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A B S T R A C T   

And so, formed the basis for the song Legionnaires’ disease (LD) composed by the legendry musician Bob Dylan 
shortly after this mysterious illness dramatically entered the clinical and epidemiological scene in July 1976 at 
an American hotel. Now more than forty years have passed since Legionella pneumophila, the causative agent of 
LD, was formally identified in 1977. Once the publicity associated with the outbreak subsided, there was the 
challenge to science and health professionals of what was an extremely complex and intriguing health concern. 
In the United States, the outbreak investigation that eventually solved the mystery had taken an array of sur-
prising twists and turns. Globally, it revealed the strengths and weakness of countries’ health systems in response 
to the outbreak from an unknown agent. Extensive international coverage of the outbreak also marked a turning 
point in journalism’s efforts to hold officials accountable for their response to epidemics that had the potential to 
threaten the lives of hundreds of people. In 1979, New Zealand became an active participant in the international 
efforts towards increasing the understanding of infection caused by Legionella species and set up a centralized 
laboratory diagnostic service. By 1980 LD had become a notifiable disease making New Zealand one of the first 
countries globally to do so. This historical narrative in the decade or so from its recognition, provides a unique 
insight into how the One Health paradigm was instrumental in New Zealand’s early response to LD in tandem 
with control strategies. The findings show that from 1979 the distribution of the Legionella species in New 
Zealand did not follow patterns observed in studies carried out globally.   

1. Introduction 

One of the most relevant medical discoveries made in the field of 
bacteriology in the past forty-four years is probably represented by the 
identification of the Legionella bacteria causing the disease legionellosis. 
As the lyrics of Bob Dylan’s song titled ‘Legionnaires’ disease’ suggest, 
the feeling of confusion that diffused throughout the United States (US) 
after the 1976 American Legion convention at the Bellevue-Stratford 
Hotel in Philadelphia left members with a deadly pneumonia (later 
coined Legionnaire’s disease by the media [1] but formally recognized 
by the CDC in April 1977 as the official name of the epidemic disease 
[2]), also drove health professionals to “their knees” as they scrambled 
to identify the mysterious infectious agent responsible for such a lethal 
outbreak.1 The reasons why Legionella had remained camouflaged be-
fore 1976 was primarily by virtue of two iconoclastic traits: (1) it re-
jected conventional stains used to visualize microbes [3] and (2) its 

fastidious growth requirements hampered the culturing and detection 
of the bacteria [2]. Apart from these influences and the emotional re-
sponse that the 1976 outbreak evoked, there was the challenge to sci-
ence and health professionals of what was an extremely complex and 
intriguing health concern. Its discovery in early 1977 emerged when 
the medical establishment globally (including New Zealand [4]) was 
nurturing the perception that infectious diseases were largely defeated 
(due to improved sanitation and the development of effective vaccines 
and antimicrobial drugs) and that attention and resources should be 
directed to the more important threat of chronic diseases. The 1976 
outbreak challenged the assumption that medical science had closed the 
book on infectious diseases. It also brought home the importance of 
public health/medical microbiologists who rather than bowing to re-
ceived wisdom, trusted their instincts instead [5]. In New Zealand, 
following the 1976 Philadelphia outbreak astute medical micro-
biologists and clinicians began to question whether cases of 
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microbiologically undiagnosed pneumonia were Legionella infection 
and that more attention should be paid to determining the aetiology of 
cases that were not responding to conventional treatment. Initially the 
difficulty of isolating and culturing the organism hampered the 
knowledge of its environmental sites, mode of transmission and in-
directly the specificity of serological diagnosis. As a result, LD became a 
classic example of an emerging infectious disease (EID) threat, be-
coming one of the earliest such diseases to be recognized [6] as re-
quiring a One Health approach. Globally, the approach to reduce the 
burden of LD demanded an integrated and collaborative process to ef-
ficiently and effectively bring together information, capacity, and ex-
pertise within and across sectors to protect human health. With the 
availability of cultures and reagents from the Centers for Disease Con-
trol (CDC) (now Centers for Disease Control and Prevention) Atlanta, 
Georgia in the US soon after the 1976 outbreak, it became possible to 
establish the testing for legionellosis in New Zealand. 

This historical narrative is presented as follows. Firstly, I reflect on 
the One Health paradigm within the context of EIDs, but here I describe 
a class of infectious disease, sapronoses in particular one which is not of 
zoonotic origin but until now has largely been neglected. The One 
Health approach is much broader than zoonoses alone and a well- 
known example of a sapronosis pathogen is LD since zoonotic trans-
mission has, to date, not been reported [7]. Secondly, I seek to remedy a 
historical neglect of LD [6] and go beyond the several published re-
views [8–11] that focus on the characteristics of the 1976 outbreak 
investigation by reflecting on the complexity of responding to this new 
emerging disease from the perspective of a country outside of the US. In 
describing the disease’s epidemiological features, I delineate through 
the conceptual lens of the One Health paradigm of public health 
thinking, how from a very modest beginning New Zealand in 1979 
established a Centre for Legionella Reference under the direction of Dr 
Karl Bettelheim, and surveillance system (which later became highly 
regarded internationally). I also pay detailed attention to the public and 
political scrutiny this ‘new emerging disease’ elicited including a clin-
ical perspective and approaches to control for risk prevention. Data 
were collected from literature searches and official documents held by 
Archives New Zealand, including surveillance reports. But official 
documents convey only part of the story. The strength of popular in-
terest about legionellosis, the curiosity and hysteria that it generated, is 
most evident in newspaper coverage. Papers from across the country 
ranging from the Christchurch Press to the New Zealand Herald (Auck-
land) carried the most detailed and frequent reports particularly after 
the 1976 outbreak. Lastly revised drafts of this paper were reviewed by 
health professionals employed in the sector from the late 1970s until 
the mid-1990s. The findings are relevant as they show that the dis-
tribution of the Legionella species (spp.) did not follow patterns ob-
served in studies carried globally from 1979 when the first case was 
diagnosed in New Zealand. This makes the New Zealand situation 
worthy of global interest. 

2. One Health paradigm in emerging infectious diseases 

‘One Health’ is a relatively new term, however the concept can be 
traced back to the 1800s [12] although there is no single, inter-
nationally agreed upon definition [13]. Nowadays the term is most 
often used to describe approaches to tackling infectious disease (par-
ticularly zoonoses) threats that consider and incorporate all compo-
nents at different levels of governance, that is, from global to local level, 
that might lead to, or increase, the threat of disease [14]. These include 
environmental and ecological components and human factors and for 
zoonoses, domestic/wild animal factors. Human factors encompass 
behavioural as well as medical issues, including political and other 
socio-economic drivers that might result in a disease occurrence or 
spread [14]. 

For the purposes of this historical narrative it is a particularly ef-
fective approach in deciphering the processes that underlaid the 

explosive emergence and expression of LD and the need to understand 
and regulate the environmental context (human-ecosystem interface) 
onto the global stage. New Zealand’s population was just over 3 million 
at the beginning of the 1980s, (1981 census was 3,175,737) [15] which 
emerged as a decade of health service reform.2 In the United Kingdom 
(UK), United State, the Netherlands, Sweden and many other countries, 
health services were also either being reformed or policy-makers and 
politicians were contemplating reform [16]. Public concern about the 
emergence of a series of novel diseases in the 1970s and 1980s (in-
cluding LD) that culminated with the global spread of HIV/AIDS, was 
heightened because of the perception that infectious diseases were 
previously under control, their often rapid spread and high case fatality 
rates and because the development of drugs and vaccines to combat 
some EIDs (e.g. HIV/AIDS) had been slow and costly. As health-care 
reforms proceeded, various jurisdictions found themselves having to 
give priority to strengthen partnerships between health-care providers, 
microbiologists, and public health professionals to detect and control 
EIDs [14]. As with any EID, international collaboration was therefore 
deemed essential for One Health implementation since pathogens have 
no respect for national borders making the health concept more critical. 
Emergence was also found to be exacerbated by increasing volumes and 
rates of human travel. The 1976 outbreak was the first formally iden-
tified example of travel-associated LD although a retrospective analysis 
of so called ‘Benidorm pneumonia’ cases in British travellers to Beni-
dorm, Spain in 1973 and associated in 1974 at the same hotel as the 
1976 LD outbreak, suggested that several travel-associated cases were 
possibly LD [17,18]. Travel is now recognized as a common risk factor 
for LD. Globally the challenges became immense — from sharing spe-
cimens, political sensitivities to international tourism but also resulting 
in infectious diseases rising back up the health policy and political 
agendas [19]. 

3. Recognition of infection 

Legionellosis, a set of two respiratory diseases caused by the in-
halation of Legionella bacteria, incorporates Pontiac Fever and 
Legionnaires’ disease (LD), a sometimes severe and fatal form of 
pneumonia (including but extremely rare, extrapulmonary infections 
such as endocarditis). Once the ubiquitous environmental opportunistic 
bacterium was identified, subsequent antibody testing on old sera re-
vealed that LD was not a new organism with retrospective analysis 
showing it to be the “Rickett-like” organism isolated in 1947 [20]. The 
organism was also responsible for an unsolved 1957 outbreak of 
pneumonia [21] and non-pneumonic manifestation of the disease in 
1968 in Pontiac, Michigan, later named Pontiac fever [22]. It was also 
strongly felt that an outbreak of LD occurred in Philadelphia in 1974, in 
the Bellevue-Stratford Hotel following a convention – the same hotel 
which in 1976 became ground zero for this deadly bacterium [23]. 
Since the 1976 epidemic, the genus Legionella has expanded extensively 
so that today it comprises of more than 65 different species, including 
over 70 serogroups [24] with L. pneumophila sg 1 the most prevalent 
disease-causing variant [25]. 

Research on LD was initially conducted by the US CDC and post 
October 1979, also by the US National Institutes of Health (NIH). As 
their first line of defence against this EID the CDC launched an epide-
miological investigation and utilized standard laboratory methodology 
in their search for the aetiological agent. After L. pneumophila was 
formally identified by CDC microbiologists as the causative agent, the 
agency researched the biology, immunology and pathogenicity of the 
organism. The CDC also instituted serologic and pneumonic 

2 A major reform in the 1980s came about through the Area Health Boards Act 
1983 which resulted in the decentralization of operational and public health 
responsibilities away from the Department of Health to regional Area Health 
Boards. 
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surveillance and investigated rapid diagnostic techniques. NIH spon-
sored research was divided into four categories: clarification of the 
aetiologic niche, understanding of the mode of transmission, delinea-
tion of the pathology through the development of animal models and 
characterisation of different stains and surface antigens in order to 
develop specific diagnostic tests [26]. 

