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Primary amoebic meningoencephalitis (PAM) or “brain-eating amoeba disease” is a relatively rare but typically fatal infectious disease of increasing global concern. Discovery of PAM and that Naegleria fowleri is the causative agent responsible are frequently credited to a paper published by the Australian pathologists Malcolm Fowler and Rodney F. Carter in 1965. It was significant as confirmation of an earlier suspicion that free-living, non-parasitic amoebae may be opportunistic pathogens of the human central nervous system. Like many discoveries, however, the historical details are rather more complicated and involved a number of researchers and clinicians working over a decade from 1958-1971. Philosophical accounts of scientific discovery since Kuhn (ca. 1962) agree that discovery requires both recognition that something exists and understanding what it is. But there is little agreement about how much or what kind of understanding is required. This paper (i) excavates the complex array of observations, inferences, experiments, re-evaluations, and public statements by a number of scientific researchers and physicians that collectively resulted in the recognition of PAM as a novel form of central nervous system infection caused by a novel species of free-living amoeba; and (ii) considers how well several recent accounts of discovery apply to these achievements.
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1 Introduction

Primary Amoebic Meningoencephalitis (PAM hereafter)–popularly known as “brain-eating amoeba disease”—is a swift and typically fatal infection of the central nervous system due to the free-living (i.e. non-parasitic) soil amoeba Naegleria fowleri. PAM disproportionately affects healthy young adults and children, and although comparatively rare, has a 97% fatality rate, with most victims dying within 5-7 days of onset of symptoms. Infection typically results from recreational swimming in warm bodies of water during summer months, when the organism and the bacteria on which it feeds thrive. When people submerge their heads under water—or introduce contaminated water into their nasal passages while washing their face or irrigating their sinuses—the amoebae can work their way through the nasal epithelia to the olfactory nerve and into the olfactory bulbs of the brain.
 Once there they can destroy brain tissue, replicate and spread throughout the brain and meninges and on to other organs to cause secondary infections. Death, however, typically results from intracranial pressure on the brain due to the host immune inflammatory response, leading to widespread impairment of normal organ function. Due to the effects of global warming, PAM is expected to spread globally from the tropics into more temperate regions as favorable conditions for N. fowleri expand (Baig, 2019).
PAM was first recognized as a new disease in the 1960s and its causative agent identified as the protozoan amoeboflagellate Naegleria fowleri in 1970. My objective is twofold: first, to excavate the complex array of observations, inferences, experiments, re-evaluations, and public statements by a number of scientific researchers and physicians that resulted in recognition of PAM as a novel form of central nervous system infection and that it was caused by a then novel species of free-living amoeba, eventually named Naegleria fowleri; and second, to explore how well several philosophical accounts of scientific discovery apply to these two achievements.
2 The complexity of scientific discovery
Thomas Kuhn initiated a philosophical discussion about scientific discovery by expressing skepticism about the historian’s ability to establish when or by whom a discovery is made. He insisted that “any attempt to date the discovery must inevitably be arbitrary because discovering a new sort of phenomenon is necessarily one which involves recognizing both that something is and what it is” (Kuhn 2012[1962], 55); and “Inevitably that process extends over time and may often involve a number of people” (Kuhn, 1962, 762). Consequently, as the subtitle of his 1962 Science paper states, “To the historian discovery is seldom a unit event attributable to some particular man [sic], time, and place” (Kuhn 1962). He suggested this difficulty had been previously overlooked because it had been assumed that making a discovery in science was an “act assimilable to our usual (and also questionable) concept of seeing” (Kuhn, 2012, 55).
The complex and extended nature of scientific discovery has been further illustrated by others employing a range of historical case studies (e.g. Nickles 1980, Brannigan 1981, Schaffner 1993, Arabatzis 1996, Thagard 1999, Caneva 2001, Bechtel 2006, Gillies 2006, Thagard 2011, Dick 2013, Copeland 2018, Michel 2022). However, several responses to Kuhn have been made attempting to precisely characterize the requisite conditions for scientific discovery and thereby allow definitive answers to questions about who discovered X and when (e.g. Achinstein 2001, Hudson 2001, McArthur 2011, Schindler 2015, Duerr and Holmes Mill 2025, Bartles 2025). As Schindler (2015) notes, Kuhn distinguished two separate types of scientific discovery: what-that and that-what. In a what-that discovery, a new kind of thing or phenomenon is initially announced as a theoretical possibility (what might or should exist), followed eventually by a demonstration that such a thing or phenomenon actually exists (e.g. the Higgs boson). In a that-what discovery, that some thing exists is revealed but it takes some time before it becomes clear what exactly it is (e.g. oxygen). It is this latter category that led Kuhn to insist there is no objective or non-arbitrary way to decide by whom and when the discovery was made, precisely because provision of the correct conceptual understanding of what has been found takes time and often involves the contributions of several parties. I will argue, with respect to the discovery of PAM, that depending from whose perspective we take, these events can be regarded as either a what-that or that-what discovery.
Schindler (2015, 128) calls specifying how correct and specific a that-what discoverer’s conceptual understanding of X must be the problem of what-indeterminacy.
 Post-Kuhnian accounts of discovery disagree on how (or even whether) this problem is to be resolved. After first detailing the history of the recognition of PAM as a new disease and identification of its cause in section 3, I turn in section 4 to consider how well some of these accounts of scientific discovery fit or provide guidance for the case of PAM. I argue that answering the question “who discovered X?” requires being clear about the question “X under what description?”; and that considered as a case of that-what discovery, Schindler’s suggestion that discovery involves “essence identification” provides us with reasonable (and not capriciously arbitrary) grounds for identifying one–or perhaps two—individuals as the discoverer(s) of PAM and its cause.
3 The history of the discovery of PAM and its cause
Paul Thagard’s study of the Nobel Prize winning discovery that stomach ulcers can be caused by the bacterium Helicobacter pylori deals with a set of events and developments similar in many important respects to the ones at issue here (Thagard 1999). Thagard identified four key stages in the understanding of a disease: (i) characterization (as a new or distinct condition/illness) (ii) specification of possible causes (iii) identification of a specific cause via experimentation (iv) elaboration of mechanisms producing the disease [pathogenesis] (Thagard 1999, 118ff.). But the stages I identify will differ slightly so as to better fit the specifics relevant to the case of PAM. Those key stages to be discussed here are: Stage 1. Identification of a new disease. Stage 2. Characterization of disease with an appropriately descriptive name. Stage 3. Identification of causative agent. Stage 4. Identification of etiological source of infections. Other scientific discoveries are likely to involve different and perhaps more or fewer stages.
Stage 1. Discovery of a novel form of human central nervous system infection

