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ABSTRACT 

Donovanosis is a chronic ulcerative disease of the genitals and surrounding regions with 

endemic foci in socially disadvantaged populations throughout the world. In recent years 

there has been a resurgence of interest in this disease due to the association of 

genitoulcerative disease with an increased risk of mv -1 transmission and acquisition. 

The Australian government has a target to eradicate donovanosis by 2003. 

Diagnosis is problematic as the causative organism, Calymmatobacterium granulomatis, 

cannot be cultured on conventional microbiological media and, until recently, has relied 

almost exclusively on the detection of typical histological features in tissue smears and 

biopsies. There is general consensus that the sensitivity ofhistology for the diagnosis of 

donovanosis is in the range 60-80 %. More recently, successful culture has been reported 

using fresh human monocytes and a human epithelial cell line though the utility of these 

techniques for routine and rapid diagnosis is limited. 

In contrast, molecular diagnostic techniques are of great utility in the detection of 

unculturabie organisms. The main objective of this study was therefore to develop a 

sensitive and specific molecular diagnostic test for donovanosis and to then incorporate 

this test into a colorimetric detection system for use in routine diagnostic laboratories. 

To this end DNA was extracted from specimens clinically suggestive of donovanosis and 

a 604-bp region of the phoE gene was amplified and sequenced. Results of this aspect 

of the study showed that there were only two unique base changes distinguishing C. 

granulomatis from subspecies of Klebsiella pneumoniae. Extension of the sequence data 

to the almost complete phoE gene (1001-bp) resulted in no additional changes being 

observed. 



In order to clarifY the relationship between C. granulomatis and the Klebsiella genus 

sequence data was extended to include the 16S rRNA (1 088-bp ), gdhA (3 76-bp) and iluK 

(772-bp) genes. DNA similarity was shown to be in the range 98.6- 100% across these 

four genes. Tree topologies and associated confidence levels ofbranching resulting from 

the use of a number of phylogenetic inferencing methods confirmed that C. 

granulomatis has a close phylogenetic relationship with the three subspecies of K 

pneumoniae and it is proposed that C. granulomatis be reclassified as Klebsiella 

granulomatis comb. nov. 

As a further result of the phylogenetic aspect of the study it was shown that K 

granulomatis appears to be missing the Klebsiella sucrose regulon. This enabled the 

development of a first-generation diagnostic PCR for donovanosis based on the presence 

of phoE and absence of the highly conserved serA. However, this test was limited by the 

fact that it relied on aphoE/scrA· result for positive diagnosis and so would give an 

indeterminate result if other Klebsiella were contaminating the lesion. A second-

generation diagnostic PCR was subsequently developed based on the finding that the two 

unique base changes in the K granulomatis phoE gene eliminated Haem restriction 
t 

sites. Through the use of a capture oligonucleotide covalently linked to tosyl-activated 

magnetic beads it was possible to modify the PCR-Haem digest so that it could 

articulate with EIA-based PCR diagnostic systems for use in routine diagnostic 

laboratories. This test is now ready to be taken up in validation trials. 

Finally, the results of the study enabled the question of the habitat and transmission of 

K granulomatis to be revisited. An analysis of the literature within the context of these 

results is strongly suggestive of the presence of an enteric asymptomatic carrier state that 

needs to be taken into consideration if the Australian government is serious about 

eradicating donovanosis from this country. 
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CHAPTER! 

INTRODUCTION 



11the longer you can look back, the further you can look forward" 

Sir Winston Churchill 



1.1 -Nomenclature 

Donovanosis is a chronic ulcerative disease1
, primarily of the genital and surrounding 

anatomical regions, that occurs today in small endemic foci in all continents of the world 

except Europe and Antarctica. In particular, donovanosis is endemic in Papua New 

Guinea, Australia, south-east India, southern China, parts of south-east Asia, Brazil, 

Argentina, the southern states of the USA (reduced to sporadic cases), Zimbabwe, Zambia 

and South Africa (Hart and Rao, 1999, O'Farrell, 2001a). In Australia, the condition is 

endemic only amongst the indigenous population, highlighting its nature as a disease of 

social disadvantage. 

The condition was first reported by McLeod (1882) as "serpiginous or lupoid ulceratio~ 

of the genitals" though as outlined in Table 1, it has been considered by at least 25 

synonyms, highlighting the level of disagreement about the real nature of the disease. 

Table 1: A history of the synonyms associated with the term donovanosis. 
•s . ummansed by Nair and Pandalai (1934) 

AUTHOR YEAR NOMENCLATURE 

McLeod 1882 "Serpiginous or lupoid ulceration of the genitals" 

Conyers and Daniels 1896 "Lupoid fonn of the so-called groin ulceration" 

Galloway 1897 "Ulcerating granuloma of the pudenda" 

Maitland 1898 ''Chronic venereal sores" 

Dempwolff 1898 "Infectious granuloma" 

Fowler 1899 "Ulcerating granulomata" 

Maitland 1906 "Cicatrizing granuloma" 

1 As this thesis does not have a clinical focus there is no detailed discussion of clinical 
symptoms and manifestations in this literature review. Clinical photography has also 
been omitted. 

1 



AUTHOR YEAR NOMENCLATURE 

Wise 1906 "Granuloma pudendi" 

Sequeira 1908 "Granuloma inguinale tropicum" 

Aragao and Vianna 1913 "Granuloma venereo"(venereum) 

Walker 1918 "Granuloma inguinale" 

Goldzeiher and Peck 1926 "Venereal granuloma" 

Carter 1927 "Granulomatis" 

Willmott 1928 "Ulcerating and sclerosing granuloma" 

Menon and Annamalai 1933 "Inguinal granuloma" 

Nair and Pandalai 1934 "Granuloma genito-inguinale" 

Nair and Pandalai• 1934 "Peri-anal granulomata" 

Nair and Pandalai• 1934 ''Granuloma tropicum" 

Nair and Pandalai• 1934 "Granuloma pudendi tropicum" 

Nair and Pandalai• 1934 "Tropical granuloma" 

Nair and Pandalai• 1934 "Granuloma contagiosa" 

Marmen and Santora 1950 "Donovanosis" 

Rajam and Rangiah 1954a "Granuloma venereum genito-inguinale" 

La1 and Nicholas 1970 "Granuloma donovani" 

Subramanian 1981 "Sclerosin~uloma in...8!!_inale" 

Several writers have expressed an urgent need for consistency in nomenclature. Nair and 

Pandalai (1934) argued that the terms granuloma inguinale, ulcerating granuloma of the 

pudenda, groin ulceration and peri-anal granulomata placed too much stress on the 

anatomical distribution of the disease while the terms granuloma tropicum, granuloma 

pudendi tropicum and tropical granuloma suggest a tropical limitation of the prevalence 

of the disease despite the fact that its occurrence in regions outside the tropics has been 

widely recognised. They further stated that the terms infective granuloma, ulcerating 

granuloma and granuloma contagiosa are too indefinite to be specifically applied to any 

2 



one of the granulomata and that granuloma venereum is inappropriate as the common 

sites of the condition are the inguinal and the genital regions. They proposed the term 

"granuloma genito-inguinale". 

Marmell and Santora (1950) and Rajam & Rangiah (1954a) supported the use of the term 

donovanosis based upon the three etiological factors of: 

1. The discovery of intracellular bodies constantly present in lesions by Donovan 

(1905); 

2. The establishment by Greenblatt et al. (1939) of the relationship between 

Donovan bodies and the disease through its successful reproduction in a human 

volunteer; 

3. The successful culture of the organism by Anderson (1943) who subsequently 

placed it in the genus Donovania (Anderson et al., 1945a). 

The "International Classification ofDiseases" (WHO, 1967) refers to the condition under 

the following synonyms: granuloma inguinale, donovanosis, granuloma pudendi 

(ulcerating) and granuloma venereum. However, La1 and Nicholas (1970) agree with Nair 

and Pandalai (1934) that terms that place too much stress on the regional distribution of 

the disease are inappropriate. They also disagree with the use of the term donovanosis as 

they argue that it gives the impression that the condition is systemic like Leishmaniasis 

or Filariasis and therefore propose the term "granuloma donovani" as not only does it 

avoid the limitations of the use of the term donovanosis but it also: 

.... .prevents criticism by those who doubt the venereal spread of the 

3 



disease, it perpetuates the name of Donovan (1905), who first discovered 

the causative organisms, and it avoids the implication that the lesions are 

confined to the inguinal regions. 

However, they fail to recognise that the term "granuloma donovani" could cause 

confusion with the term "Leishmania donovani'', just as it is recognised that the terms 

"granuloma inguinale" and "granuloma venereum" tend to cause confusion with the term 

"Lymphogranuloma venereum" (Rajam and Rangiah, 1954a). 

In summary it would appear that none of the synonyms proposed throughout history are 

totally appropriate. Today the most commonly utilised terms are granuloma inguinale and 

donovanosis. The term donovanosis has been selected for use in this thesis for no other 

reason than it is the term most commonly employed in Australia and that to postulate any 

additional terms to those already proposed would only serve to increase confusion. 

1.2 - A Resurgence of Interest 

Donovanosis is associated with significant morbidity and mortality in its own right 

(Richens, 1991 ). It is associated with severe disfigurement and ostracism is common due 

to the profuse, foul smelling exudate associated with the disease (Mein et al., 1996). The 

mortality rate for donovanosis is listed as 5 - 14 %. Kalstone et al. (1961) reports that the 

cause of death, most often, has been from haemmorrhage of the cervix. Cases of 

disseminated donovanosis are relatively rare though there have been numerous reports 

in the literature (Table 2). 
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Table 2: Reported cases of disseminated donovanosis 
*Reported by Rajam et al. (1954b) 

AUTHOR/YEAR GENDER PRIMARY DISSEMINATION 
LESION 

Kuhn* (1906) ? ? Bones, liver, spleen 

Hoflinan* (1920) ? ? Bones, liver, lung and peritonewn 

Thierfeld~ (1925) ? ? Joints and skull 

Vogel* (1928) ? ? Liver and lung 

Pund and Gotcher* Female Cervix Utenls, tubes and ovaries 

(1938) 

Becker (1939) in ? ? Ribs, intestinal tract and pelvic 

abstract discussion organs 

Greenblatt et al. 

(1939) 

Puggi and Hull• Female Cervix Clavillle, ribs and scapula · 

(1944) 

Lyford et al. (1944) Female Genito-inguinal Joints and bones of knees, elbows, 

fingers, wrists, ankles, toes, skull 

Female Inguinal Bones of hip and lumbar spine 

Female Perianal Bones of hand and forearm 

Palik and Schenken* Female Cervix Clavicle, ribs, scapula 

(1945) 

Sheldon et al. (1945) Male Shin Tibia 

Rhinepast and Bauer* Female Cervix Tibiae, fibulae, ulnae, radius, 

(1947) metacarpals 

Packer et at.• (1948) Female Cervix Tibia, metacarpals, bladder, pelvic 

tissue 

Lipp and Bibby* Female Cervix Skeletal 

(1950) 

Rajam et al. (1954b) Female Cervix Tibia, liver 

Kalstone et al. (1961) Female Cervix Lumbar vertebrae 
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AUTHOR/YEAR GENDER PRIMARY DISSEMINATION 
LESION 

Sieber(l965) Female Cervix Skeletal 

Kirkpatrick (1970) Female Vulva/Cervix Fibula, tibia, wrist, lumbar vertebrae 

Jofre et al. (1976) Female Vulva/Cervix Pelvic organs 

Maddocks et al. Male Inguinal Tibia, humerus 

(1976) 

Vacca and MacMillan Female Cervix Pelvic organs 

(1980) 

Brigden and Guard Female Introitus Tibiae,meta~s. ubla 

(1980) Male Genito-inguinal Bladder, colon 

Sengupta and Das 7xFemale Cervix Pelvic organs 

(1984) 

Schneider et al. (1986) Female Inguinal Ilium 

Male Inguinal Bladder, colon 

Leung and McCartney Female Cervix Uterus, ovary, bladder 

(1990) 

Bassa et at. (1993) 3xFemale Vulva, Cervix Pelvic organs 

Paterson (1998) Feinale Nil Thoracic vertebrae 

In addition, an association between donovanosis and carcinoma has long been suspected 

though has not to date been clearly defmed (Alexander and Shields, 1953, Mackay and 

Bunch, 1952, SenguptaandDas, 1984, Stewart, 1964). 

However, despite the fact that donovanosis is associated with such a high level of 

morbidity and mortality it received virtually no attention from the scientific community 

in the second half of the twentieth century, the vast majority of original scientific work 

being published in the fifty years prior. This marked decline in interest coincided with the 
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advent of the antibiotic Streptomycin in 1947 which resulted in the almost complete 

eradication2 of donovanosis from the 'developed' world. 

Recently, however, there has been a marked resurgence of interest in this condition, an 

interest that would appear to stem from the association of genitoulcerative disease (GUD) 

with an increased risk of HN transmission and acquisition. 

1.2.1 - Genitoulcerative Disease and HIV 

The importance of controlling GUD and Sexually Transmitted Infections (STis) in 

reducing HIV transmission is stressed in the 1999 consensus statement of the World 

Health Organisation (WHO, 1999). 

Three relationships between HIV infection and other STis have been postulated 

1. Increased transmission ofHIV in the presence of other STis; 

2. Accelerated progression ofHIV in the presence of other STis; 

3. Alteration in the natural history, diagnosis, or response to therapy of other STis 

in the presence ofHIV infection (Wasserheit, 1992). 

W asserheit (1992) examined 163 studies on the interrelationships between HIV infection 

and other STis in a search for convincing evidence supporting these postulates. In 

summary the findings showed that in both men and women GUD and, in women, non-

2 Sporadic cases still occur in the southern states of the USA. Australia is considered 
to be a 'developed' country but conditions in many remote indigenous communities 
are similar to those found in 'third world' countries.· 
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ulcerative STis increase the risk of acquiring HIV infection approximately 3-to-5 fold. 

Limited data precluded any conclusions with regard to the role ofSTis in the progression 

ofHIV. Preliminary data from 83 reports on the impact ofHIV infection on STis suggest 

that, at a community level, HIV infection may increase the prevalence of genital ulcers. 

Although numerous studies have shown an association between HIV and other STis, 

separating out independent risk factors for HIV transmission is difficult due to the fact 

that the majority of studies are cross-sectional or case control studies, do not control for 

sexual behaviour and do not identify the timing of seroconversion with any certainty. 

However, one longitudinal study carried out by Cameron et al. (1989) designed to 

investigate female-to-male HIV transmission in Nairobi found that there was a 13 % 

seroconversion rate in uncircumcised men who acquired chancroid (a GUD) following 

a single unprotected sexual encounter with a commercial sex worker likely to be HIV 

positive. In comparison, another longitudinal study carried out in Nairobi and designed 

to determine risk factors in male-to-female HIV transmission attributed a lesser role to 

GUD (Plummer et al., 1991). Data from the two Nairobi studies was utilised by Hayes et 

al. ( 1995) who postulate that the GUD cofactor effect per sexual exposure may be as large 

as SO-to-300 for female-to-male transmission and 1 0-to-SO for male-to-female 

transmission. 

In a more recent review of scientific data, Fleming and W asserheit (1999) examined 2101 

publications on the role of STis in sexual transmission of HIV infection. Results were 

generally concordant with and strengthened those obtained previously. 
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An association between GUD and HN infection has been further supported by O'Farrell 

(200 1 b) who reported the results of a Medline search covering the period 1966 - 2000 that 

was performed to identify factors that may be relevant to the spread of HN infection in 

countries with the highest prevalence of the virus. This study was prompted by the 

marked variation 'in the severity of the HN epidemic between African countries. In 

particular, the prevalence of HN infection has reached high levels in many parts of 

southern Africa but in most parts of West Africa the levels are much lower. The results 

of this desk-top study showed that in the African countries worst affected by HN 

infection, 45-68% of men and 13-68% ofwomen had GUD. The proportions ofGUD 

were found to be much lower in countries of West Africa than in those of South Africa. 

O'Farrell (2001b) therefore concludes that the African countries worst affected by HN 

infection should adopt a more specialised approach to STI control and specifically target 

the high incidence of genital ulceration. 

1.2.2 - Potential Mechanisms 

The relationships between HN infection and other STis may differ for different STis. It 

is reported that the relative importance of ulcerative and non-ulcerative STis is complex 

and population dependent. Non-ulcerative STis may be responsible for more HN 

transmission than genital ulcers in many populations due to their much higher frequency. 

However, the evidence that non-ulcerative STis may increase risk primarily for the 

receptive partner (rather than bidirectionally as for GUD) and the limited reciprocal 

impact of HN infection on non-ulcerative STis may modulate the impact of these 

diseases (Fleming and Wasserheit, 1999). 
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The potential pathophysiologic mechanisms mediating the interrelationships between mv 

infection and other STis for which there is significant supporting evidence include: 

1. The recruitment ofmv -susceptible or HN -infected cells such as T -lymphocytes 

or macrophages i.e. accentuation of the inflammatory response; 

2. Disruption of the genital epithelium, a barrier that is clearly breached in cases of 

GUD; 

3. Suppression of the systemic immune response; 

4. Interactions between HIV and STI pathogens. 

1.2.3 - Donovanosis and HIV 

O'Farrell (1988b) and O'Farrell and Hoosen (1997) report that donovanosis is playing a 

significant role in the escalation of the HN-1 epidemic in Durban, KwaZulu and Natal. 

It has been suggested that a high number ofHN infections are attributable to donovanosis 

and that this condition poses a far greater risk than other STis (O'Farrell, 1995). 

In a letter to the Editor of The Lancet, O'Farrell (1988a) reports that of 50 males and 8 

females with donovanosis, bleeding was noted in 30 cases when a cotton-tip swab was 

lightly rolled across the ulcer for collection of material. Twenty-eight patients had more 

than one regular partner and of these, 16 had continued with sexual intercourse despite 

obvious bleeding . Furthermore, in a cross-sectional study ofHN infection among 2,682 

heterosexual attenders at an STI clinic in Durban, O'Farrell et al. (1991) noted that the 

probability of HIV seropositivity in men with donovanosis increased markedly as the 

duration of the lesions increased. A 5,000 fold difference in HN seropositive rates was 
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found between men with gonorrhoea and men who had suffered with donovanosis lesions 

for greater than three months. Of significant concern is that it has been shown in one 

study that the average duration of lesions in Australia was 5 years and I 0 months with a 

range of 2 weeks to 17 years (Skov, unpublished data). 

The work of O'Farrell and colleagues is interesting though it is problematic in that their 

study did not control for sexual behaviour and did not identify the timing of 

seroconversion. However, on this latter point O'Farrell et al. (1991) present a valid 

argument in favour of donovanosis predisposing to infection with HIV: 

.. . since, if immune deficiency secondary to previous HW infection 

predisposed to donovanosis, the risk of acquiring HIV would not have 

varied with the duration of lesion. 

Due to the limited availability of data there is no conclusive evidence that donovanosis 

per se is associated with an increased risk ofHIV transmission. However, the association 

ofGUD with an increased risk ofHIV transmission, the chronicity of donovanosis lesions 

and the low presentation (and hence treatment) rates of those afflicted suggests that 

controlled studies are likely to find a synergistic link between HIV and donovanosis. 

1.2.4 - The Northern Territory of Australia in Context 

The Northern Territory of Australia (N1) has by far the highest rates of STis in the 

country, including the highest rates of GUD. In 2001, the annual incidence rate per 
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100,000 population3 for the NT was 204.6 for syphilis cf 7.1 Australia; 746.3 for 

gonorrhoea cf 33.6 Australia and 646.0 for chlamydia cf 105.5 Australia and 7.7 for 

donovanosis cf 0.18 Australia. Thus the rates of the GUDs syphilis and donovanosis in 

the NT are 29 and 48 times the national average respectively, while the rates of 

gonorrhoea and chlamydia are approximately 22 and 6 times the national average 

respectively. 

Furthermore, when comparing rates between indigenous and non-indigenous residents of 

the NT it is found that, for the most recent reference year available i.e. year 2000, the 

annual incidence rate per 100,000 population for indigenous residents in the NT is 307 

for syphilis cf23 for non-indigenous residents, 2028 cf 144 for gonorrhoea and 1342 cf 

246 for chlamydia (NCHECR, 2001). The indigenous population carries the entire risk 

of acquiring donovanosis as no cases have been reported in non-indigenous residents 

since 1946 (Watsford and Alderman, 1953). 

Bowden et al. (1994) suggest that due to the high rate of STis amongst the indigenous 

population in the Northern Territory HN will spread rapidly, primarily through 

heterosexual contact. Figure 1 shows IDV diagnoses in Australia by indigenous status and 

exposure category for the period 1993-2000. It can be seen from these graphs that the rate 

of exposure from heterosexual contact in indigenous Australians is over twice that for 

non-indigenous Australians. 

3 Rates were calculated based on the Estimated Resident Population data for the year 
2000 (ABS, 2002) and the number of disease notifications reported for 2001 by the 
Communicable Diseases Network Australia- National Notifiable Diseases 
Surveillance System (2002). 
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Figure 1: HJV diagnoses, by Indigenous status and exposure 
category, 1993 - 2000. 
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Figure 2 shows the rate ofHN/AIDS diagnoses by Statefferritory for the period 1996-

2000. In this graph, the NT is second only to NSW in the rate ofHN diagnosis. Given 

that the 'epidemiological synergy' of STis and HIV is most likely to manifest itself where 

STis are endemic it has been postulated by Bowden et al. (1994) that ifHIV enters the 

remote indigenous population of the NT the potential exists for an HIV epidemic with 

rates of infection similar to those seen in Africa or South-East Asia. 

In 1997 the Commonwealth Government of Australia released its National Indigenous 

Australians' Sexual Health Strategy which commits 12 million dollars to four main areas: 

prevention, treatment and care, workforce issues and building partnerships. In his 

Statement to Parliament, Dr Michael Wooldridge, previous Federal Minister for Health 

and Family Services made the following comment: 

... the high rate of sexually transmitted disease in the Aboriginal 

population is a result of the fact that they do not have access to basic 

services that the rest of the Australian population both expects and takes 

for granted (Commonwealth Department of Health and Family Services, 

1997). 

He further states that donovanosis is a major co-factor in the transmission ofHIV-1 and 

that the Commonwealth Government of Australia has an aim to eradicate donovanosis 

from Australia by the year 2003. 
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1.2.5 - The Impact of STI Care on the Incidence of HIV 

Two landmark community based intervention trials have examined the impact ofSTI care 

on the incidence ofHIV. 

The Mwanza study, in Tanzania, focused on enhanced syndromic diagnosis of 

symptomatic STI in a population with 4 % HIV prevalence. Continuous access to 

improved treatment for symptomatic STis was provided through existing primary health 

care clinics in six communities for a period of 24 months. Six matched, comparison 

communities received STI services that were unchanged from those that had existed 

previously. After 24 months, this intervention resulted in an almost 40% reduction in 

HIV incidence in the intervention communities (range 12%-65 %) compared with the 

control communities (Grosskurth et al., 1995). 

In contrast, the Rakai study, in Uganda, focused on asymptomatic STI in a mass treatment 

trial involving a population with 16% HIV prevalence. In the five clusters of intervention 

communities, directly observed mass treatment for curable STis was provided irrespective 

of symptom status at 10 month intervals in subjects' homes using single dose antibiotics. 

In comparison the five clusters of control communities received home based mass 

treatment in a single blinded fashion using iron folate, low dose multivitamins and an 

antihelmintic. After three mass treatment trials HIV incidence was found to be similar in 

the intervention and control communities (Wawer et al., 1999). 

Fleming and W asserheit (1999) conclude that while these two studies may appear to have 

yielded contradictory results, they are actually consistent and complementary for the 
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following reasons: 

1. Logic suggests that continuous access to improved STI treatment services would 

be more effective than intermittent mass treatment. Individuals in the Rakai study 

who became infected within days after a mass treatment round had few STI 

treatment options for the next 10 months; 

2. Biological evidence exists to suggest that symptomatic STis may be more 

important in facilitating HN transmission as they are more likely to be associated 

with fulminant inflammatory responses or larger ulcers. Therefore, focusing on 

symptomatic STis is likely to be the most effective way to target STI treatment 

interventions for mv prevention; 

3. STis may play .a greater role in mv transmission in earlier than in later stages of 

an HIV epidemic. At the time of these two trials the Rakai district was 

experiencing a far more advanced HN epidemic than the Mwanza region (16% 

cf 4 % mv prevalence respectively); 

4. There were differences in local STI incidence, prevalence and etiological 

spectrum. The available data suggests that rates of syphilis were comparable in 

the two study populations though rates of chlamydia and gonorrhoea were 

slightly higher in Mwanza and rates of the noncurable ulcers due to Herpes 

Simplex Virus Type 2 were significantly higher in Rakai. 

