviewing health support arrangements
to ADF personnel across the MEAO (involving a combination of civilian,
Australian and Coalition health facilities), constantly assessing potential
health threats and mitigating these wherever possible, overseeing the dayto-day management of casualties, and providing health planning input for
any future activities. This was professionally challenging, and drew on a wide
spectrum of medicine, including tropical medicine, public health, medical
administration, occupational medicine and military medicine.

UK.1 The largest single cause of accidents was classed as careless driving,
contributing more than 36.5% of all casualties and fatalities in motor vehicle
accidents.1 This was reinforced by visits to the local trauma hospital in Dubai
(the El Rashid Hospital), which was impressive for not only the trauma
facilities, but also the volume of trauma patients treated. One particular issue
raised was the morbidity and mortality associated with camel versus vehicle
(Fig. 2), with the size and mass of the camel resulting in a higher proportion
of serious injuries compared to the Australian version.

Figure 2. Vehicular hazard near Dubai.
(Reproduced from Image by Andrey, sourced from http://holidayexperiences.net/photos-of-the-hour-fromdubai-15/)

Malaria

Figure 1. The author in adverse environmental conditions in Kabul, 2014.
These challenges were further complicated by an extremely dynamic
operational environment, with the draw-down of Australian personnel from
Tarin Kowt in Afghanistan, continuing maritime operations in the Arabian
Gulf and Indian Ocean, presidential elections in Afghanistan, support to the
UN in South Sudan, and the planned reduction of NATO/ISAF troop numbers
in Afghanistan throughout 2014. It would be fair to say that developing and
maintaining situational awareness was a key requirement of the position,
and that invariably this meant travelling extensively and often! As could be
expected from the size and geopolitical contrasts within the region, there was
a wide range of potential health threats that needed to be considered. These
are discussed below.

Motor vehicle trauma
Motor vehicle trauma was (and remains) a significant health threat,
particularly in Bedouin Arabian Gulf countries. While the road infrastructure
is world class in most of the Gulf States, fatality rates (in terms of fatalities
per hundred million vehicle kilometres and fatalities per hundred thousand
vehicles) are up to ten times greater than in countries such as the US and
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The assessment and management of the malaria risk throughout the MEAO
was extremely variable. For example, malaria in Afghanistan (predominantly
P. vivax malaria) was characterised by a number of variables including
irrigation, temperature, altitude and season (generally May to November).
This meant that protection measures for troops varied considerably between
different national forces, with 27 different combinations of drugs and other
measures for 28 different troop-contributing nations.2 Despite this, the rate of
malaria was relatively low, with 85 cases of malaria in British, German and US
troops since 2002.2 This was in contrast to the risk assessment for personnel
visiting locations such as Dar Es Salaam in Tanzania, where exposures were
short (such as port visits), but the risk and mortality (predominantly from
P. falciparum malaria) were much higher.3

Rabies
While rabies is a well-recognised hazard on the Indian subcontinent, causing
in excess of 20 000 deaths per annum, troops in Afghanistan from the
majority of troop-contributing nations are not routinely vaccinated against
rabies pre-exposure, unless they are identified as being at higher risk (such
as dog handlers). This relies on soldiers reporting immediately if they are
bitten, and seeking appropriate post-exposure prophylaxis. This sort of
behavioural response does occasionally fail, and the death of a U.S. Army
soldier was reported in late August 2011, related to a dog bite in Afghanistan
in January 2011.4
November 2015

Yellow Fever
Yellow fever is a mosquito-transmitted viral haemorrhagic fever, endemic to
sub-Saharan Africa and tropical South America. It has been known to be fatal
in 20-50% of patients with severe disease, but is preventable by vaccination.5
In late December 2013, increased tension in South Sudan resulted in
assistance being required to the UN mission in that country. Current
guidance is that yellow fever vaccination is recommended for travel to South
Sudan.6 The management of this issue required consideration of a number of
factors, including the limited world-wide availability of the vaccine, the delay
between vaccination and effectiveness (minimum 10 days), the requirement
to access vaccination from accredited yellow fever vaccination centres, and
potential travel implications for any unvaccinated personnel attempting to
enter countries (including Australia) that have restrictions on people arriving
from yellow fever endemic countries. Throw in the Christmas-New Year
public holiday period, and effective risk management becomes paramount!

Leishmaniasis
Leishmaniasis is a sandfly-borne disease caused by protozoa of the genus
Leishmania. Cutaneous leishmaniasis is endemic to Afghanistan, and has the
potential to cause chronic lesions and skin ulcers. This is a particular issue
in Kabul, where 24.6% of the population have either active leishmaniasis
lesions or scars.7 There is no chemoprophylaxis for this condition, and
sandfly bite avoidance is the main protection. Management of this risk is
complicated by a general lack of awareness of the condition, and perceived
low mortality and morbidity compared to other conditions.

Middle East respiratory syndrome
Middle East respiratory syndrome (MERS) is a viral respiratory illness first
reported in Saudi Arabia in 2012, caused by a coronavirus called MERSCoV. It has a case fatality rate of approximately 35%.8 Dromedary camels
are suspected to be the primary source of infection for humans, although the
exact routes of direct or indirect exposure are not fully understood. Current
guidance involves travellers at high risk avoiding exposure to camels, and
all other travellers practising good hand and food hygiene when camels
are present.8 While ADF members by definition would not be high risk,
consideration of rest and recreation activities, such as visits to camel farms,
was required.

Environmental hazards
In such a large and diverse region, environmental hazards included heatrelated illness (particularly in the UAE), dust and smoke, noise (particularly
given proximity to aircraft and airfields) and hypothermia (particularly in
Afghanistan). This required education, monitoring and protective equipment
as appropriate.

Combat-related injuries
Combat-related injury, while only a small percentage of overall injury
sustained by a deployed force, remains an important consideration from
both a morale and psychological perspective. While Australia has sustained
40 deaths and 291 wounded in action during its recent involvement in the
MEAO, the level of combat-related injuries was appreciably lower during
November 2013 to May 2014, due to the draw-down in numbers and change
in role of coalition troops.9 Nonetheless, training for this condition remains
important, especially with regard to responding to battlefield trauma,
including the use of the combat tourniquet.

Personal perspectives on deployment
This deployment represented the highlight of over 30 years in the ADF,
including previous deployments to northern Iraq in 1991 and East Timor in
2001. The multi-faceted nature of the role was continually challenging, and
the dynamic situation meant that nothing could be assumed. This required
extensive travelling around the region to develop and maintain situational
awareness of health threats and health support arrangements. The major
challenge of changing health threats is that there are a lot of them, and they
all require time and effort to manage and mitigate. As many of them involve
behavioural modification or training, there is an opportunity cost involved,
such that increasing the time for one threat then reduces the effectiveness
Volume 16
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of training for other threats. In addition, there is then a challenge in how this
risk management process can be effectively communicated to a non-medical
command structure, which requires an understanding of how the military
works.
Other aspects of the deployment were equally demanding. While strong
friendships are developed, living in close confines for extended periods,
long working hours, missing family support and sleep deprivation can all
have negative mental health consequences. Maintaining an awareness of
how those around you are travelling becomes an important responsibility
for everyone to attempt to reduce the mental health consequences of
deployment.
A particular highlight for the author was the opportunity to work with the
Afghan National Army (ANA) health services in Kandahar in reviewing
their rehabilitation services. Given that by 2014, the ANA was bearing the
brunt of combat-related injuries, including traumatic amputations, this was
having a resulting impact on the number of patients requiring amputation by
their health facilities. This was further complicated by the lack of dedicated
rehabilitation personnel and facilities in country, and various options were
considered to address this.