Although it is not feasible to pinpoint an exact moment when the 
enormity of this new disease became apparent, the evolution of emotive 
language used by the New Zealand media describing LD provides some 
clues. One of the first articles to appear in New Zealand newspapers 
occurred on 7 August 1976, under the headline ‘Still No Name for 
Disease’, reporting that ‘medical detectives’ had scored their first 
breakthrough by almost completely ruling out influenza or swine flu (a 
relief to health officials who feared it might spread). Instead it was 
speculated that the mysterious disease may have been caused by a virus 
or toxin [27], (from fumes from photocopying machines and air con-
ditioning refrigerant decomposition producing phosgene gas [2]) be-
cause of the clinical resemblance of the pneumonia to severe influenza 
[9]. From 12 August 1976 until the end of that year the media amplified 
the panoply of theories that intensified the hysteria for an aetiology that 
included nickel carbonyl poisoning [28] (high levels of nickel were 
caused by contamination from the instruments used during autopsies) 
[29], heat [30] and bioterrorism or nefarious forces. By the end of 1976 
the media were reporting on the ‘political theatre’ [2] of the November 
US Congressional hearings which were responding to concern per-
taining to the inability of CDC to identify and determine the aetiology 
of the outbreak. One such melodramatic theory on the disease was 
captured by The New Zealand Herald via a quote from testimony pre-
sented by a convention attendee who asserted to having overheard a 
‘glassy-eyed man mingling with the American Legion members before the 
deadly outbreak of “legionnaire’s disease”…saying: “It’s too late, you cannot 
be saved’ [31]. But these theories did not fit the facts. It was not until 21 
January 1977 that newspapers were reporting that the mysterious ill-
ness which had been puzzling society for months, was in fact caused by 
a bacterium [32]. 

In New Zealand internal administrative structures and funding for 
addressing legionellosis also emerged as the scope of the disease be-
came better understood. Dr Karl Bettelheim arrived in New Zealand 
from London to take up a position as scientist (serology) at the National 
Health Institute (NHI)3 the same year as the Philadelphia LD outbreak. 
In 1979, drawing from his experience in medical microbiology, Dr 
Bettelheim was instrumental in setting up a LD Reference Laboratory 
for New Zealand within the Reference Immunology Section at the NHI. 
The following year Dr Bettelheim recruited microbiologist Annette 
Chereshsky to the LD Reference Laboratory, who as like himself was a 
member of a remarkable group of émigrés from Europe who con-
tributed greatly to the reshaping of microbiology, virology and en-
vironmental health in New Zealand in the years post World War Two. In 
1992, the New Zealand Communicable Disease Centre (formerly the 
NHI) became part of the Institute of Environmental Science and Re-
search Limited (“ESR”), a Crown Research Institute. Today the LD Re-
ference Laboratory continues to provide a supplemental diagnostic, 
confirmation and characterisation service for clinical and environ-
mental specimens and isolates for much of New Zealand. 

The progress of identifying LD in New Zealand was directly pro-
portional to the number of collaborations. For example, results with 

patient sera only became significant when linked with the compre-
hensive epidemiologic information generated by others. Dr Bettelheim 
recognized that as a diagnostic centre for Legionella for New Zealand 
laboratories, it was important that results of patient sera obtained by 
the NHI correlated with those obtained from CDC whose micro-
biologists had discovered the bacteria in 1977. The US CDC served as a 
national reference facility and accepted specimens from state and, 
Federal facilities and under special circumstances from institutions 
from outside the US. From 1979, laboratory diagnosis in New Zealand 
depended mostly on the Indirect fluorescent antibody (IFA) test which 
had also become the method of choice of all LD reference laboratories 
throughout the world. The IFA test first described by McDade et a1. 
[33] was used because of its sensitivity and specificity particularly as 
Wilkinson et al (1979) [34] from the CDC were able to develop and 
define standardized reagents and procedures for the test. This enabled 
the NHI to apply a single set of diagnostic criteria for minimum positive 
titres which was contrary to what was happening in other countries 
who having taken up the IFA test, had developed their own methods 
leading to disparities [35,36] in their results. Initially the IFA test was 
performed on sera submitted to the NHI mainly from hospitals using 
only L. pneumophila sgs 1–4 as antigens. Gradually as new species and 
serogroups emerged from the CDC or the American Type Culture Col-
lection, further antigens were brought into use so that by the beginning 
of 1986 there was a battery of 19 different heat-killed antigens which 
were combined into five pools [37] (Table 1). CDC supplied the anti-
gens to New Zealand (which necessitated permits from the then Min-
istry of Agriculture and Fisheries for their importation) for L. pneumo-
phila sg 1–4; the remaining 15 antigens were prepared at the NHI in 
accordance with methods recommended by the CDC [38] or Le-
gionnaires’ disease reference laboratory (LDRL) (Dr Paul Edelstein) in 
Los Angeles, US [37]. Control sera that was used in the IFA test were 
supplied partly by the CDC or obtained from hospitalized patients 
suspected of suffering from LD. Selected titres of the latter were referred 
to the CDC for quality control purposes. Nevertheless, it was recognized 
that the IFA test was not the easiest serologic test to perform and that 
there is a measure of subjectivity in reading the degree of fluorescence 
(unpublished correspondence). In addition, with the discovery of new 
serogroups of the LD bacterium there was an increased need not only 
for an easier, less subjective test than indirect immunofluorescence but 
for a test using some form of "group" antigen, which would reduce the 
considerable labour involved in diagnosis. 

Of the other tests, Bettelheim contacted the CDC to enquire about 
the findings from a published article on a simpler but less sensitive test 
to the IFA test in which the authors’ used a microagglutination tech-
nique to detect antibodies to L. pneumophila [39]. He was particularly 
interested in ascertaining whether it might replace the IFA test since as 
the NHI was sending representative sera to the CDC for confirmation of 
their IFAT results he did not want to alter the NHI methods without 
consulting CDC first. Specimens were also examined by the Direct Im-
munofluorescent Assay (DFAT) using reagents which were partly ob-
tained commercially and partly prepared at the NHI (unpublished 
correspondence). Absorbed pools containing antisera against thirty- 
three Legionella spp. (including serogroups) and used in the slide ag-
glutination test were prepared at the CDC and kindly donated to the 
NHI [37]. Diagnosis was improved significantly using this technique, 
because the diagnosis could be made 2 to 7 days after onset of symp-
toms, compared with the 3 weeks often necessary for a four-fold rise in 
indirect immunofluorescent titre to occur [40]. The diagnosis of LD was 
also confirmed by culturing the organism using techniques and media 
based on a manual developed by Edelstein [41]. The materials for 
culture were mainly lower respiratory tract fluids, biopsy and necropsy 
specimens. Culturing techniques and media used were as recommended 
by the US CDC. 

3 The NHI was initially located within Wellington city (New Zealand’s capital) 
but was moved to a new complex of laboratories and servicing facilities at 
Kenepuru in 1982 on the outskirts of Porirua, north of Wellington. The NHI also 
comprised of five other regional laboratories located in the microbiological 
departments of public hospitals in Auckland, Hamilton, Napier, Christchurch 
and Dunedin. In the last few months of 1989 the NHI was changed to the New 
Zealand Communicable Disease Centre (CDC) possibly in the image of 
Communicable Disease Center (CDC) in the US. 
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4. Epidemiological features 

At the beginning of 1979, countries outside of the US in which 
sporadic cases LD had been identified were: UK, The Netherlands, 
Denmark, Canada, Sweden, Israel and Australia [42]. Twelve months 
after the L. pneumophila was first identified in 1977 in the US, the first 
report about LD appeared via two editorials in the New Zealand Medical 
Journal published in January [43] and September [44] 1978. These 
editorials described the pattern of the disease that was emerging 
globally including that it was an airborne infection and person-to- 
person infection appeared unlikely (despite a possible patient-to-doctor 
transmission of LD reported in The Lancet in December 1978 [45]; more 
recently the first evidence of human-to-human L. pneumophila trans-
mission was reported [46]). With many travellers going to the US and 
Europe it was surmised that sporadic cases would eventually turn up in 
New Zealand [44]. Epidemiological analysis of epidemic and sporadic 
cases identified a variety of further risk factors for the development of 
LD or for fatal infection. Notable amongst these were smoking, in-
creased age (although pediatric infections had been described [47,48]), 
chronic lung disease and immunosuppression. It soon became apparent 
that a combination of risk factors produced the highest probability of 
infection: decreased host defenses and exposure to an environmental 
source that was disseminating the bacteria [9]. The epidemiological 
investigation led by David Fraser of the US CDC into the 1976 LD 
outbreak suggested the disease was most probably spread by the air 
borne route [49] but the ubiquitous presence of Legionella spp. in the 
environment was not fully known until 1980. By 1981 evidence for 
confirmation of human exposure to LD via an airborne route was ob-
tained [50] through inducing experimental respiratory infection in 
guinea pigs and rhesus monkeys using a strain of L. pneumophila that 
was isolated from a contaminated domestic water supply. 

In 1979 the NHI provided the back-up for New Zealand’s first oc-
currence of L. pneumophila infection via serological immunocytological 
and histological techniques and was reported in the New Zealand 
Medical Journal [51]. This was quickly followed by another ser-
ologically confirmed case documented in the same journal which oc-
curred on 18 January 1980, when the Christchurch Public Hospital 
notified the then Department of Health that a 29-year-old female nur-
sery assistant with a five-year history of polymyositis had been 

admitted to hospital with pneumonia. Rising serum antibody titres 
confirmed a diagnosis of LD. As a result, infection with L. pneumophila 
became an important consideration in New Zealand when patients 
presented pneumonia and severe pyrexia symptoms especially if they 
showed known independent risk factors including smoking and alcohol 
abuse or were over the age of 40 [52]. 