More recently, Rothenberg et al. (2000) used data from eight STI clinic sites in the United 

States to estimate the effect of treating STis on the transmission ofHN in dually infected 
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persons. This estimate was obtained by multiplying the prevented fraction associated with 

the treatment of STis (set at an average of 0.8) by the maximum potential reduction in 

HN transmission achieved by treating STis (using an average relative risk of3.0). Their 

results demonstrated that the maximum achievable reduction in HN transmission from 

dually infected persons to their partners is approximately 33 % while the actual 

achievable reduction is approximately 27 %. Therefore, if each of the 4,516 dually 

infected persons in their cohort experienced a single sexual exposure with an uninfected 

person, 28 infections would occur in the absence of STI treatment whereas 16 infections 

would occur with treatment. 

1.3 - Etiology 

1.3.1 - The Etiological Agent of Donovanosis 

Characterisation of the etiological agent of donovanosis has been another significant 

source of controversy (Table 3). The first major breakthrough in this sense came from 

Donovan (1905) who identified the intracellular organisms that subsequently became 

known as Donovan bodies and were later named Calymmatobacterium granulomatis 

(Aragao and Vianna, 1913). However, general acceptance of the Donovan bodies' 

etiological relationship to donovanosis was not forthcoming until the successful culture 

of C. granulomatis in the yolk sac of chick embryos (Anderson, 1943). Subsequent 

serological studies showed that the sera from patients with donovanosis cross-reacted 

with the cultured organisms (Anderson et al., 1945b). The advent of the antibiotic 

Streptomycin and its efficacy in the treatment of donovanosis subsequently proved that 

the Donovan body is bacterial (Rake, 1948). 
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Table 3: Historical listing of the proposed etiological agent of donovanosis. 
•Reported by Butts (1937) 
tReported by Goldzieher and Peck ( 1926) 
*R t1'0rted by Walker (1918) 

Author/Souree Year Proposed etiological agent 

Conyers and Daniels 1896 Of tubercular nature 

Galloway 1897 Infectious granulation tumor 

LeDantic• 1900 Of tubercular nature 

Scheube 1903 Virus 

Jeanselme* 1904 Of tubercular nature 

Donovan 1905 Gregarine Order of Sporozoa 

Wise 1906 Spirochaeta pallida; S. re.fringens 

Maitland 1906 Not syphilis 

Radcliffe-Crocker 1908 Staphylococcus 

Cleland and Hickinbotham 1909 Spirochaeta aboriginalis 

Carter 1910 Protozoan - herpetomonas or crithidium 

Flu* 1911 Chlamydozoan 

Martinit 1912 Diplococcus histiolyticus 

Aragao and Vianna 1913 Separate genus of schizomycetes 

Plehn• 1914 Ducrey bacillus 

Walker 1918 Klebsiella genus 

Pijpert 1918 Chlamydozoan 

MacDonagh* 1920 Ducrey bacillus 

Randall et al. 1922 Klebsiella genus 

Gage 1923 Protozoan 

Bergey et al. 1923 Encapsulatus inguina/is 

Bergey et al. 1925 Klebsiella granulomatis 

Cornwall and Peck 1925 gram positive, pleomorphic bacterium 

Mcintosh 1926 Non-motile bacterium - not Klebsiella genus 

Goldzieher and Peck 1926 Bacillus venereogranulomatis 

Castellani and Mendelson 1929 Not Donovan bodies 

DeMonbreun and Goodpasture 1931 Plant parasite 

Greenwood 1931 Not Donovan bodies 
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Author/Source Year Proposed etiological agent 

DeMonbreun and Goodpasture 1933 Klebsiella genus 

Nair and Pandalai 1934 Non-motile capsulated bacillus 

Menon and Krishnaswami 1935 Bacillus donovani 

Poindexter 1935 Klebsiella genus 

Butts 1937 Motile gram positive rod 

Dienst et al. 1938 Not Klebsiella genus 

D' Aunoy and von Haam 1938 Klebsiella genus 

Greenblatt et al. 1939 Sporozoan 

Carter et al. 1939 Not Klebsiella genus 

Anderson et al. 1945a Gram negative, non-motile bacillus 

Rake 1948 Klebsiella genus 

Packer and Goldberg 1950 Klebsiella genus 

Goldberg 1959 Enterobacteriacae 

Manson-Bahr 1960 Klebsiella inguinale 

Maddocks et al. 1976 Klebsiella genus 

Rich ens 1985 Klebsiella genus 

Richens 1991 Klebsiella genus 

Rosen 1995 Klebsiella genus 

Ballard and Majmudar 1996 Klebsiella genus 

Bastian and Bowden 1996 Klebsiella genus 

Kharsany et al. 1999 y subclass ofProteobacteria 

From the table it is evident that a significant number of authors over the last 80 years 

have concluded that C. granulomatis is a member of the Klebsiella genus. However, 

Mcintosh (1926), Dienst et al. (1938), Carteret al. (1939) and Anderson et al. (1945a) 

state that the Donovan body is not related to the Friedlander bacillus (Klebsiella 

pneumoniae) for the following reasons: 
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1. The Friedlander bacillus is cultivable on ordinary bacteriological media whereas 

the Donovan body is not; 

2. The Friedlander bacillus grows on the chorioallantoic membrane of chick embryos 

whereas the Donovan body does not; 

3. The Friedlander bacillus is virulent for laboratory animals whereas the Donovan 

body is not. 

While there is general consensus that cultures prior to 1943 were not of the organism 

itself, the reasoning provided for the assertion that the Friedlander bacillus is not the 

etiological agent of donovanosis is questionable. Morphologically K. granulomatis most 

closely resembles members of the genus Klebsiella. In addition, antigenic studies have 

consistently shown a close association between C. granulomatis and Klebsiella species, 

particularly K. pneumoniae Type C and K. rhinoscleroma/is (Ballard and Majmudar, 

1996, Maddocks et al., 1976, Packer and Goldberg, 1950, Rake, 1948). It is known that 

K. pneumoniae Type C and K. rhinoscleromatis are antigenically indistinguishable in 

their capsulated form (Morris and Julianelle, 1934) and that neither is virulent for 

laboratory animals (Morris and Julianelle, 1934, Muzyka and Gubina, 1972, Shaw and 

Martin, 1961, Welsh et al., 1963). Furthermore, K. rhinoscleromatis causes a chronic 

granulomatous disease of the nose known as rhinoscleroma, a condition that shows 

practically identical clinical, histological, immunological and epidemiological features 

to donovanosis (Berron et al., 1988, Maddocks et al., 1976, Manson-Bahr, 1960, Muzyka 

and Gubina, 1972, Nair and Pandalai, 1934, Richens, 1985, Richens, 1991, Shaw and 

Martin, 1961 ). Most recently it has been shown that there is a high similarity at the DNA 
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level between K granulomatis and the three recognised subspecies of K pneumoniae 

(Bastian and Bowden, 1997, Kharsany et al., 1999). 

1.3.2 - Transmission 

By far the most contentious issue surrounding donovanosis is the mode of transmission 

of the etiological agent. This issue will be the subject of a more detailed analysis in the 

discussion to this thesis and will therefore be dealt with only very briefly here i.e. all 

critique of the arguments for and against donovanosis being an STI will be provided in 

Chapter 6. 

No clinical disease has ever been produced by injecting cultured organisms into humans 

or by injecting animals with either culture or tissue suspensions oflesiQns. Simulation of 

clinical disease has only been achieved through the injection of material from 

pseudo buboes or suspensions of infected human tissue into man (Dienst, 1948, Greenblatt 

et al., 1939, Rajam and Rangiah, 1954a). 

As can be seen from Figure 3 there is general consensus today that donovanosis is an STI. 

A review of> 400 publications directly related to donovanosis was carried out in order 

to generate this graph. Publications making direct statements about the mode of 

transmission of donovanosis were included in the analysis (54 in total) while publications 

that simply referenced other writers without stating their own position were excluded as 

were publications that did not broach the topic at all. Results have been grouped in the 

categories pre and post 1947 (the advent of Streptomycin). 
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It is noteworthy that 72 % of authors pre 194 7 stated that donovanosis is not sexually 

transmitted compared with only 8% of authors post 1947. Given that there was no 

additional evidence post 1947 on which to base such a shift in opinion, nor any re

evaluation of existing evidence, it is difficult to ascertain the basis for this shift. 

Commonly cited arguments in favour of donovanosis being an STI are: 

• History of sexual exposure in most patients before the appearance of the lesion; 

• Increased incidence of the disease in age groups in which sexual activity is the 

highest; 

• Lesions occasionally found on the internal genitalia, such as the cervix, without any 

other lesions; 

• Lesions found only around the anal orifice in patients who practice passive 

homosexuality; 

• The commonest site of lesions is on or about the external genitalia; 

• Many patients have concurrent STis. 

However, in support of non-venereal transmission are the following factors: 

• Occurrence in very young children and in sexually inactive individuals; 

• Rarity of the disease in commercial sex workers; 

• Rarity of the disease in sexual partners; 

• Occurrence of primary non-genital lesions; 

• No well defined incubation period; 

• Differences in racial and sexual distribution; 
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• DeMonbreun and Goodpasture (1931) and Goldberg (1959) claim to have isolated C. 

granulomatis from the faeces of patients with donovanosis. 

1.3.3 - Pathogenicity 

C. granulomatis is not pathogenic for mice, dogs, chickens, the chorioallantoic membrane 

of chick embryos, rabbits, guinea pigs, Macacus rhesus monkeys, sheep, goats, pigs or 

cows (Anderson, 1943, Anderson, 1945a, Beveridge, 1946, Dienst, 1949). With the 

exception of the developing chick embryo (and other types of eggs) C. granulomatis is 

pathogenic only for humans (Dienst and Bronwen, 1984). 

1.4 - Microbiology 

1.4.1 - Cultural and Growth Conditions 

Culture of C. granu/omatis has proved extremely difficult and to this day there have been 

no successful cultures utilising routine microbiological media. 

It is known that C. granulomatis is a facultatively intracellular pathogen, residing in the 

cytoplasm of large mononuclear cells and occasionally within polymorphonuclear 

leukocytes (Chandra and Jain, 1991, Dodson et al., 1974, Kuberski et al., 1980, 

Spagnolo et al., 1984). In the yolk sac of the developing chick embryo a conspicious 

feature is its residence within epithelial cells (Anderson, 1943). 

Successful cultures have been achieved in vivo in the yolk sac of developing chick 

embryos (Anderson, 1943) and in the developing chick embryo brain (Thomison, 1951 ). 
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Cultures in vitro have been achieved utilising fresh yolk containing embryonic chick 

heart (Anderson, 1943); chick embryo amniotic fluid (Anderson et al., 1945a); solid 

medium containing peptone, tryptone, dextrose, sea salt, agar and fresh yolk (Dienst, 

1948); slants prepared from beef heart infusion agar and fresh yolk (Dunham and Rake, 

1948); Locke-Yolk agar with a Locke solution overlay (Dulaney et al., 1948); 

thioglycollate broth with lactalbumin hydrosylate (enzymic digest of albumin) or Phytone 

(enzymic digest of soya meal) added (Goldberg, 1959); fresh mononuclear cells 

(Kharsany et al., 1996, Kharsany et al., 1997) and a human epithelial cell line (Carteret 

al., 1997). 

The optimal temperature for growth of C. granulomatis is 37 oc (Anderson, 1943, 

Beveridge, 1946). Two factors present within the yolk sac of developing chick embryos 

have been found to be essential for growth. These are a micro-aerophillic environment 

(Anderson, 1943, Dienst, 1948, Goldberg, 1959) and a polypeptide present in the 

enzymic digests of bovine albumin and soya meal (Goldberg, 1959). 

C. granulomatis will not remain viable when stored at 5 °C or 37 °C (Anderson, 1943). 

It has been reported that stock egg yolk cultures remain viable for extended periods when 

stored at 25 oc (Anderson, 1943) though Dienst (1948) could only maintain viability of 

cultures in fresh yolk medium for 8 - 10 days at 25 °C. 
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1.4.2 - Morphological Studies 

The lack of an animal host and the significant difficulties associated with obtaining 

consistent cultures of C. granulomatis have severely hampered complete bacteriological 

studies. For these reasons complete characterisation of C. granulomatis has not been 

accomplished to date, nor have Koch's postulates been fulfilled. 

Cell characteristics: Morphologically C. granulomatis resembles members of the genus 

Klebsiella, in particular Klebsiella rhinoscleromatis (Ballard and Majmudar, 1996, Rake 

and Oskay, 1948). C. granulomatis is Gram negative (Dienst and Bronwell, 1984 ), non

sporulating (Richens, 1985) and non-motile (Dienst and Bronwen, 1984). C. 

granulomatis is pleomorphic when observed in a single plane i.e. curved or straight rods, 

coccoid, diplococcoid, ovoid or elliptical in shape (Dienst and Bronwell, 1984 ). Mature 

forms are capsulated, ovoid to elliptical in shape and measure 0.5-0.7 Jlm in diameter 

and 1.0- 1.5 J.1ffi in length (Hart, 1997, Rajam and Rangiah, 1954a, Sehgal and Sharma, 

1992). Immature forms are non-capsulated, coccoid, diplococcoid or bacillary in shape 

and measure 0.6- 1.0 J.1ffi in length (Hart, 1997, Rajam and Rangiah, 1954a, Sehgal and 

Sharma, 1992). Immature, non-capsulated forms may appear like closed safety pins with 

certain stains due to bipolar chromatin densities (Hart, 1997, Raj am and Rangiah, 1954a, 

Sehgal and Sharma, 1992). Division is via invagination of the cell wall and cytoplasmic 

membrane (Anderson et al., 1945a, Davis and Collins, 1969, Sehgal and Sharma, 1992, 

Spagnolo et al., 1984). Filamentous processes recognised as pili and fimbriae are present 

on the surface of most organisms (Chandra and Jain, 1991, Dodson et al., 1974, Kuberski 

et al., 1980) though Kharsany et al. (1998) were unable to identify filamentous processes 

on the surface of organisms in either their monocyte co-culture system or in tissue biopsy 
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specimens. Numerous round vesicles or blebs endogenous to the cell wall are often seen 

and may be attached to or detached from the cell wall (Chandra and Jain, 1991, Dodson 

et al., 1974, Kuberski et al., 1980). It has been postulated by Davis and Collins (1969) 

that these structures represent empty phage heads suggesting that C. granulomatis may 

be a phage modified bacteria. However, other workers (Dodson et al., 1974, Kuberski 

et al., 1980) could not fmd paracrystalline arrays and so do not consider these structures 

to be phage heads. Vesicle formation has been reported in virulent strains of Neisseria 

gonorrhoeae (Hafiz, 1986) and Vibrio cholerae (Fernandes et al., 1977) and has been 

directly correlated to toxin production. It is therefore possible that the vesicular blebs 

observed in C. granulomatis are carriers of toxic secretions that may be responsible for 

knocking out the killing mechanism of the macrophage. 

Staining properties: The organism is Gram negative and is well seen with Giemsa, 

Leishman, Wright's or Silver stains. It is poorly visualised with haematoxylin and eosin 

(Richens, 1991) and is periodic acid Schiff negative (Richens, 1991, Spagnolo et al., 

1984). 

1.4.3 - Antigenic Studies 

C.granulomatis has been shown to have significant antigenic similarity to members of the 

genus Klebsiella. In 1948 Rake reported that, of 30 sera from patients with donovanosis, 

25 were positive with C. granulomatis antigen and 20 were positive with Klebsiella 

pneumoniae antigen while all sera negative with C. granulomatis antigen were also 

negative with K pneumoniae antigen. Overall, Rake (1948) demonstrated an 81 % 

correlation between the tests with the two antigens. Furthermore, it was demonstrated 
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that lack of correlation was only shown with sera fixing in low dilution, suggesting a 

quantitative rather than a qualitative difference. 

Packer and Goldberg (1950) tested a number of Klebsiella strains for their ability to fix 

complement with anti-C. granulomatis senun and found that all were able to do so, 

though most in comparatively low titres. Two strains, K. pneumoniae 3C and K. 

pneumoniae 47B were able to fix complement to a titre as high as the homologous 

antigen (1:1280). In addition, it was found that the C. granulomatis antigens were able 

to fix complement with anti-K. pneumoniae 3C senun to as high a titre as that observed 

with the K. pneumoniae 3C antigen itself. Reciprocal absorption studies showed that the 

two organisms were not identical as while the Klebsiella sp. was able to adsorb both 

antisera completely, C. granulomatis was only able to absorb its own antiserum. Through 

repeating the complement fixation test with a protein free extract of K. pneumoniae 3C 

Packer and Goldberg (1950) conclude that the serologic similarity between the two 

organisms is due to a common capsular antigen, which is a hapten. 

In a further study by Goldberg et al. (1953) 38 sera were tested with antigens prepared 

from five strains of C. granulomatis and one strain of K. pneumoniae (3C). In this study 

it was shown that the serologic response of the sera varied greatly, with 15/38 reacting 

with all six antigens, 10/38 reacting with two of the C.granulomatis strains and K. 

pneumoniae 3C, 5/38 reacting with two C. granulomatis strains only and 8/38 reacting 

with only one C. granulomatis strain. This suggests that C. granulomatis exibits 

significant antigenic heterogeneity. 
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More recently Maddocks et al. (1976) reported the results of complement fixation tests 

carried out in Papua New Guinea and concluded that the strain(s) of C. granulomatis 

causing donovanosis in Papua New Guinea appear to be closely related to the North 

American Anderson strain, since 27/28 histologically proven cases of donovanosis 

possessed complement fixing antibodies to this strain. In addition 9/14 histology 

negative, but clinically positive cases, also possessed these antibodies. The complement 

fixation test using Klebsiella antigen was found to be highly specific for donovanosis but 

less sensitive than the homologous antigen. However, it does not appear that strain 3C 

was used in this case which may account for the lower sensitivity observed. 

1.4.4 - Molecular Studies 

With the exception of the work presented as part of the requirements of this thesis 

(Carter, 1999a; Carter, 1999b; Carter, 2000) there have only been two reported molecular 

studies of C. granulomatis. 

The first of these was the study of Bastian and Bowden (1996) who amplified a 382-bp 

phoE sequence from the lesions of3/6 patients with a clinical diagnosis of donovanosis. 

This 334-bp sequence was shown to be very similar to sequences obtained for the phoE 

gene of K pneumoniae, K rhinoscleromatis and K ozaenae yet between 7.8% and 25.8 

% divergent from the corresponding sequences of other enterobacteria 

More recently, Kharsany et al. (1999) undertook a phylogenetic analysis of C. 

granulomatis based on 168 rDNA sequences amplified from DNA extracted from their 
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monocyte co-culture and from frozen and formalin-fixed paraffm wax-embedded tissue 

biopsy specimens. Sequence analysis revealed 99 % similarity between the 16S rDNA 

gene of organisms from the three sources, demonstrating that there is some diversity 

within the species. Phylogenetically, the strains were shown to be closely related to the 

genera Klebsiella and Enterobacter with similarities of95% and 94% respectively. On 

the basis of these results Kharsany et al. (1999) claim that C. granulomatis is a unique 

species distinct from other related organisms belonging to the y subclass of 

Proteobacteria and that it would be approriate to retain the genus Calymmatobacterium. 

1.5 -Diagnosis 

It is well accepted that depending on clinical methods of diagnosis of donovanosis is 

frequently unreliable, as it is not uncommon to find the association of two or more 

disease entities in the same individual, with a consequent change in the clinical picture. 

Even in areas with a high incidence of donovanosis and where the disease is regularly 

encountered by clinicians, it has been shown that clinical diagnosis alone is prone to 

error. For example, in a study carried out by O'Farrell et al. (1994) in Durban, South 

Africa it was shown that the accuracy of clinical diagnosis was 63 % in men and 83 % 

in women. 

Several methods have been proposed and utilised over the years for the laboratory 

diagnosis of donovanosis. These include the use of complement fixation tests, skin tests, 

immunofluorescence techniques, tissue smears and histopathology. Each of these will be 

briefly discussed below. 
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1.5.1 - Complement Fixation Test 

Several investigators have successfully established a specific immunological relationship 

of C. granulomatis to donovanosis by demonstrating that the sera of patients with 

donovanosis contain complement-fixing antibodies against C. granulomatis (Dulaney 

and Packer, 1947, Dulaney et al., 1948, Dunham and Rake, 1948, Goldberg et al., 1953, 

Maddocks et al., 1976, Packer and Dulaney, 1949, Rake, 1948). The sensitivity of these 

tests was shown to range from 83-96 % though one of the more successful studies 

employed greater than one antigen and totaled the number of sera positive with any one 

or more of the antigens (Goldberg et al., 1953). Nonetheless, the study that showed 96 

% concordance with the histological diagnosis used only the Anderson strain as its 

antigen source (Maddocks et al., 1976) though it is possible that the level of antigenic 

heterogeneity of the organism was much less in Papua New Guinea than in America. In 

addition, it was found that the duration of the lesion strongly influences the results of the 

complement fixation test, with lesions less than three months in duration being much 

more likely to yield low titres and/or negative results (Goldberg et al., 1953). Problems 

with specificity were also encountered, particularly when using bacterial suspensions as 

the antigen source where 21-38% false positive reactions were obtained (Dulaney and 

Packer, 1947, Packer and Dulaney, 1949, Rake, 1948). The use of boiled filtrate as an 

antigen reduced the number of false positives from 33% to 8% in one study (Packer and 

Dulaney, 1949) while in another study non-specific reactions were largely eliminated 

through the criteria employed for reading the test i.e. 4 plus fixation of complement with 

a dilution of 1 :5 or more (Goldberg et al., 1953). However, by employing this criteria for 

a positive result in order to address problems with non-specific reactions 21% of proven 
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cases of donovanosis of less than three months duration gave negative results ( cf 1% of 

lesions of greater than 3 months duration). 

It is interesting that false positive reactions were most commonly encountered in patients 

with other ulcerated genital lesions, suggesting that in some cases early concomitant C. 

granulomatis infection may have been present or, alternatively, as suggested by Rake 

(1948) these ulcers may have become secondarily infected with an organism of the tribe 

Eschericheae. This is plausible given the high antigenic similarity between C. 

granulomatis and Klebsiella discussed previously and particularly so given that 

Klebsiella are widely known to be opportunistic invaders of wounds. However, due to 

these problems of sensitivity and specificity and the lack of available antigen there is 

currently no complement fixation test available for the diagnosis of donovanosis. 

1.5.2- Skin Test 

The use of intracutaneous and intradermal skin tests using C. granulomatis antigen has 

also been tested as an adjunct in diagnosis but with similar difficulties encountered as for 

the complement fixation studies. Sensitivity ranged from 89 - 100 % (Anderson et al., 

194 5b, Chen et al., 1949, Komblith, 1944) when employing the same criteria used in the 

reading ofDucrey and Frei skin reactions i.e. a positive reaction consisting of an area of 

induration of 7 mm or more on the third day. However, specificity was once again 

problematic with false positives being encountered in 10 - 25 % of patients with 

conditions other than donovanosis. 
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1.5.3 - Indirect Immunofluorescence 

As mentioned above the lack of readily available antigen makes it difficult to pursue 

complement fixation or skin tests as adjuncts to diagnosis. For this reason Freinkel et al. 

(1992) undertook a study utilising dewaxed tissue sections from proven cases of 

donovanosis as an antigen source in indirect immunofluorescence tests to detect antibody 

to C. granulomatis. Results obtained from 55 sera showed that if all sera exhibiting 

antibody titres > 1 : 160 were considered positive, the sensitivity was 100 % and the 

specificity 98 %. Given that the positive predictive value was 89 % and the negative 

predictive value was 100% Freinkel et al. (1992) suggest this titre could be used as an 

ideal dilution of serum to screen for donovanosis. In contrast, if all sera exhibiting 

antibody titres > 1 :320 were considered positive the sensitivity was 88 % and the 

specificity was 100 % with a positive predictive value of 98 %. Thus this is the antibody 

titre that could be considered diagnostic for the disease. 

However, the authors admit that in early disease antibody may not be detectable in seum 

and that this could limit the diagnostic usefulness of the test Indeed this test does not 

appear to have been taken up as a diagnostic method, and there appear to have been no 

further studies undertaken on its potential usefulness as either a diagnostic test or a 

screening tool. 

1.5.4 - Tissue Smears and Sections 

The demonstration of intracellular Donovan bodies in material from lesions has remained 

the "gold standard" for the diagnosis of donovanosis ever since they were first described 

by Donovan in 1905. The morphological characteristics of the organism are so typical that 
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it is easy for someone familiar with their appearance to identify them in tissue smears or 

sections in the majority of cases (Richens, 1991 ). The morphological appearance of 

Donovan bodies is generally easier to recognise in well made smears than in sections. 

However, in patients with negative smears the careful examination of sections is often 

necessary in order to demonstrate the presence of Donovan bodies. 