Conclusion
To be an effective SMO for a deployed force, a wide range of skills and
capabilities are required, both professional and personal. Professional
requirements include a broad range of medical practice, including tropical
medicine, travel medicine, occupational medicine, public health and medical
administration, particularly as they apply to the military setting. While it is
one thing to have knowledge in areas such as tropical and travel medicine, it
is another thing to apply this in a dynamic operational setting. Effective risk
management is vital to the effective performance of the SMO role, drawing
all these elements together. Personal requirements include the ability to
provide leadership to more junior health staff (even if they do not report
to you directly), communication skills (especially with command and staff
officers, and other coalition partners), the ability to be an effective team
player (especially in the headquarters environment), and most importantly,
a good sense of humour. While all these skills take time to develop, there
is immense satisfaction in being able to apply them in a dynamic and
challenging part of the world (and one which is likely to remain so for some
considerable time).
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Abstract
Typhoid fever is primarily a disease of the developing world, which can also be seen in travellers returning to developed countries. Treatment guidelines vary
between countries and are complicated by evolving resistance patterns. Currently nalidixic acid-resistant (NaR) and multidrug resistant (MDR) isolates are
common. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines were adhered to in this review. Data were identified
through an electronic search of PubMed/MEDLINE and Scopus databases. Pre-defined inclusion/exclusion criteria determined the final selection of seven
open-label, well-powered randomised controlled trials.
Overall, no definite recommendation can be made due to the small number of large, well-powered comparative trials conducted on typhoid. Broadly, the
results of this systematic review suggest that quinolones and azithromycin are equally effective in treating fully-sensitive Salmonella enterica serotype Typhi,
while azithromycin is favoured over quinolones in the presence of nalidixic acid resistance. Quinolones are favoured over oral cephalosporins in all typhoid
resistance types. Gatifloxacin is highly efficacious even in a population with high nalidixic acid resistance and chloramphenicol is as effective as either
azithromycin or gatifloxacin in patients who do not have MDR typhoid. However, caution is recommended with the use of chloramphenicol, as there should
be careful monitoring for evidence of serious toxicity. There is a need for further comparative trials, involving ceftriaxone, ciprofloxacin and azithromycin.
Key words: typhoid, enteric fever, fluoroquinolones, cephalosporins, azithromycin, chloramphenicol, treatment, guidelines, MDR, NaR.

Introduction
Typhoid fever is a tropical infectious disease, transmitted through the
faecal-oral route, which is prevalent in the Indian subcontinent, Southeast
Asia, South America and Africa.1,2 It commonly occurs in impoverished,
crowded areas with poor sanitation and sewage systems that lead to faecal
contamination of food and water supplies.3,4 The systemic infection is
caused by the Gram-negative bacillus Salmonella enterica serotype Typhi,
and commonly presents with fever, malaise, chills, dull frontal headache,
abdominal pain and diarrhoea or constipation. A proportion of patients may
present with splenomegaly, relative bradycardia or rose spots – blanching
erythematous maculopapular lesions.4,5 The classic fever pattern is
initially low grade, which fluctuates over the first week, but then rises and
becomes sustained. Similar symptoms of enteric fever can also be caused
by S. enterica serotype Paratyphi organisms, but this is a milder illness
with a short duration.1,4 Diagnostic confirmation for typhoid is mainly by
blood or bone marrow culture.4-6 The estimated global burden of typhoid
fever in 2010 was 26.9 million cases.1 It is important to recognise typhoid
fever in returning travellers to developed countries since typhoid can have
severe complications e.g. intestinal perforation, gastrointestinal bleeding,
encephalopathy and even death.4,5 The estimated case fatality rate is 1%.1,2
Typhoid needs to be recognised early by clinicians and treated with the most
effective antibiotic, which can be selected on the basis of the susceptibility
profile.

Background of antibiotic resistance
Treatment for typhoid involves an appropriate choice of antibiotic as well
as supportive management, such as adequate hydration, nutrition and use
of antipyretics.6,7 The optimal choice of antibiotic varies between countries
and is complicated by the evolving nature of antibiotic resistance. Multidrugresistant (MDR) typhoid emerged globally in the late 1980s. MDR is defined
as resistance against chloramphenicol, ampicillin and trimethoprimsulfamethoxazole (cotrimoxazole), and rates vary around the world. Rates
of MDR typhoid in returning travellers to Australia are relatively stable at
between 4 and 11%.8,9 Chloramphenicol-sensitive strains are re-emerging in
developing countries.10-12 Quinolone-resistant typhoid predominantly occurs
in Southeast Asia and the Indian subcontinent, and rates of resistance are
increasing worldwide, reflecting increased quinolone use.8 In Egypt, for
instance, the first line of treatment against typhoid is quinolones but there
has been increasing incidence of resistance and studies have shown this to
be related to point mutations in the gyrA gene in resistant isolates.13 Most
recent prevalence rates in Nepal indicate 63.4% nalidixic acid resistant (NaR)
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S. Typhi and 90.5% NaR S. Paratyphi.8 Quinolone resistance is confirmed
by testing for nalidixic acid resistance of Salmonella Typhi isolates or if the
quinolone minimum inhibitory concentration (MIC) of the isolate is >0.125
microgram/mL.7,14

Rationale for this review
Antibiotic treatment guidelines for typhoid fever vary. For instance, the
World Health Organization (WHO) recommends fluoroquinolones for
fully-sensitive typhoid, fluroquinolones or cefixime for MDR typhoid, and
azithromycin or ceftriaxone for quinolone-resistant typhoid.6 Second-line
drugs recommended by the WHO are chloramphenicol, amoxicillin, or
cotrimoxazole for fully-sensitive typhoid, azithromycin for MDR typhoid, and
cefixime for quinolone-resistant typhoid. However, the WHO has not updated
these guidelines since 2003. The online Australian Therapeutic Guidelines for
Antibiotics recommends azithromycin or ceftriaxone as first-line treatment,
especially when waiting for antibiotic susceptibilities. Azithromycin is the
primary choice of drug for quinolone-resistant typhoid. Ciprofloxacin is
recommended for quinolone-sensitive isolates. Ceftriaxone IV is an alternate
antibiotic that is recommended either for initial IV treatment, or if there
is a delayed clinical response (e.g. fever >7 days).7 Lastly, UpToDate, a
resource that frequently supports clinicians to make evidence-based clinical
decisions, recommends ceftriaxone for severe systemic typhoid illnesses
and ciprofloxacin as first-line treatment for uncomplicated typhoid, unless
patients are from regions with high rates of fluoroquinolone resistance.15 The
only consistency amongst the three guidelines is that quinolone-resistant
uncomplicated typhoid can be treated with either azithromycin or ceftriaxone.
The rationale for undertaking this review was the age of the WHO guidelines
(>10 years), the apparent variability in different guidelines for antibiotic
treatment, and the lack of guidelines that take into account known sensitivities.
Furthermore, the comparative clinical efficacy of the three most commonlyused classes of antibiotics for typhoid (fluoroquinolones, cephalosporins
and macrolides), has not been systematically analysed. Hence, the aim of
this review of the available literature is to determine the most clinicallyeffective antibiotic once the antibiotic sensitivity results become available – a
common clinical scenario in countries with the resources to test sensitivity.

Methods
The literature search, selection and data analysis were all conducted by
the one author (R.M.). PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines were adopted to produce a
transparent systematic review.16
November 2015

Literature search
Data was identified through a systematic electronic search of PubMed/
MEDLINE and Scopus databases for English language articles up to June
2014, without date restriction. Combinations of the following search
terms were applied: ‘enteric fever’, ‘typhoid fever’, ‘Salmonella Typhi’,
‘fluoroquinolones’, ‘ciprofloxacin’, ‘ofloxacin’, ‘gatifloxacin’, ‘cephalosporins’,
‘ceftriaxone’, ‘cefixime’, ‘macrolides’, ‘azithromycin’ and ‘chloramphenicol’.
The search was limited to ‘clinical trials’ or ‘reviews’. Firstly, relevant
titles were identified, and then abstracts were screened according to prior
inclusion/exclusion criteria. A secondary search through the reference lists
of key review articles was undertaken. Even though the reviews identified in
the primary search were not included for the final qualitative analysis, those
articles assisted in this secondary search. The full text articles obtained were
further assessed for eligibility.

Selection Criteria
Articles selected answered the formulated clinical question, which was based
on the PICO principle.17 The trials had to compare antibiotics from at least
two different classes in culture-proven enteric fever patients, and assess the
majority of the following clinical outcomes: mean fever clearance time (FCT),
clinical failure (CF)/treatment failure (TF) rate, microbiological failure (MF)

rate and relapse rate (RR). Detailed specific reasons for excluding articles
are highlighted in Figure 1. For instance, only randomised controlled trials
(RCTs) were included to ensure there were no sources of selection bias in the
trials. Measurement bias in trials was assessed by ensuring that only bloodor bone marrow-culture-confirmed enteric fever studies were included.
Other inclusion criteria were: blinded or open-labelled studies (conducted in
resource-poor countries, where most typhoid occurs), available resistance
data and an 80% minimum power analysis calculation.18 An adequate
power analysis, to determine the minimum sample size required to detect
any difference between the treatment arms, was included as a requirement.
There were 22 studies with inadequate or no power analysis and hence they
were excluded. Clinical trials that assessed the efficacy of single antibiotics
or those that compared two antibiotics within the same class were excluded.
Other types of articles excluded were reviews, retrospective studies, case
reports and articles primarily about irrelevant typhoid related topics. The
WHO states that norfloxacin has inadequate oral bioavailability and is no
longer recommended for use,6 whilst pefloxacin and fleroxacin are also
no longer used due to their specific toxicities e.g. phototoxicity and central
nervous system effects.19 Six trials involving these three antibiotics were
excluded.

