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ABSTRACT 

 

Murray, Nichol S.   A NEW CLASS OF HAEMOPHILUS DUCREYI?  

MOLECULAR CHARACTERIZATION OF SAMOA STRAINS SB 5755, SB 5756, SB 

5757, AND BE 3145.   (Advisor: Dr. Catherine D. White), North Carolina Agricultural 

and Technical State University.    

 

 

Haemophilus ducreyi is a Gram negative, strict human pathogen that causes the 

genital ulcer disease chancroid.   Chancroid is a sexually transmitted infection that may 

aid in transmission of the Human Immunodeficiency Virus.   Haemophilus ducreyi can be 

categorized into two strain classes, class I (CI) and class II (CII), based on variations in 

DNA sequence and protein expression of several virulence determinants including 

Ducreyi Serum Resistance protein A (DsrA) and the Necessary for Collagen Adhesion 

protein (NcaA).   Recently, the first description of non-sexually associated chancroid 

transmission in children with chronic lower limb ulcerations was reported.   Bacteria 

isolated from the children were sequenced and determined to possess a 16 S rDNA 

sequence that was 100% identical to Haemophilus ducreyi CII strain 33921.   The purpose 

of this study was to categorize four strains of Haemophilus ducreyi isolated from children 

in Samoa as CI or CII based on DsrA and NcaA nucleotide and amino acid sequence.   

Based on the presence of a 16S rDNA that was 100% identical to CII strain 33921, we 

hypothesized that these strains were CII.   To examine DsrA and NcaA, strains SB 5755, 

SB 5756, SB 5757, and BE 3135 were subjected to Polymerase Chain Reaction and DNA 

sequencing.   SB 5755, SB 5756, and BE 3145 was 90%, 96% and 97% identical to dsrA 

in the CI parent strain 35000 HP, respectively.   Moreover, alignment of DsrA the 



 xii 

predicted protein sequences demonstrated that SB 5755, SB 5756, and BE3145 were 71%, 

87%, and 92% identical to 35000 HP.  However, comparison with HMC112 dsrAII 

revealed a high degree of variability between the N-terminal regions.   SB 5755 had 7% 

identites and 17% similarities, SB 5756 had 7% identites and 21% similarites,  and BE 

3145 had 5% identies and 17% similarites to dsrAII These data indicate that SB 5755, SB 

5756, and BE 3145 are not CII, but are indeed CI strains.   
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CHAPTER 1 

INTRODUCTION  

Haemophilus ducreyi is a Gram negative bacterium that causes the genital ulcer 

disease chancroid.     This strict human pathogen is transmitted through skin to skin 

contact and has no other known natural reservoir.     Chancroid is not commonly detected 

in the United States, but is endemic in areas of Africa, Asia, Canada and Latin America 

(Trees and Morse, 1995; Bong et al., 2002; Spinola et al., 2002; White et al., 2005; 

Ussher and Wilson, 2007).   The epidemiology of chancroid is not well defined likely due 

to a lack of diagnostic tests for Haemophilus ducreyi.   However, there is an emphasis on 

syndromic management of this genital ulcer disease (GUD).    

Early studies reported a high occurrence of Haemophilus ducreyi infection in 

areas where HIV is endemic (Dickerson et al., 1996; Steen and Dallabetta, 2003).   

Therefore, a possible relationship between Haemophilus ducreyi infection and the 

acquisition of HIV was examined.   These studies revealed that the transmission of HIV 

and Haemophilus ducreyi infection commonly occurs in men who are not circumcised 

and who are often exposed to commercial sex workers (Dickerson et al., 1996; Steen and 

Dallabetta, 2003 ).   It was also determined that the presence of an ulcer may increase 

susceptibility to HIV infection by inducing a cell mediated response that attracts HIV 

susceptible cells to the infection site (Cunningham A.L. et al., 1985; Steen and 

Dallabetta, 2003).   In women with genital ulcers, a break down of the normal mucosal 

barrier in the skin resulted in vaginal shedding of HIV (Gadkari et al., 1998; Kreiss et al., 
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1989; Brunham et al., 1990; Schacker et al., 1998).   Men who are HIV positive and 

positive for chancroid ulcers are determined to shed 5 to 7 fold  higher concentration of 

HIV in semen than HIV negative men (Wasserheit, 1991)(Dyer et al., 1998) 

 The majority of chancroid cases occur in low-socioeconomic areas where 

commercial sex is a common occupation.   In 2003, Steen and Dallabetta demonstrated 

that HIV and ulcerative GUD had a high rate of co-transmission in mining communities 

in South Africa.   Rates of HIV transmission were higher in cases of GUD than non-

ulcerative sexually transmitted infections.   This study also determined that effective 

GUD interventions, such as clinical service, pertaining to regular screening coupled with 

prevention,  could reduce genital ulcer rates among women and men, which in turn could 

also have an impact on community HIV transmission and prevalence (Steen and 

Dallabetta, 2003).    

The well studied type strain, Haemophilus ducreyi 35000 HP, was previously 

sequenced and annotated by Robert Munson and colleagues  

(http://www.stdgen.lanl.gov/stdgen/bacteria/Haemophilus ducreyi/).   In 2005, White et 

al.  studied a panel of Haemophilus ducreyi strains to determine whether these strains 

expressed common virulence determinants.   A western blot was performed to examine 

expression of the known virulence factor Ducreyi Serum Resistance protein A (DsrA) 

using a monoclonal (MAB) anti-DsrA antibody to 35000 HP.   The MAB failed to bind 

Haemophilus ducreyi strains CIP 542 ATCC and HMC 112; however, a polyclonal 

antiserum made to 35000 HP DsrA antigen was reactive to these strains.   Further studies 

http://www.stdgen.lanl.gov/stdgen/bacteria/Haemophilus%20ducreyi/


 3 

of five additional virulence factors expressed by the panel of 19 Haemophilus ducreyi 

strains revealed that some strains expressed virulence factors nearly homologous to 

35000 HP and others nearly identical to CIP542 ATCC and HMC112.   Therefore, strains 

like 35000 HP were classified as class I (CI) and those like CIP542 ATCC and HMC112 

were classified class II (CII).    

 

1.1 Statement of Problem  

The sexually transmitted disease chancroid is a common cofactor for the 

transmission of HIV, specifically in HIV endemic areas.   In 2007, Ussher et al. reported 

the first description of non-sexually associated chancroid transmission in children.   Four 

children who had recently visited the island chain of Samoa located in the South Pacific 

Ocean, presented with chronic lower limb ulcerations.   The cause of the ulcers was 

determined to be Haemophilus ducreyi based on isolation of the bacteria by growth on 

Haemophilus ducreyi medium and microscopic examination.   Although previous studies 

had shown that auto-inoculation can occur by skin-to-skin contact with infected genitalia 

resulting in nongenital skin lesions, no other reports have demonstrated non-genital 

transmission.    According to Ussher et al. (2007) a thorough examination of the 

children‟s sexual history and physical condition, revealed that the infections were not 

acquired by sexual contact.   However, lower-limb ulceration was described in other 

household members, suggesting that close contact between the children may have 

contributed to disease transmission.   To verify that the ulcers were in fact caused by 

Haemophilus ducreyi, three strains isolated from the children were sequenced and 
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determined to possess a 16 S rDNA sequence that was 100% identical to the 

Haemophilus ducreyi CII strain 33921.   This high percentage of sequence identity lead 

the researchers to conclude that these strains were indeed Haemophilus ducreyi. 

Furthermore, these findings suggest that the three strains may also be CII.   