A number of staining techniques have been employed for the demonstration of Donovan 

bodies. The organism has been shown to be well seen with Giemsa, Leishman, Wright's 

or Silver stains but is poorly visualised with haematoxylin and eosin (Richens, 1991 ). The 

technique of choice at the Royal Darwin Hospital (RDH) is the slow-Giemsa overnight 

technique. Sehgal and Jain (1987) obtained a sensitivity of 95 %with this technique 

though it is more commonly accepted that sensitivity is in the range 60 - 80 % (Sehgal, 

1991, Sehgal and Jain, 1987, Ric hens, 1991) and this is the case at RDH (pers. com. RDH 

Pathology Department). The noted variation in sensitivity can be attributed to a number 

of factors including the experience and diligence of the histopathologist, the ulcer type 

(hypertrophic lesions tend to have a higher yield of Donovan bodies than ulcerative type 

lesions), (Joseph and Rosen, 1994, O'Farrell et al., 1994, Sehgal and Jain, 1987, Sehgal 

et al., 1984, Sehgal et al., 1991) the duration of the lesion (very early lesions are more 

likely to be negative for Donovan bodies) (Sehgal et al., 1984), the condition of the 

specimen and prior antibiotic treatment (Mein et al., 1995, Ramanan et al., 1990). 

Pund and Greenblatt (1937) identified the five essential histopathological features of 

donovanosis. These are: 
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1. The extent of the cellular reaction in which the luxuriant granulation tissue is 

surcharged with plasma cells; 

2. The relative and conspicuous paucity of lymphocytes; 

3. The diffuse sprinkling of polymorphonuclear leukocytes, with focal collections 

in the superficies and papillae; 

4. The pronounced marginal epithelial proliferation simulating early epitheliomatous 

changes; 

5. The pathognomonic large mononuclear cells scattered in various numbers 

throughout the granulation tissue - within this cell are Donovan bodies. 

1.5.5 -The Need for a Molecular Diagnostic 

Given the limitations of current diagnostic methods and the impracticality of 

microbiological diagnosis there is no doubt that diagnostics of greater sensitivity and 

convenience are required. Furthermore, the collection of biopsy specimens for use in 

diagnostic procedures is hampered by both ethical and cultural constraints. Improvements 

in diagnostic procedures must therefore also address such issues. 

Molecular diagnostic techniques are of great utility in STI diagnosis e.g. Polymerase 

Chain Reaction (PCR) for chlamydial and gonococcal diagnosis (Junkind et al., 1996). 

PCR is highly sensitive as it requires only a small number of organisms and is not 

dependant on the maintenance of viable organisms. Delays between collection and 

processing can therefore be tolerated with minimal loss in diagnostic yield. These 

features make the technique especially valuable in the management of patients living in 

remote areas (Tabrizi et al., 1997). Furthermore, the exquisite sensitivity ofPCR allows 
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for the possibility of swab specimens being utilised as a viable alternative to biopsy 

specimens, thereby going some way towards addressing the cultural issues. 

The main objective of this study was therefore to develop a sensitive and specific 

molecular diagnostic test for donovanosis (Chapters 2, 4, 5) and to then incorporate this 

test into a colorimetric detection system for use in routine diagnostic laboratories 

(Chapter 5). The results obtained in attempting to meet the primary objective of 

developing a reliable molecular diagnostic resulted in the incorporation of a further 

objective i.e. the phylogenetic classification of the causative organism of donovanosis 

(Chapter 3). Likewise, the results obtained from this secondary objective resulted in 

further considerations of the etiology of donovanosis and a hypothesis of habitat and 

transmission (Chapter 6). 

The remainder of this thesis is structured in the same general order in which the work 

was carried out. Very briefly, the foci of the forthcoming chapters is as follows: 

Chapter 2 

Chapter 3 

Chapter4 

Exploring the potential of the outer membrane phosphate porin gene, 

phoE, as the basis of a molecular diagnostic test for donovanosis; 

Determining the phylogenetic relationship of Calymmatobacterium 

granulomatis to the genus Klebsiella and proposing its reclassification 

as Klebsiella granuloma/is comb. nov.; 

Investigating whether K granulomatis is carrying the Klebsiella sucrose 

regulon and exploiting its apparent absence in the development of a first 

generation molecular diagnostic test; 
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Chapter 5 

Chapter6 

Overcoming limitations of the first generation molecular diagnostic test 

through the development of a second generation molecular diagnostic 

test based on the absence of Haem restriction sites in the K 

granulomatis phoE gene. Incorporating this test into a colorimetric 

detection system for use in routine diagnostic laboratories. 

Extending the phylogenetic results of the study to a hypothetical model 

of habitat and transmission forK granulomatis. 
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CHAPTER2 

LOOKING FOR DIFFERENCES IN A 

PHOSPHATE PORIN 



2.1- Porins 

The outer membrane of Gram-negative bacteria protects these bacteria from noxious 

agents by creating a barrier to slow down their penetration. However, at the same time, 

nutrients and waste products must transverse this membrane at a rapid rate and this is 

made possible by the presence of various transport proteins that form pores through 

which small hydrophilic solutes can pass. These proteins can be divided into three 

classes: 

1. 

2. 

3. 

Non-specific or general porins 

Specific channels 

High-affinity, energy dependent transport systems 

Porins produce water-filled channels across the membrane and while the gross 

physiochemical properties of the solute influence its rate of penetration through these 

channels, the channels themselves do not contain specific ligand binding sites (Nikaido, 

1992). 

Most of the porins from enteric bacteria studied to date exist as tight trimeric complexes 

belonging to the p-type structure (Nikaido, 1992). Under standard laboratory conditions 

Escherichia coli K-12 produces two distinct pore proteins, OmpC and OmpF, both of 

which are under control of the ompR gene product. Under conditions of phosphate 

limitation the synthesis of a third pore protein, PhoE, is induced (Tommassen et al., 

1985). The sequences of the structural genes of these three proteins, ompC, ompF and 
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phoE reveal extensive similarity with approximately 60 %of amino acid residues being 

identical in the predicted primary structures (Overbeeke et al., 1983, Tommassen et al., 

1985). This suggests that these genes are derived from a common ancestral gene, and 

that those sequences involved in the export of the proteins and their incorporation into 

the outer membrane have been conserved. 

Braun and Cole (1984) analysed the gene encoding the major outer membrane protein, 

ompA, from Serratia marcescens, and demonstrated 78 % DNA homology with the 

coding region of the corresponding E. coli sequence. However, they further 

demonstrated that the S. marcescens polypeptide was not functionally equivalent to the 

E. coli OmpA protein, which serves as a phage receptor and as a component of several 

colicin uptake systems. In addition, they found that the three regions likely to be 

exposed on the cell surface not only differed extensively from the corresponding regions 

of the E. coli polypeptide but also from all other sequenced OmpA proteins, thereby 

suggesting that this sequence polymorphism represents a safety mechanism by which 

the various enterobacterial species can avoid cross-infection by noxious agents such as 

phages or colicins. 

Similarly, in comparing the sequences of various related porin genes, it has been shown 

that short deletions and insertions always occur in the externally exposed parts of the 

molecule and on this basis it is concluded that the sequences exposed on the outer 

bacterial surface are undoubtedly undergoing an extremely rapid evolutionary change, 

because they are the targets of recognition by components of the host immune systems 
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as well as phages and colicins (Nikaido, 1992). 

2.2 - The Outer Membrane Phosphate Porin, PhoE 

Phosphate is an integral part of cellular metabolism as it is indispensable for DNA and 

RNA synthesis, energy supply and membrane transport. During inorganic phosphate (Pi) 

starvation, it has been shown that E. coli increases its ability to utilise all available 

sources of phosphate including organic phosphates, by synthesising PhoE as well as the 

components of the Pst and U gp transport systems (Rao and Torriani, 1990). Expression 

of some of the genes coding for these proteins is controlled by the phoB gene which is 

itself activated by PhoR. Under conditions of excess Pi phoB cannot be activated by 

PhoR and the whole Pho regulon is turned off. 

Experiments carried out by Korteland et al. (1982) indicate a clear preference of the 

PhoE porin for phosphate residues and this is sufficient to explain induction of the 

protein by phosphate limitation. However, experiments carried out by Benz et al. (1989) 

and Overbeeke et al. (1983) indicate a preference for anions in general. 

Tommassen and Lutgen berg (1981) localised the structural gene, phoE, at min 6 on the 

E. coli chromosome map, the gene order being phoE pro A argF. 

In 1986 Van der Ley et al. (1986c) identified the surface exposed regions of phoE 

through the use of monoclonal antibodies. On the basis of their results they proposed a 

model for the topology of the E. coli PhoE porin in which the PhoE polypeptide 
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transverses the outer membrane 16 times in an antiparallel P-pleated sheet structure, 

exposing eight areas to the outside that are all separated by approximately 40 residues. 

These 8 exposed regions correspond with the hydrophilic peaks in the hydrophilicity 

profile ofPhoE and are most variable when the PhoE sequence is compared with those 

of the related E. coli porins OmpF and OmpC or to those of the PhoE proteins of other 

Enterobacteriaceae. This work was subsequently confirmed by Cowan et al. (1992) who 

used electron (X-ray) crystallography to determine the structures ofPhoE and OmpF. 

Through the construction of hybrid ompC-phoE genes from E. coli Tommassen et al. 

(1985) were able to assign several segments of the amino acid sequence to certain 

functions. It was shown that three regions within the N-terminal 141 amino acid 

residues determine pore characteristics (i.e. the preference of the PhoE porin for anionic 

substrates is determined by residues 1-11,75-110 and 111-141), while the segment 75-

110 also contributes to the receptor site for PhoE-specific phages. In contrast, the 

receptor site for OmpC-specific phages appears to be defmed by the region comprising 

residues 140-279 whereas the homologous section of the PhoE protein appears to be 

responsible for the interaction with antibodies raised towards the segments exposed at 

the cell surface. 

Through the study of these hybrid porins along with other genetic approaches including 

the isolation of point mutants (Korteland et al., 1985, Vander Ley et al., 1986c) and 

deletion or insertion mutagenesis (Agterberg et al., 1987, Agterberg et al., 1989, Bosch 

and Thommassen, 1987, Bosch et al., 1989) evidence for the surface exposure of seven 
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of the eight predicted surface exposed regions was obtained through the identification 

of both monoclonal antibody binding sites and phage attachment sites. However, until 

1993 no support had been obtained for the surface exposure of the least variable and 

hydrophilic third loop. Struyve et al. (1993) used the epitope insertion method to 

demonstrate that the location of the third loop of PhoE was within the pore channel 

itself, forming an 'eyelet' region that determines the pore size. In addition, this 'eyelet' 

region is important in determining the selectivity of the pores. Bauer et al. (1989) had 

earlier shown that the positively charged lysine residue at position 125 of the E. coli 

PhoE protein is of special importance in determining the anion-selectivity ofthe PhoE 

pores. This residue is located within the third loop. Benz et al. (1989) have also 

confirmed the importance oflysine residues in the anionic selectivity of the PhoE porin 

and have shown that selectivity suddenly changed from anion to cation selectivity when 

a relatively short portion from the N-terminal end of PhoE was replaced by the 

corresponding part of OmpC. The change in the anion to cation selectivity in this case 

was correlated with the exchange oflysine-18 and serine-28 by aspartic acids. 

In another study Jap (1989) used electron (X-ray) crystallography to determine the three 

dimensional structure of PhoE and demonstrated the presence of lipopolysaccharide 

(LPS) at the 3-fold symmetry region of porin trimers. Jap (1989) proposed that in the 

absence ofLPS at the 3-fold symmetry axis, the surface potential of the outer membrane 

would have its weakest value at the 3-fold axis whereas with LPS present in this region 

the position of the weakest potential is shifted in the direction of the openings of the 

channels and, at the same time, the magnitude of the negative potential is increased. Jap 
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(1989) therefore deduced that the presence of LPS may play a key role in passively 

regulating the transport of ionic solutes across porin channels in response to a change 

in the ionic strength of the external environment. 

2.3 - Selection of PhoE as the Basis of a Molecular Diagnostic Test 

Van der Ley et al. (1987) carried out a comparative study on the phoE genes of three 

enterobacterial species, Enterobacter cloacae, Klebsiella pneumoniae and Escherichia 

coli. Comparison of the predicted PhoE primary structures revealed a high degree of 

similarity, with 81 % of the amino acid residues being identical in all three proteins. 

Four small variable regions were found where differences were shown to be the most 

pronounced and these regions corresponded to regions exposed at the cell surface. 

However, even the cell-surface-associated properties of the PhoE protein were shown 

to be well conserved among different enterobacterial species, since both the phage TC45 

receptor site and the epitopes for five out of six mAbs were conserved among eight 

different E. coli strains of human origin and three other Enterobacteriacae in addition 

to E. cloacae and K pneumoniae. In contrast, comparable properties have been shown 

to be less well conserved among the OmpA proteins of five enterobacterial 'species 

(Braun and Cole, 1984) and epitopes for mAbs directed against the cell-surface-exposed 

part of the LamB protein are not even conserved among different E. coli strains (Van 

der Ley et al., 1987). Sequence data for five enterobacterial OmpAs show that 

differences in predicted surface exposed regions are more pronounced than for PhoE. 

For example, 18% of the amino acid residues of the OmpA protein of Enterobacter 

aerogenes differ from the E. coli sequence (Braun and Cole, 1984), whereas the 
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difference between the E. cloacae and E. coli PhoEs is 13 % (Van der Ley et al., 1987). 

More specifically, all OmpA proteins have insertions/deletions of three or four amino 

acid residues in at least one of the four external domains (Braun and Cole, 1984) 

whereas in the case of PhoE there is only a single residue insertion in one out of eight 

external domains (Vander Ley et al., 1987). This suggests that constraints on the surface 

exposed parts of the PhoE polypeptide structure are higher than for OmpA. Van der Ley 

et al. (1987) propose that this is most likely the result of functional differences between 

these proteins i.e. PhoE functions as an anion-selective pore whereas OmpA seems to 

have only a structural role and for this reason any significant alterations in external 

domains will be selected against to a greater extent in PhoE. An alternative explanation 

is that selective pressure exerted by external agents such as phages, antibodies and 

colicins is stronger for the constitutively expressed OmpA protein than for the Pi 

starvation induced PhoE protein. However, this is considered less likely given that Van 

der Ley et al. (1986a, 1986b) had previously shown that the 0-antigenic chains ofLPS, 

present in most naturally occurring strains, can shield outer membrane proteins from 

these agents. 

Nonetheless, the fact that PhoE is highly conserved among enterobacterial species while 

still displaying enough variation in surface-exposed regions to clearly differentiate at 

the genus level is likely to be the reason why Dr Ivan Bastian originally chose to use 

PhoE as the basis from which to develop a molecular diagnostic test for the detection 

of C. granulomatis, an organism that, since 1948, has consistently been considered to 

be a member of the Enterobacteriaceae. 
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2.4 - Previous Molecular Studies 

As discussed previously, Dr Ivan Bastian carried out the first molecular studies of C. 

granulomatis and was successful in amplifying a 382-bp product of the phoE gene from 

three out of six samples from patients with a clinical diagnosis of donovanosis. The 

resulting 334-bp sequence was shown to be very similar to sequences obtained for the 

phoE gene of K. pneumoniae, K. rhinoscleromatis and K. ozaenae yet between 7.8% 

and 25.8 %divergent from the corresponding sequences of other enterobacteria (Bastian 

and Bowden, 1996). A total of two base changes were shown to be unique to the product 

amplified from these three clinical samples. These changes corresponded to position 532 

of the coding nucleotide sequence (C .... 1) which resulted in an Arg .... Cys change and 

position 615 of the coding nucleotide sequence (G .... A) which resulted in a silent 

change (unpublished data). 

Furthermore, the significant arginine-to-cysteine change encoded in the PCR product 

from clinical samples was found to be positioned on top of one of the external loops of 

the PhoE protein and flanked by three Klebsiella- specific amino acids. 

Dr Bastian was able to extend the sequence data by amplifying a 604-bp phoE product 

from two of the above mentioned samples and the K.lebsiellae though no additional 

changes were identified (unpublished data). Attempts were also made to amplify the 5' 

end of the phoE gene from these samples but such attempts were continually 

unsuccessful, suggesting that there may be differences between the phoE gene of the 

.Klebsiellae and C. granuloma/is at the 5' end on which a diagnostic test could be based 
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(pers. com.). 

Figure 4 shows the relative positioning of primers used in Dr Bastian's studies and a 

representation of products successfully amplified. 

2.5 - Furthering the Studies of phoE 

Given that such a limited number of samples had been subjected to the aforementioned 

studies, only 50% of which had yielded any amplifiable product, it was difficult for any 

conclusions to be drawn. In particular, it was difficult to conclude that the product 

amplified from these three clinical samples was actually being amplified from C. 

granulomatis. In order to be in a position to draw such a conclusion a larger number of 

samples needed to be tested from patients with clinically suggestive donovanosis, 

histologically proven donovanosis and conditions other than donovanosis. The initial 

aim of this study was therefore to continue amplifying and sequencing the 382-bp 

product from clinical samples in order to increase the number of samples for which data 

had been obtained. 

2.5.1 - Samples 

For this aspect of the study specimens were obtained from 11 patients with lesions 

suggestive of a clinical diagnosis of donovanosis who attended remote community 

health centres or urban medical services in the Top-End of the Northern Territory over 

a twelve month period. At least two punch biopsies (8 samples), swabs and punch 

biopsies (2 samples) or swabs and tissue smears (1 sample) were obtained from lesions 
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Figure 4: Relative posttJOn of primers used in previous molecular studies and 
representation of products successfully amplified from clinical samples 
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by clinicians after washing the area with normal saline. One punch biopsy or tissue 

smear was processed for histopathology. Tissue sections and smears were stained in 10 

% Giemsa overnight and examined by Royal Darwin Hospital Pathology staff for the 

presence of typical histopathological features of donovanosis, in particular the presence 

of Donovan bodies. 

The second punch biopsy or swab was processed for PCR. All samples were provided 

to the laboratory blind i.e. the final clinical and histopathological diagnosis was 

unknown. 

A further 8 swabs were collected by clinicians from patients with other genital 

conditions and processed for PCR. Again, the clinical diagnosis was unknown until after 

the PCR results were in. 

Isolates of K pneumoniae (NCTC9633 and S1650), K ozaenae (1436) and K 

rhinoscleromatis (NCTC5046) were obtained from the Royal Darwin Hospital culture 

collection and processed as positive PCR controls. 

2.5.2 - DNA Extraction 

Punch biopsy specimens were ground in saline with a sterile tissue grinder, digested 

with proteinase K (200 J.tg/ml) overnight and subjected to salt/chloroform extraction 

(Mullenbach et al., 1989) with a single modification to the original method, namely 

extraction mixes were vortexed vigorously for 5 minutes rather than rocking slowly for 
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1 hour. This modification was made as Dr Bastian had previously experienced difficulty 

obtaining any significant quantities of DNA from this extraction method (pers. com.) 

and given that there was no intention to subject the DNA to amplification by Long-PCR 

the level of shearing to be expected from vigorous vortexing was not considered to be 

problematic. 

All swab specimens were soaked in saline and vortexed for 1-2 minutes. After 

centrifugation (12000 x g for 10 minutes) the pellet was resuspended in 100 ,ul50mM 

NaOH (Beige et al., 1995). Each tube was overlayed with paraffm oil and incubated at 

95°C for 10-15 minutes. Samples were then neutralised with 16 ttl of 1M Tris-HCl pH 

8.0 and stored at 4°C until required for PCR. This method was selected for the following 

reasons: 

1. The reported success obtained by Beige et al. (1995) with the NaOH extraction 

of total DNA from sputum samples containing Mycobacterium tuberculosis; 

2. The success previously obtained through the application of this method to the 

extraction of total DNA from Hep-2 cell cultures infected with Chlamydia 

pneumoniae and from swabs stored in chlamydial transport medium; 

3. The expectation that the method would be ideal with any swab specimens as no 

discarding steps are involved, thereby ensuring that all DNA is retained and so 

reducing the risk of amplification failure due to the relatively low levels of 

organisms that would be expected to be present on swab specimens in 
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comparison to biopsy specimens\ 

4. Convenience, simplicity and speed i.e. rather than it taking two days to extract 

DNA via the proteinase K and salt/chloroform extraction method the whole 

procedure could be completed in less than 30 minutes; 

A negative template control was processed alongside each of the 19 specimens. 

Klebsiella isolates were grown on horse blood agar plates (OXOID). One colony of each 

isolate was resuspended in 100 ,ul 50mM NaOH and treated in the same manner as 

outlined for swab specimens. 

2.5.3 - Primers 

Rather than targeting the 382-bp phoE product a decision was made to target the 604-bp 

phoE product for this aspect of the study (Primers Fl and R3 shown in Figure 4). The 

sequence of these primers is as follows: 

Fl-5'ACCTACCGCAACACCGACTTCTTCGG3' 

R3- 5' TGATCAGAACTGGTAGGTCAT 3' 

These primers were originally designed by Dr Bastian to target a conserved region of 

the phoE gene and so are only specific at the level of Enterobacteriaceae. This same 

4 This rapid DNA extraction method was also shown to be effective for biopsy 
specimens (results not presented). 
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primer set was used for the sequencing of amplified products, with the exception of one 

product that required cloning and manual sequencing. 

2.5.4 - Polymerase Chain Reaction 

The fmal reaction mixture contained 1 ,ul of template DNA, 0.5 ,uM primers, 0.2 ,uM 

deoxynucleotide triphosphates, 1 x PCR buffer (1 0 mM Tris-HCl pH 8.0, 50 mM KCl, 

2.5 mM MgC12, 0.01% gelatin) and 0.5 U ofTaq polymerase in a final volume of25J..1l. 

Samples were subjected to 30 cycles of denaturation (94°C, 40 seconds), annealing 

(57°C, 40 seconds) and extension (72°C, 60 seconds) in a thermal cycler (Corbett 

Research, Sydney). PCR products were analysed by 1 % agarose gel electrophoresis. 

Table 4 summarises the results ofPCR amplification for the 604-bp phoE product. 

Table 4- Amplification results ofPCR targeting 604-bp phoE product from clinical samples and 
Klebsiellae . 

Sample# 604-bp phoE product Comments 

Dl Yes Biopsy 

D2 Yes Biopsy 

D3 Yes Very large biopsy- very weak positive 
result but fleeting - no product detected 
by the second day 

D4 Yes Biopsy 

D5 Yes Biopsy 

D6 - Obtained from South Australia and not 
reported as part of this study due to 
ethical clearance being limited to Top-
EndofNT 

D7 Yes Biopsy 

D8 Yes Biopsy 

D9 Yes Biopsy - very weak positive 

DIO Yes Biopsy and swab 
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Sample# 604-bp phoE product Comments 

011 Yes Swab 

012 No Herpes Simplex Virus infection 

013 No Syphilis 

014 No Infection with anaerobes, Multi-resistant 
Staphylococcus aureus, Streptococcus 
pyogenes 

015 No Human Papilloma Virus infection 

016 No Infection with Staphylococcus aureus, 
Streptococcus pyogenes 

017 No Human Papilloma Virus Infection 

018 No Herpes Simplex Virus infection 

0195 Yes Swab 

022 No Herpes Simplex Virus infection 

K. pneumoniae Yes Positive control 

K. ozaenae Yes Positive control 

K. rhinoscleromatis Yes Positive control 

No products were obtained with the nineteen negative controls. 

2.S.S - Sequence Analysis 

Products of the expected size were cut out of ethidium-bromide stained agarose gels 

under UV light, with the exception of the fleeting product obtained for sample D3 and 

the extremely weak product obtained for sample D9. The remaining 9 products 

amplified from clinical samples and the 3 Klebsiellae products were purified 

(Bandpure, PROGEN or GeneClean, Qbiogene) and sequenced in both directions using 

the dye terminator method (Applied Biosystems). One template (D8) proved difficult 

5 This was the last sample for which sequence data was obtained. 
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to sequence via the automated method and so was restricted with Pstl and EcoRV and 

the resultant 3 72-bp product (encompassing the 2 unique base changes) was purified and 

blunt end cloned into pBluescript (SK-) (Maniatis et al., 1982). Colony blots were 

probed with the a32PdATP-labelled 372-bp product (Gigaprime, Bresatec) to select for 

transformants that were then manually sequenced in both directions using a T7 

sequencing kit (Pharmacia). 

Analysis of the sequence data showed that the DNA sequences of 8 of the 9 products 

amplified were identical to each other and to the sequence obtained from clinical 

samples by Dr Bastian, including the presence of the two unique base changes discussed 

previously. The remaining product (D7) was found to be identical to the phoE product 

of E. coli. 

Results are summarised in Table 5, including a comparison to the clinical and 

histopathological diagnosis. 