177 articles identified through keyword searches
90 articles excluded based on title:
- 48 review articles
- 17 articles primarily about antibiotic resistance
- 16 beyond scope of topic or irrelevant e.g. about vaccine,
pharmacokinetics, typhoid carriers, supportive treatment etc.
- 9 case reports, particularly on severe complications of typhoid

2 articles added from reference lists of key review articles
89 abstracts screened for potential inclusion

51 articles excluded:
- 45 non-comparative studies or comparing antibiotics of the
same class
- 3 studies solely on antibiotic susceptibility results
- 1 study about treatment of non-typhoidal Salmonella spp.
enteritis
- 1 article only available in Spanish
38 full-text articles assessed for eligibility

- 1 article was a review rather than a clinical trial

31 articles excluded:
- 18 studies with no power analysis
- 4 inadequately powered studies
- 6 studies of antibiotics that are no longer in clinical use:
norfloxacin, fleroxacin and pefloxacin.

7 studies included in qualitative analysis

- 2 studies excluded since no mention of any randomisation in
clinical trial
- 1 retrospective descriptive study

Figure 1. Search and selection strategy flow diagram
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Data analysis
Seven well-powered studies were included for final detailed analysis. Each
study was analysed by tabulating the following data: sample size, participant
demographic, location of study, percentage MDR or NaR, follow-up duration,
and the statistical significance (P<0.05) of CF, MF, RR and mean FCT for
comparative antibiotics in each study. This summarised analysis is provided
in Table 1. Methodological quality of the trials was assessed to ensure there
was an adequate method of randomisation and allocation concealment. For
continuous outcomes (e.g. FCT), arithmetic means and confidence intervals
were extracted.

Results
The two treatment arms in each study were comparable in terms of
demographic and baseline characteristics.20-26 One study included both blood
culture-positive as well as clinically-diagnosed participants.25 It was decided

to include this study since the main clinical outcomes being assessed in
this review were reported separately for culture-positive patients and all
patients.25 One study added tetracycline resistance to their definition of
MDR.24 FCT was defined as the time in days since the start of treatment
until body temperature ≤37.5°C, which persisted for 48 hours. One study,
however, defined it as <38°C, while another stated a temperature ≤37.5°C
maintained for at least 24 hours.24,26 MF was defined as having a positive
blood culture after treatment was completed. CF was defined as persistent
fever and symptoms or possibly even the development of complications,
often requiring a rescue treatment. TF encompassed CF as well as relapse
cases.21,25 Relapse was defined as the recurrence of signs and symptoms of
typhoid fever with a positive blood culture within a month. The definition of
relapse in two studies did not specify if these were blood culture confirmed.21,22
There was an adequate length of follow-up in all included studies with a good
percentage of participants returning in the majority of trials.

Table 1. Summary of data extracted from trials included in the systematic review
Trial ID,
Setting

Comparative
treatment arms
(N)*

Mean age
(inclusion
criteria)

% MDR
strains
(N)*

% NaR
strains
(N)*

Mean FCT in
days [95% CI,
range]

CF/TF (%) [95%
CI, range]

MF (%)

Relapse
rate (RR)

Length of
follow-up,
compliance

Parry 2007,20
1. Ofloxacin (63)
Vietnam, hospital 2. Azithromycin (62)
inpatients.

1. 8.8 years
2. 10.5 years

88%
(110/125)

93%
116/125

1. 8.2 days [7.2-9.2]
2. 5.8 days [5.1-6.5]
P<0.001

CF
Both groups =2 Both groups
1. 23/63 (36.5%)
(3.2%)
= zero
2. 11/62 (17.7%)
P>0.05 (NS)
P>0.05 (NS)
P=0.053 (NS)‡
Note: all 23 who failed
in group 1 were NaR.

Chinh 2000,21
Vietnam,
hospital
inpatients.

1. Ofloxacin (44)
2. Azithromycin (44)

1. 24.7 years
2. 26.6 years
(only of adults
>15 years).

78%
(68/87)
1. 35/44
2. 33/44

52.3%
(46/87)
1. 21/44
2. 25/44

1. 5.6 days
(0.5-11)
2. 5.4 days (2.5- 8.5)
P=0.19 (NS)
NaR patients:
1. 7.25 (2.5-11)
2. 5.6 (3-7.75 days)
P=0.004

TF
1. 6/44 (13.6%)
2. 2/44 (4.5%)
P=0.27 (NS)
NaR patients:
1. 4/21 (19%)
2. 1/25 (4%)
P=0.16 (NS]

1. 2/44 (4.5%)
2. 1/44 (2.3%)
P=1.00 (NS)
NaR patients:
1) 1/21 (4.8%)
2) 0
P=0.46 (NS)

Dolecek 2008,22
Vietnam,
inpatients at 3
hospitals.

1. Gatifloxacin (145)
2. Azithromycin
(140)

NM† but
58%
majority
(153/263)
children <15
years (73%),
rest adults (<41
years).

96%
254/263

1. 4.4 days (3.9
- 4.9)
2. 4.4 days (3.7
- 4.7)
P=0.98 (NS)

CF
1. 6/145 (4.3%)
2. 6/140 (4.2%)
P=1.0 (NS)

1. 2/145 (1.4%) 1. 4/137
2. 3/140 (2.2%) (2.9%)
P=0.68 (NS)
2. 0/127
P=0.05 (NS)

6 months,
275/287 (96%)
returned at 1
month followup.

Pandit 2007,23
Nepal,
outpatients.

1. Gatifloxacin (88)
2. Cefixime (70)

17 years
(35.5% were
children
<14 years,
otherwise range
of 2-65 years).

Zero
(however
1 isolate
resistant to
chloramphenicol
only).

83%

1. 3.8 days
(3.5 - 4.75)
2. 5.75 days (4.4
- 6.8)
P<0.0001

CF
1. 1/88 (1%)
2. 19/70 (27%)
P<0.001

NM†

1. 2/87
(3.4%)
2. 6/51
(12.4%)
P=0.0199

6 months (seen
at 1, 3 & 6
months),
138/158 (87%)
returned for
follow-up.

Phuong 1999,24
Vietnam,
hospital
inpatients.

1. Ofloxacin (38)
2. Cefixime (44)

6.9 years
(only children
<15 years).

85%
(70/82)

Zero

1. 4.4 days
(4 - 5.2)
2. 8.5 days (4.2 - 9)
P<0.0001

CF
1. 1/38(3%)
2. 8/44 (18%)
P value NM†

1. 0/38 (0%)
2. 2/44 (4.5%)
(NS)

1) 0/38 (0%)
2) 1/44
(2.3%)
(NS)

1 month,
40/82 (49%)
returned for
follow-up.

Arjyal 2011,25
Nepal,
Outpatients.

1. Gatifloxacin (177)
2. Chloramphenicol
(175)

16 years (range 2/352
71.3%
of ages 8 - 22). (0.57%),
251/352
both of
which were
in the gatifloxacin
group.

1. 3·90 days
(3·58–4·27)
2. 3·95 days
(3·68–4·68)
P=0·59 (NS)
NaR patients:
Significantly slower
FCT for gatifloxacin
P=0·002

TF
1. 12/177 (6.8%)
2. 14/175 (8%)
P=0·70 (NS)

1. 2/177 (1%)
2. 0/175 (0%)
P=0.24 (NS)

At 2 months:
1. 3/177
(1.7%)
2. 5/175
(2.9%)
P=0·35 (NS)

6 months (seen
at 1, 3 & 6
months),
302/352 (86%)
returned at 1
month followup.

Butler 1999,26
India,
inpatients at 4
hospitals.

1. Azithromycin
(42)
2. Chloramphenicol
(35)

1. 26.3 years
2. 28.5 years
(all adults aged
≥ 18 years).

1. 4.1 days +/-2.4
(SD)
2. 4.3 days +/- 3.1
(SD)
(NS)

CF
1. 5/42 (11.9%)
2. 5/35 (14.3%)
(NS)

On day 8:
1. 0%
2. 6%
P=0.12 (NS)

Zero overall

35 days (seen
at days 21 and
35),
100% returned
for follow-up.