 

1.2 Statement of Purpose and Hypothesis Tested 

 Recently, four Haemophilus ducreyi isolates were obtained from the lower limbs 

of children suggesting that Haemophilus ducreyi may function as a causative agent of 

chronic skin ulcers in tropical regions (Ussher et al., 2007).    In 2005, White et al. 

described CII strains based on variations detected in DNA sequences and protein 

expression of several virulence determinants including DsrA and the Necessary for 

Collagen Adhesion protein (NcaA).   According to Ussher et al. (2007), a notable 

observation was that the children infected with Haemophilus ducreyi had no history of 

urogenital symptoms or genital ulceration, suggesting that Haemophilus ducreyi may not 

be strictly transmitted person-to-person via sexual contact.   These strains were suggested 

to be CII based solely on 16S rDNA sequence comparison.    Therefore, the goal of this 

project was to characterize the four Somoa strains SB 5755, SB 5756, SB 5757, and BE 

3145 as CI or CII based on the nucleotide and protein sequences of virulence-associated 

determinants dsrA and ncaA.   We hypothesized that all four strains would be CII.    The 

objectives were as follows:  

1.   To amplify dsrA and ncaA by polymerase chain reaction.   
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2.   To obtain the DNA sequence of dsrA and ncaA in the Samoa strains.   

3.   To determine similarities between these strains at the nucleotide and amino acid 

levels through sequence comparison.    
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Haemophilus ducreyi and Chancroid Infection  

2.1.1 Haemophilus ducreyi 

Haemophilus ducreyi is a fastidious, gram negative coccobacillus and the 

etiological agent of chancroid.   Gram stain of chancroid secretions reveal pleomorphic 

coccobacilli in clusters or parallel chains, often described as a “school of fish” (Schmid, 

1990; Wu and Huang, 2004).   The average bacillus has a length of 1.2 to 1.5 µm and is 

approximately 0.5 µm in width with rounded ends (Albritton, 1989).   The colony 

morphology of Haemophilus ducreyi on solid media is characterized as small, 

nonmucoid, yellow-grey, semi opaque, adherent colonies (Albritton, 1989).   A unique 

feature of the bacterium is that the colonies can be pushed across the agar surface while 

remaining intact.   Haemophilus ducreyi does not cause dissemination infection in 

immunocompromised or healthy individuals, but it appears to be well adapted to survive 

in the skin of its obligate human host (Fulcher and Cole, 2006 )(Trees and Morse, 1995).    

2.1.2 Etiology of Chancroid  

Haemophilus ducreyi is a strict human pathogen.  Natural infection has not been 

detected in other animal or environmental reservoirs (Bong, 2002).   The bacterium is 

usually transmitted by sexual contact; however autoinoculation has been reported (Bong, 

2002).   Chancroid is commonly associated with commercial sex workers and crack 

cocaine users.   Uncircumcised men are at a greater risk than circumcised men for 
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contracting chancroid (Hand, 1949; Asin 1952; Hammond et al., 1980; Van Howe, 1999; 

Weiss et al., 2006).   It is common that individuals diagnosed with chancroid have visited 

areas where the disease occurs frequently, such as Africa, Asia, Latin America, and 

Canada, (Trees and Morse, 1995) .   Outbreaks that have occurred in the inner cities in 

the United States are among those who have been associated with commercial sex 

workers (Hammond and Slutchuk, 1980).    

2.1.3 Clinical Symptoms of Chancroid Infection  

Chancroid is a Genital Ulcer Disease characterized by the formation of ulcers that 

bleed readily.   A break in the integrity of the epithelium is the portal of entry for 

Haemophilus ducreyi.   To initiate infection, Haemophilus ducreyi enters the skin through 

breaks in the epithelium that occur during intercourse (Sullivan, 1940; Morse, 1989; 

Spinola et al., 2002).   The incubation period of chancroid ranges from 4 to 7 days 

(Ronald and Albritton, 1984)(Morse, 1989).   When this abrasion occurs, the first 

pathological changes in the form of edematous and swollen epithelial cells are observed 

(Sullivan, 1940)(Morse, 1989).   After an incubation period of 2 to 7 days, chancroid 

begins with the appearance of Erythematous papules (small, pimple-like bumps) at the 

entry site, which becomes painful and sharply defined.   Within 2 to 3 days of the papual 

formation, a pustule forms that soon ruptures causing patients to develop 1 to 4 painful 

ulcers.   The ulcers are sharply circumscribed with ragged edges and without indurations.   

The base of the ulcer has a granular appearance, irregular with many projections and 

depressions (Morse, 1989).   Ulcers that form during natural chancroid infection are 
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described as having ragged edges and are well circumscribed.   The base of the ulcer 

appears yellow or grey in color and frequently bleeds when scraped (Bong et al., 

2002)(Lagergard, 1995).   Typically, patients do not seek medical attention until they 

have had ulcers for 1 to 3 weeks (Hammond and Slutchuk, 1980; Morse, 1989; Chen et 

al., 1997; Spinola et al., 2002).   The actual skin lesions are the likely site of HIV entry 

(Hammond and Slutchuk, 1980; Morse, 1989; Chen et al., 1997; Spinola et al., 2002).   

In 50% of cases, regional lymphadenopathy and swelling of the lymph nodes, 

accompanies the ulcer-active stage of disease.   Lesions are localized to mucosal surfaces 

or to stratified squamous epithelium.   In males, the most common sites of involvement 

are the distal prepuce, the mucosal surface of the prepuce on the frenulum, or on the 

coronal sulcus.   Lesions are seen less frequently on the shaft of the penis, the glands, or 

the anus (Gaisin and Heaton, 1975)(Morse, 1989).   Fewer symptoms appear in infected 

women, but the entrance of the vagina is where the majority of lesions are seen.   The 

lesions also include areas of the labia, fourchette, clitoris, and vestibule.   Some less 

painful lesions are seen internally, such as the cervix and vaginal wall (Hammond and 

Slutchuk, 1980; Ronald and Albritton, 1984; Morse, 1989).   Chancroid ulcers are very 

vascular and the base of the ulcer bleeds easily upon scrapping.   Little inflammation is 

reported on the areas surrounding the infection.   However, some ulcers are more painful 

than others.   Because of the appearance of chancroid ulcers, they may often be confused 

with other causes of GUD such as syphilis and genital herpes, which may result in under 

diagnosing of chancroid (Morse, 1989).     
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Haemophilus ducreyi does not disseminate systematically, but due to 

autoinoculation, extragenital lesions do occur (Bong et al., 2002; Trees and Morse, 1995).   

The reason for the lack of disseminated disease is unclear.   However, the narrow 

temperature growth of 33°- 35°C, which is the optimal growth of the organism in vitro, 

suggest that temperature sensitivity may affect its ability to spread systematically (Bong 

et al., 2002)(Trees and Morse, 1995).    

2.1.4 Treatment of Chancroid Infection 

There are four antibiotic therapies for treatment of chancroid infection.   These 

therapies include azithromycin in a single dose; ceftriaxone intramuscular in a single 

dose; ciprofloxin orally twice for 3 days; or erythromycin orally three times a day for 7 

days.   Ulcers that heal with scars can still develop despite successful treatment with 

antibiotics.   Patients with both chancroid and HIV are more likely to fail treatment 

and/or require longer periods of treatment (Wu and Huang, 2004 ).   HIV infection was 

found to increase the probability of treatment failure following a single dose of either 

fleroxacin or ceftriaxone (Wu and Huang, 2004; CDC, 1998).   

Most isolates of Haemophilus ducreyi worldwide are susceptible to erythromycin 

and ceftriaxone (Trees and Morse, 1995).   However, antimicrobial resistance is extensive 

and caution is recommended when advocating widespread use of antibiotic for the 

treatment of chancroid due to the prevalence and spectrum of antimicrobial resistance 

(Trees and Morse, 1995).   Resistance due to plasmid-mediated β-lacatmase is well 
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documented (Ussher and Wilson, 2007) and Haemophilus ducreyi is highly resistant to 

both tetracycline and penicillin (Ussher and Wilson, 2007).    

2.1.5 Chancroid and HIV Infection  

Chancroid is one of a number of genital ulcer diseases that is a cofactor for HIV 

(CDC 1998; Filiatrault et al., 2001).   Two mechanisms have been described to explain 

how the presence of genital ulcers may enhance the transmission of HIV.   One 

mechanism is by increasing the shedding of the virus through ulcers.   The other theory is 

that the presence of the ulcer may increase the susceptibility to HIV infection 

(Cunningham, A. L. et al., 1985).   This increased susceptibility may be due to the 

interruption of the epithelial barrier and an increase in the number of HIV susceptible 

cells at the point of entry (Trees and Morse, 1995).   The control of GUD has become a 

major strategy for reading HIV transmission in the HIV and AIDS community.   Since 

chancroid is most common in Africa, effective short course antimicrobial therapy for 

chancroid is a priority (Tyndall et al., 1994).   HIV-infected men tend to have a greater 

number of ulcers than those who are not infected with HIV (Tyndall et al., 1994).   