TableS: Comparison of clinical and histopathological diagnosis with PCR and sequence analysis 

Sample# Clinical Histopathology 604-bpPCR Postulated 
Diagnosis product C granulomatis 

sequence 

D1 Donovanosis and X " " Condylomata lata 
No Donovan 

Bodies-
Condylomata 
acuminatum 

02 Donovanosis X " " 
No Donovan 

Bodies 
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Sample# Clinical Histopathology 604-bpPCR Postulated 
Diagnosis product C. granulomatis 

sequence 

03 Donovanosis X ./ not sequenced 
(briefly) 

No Donovan 
Bodies - VIN III 

and squamous cell 
carcinoma 

D4 Donovanosis ./ ./ ./ 

D5 Donovanosis ./ ./ ./ 

D7 Donovanosis X ./ X 

No Donovan E. coli sequence 
Bodies - Mixed 

bacterial infection 
and moderate 

dysplasia (VIN II) 

D8 Donovanosis ./ ./ ./ 

D9 Donovanosis X ./ not sequenced 
(very weak) 

No Donovan 
Bodies 

DlO Donovanosis X ./ ./ 

No Donovan 
Bodies 

Dll Donovanosis ./ ./ ./ 

Dl9 Donovanosis X ./ ./ 
No Donovan 

Bodies 

As can be seen from the table, with the exception of samples D 1, D2, D 1 0 and D 19 

there is concordance between the histopathological diagnosis and 604-bp phoE sequence 

data. It is interesting to note that the lesions from which samples D 1, D2 and D 10 were 

taken healed completely after treatment with Azithromycin (treatment outcome ofD 19 

unknown), further supporting the clinical diagnosis and phoE sequence data. In addition, 

sample D3 was taken just prior to the completion of a full course of treatment with 
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Azithromycin offering a possible explanation for the very weak and fleeting product 

amplified and the lack of detection of Donovan Bodies in tissue sections. Furthermore, 

this patient showed substantial improvement in her ulcerated lesions as a result of 

treatment though no improvement in the fungating lesion supporting the presence of 

concomitant donovanosis and carcinoma. No additional clinical information is available 

to this study in relation to sample D9 and given that there was insufficient product for 

sequencing this result is undefmed (result clarified in Chapter 5). 

In addition, as demonstrated from the results in Table 4, no products were amplified 

from DNA extracted from swabs of other genital conditions, thereby strengthening the 

hypothesis that DNA from C. granulomatis had been successfully amplified by PCR 

from donovanosis lesions. 

A further and clinically significant outcome of this aspect of the study has been the 

demonstration that swabs are an appropriate method of specimen collection from 

donovanosis lesions. This is significant for two main reasons: 

1. People are naturally more comfortable with a swab being taken than having a 

genital biopsy undertaken, thereby increasing the likelihood of consent for 

specimen collection; 

2. swabs are a more 'user-friendly' method of specimen collection for clinicians, 

again increasing the likelihood of a specimen being taken for laboratory 

diagnosis. 
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2.6- Exploring the 5' End of phoE 

While the results obtained from the 604-bp phoE sequence data extend and lend support 

to the results published by Bastian and Bowden ( 1996) they are not particularly helpful 

in terms of a routine diagnostic due to the generic nature of the primers and the need to 

sequence all products amplified. 

As discussed previously Dr Bastian had been unsuccessful in his attempts to amplify the 

5' end of the phoE gene from clinical samples and as a result had concluded that the 5' 

end was likely to contain sufficient differences from the Klebsiellae and other members 

of the Enterobacteriaceae on which to base a specific molecular diagnostic. However, 

rather than design new primers to cover the 5' end a decision was made to use the 

primers that had been employed by Dr Bastian in the first instance. This was despite the 

fact that all primer pairs designed by Dr Bastian showed significant differences in Tm. 

The reasoning for this was that despite the fact that these primers had failed to yield 

products from clinical samples in the past there was a possibility that this was a result 

of inadequate DNA extraction and/or poor quality template rather than of the differing 

Tm values. 

The primer set selected for this study was F2.2/Rl (Figure 4) designed to amplify an 

840-bp region of the phoE gene. The sequences of these primers are: 

F2.2- 5' ATGAAAAAGAGTACTCTGGCA 3' 

Rl-5'CAGACCGAAGTCGAACTGATACTG3' 
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PCR conditions were identical to those used previously (2.5.4). No difficulties were 

experienced in amplifying products from either the Klebsiellae or from DNA extracted 

from clinical samples. One of the products amplified from a clinical sample was 

selected for automated sequencing (D4) along with the Klebsiellae. Products were 

sequenced with the amplification primers (F2.2/Rl) and with an additional forward 

primer (F3- 5' CTATGACAGCAAGGATGGCGA 3') positioned at nucleotides 320-

340 of the phoE sequence. 

CLUST AL W sequence alignments for the almost complete phoE gene (1 00111059 bp) 

are included at Appendix 3 and show that the product amplified from the clinical sample 

has no further informative polymorphisms aside from the two already identified at the 

3' end. Table 6 summarises the variable positions observed between the five sequences 

and the effect of these variations at an amino-acid residue level. 

Table 6: Nucleotide variations in a 1001-bp region oftbe phoE gene between K. pneumonille (Kpn 
NCTC9633 &: KpnS1650), K. rhinoscleromatis (Krh NCTC5046), K. ozoenae (Koz 1436) aod C 
fi!anulomatis (C r D4) including the effect on amino-acid residues. 

Nucleotide Kpn Kpn Krh Koz Cgr Residue effect 
Position NCTC Sl650 NCTC 1436 D4 

9633 local 5046 local 

245 G G c c c TGC-+TCC 
Cys-+ Ser 

273 T T c c c AGT-+AGC 
silent 

532 c c c c T CGT-+TGT 
Arg-+Cys 

609 c c A c c GTC-+GTA 
silent 

615 G G G G A GCG-+GCA 
silent 

777 c c G c c GGC-+GGG 
silent 
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CHAPTER3 

LENDING CREDENCE TO THE WORK 

OF THE EARLY 20th CENTURY: 

Phylogenetic evidence for the reclassification of 

Calymmatobacterium granulomatis as Klebsiella 

granulomatis comb. nov. 



3.1 -A New Member of the Genus Klebsiella? 

As outlined in earlier chapters a significant number of authors over the last 80 years 

have considered C. granulomatis to be a member of the genus Klebsiella. However, due 

to the difficulties encountered in culturing the organism in routine microbiological 

media, the relationship has not been definitively determined. The initial molecular 

studies reported by Bastian and Bowden (1996) and the extension of that work presented 

here in Chapter 2 lend further support to the notion that C. granulomatis is closely 

related to the Klebsiellae and that it may indeed be a member of this genus. However, 

the work recently reported by Kharsany et al. (1999) and discussed in Chapter 1 

suggests, on the basis of the results presented, that Calymmatobacterium may be a 

unique genus. 

3.2 - Bacterial Classification 

A wide range of characters have been applied to the identification and classification of 

bacteria (Busse et al., 1996, Rossello-Mora and Amann, 2001, Vandamme et al., 1996). 

These include but are not limited to: 

Cultural 

Momhological 

Physiolo~ical 

Biochemical 

Colony morphology; colour of colonies; fruiting bodies; 

Cell morphology; cell size; motility; flagellation type; gram 

stain; acid-fast stain; 

Temperature range; pH range; salinity tolerance; 

Carbon source utilisation; oxidation of carbohydrates; 

fermentation of carbohydrates; enzyme profile; 
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Inhibitory Tests 

Serological 

Chemotaxonomic 

Genomic 

Phylogenetic 

Selective media; antibiotics; dyes; 

Agglutination; immunodiffusion; 

Fatty acids; polar acids; mycolic acids; lipopolysaccharide 

composition; cell wall diaminoacids; whole cell sugars; cell wall 

sugars; cellular pigments; quinone system; polyamine content; 

whole cell protein PAGE; 

DNA base ratio G + C content; random amplified polymorphic 

DNA; restriction fragment length polymorphism; pulsed-field 

gel electrophoresis; DNA probes; 

DNA:DNA hybridisation; DNA:rRNAhybridisation; 168 rDNA 

sequence; 238 rDNA sequence. 

It is generally recognised today that there will never be a definitive classification of 

bacteria Technological progress will continue to dominate and influence methodology, 

and as data continue to accumulate and new mathematical and information strategies are 

developed so too will the 'classification landscape' continue to evolve. However, what 

is clear is that in order to practically handle the huge amount of bacterial biodiversity 

that exists, it must be founded in an ordered structure, artificial or not, with appropriate 

terms of communication (Vandamme et al., 1996). 

Today, the most common approach to the classification of bacteria is a polyphasic 

approach. As reported by Vandamme et al. (1996) polyphasic classification is purely 

empirical, following no strict rules or guidelines. It may integrate any significant 
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information on the organisms, preferably incorporating a mixture of phenotypic, 

genomic and phylogenetic elements into the analysis, in order to result in a consensus 

type of classification. Importantly, polyphasic taxonomy is not hindered by any 

conceptual prejudice other than that the more information that can be integrated on a 

group of organisms, the better the outcome might reflect the biological reality. 

In support of the polyphasic approach, consensus has also been reached over the last 

decade or so that classification should reflect phylogenetic relationships. Where there 

is disparity between phylogenetic and phenotypic data, the sub-committee of the 

International Committee for Systematic Bacteriology concluded that priority should be 

provisionally given to the latter. However, in such instances, further detailed 

comparative studies of the phenotype should be undertaken to resolve this disparity so 

that, wherever possible, classification reflects phylogenetic relationships (Murray et al., 

1990). 

However, despite the recognised importance of a polyphasic approach to classification, 

its outcomes are not always possible to effect, particularly for organisms with significant 

medical and veterinary importance. These organisms have traditionally been subjected 

to special-purpose classifications which, while serving a special purpose are quite 

artificially based as they seldom display the 'natural' relationships among organisms. 

An example of this can be seen with Shigella dysenteriae and Escherichia coli, strains 

that from virtually every viewpoint (phenotypic, genomic and phylogenetic) could be 

considered as a single species (Austin and Priest, 1986). However, the medical 
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importance of S. dysenteriae to clinicians has resulted in this artificial division being 

maintained. Indeed, Logan (1994) reports that the most important organisms from a 

medical viewpoint have been subjected to excessive splitting. Further, due to such 

overclassification, among the Family Enterobacteriacae, many of the members of which 

are of great medical and veterinary importance, the taxonomic spread is equivalent to 

single g nera elsewhere. 

A further problem relates to the classification of unculturable bacteria. The fact that they 

are unable to be cultured on routine microbiological media severely limits the scope of 

classification methods available. In general, such organisms can only be minimally 

characterised by morphological characteristics and by differences in molecular 

sequences (Murray and Schleifer, 1994). 

3.3 - The Classification of C. granuloma/is 

The fact that C. granulomatis is not able to be cultured on routine microbiological 

media means that a true polyphasic approach to its classification is not possible. 

However, as discussed previously, for the last 80 years C. granulomatis has been 

associated with the genus Klebsiella, an association that has been based on almost 

identical morphological, ultrastructural, histopathological and immunological 

characteristics. This has been further supported by the almost complete sequence of the 

phoE gene (Chapter 2) which shows 99.6-99.8% similarity between C. granulomatis, 

K pneumoniae, K rhinoscleromatis and K ozaenae. 
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Given that molecular sequence data is the only method of classification likely to yield 

additional results to those obtained to date further exploration of the C. granulomatis 

genome is warranted. 

There is a strong consensus in the literature that the optimal gene to target for 

determining phylogenetic relationships above the species level is the 16S rDNA and that 

the optimal sequence length is 1,000-bp or more (Busse et al., 1996, Logan, 1994, 

Murray et al., 1990, Rossello-Mora and Amann, 2001, Stackebrandt, 1985, Vandamme 

et al., 1996). The main reasons for 16S rDNA being the method of choice include: 

1. Conserved primary structure together with regions of higher variability; 

2. Ubiquitous distribution; 

3. Genetic stability; 

4. Functional consistency; 

5. Greater information content than the smaller SS rDNA species but a more 

practical length for sequencing studies than the 23S rDNA. 

Murray et al. (1990) reported that more than 95 % of all genera examined on the basis 

of rRNA analysis at that point in time provided essentially perfect correlation of 

phylogenetic and phenotypic characteristics. This is despite the use of methods with 

different sensitivities, the use of rRNA molecules with different information contents, 

unbalanced representation of genera and species, inadequate quantity and quality of 

strains, computer programs that generate different trees, the weighting of nucleotide 
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composition and how this is done and the unavailability of many sequences because they 

have not been published or are retained as confidential information. This in itself shows 

that phylogenetic analysis based on rRNA molecules is very robust, tolerating the wide 

range of methodological problems mentioned above. 

However, rRNA analysis does have some limitations. While it has been shown to be 

extremely robust above the species level it is not a reliable method to use for 

classification at the level of species or below. Here, DNA-DNA hybridisation is 

recognised as the standard arbiter (Murray et al., 1990). For example, Bacillus 

psychrophilus and Bacillus globisporus show greater than 99.5 % 168 rDNA similarity 

but only 23 % DNA similarity based on DNA:DNA hybridisation studies (Fox et al., 

1992). Similarly, there is 99.9% 168 rDNA similarity betweenAeromonas trota and 

Aeromonas caviae and only 30 % DNA-similarity based on DNA:DNA hybridisation 

studies (Martinez-Murcia et al., 1992). Admittedly, DNA:DNA hybridisation techniques 

present severe disadvantages because they are based on physiochemical parameters, are 

not cumulative, require large quantities of DNA and are cumbersome. In addition, 

results obtained from different laboratories do not always correlate well because 

different methods give different results and data is not always obtained under 

comparable conditions (Vandamme et al., 1996). Nonetheless, on the basis of available 

data it has been concluded that 20 - 60 % DNA-similarity is considered to represent 

organisms of the same genus, whereas a DNA reassociation of more than 60 % in 

combination with a 168 rDNA similarity of at least 97 % is suggestive of organisms 

belonging to the same species (8tackebrandt and Goebel, 1994, Vandamme et al., 1996). 
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There is simply no threshold value of 168 rDNA similarity for species recognition in the 

absence of DNA-similarity results, though organisms with less than 97% 168 rDNA 

similarity have never given a DNA reassociation of more than 60 % no matter which 

method ofDNA:DNA hybridisation is used (8tackebrandt and Goebel, 1994) and so it 

is possible to exclude an organism from a particular species based on 168 rDNA data. 

Given that it is not currently fe sible to carry out DNA:DNA hybridisation studies for 

organisms that can not be cultured on routine microbiological media, it will only be 

possible to effect the classification of C. granulomatis as far as the genus level in this 

study. 

The purpose of this aspect of the study was therefore to carry out a phylogenetic analysis 

of the C. granulomatis 16S rDNA gene in order to effect classification at the genus 

level. As a supplement to this, it was also decided to obtain sequence data from a 

number of other C. granulomatis genes and to compare this data, along with the 168 

rDNA data, to sequence data available for the Klebsiellae and other members of the 

family Enterobacteriaceae. 

3.4 - Selecting the Genes to Target 

Given the facultatively intracellular nature of C. granulomatis it was decided to target 

a set of essential housekeeping genes as it was expected that these would be retained in 

the intracellular stage. In order to select the genes for targeting, all Klebsiella 

pneumoniae and/or Klebsiella aero genes genes for which sequence data was available 
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were extracted from GenBank. A dozen housekeeping genes were randomly selected 

and a Blast X (AN GIS) nucleotide similarity search was undertaken for each. On the 

basis of results retrieved six genes were selected for targeting. These genes were 

selected on the following basis: 

l. a balance between conservation and variability i.e. attempts were made to 

select genes that allowed [as much as possible] for the synthesis of Klebsiella 

specific primers but not Klebsiella species specific primers; 

2. products in the range 300-bp to 1500-bp with a preference for products less 

than I Kb (though ensuring at least I 000-bp coverage for the 16S rDNA); 

3. the synthesis of primers with similar Tm values, a maximum GC content of 60 

%, a relatively strong 3 1 clamp and no palindromes greater than 3-bp in length. 

The six genes finally selected for this study were: 

1. acetolactate synthase (iluK) 

5 1 TCCCGATAA TCTCGATGCCG 31 Tm = 62 oc 

51 TAGTTGCGCTCTTCATAGGC 31 Tm = 60 oc 

992-bp product; 

2. glutamate dehydrogenase (gdhA) 

5' CGCGATCCTCATCAAACCGA 3' Tm = 64 oc 

5' ACAGTTCGGTCATCAGCGCC 3' Tm = 64 oc 

415-bp product; 
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3. para-aminobenzoate synthase (pabA) 

5' AGTCGGGGATTTCACTGGCG 3' Tm = 64 oc 

5' CTCGAGATCGAACACGCGGT 3' Tm == 64 oc 

317-bp product; 

4. fructokinase (scrK) 

5' AAAA TCTGGGTACTCGGCGA 3' Tm == 60 oc 

5' GATATTGGGGTCGAAGCTGA 3' Tm = 60 oc 

468-bp product; 

5. acetoin dehydrogenase (acoD) 

5' TTCCAACCAAGGCGCTGCTG 3' Tm = 64 oc 

5' GCTTCGGAAAGTGTCGGATG 3' Tm == 62 oc 

1307-bp product; 

6. 16S ribosomal RNA (l6S rDNA) 

Primer Set 1 

5'CCTAACACATGCAAGTCGA3' 

5'ATCCGACTTGACAGACCG3' 

538-bp product 

Primer Set 2 

5' CGGTCTGTCAAGTCGGAT 3' 

5'TGTAGCACGTGTGTAGCC3' 

653-bp product. 

Tm=56°C 

Tm =56 oc 

Tm=56°C 

All primers were synthesised by Beckman Instruments Pty Limited, Gladsville, 

Australia. 
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3.5- Polymerase Chain Reactions and DNA Sequencing 

One microlitre of template DNA extracted from K. pneumoniae (S1650), K. ozaenae 

(1436), K. rhinoscleromatis (NCTC5046) and clinical sample D4 was included in 25 ,ul 

PCR mixtures that comprised the following solution: 10 mM Tris-HCl pH 8.0, 50 mM 

KCl, 2.5 mM MgC12 (3.0 mM MgC12 for iluK), 0.01% gelatin, 0.2 ~M deoxynucleotide 

triphosphates, 0.5 J.LM primers and 0.5 Units of Taq Polymerase. Samples were 

subjected to 30 cycles of denaturation (94 °C, 40 seconds), annealing (59 °C, 40 seconds 

for gdhA primers; 58 °C, 40 seconds for scrK primers; 60 °C, 40 seconds for iluK 

primers; 59 °C, 40 seconds for pabA primers; 60 °C, 40 seconds for acoD primers; 52 

°C, 40 seconds for 16S rDNA primers) and extension (72 °C, 60 seconds) in a thermal 

cycler (Corbett Research, Sydney). All steps of PCR template preparation, PCR mix 

and gel analysis were conducted in three separate dedicated workrooms. Template 

negative controls were included in each reaction. 

Table 7 summarises the results of amplification. 

Table 7- Results of amplification with primers targeting the iluK, gdhA, scrK,pabA, acoD and 16S 
rONA genes of Klebsiellae pathogenic to humans and C. granulomatis; + = positive; - = negative 

K. pneumoniae K. ozaenae K. rhinosceromatis C. granulomatis 
(D4) 

iluK + - + + 

gdhA + + + + 

scrK + + + -
pabA - - - -
acoD - - - -

(product of wrong 
size amplified) 
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K. pneumoniae K. ozaenae K. rhinosceromatis C. granulomatis 
(D4) 

l6S + + + + 
rDNA 

Attempts were made to convert negative results to positive results through varying the 

annealing temperature of the PCR reactions in 2 oc increments above and below the 

starting point, varying the MgC12 concentration in both directions and varying the buffer 

used. However, no further products were obtained to those listed in the table above. 

Products amplified from the targeting of iluK, gdhA and 16S rDNA were purified and 

sequenced in both directions using the dye terminator method (Applied Biosystems ). 

A clean 376-bp sequence was obtained from all four gdhA products and a clean 1 088-bp 

sequence was obtained from all four combined (i.e. two primer sets) 16S rDNA 

products. In addition clean 362-bp (Forward Primer) and 410-bp (Reverse Primer) 

products were obtained for all three iluK products though the central section of 

approximately 130-bp was missing. Given the extremely limited amount of comparative 

data available for iluK it was not considered time-effective to pursue this central region. 

3.6 - Phylogenetic Analysis 

Sequences for phoE, 16S rDNA, gdhA and iluK were aligned with the sequences of 

other Klebsiella sp. and/or isolates and with related Enterobacteriaceae available from 

the GenBank I EMBL databases using the program CLUSTAL W (Thompson et al., 

1994). Alignment data is provided at Appendix 4. All GenBank I EMBL accession 
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numbers and strain designations are shown in Tables 8-11 along with the nucleotide 

similarities between the Australian C. granuloma/is sequences and all comparative 

sequences. 

Due to the limited amount of complete phoE sequence data available, Raoultella 

planticola, Raoultella ornithinolytica, Raoultella terri gena and Yersinia enterocolitica 

were only included in the 16S rONA alignment. Both local and type culture sequences 

for the Klebsiellae were included where possible in the 16S rDNA and phoE analysis. 

Available sequence data was limited for gdhA with only Salmonella typhimurium and 

Escherichia coli available for comparison with Klebsiellae pathogenic to humans and 

C. granulomatis. However, iluK was even further limited with comparison data 

restricted to K pneumoniae, K rhinoscleroma/is and Raoultella terrigena. 

70 



Tables 8-ll: Strain designations, accession numbers and o/o nucleotide similarity to the Australian 
isolate of C. granulomatis for sequences obtained from the GenBank and EMBL databases and for 
sequences novel to this study 
Abbreviations: NCTC, National Collection ofType Cultures; A TCC, American Type Culture Collection; 
JCM, Japanese Collection of Microorganisms; PAH, Princess Alexandra Hospital, Brisbane, Australia; 
RDH, Royal Darwin Hospital, Darwin, Australia; r, Type Culture. 
* Sequences obtained from clinical specimens 
t Sequences novel to this study 
~ Strain not specified in GenBank report 

Table 8 

phoE 
Organism 

Strain Accession o/o Nucleotide 
Similarity 

Calymmatobacterium granuloma/is • AF00923It 

Klebsiella rhinoscleroma/is NCTC5046r AF009230t 99.6 

Klebsiella pneumoniae NCTC 9633r AF064793t 99.6 

Klebsiella pneumoniae Sl650 AY062124t 99.6 

Klebsiella ozaenae RDHI436 AF009229t 99.8 

Klebsiella oxytoca 1<26 X68022 88.6 

Enterobacter cloacae : A04378 80.6 

Citrobacter freundii t X68021 79.8 

Escherichia coli Kl2 V00316 75.9 

Serratia marcescens UOC-51 081967 64 

Salmonella typhi t X74595 76 
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Table 9 
- Numbers in curved brackets represent the divergence attributable to indeterminate bases 

-N b . b k h d. .b bl urn ers m square rae ets represent t e !Vergence attn uta e to ~aps 

Organism 16S rDNA 

Strain Accession o/o Nucleotide 
Similarity 

Calymmatobacterium granulomatis • AF00917It 

Calymmatobacterium granulomatis KH22 AF01025l 98.1 
[0.64] 

Klebsiella rhinoscleromatis NCTC5046T AF009169t 99.8 

Klebsiella pneumoniae ATCC 13886T AF228918 99.0 
(0.18) 

Klebsiella pneumoniae Sl650 AF009168t 100 

Klebsiella ozaenae ATCC 13885T AF2289l9 99 

Klebsiella ozaenae 1436 AF009170t 99.5 
(0.36) 

Klebsiella oxytoca JCM 1665 AB004754 97.2 
(0.09) 

Raoultella ornithinolytica JCM 7251 AB004756 97.1 

Raou/tella plantico/a DSM3069T X93215 96.7 
(0.27) 

Raoultella terrigena ATCC33257T AF129442 97.4 

Enterobacter cloacae 2783 AF276988 94.8 
(2.0) 

Citrobacter freundii ATCC29935T M59291 94.8 
(2.8) 

Escherichia coli ATCC43895T Z83205 96.9 

Se"atia marcescens ATCC 13880T M59160 96.2 
(0.92) 

Salmonella typhi Still 088545 95.9 

Yersinia enterocolitica PAH 11472 X68674 95.5 
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Table tO 

Organism gdhA 

Strain Accession %Nucleotide 
Similarity 

Calymmatobacterium granulomatis • AF009235t 

Klebsiella rhinosc/eromatis NCTC5046r AF009234t 99.7 

Klebsiella pneumoniae 81650 AF009232t 99.7 

Klebsiella ozaenae 1436 AF009233t 99.7 

Klebsiella aerogenes FG9 M30538 99.5 

Salmonella typhimurium t M24021 84.3 

Escherichia coli :t X00988 85.1 

Table 11 

Organism iluK 

Strain Accession % Nucleotide 
Similarity 

Calymmatobacterium granulomatis • AF009238t 
& 
AF009239t 

Klebsiella rhinosc/eromatis NCTC5046r AF009240t 98.6 
& 
AF00924It 

Klebsiella pneumoniae t M73842 97.2 
(362-bp only) 

Klebsiella pneumoniae 81650 AF009236t 99.2 
& 
AF009237t 

Raoultella te"i~ena :t L04507 82.8 

A number of different methods are available for the analysis of alignment data. These 

are discussed in detail by Swofford et al. (1996) and can be grouped into two main 

categories i.e. algorithms and optimality criteria. Purely algorithmic methods combine 

tree inference and the definition of the preferred tree into a single statement. For this 
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reason they are computationally fast as they proceed directly toward the final solution 

without requiring evaluation of large numbers of competing trees. In comparison, 

optimality criteria utilise two separate steps. Firstly, an optimality criterion is defined 

for each tree i.e. a score is defmed and subsequently used for comparing one tree to 

another. Secondly, specific algorithms are used for computing the value of the 

optimality criterion and for finding the trees that have the best values. Therefore, in a 

purely algorithmic method, the algorithm defmes the tree selection whereas in the 

optimality criterion method the algorithms are merely tools used in evaluating the 

optimality criterion and searching for trees that optimise it. The latter is advantageous 

in that if there are thousands of trees that explain the data about equally as well the user 

is not going to be misled into believing that any particular tree is well specified. 