With the increased availability of laboratory methods capable of 
confirming the diagnosis it became apparent that sporadic cases of LD 
were more common than epidemic cases. Yet the need for a surveillance 
system was based on the premise that outbreaks, as opposed to sporadic 
cases could arise from common environmental sources. Failure to detect 
LD as early as possible could bring justifiable criticism on health 
agencies and as the disease was now in the public eye, draw political 
criticism particularly if an outbreak were to affect a major tourist fa-
cility. Reports of two sporadic cases of LD in the early 1980s drew at-
tention to an association with recent travel [53,54]. The New Zealand 
LD surveillance system was established in 1980 when the Government 
acted to change the existing legislation making legionellosis a notifiable 
disease - one of the first countries globally to do so.4 This occurred on 
12 June 1980 in addition to other EIDs namely Campylobacter infection 
and Ross River Fever via the Infectious Disease Order 1980/111. Only 
those cases of Legionellosis (in which there was a typical clinical illness 
and a confirmatory positive antibody blood test) that were notified to 
the Medical Officer of Health by a medical practitioner, were in-
vestigated. The criteria for confirmation of a positive case in patients 
with clinical manifestations was based on: 1) a four-fold or greater rise 
in IFA titre to ≥ 1:128; 2) a single or static titre of ≥ 1:256 when the 
clinical findings were compatible with current legionellosis; 3) de-
monstration of the agent in lung tissue, respiratory secretion or pleural 
fluid by the DFA test; or 4) isolation of the agent from lung tissue, re-
spiratory secretions or pleural fluid [37]. With advances in diagnostic 
testing methods and a better understanding of background antibody 
titres from seroprevalence studies, the case definition evolved over 

Table 1 
Year antigens brought into use in New Zealand – legionella indirect fluorescent-antibody (IFA) pools [37].          

Legionella species and serogroup (sg) Year antigen brought into 
NZ 

CDC Strain Designation No of Positive Cases 

1982 (n = 
561)a 

1983 (n = 
901)a 

1984 (n = 
1218)a 

1985 (n = 1733)a  

Pool A L. pneumophila sg 1 1982 Knoxville-1; Philadelphia-1 5 3 4 6 
L. pneumophila sg 2 1982 Togus-1 0 1 4 1 
L. pneumophila sg 3 1982 Bloomington-2 0 0 1 0 
L. pneumophila sg 4 1982 Los Angeles-1 2 1 1 2 

Pool B L. pneumophila sg 5 1983 Dallas-1E 0 2 0 1 
L. pneumophila sg 6 1983 Chicago-2 7 16 32 53 
L. pneumophila sg 7 1985 Chicago-8    0 
L. pneumophila sg 8 1985 Concord-3    0 

Pool C L.dumoffii 1984 NY-23 Tex-KL   2 3 
L.gormanii 1984 LS-13   0 2 
L.jordanis 1984 BL-540   7 15 
L.micdadei 1983 TATLOCK  10 5 14 

Pool D L.feeleii sg 1 1985 WO-44C    4 
L.oakridgensis 1985 Oak Ridge-10    0 
L.sainthelensi 1985 Mt St Helens-4    13 
L.wadsworthii 1984 Wadsworth 81-716A   0 2 

Pool E L.bozemanae sg 1 1984 WIGA   1 1 
L.longbeachae sg 1 1984 Long Beach-4   10 6 
L.longbeachae sg 2 1985 Tucker-1    3 

Mixed    0 13 13 14 
Total 14 46 80 140 

a No. of sera examined.  

4 Countries that followed mandatory notification of LD included Norway 
(Norwegian Surveillance System for Communicable Diseases 1980); Ireland 
(Infectious Disease Regulations 1981); Scotland (Public Health (Notification of 
Infectious Disease (Scotland) Regulations 1988); France (added to the list of 
notifiable diseases set out in the French Decree of January 1960 in 1987). 
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time. 
In the early 1980s there were no detailed figures for the incidence of 

Legionella generally in the New Zealand population. This is because 
nobody had yet had the opportunity to study population samples with 
available antigen (Lpsgs1 to 4). Examination of sera from healthy blood 
donors (Otago/Southland and Hamilton) by the NHI in 1981 for anti-
bodies to L. pneumophila sg 1 showed that these levels were widespread 
and significant (level of exposure in the order of 2% [55]) amongst 
healthy people (with higher levels of antibodies in the < 40 age group 
reflecting a degree of immunity to Legionella) suggesting that the or-
ganism may also be widespread throughout New Zealand. This was 
consistent with several reports in the scientific literature at the time 
which suggested that the organism was not solely an opportunist which 
attacked compromised victims primarily in hospitals [56]. 

Few studies on the incidence of LD in spatially defined populations 
appeared in the literature. Further, the comparability of the studies was 
low. Table 2 summarizes some published data from the 1980s on the 
incidence of LD in several countries; globally incidence varied greatly 
but was significantly elevated for New Zealand. Based on routine sur-
veillance reports, the mean annual incidence rate in New Zealand was 
10.6 per million population (using Lp species only) [37] (Table 2). It is 
noteworthy that both New Zealand and Scotland which, at that time, 
had similar-sized populations, climate and health service have similarly 
higher incidence rates than other countries such as the US, Denmark, 
England and Italy (Table 2). Whether the comparatively high incidence 
was due to more case ascertainment by clinicians or a better surveil-
lance system (or both) or reflected a truly higher risk remains unclear. 
The presence of a central reference laboratory providing an accessible 
service may have promoted an awareness of the disease in New Zealand 
and allowed comparatively good surveillance (which consisted of both 
laboratory confirmation and notification). The NHI was in a unique 
position to establish a protocol for the investigation of legionellosis. It 
had the resources of a serology unit with scientific staff who were 
highly motivated and skilled that kept up to date with emerging over-
seas developments in the laboratory diagnostic field, and initiated ap-
proaches to CDC as soon as test reagents became available. 

A review of LD cases diagnosed in 1,246 patients from 1979–1988 
found that of the 244 cases attributed to L. pneumophila, 167 (68.4%) 
were caused by serogroup 6. Of the 249 patients with significant anti-
body levels to other Legionella spp., the predominant species were found 
to be L. micdadei, L. longbeachae sg 1 and 2 and L. jordanis [57]. These 
results derived predominantly from serological investigations were 
suggesting the possibility of a different profile for New Zealand com-
pared with many international studies which suggested that LpSg1 was 
the main cause of legionellosis (Table 1) [57,58]. Species or serogroups 
frequently encountered included LpSg6, L. micdadei, L. jordanis and L. 
longbeachae sg1 although regarding the latter three species, it was re-
cognized that the small numbers of cases associated with non-L. pneu-
mophila species thus far limited further epidemiological evaluation. An 
US study of 530 specimens from the human respiratory system by DFA 
staining yielded 63 positive specimens with legionellae but only two of 
these belonged to sg 6 [59]. Similarly, sera from 86 cases surveyed in 
Scotland from 1977–1981 by IFA techniques demonstrated only one 
example of seroconversion to sg 6 [60]. This confirmed the theory that 
different geographical areas may have different species/serogroup dis-
tributions [61]. However, although this study provided data on the 
relative seroprevalence and importance of the different Legionella spp. 
in New Zealand there was also emphasis placed on the need to utilize 
culturing techniques [37]. This technique allows establishing the re-
lationship between strains isolated from environmental sources and 
those isolated from affected patients [62]. Table 3 shows a possible 
correlation between Legionella spp. isolated from clinical and environ-
mental sources between 1979–1989) as reflected in seropositivity as 
well in those implicated in case fatalities. Table 3 shows that Lp Sg1 and 
6 was the most frequently isolated Legionella serogroups from clinical 
(76.5%) as well as all environmental (61.3% of 921) samples. The latter Ta

bl
e 

2 
Re

po
rt

ed
 in

ci
de

nc
e 

of
 L

D
 in

 s
ev

er
al

 c
ou

nt
ri

es
 (

19
78

–1
98

6)
 (

A
da

pt
ed

 fr
om

 B
ho

pa
l, 

19
89

 [
64

])
.  

   
   

Re
fe

re
nc

e 
(y

ea
r)

 
Co

un
tr

y 
of

 
or

ig
in

 
St

ud
y 

pe
ri

od
 

Se
ro

lo
gy

 d
es

cr
ip

tio
n 

Es
tim

at
e 

of
 m

ea
n 

an
nu

al
 in

ci
de

nc
e 

pe
r 

m
ill

io
n 

po
pu

la
tio

n 
Cr

ite
ri

a 
 

Ce
nt

re
s 

fo
r 

D
is

ea
se

 C
on

tr
ol

 (
CD

C)
, 

19
88

 [
65

] 
U

ni
te

d 
St

at
es

 
19

78
–1

98
6 

CD
C 

re
ag

en
ts

 
3.

0 
CD

C 
cr

ite
ri

a 

Ch
er

es
hs

ky
, 1

98
6 

[3
7]

 
N

ew
 Z

ea
la

nd
 

19
82

–1
98

5 
CD

C 
re

ag
en

ts
 a

nd
 m

et
ho

ds
 

10
.6

a 
CD

C 
de

fin
iti

on
 

Co
m

m
itt

ee
 o

f I
nq

ui
ry

, 1
98

7 
[6

6]
 

En
gl

an
d 

19
78

–1
98

6 
M

ai
nl

y 
fo

rm
al

iz
ed

 y
ol

k 
sa

c 
an

tig
en

 to
 r

an
ge

 o
f a

nt
ig

en
s 

as
 

di
sc

ov
er

ed
 

3.
1 

Ca
se

 d
efi

ni
tio

n 
on

 s
am

e 
pr

in
ci

pl
es

 a
s 

CD
C 

gu
id

el
in

es
 

Fa
llo

n 
(v

ar
io

us
 y

ea
rs

) 
[6

0,
67

–7
2]

 
Sc

ot
la

nd
 

19
78

–1
98

6 
19

78
 –

 C
D

C 
re

ag
en

ts
; s

ub
se

qu
en

tly
 h

ea
t-k

ill
ed

 a
nt

ig
en

s 
to

 
ra

ng
e 

of
 s

pe
ci

es
 a

nd
 s

er
og

ro
up

s 
as

 d
is

co
ve

re
d 

9.
5 

Ca
se

 d
efi

ni
tio

n 
si

m
ila

r 
to

 C
D

C 
gu

id
el

in
es

 

Ro
sm

in
i, 

19
84

 [
73

] 
Ita

ly
 

19
79

–1
98

2 
CD

C 
an

d 
PH

LS
 r

ea
ge

nt
s.

 M
os

t c
as

es
 d

ia
gn

os
ed

 o
n 

se
ro

lo
gy

 
0.

5 
19

8 
ca

se
s;

 3
2 

w
er

e 
cl

in
ic

al
 d

ia
gn

os
es

 a
nd

 s
in

gl
e 

IF
A

T 
tit

re
 o

f  
 

>
 1

28
 a

cc
ep

te
d.