Several recent reports have suggested that prior HIV infection can modify the appearance 

and clinical course of chancroid.   The transmission of HIV is enhanced by common 

sexually transmitted diseases (STDs).   Furthermore, concurrent HIV infection appears to 

modify the patient‟s response to therapy.    
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2.1.6 The Role of The Immune System in Chancroid Infection 

In natural chancroid infection, Haemophilus ducreyi enters the host through 

microabrasions during intercourse and primarily stays localized to the site of infection.   

Haemophilus ducreyi naturally infects genital and nongenital skin, regional lymph nodes, 

and mucosa surfaces.   Additionally, Haemophilus ducreyi infects mucosal epithelium as 

well as keratinized stratified squamous epithelium (Hammond and Slutchuk, 1980; 

Morse, 1989; Spinola et al., 2002).    

Histologically, chancroidal ulcers have demonstrated the presence of 

polymorphonuclear leukocyte (PMN) infiltrate along with fibrin, necrotic material, and 

erythrocytes in the base of the ulcer.   In addition, perivascular and interstitial 

mononuclear cell infiltrate and PMNs have been located in the dermis of ulcers (King et 

al., 1998; Margo et al., 1996; Bauer et al., 2006).   Macrophages and T cells are the 

predominate mononuclear cells found; however few B cells and many T cells are 

infiltrated deep within the dermis (King et al., 1998; King and Gough, 1996; Bauer et al., 

2006).   Due to the fact that most patients seek medical treatment only late in the 

ulcerative stage of disease, localization of the bacteria in natural ulcers is limited 

(Choudhary et al., 1982; Zamzachin et al., 1986; Bauer, 2006).     

The development of human and animal chancroid models have shed light on the 

factors involved in disease development.   In the human model of chancroid infection, 

Haemophilus ducreyi colocalizes with PMNs, macrophages, and fibrin within 

micropustules and with collagen in the dermis at the papular and pustular stages of 
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disease (Bauer and Spinola, 2000; Bauer et al., 2001; Bauer et al., 2006).   The organism 

remains extracellular in the pustule and dermis and does not colocalize with keratinocytes 

(Bauer and Spinola, 2000; Bauer et al., 2001; Bauer et al., 2006).   Since Haemophilus 

ducreyi localization in chancroid ulcers is similar at the papular and pustular stages of 

disease in the human model, this suggests that after initiating infection, the disease 

process does not change from the papular through the ulcerative stages of disease (Bauer 

and Spinola, 2000; Bauer et al., 2001;  Bauer et al., 2006).    

Studies conducted to characterize the cellular make up of chancroid ulcers 

revealed that the ulcers contain fibroblast, epithelial cells, inflammatory cells such as 

polymorphonuclear leukocytes, macrophages, lymphocytes, and Haemophilus ducreyi 

(King and Gough, 1996; Dutro and Wood, 1999).   A study by Bauer et al. (2001) 

revealed that Haemophilus ducreyi enters the skin through microabrasions and colonizes 

extracellularly.   Phagocytes initiate the immune response and surround the bacteria in 

micropustules but are not able to clear the organism (Vakevainen et al., 2003; Bauer et 

al., 2006).    The presence of the bacteria causes the micropustules to mature into PMN-

filled, fibrinous ulcers, which allow Haemophilus ducreyi to replicate and prevent 

clearance of the bacteria.   A lack of colocalization with collagen in the dermis was 

determined to be the main difference between naturally acquired ulcers, papules, and 

pustules in experimental infection.   This finding suggests that the interactions with 

collagen are important for initiating infection because collagen adhesion is required for 

pustule formation in the human model of infection (Fulcher, 2006; Bauer et al., 2006).    
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 Palmer et al. (1995) revealed that tissue destruction and the inability of 

inflammatory cells to survive within the ulcers was consistent with production of toxins 

by H. ducreyi.   Haemophilus ducreyi produces two toxins including a cell associated 

hemolysin (Palmer and Munson, 1995; Totten and Norn, 1995) and a secreted cytotoxin 

(Purven and Lagergard, 1992; Cope and Lumbley, 1997).   Lipooligosaccharide (LOS) 

produced by the organism may also contribute to ulcer formation which enhances the 

migration of inflammatory cells to the lesion site (Campagnari and Wild, 1991; Elkins 

and Chen, 1995; Stevens and Porcella, 1996).   

 

2.2. Haemophilus ducreyi Virulence Factors 

2.2.1 Bacteria Resistance to Immune Killing 

In order to initiate infection in a host, pathogenic bacteria must use mechanisms to 

over come the host‟s immune system.   At least five mechanisms have been identified: (i) 

resistance to phagocytosis, (ii) resistance to killing by antimicrobial peptides, (iii) the 

ability to acquire nutrition from the host, survival in the presence of innate and adaptive 

immunity, and (v) attachment to host tissue and proteins (Sullivan, 1940).     

 Haemophilus ducreyi, like other bacteria pathogens, has evolved specific 

mechanisms to avoid host defenses.   For example, Haemophilus ducreyi survives in the 

presence of macrophages, both in regional lymph nodes and in chancroid lesions.   Wood 

et al (2001)  studied the interactions of Haemophilus ducreyi with the human 

macrophage-like cell line, U-937 to understand the mechanism by which Haemophilus 
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ducreyi survives and persists in the presence of phagocytes (Sundstrom and Nilsson, 

1976)(Wood et al., 2001).   Studies showed that in vitro, Haemophilus ducreyi strain 

35000 adhered to U-937 cells efficiently, but resisted phagocytosis.   Within 24 hours, the 

few Haemophilus ducreyi bacteria that were phagocytosed were killed by U-937 (Wood 

et al., 2001).   The study also showed that by using a secondary target, opsonized sheep 

red blood cells, Haemophilus ducreyi inhibited Fc-mediated phagocytosis by U-937 

macropahges (Wood et al., 2001).   This suggests that antiphagocytic activity may also 

contribute to the establishment of secondary infections often found in chancroid lesions, 

since macrophages were unable to phagocytose other pathogens that were impaired.   

Furthermore, antiphagocytosis might also be a mechanism for survival of Haemophilus 

ducreyi in inguinal lymph nodes (Wood et al., 2001).    

Haemophilus ducreyi  also expresses two toxins and two large secreted proteins 

that function as cytotoxins.   The cytolethal distending toxin CDT is composed of the 

CdtA, CdtB, and CdtC proteins.   This toxin adheres to host cells and translocates the 

CdtB protein into the cell which functions as a DNase and cuases cell death.   A 

hemolytic cytotoxin (hhdA and hhdB) is also produced by Haemophilus ducreyi and has 

been determined to cause cytopathic effects to human foreskin fibroblasts and epithelial 

cells (Bozue et al., 1999).   The large supernatant proteins (LspA and LspB) have also 

been shown to be cytoxic to immune cells and protect Haemophilus ducreyi from 

phagocytosis (Hansen, 2006).     
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 Secondly, in addition to resisting killing by phagocytes, many bacteria have 

developed resistance against other components of the immune system.   The innate 

immune system responds to infection by deploying PMNs, epithelial cells, and 

macrophages which secrete antimicrobial peptides (APs) (Mount et al., 2010).   APs are 

mostly small, cationic peptides that are secreted in the extracellular milieu and have both 

bactericidal and chemotatic properties (Jenssen and Hamill, 2006)(Mount et al., 2010).   