10/77
(13%)

NM†
(all
susceptible to
ciprofloxacin
by MIC).

6 months,
114/125
(91.2%)
returned for
follow-up.

1. 2 (4.5%) 6 weeks,
2. Zero
38/91 (42%)
P>0.05 (NS) returned for
follow-up.

* N = number of participants in each study
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NM= Not mentioned

‡

NS= Non-significant difference
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Fluoroquinolones versus azithromycin
Three included studies (Table 1) compared fluoroquinolones and
azithromycin, all of which had significant proportions of MDR and NaR
S. Typhi.20-22 One study showed that ofloxacin had a significantly longer
mean FCT than azithromycin (P<0.001).20 A second study comparing the
same drugs did not reveal any significant difference (P=0.19); however,
when specifically assessing NaR patients, a statistically-significant difference
in mean FCT was detected (P=0.004). The FCT in nalidixic acid-sensitive
(NaS) typhoid in this study was 4.3 days compared to 7.25 days in NaR
strains.21 The first study included a much higher percentage of NaR strains
(93%), whilst in the second study only 52.3% of strains were NaR. Evidently,
in NaR-infected patients, ofloxacin treatment results in a longer FCT. There
were no significant differences between CF/TF, MF or RR in either study,
despite accounting for NaR in the second one.20,21 It was noted in the first
study that all participants who failed in the ofloxacin treatment arm were
NaR.20 The third study compared a newer fluoroquinolone, gatifloxacin,
against azithromycin.22 No significant difference was detected between
the two treatment groups for FCT, CF, MF and RR. Hence, the efficacy of
gatifloxacin is equivalent to azithromycin, and both are useful in regions
with high rates of MDR and NaR. Self-limiting gastrointestinal side effects
occurred in the three studies.

Fluoroquinolones versus cephalosporins
Two studies (Table 1) compared fluoroquinolones with cephalosporins.
The first compared gatifloxacin against cefixime, in a sample group with
no MDR typhoid but in which 83% of isolates were NaR.23 In vitro studies
showed no resistance to cefixime. Gatifloxacin proved to have a shorter
mean FCT (P<0.0001), a lower CF rate (P<0 .001), as well as a lower RR
(P=0.0199) compared to cefixime. Clearly, gatifloxacin has a greater
efficacy than cefixime. The ability of gatifloxacin to be highly efficacious
even in a population with high rates of NaR infections is promising. In
vitro microbiological analysis also shows that gatifloxacin has a lower MIC
compared to other traditionally-used fluoroquinolones.22 The second study
compared ofloxacin against cefixime in a population with no NaR but 85%
MDR typhoid.24 Ofloxacin had a significantly shorter mean FCT (P<0.0001);
however, MF rates and RR were not significantly different between the two
treatment arms. The statistical significance of the CF rates was not specified;
however, the difference seemed quite large: 3% for ofloxacin and 18% for
cefixime. There were no NaR strains of S. Typhi in the study; hence the
higher cure rates for ofloxacin must be cautiously interpreted, since there
are high rates of NaR worldwide. Regardless, ofloxacin is more effective than
cefixime since it has a faster FCT. Adverse effects reported in both studies
were limited to mild gastrointestinal effects. The first trial had one death in
the cefixime group, and the second trial had one death in the ofloxacin group.
Overall, both studies highlight the greater efficacy of fluoroquinolones over
oral cephalosporins.

Azithromycin versus cephalosporins
There were no adequately powered studies comparing azithromycin against
cephalosporins.

Chloramphenicol studies
One adequately-powered study (Table 1) compared chloramphenicol against
fluoroquinolones. The study involved a population with 71.3% NaR infections,
but 0.57% MDR, and the fluoroquinolone used was gatifloxacin.25 There
was no significant difference in FCT, TF, MF or RR. The chloramphenicol
culture-positive group had a higher rate of adverse events, but the statistical
significance of this was not explicit. Within the chloramphenicol study
group, 25% of the participants developed at least one adverse effect due to
the medication, compared to 16.9% of the gatifloxacin group. The adverse
effects of chloramphenicol, from most to least common, included vomiting,
nausea, diarrhoea, abdominal pain, dizziness, anorexia, oral candidiasis
and leukopenia. The most common side effects of gatifloxacin were
hyperglycaemia, abdominal pain, vomiting, and diarrhoea.25 In all patients
(including ones only clinically diagnosed) within the chloramphenicol group,
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3 developed leukopenia and discontinued use of the drug. During days 2-7 of
the trial, there was a significantly higher proportion of grade 2 hyperglycaemia
(non-fasting blood glucose level of 161-250 mg/dL) in the gatifloxacin
treatment arm, which included only clinically-diagnosed cases (P=0.04).
However, there was no significant difference in rates of hyper/hypoglycaemia
after day 8 between the antibiotics. The efficacy of gatifloxacin in terms of
FCT, TF, MF and RR was shown to be clinically equivalent to chloramphenicol
in a population with low MDR.
There were no adequately-powered studies comparing chloramphenicol
against cephalosporins. There was only one trial (Table 1) comparing
chloramphenicol with azithromycin in the entire literature search and it had a
power of 80%.26 The study had 13% MDR typhoid, but no MDR patient was
in the chloramphenicol group. There was no significant difference in FCT,
TF, MF or RR. Hence, azithromycin was proved to be equivalent in clinical
effectiveness to chloramphenicol. No severe adverse events occurred,
including no reported leukopenia in the chloramphenicol-treated patients,
since any patient who had slight leukopenia at the pre-treatment stage was
excluded from the trial.