 V
al

id
ity

 o
f e

st
im

at
e 

po
or

 
H

el
tb

er
g,

 1
98

8 
[7

4]
 

D
en

m
ar

k 
19

82
–1

98
5 

H
ea

t 
ki

lle
d 

an
tig

en
 fr

om
 1

3 
sp

ec
ie

s 
or

 s
er

og
ro

up
s 

2.
9a 

CD
C 

cr
ite

ri
a 

on
 s

er
ol

og
y 

us
ed

. F
iv

e 
ca

se
s 

ha
d 

no
 p

ne
um

on
ia

; 3
7 

ca
se

s 
w

er
e 

no
n-

pn
eu

m
op

hi
la

 b
ut

 d
ia

gn
os

ed
 s

er
ol

og
ic

al
ly

 

a
D

en
ot

es
 in

ci
de

nc
e 

w
he

n 
no

n-
L.

 p
ne

um
op

hi
la

 c
as

es
, w

ith
 o

nl
y 

se
ro

lo
gi

ca
l e

vi
de

nc
e,

 a
re

 e
xc

lu
de

d.
 W

he
n 

su
ch

 c
as

es
 w

er
e 

in
cl

ud
ed

 t
he

 in
ci

de
nc

e 
w

as
 6

.0
 in

 D
en

m
ar

k 
an

d 
28

.1
 in

 N
ew

 Z
ea

la
nd

.  

F.F. Graham   One Health 10 (2020) 100149

5



were performed by NHI between 1986 and 1989 at the request of 
various interested parties from throughout New Zealand possibly in 
response to a defining moment during 1985 in Wellington (see below) 
namely the global outbreaks which were being reported in the media. 
Most of the samples were taken from cooling towers used for industrial 
purposes (11% positive from 557 samples tested) and for air con-
ditioning (11.5% positive from 243 samples tested). These two ser-
ogroups (Lp Sg1 and 6) were also both responsible for causing deaths in 
New Zealand. However, the case fatality rate was difficult to assess 
because the outcome of the patients’ disease was not always made 
known to NHI. Table 4 shows that at least 33 patients who died fol-
lowing pneumonia had laboratory-confirmed legionellosis. The age and 
sex distribution of positive cases followed the pattern of prevalence in 
males observed internationally: 70.7% of patients were males who 
showed increased incidence with age – 41.1% of the patients were over 
sixty years of age. Though sporadic positive cases occurred evenly 
throughout the year, there was a seasonal variation similar to that of 
epidemics. The seasonal distribution of the isolated Legionellae from 
environmental samples was slightly higher during the autumn and 
winter, in contrast to other countries. This is due to New Zealand’s 
unique climatic factors namely its temperate, humid and windy con-
ditions making it ideal for the bacteria to survive and facilitate aerosol 
transmission [63]. 

Despite the dramatic increase in global knowledge since the 1976 
Philadelphia outbreak, a major perplexing question about the epide-
miology of legionellosis remained – the reason for the difference in the 
epidemiology of Pontiac fever and LD. At the beginning of 1986 
Bettelheim wrote to Dr Paul Edelstein (LDRL) seeking assistance with 
interpreting mild cases of Legionella (thought to be Pontiac fever) from 
two patients whose sera had a high titre to L. pneumophila sg 6. Both 
these sera were obtained from people whose clinical presentation did 
not include pneumonia. He reported that New Zealand had several si-
milar cases, who had seroconverted from 1:64 to ≥ 1:512 to one or 
more of the test antigens (unpublished correspondence). Edelstein re-
sponded by indicating that determination as to the significance of ser-
oconversion without pneumonia required prospective studies (un-
published correspondence) which had not been undertaken in New 
Zealand but were to come later. 

5. The clinical perspective 

From the clinical perspective LD was first and foremost a new form 
of pneumonia [6] in which several clinically important points were 
gradually reinforced through published case descriptions. Pneumonia, a 
common disease which was once regarded as ‘the captain of the men of 
death’ [75] because of its association with significant mortality had 
become treatable with the introduction of antibiotics such as penicillin 
and other antimicrobial drugs, resulting in greatly improved survival 
rates [25]. This led to bacteriological expertise and clinical interest in 
the disease to decline precipitously [76]. LD was occurring sporadically 
in previously healthy persons, not only nosocomial patients and im-
munocompromised persons [77]. There were three common denomi-
nators associated with LD that were problematic: 1) it did not have any 
features that could distinguish it either clinically or radiographically 
from other types of pneumonia rendering a diagnosis based solely on 
clinical findings untenable. Instead specialized diagnostic tests (ser-
ologic study, direct immunofluorescent antibody examination, selective 
culture) were necessary to confirm the presence of this disease 2) these 
laboratory tests were difficult and slow. Because many new serological 
groups of L. pneumophila and other Legionella species had yet to be 
described (to this day species are still being discovered for example two 
species in 2016 [78,79]) clinicians needed to suspect and provide 
treatment for LD in the clinical setting, regardless of negative labora-
tory test results; and 3) penicillin which was the accepted drug of 
choice for the treatment of pneumonia was ineffectual against Legionella 
spp. Yet early trials showed that prompt therapy using other antibiotics 
such as erythromycin was efficacious in reducing the case-fatality rate 
among patients with LD [80]. Newer agents have since replaced ery-
thromycin, the historic antibiotic of choice, as preferred therapy. More 
recently fluoroquinolones and the newer macrolides (clarithromycin, 
azithromycin, roxithromycin) are found to be more active than ery-
thromycin in vitro and intracellular assays [81]. Nevertheless, while the 
prognosis was actually quite good; the lingering question for clinicians 
was when to use erythromycin [6]? For example, in 1990 two cases of 
sporadic community-acquired dual infection with L. pneumophila and 
M. pneumoniae organisms were described. Although erythromycin was 
known to be effective against these two bacteria, LD required an ex-
tended and larger dose of erythromycin. Therefore, a correct differ-
ential diagnosis of those infections was regarded as vitally important 
[82]. 

A frustration for clinicians related to the technical difficulty in ob-
taining appropriate specimens which influenced the choice of antibiotic 
therapy and patient outcome. In the early days in New Zealand, the 
identification of Legionella spp. by serological methods was the most 
frequently used technique. Serological evidence of current Legionella 
infection was based on seroconversion, or at least a four-fold increase in 
titre between acute and convalescent sera. When the first serum sample 
is taken late post-onset of infection, the seroconversion may have al-
ready occurred. In such cases no four-fold increase in titre could be 

Table 3 
Prevalence of Legionella spp. in New Zealand (1979–1989) [57].       

Legionella spp. Clinical Isolates (n = 17) Environmental Isolates (n = 98) Implicated fatal cases (n = 23) Identified by IFA (n = 244)  

Legionella pneumophila     
Lp sg1 8 32 9 31 
Lp sg6 5 25 7 167 
Total 13 (76.5%) 57 (61.3%) 16 (69.6%) 198 (81.1%)        

Non-Legionella pneumophila Clinical Isolates (n = 13) Environmental Isolates (n = 5) Implicated fatal cases (n = 9) Identified by IFA (n = 249)  

L. micdadei – – 6 69 
L. longbeachae sg1 1 1 1 69 
L. longbeachae sg2 1 1 1 63 
Total 2 (15.4%) 2 (80%) 8 (89%) 201 (80.7%) 

Table 4 
Diagnostic tests used to confirm LD fatalities in New Zealand (1979–1989) [57].    

Diagnostic Test Number of Deceased Patients (1979–1988)  

Culture only 2 
Culture and serology 5 
DFA (lung tissue) 11 
DFA and seroconversion 4 
DFA and high titre 3 
Positive serology – seroconversion 6 
Positive serology – high titre 2 
Total 33 
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demonstrated and patients with high (≥1:256) but stable titres had to 
be reported as presumptively positive. In 1986, 304 (24.1%) of patients 
with clinical manifestations suggestive of current Legionella infection 
were reported as presumptively positive. Because of awareness of LD 
among clinicians in New Zealand was still very low, in most of these 
304 cases the first serum sample to be tested for legionellosis were 
taken during the convalescent stage of the illness [83]. Of note too was 
the difficulty in identifying with any certainty, an aetiological agent 
based solely on serological results alone (a positive antibody test does 
not per se indicate acute infection), and that further work was required 
that placed more emphasis on culturing techniques [37] due to the 
occasional occurrence of false-negative immunologic tests [84]. To 
encourage cultural diagnosis of LD, in 1984 a letter was published in 
the New Zealand Medical Journal acknowledging the clinical isolation of 
L. dumoffii from a sputum sample at NHI and four strains of L. pneu-
mophila (three sg1 and one sg4) were isolated from clinical specimens at 
the Auckland Hospital and confirmed at NHI [85]. In that same year, 
the “Legionnaires’ Disease Laboratory Manual” published by Dr P H 
Edelstein (LDRL), was obtained. Based on Dr Edelstein’s recommenda-
tions several changes were made in the NHI’s Methods Manual parti-
cularly regarding Legionella isolation and identification. To gain further 
knowledge and expertise in the workings of a complex and ever-chan-
ging field of diagnostics Annette Chereshsky was sent to work alongside 
microbiologists located at CDC in Atlanta, Georgia and LDRL, Los An-
geles in 1986. Both organizations were recognized internationally as 
authoritative in legionellosis and New Zealand communicated with 
them regularly. In 1988 the NHI in turn provided training courses for 
hospital medical technologists from throughout New Zealand. The 
courses were designed to provide a theoretical and practical experience 
in methods for isolating legionellae from clinical and environmental 
specimens, as well as in methods for diagnostic serology [57]. 

But it would be several years before hopes of a simple, specific, 
sensitive and well validated rapid diagnostic test would become avail-
able. Early studies on a ‘new’ antigen detection in legionellosis patients 
were reported at the Second International Legionella Symposium in 
Atlanta in June 1983 [86]. This led to the development of a commercial 
enzyme immunoassay for urine specimens, later manufactured and 
distributed by Binax, Inc. (Portland, Maine) [26]. This kit was sold in 
New Zealand and incorporated during the early 1990s into the suite of 
tests used to detect the presence of Legionella bacteria (serology, cul-
ture, DFA). However, it was recognized that while this test has very 
good specificity and sensitivity, it only detects infections with LpSg1. 
This made the test of limited use for the diagnosis of legionellosis in 
New Zealand, especially when more than 50% of diagnosed cases are 
caused by Legionella species other than LpSg1 such as L. longbeachae 
[87]. 