Discovery of the infectious disease primary amoebic meningoencephalitis and Naegleria fowleri as its cause are commonly credited to a paper published in 1965 in the British Medical Journal by the Australian pathologists Malcolm Fowler (1925-1974) and Rodney F. Carter (1934-) (Fowler and Carter, 1965).
 While the importance of this paper and the continued efforts by Carter in particular cannot be denied, to attribute the discovery of both to this publication obscures what was in fact a more gradual and collaborative development of scientific understanding distributed over several years and multiple investigators. A conventional preference for attributing important scientific advancements to particular moments of discovery, and to specific publications, explains why Fowler and Carter’s 1965 paper is often cited as the documentary source of the discovery of the new infectious disease Primary Amoebic Meningoencephalitis, and sometimes, even less plausibly, of the discovery that Naegleria fowleri is its cause. Scientists seeking to provide some brief historical origin story for their discussion of new research results or who are providing a general review of the current state of the science about the disease may be excused for minor anachronisms or invoking a “potted history” of events; they are not, after all, typically trained nor writing as historians.
 But such accounts of the history of scientific discovery may both assume and perpetuate the idea that discoveries are achieved by individuals rather than teams or networks of researchers, and as Copeland (2018) argues, it may be advantageous to scientists, medical professionals, politicians, funding agencies, and ultimately society at large to understand that scientific discovery is frequently more collaborative and does not occur in instantaneous Archimedean “Eureka” moments.
The specific problems with singling out Fowler and Carter (1965) as announcing the discovery of PAM and N. fowleri as its cause are threefold. One, Fowler and Carter (1965) did not use the name “primary amoebic meningoencephalitis” to describe the cases they reported. This term was not introduced until the following year by Dr. Cecil G. Butt (see discussion of stage two below), so it is at least misleading to suggest this publication discussed “primary amoebic meningoencephalitis” by that description. Fowler and Carter described the disease in the title of their paper as “acute pyogenic meningitis probably due to Acanthamoeba sp.” And as I will explain later in the discussion of stage 2, finding a suitable name for the new disease was no small feat. Two, the causative organism proposed by Fowler and Carter in their 1965 paper was not Naegleria fowleri, because that species name was not introduced until five years later by Carter (Carter, 1970a; Carter, 1970b). As the title of their paper suggests, they believed the causative organism was a species of Acanthamoeba, a free-living soil amoeba of a separate genus and in fact family, the Hartmannellidae—Naegleria eventually being assigned to the family Vahlkampfidae. A precise species identification required intensive experimental work by Carter and other researchers to isolate, culture and describe the organism responsible using light and electron microscopy after demonstrating experimentally its capacity to produce similar pathogenesis in laboratory animals. For his part Fowler, the Director of Pathology at the Adelaide Children’s Hospital, did not publish any further on the new disease, continuing to focus on pediatrics until his death in 1974. He assigned further investigation of the new disease and its etiology to his younger colleague Carter, who after joining the department of pathology in 1964 made it the focus of his medical degree thesis, which he completed in 1971.
 Thirdly, it is a detail of historical and epistemic significance that Fowler was cued to propose in 1963 or earlier that an amoeba of the Acanthamoeba genus was responsible for the cases of meningoencephalitis (ME) they described because of his familiarity with the American vaccine researcher Clyde Culbertson’s earlier experimental induction of quick and fatal ME with similar pathology in lab animals using Acanthamoeba. Culbertson’s work (described below) was therefore an important aid to Fowler and Carter’s 1965 paper.

In summary, Fowler and Carter (1965) describes four cases of fatal meningitis in three previously healthy adolescents under the age of 10 (one boy, two girls) and one young male 28 years of age, all from the same rural district around Port Augusta, South Australia. The first case occurred in 1961, the other three in 1965. All four were described as presenting as typical acute bacterial meningitis, but neither bacteria nor viruses could be cultured from cerebrospinal fluid or the meningeal exudate. Postmortem examination of the brain and meninges, however, revealed large numbers of small amoebae, with especial damage evident to the olfactory bulbs, situated near the top of the nasal passages. In one case amoebae were also found in the cerebrospinal fluid postmortem. The authors noted that the only amoeba generally recognized to invade human tissue was the parasitic Entamoeba histolytica, but as the cause of amoebic dysentery this was known always to begin with a primary infection of the bowel, and no such pathology was observed in any of the four cases under discussion. Moreover, the amoebae they found differed from E. histolytica in being much smaller in size and having a distinct darkly staining nucleolus surrounded by a nuclear halo. They mention two reports of invasion of human central nervous system by an amoeba other than E. histolytica, both ascribed to Iodoamoeba bütschlii (Derrick & Wenyon, 1948; Kernohan et al, 1960). However, the former involved primary pathology of the bowel and the latter described a granuloma of the brain for which “no satisfactory explanation of its pathogenesis” was offered (Fowler & Carter, 1965, 741).

They suggested, therefore, on the basis of Culbertson’s work that the organism in question may be a species of Acanthamoeba or Hartmannella (confusion about the taxonomy of these amoebae was another significant obstacle to untangling the etiology of the disease). Clyde G. Culbertson, MD (1906-1995) and his colleagues at the Eli Lilly Research Laboratories in Indianapolis, Indiana, had found while working on the development of polio vaccines that monkey kidney cell lines he was using to test for vaccine safety had been contaminated by Acanthamoeba (Culbertson, Smith, and Minner, 1958; Culbertson, Smith, Cohen, and Minner, 1959.) They initially supposed the discovery of plaques in the cell cultures were due to contamination by a viral agent, but treatment with available antiviral serums failed to neutralize the suspected viral agent. Similarly, W. G. Jahnes and colleagues at the Laboratory of Viral Products of the National Institutes of Health in Bethesda, Maryland had earlier found that trypsinized monkey kidney cells they were using in their lab had been “spontaneously contaminated” twice in 1956 with what they determined to be amoebae of a free-living Acanthamoeba species (Jahnes et al., 1957). Culbertson injected fluid from the cultures they suspected to be infected with a virus into the brains of 40 mice and 16 monkeys, which resulted in fatal meningoencephalitis within 4 to 7 days. Still suspecting a virus to be responsible, Culbertson was surprised when inspection of histological sections of the brain and other organs revealed numerous amoebae throughout both damaged and normal tissues. Culbertson noted that the ability of free-living amoebae to infect mammalian tissue suggested that the presence of Acanthamoeba in the monkey-kidney cell culture may not have been the result of contamination within the laboratory but prior infection of the animals from which the tissues derived (Culbertson et al., 1958). More significantly, he recommended that researchers consider the possibility that free-living soil amoebae might also be pathogenic for humans (Culbertson et al., 1959; Culbertson, 1961).