However, it is also true that the criticisms against purely algorithmic methods can be 

dealt with to a reasonable extent by employing statistical methods such as non

parametric bootstrapping in order to assess the confidence in a given tree. This is 

particularly so if one makes sure to jumble the input order of species when creating 

multiple data sets and to continue jumbling the input order at every opportunity 

presented by the inferencing programs. Invoking the global rearrangement option 

wherever available is also useful in minimising problems associated with a tree that has 

become 'stuck' in local optimality. In theory, the process of branch swapping by 

'subtree pruning and regrafting' will eventually arrive at the global optimum. 

Another important distinction between inferencing methods is that there are those that 

incorporate models of evolutionary change and those that do not. For example, 
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parsimony methods are based on optimality criteria but do not strictly incorporate 

models of evolutionary change as they are solely concerned with estimating parameters 

from observed data based on the principle of minimising the number of events needed 

to explain the data. Therefore, the optimal tree under the maximum parsimony criterion 

is the tree that requires the fewest number of character state changes. In contrast, the 

maximum likelihood method estimates a parameter from observed data under an explicit 

model. In this case the optimal tree is the tree that is most likely to have occurred given 

the observed data and the assumed model of evolution. For example, maximum 

likelihood methods generally employ models that allow for unequal expected 

frequencies of the four nucleotides and for unequal rates of transitions and transversions. 

Some models also permit a likelihood ratio test of the molecular clock hypothesis to be 

made. 

In this study, it was decided to employ a number of different methods in the first 

instance in order to see whether they resulted in the same or different outcomes. 

Phylogenetic analyses was performed using the PHYLIP software package (Felsenstein, 

1993). Programs employed for the first analysis included SEQBOOT: to produce 

multiple data sets by bootstrap re-sampling (1 00 iterations with 10 jumbled species 

input orders); DNADIST: to compute distances between species for all data sets with 

the Jukes-Cantor algorithm (maximum likelihood method); NEIGHBOR: to produce 

multiple trees (from 100 data sets with 10 jumbled input orders) with the neighbor

joining method (additive tree method); CONSENSE: to compute the strict consensus 
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tree by the majority-rule consensus tree method. 

Programs employed for the second analysis included SEQ BOOT: to produce multiple 

data sets by bootstrap re-sampling (1 00 iterations with 10 jumbled species input orders); 

DNAP ARS: to produce multiple trees with the maximum parsimony method (from 100 

data sets with 10 jumbled input orders and the global optimisation option); 

CONSENSE: to compute the strict consensus tree by the majority-rule consensus tree 

method. 

Programs employed for the third analysis included DNAML: to produce the optimum 

tree with the maximum likelihood method, including global rearrangement. Due to the 

significant computing time required for this method (i.e. approximately 16 hours per 

data set for the 168 rDNA) multiple data sets were not feasible. 

Phylogenetic trees, including the confidence levels of branching are shown as 

cladograms in Figures 5 - 8 for analysis method 1. Methods 2 and 3 did not contradict 

this data6 and so have been included as appendices (Appendix 5). 

6 The single exception to this is that Method 1 gdhA shows C.granulomatis to be outside 
of the group of the other Klebsiellae whereas methods 2 and 3 confirm the data of the 
other targets. However, the sequence alignment for gdhA shows C.granulomatis to differ 
by only one base from K. pneumoniae, K ozaenae and K rhinoscleroma/is while K 
aerogenes differs from the other Klebsiellae by 2 bases. The fact that C. granulomatis 
is outside of the group in method 1 but not in methods 2 and 3 is therefore most likely 
the result of the tree becoming stuck in local optimality through the lack of a global 
rearrangement option for method 1. 
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,...---------------------Serratia marcescens 

r------- Enterobacter cloacae 

,...----------------~68 ,-------- Salmonella typhi 

Citrobacter freundii 

Escherichia coli 
100 

r----------- Klebsiella oxytoca 

r-------- K. rhinoscleromatisT 

~------------~100 
-------159 

K. ozaenae 

100 
C. granu/omatis 

K. pneumoniae 

Figure 5: Phylogenetic tree showing the relationship of C. granulomatis, . 
members of the genus Klebsiella and some related members of 
Enterobacteriaceae for the phoE gene, comparison of 100 1-bp. Bootstrap 
values, expressed as percentages, are given at branch points. Serratia 
marcescens was used as the outgroup. All GenBank!EMBL accession 
numbers and strain designations are shown in Table 8. r =Type Culture. 
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,.....------------------------- Yersinia enteroco/itica 

r----------- Enterobacter cloacae 

r------451 r---------- K. pneumoniaer 

r-------- K. ozaenae1 

r------- C. granulomatis kh22 

r----- K. ozaenae 

~---------i49 r---- K. rhinoscleromatisr 

C. granu/omatis 

K. pneumoniae 

r---- Serratia marcescensr 

~------------i35 Eschericla colir 

Salmonella typhi 

r------- Cltrobacter freundiir 

~------------------~33 r------ Klebsiella oxytoca 

r---- Raou/tella terrigenar 

Raou/tella ornithinolytica 

Raoultella planticolar 

Figure 6: Phylogenetic tree showing the relationship of C. granulomatis, 
members of the genus Klebsiella and some related members of 
Enterobacteriaceae for the 16S rRNA gene, comparison of 1 088-bp. Bootstrap 
values, expressed as percentages, are given at branch points. Yersinia 
enterocolitica was used as the outgroup. All GenBank/EMBL accession 
numbers and strain designations are shown in Table 9. r =Type Culture. 
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Salmonella typhimurium 

Escherichia coli 

100 C. granulomatis 

100 K. pneumoniae 

74 
K. ozaenae 

27 

K. rhinoscleromatisT 

31 

Klebsiella aerogenes 

Figure 7: Phylogenetic tree showing the relationship of C. granulomatis, 
members of the genus Klebsiella and some related members of 
Enterobacteriaceae for the gdhA gene, comparison of 376-bp. Bootstrap 
values, expressed as percentages, are given at branch points. Salmonella 
typhimurium was used as the outgroup .. All GenBank/EMBL accession 
numbers and strain designations are shown in Table 10. r = Type Culture. 
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Raoultella te"igena 

K. pneumoniae 

100 
C. granulomatis 

99 

K. rhinoscleromatisr 

42 

(a) 

K pneumoniae 81650 

Raou/tella te"igena 

K rhinosc/eromatis1 

ss 

K pneumoniae S 1650 

so 

(b) 

C. granulomatis 

Figure 8: Phylogenetic trees showing the relationship of C. granulomatis and 
members of the genus Klebsiella for the iluK gene, comparison of a) 362-bp 
and b) 41 0-bp. Bootstrap values, expressed as percentages, are given at branch 
points. Raoultella terrigena was used as the outgroup. All GenBankiEMBL 
accession numbers and strain designations are shown in Table 11. T = Type 
Culture. 
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It is evident from tree topologies that C. granulomatis has a close phylogenetic 

relationship with members of the Klebsiella genus known to be human pathogens (K. 

pneumoniae7
, K. rhinoscleromatis, K ozaenae ). Bootstrap analysis data confirmed that 

this association was highly significant for the phoE, 168 rDNA and gdhA genes 

(bootstrap values 100 % ). The available sequence data for iluK is too limited to draw 

any conclusions. 

The indole positive Klebsiella, K. oxytoca, while being most closely related to the 

subspecies of K. pneumoniae and C. granulomatis in the phoE analysis, is more 

distantly related on the basis of 168 rDNA analysis. This is consistent with the 

observations of Drancourt et al. (2001) and Jain et al. (1974) who propose that 

consideration should be given to moving K oxytoca to a different genus. 

It is interesting to note that the South African isolate of C. granulomatis clustered with 

the Australian isolate of C. granulomatis and the subspecies of K pneumoniae with 

100% confidence of branching (Figure 6). This is in contradiction to the conclusions 

drawn by Kharsany et al. (1999), despite the fact that their phylogenetic analysis also 

grouped C. granulomatis most closely with Klebsiella. However, it is also worth noting 

that a) Kharsany et al. (1999) do not provide any confidence levels ofbranching and nor 

do they provide any indication of the methodology used in their phylogenetic analysis 

7 K pneumoniae, K rhinoscleromatis and K ozaenae are all subspecies of K. 
pneumoniae i.e. K. pneumoniae subsp. pneumoniae, K pneumoniae subsp. 
rhinoscleromatis and K pneumoniae subsp. ozaenae (0rskov,l984). However, due to 
their medical importance they continue to be referred to as separate species. 
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other than that it involved neighbor-joining i.e. it does not appear that they used any 

more than one set of input data yet it is known that the neighbor-joining method is very 

unreliable without this (Swofford et al., 1996); b) Kharsany et al. (1999) used a slightly 

longer stretch of 16S rDNA sequence data (1382-bp) and compared it to a sequence 

from the Type Culture of K. pneumoniae that contained numerous indeterminate 

(N) bases and c) Kharsany et al. (1999) made no comparison to any other members of 

the Klebsiella genus besides the one isolate of K pneumoniae for which there was 

relatively poor quality sequence data available. 

Nonetheless, if the Kharsany et al. (1999) data is correct the South African and 

Australian isolates, while consistent in their common membership of the Klebsiellae, 

are evolutionary distant. As can be seen from Table 9 the South African isolate shows 

only 98.1 %nucleotide similarity to the Australian C. granulomatis isolate in the 16S 

rDNA gene. Of this 1.9 % variation, 0.64 % can be attributed to a number of base 

deletions towards the 3' end. This is a little difficult to reconcile as these deletions 

(along with other variations) are, in the main, occurring in a highly conserved region of 

the 16S rDNA. Indeed the conservation is so great that all other members of the 

Enterobacteriacae listed in Table 9 show 100% identity through the region where eight 

of these deletions and other variations are clustering. If this region were to be 

hypothetically taken to be identical in the South African isolate of C. granulomatis it 

would demonstrate 98.9 % similarity to the Australian isolate, similar to that observed 

for the Type Cultures of K. pneumoniae and K. ozaenae. 
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It is therefore possible, based on an analysis of the South African sequence data, that 

many of the differences observed between the Australian and South African isolates are 

the result of experimental error. Alternatively, the data of Kharsany et al. (1999) is 

suggesting that the South African isolate may be a different species of Klebsiella to the 

Australian isolate. This would not be an entirely unexpected result and would be 

consistent with the organisms evolving independently of each other in different parts of 

the world. Supporting this line of thought is that the Australian isolate of C. 

granulomatis shows a much higher level of similarity to Australian isolates of K. 

pneumoniae (1 00%) and K. ozaenae (99 .5 %) than to the respective Type Cultures from 

the American Type Culture Collection (99 % ). On the other hand the Australian isolate 

of C. granulomatis shows 99.8% similarity to the Type Culture of K. rhinoscleromatis. 

This is consistent with the marked similarities in epidemiological and disease spectrum 

of these two organisms but is again difficult to reconcile with the data reported by 

Kharsany et al. (1999). 

It is likely that such anomalies could be clarified by further extension of the sequence 

data to additional genes beyond the 16S rDNA for the South African isolates. In this 

study it can be seen (Table 8) that the Australian isolate of C. granulomatis 

demonstrates 99.6- 99.8% similarity to Australian and/or Type Culture isolates of K. 

pneumoniae, K. ozaenae and K. rhinoscleromatis in the phoE gene but only 75.9- 88.6 

%similarity to other members of the Enterobacteriaceae in the same region. Similarly, 

Table 10 shows that there is 99.5 - 99.7 % similarity with subspecies of K. pneumoniae 

in the gdhA gene compared to 84.3 - 85.1 %similarity with other members of the 
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Enterobacteriaceae. The data for iluK is highly limited but again there is 98.6- 99.2% 

similarity (over 772-bp) with subspecies of K pneumoniae and only 82.8 % similarity 

with Raoultella terrigena (Table 11). 

Recently, Drancourt et al. (2001) have reported the results ofrpoB analysis. The rpoB 

gene is universal and encodes the bacterial RNA polymerase f3-subunit. In earlier studies 

Mollet et al. (1997) had shown the variable polypeptide region 4 of the rpoB gene to 

exhibit a mean of 3 times more interspecies divergence than the most variable region 

of the 16S rDNA and suggested that it could be used as an adjunct to 16S rDNA 

analysis. In their most recent study Drancourt et al. (200 1) extracted DNA from a Hep-2 

cell culture of C granulomatis (Carteret al., 1997) and included the rpoB sequence data 

in their analysis. The resulting tree topology clearly grouped C. granulomatis with the 

three K pneumoniae subspecies (1 00 %confidence ofbranching) (Appendix 6). At the 

DNA level the four strains displayed 99.4- 100% rpoB sequence similarity, with C. 

granu/omatis and the American Type Culture of K pneumoniae subsp. ozaenae being 

indistinguishable on the basis of their rpoB sequence. 
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CHAPTER FOUR 

A FIRST GENERATION 

MOLECULAR DIAGNOSTIC TEST 

FOR DO NOV ANOSIS 



4.1 - Fructokinase and its Place in Sucrose Metabolism 

Results presented in the preceding Chapter show that while scr K, the gene encoding for 

fructokinase, was successfully amplified from K pneumoniae, K rhinosc/eromatis and 

K ozaenae no amplification was achieved from total DNA containing the genome of 

K. granulomatis.lt is known that scrK is one of five genes that make up the sucrose 

regulon of K pneumoniae and that these genes can be found in the order scrK, scrY, 

serA, scrB, scrR on the Klebsiella chromosome (Aulkemeyer et al., 1991). In addition, 

it has been shown that some isolates of E. coli and Salmonella exhibit a Scr+ phenotype 

specified by the sucrose-plasmid pUR400 and that this plasmid carries the five scr genes 

in the same order as observed on the Klebsiella chromosome (Schmid et al., 1988). 

The sucrose-positive strains of E. coli and S. typhimurium containing pUR400 and 

strains of K. pneumoniae analysed to date have all been found to take up and 

phosphorylate the disaccharide sucrose via the phosphoenolpyruvate (PEP)-dependent 

carbohydrate:phosphotransferase system (PTS). This sucrose-PTS-dependent catabolic 

pathway involves a sucrose-specific Enzyme IIScr (encoded by serA) which, upon 

transport and phosphorylation, yields sucrose-6-phosphate. Sucrose-6-phosphate is then 

hydrolysed by an intracellular invertase (encoded by scrB) to glucose-6-phosphate and 

fructose. The latter is then phosphorylated by a fructokinase (encoded by scrK) to 

fructose-6-phosphate. The remaining two genes of the sucrose regulon, scr Y and scrR 

encode a sucrose-specific porin and a repressor respectively (Aulkemeyer et al., 1991, 

Sprenger and Lengeler, 1988, Titgemeyer et al., 1996). 
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Through the use of deletion and transposon insertion analysis Schmid et al. (1988) were 

able to show that the gene product of scrK is not essential for sucrose metabolism in E. 

coli K 12 and that the loss of its product, fructokinase, still allows growth at the expense 

of glucose-6-phosphate. In addition, they showed that insertional inactivation of scr Y 

led to reduced, though not completely negative, sucrose fermentation and that at high 

sucrose concentrations scrY appeared to be dispensable. Deletion of scrR simply 

resulted in constitutive expression of the four structural genes, supporting its role as a 

repressor. In contrast, inactivation of serA and scrB by Tnl725 insertions was shown 

to completely abolish sucrose metabolism, indicating the indispensability of these two 

genes for sucrose utilisation. In further support of this, Titgemeyer et al. (1996) report 

that among the Scr-specific proteins, only those with transport and invertase functions 

are found in all systems. 

4.2 - Beyond Fructokinase to the Sucrose Regulon 

Given that the studies just described had shown scrK to be dispensable in sucrose 

metabolism it was considered possible, based on the failure to amplify scrK, that K 

granulomatis was ScrK but that it may still actively utilise sucrose as a carbohydrate 

source. In order to further clarify the ability of K granulomatis to metabolise sucrose 

a suite of primers was designed to target the Klebsiella sucrose regulon (genbank 

accession numbers: X61004 and X57401). Figure 9 shows the arrangement of the 

sucrose regulon in Klebsiella and the sequence and relative positions of primers used 

in this study. Initially, one of the positive donovanosis samples (D4) and isolates of K. 

pneumoniae (S 1650), K rhinosc/eromatis (NCTC 5046) and K ozaenae (1436) were 

86 



Fl F2 F3 Rl R2 R3 

___. ___. ___. +- +- +-

Fruotokinase 
Sucrose 

Porin 

scrK scrY 

F4 

___. 
R4 FS 

Enzyme II"c' 
(Transferase) 

serA 

F6 RS R6 

Invertase Repressor 

scrB scrR 

Figure 9: Schematic diagram of the Klebsiella sucrose regulon showing the relative positions of 
primers used in this study. Primer sequences are as follows : 

Fl 5' AAAATCTGGGT ACTCGGCGA 3' 
F2 5' CTGGTGAACTATACCTAAGC 3' 
F3 5' TGGATGTGAACTATATGCGC 3' 
F4 5' TGCTGTCCAACATCTTCGTG 3' 
F5 5' TCCTGACGGTGATTATCTCC 3' 
F6 5' TGCTGAACGA TCCT AACGGC 3' 
Rl 5' GAT A TTGGGGTCGAAGCTGA 3' 
R25'GACCATAAAGGTAAAGGTGC3' 
R35'GTAAACATGTCGGTAACGCG3' 
R4 5' AT AA TCACCGTCAGGAACGG 3' 
R5 5'AAGCCGTTAGGATCGTTCAG3' 
R6 5' GCACTCCCACATGTAGCCG 3' . 
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tested with thirteen different primer combinations (all primers were synthesised by 

Beckman Instruments Pty Limited, Gladsville, Australia). PCR conditions were identical 

to those described previously in Chapter 2 (with the exception that the annealing 

temperature, Ta =55 °C for all primer combinations). The Results are shown in Table 

12 and, for three of the primer sets tested, in Figure 10. 

T bl 12 P . b" f a e : nmer com ma tons an d resu Its bta" dti t ti tb Kl bill 0 me rom ar2e l!ll e e s e a sucrose ~u on. 

Primer Set K. pneumoniae K. ozaenae K. K. 
Sl650 1436 rhinoscleromatis granulomatis 

NCTC 5046 04 

FliRt + + + -
F2/Rl + + + -
F2/R3 + + + -
F3/Rl + + + -
F3/R2 + + + -
F3/R3 - - - -
F4/R4 + + + -
F4/RS + + + -
F4/R6 + + + -
FSIRS - - - -
F5/R6 + + + -
F6/RS + + + -
F6/R6 + + + -

Primer set F4/R4 targeting serA was selected for further study for the following reasons: 

1. A recent common origin has been proposed for the sucrose systems of K 

pneumoniae (chromosomally encoded), E. coli and S. typhimurium (encoded 

on plasmid pUR400) (Sprenger and Lengeler, 1988, Titgemeyer et al., 1996). 

The serA derived proteins show greatest similarity among these organisms (95 

88 



bp 

650 

438 

272 

1 2 3 4 5 6 7 8 9 10 11 12 l3 14 

Figure 10: Ethidium bromide stained agarose gel of amplification products obtained from 
targeting the sucrose regulon of Klebsiella. Lanes l and 14, PhiX 174 Haeiii markers (New 
England Biolabs, Inc); Lanes 2,6, I 0, K. pneumoniae; Lanes 3, 7, II , K. ozaenae; Lanes 4,8, 12, 
K. rhinoscleromatis; Lanes 5,9, 13, K. granulomatis. Expected product sizes for primer sets 
F3/R l ( lanes 2-5), F4/R4 (lanes 6-9) and F5/R5 (lanes l 0-13) are 272bp, 438bp and 650bp 
respectively. 
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% ). Comparative similarities for the remainder of the sucrose regulon derived 

proteins are scrB (76 %), serK (77 %), serY (85 %) and serR (91 %) 

(Titgemeyer et al., 1996); 

2. Tnl725 insertions in the serA or serB genes of E. coli K12 completely abolish 

sucrose metabolism suggesting that the gene products of serA and serB are 

essential components of the sucrose pathway. In comparison, insertion data has 

shown that the gene product of serK is not essential for sucrose metabolism. 

The gene product of ser Yis dispensable at high sucrose concentrations but not 

at low concentrations (Schmid et al., 1988). 

All eight samples for which K. granulomatis phoE sequence data had been obtained 

(Chapter 2), isolates of K. pneumoniae, K. rhinoscleromatis, K. ozaenae and eight 

samples from patients with unrelated genital conditions (Chapter 2) were subsequently 

tested for the presence of serA with primer set F4/R4. A 382 bp region of the Klebsiella 

phoE gene was targeted simultaneously for the purpose of positive control. 

All eight samples positive for K. granulomatis showed amplification of phoE but no 

amplification of serA while K. pneumoniae, K. rhinoseleromatis, and K. ozaenae were 

positive for phoE and serA. All eight samples from patients with unrelated genital 

conditions were negative for both products (Figure 11 ). 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

bp 

438 
382 

Figure 11: Ethidium bromide stained agarose gel of amplification products obtained for K. 
pneumoniae (lanes 2-3), K. ozaenae (lanes 4-5), K. rhinoscleromatis (lanes 6-7), clinical 
donovanosis punch biopsies x 2 (lanes 8-11 ), clinical donovanosis swabs x 2 (lanes 12-15), 
clini cal syphilis swab (lanes 16-17) and clinical herpes genitalis swab (lanes 18-19) when using 
the phoE and serA primer sets . Primers targeting phoE (382bp product) were used in lanes 
2,4,6,8, I 0, 12, 14,16 and 18. Primers targeting serA ( 438bp product) were used in lanes 
3,5,7,9, II , 13. 15,17 and 19. Lanes I and 20 contain PhiX 174 Haelll markers (New England 
Biolabs, Inc.). 
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It is difficult to argue that the K granulomatis sucrose regulon has diverged to the extent 

that the sequences chosen do not support a PCR, particularly in the face of99 .0%-99.8 

%similarity to Klebsiella sp. pathogenic to humans in four other distinct genes (Chapter 

3). The simpler and more logical interpretation is that the sucrose regulon is missing in 

K granulomatis. 

Goldberg (1959) has identified two factors present in the yolk sac of chick embryos that 

are essential for the growth of K. granulomatis. These are a microaerophillic 

environment and a currently unidentified polypeptide present in enzymic digests of 

bovine albumin and soya meal. Given that the Klebsiella sucrose regulon appears to be 

missing in K. granulomatis it is quite possible that other regions of the Klebsiella 

genome are also missing, one or more of which may encode the unidentified 

polypeptide. This incomplete genome hypothesis suggests that K. granu/omatis may 

have taken on a parasitic nature and that the failure to culture K. granu/omatis on routine 

microbiological media may be due to the lack of one or more growth factors provided 

by its natural habitat. 

It could be argued that the apparent lack of the Klebsiella sucrose regulon in K. 

granulomatis raises questions as to whether the organism is truly a member of the 

Klebsiella genus. However, it is known that even at the intraspecies level up to 20% of 

the DNA present in one strain can be absent in another (Lan and Reeves, 2000). A 

species genome concept has been proposed, comprising all of the genes found in a 

particular species. The genes of any individual within that species would then comprise 
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the core set of genes and the auxiliary genes. Lan and Reeves (2000) suggest that as a 

starting point genes found in 95 % or more of isolates could be designated core genes 

and genes found in 1 - 95 % ofisolates could be designated auxiliary genes. Those genes 

found in less than 1 % of isolates could be provisionally treated as foreign genes or 

genes that are in the process of being lost from the species. It is emphasised that the 

bacterial genome is a dynamic structure and that intraspecies variation needs to be taken 

into account if we are to gain insight into the full species genome. Given this, there is 

no real reason, based on the apparent lack of the Klebsiella sucrose regulon, to question 

the genus status of K granulomatis, and nor would this preclude its future 

characterisation as a further subspecies of K pneumoniae if further data supports this. 

4.3 - Pluses and Minuses of a First Generation Molecular Diagnostic 

The results presented above can be considered from a dual perspective. Firstly, as 

discussed, they demonstrate that K granulomatis appears to be lacking the sucrose 

regulon which in turn suggests that the organism is incapable of metabolising sucrose. 

However, secondly and more usefully for the overall aim of this study the results also 

demonstrate a simple and rapid method for distinguishing between K granulomatis and 

the subspecies of K pneumoniae without the need to sequence all products amplified. 