During the 1980s, the international classification of pneumonia 
based on lists of different pathogens was abandoned in favour of a more 
practical classification that helped to guide investigation, management 
and therapy: community-acquired pneumonia (CAP), hospital-acquired 
or nosocomial pneumonia, and pneumonia in the immunocompromised 
host [88]. Pneumonia in New Zealand was becoming a topical and 
perplexing subject. According to the National Health Statistics Centre’s 
“Mortality and Demographic Data”, about half of 3,700 cases of 
pneumonia in 1981 in New Zealand were caused by an unspecified 
agent [89]. Pneumonia was identified as the fourth most important 
cause of mortality in New Zealand at that time. Prospective studies on 
the aetiology of sporadic pneumonia in New Zealand were encouraged 
to ascertain the proportion of pneumonia attributed to Legionella [58]. 
Between 1982 and 1983 the British Thoracic Society undertook a pro-
spective study of CAP in adults of 25 British hospitals and in the process 
developed a prognostic index evaluation [90]. Yet, a prospective study 
on the frequency of Legionella infection as a cause for CAP did not occur 
in New Zealand until the end of the 1980s [91]. In that study L. pneu-
mophila accounted for 4% of CAP which was higher than the compre-
hensive British study [90]. A later study showed that a diagnosis 

determined serologically of Legionella infection was a relatively 
common cause of CAP (11%) [92]. The high rate may in part have been 
due to particular attention being directed towards detection of Legio-
nella spp. at that time [92]. It was also noted that a range of Legionella 
spp. other than L. pneumophila had caused a significant percentage of 
infections which had been observed previously [37]. 

6. Approaches to control - guidelines and regulations for risk 
prevention 

In common with controlling most public health issues, under-
standing the epidemiological features of legionellosis was a critical step 
in designing and adopting preventive measures for reducing the risk of 
disease transmission. Risk management strategies for Legionella fol-
lowed a One Health approach and incorporated a multiple barrier ap-
proach aimed at controlling the growth, survival and dissemination of 
the bacteria. 

The 1976 LD outbreak led to many changes. Evidence was obtained 
implicating a cooling tower in the transmission of legionellosis via 
aerosolization of the disease-causing bacteria in water droplets, leading 
to illnesses among those who inhaled large amounts of droplets con-
taining the bacteria. This realisation led to changes in routine main-
tenance procedures for many aerosol-producing devices such as cooling 
towers, spas, and respiratory therapy equipment to limit growth of the 
Legionella bacteria. The development of prevention strategies is an on-
going process involving medical professionals, engineers, and chemical 
disinfectant manufacturers. 

In New Zealand the first advice given to health professionals came 
from the then Department of Health which issued a Circular 
Memorandum (CN 1980/141) that outlined the environmental risk 
factors associated with LD. On 5 December 1980 an unnumbered 
Information Circular was also sent to all medical officers of health en-
titled ‘Air Conditioning Maintenance and Health’ that discussed LD and 
humidifier fever (an influenza-like illness resulting from exposure to 
moulds growing in humidifier systems) and recommended action at the 
district level. The gradual increase in the number of sporadic cases in 
the Wellington area since the disease became notifiable in 1980 and 
belief that the mysterious LD was spread via air conditioning systems 
prompted the Wellington City Council to undertake a survey of eleven 
buildings across the city in 1982. This investigation followed a question 
posed by a councillor (also a GP) at a Council meeting as to whether 
there was any evidence linking the systems with the disease [93]. Water 
samples from eight of the eleven cooling towers tested using mono-
clonal antibodies specific to L. pneumophila sg 1 were positive. Despite 
this sample size being very small, it nevertheless indicated the presence 
of this particular strain in the New Zealand environment raising spec-
ulation by Chereshsky that it ‘probably means that it is our turn for a big 
outbreak is yet to come’ [57]. While outbreaks of LD were being widely 
publicized globally from common environmental sources, New Zealand 
did not experience its first identified outbreak until 1990 which was 
associated with a cooling tower [94,95] (although a cluster of suspected 
Legionella infections in male patients at a psychiatric hospital north of 
Wellington was described in 1987) [96]. But knowledge of the epide-
miology of LD was incomplete. It was understood by 1981 that the 
presence of the bacteria in an aquatic environment and warm water 
temperature were two factors that could increase the risk of LD. The 
third component was yet to come – the discovery of the role of amoebae 
in the environmental ecology of Legionella spp. Several investigations 
had determined that Legionellae could survive within biofilms in 
building water systems [25]. Such a consortium of microorganisms in a 
biofilm helped to explain the erratic phenomena of some overseas LD 
epidemics, based on sloughing of the biofilm in response to physical or 
chemical change [2]. Accordingly, it was not possible to give precise 
guidance on action which might be taken to prevent outbreaks of the 
disease or after one or more cases had occurred. Further programmes 
designed to keep hospital water supplies free from contamination at all 

F.F. Graham   One Health 10 (2020) 100149

7



times would have been economically impracticable. For the present, 
guidance was limited to those measures which might be taken to reduce 
the chances of a LD outbreak occurring. 

During the period 1976 to 1982 there were several multiyear out-
breaks of LD in the USA particularly outbreaks of nosocomial LD, the 
best example being the Los Angeles Wadsworth Veterans 
Administrations Hospital, which was the site of a continuing outbreak 
due to contaminated potable water from 1977 to 1982 [97]. On this 
basis the mysterious nature of LD was making good television. During 
1983 the American medical drama ‘St Elsewhere’ was aired on New 
Zealand television in which an attempt at controlling a hospital epi-
demic of LD was depicted in two episodes. Although it was only a tel-
evision series that influenced public perception of medical practice 
[98], it was based on the reality of a potentially serious situation of LD 
had since after all it had been identified in New Zealand. In a bid to 
address the increased risk of incidences of litigation, US principals of 
companies in New Zealand were also making inquiries to the Depart-
ment of Health as to what measures were being taken to ensure the 
wellbeing of occupants in office buildings. Faced with competing 
priorities and the fact that New Zealand had not experienced an out-
break of LD, setting up monitoring system for cooling towers was going 
to be a major undertaking well beyond the resources there were 
available to the NHI and as such was not warranted as a high priority 
(unpublished correspondence). 

From April-May 1985, a UK outbreak (deemed the world’s largest at 
that time) at the Stratford District General Hospital was a defining in-
cident which brought together the medical, social and political di-
mensions of LD in New Zealand. Media interest was stalwart because of 
its high fatality rate (36%) and the fact that outbreaks were occurring 
where they were least expected (or wanted) for example vulnerable 
hospital patients. The epidemic strain of LpSg1, was isolated from the 
cooling water system of one of the hospital’s air conditioning plants 
[99]. There was a far more high-profile incident following the positive 
identification of L. pneumophila in the cooling water section of the New 
Zealand Parliamentary Executive building (informally referred to in 
New Zealand as the Beehive due to its distinctive shape) air con-
ditioning system. This followed the revelation via a coronial in-
vestigation that parliament’s then former Speaker of the House had died 
from pneumonia caused by a strain of L. oakridgensis (confirmed by 
CDC, May 1985) but not from the strain found in the Beehive basement 
water storage tank. This was because LpSg1 had not come into contact 
with the circulating air [100]. At the time it was considered that this 
was only the second confirmed human infection globally from L. oak-
ridgensis, the first one having occurred in Canada [101]. The former 
Speaker’s immune system was impaired because of chemotherapy for 
stomach cancer and therefore at risk of contracting an opportunistic 
infection like Legionella [102]. Immunosuppression is now known to 
increase susceptibility and is a risk factor for the disease [103]. 

The political events relating to the discovery of Legionella bacteria 
within the confines of Parliament Buildings also coincided with de-
mands from NZ Public Service Association (PSA) in response to concern 
from staff that they were working in an area suspected of being a health 
and safety hazard and in part by media publicity, that all government 
buildings should be tested for the bacteria (unpublished correspon-
dence). To abate this concern the Department of Health initiated a 
survey to determine serological levels of Beehive staff and politicians, 
who had no history of clinical legionellosis, on random sampling 
compared with matched sera held at the NHI serum store. The findings 
exposed the potential risk to employees and politicians revealing sev-
eral of those tested showed previous exposure to the organism but did 
not show when or how the infection occurred [104]. In addition, reg-
ular testing was carried out and procedures were implemented to en-
sure that all static water supplies/air conditioning systems in the par-
liament complex were regularly checked [105]. 

This incident and the survey of buildings undertaken by the 
Wellington City Council in 1982, lent urgency to the need for action 

nationally to ensure steps were taken to control the growth of micro-
organisms or other contaminants in plumbing or air conditioning sys-
tems where Legionella presented a health risk. In June 1985 the 
Department of Health issued guidelines to all designated Medical 
Officers of Health and hospital Medical Superintendents nationwide for 
the investigation and control of outbreaks of legionellosis [106]. Fol-
lowing this in 1987 “The Code of Practice for the Control of Hygiene in Air 
and Water Systems in Buildings” (NZS 4302:1987) was published to 
provide advice aimed at reducing the risk of Legionella in building water 
systems. In developing the standard, consideration was given to the 
latest advice internationally. By coincidence the standard was released 
at the time of the major outbreak in Wollongong, Australia in 1987. 
This was Australia’s largest outbreak of LD recorded at that time in 
which forty-four cases were diagnosed of which there were nine deaths. 
The organism responsible for that outbreak was LpSg1 and a cooling 
tower was deemed to have been the source of the epidemic [107]. The 
Standard was written at the request and funded by the Department of 
Health. This was augmented further by another departmental circular 
memorandum to all hospitals, Area Health Boards and district offices. 
The circular highlighted the need to ensure that local authorities un-
derstood that the design and function of air and water distribution 
systems in buildings could affect the potential health risks posed by 
Legionella. In 1988, two local authorities Rotorua District and Well-
ington City Councils developed bylaws through provisions in the Health 
Act 1956 which made it a mandatory requirement for any air con-
ditioning cooling tower system installed in industrial, commercial and 
residential accommodation buildings to be designed, installed, com-
missioned, operated, and maintained in accordance with the require-
ments of the NZS 4302: 1987 standard. The bylaws have been super-
seded by more recent building related legislation also administered by 
local authorities, aimed at ensuring testing for Legionella bacteria takes 
place on a regular basis to prevent its growth particularly in cooling 
towers [90]. In 1991 the need to revise the 1985 guidelines on the 
prevention and management of Legionella outbreaks was recognized and 
a workshop entitled “Control of Legionella in air and water handling sys-
tems” was convened in Wellington, New Zealand. The New Zealand 
Guidelines for the Control of Legionellosis published in 1995 were based 
on 1989 guidelines issued by the Victorian Department of Health [108], 
incorporated recommendations made by the workshop participants. 
These guidelines have subsequently been revised by the New Zealand 
Ministry of Health (former Department of Health) to account for more 
recent research about the hazards associated with the bacteria, the 
management of potential sources of Legionella and reporting and in-
vestigation of cases [109]. 