Discussion
Recent studies on typhoid treatment have had larger sample sizes with 80%
power analysis, which provide results that are applicable to the general
population. However, there is a lack of evidence comparing the three main
classes of antibiotics currently being used worldwide: fluoroquinolones,
cephalosporins and macrolides. There is a need for adequately-powered
studies comparing azithromycin against cephalosporins e.g. ceftriaxone.
There were only two trials in total within the literature search that reported
such a comparison and both were inadequately powered.27,28 Both
studies had small sample sizes and reported no significant difference
between ceftriaxone and azithromycin in terms of FCT, clinical cure and
microbiological cure. There is a need for large, well-powered studies that
specifically test the comparative efficacy of ciprofloxacin and ceftriaxone.
One inadequately-powered study comparing azithromycin to ciprofloxacin
discovered no significant difference in any clinical outcomes.29 A small study
comparing ofloxacin with ceftriaxone determined that ofloxacin is more
clinically effective than ceftriaxone, since there was a statistically significant
difference in CF and mean FCT.30 The lack of large, well-powered studies with
ceftriaxone probably relates to the cost of this antibiotic.3,21 All RCTs have
been conducted in resource-poor typhoid-endemic countries, and therefore
large studies with ceftriaxone have not been feasible. Investigations of lessexpensive alternatives, such as gatifloxacin, have been undertaken instead.
This systematic review concludes that older fluoroquinolones such as
ofloxacin, compared to azithromycin, have a slower FCT in NaR typhoid.20,21
However, there is no statistically significant difference between ofloxacin
and azithromycin in fully-sensitive typhoid fever patients. On the other
hand, newer fluoroquinolones, such as gatifloxacin, have proven to be
clinically equivalent to azithromycin, even in regions of MDR and NaR.22
Fluoroquinolones are more efficacious than oral cephalosporins (e.g.
cefixime).23,24 Chloramphenicol, azithromycin and gatifloxacin are clinically
equivalent in terms of FCT, TF, MF and RR. However, the adverse events
profile of chloramphenicol is significantly worse than azithromycin or
gatifloxacin.25 Evidently there is potential risk for serious toxicity such as
leukopenia, as well as the rare potentially fatal drug reaction of haematopoietic
depression.31,32 Historically, chloramphenicol was the first antibiotic used to
treat typhoid fever, but was not considered ideal due to its adverse reaction
profile and the development of resistance.31 Hence, other antibiotic options
were pursued. This is important since chloramphenicol-sensitive strains are
now re-emerging in developing countries.10-12 Hence, reintroducing the use
of chloramphenicol in the treatment of typhoid fever in developing countries
should be done with caution and careful monitoring for adverse events and
serious toxicity. A controlled double-blind RCT highlights the fact that bone
marrow suppression was more likely to occur in chronically-ill patients with
coinciding liver or renal disease.32 The study also supports the fact that
haematopoietic suppression is associated with higher plasma levels and
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increased length of exposure to chloramphenicol.32 The primary approach to
reducing the risk of chloramphenicol toxicity is by opting for an alternative
antibiotic treatment, if available, especially in patients with liver or renal
impairment. Otherwise, discontinue chloramphenicol immediately if there
are signs of serious toxicity and alter the choice of antibiotic.
The recommended and commonly-used antibiotics for typhoid fever in
various developing countries are highly influenced by the cost of the
drugs. Overall, the order from most to least expensive is third-generation
cephalosporins (especially IV ceftriaxone), azithromycin, fluoroquinolones
and chloramphenicol.3,21,22 Due to its relative cheapness, and its proven
efficacy in studies, continued use of chloramphenicol in developing
countries is warranted for chloramphenicol-susceptible typhoid cases, but
with caution regarding early signs of toxicity. Furthermore, gatifloxacin has
great potential in the treatment of typhoid fever, since it costs a third of the
price of azithromycin in Vietnam, and in contrast to other fluroquinolones, it
is effective in treating NaR typhoid.22
Significantly-increased risk of hypo- or hyperglycaemia after administration
of gatifloxacin in older patients was reported recently,33 following which,
gatifloxacin was removed from the US market.32 Only one of the three
studies in this review reported a significantly greater proportion of
gatifloxacin-treated patients experiencing grade 2 hyperglycaemia.25 In
this study the hyperglycaemia resolved upon completion of treatment and
did not return during follow-up. The other two studies did not specifically
look for dysglycaemia.22,23 A majority of the participants for the two studies
were children or teenagers, and hence dysglycaemia may have been an
unlikely adverse event.22,23 It is recommended to use gatifloxacin cautiously,
particularly in patients who have a known difficulty achieving glycaemic
control.34 As evidence for dysglycaemia was specific for patients ≥66
years,33 the use of gatifloxacin in typhoid patients who are usually young and
otherwise healthy does not seem to be contraindicated, especially in light of
its benefit against NaR typhoid.
There are certain public health measures that need to be encouraged
worldwide to reduce further development of antibiotic resistance in typhoid.
A major concern is the ease of accessibility to antibiotics in developing
countries.35 One of the main public health measures to combat this is
to monitor the appropriate distribution and prescription of antibiotics.
Many developed countries have implemented antimicrobial stewardship
programs in hospitals and the community. These programs aim to monitor
and regulate antibiotic prescribing, educate health professionals in the
appropriate prescribing of antibiotics, and support them in their practice.36
Such programs, as recommended by various organisations worldwide such
as the Centers for Disease Control and Prevention (CDC) and the Australian
Commission on Safety and Quality in Health Care,37,38 should be implemented
in developing countries as well.
A limitation of this review is that one author conducted the final selection of
articles. For optimal research results, data should be searched, selected and
analysed independently by at least 2 authors simultaneously, to reduce the
chance of human error. We attempted to reduce the risk of any selection bias
as the co-author supervised the literature search, reviewed the literature and
advised on inclusion/exclusion criteria. A limitation at the outcome level was
the unavoidable use of open-label trials, which places the studies at risk of
performance and detection biases. Other limitations for comparative analysis
were different dosages of drugs used, varying age restrictions applied, and
some variations in definitions for the clinical outcomes being assessed.

Conclusions
Overall, no definite recommendation for the most efficacious antibiotic
treatment for typhoid fever can be made. There is a need for further
comparative trials, especially involving ceftriaxone, ciprofloxacin and
azithromycin. However, such large RCTs are difficult to perform, due
to the high cost of ceftriaxone in particular and the lack of resources in
typhoid-endemic developing countries. Broadly this systematic review
suggests that quinolones and azithromycin are equally effective in treating
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fully-susceptible S. Typhi, while azithromycin is favoured over quinolones
in the presence of nalidixic acid resistance. Quinolones are favoured over
oral cephalosporins (e.g. cefixime) in resistant and fully-susceptible typhoid
strains. Gatifloxacin is highly efficacious even in populations with high
rates of nalidixic acid-resistant infection. Chloramphenicol is clinically as
effective as both azithromycin and gatifloxacin in patients without MDR
strains, but chloramphenicol has the potential risk of serious toxicity.
Treatment of typhoid fever is a significant public health problem that needs
to be addressed. It is essential to obtain antibiotic susceptibilities to guide
treatment. There are already reports of increasing MICs for azithromycin and
there have even been case reports of enteric fever resistant to ceftriaxone
and azithromycin.8,39-41 The ease of accessibility to antibiotics in developing
countries is the primary cause of this rapidly-evolving pattern of resistance.
Clinicians must be aware of potentially emerging resistance to antibiotics
for typhoid, and public health measures must be put in place in developing
countries worldwide to ensure the rational use of antibiotics.
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AN UNUSUAL CASE OF Q FEVER
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Abstract
A previously-well, 44-year-old Australian-born male presented to a Melbourne metropolitan hospital with a systemic inflammatory process comprising
respiratory and hepatic dysfunction. He was managed initially for presumed acute cholecystitis, with minimal effect. Improvement was seen only after
empiric treatment for a zoonotic infection. Diagnosis of acute Q fever was confirmed serologically. This case illustrates a rarely-seen combination of Q fever
pneumonia and cholecystitis. A review follows this case report, highlighting the dearth of contemporary literature that categorises the clinical spectrum of
disease seen in the Australian population.
Keywords: Q fever, Coxiella burnetii, pneumonia, acalculous cholecystitis, zoonosis

Introduction
Coxiella burnetii is the causative organism for Q fever, a zoonotic infection
present in the majority of populated regions of the world.1 The reservoir
for this organism includes livestock, wildlife, birds, and reptiles. Humans
are incidental hosts, acquiring the pathogen primarily through inhalation of
infected aerosols from livestock. It is hence unsurprising those at highest
risk of contracting Q fever have some form of ongoing exposure to infected
livestock or their products.2 This report details a middle-aged man, with
minimal work-related risk factors, who likely acquired Q fever infection from
a brief camping trip to rural Victoria.

Case report
A 44-year-old male first presented to his general practitioner (day 0)
with a three-day history of malaise, fevers, rigors, nausea, vomiting, and
generalised myalgia. Notably, he was afebrile but had abdominal discomfort.
An abdominal ultrasound was performed and was unremarkable. No
specific intervention was implemented at that stage. The next day (day 1),
he presented to the emergency department. His core temperature measured
37.7 °C, and he had abdominal tenderness on examination. His full blood
count (FBC) was normal other than lymphopenia of 0.5 x 109/L (normal
range: 1-3 x 109/L). Liver function tests were mildly deranged, with alanine
aminotransferase (ALT) of 52 IU/L (normal range: 5-40 IU/L), and gammaglutamyl transferase (GGT) of 76 IU/L (normal range: 10-71 IU/L). His
alkaline phosphatase (ALP) was normal at 81 IU/L (normal range: 30-120
IU/L ). Abdominal X-ray showed non-specific prominent small bowel loops.
As his abdominal discomfort was out of proportion to his X-ray findings, a
computed tomography (CT) scan of his abdomen was done, which revealed
faecal loading but was otherwise normal. He was managed with aperients,
anti-emetics, and intravenous fluids. After spending 8 hours in the emergency
department, he was discharged with the diagnosis of constipation and an
unspecified viral illness.
At home, he continued to deteriorate over the following 72 hours, and was
unable to go to work. He re-presented to the emergency department for the
second time (day 4), with similar symptoms of fever, uncontrolled rigors,
nausea, vomiting, and generalised pain, most prominent in his abdomen.
A productive cough had begun to develop. On examination, he appeared
clinically unwell, tachycardic, and was febrile (38.3 °C) with generalised
abdominal tenderness. His cardiovascular and respiratory examinations were
unremarkable. On investigation, liver function tests were more deranged than
previously noted. He had a marked elevation of his bilirubin: a conjugated
hyperbilirubinaemia, up to 3 times the upper limit of normal at 66 μm/L. GGT
was 415 IU/L, ALP was 277 IU/L, and ALT was 188 IU/L. FBC showed a white
cell count (WCC) of 4.5 x109/L, a neutrophil count of 2.9 x109/L, and a low
platelet count of 65 x109/L. His lymphopenia persisted. C-reactive protein
(CRP) was 281 mg/L (Table 1).
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Table 1. Selected laboratory results
Investigation*
(normal range)
WCC (4-10)

29/1/2014 1/2/2014 3/2/2014 5/2/2014 7/2/2014
(day 0) (day 4) (day 6) (day 8) (day 10)
x109/L