Culbertson was proposing a new category of non-parasitic amoebae that are pathogenic to humans. As Carter (1970a, 12) would later write, “The observation by Culbertson and his colleagues…proved to be of great importance since it led to the first demonstration that free-living amoebae could be pathogenic for animals (Culbertson, Smith and Minner, 1958)”.
 Carter also confirms that Fowler recalled Culbertson’s work while he was dealing with the first human case in 1961, and sent him (probably in 1963) brain sections to verify the similarity of the amoebae he found to those Culbertson had identified as Acanthamoeba (Ibid. p. 15, citing personal communication with Culbertson). Culbertson, we could say, provided the what in an eventual what-that discovery regarding what would eventually come to be known as PAM. It was not long before Fowler was acquainted with his first case in Australia in January, 1961, followed about 18 months later by Dr. Cecil Butt in the United States. Fowler and Carter’s 1965 paper was soon followed by more reports of new cases in the US, Europe and New Zealand.
 Culbertson, as we will see shortly below, also continued to make important contributions to the identification of the specific amoeba responsible for the cases described in Fowler and Carter’s 1965 publication and others to come. 

A word about the conventions in describing amoebae is in order here. Acanthamoeba (from the Greek akantha meaning ‘thorn’) are capable of extending several pointy thorn-like pseudopodia at a time, but in tissue sections frequently appear in a rounded form. They make up the family Acanthamoebidae. Those commonly described as limax amoebae (from the Latin for slug) tend to produce one leading pseudopodial process at a time which gives them a slug-like appearance. They are now typically assigned to the family Hartmannellidae. Organisms of the genus Naegleria also assume a limax morphology in the amoeboid trophozoite stage but can also become temporarily flagellated in fluid environments and can form protective cysts to endure harsh conditions. Presently they are assigned to the family Vahlkampfidae. All three families are free-living soil and freshwater bacteriovores (de Jonckheere, 2002). Because of a dominant reliance on morphology, the taxonomy and description of the various amoebozoa was at this time in a state of confusion and dispute (Acanthamoeba and Hartmannella frequently being used as synonyms for the same group, for instance), which added extra complication to the task of identifying the specific organism responsible for the new disease. (More about this in the discussion of stage 3 below.)

Carter gave a very well received talk on 20 January, 1972 before the Royal Society of Tropical Medicine and Hygiene in London (Carter 1972).
 At that time there were—aside from the four cases originally described by him and Fowler—reports of other cases by the others mentioned above: Butt (2 in 1962, 1 in 1965, in Florida); Patras and Andujar (1 case in 1964, Texas); Butt, Barro, Knorr (a 4th Florida case in 1966); Callicott (retrospective description of 6 cases from 1951-1952, in Virginia; then two more from the same area in 1967); Červa and Novák (16 cases from 1962-1965, associated with a public swimming pool in Czechoslvakia); Mandal, Dawson and Gudex (4 cases from New Zealand); Symmers (retrospective detection of a case from 1909 in England and another from 1937 in Northern Ireland); Carter (retrospectively uncovered another Australian case from 1963, and new cases from 1966, 1969, 1970, 1971). Shumaker described 3 recent cases (1969) from the Richmond, Virginia area.

Fowler was quickly and widely credited with having observed the first human case of CNS infection by a free-living amoeba. Carter, although not a wholly disinterested party, wrote “As far as I have been able to determine from the literature, human disease was first attributed correctly to free-living amoebae in 1961 by Dr. Malcolm Fowler, Pathologist at the Adelaide Children’s Hospital” (Carter 1970a, 14). Fowler’s observation in 1961, however, did not result in a publication until the 1965 paper with Carter, highlighting one reason attempts to establish priority for scientific discoveries can be complicated. There is a difference between when a researcher has their private moment of recognition or insight and when it appears in the public record (as a lecture, presentation, poster or published article or letter), and as only the latter is typically verifiable (unless carefully described and dated lab notes or correspondence is maintained), publication of important results is often given precedent.
This is relevant because Dr. Cecil G. Butt III (1921-1969), mentioned above, chief pathologist at the Orange County Hospital of Florida, appears to have been the first to give a public presentation on the new disease. Butt presented on his first two cases (from 1962) at the joint annual meeting of the American Society of Clinical Pathologists and College of American Pathologists at Bal Harbour, Florida, Oct. 16-24, 1964 (mentioned and cited in Butt, 1966). The following year Drs. Dorothy Patras and John J. Andujar presented their report of a fatal case from Texas in 1964 at the October 1965 meeting of the same organization.
 
Although Butt’s public presentation preceded Fowler and Carter’s 1965 BMJ publication, Fowler is typically credited with discovering the new disease because he was first to become acquainted with a case (post mortem), despite not understanding its etiology (cause), pathogenesis or source of infection. In Kuhn’s terms, Fowler knew that he had an unusual sort of disease on his hands but he did not know what it was. As so often happens, Fowler is credited with discovering PAM (by that description) in retrospect after these important details were worked out. We can acknowledge that Fowler was first to recognize an instance of the disease suggested by Culbertson to be a theoretical possibility (a what), while Butt gave the first public statement about an actual case. (I leave discussion of the question “Who discovered PAM” for later.) In the next section, we will see there is strong consensus around Butt’s further contributions to the understanding of PAM, not least of which is the name by which it is generally recognized; and simply providing a suitable name, as it turns out, was no small accomplishment.

Stage 2. Characterization of disease with an appropriately descriptive name  

Once researchers were convinced that a new form of infectious disease by an amoeba had been established, the need for a suitable name became apparent. Aside from providing a consistent name by which researchers could communicate about the topic, understanding of the disease was hampered by lack of consensus about how best to describe it. What was needed was a descriptive name neither too specific nor too broad while efforts to identify the causative organism were still underway.

Amoebiasis had been the established term for infection by parasitic amoebae since the work of William E. Musgrave and Moses T. Clegg in the first decade of the twentieth century (Dobell, 1919, 11-12). Amoebic dysentery due to Entamoeba histolytica was the best-known case, and until the discovery of the new amoebic form of meningoencephalitis it was believed to be the only amoeba parasitic to humans, and hence the sole cause of amoebiasis. As Fowler and Carter had noted, E. histolytica was known to result in rare secondary infection of organs beyond the intestines, including the brain and meninges. It was for this reason that Butt (1966) proposed the name primary amoebic meningoencephalitis to distinguish the new disease from the rare secondary infections of the brain and meninges arising from E. histolytica.

Fowler and Carter had characterized the cases they described as “acute pyogenic meningitis”, meaning a rapid and pus-producing inflammation of the meninges, the outer membranes protecting the brain and spinal chord. Although there was damage to the brain and particularly to the olfactory bulbs situated at the anterior base of the brain they did not mention or use the term “encephalitis”; why they did not is unclear. The name “primary amebic meningoencephalitis” (with the common American spelling of ‘ameba’) first appears as the title to Butt’s 1966 paper, which introduces “a new clinical concept, that of primary meningoencephalitis due to the free-living, soil ameba, commonly referred to as acanthamoeba (species)” (Butt, 1966, 1473). Butt (1966) refers to his earlier presentation of his first two cases at the 1964 meeting of pathologists in Florida, providing in the references section as title of that talk “Primary amoebic meningoencephalitis.” However, according to the published Abstracts of Papers presented at that 1964 meeting, the title of the talk was simply “Amebic meningoencephalitis” (Anonymous 1964). This is accompanied by the cryptic note “abstract not suitable for redaction and publication in the Journal”. No rationale was given for this decision and no one currently serving on the journal’s board of editors appears to have any knowledge or insight to offer (Dr. Steven Kroft, Editor-in-Chief, American Journal of Clinical Pathology, Personal communication).
 Patras and Andujar (1966, 233) also cite Butt’s 1966 New England Journal of Medicine paper as in press with the title “Amebic meningoencephalitis.” Blattner (1967) refers to Butt’s 1964 talk as “Primary amoebic meningoencephalitis” but actually cites the entry for the abstract as it appeared (or actually did not appear as it turned out) in the American Journal of Clinical Pathology, which suggests he was relying on the mistaken citation in Butt (1966). In short, it seems the name “primary amoebic meningoencephalitis” did not appear in print prior to Butt’s 1966 NEJM article of that title.