7. Conclusion 

This historical reflection of a sapronosis namely LD in New Zealand 
provides a powerful illustration of the One Health paradigm that 
manifested itself at the local, national and international level over the 
last quarter of the twentieth century. What started out as a local disease 
outbreak in a Philadelphia hotel quickly became global headlines - ‘the 
epidemiological story for the decade and one of the major epidemiological 
events of the century.’ [110] Medically LD was a new type of pneumonia 
which if not carefully managed had the potential to be a public health 
hazard thus necessitating a centralized diagnostic testing and surveil-
lance regime. Politicians were reeled into controversies surrounding LD 
when the bacterium was revealed as the agent responsible for the death 
of the New Zealand parliament’s Speaker of the House in 1985. This 
together with widely publicised point source outbreaks outside of New 
Zealand, some of which included hospitals, served to keep the condition 
continuously on the media radar and the wider public domain. For 
public health engineers the uncovering of environmental sources of L. 
pneumophila bought into prospect a means of control, in turn resulted in 
the establishment of national standards in respect of air-conditioning 
systems. This was all set within a new culture of health and safety 
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practice. As certainties about LD accumulated the areas for doubt were, 
at least, becoming more clearly defined. 

The initial descriptions of legionellosis provided a powerful illus-
tration of the One Health paradigm in the multifaceted collaboration 
between microbiologists, clinicians, hospital laboratories, public health 
agencies and local government. This was the key ingredient in the saga 
of LD that unfolded at the international, national and local levels. At the 
international level the American CDC, because of their role in the dis-
covery of the bacteria, became the global reference centre for the di-
agnosis of LD cases and their review of stored specimens in laboratories 
which revealed earlier outbreaks of the disease and sporadic cases 
dating back to the 1940s. They showed that the infection was not new 
but had escaped recognition because the causative organism did not 
grow on conventional culture media used to grow bacteria in the hos-
pital laboratory. In New Zealand, the role of establishing the surveil-
lance and diagnosis of legionellosis at a national level was led by pio-
neering medical microbiologists Dr Karl Bettleheim and Annette 
Chereshsky who kept abreast with emerging trends internationally in 
laboratory diagnostics and initiated CDC approaches once reagents 
became available. From 1979 when the first New Zealand LD case was 
reported, they were instrumental in publishing several reports estab-
lishing that the disease was widespread and regularly notified. They 
were able to demonstrate that New Zealand did not follow findings 
being reported overseas. Dr Edelstein was to observe that Legionnaires’ 
disease in New Zealand is not uncommon and that a new species in New 
Zealand was eminent - I expect to see soon a new species of Legionella 
called Legionella kiwii’ (unpublished correspondence). From a CAP per-
spective the presence of legionellosis was later augmented through 
collaborative prospective studies by those working in areas of re-
spiratory illness. As a result, it was recognized across the country that 
more attention should be given to determining the aetiology of CAP 
cases that were not responding to conventional treatment so that a 
more accurate picture of LD in New Zealand could be obtained. 

Although the aetiologic agent responsible for LD was discovered in 
1977, LD cannot be confined to the history books. In fact, globally it has 
made a resurgence in recent years due to the increase in the number of 
infections from Legionella spp. and case fatality rates remaining high 
since the organisms’ initial discovery. Hence, Legionella is now re-
cognized as a ‘re-emerging’ pathogen [111]. The experience of LD 
during the 1980s and early 1990s – medical, underlying social relations 
and political processes – anticipated all the multiple factors that un-
derlie the One Health paradigm. Such a paradigm, while by no means a 
recent invention, was the means for reinvigorating what were to be-
come essential links between human, and environmental health that are 
now recognized as being so central to LD surveillance and control in 
New Zealand and globally. But new challenges are emerging for the 
future. The recent call by the Intergovernmental Panel on Climate 
Change for LD to be added to the list of important climate-sensitive 
health issues [112] is a stark reminder of the role that environmental 
reservoirs including climatic factors play in LD epidemiology and public 
health therefore reinforcing the continued need for a global One Health 
approach. The fact that to this day New Zealand continues to maintain a 
centralized Legionella Reference Laboratory that has responded to a 
distinctive epidemiological pattern since 1979 [91] is testimony to 
Bettelheim and Chereshsky whose pioneering work on legionellosis in 
collaboration with international agencies and other New Zealand health 
professionals, was so instrumental to the diagnostic testing and sur-
veillance history that has been built up in New Zealand. Such a legacy is 
worthy of recognition for its inspiration well beyond their generation. 

Funding 

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors. 

Declaration of Competing Interest 

None. 

Acknowledgements 

I am grateful to the following: Dr Karl Bettelheim, former scientist 
(serology) who in 1979 established the Centre for Legionella Reference 
in New Zealand; Dr Simon Hales, Research Associate Professor, Public 
Health, University of Otago, Wellington, New Zealand; David Harte, 
Senior Scientist, Institute of Environmental Science and Research 
Limited, Kenepuru Science Centre, Porirua, New Zealand; Paul 
Prendergast, former Principal Public Health Engineer, Ministry of 
Health, Wellington, New Zealand and Paul H. Edelstein, M.D, Professor 
of Pathology and Laboratory Medicine, Perelman School of Medicine, 
University of Pennsylvania, United States for the insightful comments 
offered. 

References 

[1] G.D. Fang, V.L. Yu, R.M. Vickers, Disease due to the Legionellaceae (other than 
Legionella pneumophila): historical, microbiological, clinical and epidemiological 
review, Medicine (Baltimore) 68 (1989) 116–132. 

[2] P.H. Edelstein, Legionnaires’disease: history and clinical findings, p 1–19, in: 
K. Heuner, M. Swanson (Eds.), Legionella: molecular microbiology, Caister 
Academic Press, Norfolk, United Kingdom, 2008. 

[3] S.M. Katz (Ed.), Legionellosis, vol. 2, CRC Press, Boca Raton Florida, 1985. 
[4] S. Chambers, M. Baker, Infectious diseases–far from defeated, N. Z. Med. J. 117 

(1200) (2004) 20. 
[5] M. Honigsbaum, Legionnaires' disease: revisiting the puzzle of the century, Lancet 

388 (10043) (2016) 456–457. 
[6] J.T. MacFarlane, M. Worboys, Showers, sweating and suing: Legionnaires’ disease 

and ‘new’ infections in Britain, 1977–90, Med. Hist. 56 (2012) 72–93. 
[7] B.A. Cunha, Legionnaires' disease: clinical differentiation from typical and other 

atypical pneumonias, Infect. Dis. Clin. N. Am. 24 (2010) 73–105. 
[8] D. Fraser, The challenges were legion, Lancet Infect. Dis. 5 (2005) 237–241. 
[9] W.C. Winn, Legionnaires disease: historical perspective, Clin. Microbiol. Rev. 1 

(1988) 60–81. 
[10] J. Roig, C. Domingo, J. Morera, Legionnaires’ disease, Chest 105 (1994) 

1817–1825. 
[11] P.H. Edelstein, Legionnaires’ disease, Clin. Infect. Dis. 16 (1993) 741–747. 
[12] M. Schultz, Rudolf Virchow, J. Emerg. Infect. Dis. 14 (2008) 1480–1481. 
[13] J.S. Mackenzie, Martyn Jeggo, The One Health approach—why is it so important? 

Trop. Med. Infect. Dis 4 (2019) 88. 
[14] A.A. Cunningham, P. Daszak, J.L. Wood, One Health, emerging infectious diseases 

and wildlife: two decades of progress? Philos. Trans. R. Soc. Lond. Ser. B Biol. Sci. 
372 (1725) (2017) 20160167. 

[15] N.Z. census of population and dwellings 1976. Bulletin no. 12, New Zealand 
Regional Summary-Wellington, Department of Statistics, 1977, p. 28. 

[16] G. Mooney, G. Salmond, A reflection on the New Zealand health care reforms, 
Health Policy 29 (1994) 173–182. 

[17] N.R. Grist, D. Reid, R. Najera, Legionnaires’ disease and the traveller, Ann. Intern. 
Med. 90 (1979) 563–564. 

[18] W. Terranova, M. Cohen, D. Fraser, 1974 Outbreak of Legionnaires’ disease di-
agnosed in 1977: clinical and epidemiological features, Lancet 312 (8081) (1978) 
122–124. 

[19] M.S. Smolinski, M.A. Hamburg, J. Lederberg (Eds.), Microbial Threats to Health: 
Emergence, Detection, and Response, National Academies Press, Washington, DC, 
2003. 

[20] J.E. McDade, D.J. Brenner, F.M. Bozeman, Legionnaires’ disease bacterium iso-
lated in 1947, Ann. Intern. Med. 90 (1979) 659–661. 

[21] M.T. Osterholm, T.D. Chin, D.O. Osborne, H.B. Dull, A.G. Dean, D.W. Fraser, 
P.S. Hayes, W.N. Hall, A 1957 Outbreak of Legionnaires’ disease associated with a 
meat packing plant, Am. J. Epidemiol. 117 (1983) 60–67. 

[22] T.H. Glick, M.B. Gregg, B. Berman, G. Mallison, W.W. Rhodes, I. Kassanoff, Pontiac 
fever: an epidemic of unknown etiology in a health department: I. Clinical and 
epidemiologic aspects, Am. J. Epidemiol. 107 (1978) 149–160. 

[23] W. Terranova, M.L. Cohen, D.W. Fraser, 1974 Outbreak of Legionnaires' Disease 
diagnosed in 1977. Clinical and epidemiological features, Lancet 312 (8081) 
(1978) 122–124. 

[24] J. Euzeby, List of Prokaryotic Names With Standing in Nomenclature—Genus 
Legionella, (2020), p. 91997 http://www.bacterio.net/legionella.html. 

[25] B.S. Fields, R.F. Benson, Besser R.E. Legionella, Legionnaires' disease: 25 years of 
investigation, Clin. Microbiol. Rev. 15 (2002) 506–526. 