Cationic APs are attracted to the anionic bacterial cell membrane where they lyse the 

bacteria cell membrane.   Most APs recruit  PMNs, T cells,  macrophages, and immature 

dendritic cells to the site of bacterial infection, serving as a bridge between innate and 

adaptive immunity (Niyonsaba and Ogawa, 2004) (Mount et al., 2010).   Bacterial 

pathogens have evolved many mechanisms to resist killing by APs such as enzymatic 

inactivation of APs, electrostatic repulsion by the addition of positively charged residues 

on the surface, and expression of transporters that remove APs before they can attack the 

cell membrane (Kraus and Peschel, 2006)(Mount et al., 2010).    

Recent studies have shown that the Haemophilus ducreyi genome includes 

homologs of previously described transporter genes in nontypeable Haemophilus 

influenza that are sensitive to antimicrobial peptides. (Altschul et al., 1997)(Mount et al.,   

2010).   The sensitive to antimicrobial peptides (sap) genes encode the Sap influx pump, 

which confers resistance to APs in several Gram-negative pathogens, such as Salmonella 

entercia, nontypeable Haemophilus influenzae, and Proteus mirabilis (Lopez-Solanilla 

and Garcia-Olmedo 1998)(Mason and Munson 2005)(Mount et al.,  2010).   Mount et al.   

(2010) demonstrated that the sapA open reading frame is present in both class I (CI) and 
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class II (CII) Haemophilus ducreyi strains (strain classes are discussed in section 2.3)    

Minor variations exist in the ORFs of CI strains but relatively greater variations exist 

between sapA ORFs of CI and CII strains (Bauer et al.,  2009; Mount et al.,  2010).   The 

conservation of SapA among CI and CII clinical isolates of Haemophilus ducreyi, 

coupled with the conserved resistance may be a conserved mechanism in Haemophilus 

ducreyi.   PCR amplification of other genes in the sapABCD operon further suggest that 

the operon structure may be conserved among CI and CII strains (Mount et al., 2010).     

Thirdly, many pathogenic bacteria are unable to produce important nutritional 

requirements for survival.   Therefore, another important mechanism developed by these 

bacteria is the ability to obtain nutritional supplements, such as iron, from their host.   

Invading bacteria must gain access to these sources to survive and initiate disease 

(Albritton, 1989; Lee. B.C., 1991; Elkins et al., 1998).   Host iron is sequestered by 

several mechanisms.   Haemophilus ducreyi requires X factor hemin for its growth; 

however, it is unable to synthesize hemin.   Therefore, Haemophilus ducreyi acquires 

heme from its only known host, humans.   Hemin is found in several forms such as 

hemoglobin, free hemin, or bound to carrier proteins such as albumin.    Host heme is 

comprised of compounds such as transferrin, lactoferrin, heme, and hemoglobin  that 

represent an important source of iron (Otto et al., 1992; Elkins et al., 1998).   

Haemophilus ducreyi expresses the outer membrane hemoglobin receptor, HgbA, which 

is required for virulence.   Human and animal models of chancroid infections revealed 

that HgbA deficient mutants were unable to initiate infection (Elkins and Chen, 1995).    
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Additionally, pathogenic bacteria use multiple strategies to resist killing by serum 

complement.   In 1995, Lagergard et al.   (Lagergard, 1995) suggested that the classical 

pathway of the immune system plays an important role in the killing of H. ducreyi.   

Further studies demonstrated that in vivo survival of Haemophilus ducreyi is dependent 

upon the bacteria‟s ability to resist killing by complement in Normal Human Serum.   

Haemophilus ducreyi expresses two outer membrane proteins, DsrA and Ducreyi lectin A 

(DltA) that function to resist serum killing.   DsrA is a multifunctional protein that 

mediates serum resistance (Elkins and Morrow, 2000) and is necessary and sufficient for 

virulence in the human experimental model of chancroid infection (Bong and Throme, 

2000).   Abdulah et al. (2005) found that DsrA may confer resistance by inhibiting 

attachment of the IgM antibody to the bacteria surface, thereby preventing initiation of 

the complement cascade.     Leduc et al. (2004) found that DltA also influences serum 

susceptibility by interfering with the C‟ of the complement cascade (Leduc et al., 2004).   

Studies with a DltA deficient mutant in the human model of chancroid revealed that 

although the formation of papules and pustules was not completely halted, the DltA 

mutant was attenuated in its ability to cause infection (Leduc et al., 2004).      

Finally, the mechanism by which Haemophilus ducreyi colonizes the skin is a 

major focus of study.   Haemophilus ducreyi must have the ability to adhere to tissues, 

cells, and extracellular matrix (ECM) proteins to initiate infection.   Three factors have 

been identified that aid in attachment.   Lipooligosaccaride (LOS), a lipid containing 

polysaccharide expressed on the surface of Haemophilus ducreyi, has been shown to play 

a role in adherence of Haemophilus ducreyi to human foreskin fibroblast and 
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kerotinocytes (Rietschel et al., 1996; Xu et al., 2004; Zughaier, 2004; Lundqvist, 2009).   

Another membrane bound protein, DsrA, has been shown to be necessary for adhesion to 

host cells and ECMs and is necessary and sufficient for ulcer formation.   Finally, NcaA 

was shown to bind Type I collagen in the dermis and is required for infection in the pig 

and human models of chancroid infection (Rietschel et al., 1996; Xu et al., 2004 ; 

Zughaier, 2004; Lundqvist, 2009)      

2.2.2 Oligomeric Coiled Adhesion Proteins 

The oligomeric coiled adhesion (Oca) protein family consists of a group of 

surface-exposed multifunctional proteins.   This family of proteins includes the Yersinia 

adhesion YadA, UspA proteins of Moraxella catarrhalis, DsrA and necessary for 

collagen adhesion A (NcaA).   YadA and UspA proteins function as eukaryotic cell 

adhesins (Cole and Kawula, 2002).   Hoiczyk et al. (2000) proposed that these proteins 

are capable of forming oligomers, „lollipop‟ shaped structures on the cell surface.   These 

structures are composed of an N-terminal head domain, and a C-terminal anchoring 

domain.   The C-terminal domain of YadA has been shown to be serum resistant 

(Roggenkamp and Ackermann, 2003), and the N-terminal domain confers binding to 

extra cellular matrix (ECM) such as fibronectin (Tertti and Skurnik, 1992).    

2.2.3 Ducreyi Serum Resistance Protein A 

The homology of DsrA and UspA suggested that DsrA might function as a 

possible Haemophilus ducreyi adhesion.  Cole et al. (2002) demonstrated that DsrA is 

responsible for Haemophilus ducreyi binding of vitronectin and attachment to 
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karatinocytes (Cole et al., 2002).    Furthermore, DsrA confers binding to the ECM 

proteins fibronectin and vitronectin and to HaCat keratinocytes (Cole et al., 2002; Leduc 

et al., 2009).   DsrA mediates protection from the activity of complement by preventing 

deposition of serum bactericidal immunoglobulin M (IgM) at the surface of Haemophilus   

ducreyi (Abdullah et al., 2005; Leduc et al., 2009).   

Further studies have determined that the DsrA protein is a member of the trimeric 

autotransporter adhesion (TAA) family of proteins.   Autotransporters have three 

domains: an N-terminal signal peptide, a passenger or effector domain, and a C-terminal 

translocator or β domain (Cotter et al., 2006; Leduce et al., 2009).   In TAAs the 

translocator domain is formed by the interactions between the C-terminal domains of 

three monomers, each monomer contributes 4 strands to the 12-strand β barrel of the 

TAA homotrimer (Leduce et al., 2009).    

2.2.4 Necessary for Collagen Adhesion Protein A 

NcaA is an outer membrane protein with an amino acid sequence similar to Oca 

protein in Haemophilus ducreyi,  DsrA, Yersinia enterocolitica, YadA, Eshericha coli, 

Eib, and Moraxella  catarrhalis, UspA proteins (Fulcher and Cole, 2006).   Fulcher et al. 