With this method a positive result for phoE and a negative result for serA is indicative 

of K granulomatis detection, a positive result for both genes is indicative of any one of 

the subspecies of K pneumoniae and a negative result for both genes is indicative of the 

absence of DNA from K granulomatis and subspecies of K pneumoniae. 
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During the course of the second year of this work and, largely as a result of the success 

obtained with amplification from swab specimens, over 150 clinical samples were 

received for testing (approximately 12 per month compared with an average of one per 

month in the first year). However, the majority of these were received from other areas 

of Australia including South Australia, Western Australia and Central Australia. For this 

reason the results are unable to be included at a detailed level in this study as ethical 

clearance forresearch applied only to the Top-End of the Northern Territory. In addition, 

many clinicians unfortunately stopped seeking a histopathological diagnosis. While this 

can be seen as a positive outcome from the perspective that clinicians were obviously 

happy with the results they were obtaining from molecular diagnosis it is problematic 

to a study where comparative results are required. As a result, only 30 samples obtained 

over a two year period were available for analysis, including the 11 samples discussed 

in Chapter 2 (but excluding the 8 samples obtained from patients with conditions other 

than donovanosis ). 

A further and related characteristic of the second year of sample collection worth 

noting is that the diversity and larger number of clinicians collecting samples resulted 

in the research being seen as an informal diagnostic service. This had the effect of 

shifting the clinical focus from selecting samples strongly suggestive of donovanosis 

(and /or not in the case of controlled negatives) to a focus that saw samples arriving for 

which clinical suspicion of donovanosis ranged from low to high. 
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Of the 30 samples received for PCR that are able to be included in this analysis and for 

which comparative histology was available, a total of 12 were biopsies (8 reported in 

Chapter 2), one was a swab and biopsy (reported in Chapter 2) and 17 were swabs (2 

reported in Chapter 2). The method of collection and DNA extraction for the additional 

samples was the same as reported previously. 

In order to further explore the diagnostic potential of the phoE I serA test, PCR was 

performed with the phoE and serA primers on all30 samples using an identical method 

to that described previously. The 8 samples obtained from patients with unrelated genital 

conditions and the three Klebsiella isolates were also included. 

Of the 30 specimens, 12 (40 %) returned a positive histology result for donovanosis 

while 19 (63 %) gave the expected PCR profile with thephoE I serA primer set. No 

samples for which a positive histology result was confirmed were negative by PCR. 

Sample D3 was recorded as negative even though it had been briefly positive in the 

earlier studies (Chapter 2). One sample, D64, gave an indeterminate result as it was 

positive for both genes suggesting either the presence of contaminating Klebsiella, the 

presence of an unrelated organism cross-reacting with the primer sets or, alternatively, 

the presence of serA in this particular strain of K granulomatis. However, the latter is 

unlikely given that the final clinical diagnosis for this patient was Vaginal Intraepithelial 

Neoplasia and not donovanosis. Both sets of primers gave products of the expected size 

with K pneumoniae, K ozaenae and K rhinosc/eromatis whereas DNA from the 8 
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specimens from patients with unrelated genital conditions did not give products with 

either set of primers. 

Surveys of genital lesions have shown that Klebsiella species other thanK granulomatis 

occur in approximately 1 % of male genital ulcers (Chapel et al., 1978) and 5 % of 

female genital ulcers (Gibbs, 1987). Thus this diagnostic method will not detect K 

granuloma/is in the instance that there is a concomitant infection with other species of 

Klebsiella as the test relies on a negative serA result for the positive identification of K 

granulomatis. The fact that one of the 30 samples tested gave such an indeterminate 

result clearly shows that this concern is justified. Therefore, while this first generation 

diagnostic is an advance it is evident that a diagnostic test with a clear positive or 

negative result derived from a single primer set would be preferable for its introduction 

into a routine diagnostic laboratory. 
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CHAPTER FIVE 

COMING FULL CIRCLE: 

A Second Generation Molecular 

Diagnostic Test for Donovanosis 



5.1 - The Problem ..... and Coming Full Circle to the Solution 

The methods and results presented in preceding chapters have gone some way towards 

achieving the major objective of developing a sensitive and specific molecular 

diagnostic test for donovanosis. However, it is also true to say that the methods 

presented so far have been subject to limitations, namely the need to sequence all 

products amplified (Chapter 2) or the masking of amplification results due to 

concomitant infection with other Klebsiella sp. and/or cross-reaction with other 

organisms (Chapter 4 ). As identified previously, in order for a PCR diagnostic test to be 

accepted and incorporated into routine diagnostic laboratories there is a need for a clear 

positive or negative result, preferably from a single primer set. 

The major difficulty faced in this study is that the level of similarity between K. 

granulomatis and subspecies of K. pneumoniae at the nucleotide level is so high that the 

ability to design specific primers forK. granulomatis has so far proved elusive. In fact, 

every indication from the available sequence data and associated phylogenetic analysis 

is that K. granulomatis is likely to be a fourth subspecies of K. pneumoniae though this 

is difficult to prove definitively in the absence of DNA-DNA hybridisation studies. 

By this stage in the study it had therefore become very apparent that if a region of the 

desired level of variability were to be found on which to base K. granulomatis specific 

primers this region was unlikely to be found in the coding nucleotide sequence. In 

addition, given the lack of constraint on non-coding regions, variability that would more 

likely be found within them could not be considered reliable for diagnostic purposes. A 
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different approach was therefore required and this presented itself through a detailed 

analysis of every restriction site in the phoE restriction map profiles of K pneumoniae 

and K granulomatis. This analysis revealed that there were two additional Haeiii 

restriction sites in the K pneumoniae profile when compared with the K granulomatis 

profile (Appendix 7). Furthermore, the elimination of these two Haem sites in the K 

granulomatis phoE sequence was determined by the two unique base changes discussed 

previously (Chapter 2). 

Haeiii cuts at the position of the arrow wherever it encounters the following double 

stranded sequence: 

! 
GGCC 
CCGG 

The unique base change at position 532 of the K granulomatis coding nucleotide 

sequence results in a sequence change from GGCC to GGCT while the unique base 

change at position 615 of the K granulomatis coding nucleotide sequence results in a 

sequence change from GGCC to AGCC. 

The solution to the problem had therefore been available from the beginning but had 

remained obscured until this point. 
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5.2 - Proof of Concept 

Initially seven of the samples for which sequencing was carried out and an additional 

four non-sequenced samples that were positive with the phoE/scrA PCR test were 

subjected to amplification of a 700-bp region of the Klebsiella phoE gene with a primer 

set designated as phoEdigl (synthesised by Beckman Instruments Pty Limited, 

Gladsville, Australia), encompassing the two unique base changes of K granulomatis. 

The sequence of this primer set is as follows: 

Forward primer 

Reverse primer 

5'CTATGACAGCAAGGATGGCGA3' 

5'CAGACCGAAGTCGAACTGATACTG3' 

Isolates of K pneumoniae, K ozaenae and K rhinoscleromatis were also amplified as 

was the single sample that gave an indeterminate result in the phoE/scrA PCR. 

Amplified products were then digested with Haeiii for 1 hour at 37 °C in the following 

digest mix: 1 x OPA (One-Phor-All buffer PLUS, Pharmacia-Biotech), 10-15 ,ul 

amplified PCR product, 1 U Haem (Pharmacia-Biotech) and dH20 to a final volume of 

20 ,ul. Digested products were analysed by 2 % low-melting-point agarose 

electrophoresis (NUSIEVE, FMC BioProducts), designed for the separation of low 

molecular weight fragments. 

As expected from the sequence and restriction profile data it was possible to distinguish 

the K granulomatis derived phoE product from that of the other Klebsiella by the 
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presence of a 167 -bp fragment resulting from the eliminated Haeiii sites (Figure 12 and 

Figure 13). 

The indeterminate sample (D64) digested into a single band of approximately 1 00-bp, 

suggesting that it was not derived from contaminating Klebsiella but was more likely the 

result of non-specific cross reaction with the primers. As mentioned previously, the final 

clinical diagnosis for the patient from which this sample was obtained was Vaginal 

Intraepithelial Neoplasia. 

5.3- Simplifying the Digestion Profile 

In order to simplify the post-digest fragment mixture and to increase the likelihood of 

amplifying targets from degraded DNA specimens primers were designed to more 

closely target the 167-bp differential product of K granulomatis. This primer set was 

designated as phoEdig2 and was designed to amplify a 188-bp region of the Klebsiella 

phoEgene: 

Forward primer 

Reverse primer 

5'GATCTGACCCTGCAGTACC3' 

5' TCCGCTTTCGAACCCTGG 3' 

Of the 19 samples that had tested positive with the phoE/scrA PCR, adequate template 

was remaining for 14, 4 of which were histology negative. These 14 samples, all 11 

negative samples (including the previously indeterminate sample D64) and the 8 

samples from patients with unrelated genital conditions were tested with the phoEdig2 
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87 222 45 167 7 33 139 bp 

Kgr : 7~~1+trS: Kpn 
Koz 87 222 45 39 86 42 7 33 139 bp 
Krh 

Figure 12: Schematic representation of the 700-bp phoEdig I PCR product showing 
Huelll restriction sites represented by arrows and expected post-digest fragment 
sizes for K. granulomatis (above) and for K. pneumoniae, K. ozaenae and K. 
rhinoscleromatis (below). 
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bp 

-222 

-167 
-139 

-87 

--40 

1 2 3 4 5 6 

Figure 13: 2% low melting point ethidium bromide stained agarose gel of Haeiii 
digested PCR products (700bp ). Bands marked as - 40bp consist of products ranging 
from 33bp-45bp. The band marked as 87bp also consists of an 86bp band for K. 
pneumoniae, K. ozaenae and K. rhinoscleromatis. Lanes I and 6 - <l>X 174 HaeiH 
markers (New England Biolabs); Lane 2 - K. pneumoniae; Lane 3 - K. ozaenae; 
Lane 4 - K. rhinoscleromatis; Lane 5 - K. granulomatis . 
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primer set along with the three other Klebsiella isolates. 

PCR conditions were identical to those reported previously (Chapter 2). A volume of 10 

t.tl of the resulting reaction mixes was run out directly on an Ethidium Bromide stained 

agarose gel and visualised under UV light. 

Products of the expected size were obtained for all 14 samples that had been positive 

with the phoE/scrA PCR and from the Klebsiella isolates. A product of the expected size 

was also obtained once again from sample D64 that had been indeterminate in the 

phoE/scr A PCR and negative on the previous 700-bp digest. AilS samples from patients 

with unrelated genital conditions were negative with this primer set. Seven of the ten 

samples negative with the phoE/scrA PCR were also negative in the PCR with this 

primer set while two of the remaining three samples gave weak positive results. 

Interestingly, one of these samples was D3 which had briefly given a 604-bp 

amplification product more than two years earlier. Given that the current target is only 

188-bp in length it is probable that this sample underwent rapid degradation but that 

very small products are still able to be successfully targeted. This sample and the other 

previously negative sample (D41) that gave a weak positive product were both obtained 

from patients for whom donovanosis remained a clinical diagnosis. The third previously 

negative sample (D60) was also obtained from a patient with a clinical diagnosis of 

donovanosis and, while it was no longer negative as such for the 188-bp product it gave 

a messy pattern of banding. These three samples were not included in the subsequent 

digest at this point in time but were revisited later (Section 5.5). 
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The remaining 15 .ul of a) the 14 donovanosis samples that had been positive with the 

phoE/scrA PCR b) sample D64 and c) the three Klebsiella isolates were digested with 

Haeiii. The procedure and conditions for restriction digest were simplified by the 

addition of 1 U Haeiii directly to the post-PCR mix. Incubation temperatures, times and 

analysis of digested fragments were identical to those outlined in section 5.2 above. 

Band sizes expected from the sequence data were obtained for all 14 donovanosis 

samples and were again clearly distinguishable from K pneumoniae, Kozaenae and K 

rhinoscleromatis. 

Sample D64 once again showed a restriction enzyme digest pattern with a single band 

of approximately 1 00-bp. It would have been interesting to sequence a product amplified 

from this particular sample in order to shed some light on what was actually being 

amplified. However, given that the final clinical diagnosis was not donovanosis this was 

not carried out as part of this study though it is acknowledged that this sequence should 

be obtained as part of any future study in order to clarify the nature of the amplified 

product. 

Results are summarised in Table 13 below. 
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Table 13: Summary of Relevant Results 
Abbreviations: HSV= Herpes Simplex Virus; MRS = Multi-resistant Staphylococcus aureus; GAS = 

Group A Streptococcus; HPV =Human Papilloma Virus; YIN= Vaginal lntraepithelial Neoplasia; Kpn 
= K. pneumoniae; Koz = K. ozaenae; Krh = K. rhinoscleromatis. 

Sample Clinical Histology phoE+/scrA· 188-bp PCR Restriction 
# Diagnosis product profile 

D2 Donovanosis - + + + 

03 Donovanosis - + + + 

04 Donovanosis + + + + 

05 Donovanosis + + + + 

07 Donovanosis - + - -
DS Donovanosis + + + + 

DIO Donovanosis - + + + 

Dll Donovanosis + + + + 

012 HSV - - - -
013 Syphilis - - - -
014 Mixed - - - -

anaerobes, 
MRS, GAS 

DIS HPV - - - -
016 GAS, - - - -

S. aureus 

017 HPV - - - -
DIS HSV - - - -
019 Donovanosis - + + + 

020 Donovanosis + + + + 

022 HSV - - - -
023 Donovanosis + + + + 

041 Donovanosis - - + not done 

D44 Donovanosis + + + + 

046 Donovanosis + + + + 

060 Donovanosis - - + not done 

D64 YIN - + + -
DlOl Donovanosis - + + + 
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Dl53 Donovanosis + + + + 

Dl54 Donovanosis + + + + 

Kpn Pure culture N/A - + -
Koz Pure culture N/A - + -
Krh Pure culture N/A - + -

5.4 - The Need for Further Modification 

The preceding sections of this Chapter have outlined a solution to the problems 

encountered in designing K. granulomatis specific primers for diagnostic purposes. By 

exploiting the fact that the two unique base changes in the phoE gene of K granulomatis 

eliminate Haeiii restriction sites it has been possible to differentiate between this 

organism and other members of the Klebsiellae that may be acting as opportunistic 

invaders of wounds. 

However, this method still suffers from one major limitation i.e. while it is well suited 

to an experimental laboratory it is still unlikely to find its way into a routine diagnostic 

laboratory due to its reliance upon agarose gel electrophoresis for the visualisation of 

results. Discussions with staff of the Royal Darwin Hospital Pathology Department 

suggested that they would not be interested in a diagnostic test that relied on this form 

of visualisation and that in order for the test to be accepted by diagnostic laboratories it 

would need to be modified to articulate with an Enzyme Immunoassay (EIA)-based 

colorimetric detection system. 
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5.5 - From Gels to Colour 

The aim of this section of the study was to modify the diagnostic test so that it could 

articulate with the Roche EIA-based detection system (CO BAS AMPLICOR). This was 

considered possible through employing a 5' biotinylated oligonucleotide primer and 

magnetic beads with a capture oligonucleotide covalently linked. InK pneumoniae, K 

ozaenae and K rhinoscleromatis, the cleavage of the fragment containing the capture 

oligonucleotide target region from the biotinylated fragment would theoretically give a 

negative result in the EIA based assay while the intact fragment of K granulomatis 

would give a positive result. 

It was known that the Roche Diagnostic System (CO BAS AMPLICOR) for Chalmydia 

trachomatis and Neisseria gonorrhoeae was an EIA-based PCR diagnostic system and 

that it utilised magnetic beads. It was further known that this system utilised Avidin

Horseradish Peroxidase, resulting in the conclusion that products must be biotinylated. 

In addition, DYNAL (Carlton, Victoria) was the only known supplier of magnetic beads 

in Australia. 

An exploration of the DYNAL catalogue and associated methods showed that while 

there were two types of magnetic beads available (Streptavidin coated and Tosyl 

activated) methods for the colorimetric detection of PCR products were only provided 

for DYNABEADS® M-280 Streptavidin. A summary of this method is as follows: 

107 



A nested PCR is performed, in which the first step is a standard PCR with outer primers 

specific for the target DNA sequence. The second PCR uses nested primers, one of 

which is a biotinylated primer and the other of which has a non-complementary lac

operator "handle". A successful PCR yields products with biotin and lac-operator 

incorporated into the amplified product. The biotinylated DNA is then selectively 

captured and immobilised onto Dynabeads M-280 Streptavidin and purified by magnetic 

separation. A fusion protein containing the Lacl-repressor and ~-galactosidase is added 

to the beads and the bound enzyme is then detected by adding the chromogenic substrate 

ONPG (DYNAL, 1995). 

The above method provided by DYNAL posed an immediate problem as the detection 

of K granulomatis requires the detection of a particular digest fragment. If the DYNAL 

method were employed it would have resulted in the detection of any digest fragment 

with a biotin group attached, thereby defeating the purpose. It may however have been 

possible to modify the method by immobilising a biotinylated capture oligonucleotide 

onto the streptavidin coated beads and then incorporating a different method of detection 

into the amplified PCR products that would subsequently be captured. This was 

considered though given that one of the aims was to develop a method that could slot 

into the Roche Diagnostic System without requiring any significant modification to that 

system it was decided that it was not an option i.e. whatever method was eventually 

employed it needed to utilise biotin for detection purposes rather than for immobilisation 

purposes. 
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Discussions were therefore held with DYNAL with regard to the possibility of using 

tosyl activated beads which, in theory, would overcome the problems associated with 

streptavidin coated beads as an amine group could be incorporated into the capture 

oligonucleotide and biotin could be incorporated into the 5' end of the amplified 

products. However, DYNAL did not believe that it was possible to use tosyl activated 

beads for this purpose: 

We do not have a recommended protocol for binding of amino

oligonucleotides to M280-tosyl particles because this is not possible 

without some unspecific binding to the amine groups on the 

bases ......... .It is not recommended that a customer coats his/her 

own oligo to Dynabeads. Although it is possible to bind an oligo 

(dT)251 (as DYNAL has done), it is the lucky exception. 

However, despite this it was decided to go ahead with tosyl activated beads for the 

following reasons: 

1. A primary amine group would react much more rapidly than a secondary amine 

group which would itself bind more rapidly than a tertiary amine group. 

Therefore, non-specific binding could be largely eliminated through controlling 

the reaction time, ensuring that the vast majority of binding to the beads was 

via the 5' amine group of the capture oligonucleotide; 

2. The probability that Roche was using tosyl activated beads in the COBAS 

AMPLICOR system. 
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5.5.1 - The Method 

Tosyl-activated magnetic beads were obtained (DYNAL, Carlton, Vic) and washed as 

per the manufacturer's instructions i.e. 

1. The beads were resuspended by pipetting and vortexing for approximately 1 

minute being careful to avoid foaming; 

2. A 300 ,ul aliquot of the resuspended beads was transferred to an eppendorf tube 

which was then placed in a DYNAL Magnetic Particle Concentrator (MPC) for 

1 minute; 

3. The supernatant was removed and the beads were resuspended in 1 ml ofO.l 

M borate buffer pH 9. 5 ( 6.183 g H3B03 dissolved in 800 ml dH20; pH adjusted 

to 9.5 using 5 M NaOH; volume adjusted to 1000 ml with dH20) and mixed 

gently for 2 minutes before placing the tube back in the MPC for a further 

minute; 

4. The supernatant was removed and the beads resuspended in 300 ,ul of0.1 M 

borate buffer pH 9.5 to bring them back to their original concentration of 6-7 

x 108 beads/ml (approx 10 mg/ml). 

This method was carried out in duplicate. 

Coating 

A capture oligonucleotide with 5' amine group was designed internal to the Haeill 

restriction sites of the K granulomatis phoEproduct [5' NH2CCAGCAGGTTCTGAT 
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CGTT 3 ']and added to the beads at 150 pmol/mg beads in 0.1 M borate buffer pH 9.5. 

Tubes were then incubated at 65 oc for 15 min to promote covalent bond formation 

between the tosyl groups and 5' amine groups. Incubation was carried out by strapping 

the tubes to the rotating arms of a hybridisation oven to ensure that the beads did not 

settle. After washing the beads twice with Phosphate Buffered Saline (PBS) pH 7.0 

containing 0.1 % Bovine Serum Albumin (BSA) for 5 min at 4 °C, free tosyl groups 

were blocked with 0.2 M ethanolamine pH 7.0 containing 0.1 % BSA for 4hrs at 37°C. 

Ethanolamine was selected as the blocking agent for its neutrality i.e. Tris-HCl was 

considered but would have left the beads positively charged encouraging non-specific 

binding by digested DNA in subsequent reactions. Similarly, diethanolamine would have 

left the beads with a negative charge resulting in some potential risk of repulsion. After 

a final washing step with PBS pH 7.0 containing 0.1 % BSA for 5 min at 4 oc the beads 

were resuspended in 900 .ul PBS pH 7.0 containing 0.1% BSA. 

This method was carried out in duplicate. 

Prior to use the beads were diluted 1 in 4 with Probe Suspension 2, pH 4.0 (sodium 

phosphate solution containing <0.2% solubilizer and <26% chaotrope, contained within 

CO BAS AMPLICOR Chlamydia trachomatis Detection Kit, Roche Diagnostic Systems, 

Inc., Branchburg, NJ). 

Samples 

All14 samples positive with the phoE!scrA PCR and with the Haelll digestion method 
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were tested, as were the three samples negative with the phoE/scr A PCR but positive for 

the 188-bp phoE product (D3, D41, D60). In addition, the seven samples negative for 

the 188-bp product, sample D64 that was positive with this PCR but negative on digest, 

the original eight samples from patients with unrelated genital conditions and the 

isolates of K pneumoniae, K ozaenae and K rhinoscleromatis were tested. 

Amplification, Digestion and Detection 

Amplification and Haeiii digestion of 188-bp phoE products was carried out as 

previously reported with the exception that a biotin group was attached to the 5' PCR 

primer. PCR!Haeiii digest mixtures (25 J.tl) were denatured with O.lM NaOH (25 J.ll). 

The denatured solution (30 J.ll) was incubated with 100 J.ll of prepared beads for 30 min 

at 37 octo allow for neutralisation and binding with the capture oligonucleotide. All 

subsequent steps of detection were carried out as per standard EIA methodology (i.e. 

wash, add 0.1~-tg/ml avidin-HRP conjugate, wash, add tetramethylbenzadine substrate) 

(Menzies School of Health Research Procedures Manual). A Magnetic Particle 

Concentrator (DYNAL, Carlton, Vic) was utilised at each step to separate the beads 

from the supernatant and allowed all steps to be carried out in one tube. 

A schematic representation of this system is provided in Figure 14. 

5.5.2 - The Results 

Due to the cleavage of the fragment containing the biotin group from the capture 
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K. granulomatis 

Biotin 0 188-bp PCR product 
Tag 

Biotin linked PCR I 

1 
POSITIVE 

Kpn, Koz, Krh 

Haeill digest 
Add magnetic beads with 

oligonucleotide covalently linked 

Wash 
Add enzyme-conjugate 

Wash 
Add substrate 

NEGATIVE 

Figure 14. Schematic representation of the colorimetric detection system for K. 
granulomatis. Arrows represent Haelll restriction sites within the 188 bp phoE 
product for K. grunulomatis (left) and other Klebsiella (right). The orange box 
within the 188 bp product represents the target region for the capture 
oligonucleotide. 
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oligonucleotide target region it was expected that the K. pneumoniae, K. ozaenae and 

K rhinoscleromatis digest products would give negative readings while the intact K. 

granulomatis fragment would give positive readings. 

Strong colorimetric readings were obtained for al114 samples positive with all previous 

methods while weaker but definitely clear colorimetric readings were obtained for the 

three samples positive only for the 188-bp phoE product. All 7 samples negative for the 

188-bp product were negative with this system as were 064, all8 samples from patients 

with unrelated genital conditions and PCR digests obtained from K. pneumoniae, K. 

ozaenae and K. rhinoscleromatis. Figure 15 shows results obtained for two of the 

samples positive forK. granulomatis and for the other three Klebsiella isolates. 

It is acknowledged that an assumption has been made with regard to the successful 

binding of the capture oligonucleotide to the tosyl groups of the magnetic beads and that 

it would have been preferable to carry out a no-oligo control in order to provide an 

evidential basis for this. However, the fact that positive results were obtained with K. 

granulomatis but not with the other three Klebsiella isolates suggests that the 

assumption is sound. If the positive result for K. granulomatis had been obtained 

through non-specific binding to the beads a similar result would have been expected 

with the other three Klebsiella isolates as these tubes also contained digest fragments 

with biotin groups attached. The clear negative results obtained for these isolates 

strongly suggests that binding to the beads was specific via the capture oligonucleotide 
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Figure 15: Results of the colorimetric detection system from left to right: Position I -
K. pneumoniae; Position 2 - K. rhinoscleromatis; Position 3 - positive swab sample 
from patient with donovanosis; Position 4 - positive swab sample from patient with 
donovanosis; Position 5 - K. ozaenae; Position 6- vacant. 
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and that washing steps were sufficient to eliminate any non-specific binding that may 

have occurred. 

5.6- Validity and Stability 

The methodology presented in the second half of this Chapter has advantages over 

agarose gel electrophoresis in that it can be utilised by routine diagnostic laboratories 

and it also incorporates a second level of specificity via the presence of an internal 

capture oligonucleotide. 