[26] V. Berridge, P. Strong, AIDS and Contemporary History, Cambridge University 
Press, 2002 Aug 22. 

[27] The New Zealand Herald, Still No Name for Disease, (7 August 1976). 
[28] The Christchurch Press, Nickel May Be Killer, (12 August 1976). 
[29] J.R. Chen, R.B. Francisco, T.E. Miller, Legionnaires' disease: Nickel levels, Science 

F.F. Graham   One Health 10 (2020) 100149

9

http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0005
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0005
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0005
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0010
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0010
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0010
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0015
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0020
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0020
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0025
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0025
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0030
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0030
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0035
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0035
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0040
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0045
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0045
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0050
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0050
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0055
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0060
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0065
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0065
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0070
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0070
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0070
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0075
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0075
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0080
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0080
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0085
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0085
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0090
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0090
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0090
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0095
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0095
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0095
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0100
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0100
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0105
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0105
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0105
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0110
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0110
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0110
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0115
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0115
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0115
http://www.bacterio.net/legionella.html
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0125
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0125
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0130
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0130
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0135
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0140
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0145


196 (4292) (1977) 906–908. 
[30] The Christchurch Press, Heat Likely Killer, (16 August 1976). 
[31] The New Zealand Herald, Glassy Eye of Death, (25 November 1976). 
[32] The Christchurch Press, Bug Rare But Fatal, (21 January 1977). 
[33] J.E. McDade, C.C. Shepard, D.W. Fraser, T.R. Tsai, M.A. Redus, W.R. Dowdle, 

Laboratory Investigation Team.Legionnaires' disease: isolation of a bacterium and 
demonstration of its role in other respiratory disease, N. Engl. J. Med. 297 (1977) 
1197–1203. 

[34] H.W. Wilkinson, B.J. Fikes, D.D. Cruce, Indirect immunofluorescence test for 
serodiagnosis of Legionnaires disease: evidence for serogroup diversity of 
Legionnaires disease bacterial antigens and for multiple specificity of human an-
tibodies, J. Clin. Microbiol. 9 (1979) 379–383. 

[35] R.J. Fallon, W.H. Abraham, Scottish experience with the serologic diagnosis of 
Legionnaires' disease, Ann. Intern. Med. 90 (1979) 684–686. 

[36] A.G. Taylor, T.G. Harrison, M.W. Dighero, C.P. Bradstreet, False positive reactions 
in the indirect fluorescent antibody test for Legionnaires' disease eliminated by use 
of formolised yolk-sac antigen, Ann. Intern. Med. 90 (1979) 686–689. 

[37] A.Y. Chereshsky, K.A. Bettelheim, Serological studies of legionellosis in New 
Zealand, Isr. J. Med. Sci. 22 (1986) 737–739. 

[38] G.L. Jones, G.A. Hébert, "Legionnaires": The Disease, the Bacterium, and the 
Methodology, US Department of Health, Education, and Welfare, Public Health 
Service, Center for Disease Control, Bureau of Laboratories, 1979. 

[39] D.L. Smalley, D.D. Ourth, Seroepidemiology of Legionella pneumophila: A Study 
of Adults from Memphis, Tennessee, USA, Am. J. Clin. Pathol. 75 (1981) 201–203. 

[40] C.V. Broome, W.B. Cherry, W.C. Winn, B.R. MacPherson, Rapid diagnosis of 
Legionnaires' disease by direct immunofluorescent staining, Ann. Intern. Med. 90 
(1979) 1–4. 

[41] P.H. Edelstein, Legionnaires’ Disease Laboratory Manual (Document PB 83 213 
751), National Technical Information Service, Springfield, VA, 2020. 

[42] Editorial. Progress on Legionnaires’ disease, N. Z. Med. J. 90 (1979) 198–199. 
[43] Editorial. Legionnaires’ Disease, N. Z. Med. J. 87 (1978) 49. 
[44] Editorial. More on Legionnaires’ Disease, N. Z. Med. J. 88 (1978) 197–198. 
[45] W.C. Love, A.K. Chaudhuri, K.C. Chin, R. Fallon, Possible Case-to-Case 

Transmission of Legionnaires’ disease, Lancet 312 (8102) (1978) 1249. 
[46] A.M. Correia, J.S. Ferreira, V. Borges, A. Nunes, B. Gomes, R. Capucho, 

J. Gonçalves, D.M. Antunes, S. Almeida, A. Mendes, M. Guerreiro, Probable 
person-to-person transmission of Legionnaires’ disease, N. Engl. J. Med. 374 
(2016) 497–498. 

[47] W.A. Orenstein, G.D. Overturf, J.M. Leedon, R. Alvarado, M. Geffner, A. Fryer, 
L. Chan, V. Haynes, T. Starc, B. Portnoy, The frequency of Legionella infection 
prospectively determined in children hospitalized with pneumonia, J. Pediatr. 99 
(1981) 403–406. 

[48] E. Cutz, P.S. Thorner, C.P. Rao, S. Toma, R. Gold, E.W. Gelfand, Disseminated 
Legionella pneumophila infection in an infant with severe combined im-
munodeficiency, J. Pediatr. 100 (1982) 760–762. 

[49] D.W. Fraser, T.R. Tsai, W. Orenstein, W.E. Parkin, H.J. Beecham, R.G. Sharrar, 
J. Harris, G.F. Mallison, S.M. Martin, J.E. McDade, C.C. Shepard, Legionnaires' 
disease: description of an epidemic of pneumonia, N. Engl. J. Med. 297 (1977) 
1189–1197. 

[50] A. Baskerville, M. Broster, R.B. Fitzgeorge, P. Hambleton, P.J. Dennis, 
Experimental transmission of Legionnaires' disease by exposure to aerosols of 
Legionella pneumophila, Lancet (1981) 1389–1390. 

[51] P.E. Holst, A.M. Bilous, W.J. Frater, R.V. Metcalfe, K.A. Bettelheim, Legionnaires’ 
disease in Wellington, N. Z. Med. J. 91 (659) (1980) 339–342. 

[52] K.S. McDonald, J.B. Faogali, G.B.W. Tait, P.W. Moller, Legionnaires’ Disease in a 
patient with polymyositis, N. Z. Med. J. 91 (662) (1980) 451–452. 

[53] M. Wallace, D. Macdonald, Legionnaires’ disease: report of a sporadic case in New 
Zealand, N. Z. Med. J. 91 (1980) 453–454. 

[54] J.R. Reid, Department of Health Inter-Office Memorandum – Legionellosis, (1982) 
(File 17/5, 27 September 1982). 

[55] K.A. Bettelheim, R.V. Metcalfe, H. Sillars, Antibodies to Legionella pneumophila 
serotype 1 among the healthy New Zealand population, N. Z. Med. J. 93 (1981) 
259–261. 

[56] C.H. Lawrence, P. Guthrie, S.L. Silberg, Identification of Legionella pneumophila 
in Recreational and Water Supply Reservoirs in Central Oklahoma, J. Environ. 
Health 49 (1987) 274–276. 

[57] A. Chereshsky, V. Collins, Legionella in New Zealand – clinical and environmental 
aspects, Paper Presented at the 2nd Australasian Legionnaires’ Disease Conference, 
28 September 1989, Melbourne, Australia, 1989. 

[58] M.J. McKeage, G.M. Robinson, E.L. Seneviratne, A.Y. Chereshsky, R.V. Metcalfe, 
K.A. Bettelheim, Legionellosis due to Legionella pneumophila serogroup 6: report 
of three cases, N. Z. Med. J. 97 (1984) 213–215. 

[59] R.M. McKinney, H.W. Wilkinson, H.M. Sommers, B.J. Fikes, K.R. Sasseville, 
M.M. Yungbluth, J.S. Wolf, Legionella pneumophila serogroup six: Isolation from 
cases of legionellosis, identification by immunofluorescence staining, and im-
munologic response to infection, J. Clin. Microbiol. 12 (1980) 395–406. 

[60] R.J. Fallon, Legionella infections in Scotland, Epidemiol. Infect. 89 (1982) 
439–448. 

[61] A.Y. Chereshsky, R.V. Metcalfe, K.A. Bettelheim, Serologic studies on patients with 
suspected legionellosis in New Zealand, Infection 13 (1985) 167–168. 

[62] G.K. Morris, C.M. Patton, J.C. Feeley, S.E. Johnson, G. Gorman, W.T. Martin, 
P. Skaliy, G.F. Mallison, B.D. Politi, D.C. Mackel, Isolation of the Legionnaires' 
disease bacterium from environmental samples, Ann. Intern. Med. 90 (1979) 
664–666. 

[63] Standards New Zealand, Keeping Legionella bug at bay, Standards 33 (1987) 4–5. 
[64] B.S. Bhopal, Geographical Variation in the Incidence of Legionnaires’ Disease in 

Scotland, Unpublished Doctor of Medicine thesis University of Edinburgh, 1989. 
[65] Centers for Disease Control, Mortality and Morbidity Weekly Report: Summary of 

Notifiable Diseases 1987. United States, vol. 36(54), (1988), p. 15. 
[66] Committee of Inquiry, Second Report of the Committee of Inquiry into the 

Outbreak of Legionnaires’ Disease in Stratford in April 1985, Her Majesty’s 
Stationery Office, London, 1987. 

[67] R.J. Fallon, N.R. Grist, D. Reid, Legionella Pneumophila infection, Scott. Med. J. 
24 (1979) 261–262. 

[68] R.J. Fallon, Legionella pneumophila 1982, Commun. Dis. Unit Wkly. Rep. 18 
(1983) 7–8. 

[69] R.J. Fallon, Legionella pneumophila 1983, Commun. Dis. Unit Wkly. Rep. 23 
(1984) 9–12. 

[70] R.J. Fallon, Legionella pneumophila 1984, Commun. Dis. Unit Wkly. Rep. 26 
(1985) 11–14. 

[71] R.J. Fallon, Legionella pneumophila 1985, Commun. Dis. Unit Wkly. Rep. 48 
(1986) 5–9. 

[72] R.J. Fallon, Legionella pneumophila 1986, Commun. Dis. Unit Wkly. Rep. 8 
(1987) 5–8. 

[73] F. Rosmini, P.M. Castellani, D. Greco, Legionellosis in Italy, January 1979- 
September 1982, Ann. Ist. Super. Sanita 19 (1983) 335. 

[74] I. Heltberg, O.B. Jepsen, S.O. Larsen, K. Lind, Seroepidemiological study of 
Legionella infection in Denmark. A 28-month retrospective survey, Dan. Med. Bull. 
35 (1988) 95–98. 