Carter argued for the priority of Fowler and Carter (1965) as the “first published account of the disease now known as primary amoebic meningo-encephalitis, a priority which it has been accorded in the two latest reviews (Medical Journal of Australia, 1969; Symmers, 1969) as well as in all other recent publications on the subject” (Carter 1970a, 17). He mentions Blattner (1967) for mistakenly according priority to Butt’s unpublished 1964 presentation, noting that Butt’s paper was titled “Amoebic [sic] meningoencephalitis”, and that in the absence of even a published abstract “there is no text or any other information to indicate that Butt was describing primary amoebic meningo-encephalitis” (Carter 1970a, 17-18). Blattner in fact did not explicitly state that Butt had priority, but his simple chronological presentation of Butt’s 1964 talk preceding Fowler and Carter’s publication the following year clearly implied it. Carter was evidently not willing to concede priority to Butt for being first to publicly describe the new disease (which is perhaps unsurprising for a budding new research scientist just launching his career), and he noted that the first of the cases described by Butt was recognized by him about 18 months after the 1961 case described by Fowler and Carter in their 1965 BMJ article. However, he did credit Butt with coining the name “primary amoebic meningoencephalitis” and mentioned that he had himself adopted the term almost immediately.

Butt’s descriptive name was not, however, immediately adopted by all those researching the new disease. Some sought to connect a name with the microbe responsible and that was difficult while its identity remained uncertain. 

For instance, in 1968 Dr. Joseph H. Callicott, a pathologist from the Medical College of Virginia, described his retrospective detection of “seven additional cases of acute fulminating meningoencephalitis caused by free-living soil amebae of the Hartmannella (Acanthamoeba)-Naegleria group” from an epidemic of undiagnosed meningitis that occurred in the summers of 1951 and ’52 in the Richmond Virginia area (Callicott, 1968, 84). While congratulating Callicott for his “excellent paper”, Patras and Andujar, who had published the paper “Meningoencephalitis due to Hartmannella (Acanthamoeba)” on the seventh known case in Texas in 1966, responded to Callicott in the next volume of the same journal (Patras and Andujar, 1968). While they had used Butt’s “primary amebic meningoencephalitis” in their earlier 1966 paper, they now noted the need for a “brief term which can be used in communicating with clinicians and others” about the agent responsible for PAM and cautioned against stringing together ever more genera (Hartmanella, Acanthamoeba, Naegleria, Vahlkampfia, etc.) and recommended “pathogenic limax amoebae” (Patras and Andujar, 1968, 98-99). In response to their proposal the pathologists Howard Hopps and Joe Griffin suggested “terramebae”. “Now is the time” they wrote, “for us to develop a medical terminology which is accurate and descriptive, and compatible with that in use by zoologists and parasitologists. We believe that the term terramebae (terramoebae) meets these requirements”. This they suggested could be “easily modified to serve as a name for the disease state: terramebiasis, terramebic meningoencephalitis, etc.” (Hopps and Griffin, 1968, 99). None of these terms seemed to catch on. 

The renowned British pathologist William St. Clair Symmers (1917-2000) discouraged use of the terms “hartmannellosis”, “naegleriosis”, or “acanthamoebiasis”, but approved Butt’s term “primary amoebic meningoencephalitis” for avoiding “the taxonomical difficulties” and for differentiating the cases in question from secondary infections arising from intestinal infection by the parasitic E. histolytica (Symmers 1969, 449-450). Symmers also noted Carter’s adoption of the term and pledged to do likewise.

Oddly, one of the other major PAM researchers, Culbertson, did not adopt the term, despite articulating the same needs it filled mentioned by Symmers. Commenting on the taxonomic confusion over the organism responsible, Culbertson wrote “A name is needed by which to refer to this type of infection which would differentiate it from amebiasis due to Entamoeba histolytica of the intestinal tract. Therefore, both the terminology for the names of the amebas and also for the infections they cause need attention” (Culbertson et al., 1968, 357-360). It is odd therefore that Culbertson and his colleagues do not mention or consider Butt’s term, which had already been adopted by Carter early in 1968 (in the very first number of Volume 96 of The Journal of Pathology and Bacteriology). It is plausible that Culbertson et al.’s paper had already been submitted and gone through the revision stage by the time Carter’s paper appeared. However, it is also noteworthy that Culbertson et al. (1968) does not mention Butt’s 1966 paper; it does mention Butt, Barro & Knorr’s 1968 publication—the title of which mentions “amebic encephalitis”, talks of “primary encephalitis” and cites Butt (1966), so surely Culbertson was familiar with the new term being proposed. Moreover, Culbertson and his colleagues mention that the spinal fluid used to isolate the strain of the organism they discussed “was made available to them by Dr. Cecil Butt and his colleagues” (Culbertson et al., 1968, 353). (More will be said about isolation of strains of the amoebae by various researchers in the next section.) Culbertson’s 1970 paper does cite Butt (1966) but still doesn’t employ the term “primary amoebic meningoencephalitis” and Culbertson in 1971 uses the term “amebic meningoencephalitis” but not “primary amoebic meningoencephalitis”.
 Although Culbertson never collaborated in publication with Butt it is clear they were in correspondence with one another. Butt’s premature death in 1969 due to heart disease would have limited any plans for collaboration they might have had.
 Similarly, Červa, Novak and Culbertson (1968) speak of “fatal amebic meningoencephalitis” but not “primary amoebic meningoencephalitis”.

During the Q & A session of Carter’s 1972 talk before the Royal Society of Tropical Medicine and Hygiene the parasitologist Cecil A. Hoare suggested the term “exogenous amoebiasis” to distinguish it from the “endogenous amoebiasis” caused by E. histolytica (Anonymous, 1972, 211). Carter mentioned that American colleagues (likely Hopps and Griffin) had proposed “terramebiasis”, but stated that, in his opinion, for specific diseases more precise descriptive prefixes are preferable, and suggested that were “primary amoebic meningoencephalitis” not already so well established he would recommend “Naeglerial meningo-encephalitis” (Ibid., 212). 