(2006) determined the importance of NcaA in Haemophilus ducreyi pathogenesis using 

the swine and human experimental models of chancroid.    In the in vitro experiments 

conducted by Fulcher et al. (2006), NcaA did not mediate adherence to cultured skin cells 

nor did it confer resistance to complement-mediated killing.   E. coli expressing NcaA 

from Haemophilus ducreyi was tested to determine if NcaA was sufficient to confer 
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adherence to type I collagen (Fulcher and Cole, 2006).   The results of the fluorescently 

labeled and incubated microplated wells coated with type I collagen indicated that NcaA 

is both necessary and sufficient to elicit specific association with type I collagen (Fulcher 

and Cole, 2006).    In the experimental model using swine, the ncaA mutant was 

recovered from fewer lesions than the wild type.   In the human volunteer model, pustules 

were unable to form suggesting that NcaA is required for pustual formation.   Thus, 

making NcaA the seventh Haemophilus ducreyi protein shown to be essential for 

virulence in the native human host (Al-Tawfig et al., 2000; Fortney et al., 2000; Bong et 

al., 2001; Spinola et al., 2003; Janowicz et al., 2004; Fulcher and Cole, 2006).     

 

2.3 Two Class Strains of Haemophilus ducreyi  

Comparison of the N-termini of DsrA from these strains revealed little sequence 

homology, while the C-terminal domains were nearly identical.   This finding suggested 

that the DsrA protein from strains CIP 542 ATCC and HMC 112 was antigenically 

different than that of strain 35000 HP.   Based on these data, 35000 HP was termed class 

I (CI) and CIP 542 ATCC and HMC 112 were termed class II (CII).   Likewise, DsrA 

from 35000 HP was designated DsrAI, and DsrA from CIP 542 ATCC and HMC 112 was 

designated DsrAII (White et al., 2005).   

To determine the prevalence of NcaA among DsrAI and DsrAII expressing strains, 

a panel of 19 Haemophilus ducreyi strains was examined in a Western blot with an anti-

rNt-NcaAI  antiserum.   The antiserum of NcaA recognized the oligomeric form 
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(approximately 80 kDa) of the NcaA protein from CI but did not recognize either the 

oligomeric or monomeric (approximately 33-kDa) from CII strains.   Sequence 

comparison of NcaA from 35000HP (CI) and CIP 542 ATCC (CII) revealed strongly 

conserved C-termini, with little conservation within the N-termini.   A comparison of the 

NcaA sequence from CIP 542 ATCC strains showed 100% identity with in CII.   This 

difference explained the lack of reactivity to CII NcaA with anti-rNt-NcaAI, since this N- 

terminal region was the source of immunogen used for antibody production of anti-r-

NcaAI.  Therefore strains expressing DsrAI also expressed NcaAI , and those expressing 

DsrAII also expressed NcaAII (White et al., 2005).    
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 Strains and Media  

Haemophilus ducreyi strains used in this study are listed in Table 3.1.   All strains 

were maintained by subculture on chocolate agar plates (CAP) containing 1X GGC  

(0.1% glucose, 0.01% glutamine, and 0.026% cysteine)  (Totten and Stamm, 1994), and 

5% fetal bovine serum (Fetal Plex, Gemini Scientific, West Sacramento, CA).   Strains 

were grown at 34.5°C in 5% CO2 for 18-24 hours (CI strains) or 36-48 hours (CII 

strains).    Frozen stocks were prepared by streaking bacteria for isolation on CAP and 

growing under conditions described above.   A single colony was selected and streaked 

for lawn growth on CAP.   The bacteria were then transferred to Haemophilus ducreyi 

freeze media (3g Trypticase, 25 ml glycerol and 75 ml of H2O) with 10% glycerol and 

stored at -80°C.    

Table 3.1.  Haemophilus ducreyi Strains Used in This Study 

Strain Name Strain Class Location/Year of 

Isolation 

Source 

(Reference) 
35000HP Class I Winnipeg (1975) S. Spinola  

HMC112 Class II CDC (1984) P. Totten (Totten, 1994) 

SB5755 Unknown  Somoa Island,    

South Pacific (2007) 

Ussher (Ussher, 2007) 

SB5756  Unknown  Somoa Island,    
South Pacific (2007) 

Ussher (Ussher, 2007) 

SB5757 Unknown Somoa Island,    

South Pacific (2007) 

Ussher (Ussher, 2007) 

BE3145 Unknown Somoa Island,    

South Pacific (2007) 

Ussher (Ussher, 2007) 
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3.2 Amplification and Sequencing of dsrA in Haemophilus ducreyi Strains 

To determine whether Haemophilus ducreyi strains obtained from Samoa 

possessed dsrA identical to that in Haemophilus ducreyi CI or CII strains, primers 

designed by White et al. (2005) were used to amplify the dsrA open reading frame.   

Briefly, primer 42 (approximately 280 bp upstream) and primer 43 (approximately 285 

bp downstream) were designed using the genome sequence of strain 35000HP (www.  

stdgen.  lanl.  gov).   PCR was performed using primer 42 and primer 43 (Figure 3.1 and 

Table 3.2) at 100 pmol each, Master Mix (1X Go-taq DNA polymerase, dNTPs [200 µM 

each], 1.5 mM MgCl2;  Promega, Madison, WI) and whole Haemophilus ducreyi cells as 

DNA template according to the manufacturer‟s instruction.   The PCR was performed 

under the following conditions: a single denaturation at 95°C for 5 min and 30 cycles, 

each consisting of 1 min denaturation at 95°C, annealing at 50°C for 2 min, and extension 

at 72°C for 2 min.   Equal volumes of each sample was loaded onto an 8% agarose gel 

and subjected to electrophoresis.   A 1,343 bp fragment of DNA was amplified from 

several colonies of strains SB5755, SB 5756, SB 5757, and BE3145, HMC112, and 35K.   

Following PCR amplification of dsrA, DNA sequencing was performed.   To 

prepare samples for sequencing, the PCR products were purified using the DNA Wizard 

Genomic Preparation Kit (Promega, Madison, WI).   Next, approximately 30 ng of the 

purified DNA was mixed with 100 pmol of either primer 42 or primer 43 in a fresh tube.   

Samples were submitted to Eurofins MWG Operon 

(www.operon.com/products/sequencing/) for sequence determination.    



 24 

  

 

 
 

 

Figure 3.1. Diagram of dsrA and Expected PCR Products    
(A) The dsrA open reading frame is represented by an orange shaded box.        

The partial manX open reading frame is represented by a light blue box 

upstream of dsrA; the partial HD0770 is represented by a blue shaded box 

downstream of dsrA.   Curved black arrows indicate the polarity of each gene.   

Numbered black arrows indicate the direction and location of primers used 

for PCR and sequencing.   (B) The sizes of the expected PCR products are 

represented by solid blue lines.   Open reading frames are not drawn to scale.   

 

 

 

Table 3.2.  List of dsrA Specific Primers Used in This Study  

Name Class Oligo Sequence Source 

(Reference)  

dsrA 42 I CTAGGTCTAGATGCCTTGCTCTTAATGACG (White, 2005) 

dsrA 43 I GCCCAAGCTTTAAAAGCACATAAACAAGCG (White, 2005) 

NM1F I GGAGTGGACCAGGACAGCATTCAGTGAAT This study 

NM1R I CAGCAAAAGCTATAACAAAGATAAATAAG This study 

 

A. 

B. 
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Although primers 42 and 43 worked to amplify dsrA in a PCR reaction, only poor quality 

sequence data was obtained with these primers.    

Since high quality sequence data was not obtained using primers 42 and 43, an 

alternate set of PCR primers flanking dsrA was designed.   Primer NM1F (approximately 

175 bp upstream) and primer NM1R (approximately 102 bp downstream) (Figure 3.1 and 

Table 3.2) were designed using the genome sequence of strain 35000HP 

(www.stdgen.lanl.gov).   PCR was performed according to the manufacturer‟s 

instruction.   Reactions consisted of primers NM1F and NM1R at 100 pmol each, Master 

Mix (1X Go-taq DNA polymerase, dNTPs [200 µM each], 1.5 mM MgCl2; Promega, 

Madison, WI) and whole Haemophilus ducreyi cells as DNA template.   PCR was 

performed under the following conditions: a single denaturation at 95°C for 5 min and 30 

cycles, each consisting of 1 min denaturation at 95°C, annealing at 54°C for 2 min, and 

extension at 72°C for 2 min; and a final cycle of 72°C for 10 minutes.   A 985 bp 

fragment of DNA was amplified from several colonies of strains SB5755, SB 5756, SB 

5757, and BE3145, HMC112, and 35000 HP.   