A 2 x 2 analysis (Table 14) of the 33 samples employed in this section of the study 

shows the sensitivity and specificity of the phoE PCR-Haeiii test when compared to the 

gold standard of histopathology. 

Table 14: l x l table comparing the performance of the second generation phoE PCR-Haelll 
d' . h 1a2nosttc test with istology. 

PCR-Haelll Positive 

PCR-Haelll Negative 

Sensitivity= AIA+C = 100% 
Specificity= D/B+D = 69.6 % 

Histology Positive 

lOA 

oc 

Positive Predictive Value= A/A+B = 58.8% 
Negative Predictive Value= 0/C+D = 100% 

Histology Negative 

7B 

16 D 

As discussed previously, histology is an imperfect gold standard with a sensitivity that 

generally falls within the range 60 - 80 % once other causes of genital ulceration have 

been excluded. In this particular set of33 samples, all17 samples positive with the phoE 

PCR-HaeiTI test gave a result that was consistent with the final clinical diagnosis. This 
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suggests that the specificity and positive predictive value of the test is likely to be 

considerably higher than 69.6% and 58.8% respectively. 

All 17 positive samples from patients with donovanosis included in this section were 

obtained from the Top End of the Northern Territory of Australia over a two-year period. 

However, the phoE PCR-Haem test has been I is being successfully utilised by doctors 

in Central Australia, South Australia and Western Australia (data not shown due to 

ethical clearance applying only to the Top-End of the Northern Territory) and has been 

proving valuable in the attempts to eradicate donovanosis in this country. 

As discussed previously, the base change at position 532 of the coding nucleotide 

sequence (C --+ T) results in the amino acid change Arg 157 --+ Cys 157. Arg 157 is located 

near the top of one of the surface exposed loops in the Klebsiella PhoE protein and 

corresponds to Arg158 of the Escherichia coli PhoE protein (Vander Ley et al., 1987). 

Korteland et al. (1985) reported that all E. coli K 12 strains tested in their laboratory 

with resistance to the PhoE specific bacteriophage TC45 showed a mutation at Arg158. 

While unproved, it is plausible that the K granulomatis isolates present in Australia 

have also acquired this selective advantage at some point in their evolution. 

This gives some strength to the future stability of this mutation in the Australian context 

though the question still remains as to whether the organism is clonal in an international 

context. The specificity of the PCR assay still needs to be trialed and validated with a 

larger number of samples from geographically diverse locations within and outside of 
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Australia in order to test the stability and applicability of the two unique base changes 

on which it relies. In addition, there are a number of other steps that are required to be 

undertaken before the method can be regarded as validated. These include: 

• optimisation of the binding process of the capture oligonucleotide to the 

magnetic beads through the use of a number of different oligonucleotide 

concentrations, binding temperatures and incubation times; 

• quantification of the amount of oligonucleotide bound to the magnetic beads; 

• determination of the approximate number of amplicons needed to result in a 

positive test in the ElA; 

• determination of the absorbance reading indicative of a positive result. 

To date there have been no reports to suggest that such validation trials have been or are 

being undertaken. 

118 



CHAPTER SIX 

DISCUSSION 



6.1 - Questions Arising 

It is not the intention of this chapter to discuss again that which has already been 

discussed in preceding chapters. The aims of the study have been met as evidenced by: 

1. The development of a sensitive, arguably specific and convenient molecular 

test for the diagnosis of donovanosis that is now ready to be taken up in 

comprehensive validation trials. The Australian Medical Research and 

Development Corporation (AMRAD) has filed a standard patent application 

over this test (currently in examination process) and have indicated that they 

are exploring commercial opportunities. 

Nonetheless, not until validation trials have been carried out and the results become 

available will it really be known how useful the phoE PCR-Haelll test is from a global 

perspective. It also needs to be acknowledged that even if the test were to be globally 

validated the cost of a molecular diagnostic is likely to be prohibitive in developing 

countries where the disease is most endemic. In such countries, only in laboratories that 

are appropriately equipped would it be likely that a molecular diagnostic service be 

offered, at least until costs become significantly lower. 

Current indications are that the test will be useful in the Australian clinical practice and 

that it will have an important place in attempts to eradicate donovanosis from this 

country. During the course of this study medical practitioners in the Top-End of the 

Northern Territory, Central Australia, Western Australia and South Australia made use 
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of the test. Of these areas donovanosis is a notifiable condition in the Northern Territory 

and Western Australia. In both of these jurisdictions a considerable decrease in the 

number of reported cases of donovanosis over the period 1996-2000 was observed, 

suggesting a possible impact of increased efforts at case detection and the effectiveness 

of the antibiotic Azithromycin. 

Due to its favourable pharmacological properties Azithromycin has become the drug 

of choice for the treatment of donovanosis in Australia. Azithromycin has been shown 

to penetrate genital tract tissue well and to concentrate within macrophages (Bowden 

et al., 1996, Gladue et al., 1989, Peters et al., 1992). The major advantage of these 

properties is that phagocytes are able to deliver the active drug to the site of infection. 

Studies have shown that the intracellular concentration of Azithromycin is up to 60 

times higher than the extracellular concentration, a property that is particularly valuable 

in the treatment of diseases caused by intracellular organisms (Peters et al., 1992). In 

addition, due to the initial rapid cellular uptake and subsequent slow release therapeutic 

tissue levels are sustained for around 57 hours. This is important as the low compliance 

rates of those afflicted necessitates treatment regimes that require minimal supervision. 

A controlled clinical drug trial in the Northern Territory of Australia showed excellent 

results with Azithromycin. All patients involved in this trial responded to treatment and 

obtained a complete cure, including those patients who presented with extensive 

disease. No relapses were observed over a 12 month period. The treatment regime 

recommended by the authors is either 500mg/day for 1 week or 1g/wk for 4 weeks 
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(Bowden et al., 1996). 

However, the news may not be all good as it can also be seen from Figure 16 that in 

both jurisdictions an increase in the rate of donovanosis was observed in 2001. Caution 

must be shown when attempting to draw conclusions from such small numbers and only 

time will tell whether this is a real increase or whether it simply reflects what could be 

expected from yearly fluctuations. Interestingly, both jurisdictions have also 

experienced a doubling in the rate of syphilis between 2000 and 2001 (Communicable 

Diseases Network Australia, National Notifiable Diseases Surveillance System, pers. 

com.). 

While this test has been designed for use in the Roche CO BAS AMPLICOR PCR-EIA 

system there is no reason why it could not be adapted to real-time PCR, an assay that 

has been gaining particular favour in the field of molecular diagnostics in the recent 

past. Real-time PCR technologies are based on the measurement of fluorescence during 

the PCR, with the amount of emitted flourescence being proportional to the amount of 

PCR product. The resulting PCR curve is used to define the exponential phase of the 

reaction, a prerequisite for the accurate calculation of the initial copy number (Boissinot 

and Bergeron, 2002, Klein, 2002). The recently available rapid real-time PCR 

instruments allow flourescence measurement during each amplification cycle and have 

led to less than 1 hour PCR assays (Boissinot and Bergeron, 2002). 

It would be feasible to replace the biotinylated PCR primer in the current K. 
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. NT . WA L Qld 

Figure 16: Notifications of donovanosis in the Northern Territory (NT), Western 
Australia (W A) and Queensland (Qld) 1996-2001. Not notifiable in South Australia and 
zero incidence in Victoria, New South Wales, Tasmania and the Australian Capital 
Territory over this period. 
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granulomatis PCR assay with a flourescence-labelled PCR primer. However, the 

subsequent steps of Haeiii restriction, binding to capture oligonucleotide coated beads 

and washing would still be critical in order to ensure specificity and the elimination of 

false positive results. In addition, quantification of the original copy number, a 

significant feature of real-time PCR may be problematic in this case as one could not 

be sure that the flourescence emitted during the PCR reaction was all attributed to K 

granulomatis product. Similarly, relying on post digest/capture flourescence values to 

determine initial copy number would not be possible unless one could ensure that all 

K granulomatis product had been bound by the capture oligonulceotide. 

2. The characterisation of the causative organism of donovanosis on the basis of 

phylogenetic evidence and the associated proposal to reclassify 

Calymmatobacterium granulomatis as Klebsiella granulomatis comb. nov. 

PCR -based identification of non-cultivable microbial pathogens may be confounded by 

the incidental amplification of colonising non-pathogenic bacteria. Fredricks and 

Reiman (1996) have proposed several criteria for establishing microbial disease 

causation by molecular methods. Their guidelines stipulate that: the sequence-based 

identification should be reproducible; the nucleic acid sequence should be found at its 

highest concentration in diseased tissue but be absent, or present at only low copy 

numbers, in normal tissue; the relationship should be biologically plausible with the 

known phenotypic characteristics of the non-cultivable organism; and ideally the 

molecular identification should be established at the cellular level by in-situ 
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hybridisation. 

The studies described in this and other Chapters as well as in previously published work 

fulfil these criteria for associating the causative organism of donovanosis with the genus 

Klebsiella. In Chapter 2, it was reported that the clinical samples from all eight patients 

with clinical donovanosis produced PCR products that demonstrated 99.6- 99.8% 

similarity with K. pneumoniae, K. ozaenae and K. rhinoscleromatis (i.e. the association 

is reproducible). A diagnostic PCR has been developed based on the observation that 

two unique base changes in the phoE gene of C. granulomatis eliminate Haeiii 

restriction sites (Carteret al., 1999b- Chapter 5). All 14 clinical donovanosis samples 

tested with this diagnostic method gave the restriction digest profile expected from 

sequence data. No products were obtained from patients with unrelated genital 

conditions - Chapter 2, 4 and 5 (i.e. the molecular identification is specific). As 

described previously, this molecular association of C. granulomatis with the Klebsiella 

genus is biologically plausible based o~ the known phenotypic and antigenic 

characteristics of the organism. Finally, though in-situ hybridisation experiments have 

not been pursued to demonstrate a tissue-sequence correlation at the cellular level, C. 

granulomatis has recently been cultivated in a human epithelial cell line. DNA obtained 

from the cultured organisms had an identical phoE sequence to that obtained from 

clinical specimens (Carter et al., 1997). 

In light of this data it is considered reasonable to reclassify C. granulomatis as 

Klebsiella granuloma/is (Carteret al., 1999a). This proposal has been endorsed by the 
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scientific community as evidenced by: 

a) its publication by the Society for General Microbiology for the Bacteria and 

Applied Microbiology Division of the International Union of Microbiological 

Societies in conjunction with the International Committee on Systematic 

Bacteriology (Carter et al., 1999) and; 

b) its subsequent listing in the National Centre for Biotechnology Information's 

taxonomy browser under Taxonomy ID 39824 (Appendix 8). 

6.1.1 Emended Description of the Genus Klebsiella 

Klebsiella sp. are facultatively anaerobic, gram negative, non-motile, generally straight 

rods arranged singly, in pairs or in short chains and measuring 0.3-1.0 J.1ffi in diameter 

and 0.6-6.0 J.1ffi in length (0rskov, 1984). K. granulomatis is pleomorphic i.e. curved 

or straight rods, coccoid, diplococcoid, ovoid or elliptical in shape (Dienst and 

Bronwen, 1984). Most Klebsiella sp. are capsulated (0rskov, 1984) though K. 

granulomatis may be capsulated (mature form) or noncapsulated (immature form) 

(Hart, 1997). Most species are cultivable on routine microbiological media (0rskov, 

1984). K. granulomatis is facultatively intracellular, residing within the cytoplasm of 

large mononuclear cells and cannot be cultured on routine microbiological media 

(Dienst and Bronwen, 1984). Until very recently there were four recognised species of 

Klebsiella: K. pneumoniae, K. oxytoca, K. te"igena and K. planticola and three 

recognised subspecies of K. pneumoniae: K. pneumoniae subsp. pneumoniae, K. 

pneumoniae subsp. ozaenae and K. pneumoniae subsp. rhinoscleromatis (0rskov, 

1984). However, the recent move of K. te"igena and K. planticola to a new genus, 
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Raoultella gen. nov. now leaves only two recognised species of Klebsiella (Drancourt 

et al., 2001 ). In the absence of DNA-DNA hybridisation studies it is not possible to 

determine whether K granulomatis is a fifth Klebsiella species or a fourth subspecies 

of K pneumoniae. For a complete description of the characteristics of the genus 

Klebsiella see 0rskov (1984). 

6.1.2 Description of Klebsiella granulomatis comb. nov. 

Cell characteristics: K granulomatis is Gram negative (Dienst and Bronwell, 1984 ), 

non-sporulating (Richens, 1985) and non-motile (Dienst and Bronwen, 1984). K. 

granulomatis is pleomorphic when observed in a single plane ie curved or straight rods, 

coccoid, diplococcoid, ovoid or elliptical in shape (Dienst and Bronwen, 1984). Mature 

forms are capsulated, ovoid to elliptical in shape and measure 0.5-0.7 J.UD in diameter 

and 1.0- 1.5 J.UD in length (Hart, 1997, Raj am and Rangiah, 1954a, Sehgal and Sharma, 

1992). Immature forms are non-capsulated, coccoid, diplococcoid or bacillary in shape 

and measure 0.6- 1.0 J.UD in length (Hart, 1997, Rajam and Rangiah, 1954a, Sehgal and 

Sharma, 1992).1mmature, non-capsulated forms may appear like closed safety pins with 

certain stains due to bipolar chromatin densities (Hart, 1997, Rajam and Rangiah, 

1954a, Sehgal and Sharma, 1992). Division is via invagination of the cell wall and 

cytoplasmic membrane (Anderson et al., 1945a, Davis and Collins, 1969, Sehgal and 

Sharma, 1992, Spagnolo et al., 1984). Filamentous processes recognised as pili and 

fimbriae are present on the surface of most organisms (Chandra and Jain, 1991, Dodson 

et al., 1974, Kuberski et al., 1980) though Kharsany et al. (1998) were unable to identify 

filamentous processes on the surface of organisms in either their monocyte co-culture 
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system or in tissue biopsy specimens. Numerous round vesicles or blebs endogenous 

to the cell wall are often seen and may be attached to or detached from the cell wall 

(Chandra and Jain, 1991, Dodson et al., 1974, Kuberski et al., 1980). 

Staining properties: Gram negative. Well seen with Giemsa, Leishman, Wright's or 

Silver stains. Poorly visualised with haematoxylin and eosin (Richens, 1991 ). Periodic 

acid Schiff negative (Richens, 1991, Spagnolo et al., 1984). 

Cultural and growth conditions: K. granulomatis is facultatively intracellular, 

residing in the cytoplasm of large mononuclear cells and occasionally within 

polymorphonuclear leukocytes (Chandra and Jain, 1991, Dodsonetal., 1974, Kuberski 

et al., 1980, Spagnolo et al., 1984). In the yolk sac of the developing chick embryo a 

conspicuous feature is its residence within epithelial cells (Anderson, 1943). Successful 

cultures have been achieved in vivo in the yolk sac of developing chick embryos 

(Anderson, 1943) and in the developing chick embryo brain (Thomison, 1951 ). Cultures 

in vitro have been achieved utilising fresh yolk containing embryonic chick heart 

(Anderson, 1943); chick embryo amniotic fluid (Anderson et al., 1945a); solid medium 

containing peptone, tryptone, dextrose, sea salt, agar and fresh yolk (Dienst, 1948); 

slants prepared from beef heart infusion agar and fresh yolk (Dunham and Rake, 1948); 

Locke-Yolk agar with a Locke solution overlay (Dulaney et al., 1948); thioglycollate 

broth with lactalbumin hydrosylate (enzymic digest of albumin) or Phytone (enzymic 

digest of soya meal) added (Goldberg, 1959); fresh mononuclear cells (Kharsany et al., 

1996, Kharsany et al., 1997) and a human epithelial cell line (Carteret al., 1997). The 

optimal temperature for growth of K. granulomatis is 37 oc (Anderson, 1943, 

Beveridge, 1946). Two factors present within the yolk sac of developing chick embryos 
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have been found to be essential for growth. These are a micro-aerophillic environment 

(Anderson, 1943, Dienst, 1948, Goldberg, 1959) and a polypeptide present in the 

enzymic digests of bovine albwnin and soya meal (Goldberg, 1959). 

Storage conditions: K granulomatis will not remain viable when stored at 5 °C or 37 

oc (Anderson, 1943). It has been reported that stock egg yolk cultures remain viable for 

extended periods when stored at 25 oc (Anderson, 1943) though Dienst (1948) could 

only maintain viability of cultures in fresh yolk mediwn for 8 - 10 days at 25 °C. 

Genetic data: The mol% G + C content is unavailable, as is the DNA-similarity value. 

K granulomatis shows 99.6- 99.8 %nucleotide similarity with K pneumoniae, K. 

ozaenae and K rhinosc/eromatis in the gene encoding for the outer membrane 

phosphate porin, 99.0- 99.8% nucleotide similarity with K pneumoniae, K ozaenae 

and K rhinosc/eromatis in the 16S rDNA gene, 99.7% similarity with K pneumoniae, 

K ozaenae and K rhinosc/eromatis in the gdhA gene and 98.6- 99.2% similarity with 

K pneumoniae and K rhinoscleromatis in the iluK gene. 

Pathogenicity and Habitat: K granulomatis is not pathogenic for mice, dogs, 

chickens, the chorioallantoic membrane of chick embryos, rabbits, guinea pigs, 

Macacus rhesus monkeys, sheep, goats, pigs or cows (Anderson, 1943, Anderson et al., 

1945a, Beveridge, 1946, Dienst et al., 1949). With the exception of the developing 

chick embryo (and other types of eggs) K granulomatis is pathogenic only for hwnans 

(Dienst and Bronwen, 1984) where infection results in the chronic ulcerative disease 

of the genitals and surrounding regions known as donovanosis. K granulomatis has 

been asswned to be sexually transmitted (Hart, 1997, Raj am and Rangiah, 1954a, 

Sehgal and Sharma, 1992, Sengupta, 1981, Spence, 1988) though an enteric habitat has 
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been postulated (DeMonbreun and Goodpasture, 1933, Dunham and Rake, 1948, 

Goldberg, 1962, Goldberg, 1964). Goldberg (1962) isolated and cultured K 

granulomatis from the faeces of a patient with donovanosis and DeMonbreun and 

Goodpasture (1933) also claim to have achieved successful isolation (though not 

culture) of K granulomatis from the faeces of 2/4 patients with donovanosis. It is 

currently unknown whether K granulomatis also has a natural environmental habitat. 

Type Culture: Due to difficulties encountered in the storage of K granulomatis no type 

culture is currently available. 

6.1.3 An evolution towards obligate intracellular parasitism? 

Given the facultatively intracellular nature of K granulomatis and K rhinoscleromatis 

and the finding that K granulomatis appears to be missing the Klebsiella sucrose 

regulon it is tempting to speculate that there may be an emerging group of almost-but

not-quite obligate intracellular pathogens within the genus Klebsiella. 

There is increasing evidence that in some pathogenic microbial species a reductive 

genome evolution has occurred due to the close adaptation of parasites and intracellular 

pathogens to the physiologically stable environment of their host cells (Dobrindt and 

Hacker, 2001). This 'evolution by reduction' has resulted in the loss of genes not 

essential for life within the host and the retaining of genes responsible for functions 

needed for the performance of key metabolic steps and for the interconversion of 

metabolites obtained from the host. Notable examples include Mycoplasma spp., 

Chlamydia spp., Mycobacterium leprae and Rickettsia prowazekii, the Family 

129 



Rickettsiaceae being the closest known relative to mitochondria (Emelyanov, 2001). 

Features common to the genomes of obligate intracellular pathogens include: 

• Inactivation of genes (i.e. the presence of many pseudogenes) due to the fact that 

obligate intracellular bacteria have a much lower effective population size than 

free-living bacteria, resulting in a state of relaxed selection that allows for the 

accumulation of mildly deleterious mutations; 

• Deletion of many genes due to relative safety in a constant cellular environment 

and the availability of compounds in the host cell; 

• The loss of certain functions involved in DNA repair and recombination, 

resulting in a strong mutational bias towards a high A + T content (Stepkowski 

and Legocki, 2001 ). 

Investigation of the first two points requires full genome sequencing whereas DNA

DNA hybridisation studies are able to provide reasonable insights to the average 

nucleotide composition of organisms. In the case of K rhinosc/eromatis the % mol G 

+ C content is similar to that for K pneuomoniae i.e. > 50 %, suggesting that if K 

rhinosc/eromatis is indeed evolving towards an obligate intracellular lifestyle it is still 

in the very early stages. Similarly, the high level of identity between K granulomatis 

and the other Klebsiellae pathogenic to humans in four distinct genes suggests that if 

DNA-DNA hybridisation studies were possible, it too would likely have a relatively 

high % mol G + C content. 
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However, in order to clearly determine whether K granulomatis and/or K 

rhinosceromatis are evolving towards an obligate intracellular lifestyle it will be critical 

to determine the full genome sequence of these organisms and to analyse those 

sequences against the ever expanding databases available. This is currently possible for 

K rhinoscleromatis as it is readily culturable on routine microbiological media though 

successful attempts at obtaining pure cultures of K granulomatis will be required in 

order to address the issue for this organism. Indeed if the full genome sequence were 

available for K granulomatis it would provide a major breakthrough in the 

understanding of this poorly studied organism. This in itself should open the door to 

improved diagnostic tests and future treatment options. 

It is therefore critical that future studies directed at elucidating the nature of K 

granulomatis focus primarily on obtaining pure cultures. As discussed in Chapter 1, 

a great deal of effort was applied to this aim in the first half of the 20th century, with 

some successes claimed. The method of Goldberg (1959) which employed 

thioglycollate broth with lactalbumin hydrosylate (enzymic digest of albumin) or 

Phytone (enzymic digest of soya meal) added would seem to be a useful starting point. 

Enriched cultures could be screened with the PCR-Haeiii test in an attempt to identify 

and subsequently isolate K granulomatis. Alternatively, if the Goldberg (1959) method 

is shown not to be reproducible it would seem logical, given that the Klebsiellae belong 

to the Family Enterobacteriaceae, to set up a simulated gut environment as a 

culture/enrichment chamber from which K granulomatis could then be isolated. 
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In the interim there are other experiments that may provide valuable information as to 

the evolutionary pathway being followed by K granulomatis. These include, but are not 

limited to: 

• Determining by molecular methods whether K granulomatis has acquired, by 

horizontal gene transfer, the chloroplast-type ATP/ADP translocase that has 

been detected in Chlamydia and Rickettsia. The advantage of having this 

enzyme is that both Chlamydia and Rickettsia are able to scavenge A TP from 

the host, thus becoming 'energy parasites'. It is proposed that the gene was first 

acquired from plants by ancestors of Chlamydia and was subsequently passed 

on to Rickettsia (Koonin et al., 2001). Given the relatively high frequency of 

horizontal gene transfer in prokaryotes it is likely that this gene has also been 

passed on to other bacteria. If it were found to be present in K granulomatis it 

would strengthen the hypotheses of evolutionary progression towards obligate 

intracellular parasitism; 

• Determine, by molecular methods, whether protozoa act as an environmental 

reservoir forK granulomatis. Protozoa appear to play a central role in the 

transition of bacteria from the environment to mammalian cells and have been 

likened to a "biological gym", within which bacterial pathogens train for their 

encounters with the more evolved mammalian cells (Harb et al., 2000). 

Intracellular bacterial pathogens known to survive within protozoa include 

Legionella pneumophilia, several pathogenic species of Mycobacteria, 

Chlamydia species, Francisella tularensis, Listeria monocytogenes and several 

species of Burkholderia (Harb et al., 2000). 
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6.2 Is Donovanosis an STI? 

Given that there is now scientific acceptance that the causative organism of donovanosis 

is Klebsiella granulomatis and, given that Klebsiella spp. are members of the Family 

Enterobacteriaceae, it must be questioned whether donovanosis is truly an STI or 

whether it is more likely to be an enteric organism that acts as an opportunistic invader 

of traumatised skin .. 

The last serious challenge to the current consensus of donovanosis being an STI came 

from Goldberg in 1964. The intention of the following discourse is to take up where 

Goldberg (1964) left off and to challenge the current status quo of donovanosis being 

primarily sexually transmitted ~th no asymptomatic carrier state. However, in order 

to do this effectively it is necessary, in the first instance, to explore each of the 

arguments for and against the sexual transmission of donovanosis. 

6.2.1- An Analysis of the Arguments Commonly Cited as Evidence for 
Sexual Transmission 

Histozy of sexual exposure in most patients before the appearance of the lesion 

90 % of my cases have given a history of repeated sexual contact thereby 

proving the venereal origin of Granuloma Venereum beyond doubt. 

(Serma, 1957) 

Unfortunately this argument is of little epidemiological value. One would expect the 

majority of most populations to be sexually active. Given the age group in which the 

incidence of donovanosis is the highest (see below) it is not surprising that the majority 
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of clinicians record evidence of prior sexual contact amongst the majority of those 

afflicted. 