All of this highlights the difficulty of settling on a name for the disease in ignorance of the agent responsible, which takes us to the next stage of our story.
Stage 3. Identifying the causative agent of PAM

Because progression of the illness is so rapid and most patients die within a few days of being seen by a physician, in many cases only postmortem inspection of brain tissue would reveal the presence of the amoeba in its feeding trophozoite stage. Inspection of cerebrospinal fluid (standard procedure for suspected cases of meningitis) may also reveal trophozoites but only if the medical team knows to look for them. In either case detection via light microscopy was hampered by morphological similarities between the trophozoites as they appear in brain tissue and cerebrospinal fluid (CSF) and various human cells, such as neurons, degenerated neutrophils, macrophages, and Gitter cells, (resident brain microglial-derived macrophage cells with phagocytic capabilities similar to the invasive amoebae).
Detection of amoebae in sections of brain tissue was facilitated by standard stains such as haematoxylin and eosin. Their smaller size suggested they were not the parasitic E. histolytica, a conclusion supported by the lack of prior intestinal infection in any of the patients. Informed by Culbertson’s experimental models of ME in laboratory animals, early observations of large numbers of amoebae in brain sections acquired post mortem were interpreted as a species of Acanthamoeba, possibly A. castellani. Fowler and Carter had also considered Iodamoeba bütschlii on the basis of descriptions by Derrick and Kernohan, but as already mentioned rejected this identification because of a lack of prior bowel infection in their patients. 

Butt (1966) reported what may be the first observation of motile amoebae in cerebrospinal fluid from the two 1962 Florida cases by Mike Phelan, a part-time lab member working under him at the Orange Memorial Hospital’s department of pathology in Orlando, Florida. Phelan warmed the slides with a hot penny to promote the organisms’ motility (Butt, 1966, 1474). Likewise, Duma et al. (1969) confirmed that detection of motile amoeba in the CSF was facilitated by warming the slide so as to promote amoeboid motion. Butt likewise noted lack of prior intestinal amebiasis and the organism’s large karyosomes as reasons for ruling out E. histolytica. Butt and his team initially failed to detect amoebae in brain sections, but a vial of the spinal fluid was sent to Culbertson in Indianapolis who was able to observe amoebae using iron hematoxylin, a common diagnostic stain for detecting parasitic protozoa. Butt was subsequently able to detect trophozoites in brain tissue himself using this technique (Butt 1966).

In Australia, many years after the fact, Dr. Bob Cooter claimed that he and his colleague Dr. John Mickan, both GPs in the rural area where the first PAM cases occurred, had been first to observe amoebae in the cerebrospinal fluid of a patient in 1966 that they referred to Carter and Fowler in Adelaide.
 Carter (1970a, 1) did note a demonstration of motile amoebae in the cerebrospinal fluid of a patient during life in January 1966, and he acknowledged Drs. J. R. Thompson and R. B. Cooter for reviewing case reports at Port Augusta, the site of the first cases. Cooter’s claim to priority for observing amoebae in the cerebrospinal fluid of a live PAM patient is however at odds with Butt’s prior claim that Phelan had already done so in 1962. 
Light and electron microscopy allowed researchers to note distinctive features of the amoebae found in brain sections and cerebrospinal fluid; these included a comparatively small size (in relation to other amoebae), a large karyon, a distinct and comparatively large nucleolus with clear halo, promitotic as opposed to mitotic division, and dumb-bell or cup-shaped mitochondria that were not closely associated with the endoplasmic reticulum. Once successfully cultured, distinctive features of cyst morphology and the organism’s emergence from this dormant stage were noted that enabled more exact and specific identification.
Establishing that the amoebae in question were responsible for PAM required adhering to some version of what are commonly known as Koch’s postulates. Originally established in the late nineteenth century for bacterial infections the guidelines had been extended to cases of disease due to protozoa.
 Accordingly, the following four conditions were to be met: i) a microorganism must be found in all cases of the disease,
 ii) the microorganism must be isolated from a diseased individual and cultivated in a pure culture, iii) the disease pathology must be experimentally recreated in a new healthy laboratory animal using cultured organisms, iv) organisms must be re-isolated from the experimentally induced diseased individual and shown to match the original microorganism.

The first culturing of a strain from a patient appears to have been achieved by Carter in January 1966 who isolated amoebae from the brain of a 10 year old male after death (Carter, 1968).
 A second was isolated and cultured by Butt and colleagues in July 1966, from their fourth Florida case (a 16 year old male), with a third isolated from the same source by Culbertson and his team, designated the HB-1 strain (Butt et al., 1968).
 Fowler also successfully isolated a strain in 1969 from the CSF of a 9 year old male in 1969, the results of which were published as Carter (1969, 470).
 All these strains were identified as a species of Naegleria on the basis of observing amoebae transition to a temporary bi-flagellated stage when placed in warm distilled water (Carter, 1968; Butt et al., 1968; Culbertson et al.,  1968). A transitional flagellated stage was considered by protozoologists a definitive characteristic of the genus Naegleria, with Naegleria gruberi serving as the type species.
 This partial identification to genus level was replicated by Červa et al. (1969) and Mandal et al. (1969). Callicott et al. (1968) would go further, identifying their strain as N. gruberi as did Duma et al. (1969). Carter in 1970, after further study of the two strains isolated by himself and Fowler in 1966 and 1969 respectively (and found to be identical), introduced the new species Naegleria fowleri as the causative agent of PAM (Carter, 1970a; 1970b).

The same strain isolated by Culbertson et al., (1968) was studied by the microbiologists B. N. Singh and S. R. Das (1970) and pronounced by them a new species they called N. aerobia, and separately by Chang who recommended the new species name N. invades to distinguish the pathogenic strains of N. gruberi capable of invading animals and humans from non-pathogenic strains, in essence rejecting the legitimacy of N. fowleri as a taxonomic species (Chang, 1971, 242). Singh considered polar masses and interzonal bodies during mitosis (in conjunction with temporary flagellated stage) to be distinctive features of Naegleria, but Frederick Page, another influential protozoologist, considered these structures to be irregular in Naegleria and maintained division by promitosis, a temporary biflagellate stage, and absence of a cytostome to be characteristic of the genus (Page, 1967). Carter (1972, 203) followed Page and in accordance with the taxonomic rule of priority declared N. aerobia a junior and non-valid synonym for his N. fowleri. Chang’s N. invades also failed to gain acceptance.

As Carter wrote of N. fowleri, “in stained preparations these amoebae can be distinguished from most of the ordinary parasitic amoebae of man by their smaller size and by their distinctive nucleus with a large nucleolus” (Carter 1972, 193). In the live state they are actively motile and with evident contractile vacuoles. They were distinguishable from N. gruberi by their greater cultural fastidiousness, and as revealed by electron microscope, their dumb-bell shaped mitochondria, and a less conspicuous endoplasmic reticulum not closely applied to mitochondria. The cyst morphology and behavior when exiting the encysted stage was also found to be distinct from N. gruberi. Another feature that served to distinguish N. fowleri early on from similar amoebae was its resistance to sulfanimides and antibiotics.