 

3.3 Amplification and Sequencing of ncaA in Haemophilus ducreyi Strains   

To determine whether Haemophilus ducreyi strains obtained from Samoa possess 

ncaA identical to that in Haemophilus ducreyi CI or CII strains, primers were designed 

273 bp upstream (ncaA1; GCGATGGCAGTTCCTACTCC) and 201 bp downstream 
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(ncaA2; GGCTAATCACCTGAGCATCA) of the ncaA open reading frame (Figure 3.2).   

PCR was performed according to the manufacturer‟s instruction using primer ncaA1 and  

 

 

 

Figure 3.2. Diagram of ncaA and Expected PCR Product   

(A) The ncaA open reading frame is represented by an orange shaded box.   

Two house-keeping genes, pros represented by a light blue box and recG 

represented by a blue shaded box, are located upstream and downstream of 

the ncaA open reading frame, respectively.   Curved black arrows indicate the 

polarity of each gene.   Numbered black arrows specify the direction and 

location of primers used for PCR and sequencing.   (B) The size of the 

expected PCR product is represented by a solid blue line.   Open reading 

frames are not drawn to scale.   
 

 

primer ncaA2 at 100 pMol each, Master Mix (1X Go-taq DNA polymerase, dNTPs [200 

µM each], 1.5 mM MgCl2) (Promega, Madison, WI) and whole Haemophilus ducreyi 

cells as template DNA.   The PCR was performed under the following conditions: a 

single denaturation at 94°C for 1 min, and 30 cycles each consisting of 1minute 

denaturation at 94°C, annealing at 52°C for 1 minute, and extension at 72°C for 2 

minutes; and a final cycle of 72°C for 10 minutes.   A 1,365 bp fragment of DNA was 

B. 

A. 
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amplified from several colonies of strains SB 5755, SB 5756, SB 5757, and BE 3145, 

HMC112, and 35000 HP.   

Following PCR amplification of ncaA, DNA purification and sequencing was 

performed as described above for dsrA, except that approximately 30 ng of the purified 

DNA was mixed with 10 pmol of either primer ncaA1 or primer ncaA2.   Samples were 

submitted to Eurofins MWG for sequence determination.    

 

3.4 Analysis and Alignment of DsrA nucleotide and Protein Sequences  

 DNA sequences were obtained electronically from Eurofins MWG in an ABI 

format.   To view, edit and perform BLAST (Basic Local Alignment Search Tool) 

searches with the nucleotide sequences, FinchTV (www.geospiza.com/Products/finchtv/), 

a free web-based DNA sequencing chromatogram trace viewer was used.   Sequence 

alignments and phylogenetic trees were constructed with the free web-based Molecular 

Evolutionary Genetics Analysis (MEGA4) program (http://www.megasoftware.net/).   

Neighbour-joing and bootstrap were used to calculate the confidence intervals for branch 

lengths.   Finally, BioEdit (http://www.mbio.ncsu.edu/bioedit/bioedit.html) and 

BoxShade (http://www.boxshade.sourceforge.net) were used to generate protein lineups 

and determine sequence identity and similarity.    

 

http://www.megasoftware.net/
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CHAPTER 4 

RESULTS 

In 2005, White et al. (2005) reported the characterization of two classes of 

Haemophilus ducreyi based on amino acid sequence comparison of virulence 

determinants, including dsrA and ncaA.   Haemophilus ducreyi strains categorized as CII 

expressed DsrA and NcaA proteins that were nearly 100% identical within the strain 

class.   Conversely, comparison of CII DsrA and NcaA to CI strains revealed a high 

degree of variation at the N-terminal ends of the proteins; while the C-terminal ends were 

nearly identical.   In this study, to characterize strains SB 5755, SB 5756, SB 5757, and 

BE 3145 as CI or CII, the N-terminal variable regions of dsrA and ncaA were examined.  

   

4.1 Amplification of dsrA in Haemophilus ducreyi Samoa Strains  

Previous studies by White et al. (2005) demonstrated that dsrA in CI and CII 

strains could be amplified using PCR primers dsrA 42 and dsrA 43, designed to CI strain 

35000 HP (Figure 3.1).   Therefore, to amplify dsrA from Haemophilus ducreyi strains 

35000 HP, HMC112, SB 5755, SB 5756, SB 5755 and BE 3145, whole cells were 

subjected to PCR and agarose gel electrophoresis.   As predicted, an approximately 1.3 

kb DNA product containing dsrA was successfully amplified (Figure 4.1A).    

Interestingly, noticeable differences in the DNA yield (band intensity) was observed.   

The HMC112 DNA fragment was approximately four to five times brighter than the PCR 

product in the other strains tested when stained with Ethidium Bromide.   Furthermore 

analysis by agarose gel electrophoresis revealed that SB 5757, BE 3145, and HMC 112 
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migrated slightly higher than SB 5755 and SB 5756, suggesting sequence variation 

between these strains.    

A second set of PCR primers, NM1F and NM1R, was designed to amplify dsrA in 

Haemophilus ducreyi strains (Table 3.2).   In comparison to primer 42 and primer 43, 

these primers were designed 105 bp and 183 bp closer to the dsrA start and stop codon, 

respectively.   As expected, a 985 bp product was obtained as shown in figure 4.1B.   

Similar to results obtained with dsrA42 and dsrA43, variation in DNA yield between the 

strains was observed.   The BE 3145 DNA fragment was approximately three times more 

intense than the other strains tested.   Furthermore, variation in DNA fragment migration 

on the agarose gel was observed.   The dsrA products from SB 5756 and SB 5757 

migrated more slowly than SB 5755, BE 3145 and 35000 HP, suggesting sequence 

variation between these strains.        

 

4.2 Strains SB 5755, SB 5756, SB 5757 and BE 3145 Possess Class I DsrA   

White et al. (2005) showed that the complete sequence of the dsrA open reading 

frame in classes I and II could be obtained using primers dsrA 42 and dsrA 43.   

Therefore, these primers were used for PCR and sequencing.    Examination of the 

deduced nucleotide sequences with FinchTV revealed that poor sequence data was 

acquired using these primers.   Specifically, the length of a successful sequence read is 
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 Figure 4.1. Amplification of dsrA in SB 5755, SB 5756, SB 5757 and BE 3145 
(A) PCR reactions performed using primers dsrA 42 and dsrA 43 produced 

the expected 1.3 kb PCR product in all strains tested, except 35000 HP.   

Previous PCR reactions indicate a positive result for 35000 HP (data not 

shown here).   (B) An approximately 985 bp DNA fragment was obtained 

from all strains using primers NM1F and NM1R.   All PCR samples were 

subjected to electrophoresis using a 0.8 % agarose gel.   Strain names are 

listed above.   Molecular weight standards are indicated to the left and 

amplified DNA fragment lengths are indicated to the right.    

              

1000 bp

2000 bp

1000 bp

2000 bp

985 bp 
B. 

A. 
1.3 kb 
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expected to result in the determination of 600-700 nucleotides.   The lengths of the 

sequence reads obtained with primers dsrA 42 and dsrA 43 were 100-200 nucleotides 

(data not shown).    

Since high quality sequence data could not be obtained using primers dsrA 42 and 

dsrA 43, primers NM1F and NM1R were designed and used in subsequent PCR and 

sequencing reactions.   Approximately 600 nucleotides were obtained from all strains 

except SB 5757.   Several attempts to repeat the sequencing reaction with strain SB 5757 

resulted in poor quality sequence data (data not shown); therefore this strain was omitted 

from subsequent analyses.    