5.4

4.5

5.6

10.5

13.5

Neutrophils (2-7) x109/L

4.7

2.9

4.4

5.8

8.9

Lymphocytes (1-3) x10 /L

0.5

0.5

0.6

4.0

3.8

-

281

289

191

84

155

65

51

51

86

μm/L

7

66

96

197

337

ALT (5-40)

IU/L

52

188

203

157

155

GGT (10-71)

IU/L

76

415

388

438

773

ALP (30-120)

IU/L

81

277

258

305

547

9

CRP (<5)

mg/L

Platelets (150-410) x109/L
Bilirubin (<22)

*WCC: white cell count, CRP: C-reactive protein, ALT: alanine aminotransferase, GGT: gamma-glutamyl
transferase, ALP: alkaline phosphatase

A chest X-ray was normal. A liver ultrasound elicited tenderness in the right
upper quadrant on ultrasound device probing, and showed a thickened
gallbladder wall of 6 mm (normal ≤4 mm), but no choledolithiasis. The
common bile duct was not dilated. The working diagnosis at that time was
that of acalculous cholecystitis. Intravenous (IV) ampicillin, ceftriaxone,
and metronidazole were commenced and a laparoscopic cholecystectomy
was performed the following day (day 5), due to concerns of an evolving
necrotising cholecystitis. The surgically-removed gallbladder appeared
oedematous with grossly normal surrounding hepatic architecture. An
intraoperative cholangiogram did not reveal a biliary tree filling defect.
Gallbladder histopathology subsequently reported changes of chronic
cholecystitis.
Further history revealed that fourteen days prior to onset of clinical symptoms,
the patient took a brief three-day camping trip with his family to Woodside
Beach, a coastal town in the Gippsland region of rural southeastern Victoria,
Australia. He denied any water activities. The rest of his family remained
well during and after his illness. The patient was an industrial air-conditioner
technician by profession, working at numerous sites around metropolitan
Melbourne. This included a research facility known to house livestock,
including sheep. His last exposure there was 10 days prior to first onset
of clinical symptoms (day -13). His work there involved, as usual, entrance
into the air ventilation systems. His past medical history was unremarkable.
He drank minimal alcohol and occasionally smoked marijuana. He lived with
his family, comprising his spouse and two young children aged 5 and 7, in a
standard housing property. He did not own pets, and aside from his recent
travel to rural Victoria, reported no other travel.
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Despite removal of his gallbladder (day 5), the patient deteriorated clinically
and biochemically. Over the next four days, he became progressively
more dyspnoeic and hypoxic with type 1 respiratory failure, necessitating
supplemental high-flow oxygen to maintain adequate oxygenation. On
chest X-ray imaging, airspaces initially clear on re-presentation (day 4) now
showed progression with multilobular consolidation, in particular over the
lower lung zones bilaterally (Fig. 1).

Figure 1. Interval chest X-ray change from day 4 (L) to day 8 (R)
Daily spiking fevers above 38.5 °C were noted. In all, his fevers persisted for
almost two weeks (days 0 to 12). Liver function tests continued to worsen,
with a predominantly cholestatic picture. A more than four-fold rise in his ALT
and ALP, and a ten-fold rise in his GGT were observed (Table 1). Ongoing
sepsis, atypical pneumonia, ascending cholangitis, pulmonary emboli,
and antibiotic-related acute hepatitis were all considered. IV piperacillin/
tazobactam was commenced to replace ceftriaxone, ampicillin, and
metronidazole. CT pulmonary angiogram did not reveal pulmonary emboli
and magnetic resonance cholangiopancreatography (MRCP) showed no
biliary tree abnormalities to account for a diagnosis of ascending cholangitis.
Four sets of blood cultures were taken; all had no growth after 5 days of
incubation. Hepatitis A, B, and C, cytomegalovirus (CMV), and Epstein-Barr
virus (EBV) serologies were all negative. His CRP level improved following
his cholecystectomy but in all other ways, he appeared to be worsening.
On day 10, the Infectious Diseases Unit was first consulted. Azithromycin
was commenced for possible atypical pneumonia, in particular to cover for
Legionella pneumophila. Because of concerns of a drug reaction, antibiotics
were changed from piperacillin/tazobactam to meropenem. The history of
recent rural and occupational exposure led to concerns of a systemic zoonotic
infective process, including Q fever, rickettsial disease, and leptospirosis,
hence doxycycline was added. Serological tests for rickettsial subspecies,
Coxiella burnetii, leptospirosis, and atypical pneumonia agents were ordered.
The patient defervesced 48 hours (on day 12) after commencement of
doxycycline and azithromycin and showed parallel improvement clinically
and biochemically. His myalgias, rigors, and cough abated. Bilirubin and liver
enzymes improved. On day 16, he had a bilirubin level of 72 μm/L, ALT of 106
IU/L, GGT of 429 IU/L, and ALP of 468 IU/L. Urinary Legionella serogroup
1 antigen, urinary Streptococcus pneumoniae antigen, sputum Legionella
spp. and Chlamydia pneumoniae PCR were all negative. Transthoracic
echocardiogram (TTE) was not consistent with infective endocarditis.
Initial serological testing by enzyme-linked immunosorbent assay (ELISA),
taken at day 10 of hospital presentation showed positive Q fever phase 2
IgM and IgG. The following day, meropenem and azithromycin were ceased.
Doxycyline 100 mg BD was continued on discharge. He completed a total
of 14 days of doxycycline. A rise in phase 2 IgM titre was demonstrated on
convalescence 14 days (day 24) after the initial assay, confirming the diagnosis
of acute Q fever. On retrospective analysis, the immunofluorescence (IF)
assay method during his acute illness revealed negative Coxiella burnetii
phase 2 IgM and IgG results (day 10), with titres <25. On convalescent
serology performed two weeks later (day 24), there was IFA seroconversion
of both his phase 2 IgG, phase 2 IgM (titres >3 200), and phase 1 IgM (Fig.
2). Again, this was consistent with acute Q fever infection. Follow-up IFA at
his 6-month outpatient clinic visit revealed a persistent rise in phase 1 IgG
and IgA, titres 12 800 and 6 400 respectively. Despite normalisation of his
LFTs and FBC, he reported ongoing lethargy. Three-monthly Q fever serology
testing continued.
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Figure 2. Q fever initial (top) and convalescent serology indicating
seroconversion, by IFA test (with permission of Australian Rickettsial
Reference Laboratory)
In light of his substantial abdominal discomfort, deranged liver enzymes,
and abnormal abdominal ultrasound, Q fever acalculous cholecystitis was
considered. Three paraffin block shavings of the gallbladder were were
positive for Coxiella burnetii by polymerase chain reaction (PCR), which
involved amplification of two separate coding regions of the C. burnetii
genome (com 1 and htpAB genes). We believe our case to be the second
reported in the literature of positive C. burnetii PCR from the gallbladder.

Discussion
Q fever remains a largely unrecognised disease unless the treating clinician
has a high index of suspicion. This is in part due to the myriad number
of clinical manifestations that can arise. Q fever was first described by
Edward Derrick, an Australian pathologist, in 1937.3 This followed a twoyear period in which he investigated nine Queensland men with unspecified
febrile illnesses, drawn together by the fact that they all worked in abattoirs.
MacFarlane Burnet and Herald Cox independently isolated the causative
organism, resulting in the name given to this pathogen – Coxiella burnetii.
C. burnetii is a pleomorphic, obligate intracellular, small Gram-negative
organism. Similar to other Gram-negative pathogens, it possesses an outer
lipopolysaccharide cell membrane.1 In its natural state it exists in two forms
- large and small cell variants. The small cell variant, though having minimal
metabolic activity, possesses a spore-like structure which resists desiccation,
heat, acid and ultraviolet rays, enabling it to survive freely in the environment
for weeks.4 Humans are incidental hosts, with fauna being environmental
reservoirs. These are not limited to livestock, arthropods, birds, and reptiles.
Livestock remain the largest source of human infection. The majority of
human infection are believed to arise from inhalation of the aerosolised
infected bodily fluids of livestock.1 Other means of transmission are less
common, but still well recognised, such as via ingestion of unpasteurised
milk, blood transfusion, sexual transmission, and vertical transplacental
transmission.5, 6 The survivability of this organism in the natural environment
and the ease at which it can infiltrate its large potential reservoir has led to
spread to all regions of the world, with the exception of New Zealand and
French Polynesia. The reported incubation period of Q fever varies from 12
to 37 days. A shorter incubation period is postulated to arise from higher
inoculation doses.7
It is suspected that there may be regional differences in the clinical
manifestation of acute Q fever, yet the reason for this variation remains
elusive. Theories include regional clinician reporting bias, and sub-strain
variation in virulence, host factors, and route of inoculation.1, 2 There is a
dearth of recent data about the clinical manifestations of this disease in
Australia. Table 2 summarises the clinical spectrum of disease within
Australia, and globally.2, 8-14
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Table 2. Clinical spectrum of acute Q fever illness
World rates ( %)