Increased incidence of the disease in age groups in which sexual activity is the highest 

It is true that the highest incidence of donovanosis is reported in the 15-35 year age 

range. However, it is just as true that the highest incidence of rhinoscleroma, caused by 

Klebsiella rhinosc/eromatis, is found in the 15-35 year age bracket and that 

rhinoscleroma is not considered to be an STI (Berron et al., 1988, Muzyka and Gubina, 

1972). Both K. rhinosc/eromatis and K. granulomatis cause almost identical chronic 

granulomatous conditions, the only difference being that they have a predilection for the 

nasal and genital regions respectively. In addition, as has been discussed previously, 

rhinoscleroma also shows practically identical histological, immunological and 

epidemiological features to donovanosis, and as a result of this study it has been shown 

that there is 98.6 - 99.8 %nucleotide similarity between the two organisms in four 

distinct genes. 

Given the striking similarity between these organisms, the disease states that they cause 

and the age groups most commonly afflicted the question must be asked why one should 

be considered to be an STI and not the other? It is true that K. granulomatis has a 

predilection for the genital regions rather than for the nose. However, the mere fact that 

a lesion is found on or in the vicinity of the genitalia does not prove that it was acquired 

by sexual contact. 
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It could be argued here that there are other genera where there is one species that is 

primarily sexually transmitted and another that is not. For example, Haemophilus 

ducreyi (causative organism of chancroid) and Haemophi/us injluenzae or Treponema 

pallidum subsp. pallidum (causative organism of syphilis) and Treponema pallidum 

subsp. pertenue (causative organism of yaws). However, in the case of H. ducreyi it can 

be argued on the basis ofDNA-similarity data that it should be removed to a new genus 

and, possibly even to a new Family. This is because H. ducreyi has been shown to 

exhibit only 0- 6% DNA-similarity with other members of the Family Pasteurellaceae 

(Logan, 1994). Nonetheless, syphilis and yaws are caused by different subspecies ofT. 

pa/lidum and so the same argument cannot hold here. They do however show quite 

marked differences in epidemiology i.e. yaws is primarily an illness involving children 

in rural, warm, tropical areas (Hutado, 2000b) whereas syphilis is much more 

widespread and primarily involves adults between 20 -29 years of age (Hutado, 2000a). 

In addition, approximately one in every three people exposed to primary syphilis 

becomes infected, lending strong support to the notion that transmission occurs 

primarily via sexual contact with the primary syphilitic chancre {Todar, 2000). The same 

can not be said for donovanosis which, as discussed below, is rarely ever found to be 

acquired by conjugal partners. Finally, there is no significant doubt that syphilis and 

chancroid are two of the classic STis whereas, when considering the evidence that has 

been and will be presented, there must surely be significant doubt in relation to whether 

donovanosis should have the same classification. 
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Lesions occasionally found on the internal genitalia. such as the cervix. without any 

other lesions 

This could be taken to be suggestive of sexual transmission. However, the fact that the 

causative organism of donovanosis is both a member of the genus Klebsiella (Family 

Enterobacteriacae) and a human pathogen suggests that there is a very strong likelihood 

that it is enteric in origin8
• Faecal contamination of the vaginal tract would provide for 

opportunistic infection of the cervix, particularly if the cervix was already traumatised 

as would be the case with e.g. infection by Human Papilloma Virus, Chlamydia 

trachomatis or Trichomonis vagina/is. Admittedly faecal contamination of the vaginal 

tract may well be sexually related in many cases though this in itself is not sufficient 

to categorise a condition as an STI. To achieve such a classification it would be 

necessary to show that: 

a) the organism was not simply acting as an opportunistic invader of 

traumatised skin and; 

b) the organism's primary habitat was the granulomatous lesion. 

These points will be readdressed later. 

8 Clinical isolates of Klebsiella are routinely found as normal flora in the human 
intestinal tract. They are occasionally also isolated from the upper respiratory tract and 
skin. In particular, hands are frequently contaminated with Klebsiella, possibly from 
fecal material. As opportunistic patho,Rens or contaminants, Klebsiella have been isolated 
from wounds, blood, spinal fluid, sputum and urine (Bagley, 1985). 

136 



Lesions found only around the anal orifice in patients who practice passive receptive 

anal intercourse 

This actually supports an enteric hypothesis. If the organism were enteric in habitat, as 

is likely, anal intercourse would simply provide for the skin trauma that would enable 

local inoculation and opportunistic infection. This is further supported by the fact that 

there have been several reports of donovanosis being acquired subsequent to a surgical 

operation for the treatment of piles or anal fissures (Gao et al., 1996, Nair and Pandalai, 

1934). 

The commonest site of lesions is on or about the external genitalia 

Scheube (1903) states that the genitals, pubic region, abdomen, inguinal region, thigh, 

perineum, anus, coccyx and buttocks are the site of the disease. He further states that 

in men the inguinal and pubic regions and, in women, the labia and vagina, are the most 

common sites of infection. Fox (1926) analysed 150 cases and concluded that the groin 

(inguinal region) was the favourite site of infection with lesions occurring here in 70 

of the 150 cases. Randall and Belk (1922) similarly concluded that the groin was the 

most frequent site of infection. Conversely, reports from India tend to emphasise a 

predominance of lesions occurring on the genital regions with 53 - 87 % of cases 

involving this region exclusively (Bai et al., 1969, Lal et al.? 1967,,Nair and Pandalai, 

1934, Raj am and Rangiah, 1954a). 

However, it is also widely recognised that the disease has been reported to occur in all 

regions of the body including the nose, ears, pharynx, larynx and pillars of the fauces, 
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cheeks, gums, tonsils, face, forehead, mastoid region, neck, chest, clavicle, abdomen, 

back, sole of the foot, fingers, arms, thighs, shin and scalp (Brigden and Guard, 1980, 

Donovan, 1905, Fox, 1926, Greenblatt et al., 1938, Hanna and Pratt-Thomas, 1948, 

Hart, 1997, Lyford et al., 1944, Maitland, 1898, Nair and Pandalai, 1934, Rajam and 

Rangiah, 1954a, Schneider et al., 1986, Scott et al., 1952, Sehgal et al., 1979, Sheldon 

et al., 1945, Spagnolo et al., 1984, Vogel and Richens, 1989). Approximately 6% of 

lesions occur in one or more of these regions (Greenblatt et al., 1938, Raj am and 

Rangiah, 1954a). 

Raj am and Rangiah (1954a) report that in 80% of cases with extragenital lesions there 

are also genital lesions present and it has been assumed by the majority of authors that 

in these cases the extragenital lesions are secondary lesions spread by auto-inoculation. 

This may well be the case in many instances though it needs to be recognised that there 

are numerous reports of primary extragenital lesions in the literature, particularly of the 

groin and other areas of close proximity but also of distant regions of the body. For 

example, Sehgal (1979) reports a case of donovanosis that started on the scalp. This 

lesion healed only to be replaced by lesions on the legs that then spread to the arms. In 

another case, Sheldon et al. (1945) described a patient who had hurt his shin twice in 

six months, the last time three months prior. This second injury ulcerated and became 

systemic, resulting in an osteomyelitic lesion of the tibia. Two months later a penile 

ulcer formed. 
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Nonetheless, such primary lesions are generally considered to be relatively rare. 

However, as stated previously, the mere fact that a lesion is found on or in the vicinity 

of the genitalia does not prove that it was acquired by sexual contact. The propensity of 

the organism for these regions can be just as easily explained by faecal contamination 

of genital regions due to their close proximity to the intestinal tract combined with the 

high incidence of e.g. scabies, fungal infections, pubic lice, heat rash, syphilis, 

chancroid and other STis within the various populations affected. 

There is significant support for this hypothesis. Butts and Olansky (1946) reported that 

of 11 cases of donovanosis, all involving the pubic region, 10 were preceded by 

infestation with Phthirus pubis (pubic lice). One could imagine that the associated 

itching and scratching would provide for the necessary skin trauma to enable 

opportunistic infection by K granulomatis. Lynch (1921) reports cases involving 

primary lesions of the back and legs where there was no genital involvement but where 

all patients had a history of fungal infection prior to the appearance of lesions. Again, 

fungal infections tend to result in severe itching and scratching allowing an entry point 

for opportunistic infection. Fungal infections also tend to be very common in the 

tropical regions where the disease is most prevalent, with one of the favourite sites 

being the groin. In addition, there are large numbers of cases in the literature where the 

afflicted individual has reported scratching a papule (raised spot less than 5 mm in 

diameter) in the groin area only to have it break down into an ulcerating donovanosis 

lesion. 

139 



Nair and Pandalai (1934) report 6 modes of onset as noted from the history of 73 

patients: 

1. Superficial ulceration (23.3 %) 

2. Small nodule or papule (19.2 %) 

3. Post-operative 
a) after circumcision (15.1 %) 
b) after operation for piles or fissures ( 4.1 %) 
c) after operation for inguinal bubo ( 6.8 %) 

(Swollen, inflamed lymph node) , 

4. Preceded by intolerable itching (16.4 %) 

5. Vesicle (blister) ( 4.1 %) 

6. Undetermined (11.0 %) 

It is significant that 26 % of these cases were post-operative. Other authors have also 

reported post-operative cases of donovanosis including lesions along the line of the 

circumcision incision, a lesion that developed at the site of a surgical wound on the leg 

and lesions following surgery for hernia, hemorrhoids and bubo (Clarke, 194 7, Gao et 

al., 1996, Jannach, 1958, Lynch, 1921 ). 

Such examples are all consistent with the notion that K granulomatis is an organism 

of enteric origin that through faecal contamination of traumatised skin is acting in the 

role of opportunistic invader. 
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Further support to this hypothesis is provided by the high rate of concomitant infection 

with other genital ulcerative diseases such as syphilis. Lynch (1921) reports nine cases 

of donovanosis, seven of whom (78 %) were also positive for syphilis. Fox (1926), Lal 
I 

et al. (1979), O'Farrell (1993) and Vacca and MacMillan (1980) report concomitant 

syphilis in 34.3 %, 29.3 %, 23.4% and 50% of their cases respectively while Allison 

(1946) states that in none of his 200 cases was donovanosis occurring alone. All had 

or formerly had at least one of the STis chancroid, syphilis or lymphogranuloma 

venereum (LGV) and most had or formerly had more than one of these. It is therefore 

quite plausible that in these cases K granulomatis has acted as an opportunistic invader 

of ulcers such as the primary syphilitic chancre. 

The hypothesis that K. granulomatis is most likely to be art opportunistic invader of 

traumatised skin was first advanced by Walker in 1918 who stated: 

The probability strongly suggests itself, however, that granuloma inguinale is 

a secondary infection with the capsule bacillus of sores of other origin. The 

failure of experiments to infect man and animals by cutaneous inoculation 

makes it probable that infection does not take place ordinarily through slight 

abrasions of the healthy skin. The sores serving as a portal of entrance for the 

capsule bacillus may originate from heat erythemata or from bites of the pubic 

louse, either being aggravated and at the same time infected with the capsulae 

bacillus by scratching the lesions; or the granuloma may develop from the 

infection of venereal sores with the capsule bacillus. This last possibility would 

141 



account for the location of the lesions which often start on the genitals, the 

frequent association of the disease with venereal infections, and the general 

belief in the venereal transmission of granuloma inguinale. 

In 1933 DeMonbreun and Goodpasture took this one step further when they claimed 

to have isolated the causative organism from the faeces of two out of four cases of 

donovanosis. They were so impressed with the morphological similarity of this 

organism to Donovan bodies that they suggested the disease is primarily a chronic 

intestinal infection of the neighbouring skin and mucous membranes with contaminated 

faeces. Later, Rake (1948) proposed a similar faecal habitat though his reasoning was 

based on different grounds to those of DeMonbreun and Goodpasture. Rake noticed, 

in antigenic studies, that an antigen prepared from K pneumoniae would react with sera 

from patients with donovanosis. Indeed Rake was so impressed with this antigenic 

similarity that he proposed that the causative organism of donovanosis was an 

extremely tissue-trophic form of an enteric organism. Finally, Goldberg (1962) reported 

the successful isolation of a bacterium from the faeces of a patient with donovanosis 

that was morphologically similar to the Donovan body, had identical cultural 

characteristics, and when prepared as antigen reacted with the sera from patients with 

donovanosis to the same degree as antigens prepared from known strains of the 

organism. 
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6.2.2 - Commonly Cited Arguments Against Donovanosis Being an 
STI 

In addition to the arguments put forth in the preceding section to challenge the status 

quo there have always been a number of commonly cited arguments against 

donovanosis being an STI. These are discussed briefly as follows: 

Occurrence in very young children and in sexually inactive individuals 

Zigas (1971) reported a project from Papua New Guinea where the incidence of 

donovanosis was determined by house to house visits. Thirty percent of the total 

population of Goilala were examined (i.e. approx 10,000 examined) and the incidence 

of donovanosis was found to be 0 % in infants <1 yr, approx 4.5 % in children i -4 yrs 

(majority oflesions anal), 0% in children 5-15 yrs and approx 5% in those >15 yrs. 

This extremely high incidence in 1-4 yr old children has never been reported before (or 

since) and is difficult to explain effectively in the absence of additional data. Zigas 

suggested that these children must have contracted the disease from sitting on their 

parent's laps though if this were the case one would expect to see similar reports from 

other endemic areas. Other reports of cases in young children also exist in the literature 

but are generally sporadic. 

Furthermore, Nair and Pandalai (1934) reported the case of an adult male whose penis 

had been amputated 16 years prior to contracting the disease and there are many other 

cases of donovanosis reported involving individuals who claim not to be sexually 

active. 
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Rarity of the disease in commercial sex workers 

lt is agreed by most authors that commercial sex workers are rarely identified as source 

contacts and rarely ever present with the disease. The exception to this consensus is that 

many Indian authors emphatically state that the source contacts are commercial sex 

workers and that women presenting with the disease are of the "prostitute type" or 

"prostitute class". For example: 

In our series some of the ma"ied women, most of the single women and all of 

the so called deserted wives were of the promiscuous or prostitute class of 

women (Ramchander et al., 1967). 

In India the main source of infection in males was the prostitutes who are highly 

infective as compared to some highly advanced countries. Most of the women 

are of the promiscuous and prostitute type (Bai et al., 1969) . 

.. . many females -prostitutes - who constituted the reservoir of infection hardly 

reported for check up ........... Prostitutes were responsible for the infection, and 

continued to propagate the disease, as they did not have periodic check-ups or 

treatment (Sehgal and Prasad, 1984). 

It must be noted here that the Indian investigators have never reported actually looking 

at the incidence of donovanosis in commercial sex workers and indeed they admit that 

they have not examined these 'source contacts' as they do not present to the clinics. The 
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classification of those women who do present with the disease as being of the "prostitute 

type" appears to be the subjective opinion of the authors, as they give no indication of 

having verified their judgement. 

Regardless of the actual situation in India, the general consensus from the rest of the 

world is that donovanosis is extremely rare in commercial sex workers. A possible 

explanation may be that commercial sex workers tend to douche regularly and so are 

continually clearing the vaginal tract and genital region of faecal contaminants. 

However, it could also be explained by the acquisition of immunity to an organism with 

low infectivity. 

Rarity of the disease in sexual partners 

Again there is global consensus, with the exception of India, that conjugal donovanosis 

is an extremely rare event. Tiedemann (1962) reported by Goldberg (1964) actually 

followed individuals with open lesions and their sexual partner for considerable lengths 

of time in the pre-antibiotic era and saw no evidence of conjugal transmission despite 

the fact that sexual activity continued. Mcintosh, reported by Nair and Pandalai (1934), 

even conducted experiments at the Memphis General Hospital under direct medical 

supervision and failed to see the disease develop in persons who were given many 

chances of intimate contact with infected persons (there is no condoning of the ethics 

or lack of here). Other reports on conjugal transmission include Packer and Goldberg 

(1950) who saw 2/500 cases (USA), Allison who reported 11200 cases (USA), 

Greenblatt reported by Barrow (1958) stated that he had seen half a dozen cases in over 
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300 marital partners (USA), Sutherland (1963) reported by Goldberg (1964) found 

6/1000 cases in Jamaica, Kuberski (1979) reported 1173 cases in Papua New Guinea 

and O'Farrell (1992) states that conjugal transmission is rarely ever seen in South 

Africa. Clarke ( 194 7) went so far as to say that this experience is so general that many 

health officers assert that the epidemiologic investigation of contacts of those with 

donovanosis is a waste of time and money. 

Again, it is likely that sexual partners may acquire immunity to an organism with low 

infectivity. 

However, some of the Indian writers vigorously maintain that conjugal donovanosis is 

not rare. Serma (1957) found 19/157 cases, Rajam and Rangiah (1954a) reported 

30/250 cases and Rake (1955) reported by Goldberg (1964) claimed to have seen cases 

in Madras where husband, wife and children were all infected. There are also reports 

of familial donovanosis in Australia Ashdown and Kilvert (1979) reported donovanosis 

in 2 sisters in Townsville and Bowden observed donovanosis in two brothers in the 

Top-End of the Northern Territory (pers. com.). 

Goldberg (1964) felt that his enteric hypothesis could not explain the familial 

occurrence of donovanosis. However, familial occurrence is a common epidemiological 

feature in the rhinoscleroma literature and may be explained by prolonged contact with 

an infected individual in combination with immunological predisposition to infection 

with K rhinosc/eromatis (Muzyka and Gubina, 1972, Shaw and Martin, 1961, 
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Toppozada et al., 1984). This has been shown to be the case with rhinoscleroma where 

it is possible to determine those family members at risk of acquiring the disease 

utilising a simple skin test (Toppozada et al., 1984). 

Why India shows such a marked difference from the rest of the world in the incidence 

of conjugal donovanosis can only be speculated. It could be due to differences in sexual 

practices, immunological predisposition, the incidence rates ofSTis in the populations 

so affected or some combination of factors. It is also possible that K. granulomatis is 

hyper-endemic in India amongst those people who are at most risk ofbouts of diarrhoea 

and hence relatively prone to faecal contamination of the genital regions. 

Nonetheless, the fact that donovanosis is so lowly contagious in all other parts of the 

world strongly suggests that if its primary mode of person to person transmission was 

sexual (i.e. its primary habitat was the granulomatous lesion) the organism would not 

have been able to maintain itself, it would have died out of its own accord. 

Occurrence of primary non-genital lesions 

This was discussed in section 6.2 and so will not be repeated again here. 

No well defined incubation period 

The incubation period for donovanosis has been determined based on the assumption 

that it is sexually transmitted and has been found to range from 1 day to many years. 

There are three possible explanations for such a poorly defined incubation period: 
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1. K granulomatis is transferred from one person's lesion to another person 

where it then either a) causes a lesion immediately (within a day in some 

cases) or b) lies dormant on the skin surface waiting for a break in the skin or 

for some highly variable, yet undefined factor which will allow for its 

mvaston. 

Apart from the fact that this is atypical behaviour for an STI this explanation also has 

problems in that it is known that K granuloma/is does not grow on routine 

microbiological media. The organism must set up residence within the host cell which 

then initiates the inflammatory response and causes the early ulcero-granulomatous 

lesions. Furthermore, Anderson (1943) states that the organism will not remain viable 

when stored at either 5 °C or 37 oc suggesting that the organism could not survive on 

the skin surface for long. 

As discussed previously, some of Goldberg's earlier work was based on identifying the 

factors present in the yolk sac of chick embryos that were necessary for the growth of 

K granuloma/is (Goldberg, 1959). He found that 2 factors were required a) a low 

oxidation reduction potential (i.e. amicroaerophillic environment) and b) a polypeptide 

present in the enzymic digests of bovine albumin and soya meal. Both of these factors 

can be provided by the gut but not by the skin surface. Taking all of these 

considerations into account it is highly unlikely that the organism could survive on the 

skin surface for a week let alone a year or more. Rather, it is likely that when K 

granuloma/is leaves its natural habitat it must take up residence within the host cells 
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very quickly or face a certain death. This is similar to Treponema pallidum (causative 

organism of syphilis), another highly fastidious organism that, if kept outside of the 

body in a moist, damp environment will live no more than two hours (Todar, 2000). 

Interestingly, when Zigas (1971) deliberately abraded and inoculated his own thigh he 

developed the typical lesion of donovanosis (containing obvious Donovan bodies) 

within 9 days. 

2. The organism is transferred from one person's lesion to another person where 

it then invades and either a) starts multiplying immediately orb) lies donnant 

within the host cell, evading the host immune response, until triggered into 

activity by some unknown factor. 

Given that so little is known about the metabolic activity of K. granuloma/is it must be 

taken that such a scenario is possible unless proven otherwise. However, given all of 

the arguments presented to this point it is less logical an explanation than the final, 

alternative explanation, i.e. 

3. The alternative and more likely explanation for such an ill-defined incubation 

period is that the wrong question is being asked. The current incubation 

distribution obviously correlates very well with the question being asked i.e. 

when was your last sexual exposure prior to lesion development? However, 
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given all that has been discussed, this is about all that it seems to correlate 

with. 

6.2.3 - Summary of Arguments for an Enteric Habitat and 
Asymptomatic Carriage 

There is no attempt to argue that donovanosis can not be sexually related. However, it 

is highly probable, based on a logical analysis of the evidence, that DeMonbreun and 

Goodpasture (1933), Rake (1948) and Goldberg (1964) are correct in that K 

granulomatis is most likely an organism of enteric habitat and that it most often acts as 

an opportunistic pathogen of traumatised skin. 

To summarise, the major points in favour of this argument are: 

• Clinical isolates of Klebsiella are routinely found as normal flora in the human 

intestinal tract; 

• DeMonbreun and Goodpasture (1933) and Goldberg (1959) claim to have 

isolated K granulomatis from the faeces of patients with donovanosis; 

• Sera from patients with donovanosis cross-reacts with antigens of subspecies of 

K. pneumoniae; 

• K granulomatis shows 98.6 - 100 % nucleotide similarity to subspecies of K-

pneumoniae in five distinct genes (including rpoB); 

• Endemic foci of donovanosis and rhinoscleroma occur exclusively in areas of 

socioeconomic disadvantage and poor environmental conditions e.g. 
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overcrowding, poor hygiene and both demonstrate their highest incidence in the 

15-35 year age group; 

• Klebsiella species are known to be opportunistic invaders of wounds; 

• Donovanosis is so lowly contagious that if its primary mode of person to person 

transmission was sexual the organism would not have been able to maintain 

itself, it would have died out of its own accord. 

6.2.4 - Hypothetical Model of Transmission and Conclusions 

A hypothetical model of transmission is shown in Figure 17. This model assumes that 

certain conditions are operating: 

• Environmental issues such as settlement, overcrowding, contaminated water, 

surfaces, food and general poor hygiene; 

• Immunological issues such as poor nutrition, alcohol & other substance abuse, 

genetic isolation, stress, depression; 

• Other issues such as lack of access to treatment, high prevalence of STI's. 

Due to its low level of contagiousness, low incidence of symptomatic disease and 

assumed lack of an asymptomatic carrier state donovanosis is seen as an ideal candidate 

for eradication. As mentioned previously, the Australian government, through its 

National Indigenous Australians' Sexual Health Strategy (NIASHS) has a target to 

eradicate donovanosis by 2003. Efforts to date have been promising and while the 

numbers are too small to draw any definitive conclusions it does appear that the 
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Figure 17: A hypothetical model oftransmission forK. granulomatis 

--1111-~ Proposed major pathway -----! Other pathways 
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increased focus on case detection in combination with a highly effective treatment in the 

way of Azithromycin has resulted in a significant reduction in notification rates since 

1997. 

However, the fact that it is highly probable that K granulomatis does indeed have an 

asymptomatic carrier state, that being the gut, suggests that any attempts at total 

eradication of the disease from this country will require a broadening of the current 

public health policy as it relates to donovanosis. 

As one initiative, the diagnostic test developed in this study could be trialed on faecal 

samples with the aim to detect any asymptomatic carriage that could then be treated 

accordingly. More immediately, a continued focus on case detection and treatment is 

expected to largely address the situation in symptomatic cases and should also eliminate 

any asymptomatic carriage in these same individuals. In addition, detection and 

treatment of other STis should also have an impact on asymptomatic carriage of K. 

granulomatis. For example, Azithromycin is also used in the treatment of chlamydial 

infections (Duran and Amsden, 2000, Joly-Guillou and Lasry, 1999, Kacmar et al., 

2001, Swanston et al., 2001) and is sometimes also used for the treatment of gonorrhoea 

(Swanston et al., 2001 ). Furthermore, a significant reduction in the rate of other GUDs 

through focused case detection and treatment would be expected to reduce rates of 

opportunistic infection and hence the progression to symptomatic disease. 

However, in order to seriously attempt to eradicate any asymptomatic reservoir in the 
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short to medium term consideration should be given to incorporating environmental 

health and hygiene into the NIASHS. Sexual health practitioners should also be 

encouraged to venture where they have never been before and actively collaborate with 

the scleromatologists as there is much that can be shared and gained from an open 

discourse between the two groups. 

Finally, from a primary health care perspective the overriding priority is self

determination and educational attainment as this provides people with the power to take 

control of and influence their own health outcomes. 

In conclusion, the eradication of donovanosis from Australia is possible but the 

approach must be committed and multifaceted if it is to be successful and sustainable. 
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