To characterize dsrA in Haemophilus ducreyi stains SB 5755, SB 5756, and BE 

3145, nucleotide and protein alignments were constructed using MEGA4 and visualized 

using BoxShade (Figure 4.2 and 4.3).    The DNA sequence lineup consisted of 521 

nucleotides of the N-terminus variable region, beginning with the ATG start of the dsrA 

coding sequence.   As demonstrated in figure 4.2, the N-terminus of dsrA in the Samoa 

strains was similar to the N-terminus of dsrA in CI strain 35000 HP.   
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3 5 0 0 0 d s r A 1 ATGAAAATTAAATGTTTAGTTGCCGTAGTGGGATTAGCTTGT TCTACTATTACAACAATG
SB5 6 d s r A 1 ATGAAAATTAAATGTTTAGTTGCCGTAGTGGGATTAGCTTGT TCTACTATTACAACAATG
SB5 5 d s r A 1 ATGAAAATTAAATGTTTAGTTGCCGTAGTGGGATTAGCTTGT TCTACTATTACAACAATG
BE3 1 4 5 d s r A 1 ATGAAAATTAAATGTTTAGTTGCCGTAGTGGGATTAGCTTGT TCTACTATTACAACAATG
c o n s e n s u s 1 ATGAAAATTAAATGTTTAGTTGCCGTAGTGGGATTAGCTTGT TCTACTATTACAACAATG

3 5 0 0 0 d s r A 6 1 GCTCAGCAGCCGCCAAAGTTTGCT GGAGTATCTTCTTTGTAT AGCTATGAGTATGACTAT
SB5 6 d s r A 6 1 GCTCAGCAGCCGCCAAAGTTTGCT GGAGTATCTTCTTTGTAT AGCTATGACTATGACTAT
SB5 5 d s r A 6 1 GCTCAGCAGCCGCCAAAGGTTGCT GGAGTATCTTCTTTGTTT AGCTATGACTATGACTAT
BE3 1 4 5 d s r A 6 1 GCTCAGCAGCCGCCAAAGTTTGCT GGAGTATCTTCTTTGTAT AGCTATGAGTATGACTAT
c o n s e n s u s 6 1 GCTCAGCAGCCGCCAAAGt TTGCT GGAGTATCTTCTTTGTa T AGCTATGA TATGACTAT

3 5 0 0 0 d s r A 1 2 1 GGTAAGGGTAAATGGACTTGGTCT AATGAAGGCGGTTTCGAT ATTAAAGTGCCAGGGATT
SB5 6 d s r A 1 2 1 GGTAAGGGTAAATGGACTTGGTCT AATGAAGACGGTTTCGAT ATTAAAGCGCCAAGGATT
SB5 5 d s r A 1 2 1 GGTAAGGGTAAGATGACATGGTCT ACTGGACACGGTTTCGAT TTTAACCCGCCAAGGATT
BE3 1 4 5 d s r A 1 2 1 GGTAAGGGTAAATGGACTTGGTCT AATGAAGACGGTTTCGAT ATTAAAGCGCCAAGGATT
c o n s e n s u s 1 2 1 GGTAAGGGTAAa t g GACt TGGTCT Aa TGa Ag a CGGTTTCGAT a TTAAa g c GCCAa GGATT

3 5 0 0 0 d s r A 1 8 1 AAAATGAAGCCAAAAGAATGGATT TCTAAACAGGCTACTTAT CTTGAATTACAGCATTAT
SB5 6 d s r A 1 8 1 AAAATGAAGCCAAAAGAATGGATT TCTAAACAGGTTACTTAT CTTAAATTACAGCATTAT
SB5 5 d s r A 1 8 1 AAAACGACGACATAAGAATGGATT TCTAC- CAGGCTACTTAT CTAAAACCACAGCATTTT
BE3 1 4 5 d s r A 1 8 1 AAAATGAAGCCAAAAGAATGGATT TCTAAACAGGTTACTTAT CTTAAATTACAGCATTAT
c o n s e n s u s 1 8 1 AAAAt GAa Gc CAa AAGAATGGATT TCTAa a CAGG TACTTAT CTt a AAt t ACAGCATTa T

3 5 0 0 0 d s r A 2 4 1 ATGCCT TATACTCCTGTTCTCGTGACAT- - - ATGCTCCTGGCGTTTCTCCTAGCCCTATA
SB5 6 d s r A 2 4 1 ATGCCT TATACTCCTGTTCTCNNGACATCTGACGTTCCTCCT CCTCCTCCTAGCTCTATA
SB5 5 d s r A 2 4 0 ATGCCT CATACTCCTGTTCT- AAGACAT- - - - - - CTAACGTT CCTCCTCCTAGCTCTATA
BE3 1 4 5 d s r A 2 4 1 ATGCCT TATACTCCTGTTCTCGTGACAT- - - CTGACGTTCCT CCTCCTCCTAGCTCTATA
c o n s e n s u s 2 4 1 ATGCCT t ATACTCCTGTTCTc g t GACAT a t g c t c c t c t c c Tc CTCCTAGCt CTATA

3 5 0 0 0 d s r A 2 9 8 CTGTTATATCCGATGTCTGATCCT GATCAACTTGGAATAAAT CGGCAGCAGCTGAAATTG
SB5 6 d s r A 3 0 1 CTGTTATATCCGATGTCTGATCCT GATCAACTTGGAATAAAT CGGCAGCAGCTGAAATTG
SB5 5 d s r A 2 9 3 CCGTTATATCCCATGTCTGATCCT GAACACCATGGAATATTT CCCCAGCCGCTGAAATAC
BE3 1 4 5 d s r A 2 9 8 CTGTTATATCCGATGTCTGATCCT GATCAACTTGGAATAAAT CGGCAGCAGCTGAAATTG
c o n s e n s u s 3 0 1 Ct GTTATATCCg ATGTCTGATCCT GAt CAa Ct TGGAATAa a T Cg g CAGCa GCTGAAATt g

3 5 0 0 0 d s r A 3 5 8 AATTTGTATAGTTATTTTAACGAT TTAAGACACGATTTTAAATTAAAAGTTCTTGATGCA
SB5 6 d s r A 3 6 1 AATTTGTATAGTTATTTTAACGAT TTAAGACACTATTTTAAATTAAATGTTCTTGATGCA
SB5 5 d s r A 3 5 3 AATTTGTATAATTATTTTAACAAT TTAAGACACTTTTTTAAATTAAATGTTCTTGATGCA
BE3 1 4 5 d s r A 3 5 8 AATTTGTATAGTTATTTTAACGAT TTAAGACACGATTTTAAATTAAATGTTCTTGATGCA
c o n s e n s u s 3 6 1 AATTTGTATAg TTATTTTAACg AT TTAAGACAC a TTTTAAATTAAAt GTTCTTGATGCA

3 5 0 0 0 d s r A 4 1 8 CGTATT TCCAAAAATAAACAAAA
SB5 6 d s r A 4 2 1 CGTATT TCCAAAAATAAACAAAA
SB5 5 d s r A 4 1 3 CGTATT TCCAAAAATAAACAAAA
BE3 1 4 5 d s r A 4 1 8 CGTATT TCCAAAAATAAACAAAA
c o n s e n s u s 4 2 1 CGTATT TCCAAAAATAAACAAAA          

Figure 4.2. Alignment of dsrA nucleotide sequences from CI and SB 5755,  

SB 5756 and BE 3145.   The nucleotide sequences of dsrA are compared.   

Strain names are listed to the left.   Black, shaded regions indicate identity.   

Gray boxes indicate residues that are similar to the column consensus.   