Australian rates
(%)

Asymptomatic

50-60%

50-60%

Febrile illness

85-100%

82%

Pneumonia

10-35%

7-20%

Hepatitis (abnormal LFTs)

25-80%

5-85%

Hepatomegaly

10-25%

20- 50%

Splenomegaly

5-17%

15-30%

<20 cases reported worldwide

1 reported case

0.2-1.3%

-

Cardiac (pericarditis/
myocarditis)

0.5-1%

1%

GI - diarrhoea

5-20%

7%

Arthralgia

10-60%

20%

Rash

5-20%

7%

Condition

Acalculous cholecystitis
Neurological manifestations

The last substantial Q fever case series in Australia was published in 1982.11
Pneumonia, as defined by chest X-ray changes, was seen in 5% (6 of 111
patients). Despite derangement of liver enzymes being remarkably common
in that case series (85%), marked hyperbilirubinaemia was exceedingly rare
(only one patient had a serum bilirubin >60 μmol/L). This is consistent with
the reported clinical manifestations of Q fever in contemporaneous Australian
papers. Two distinct large case reports showed that 4 of 72 (5%) and 10
of 273 (4%) had manifestations of this disease on chest X-ray.12, 13 Clinical
jaundice was only seen in 3 of 72 (4%) and 3 of 273 (1%) respectively.
Of those that contract acute Q fever, only 60% are symptomatic. Globally, there
are variable rates of Q fever pneumonia, but it still more common elsewhere
than in Australia (5% of cases). As more contemporary data from Australia is
elucidated, this difference might indeed be negligible. Q fever pneumonia is
the predominant clinical presentation in Nova Scotia in Canada, Switzerland,
and in the Basque region of Spain.2 The other major clinical presentation is
acute hepatitis, seen more commonly in California (USA), Ontario (Canada),
and Andalusia (Spain). Q fever hepatic changes on biopsy typically show
multiple granulomas with the characteristic central ‘doughnut hole’ and a
surrounding fibrin ring.15 Though not established, variation within a country’s
regional areas point towards differences in infection route (inhalation from
work practices, in comparison to ingestion of contaminated food products,
such as unpasteurised milk). A large retrospective analysis of almost 1 400
patients with acute Q fever looked at host factors and their association with
clinical manifestations.2 Patients with hepatitis had a tendency to be younger,
with more systemic symptoms such as headaches and myalgias, and be less
immunocompromised. Those with pulmonary involvement were older and
had concomitant medical reasons for immunosuppression. A non-specific
rash is uncommon, observed in less than 20%, and can help in differentiation
of this condition from vector-borne rickettsial disease. Acute cardiac issues
manifest in the form of myocarditis and pericarditis, which are seen rarely
(<1%). The spectrum of neurological involvement varies considerably, from
a non-specific headache to seizures and encephalitis. It is well established
that adult males have a greater propensity to manifest symptomatic disease.1
Q fever acalculous cholecystitis is an underappreciated entity that was first
recognised and reported in the literature in 2003.16 This seminal case series
looked at seven patients with serologically-proven acute Q fever. All seven
had deranged liver function tests, ultrasonographic evidence of a dilated
gallbladder wall, and absence of gallstones. Five of these seven patients had
a cholecystectomy during the acute illness setting. It is notable that none
had histological changes consistent with acute cholecystitis. A subsequent
case report from Australia described Q fever cholecystitis.14 Not only was
there histopathological evidence of acute cholecystitis, but specific PCR
testing (com1 and htpAB genes) of these inflamed specimens was positive
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for C. burnetii. This is believed to be the first and only report thus far in
the literature that has correlated acute changes of cholecystitis with PCRconfirmed C. burnetii sequences. Reported cases of Q fever-associated
acalculous cholecystitis are likely a gross underestimation of cases seen, as
clinicians may alternatively attribute the presence of acalculous cholecystitis
to an acute systemic inflammatory process.
By conservative estimate, up to 5% of acute Q fever, despite treatment,
progresses to a chronic state. Endocarditis forms the majority of chronic
Q fever, accounting for two-thirds of all cases.1 Pre-existing cardiac valve
disease is a major risk factor in the development of Q fever endocarditis. One
large study cited 88% of those with proven endocarditis had pre-existing
valvular abnormalities.2 Vegetations are usually small or absent, so diagnosis
is often delayed.17 Vascular infections are less common than chronic Q fever
endocarditis, which in itself is a rare entity. When present, Q fever-associated
vascular infections can be catastrophic. As with endocarditis, there are often
predisposing factors, such as a known large vessel aneurysm, or a previous
vascular graft. A recent study proposes the utility of fluorodeoxyglucosepositron emission tomography (FDG-PET)/CT as a means to pinpoint infected
vasculature.18 Q fever chronic osteomyelitis and pulmonary fibrosis are rarely
observed. Hepatitis in isolation, without concomitant endocarditis, is also an
uncommon feature of chronic disease. Q fever chronic fatigue syndrome is
well recognised, the pathophysiology less well so. Immune dysregulation has
been put forward as a possible explanation for this condition.19, 20 One should
always remain vigilant in the exclusion of other chronic complications of Q
fever, which may present in a protean manner with non-specific symptoms
akin to that of Q fever chronic fatigue syndrome.
High risk occupational groups include those with animal exposure such as
abattoir workers, farmhands, veterinarians, and certain medical laboratory
personnel.2 Plumbers and similar tradesmen are at unspecified risk. A large
case study identified transmission via an infected air-conditioning ventilation
system.21 In summary, a single boarding school in Israel was shown to
have an acute Q fever outbreak, in which 108 of 164 cases were confirmed
serologically as acute Q fever. Several swabs on filters and inlets of the
air-conditioning units were positive on PCR testing for C. burnetii, highly
suggestive of it as a mode for facilitation and transmission of disease. The
Israeli outbreak provides a different perspective to the traditional, betterknown means of disease acquisition.
Various serological tests are available to the clinician for acute Q fever testing.
Commonly utilised are the immunofluorescence assay (IFA), enzyme-linked
immunosorbent assay (ELISA), and the complement fixation (CF) assay.8
Immunofluorescence assay is still regarded as the standard reference method
for serological diagnosis and follow up, reflected in algorithms for serological
follow-up in chronic Q fever.9,22 Serological diagnosis rather than culture
isolation of this organism is sought given its extreme infectivity, confining
culture methods to biosafety level 3 laboratories and above. Coxiella burnetii
exists in two antigenic phases.23 In its natural state, C. burnetii is considered
virulent, in the phase 1 state. The avirulent phase 2 variant is derived from
passages of C. burnetii culture in egg yolk sacs through several generations.8
On immunofluorescence assay, IgM phase 2 antibodies appear first, 10-17
days after the onset of acute illness.24 This is followed by IgG antibodies to
phase 2. Persistent phase 1 antibodies, with a compatible clinical picture, can
be a useful measure of Q fever chronicity. IgG phase 1 antibodies can take
up to 6-8 weeks before there is a noticeable increase in titre.23 Both phase 1
and 2 antibodies can persist, with half-time decay rates measured by years
rather than months.25 PCR testing for Q fever utilises a combination of 2
separate coding regions of the C. burnetii genome. The com1 gene is a 27kDa outer membrane protein that is related to pathogenesis and protective
immunity.26 The htpAB gene is flanked by a repetitive DNA element IS1111a,
which functions as a transposase.27 Studies show that on serum, a PCRpositive result for C. burnetii drops drastically after the second week of the
illness, in conjunction with the rise in phase 2 antibodies.28
The recommended antimicrobial agent for treatment of acute Q fever is
doxycycline, at a dose of 100 mg twice daily for 14 days.17 Resistance to
doxycycline has not been documented.29 Macrolides show promise as an
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alternative treatment choice in those intolerant of the tetracyclines.30 In
pregnant women, treatment is warranted to reduce foetal complications.
As doxycycline and macrolides are undesirable during pregnancy, highdose cotrimoxazole is a viable option, although often not curative. Definitive
treatment is undertaken in the postpartum period.31 There is a school of
thought which emphasises treatment only if symptomatic.32 Others however,
advocate treatment acutely irrespective of symptoms, with the overarching
concern of progression to chronic disease, a difficult to treat condition at
best.17, 22 Endocarditis, being the most common manifestation of chronic
Q fever, necessitates both surgical and medical considerations. Surgical
management, in conjunction with medical therapy, has a role in those with
substantial valvular damage or heart failure.22 Suggested duration of drug
treatment varies, from lifelong treatment to a minimum of 18 months of dual
antimicrobial agents - doxycycline and hydroxychloroquine.33 Chloroquine
facilitates the bactericidal activity of doxycycline. Despite guidelines assessing
fall in phase 1 antibody titres to aid in the decision-making process in chronic
Q fever endocarditis therapy, there is no single test that can definitively prove
complete cure.32

spectrum of disease in contemporary Australia. This warrants further
investigation. Last, serological follow up remains a perturbing issue with no
clear consensus guidelines on a national or global level.