Eventually all the strains isolated from human cases of PAM were found to be identical and Carter’s designation N. fowleri was accepted as correct and with precedence. This work was completed by Willaert et al., (1974) using immunoelectrophoretic analysis and Visvesvera and Callaway (1974) using serologic studies (see Lockey, 1978, 490 for a review).

Once strains of the amoebae had been isolated and cultured, researchers began experiments to recreate the pathology of meningoencephalitis seen in human patients in laboratory animals, typically mice, guinea pigs, and monkeys. Such experiments were carried out successfully by Carter (1968, 1970), Butt, Barro & Knorr (1968), Culbertson, Ensminger & Overton (1968), Ĉerva & Culbertson (1968) and Ĉerva et al. (1969).

The pathology and pathogenesis of the disease in these animal models was found in many cases to closely mirror that observed in the human cases. Intranasal instillation of amoebae resulted in penetration of the nasal mucosa, with movement along the olfactory nerves through the cribiform plate into the olfactory bulbs, and from there spreading throughout the brain, into the meninges and spinal fluid. This was important as there was an early suspicion that the human patients had been exposed to the organisms from swimming in bodies of freshwater, including diving that would force the organisms deep into the nasal passages. With the completion of the experimental isolation, culturing, replication of disease in animals, and re-isolation of N. fowleri organisms, its status as the causative agent responsible for PAM was firmly established by 1970, just five years after the first published report of the new disease.

Stage 4. Identification of etiological source of infections

The next important stage in understanding PAM was to trace the source of infection in the reported cases. The cases in the USA (Florida and Virginia) were closely associated with recreational swimming in bodies of freshwater during the warm summer months. The pathogenesis of disease revealed that the organisms had first entered the nasal passages and followed the olfactory nerves into the brain. The outbreak of cases in the former Czechoslovakia was found to center on a public swimming pool whose cracked wall created a crevice affording the organisms refuge from the chlorine treatment.

The first cases in Australia were more puzzling because unlike the American and European cases, none of the patients had recently been swimming in freshwater. Because the bactiverous N. fowleri is commonly associated with sewage, Carter suspected exposure to domestic waste water or sullage. Thanks to two local general practitioners (Drs. Cooter and Mickan, mentioned previously) and two clinical microbiologists (Dr. Kevin Anderson and Jacqueline Adele Jamieson MSc) exposure was eventually traced to insufficiently chlorinated public water being delivered to the remote communities via above-ground pipes, which in the summer months reached temperatures in excess of 35 degree Celsius, optimal conditions for a thermophilic microorganism like N. fowleri (Anderson and Jamieson, 1972; Cooter 2002). The initial patients in South Australia had all (with one exception) splashed this water up their noses, submerged their heads in bath water or used it for nasal irrigation. Proper chlorination of public water systems and pools is now recognized as an important prophylactic measure to prevent PAM. The exception was a young girl who had frequently played in sullage water at home and at school, in line with Carter’s initial suspicions (Carter, 1970a, 146-147).
In the following years researchers continued to investigate the molecular details of pathogenesis and potential therapeutic responses; this is material for another paper. Figure 1 provides a timeline of the important developments described here.
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4 Accounts of scientific discovery


Recall that in a what-that discovery a prediction is first made about what type of thing or phenomenon is a possibility, followed by an observation or detection that such a thing exists in reality. In that-what discovery it is found that some thing X exists but it takes time and often conceptual innovation to understand what it is (Schindler 2015). Henne’s (2023, 2024) distinction between framed vs framing inquiries is helpful for thinking about the difference. Framed inquiry occurs within an existing agreement on the conceptual and terminological framework with which to talk and think about the world (similar in respects to Kuhn’s notion of a paradigm); whereas in a framing inquiry these decisions are still unsettled. What-that discoveries occur within a framed inquiry, while that-what discoveries are instances of framing inquiry.

Depending from whose perspective we consider it, the discovery of PAM could be construed as either type. Fowler recognized in 1961 that he had an unusual sort of ME associated with amoebae rather than bacteria or virus, but initially did not understand what it was until he recalled Culbertson’s suggestion that free-living amoeba might be human pathogens. Even after Fowler and Carter’s 1965 publication, much remained unclear until more cases were observed and more experimental work was done by a growing community of researchers. From that perspective the gradual framing of the disease as Primary Amoebic Meningoencephalitis and that it is caused by N. fowleri are examples of that-what discovery. But from Culbertson’s perspective–who had predicted what sort of novel infection of the central nervous system by free-living soil amoebae might be possible—Fowler’s recognition (as early as 1963 or as late as the 1965 publication with Carter) of an actual case(s) was a what-that discovery, a confirmation of his prediction.

Fowler’s initial challenge was that he was operating in the context of a framing inquiry. After recognition that the disease exists, the task was to uncover what caused it and how (its pathogenesis and source of infection), so all researchers were still operating somewhat within the context of a framing inquiry. How to describe the disease and its cause (what names to use for the disease and the suspected amoeba in question) were still a significant part of the challenge. But the answers to those questions emerged gradually over that decade and with contributions from medical researchers, protozoan taxonomists and clinicians, with Culbertson and Butt in addition to Fowler and Carter among some of the most significant.

Regarded as a case of that-what discovery, who then should we say discovered PAM? Can we reasonably even do so? What guidance do philosophical accounts of discovery provide? Achinstein (2001, 269) suggests that, “P discovered X if and only if P was the first person (in some group) to be in an epistemic situation necessary for discovering X”; where to be in an epistemic situation necessary for discovering X means knowing X exists, observations of X or its direct effects caused, or are among the things that caused one to believe X exists, and observation of X or its direct effects are among the reasons for one’s beliefs that X exists (ibid.). But this leaves open the question “X under what description?” If we are inclined to say Fowler discovered X, what exactly was it he discovered? Was it PAM? Or something that later came to be understood as PAM? Hudson (2001) also attempts to provide criteria of a general and abstract nature, writing:

A discovery of object X occurs when an individual (1) provides what we have called a base description for X and (2) succeeds in demonstrating materially that this base description is satisfied. In addition…(3) the discoverer finds something which is novel relative to a particular social community…and (4) the object described, and materially demonstrated is, in fact X. (Hudson 2001, 79)   

A “base description” must suffice to identify X (possibly from other things similar but distinct from X). Like Achinstein, Hudson allows a discoverer to have a number of false beliefs about X, they “need only possess enough conceptual resources to recognize its presence in a fairly reliable manner” (ibid., 78) and to materially demonstrate its existence when it is in fact present.
 Schindler (2015) suggests this is still too weak, for it would allow one’s base description to rely on superficial properties of X only, and thereby fail to distinguish it from other things sharing those properties.
Schindler (2015), therefore, proposes that:

A discovery of X requires observing X or its direct effects (the discovery-that) and the correct conceptualisation of those of X’s essential properties that suffice (epistemically) to individuate X at time t (the discovery-what), whereby I take essential properties of X to be those properties of X that are (metaphysically) individually necessary and jointly sufficient for X. (Schindler 2015, 132) 
This has the virtue of being specific about what is required to resolve what Schindler calls the what-indeterminacy (Schindler 2015, 128) or correctness problem, i.e. what the conceptual understanding essential for identifying the X in question would be. A discoverer need not be able to describe every essential property of X, only enough to distinguish it from other similar things. But it does involve the potentially problematic notion of metaphysically essential properties. I believe we can sidestep that particular problem, if we restrict ourselves to properties that are epistemically essential for identifying X and differentiating it from other similar objects, phenomena, or in this case, diseases, and leave the metaphysics aside.
But I will insist that whenever we ask “Who discovered X” we need be clear under what description we are referring to X. It is factually incorrect, for instance, to say that Fowler and Carter (1965) discussed “primary amoebic meningoencephalitis” in those terms. As we saw, it was Butt (1966) who introduced that description for the new disease, and that was an important step toward understanding the new disease. But they did discuss what would come to be known as PAM. The question “Who discovered Primary Amoebic Meningoencephalitis?” is therefore ambiguous because its current framing emerged gradually over more than a decade. Do we mean: who discovered (i) the first case of “ME associated with free-living fresh water amoebae ”?, or (ii) the first case of “ME associated with amoebae of the genus Naegleria”?; or (iii) the first case of “ME associated with N. fowleri in particular”? Or is the X in question (iv) the first case of “primary (not secondary) ME due to an amoeba, i.e. without a prior infection of another organ or tissue and regardless of the species responsible”? From the perspective of current understanding, PAM means all these things. 
Depending on the description used to refer to X, different “base descriptions” or conceptualizations will be relevant for the discovery to be made. If we choose the first and least specific description, then we could say Fowler deserves credit, on the basis of his recognition in 1961-63 that he had an unusual sort of ME that seemed to be caused by what he assumed (mistakenly) was some species of Acanthamoeba; or perhaps we should credit Fowler and Carter on the basis of their joint publication in 1965. If the second description is the relevant one, then credit probably goes to Carter, slightly before Butt or Culbertson. If we insist on the third more specific description, then Carter again it would seem deserves credit for the discovery. 
But how important was identifying the cause for “discovering the disease (PAM)”? Is being caused by N. fowleri a property essential for identifying PAM as a new disease? Because ME can be caused by other species of amoeba (E. histolytica, Acanthamoeba, Balamuthia mandrillaris, Sappinia pedata), should we consider knowing N. fowleri is the sole cause of PAM to be a necessary condition for having identified, and thence, discovered PAM, rather than having confused it with a separate infection due to another species of amoeba? Only if our question is “Who discovered PAM, the disease caused by N. fowleri?” Does PAM have any essential properties (quoting Schindler) “individually necessary and jointly sufficient for identifying” it? More essential than knowing its cause, I think, was the ability to distinguish PAM from what we might call “SAM” (secondary amoebic meningoencephalitis) regardless of the causes. To say otherwise would be to confuse discovery of the disease simpliciter with discovery and understanding of its cause. It seems reasonable to say the existence of a disease can be discovered before its cause is identified or discovered. Therefore, if the fourth description is the relevant one, it seems plausible to say, on the basis of the history described above, that Fowler and Carter had made the that-what discovery of PAM by 1965, although not under that specific description and with plenty of details left to be worked out, and with the assistance of others mentioned earlier.
To the question “Who discovered that PAM is caused by N. fowleri?”, Carter seems like the obvious answer, given that not only did he introduce the name as a new species but also did much of the observational and experimental work to identify it. But as noted, others made valuable contributions to narrowing down the identity to the genus Naegleria. This was not a Eureka moment of discovery emerging fully-formed from the brow of one person either.

Kuhn may have been right to emphasize the importance of understanding for discovery; but in a case like this, understanding the cause of X is not required for having discovered X. Bartles (2025) considers the case of Alzheimer’s disease, which is similar to PAM in that as a disease it is a set of symptoms and not an entity with well defined spatio-temporal boundaries. Yet unlike PAM, Bartles suggests it lacks any essential properties and its etiology is likely multifactorial. Consequently, Bartles finds Schindler’s account of discovery as essence identification unhelpful for this case. He claims, however, “What is decisive with respect to the status of discoverer is his or her delivering (or contributing to) a starting point for some extended discovery process by providing a persistent characteristic by means of which the discovered entity can be identified—up to the respective time, at which we assign this status” (Bartels 2025, 15). For this reason Bartles thinks Dr. Alois Alzheimer deserves recognition for discovering the eponymous disease, despite the fact that many researchers have contributed to its still incomplete understanding. Who, we might ask, managed to provide a “persistent characteristic by means of which” PAM could be identified? Would Culbertson qualify even though he wasn’t the first to detect an actual case? Would Butt because he provided the name by which the disease eventually became well known? It seems that by focusing on the origin of investigation (the that), Bartles’ account may unduly discount the importance of understanding what has been discovered.

On the other hand, Duerr and Holmes Mill’s (2025) “change-driver” model of discovery emphasises it is the consequences of a result for a scientific community that leads us to describe it as a “discovery”. A discovery in their account is a result that poses or solves a well-defined problem that drives a field forward to scientific progress (op cit., 164-165). They consider the discovery of the expansion of the universe, which like a disease is neither an object nor type of object. They also allow that for reasons of historical complexity, it may be difficult to pinpoint a discovery to a specific time or person. Culbertson’s suggestion and Fowler and Carter’s initial report showing that free-living soil amoebae can indeed be significant human pathogens represented, in the words of the parasitologist Percy Garnham, the breaking of a “formidable obstacle” and opened a new understanding of non-parasitic but pathogenic microbes. Duerr and Holmes Mills’s change-driver account would seem to allow all three credit for PAM’s discovery.
6 Concluding remarks
The discovery of PAM and its cause are examples of what Jan Michel calls “complex discoveries”, involving inter-, multi-, or transdisciplinary efforts (Michel, 2022). Their discovery required input from cell and molecular biology, molecular genetics, protistology, medical microbiology, immunology and neuroimmunology, evolutionary biology, clinical diagnostic medicine and pathology, epidemiology, pharmacology, environmental biology and public health, and a range of techniques from clinical medicine to laboratory cell culture, and electron microscopy. This might provide further reason to agree with Copeland (2018) that we should expand our understanding of scientific discovery so as to better recognize its communal nature. But we can I believe do that without dismissing in principle our ability to recognize the contributions of specific scientists as deserving of special notice.
As for the prospects of specifying precise and abstractly general conditions for discovery, given the diversity of things that can be scientifically discovered and the complexity of the historical events involved therein, I am inclined to agree with Jutta Schickore’s assessment that the goal should be “to produce multifaceted analyses of past and present activities of knowledge generation in all their complexity and heterogeneity that are illuminating to the non-scientist and the scientific researcher alike” (Schickore 2022). We may, as Kuhn (2012, 55) suggested, be misled into believing one general account will suffice because our intuitions about discovery are uncritically influenced by the metaphor that it involves simply uncovering to observation an object whose defining properties are already fixed by an established conceptual and linguistic framework. But it does not necessarily follow that there are no plausible means by which to identify a discoverer in any case. Deciding “Who discovered X?” does require clarity about the description with which we identify the X in question. I hope to have shown that, in the case of PAM, something like Schindler’s thesis that discovery requires identifying at least some properties epistemically essential for identifying X, provides a fitting and not wholly “arbitrary” resolution.
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� https://www.cdc.gov/meningitis/about/amebic-meningitis.html. Accessed January 4, 2024.