[75] William Osler, Principles and Practice of Medicine, 4th edition, D. Appleton and 
Company, New York, 1901, p. 108. 

[76] R. Austrian, Pneumococcal pneumonia, J. Inf. Secur. 1 (1979) 17–22. 
[77] R.D. Meyer, Legionella infections: a review of five years of research, Rev. Infect. 

Dis. 193 (5) (2020) 258–278. 
[78] L.H. Bajrai, E.I. Azhar, M. Yasir, P. Jardot, L. Barrassi, D. Raoult, B. La Scola, 

I. Pagnier, Legionella saoudiensis sp. nov., isolated from a sewage water sample, Int. 
J. Syst. Evol. Microbiol. 66 (2016) 4367–4371. 

[79] N. Ishizaki, K. Sogawa, H. Inoue, K. Agata, A. Edagawa, H. Miyamoto, 
M. Fukuyama, K. Furuhata, Legionella thermalis sp. nov., isolated from hot spring 
water in Tokyo, Japan, Microbiol. Immunol. 60 (2016) 203–208. 

[80] C.C. Bailey, R.P. Murray, S.M. Finegold, Therapy of Legionellosis, in: Sheila 
M. Katz (Ed.), Legionellosis, vol. 1, CRC Press, Boca Raton, FL, 1985, pp. 194–206 
(194). 

[81] J.E. Stout, B. Arnold, V.L. Yu, Comparative activity of ciprofloxacin, ofloxacin, 
levofloxacin, and erythromycin against Legionella species by broth microdilution 
and intracellular susceptibility testing in HL-60 cells, Diagn. Microbiol. Infect. Dis. 
30 (1998) 37–43. 

[82] C. Nunn, A. Chereshsky, J.L. Pearce, Atypical pneumonia caused by dual infection 
with Legionella pneumophila and Mycoplasma pneumoniae, N. Z. Med. J. 103 
(1990) 512–513. 

[83] Department of Health, Annual Report 1986, National Health Institute, Porirua, 
New Zealand, 1986, p. 18. 

[84] P.H. Edelstein, Culture diagnosis of Legionella infections, Zentralbl Bakteriol. 
Mikrobiol. Hyg. 255 (1983) 96–101. 

[85] J. Garner, S. Parry, Laboratory diagnosis of legionellosis, N. Z. Med. J. 97 (1984) 
500–501. 

[86] P.C. Lück, J.H. Helbig, H. von Baum, R. Marre, Diagnostics and clinical disease 
treatment: usefulness of microbiological diagnostic methods for detection of 
Legionella infections, in: C. Thornsberry, A. Balows, J.C. Feeley, W. Jakubowski 
(Eds.), Legionella. Proceedings of the Second International Symposium, American 
Society of Microbiology, Washington DC, 1984, pp. 15–21. 

[87] F.F. Graham, P.S. White, D.J.G. Harte, S.P. Kingham, Changing epidemiological 
trends of legionellosis in New Zealand, 1979–2009, Epidemiol. Infect. 140 (2012) 
1481–1496. 

[88] F. Blasi, S. Aliberti, M. Pappalettera, P. Tarsia, 100 years of respiratory medicine: 
Pneumonia, Respir. Med. 101 (2007) 875–881. 

[89] Department of Health, New Zealand Health Statistics Report- Mortality and 
Demographic Data 1982, National Health Statistics Centre, Department of Health, 
Wellington, New Zealand, 1982. 

[90] Research Committee of the British Thoracic Society and the Public Health 
Laboratory Service, Community-acquired pneumonia in adults in British hospitals 
in 1982–1983: a survey of aetiology, mortality, prognostic factors and outcome, 
QJM 62 (1987) 195–220. 

[91] N.C. Karalus, R.T. Cursons, R.A. Leng, C.B. Mahood, R.P. Rothwell, B. Hancock, 
S. Cepulis, M. Wawatai, L. Coleman, Community acquired pneumonia: aetiology 
and prognostic index evaluation, Thorax 46 (1991) 413–418. 

[92] A.M. Neill, I.R. Martin, R. Weir, R. Anderson, A. Chereshsky, M.J. Epton, 
R. Jackson, M. Schousboe, C. Frampton, S. Hutton, S.T. Chambers, Community 
acquired pneumonia: aetiology and usefulness of severity criteria on admission, 
Thorax 51 (1996) 1010–1016. 

[93] The Evening Post, Air Vent Check on Spread of Disease, (16 December 1981). 
[94] P. Mitchell, A. Chereshsky, A.J. Haskell, M.A. Brieseman, Legionellosis in New 

Zealand: first recorded outbreak, N. Z. Med. J. 104 (1991) 275–277. 
[95] A. Chereshsky, Report on the Legionnaires’ disease outbreak in Christchurch, New 

Zealand Microbiological Society Annual Conference, Wellington, May 1991. 
[96] J.M. Chrisp, K.E. Averi, A.Y. Chereshsky, K.A. Bettelheim, An outbreak of re-

spiratory disease – legionellosis? N. Z. Med. J. 100 (820) (1987) 191. 
[97] K.N. Shands, J.L. Ho, R.D. Meyer, G.W. Gorman, P.H. Edelstein, G.F. Mallison, 

S.M. Finegold, D.W. Fraser, Potable water as a source of Legionnaires' disease, 
JAMA 253 (1985) 1412–1416. 

[98] G. Pappas, S. Seitaridis, N. Akritidis, E. Tsianos, Infectious diseases in cinema: 
virus hunters and killer microbes, Clin. Infect. Dis. 37 (2003) 939–942. 

F.F. Graham   One Health 10 (2020) 100149

10

http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0145
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0150
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0155
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0160
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0165
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0165
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0165
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0165
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0170
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0170
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0170
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0170
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0175
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0175
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0180
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0180
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0180
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0185
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0185
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0190
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0190
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0190
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0195
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0195
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0200
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0200
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0200
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0205
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0205
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0210
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0215
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0220
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0225
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0225
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0230
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0230
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0230
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0230
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0235
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0235
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0235
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0235
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0240
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0240
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0240
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0245
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0245
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0245
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0245
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0250
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0250
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0250
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0255
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0255
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0260
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0260
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0265
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0265
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0270
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0270
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0275
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0275
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0275
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0280
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0280
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0280
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0285
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0285
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0285
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0290
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0290
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0290
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0295
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0295
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0295
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0295
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0300
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0300
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0305
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0305
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0310
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0310
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0310
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0310
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0315
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0320
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0320
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0325
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0325
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0330
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0330
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0330
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0335
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0335
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0340
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0340
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0345
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0345
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0350
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0350
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0355
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0355
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0360
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0360
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0365
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0365
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0370
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0370
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0370
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0375
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0375
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0380
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0385
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0385
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0390
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0390
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0390
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0395
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0395
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0395
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0400
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0400
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0400
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0405
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0405
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0405
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0405
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0410
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0410
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0410
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0415
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0415
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0420
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0420
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0425
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0425
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0430
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0430
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0430
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0430
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0430
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0435
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0435
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0435
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0440
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0440
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0445
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0445
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0445
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0450
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0450
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0450
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0450
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0455
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0455
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0455
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0460
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0460
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0460
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0460
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0465
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0470
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0470
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0475
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0475
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0480
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0480
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0485
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0485
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0485
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0490
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0490


[99] M.E. O’Mahony, R.E. Stanwell-Smith, H.E. Tillett, D. Harper, J.G. Hutchison, 
I.D. Farrell, D.N. Hutchinson, J.V. Lee, P.J. Dennis, H.V. Duggal, The Stafford 
outbreak of Legionnaires’ disease, Epidemiol. Infect. 104 (1990) 361–380. 

[100] New Zealand Evening Post, Beehive Bug Same Strain as US Killer, (18 June 1985). 
[101] P.W. Tang, S. Toma, L.G. MacMillan, Legionella oakridgensis: laboratory diagnosis 

of a human infection, J. Clin. Microbiol. 21 (1985) 462–463. 
[102] E.J. Garden, Investigation of Legionellosis; Sir Basil Arthur. File Ref 66/68, 

(1985). 
[103] D. Schlossberg, J. Bonoan, Legionella and immunosuppression, Semin. Respir. 

Infect. 13 (1998) 128–131. 
[104] New Zealand Evening Post, Legionnaire Type Bug Hits McLay, (26 October 1985). 
[105] C.P. Littlejohn, Clerk of House of Representatives. Memo to All Members and Staff. 

Legionnaires’ Disease Report, (19 June 1985). 
[106] Department of Health, Guidelines for the Investigation and Control of an Outbreak 

of Legionellosis: Circular Memorandum No. 1985/111, Department of Health, 
Wellington, 1985. 

[107] P.J. Christopher, L.M. Noonan, R. Chiew, Epidemic of Legionnaires’ disease in 
Wollongong, Med. J. Aust. 147 (1987) 127–128. 

[108] Health Department, Victoria, Guidelines for the Control of Legionnaires’ Disease, 
Health Department, Melbourne, 1989. 

[109] Ministry of Health, The Prevention of Legionellosis in New Zealand, Ministry of 
Health, Wellington, 2011. 

[110] Christchurch Press, Mystery Illness May Not Be New, (11 August 1976). 
[111] L.A. Herwaldt, A.R. Marra, Legionella: a re-emerging pathogen, Curr. Opin. Infect. 

Dis. 31 (2018) 325–333. 
[112] R. Sakamoto, Legionnaire's disease, weather and climate, Bull. World Health 

Organ. 93 (2015) 435–436.  

F.F. Graham   One Health 10 (2020) 100149

11

http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0495
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0495
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0495
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0500
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0505
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0505
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0510
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0510
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0515
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0515
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0520
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0525
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0525
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0530
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0530
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0530
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0535
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0535
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0540
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0540
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0545
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0545
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0550
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0555
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0555
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0560
http://refhub.elsevier.com/S2352-7714(20)30086-0/rf0560

	The mysterious illness that drove them to their knees - Ah, that Legionnaires’ disease – A historical reflection of the work in Legionnaires’ disease in New Zealand (1978 to mid-1990s) and the ‘One Health’ paradigm
	Introduction
	One Health paradigm in emerging infectious diseases
	Recognition of infection
	Epidemiological features
	The clinical perspective
	Approaches to control - guidelines and regulations for risk prevention
	Conclusion
	Funding
	Declaration of Competing Interest
	Acknowledgements
	References