There is no consensus on serological follow-up of treated acute Q fever.
Landais et al. advocate IFA serological testing at 3 months and 6 months
after acute illness.34 Phase 1 IgG titres greater than 800 serve as a trigger
for trans-oesophageal echocardiogram (TOE) and PCR testing on serum,
irrespective of the presence or absence of clinical symptoms. Limonard et
al. argue that in the recovery period following acute disease, an IgG titre
>800 on IFA is not uncommon.9 It was observed that none of their subset
of patients with IgG titres >800 developed a clinical picture consistent
with chronic Q fever endocarditis. Given the ever-pressing considerations
of resource allocation, he raises the impracticality and cost of screening
echocardiograms in the absence of a clinical compatible illness. A modified
flow diagram is shown (Fig. 3).
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Figure 3. Algorithm for serological follow up in Q fever (modified from
Limonard et al.9)

Conclusion
Q fever can give rise to a protean clinical illness. Our patient became critically
ill with multi-organ involvement. We report a very rare case of presumed Q
fever cholecystitis and coexisting pneumonia, and only the second report
of positive PCR in gallbladder tissue. One must recognise that the positive
PCR in this case may in fact represent the systemic nature of the disease.
Furthermore, it is clear that there exists a gap in knowledge of the clinical
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Abstract
Whipple’s disease is a rare, chronic infection caused by Tropheryma whipplei. The disease classically involves the musculoskeletal and gastrointestinal
systems, but can also affect the neurological and cardiac systems. T. whipplei is an aerobic Gram-positive actinomycete that has been isolated from human
tissue, namely duodenal biopsy specimens, oral swabs, and from environmental specimens. However, its pathogenesis is not completely understood.
Diagnosis involves a combination of clinical findings, histopathological examination with periodic acid-Schiff staining for visualisation of positive-stained
T. whipplei within foamy macrophages, and molecular techniques. We present a case of Whipple’s disease that was diagnosed 15 years after the onset of
symptoms. This case highlights the difficulty in diagnosis of a rare disease with insidious onset. The use of special histopathological stains and correlation
with clinical findings is emphasised.
Key words: Whipple’s disease, T. whipplei, histopathology, clinical pathology

Introduction
Whipple’s disease is a rare, chronic, multisystem infectious disease with
a reported incidence estimated to be <1 in 106.1 The causative organism,
Tropheryma whipplei, is an anaerobic Gram-positive intracellular
actinomycete. Its pathophysiology and aetiology remain unknown.2
T. whipplei has been detected in human faeces, saliva, subgingival plaques
and duodenal biopsy specimens from both affected and non-affected
individuals.2-5 Disease may be associated with impaired phagocytic and
interleukin pathways, autoimmune predisposition or genetic causes
linked to HLA-B27 status.6-7 It commonly manifests as arthritis, followed
years later by diarrhoea, weight loss and abdominal pain.8-9 We present a
diagnostically challenging case 15 years after the onset of symptoms, with
clinicopathological correlation.

Figure 1. Endoscopic view of proximal duodenum

Case report
A 72-year-old man presented with ongoing epigastric pain, nausea, lowgrade fevers, and associated weight loss of 6 kg over three months. No
cardiac or neurological symptoms were identified. He was a non-smoker,
non-drinker, and was on esomeprazole for dyspepsia. He had a 15-year
history of intermittent fevers and medium/large joint arthritis, diagnosed as
tumour necrosis factor receptor-associated periodic syndrome, and treated
with methotrexate and prednisolone. The patient had microcytic anaemia,
and was referred to a gastroenterologist. The initial endoscopy investigation
for the anaemia revealed a jejunal arteriovenous malformation and Barrett’s
oesophagus. As a result he was followed up with annual gastroscopy for the
last nine years.
On two occasions prior to the current presentation, the patient was
investigated for increasing fatigue, anaemia and features of malabsorption,
including weight loss, hypoalbuminaemia, peripheral oedema and diarrhoea.
Upper GI endoscopy and colonoscopy were normal but histopathology of the
duodenal biopsies showed foamy macrophages, and active colitis. Special
histochemistry tests were not performed. The findings were attributed
to recovery from an infective process, and his symptoms, which were
attributed to methotrexate therapy, appeared to improve with adjustment of
his treatment.
Laboratory investigations showed hypoalbuminaemia, microcytic anaemia
and mildly elevated inflammatory markers. A repeat capsular endoscopy
six months later revealed prominent whitish nodules in the duodenum with
mucosal oedema throughout the small intestine (Fig. 1). A diagnosis of
Whipple’s disease was made on histopathology (Fig. 2-5), and confirmed
positive for T. whipplei by polymerase chain reaction (PCR). Figure 6
illustrates the typical ultrastructure.10
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Figure 2. Duodenal mucosa with enlarged and distended villi (H&E, x 100)

Figure 3. Villi with expansion of the lamina propria by foamy
macrophages, which also focally extends to the submucosa (H&E, x 200)
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should be performed if symptoms of malabsorption, seronegative arthritis,
lymphadenopathy and low-grade fever are present. The differential diagnosis
on histopathological examination includes infective and non-infective
causes. Special histochemistry using Gram, Ziehl-Neelsen (ZN), Grocott’s
methenamine silver, and PAS may help to identify infective causes.7,11 In
this case, the identification of T. whipplei was made with routine H&E and
PAS stains, with ZN to exclude Mycobacterium avium infection. Subsequent
specific PCR for T. whipplei was also performed.
Weight loss with diarrhoea is the most common gastrointestinal symptom in
classic Whipple’s disease.9 Occasional abdominal pain, hepatosplenomegaly
and ascites are also documented.1 Joint involvement occurs in 65%-90% of
patients and may occur without gastrointestinal symptoms.13 Neurological
complications have also been reported.8-9 T. whipplei has also been associated
with culture-negative endocarditis.1,14 Approximately 15% of patients do not
have classic signs and symptoms.9,15

Figure 4. Lipid vacuoles and foamy macrophages (H&E, x 400)

Without appropriate treatment the prognosis is poor, and the disease is
potentially fatal, with a 40% risk of disease relapse if treatment is ceased
prematurely.12 The recommended treatment is intravenous ceftriaxone or
penicillin G for two to four weeks, followed by oral cotrimoxazole for one
to two years.11 Because cotrimoxazole crosses the blood-brain barrier in the
case of neurological involvement, it is the oral antibiotic of choice. A oneyear regimen of doxycycline and hydroxychloroquine, followed by lifelong
treatment with doxycycline, has also been suggested, due to resistance of
some strains to sulphonamides.12 Tetracycline, previously used as a firstline treatment, is no longer used, due to the high frequency of disease
recurrence.1

Conclusion

Figure 5. Foamy macrophages packed with bacilli, showing strong PASpositivity. (PAS, x 400)

Whipple’s disease, a rare but significant condition, has a variety of clinical
manifestations and should be considered in any patient with joint and/or
gastrointestinal symptoms. Endoscopy and biopsy of an infected region
is critical to allow for appropriate histopathology and molecular diagnosis.
Clinical correlation is essential due to the ubiquitous nature of the causative
organism. Treatment with appropriate antibiotics for a sufficient length of
time is necessary for a favourable clinical outcome.
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Discussion

Corresponding Author

This case illustrates the insidious onset of a rare disease and the diagnostic
challenge to both the clinician and pathologist. The clinical differential
diagnosis of Whipple’s disease is wide and includes malabsorptive and
infiltrative diseases, such as coeliac disease, tuberculosis, Mycobacterium
avium infection of the small bowel, histoplasmosis, non-steroidal antiinflammatory drug-induced injury to the small intestine, non-Hodgkin
lymphoma and amyloidosis.16 Endoscopic investigation with biopsy
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