� Or more recently, the problem of correctness (Schindler, 2026).


� See for instance Siddiqui and Khan (2014), Gompf and Garcia (2019); Hall et al. (2019); Mitra and Goulert (2025).


� There are scientific publications with more complete and accurate historical accounts of the events and developments in question; for instance, Lockey (1978); Martinez and Visvesvara (1997); Martinez (2019); and De Jonckheere (2014). Carter (1970a), Carter (1970b) and Carter (1972) are also very informative, but as these are from the perspective of one of the chief contributors to the historical events in question one must be careful to coordinate them through inspection of other independent sources and published records.


� See Anonymous (1974), Anonymous (1975), Carter (1970a). Carter’s MD thesis states that it was based on research carried out from 1965-1969 and defended in January 1970. The degree was conferred the following year.


� A granuloma is a typically small mass of macrophages and other immune cells formed in the brain or other tissue in response to infection by a virus, bacterium or protozoan.


� Carter (1972, 193-194) also states that “Medical interest in the limax amoebae was first aroused in 1958 when, in the first of a series of papers on the subject, Culbertson and his co-workers in the U.S.A. demonstrated that Hartmannellid amoebae instilled intranasally into animals could invade the brain directly by the olfactory route to produce a fatal meningo-encephalitis (CULBERTSON, SMITH and MINNER, 1958; CULBERTSON et al., 1959; CULBERTSON, 1961; CULBERTSON, ENSMINGER and OVERTON, 1965, 1966; CULBERTSON, HOLMES and OVERTON, 1965; ENSMINGER and CULBERTSON, 1966)”. 


� These were: Butt, 1966; Patras and Andujar 1965; Patras and Andujar, 1966; Butt, Baro, and Knorr, 1968; Callicott 1968; Callicott, et al. 1968; Červa and Novák, 1968; Symmers 1969; Mandal, Dawson and Gudex, 1969; Mandal et al., 1970; and two more by Carter himself: Carter 1968; Carter 1972. Carter omitted Shumaker, 1970.


� During the Q & A session Percy C. C. Garnham (1901-1994) (called “the greatest living parasitologist”) remarked that Carter had broken a formidable barrier in medical research by showing “in one of the most interesting papers presented to the society, how the gulf between free-living and parasitic protozoa can be traversed to give rise to a fulminating infection in the human host. Dr. Carter (with his colleague Fowler) was the first to publish an account of the disease in man, and he was the first (by a couple of months) to give a scientific name to the organism.” Air Vice-Marshall (RAF) William P. Stamm (1909-1986), a renowned pathologist and at the time vice-president of the Royal Society of Tropical Medicine and Hygiene, praised Carter for the difficult task of providing a clearer picture of the disease and its etiology, “Although [PAM] has only recently been recognized and has a comparatively small literature, the published papers come near the top of the league table for confusing the reader both in regard to nomenclature and the identity of cases reported. Many individual cases have been reported in several papers with insufficient data of identification to show whether one is reading about several different patients or about the same patient several times.” See Anonymous, 1972, 209, 210.


� Eventually published as Andujar and Patras, 1966.


� Martinez (2019) also mentions this curious remark accompanying the notice of Butt’s 1964 talk in the published list of abstracts.


� See for instance Carter, 1968, 1970a, 1970b.


� Culbertson (1971). “Amebic meningoencephalitis” appears on pp. 233 and 251.


� See Anonymous (1969).


� Cooter, (2002), 399-400. "... by detecting the living amoeba when we were viewing the spinal fluid of the 1966 victim (a 10 yr old boy) under high power microscopy, for the first time in Australia, and probably in the world" (italics in original). The priority claim is also made in a biographical piece on Dr. Cooter that appeared in The Australian Journal of Rural Health 14 (2006): 43-48.


� Gradmann (2014) explains how the actual history of what are called ‘Koch’s postulates’ is more complicated than many suppose and provides another example of the complex and communal nature of scientific discovery. I thank an anonymous reviewer for this journal for emphasizing this point to me. 


� Some versions of these postulates also require that the microbe be found only in diseased individuals (making it both a necessary and sufficient condition for the disease), but as is the case with many pathogenic organisms, those infected by a small number of the organism or by a nonpathogenic strain may be asymptomatic. Such would turn out to be the case with Naegleria fowleri and PAM.


� The date of isolation is given in Carter 1970a, 70.


� The H stands for Hartmannella which was the initial identification before Naegleria. The B I assume stood for Butt, from whom Culbertson acquired the CSF from which the isolation was made. Culbertson had earlier named the strain of amoeba experimentally shown by him to be pathogenic for mice and monkeys A1, the A standing for Acanthamoeba; see Culbertson et al., 1958. The first strain isolated by Carter in 1966 is known in the literature as Carter 66, see Govinda, Visvesvara and Callaway (1974). 


� Carter (1970a) and (1972) provide the most detailed historical accounts of these developments, and while it is risky to rely on the account of one interested party, it is worth noting that no other parties appear to dispute his accounts in print at least. 


� The genus was named in 1912 by Alexei Alexeiff after the German protozoologist Kurt Naegler who published an influential study of amoebae in 1909 (see Naegler 1909). The amoeboflagellate originally named Amoeba gruberi by Franz Schardinger in 1899 was later renamed Naegleria gruberi, likely in honor of his fellow Austrian microbiologist Max von Gruber (1853-1927).


� The free-living soil amoebae species Acanthamoeba, Balamuthia, and Sappinia were in the early 1970s found to be capable of causing a rare, often fatal but distinct type of brain infection known as granulomatous amoebic encephalitis or GAE. Unlike PAM, GAE is a secondary infection affecting previously ill or immunocompromised individuals suffering from a primary infection of the skin or eye. 


� Kuhn himself allowed that not every discovery would easily fall into one or the other of these categories of discovery (Kuhn, 1962, 764), as does Schindler (2015, 138).


� Because MacArthur (2011) focuses on discovery of structural relations in physics expressed as mathematical equations, I leave his account aside as not quite relevant for medicine.