Numbers to the left of the figure indicate the nucleotide number within the 

strains.    
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3 5 0 0 0 d s r A 1 MKI KCL VAVVGL ACSTI TTMAQQPPKFAGVSSL YSYEYDYGKGKWTWSNEGGFDI KVPGI
SB5 7 5 5 d s r A 1 MKI KCL VAVVGL ACSTI TTMAQQPPKFAGVSSL YSYEYDYGKGKMTWSTGHGFDFNPPGI
SB5 7 5 6 d s r A 1 MKI KCL VAVVGL ACSTI TTMAQQPPKFAGVSSL YSYDYDYGKGKWTWSNEDGFDI KAPRI
BE3 1 4 5 d s r A 1 MKI KCL VAVVGL ACSTI TTMAQQPPKFAGVSSL YSYEYDYGKGKWTWSNEDGFDI KAPRI
c o n s e n s u s 1 MKI KCL VAVVGL ACSTI TTMAQQPPKFAGVSSL YSYe YDYGKGKwTWSn e d GFDi k a P I

3 5 0 0 0 d s r A 6 1 KMKPKEWI SKQATYL EL QHYMPYT PVL VTYAPGVSP- SPI L L YPMSDPDQL GI NRQQL KL
SB5 7 5 5 d s r A 6 1 KTKTKEWI SKQATYHKI TAFYASYSCSRDI CTFL L S- SSI PL YPMSDPEHHGI FPQPL KY
SB5 7 5 6 d s r A 6 1 KMKPKEWI SKQVTYL KL QHYMPYT PVL VTSDVPPPPPSSI L L YPMSDPDQL GI NRQQL KL
BE3 1 4 5 d s r A 6 1 KMKPKEWI SKQVTYL KL QHYMPYT PVL VTSDVPPPP- SSI L L YPMSDPDQL GI NRQQL KL
c o n s e n s u s 6 1 KmKp KEWI SKQ TYl k l q h y mp y t p v l v t s d v p p p p Ss I l L YPMSDPd q l GI n r Qq L Kl

3 5 0 0 0 d s r A 1 2 0 NL YSYF NDL RHDFKL KVL DARI SKNKQNI DTI SKYL L EL GTYL DDSYRMMEQNT
SB5 7 5 5 d s r A 1 2 0 NL YNYF NNL RHYFKL YVI DARI SQNKHTI DTI SKHL L QL GTYL DGSYRMMEQNT
SB5 7 5 6 d s r A 1 2 1 NL YSYF NDL RHYFKL NVL DARI SKNKQNI DTI SKHL L KL GTYL DGSYRMMEQI -
BE3 1 4 5 d s r A 1 2 0 NL YSYF NDL RHDFKL NVL DARI SKNKQNI DTI SKHL L EL GTYL DGSYRMMEQNT
c o n s e n s u s 1 2 1 NL Ys YF Nd L RH FKL n Vl DARI Sk NKq n I DTI SKh L L e L GTYL Dg SYRMMEQn t  

Figure 4.3.  The DsrA in Haemophilus ducreyi Strains Isolated from Samoa Is  

Similar to DsrAI.   The DsrA amino acid sequences from 35000 HP and SB 

5755, SB 5756 and BE 3145 are compared.   Strain names are listed on the 

left.    Black, shaded regions indicate identity.   Gray boxes indicate residues 

that are similar to the column consensus.    Numbers to the left of the figure 

indicate the amino acid number within the strains.    

 

SB 5755, SB 5756, and BE 3145 were 90%, 96% and 97% identical to dsrA in 

35000 HP, respectively.   Moreover, alignment of the predicted protein sequences 

demonstrated that SB 5755, SB 5756, and BE3145 were 71%, 87%, and 92% identical to 

35000 HP (Figure 4.3).    However, comparison with HMC112 dsrAII revealed a high 

degree of variability between the N-terminal regions.  SB 5755, SB 5756, and BE 3145 

were 28%, 29% and 28% identical to dsrA in HMC 112, respectively (Figure 4.4).  SB 

5755 was 7% identical and 17% similar, SB 5756 was 7% identical and 21% similar, and 

BE 3145 was 5% identical and 17% similar to dsrAII (Figure 4.5).   Taken together, these 

results indicate that dsrA in strains SB 5755, SB 5756 and BE 3145 is CI.    
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HMC1 1 2 d s r A 1 ATGAAAATGAAA- ATGAAAATG- - AAAATGAAATTAACTGCATTGATGGTAGGGTTAGTG
SB5 7 5 5 d s r A 1 ATGAAAATTAAATGTTTAGTTGCCGTAGTGGGATTAGCTTGT TCTACTATTACAACAATG
SB5 7 5 6 d s r A 1 ATGAAAATTAAATGTTTAGTTGCCGTAGTGGGATTAGCTTGT TCTACTATTACAACAATG
BE3 1 4 5 d s r A 1 ATGAAAATTAAATGTTTAGTTGCCGTAGTGGGATTAGCTTGT TCTACTATTACAACAATG
c o n s e n s u s 1 ATGAAAATt AAAt g Tt t Ag t TGc c g t Ag TGg g ATTAg CTt g t Tc t Ac t a Tt a c a a c Aa TG

HMC1 1 2 d s r A 5 8 GCATCAAACGGCTCTTTA- TCTGCTCAGATGCAACC- - - GCAAAATTTTGATCTTGGCCG
SB5 7 5 5 d s r A 6 1 GC- TCAGCAGCCGCCAAAGTTTGCTGGAGTATCTTCTTTGTATAGCTATGAGTATGACTA
SB5 7 5 6 d s r A 6 1 GC- TCAGCAGCCGCCAAAGTTTGCTGGAGTATCTTCTTTGTATAGCTATGACTATGACTA
BE3 1 4 5 d s r A 6 1 GC- TCAGCAGCCGCCAAAGTTTGCTGGAGTATCTTCTTTGTATAGCTATGAGTATGACTA
c o n s e n s u s 6 1 GC TCAg c a Gc Cg Cc a a Ag Tt TGCTg g a g Ta t c t t Ct t t Gt A t Ag c Ta TGAg t a TGa Ct a

HMC1 1 2 d s r A 1 1 4 CATTAAAATTGGTGATGTTAGTTT TGATGTTGATGCTTTTAT TAAGCGAGTTGATGAACT
SB5 7 5 5 d s r A 1 2 0 TGGTAAGGGTAAGATGACTTGGTCTACTGGACACGGTTTCGATTTTAACCCGCCAGGGAT
SB5 7 5 6 d s r A 1 2 0 TGGTAAGGGTAAATGGACTTGGTCTAATGAAGACGGTTTCGATATTAAAGCGCCAAGGAT
BE3 1 4 5 d s r A 1 2 0 TGGTAAGGGTAAATGGACTTGGTCTAATGAAGACGGTTTCGATATTAAAGCGCCAAGGAT
c o n s e n s u s 1 2 1 t g g TAAg g g Ta a a t g g a c Tt Gg Tc Ta a TGa a g Ac Gg TTTc g a Ta t t a a a g c g c c a g g g a T

HMC1 1 2 d s r A 1 7 4 TGACAAGAATATTAGAGATGGGAT AGGCCTTGGTGATGAAGATTTTAAGAGAAAATACTA
SB5 7 5 5 d s r A 1 8 0 TAAAACGAAGACAAAAGAATGGAT - - - - - TTCTAAACAGGCT ACTTATCATAAAATCACA
SB5 7 5 6 d s r A 1 8 0 TAAAAT GAAGCCAAAAGAATGGAT - - - - - TTCTAAACAGGTT ACTTATCTTAAA- TTACA
BE3 1 4 5 d s r A 1 8 0 TAAAAT GAAGCCAAAAGAATGGAT - - - - - TTCTAAACAGGTT ACTTATCTTAAA- TTACA
c o n s e n s u s 1 8 1 Ta Aa At GAAg c a Aa AGAa t GGAT TTc t a a Ac a g g t t a c TTAt c t AAAa Tt a c A

HMC1 1 2 d s r A 2 3 4 TAGTTACGTTGATCATGAGCTTGGCTCTATGATTGGTA- - - GTCCATTCATTTATAAGGA
SB5 7 5 5 d s r A 2 3 5 GCATTCTATGCCTCATACTCCTGT TCTCGTGACATCTGTACGTTCCTCCTCTCT- - - - - A
SB5 7 5 6 d s r A 2 3 4 GCATTATATGCCTTATACTCCTGT TCTCGTGACATCTG- ACGTTCCTCCTCCTCCTCCTA
BE3 1 4 5 d s r A 2 3 4 GCATTATATGCCTTATACTCCTGT TCTCGTGACATCTG- ACGTTCCTCCTCCTCCT- - - A
c o n s e n s u s 2 4 1 g c a TTa t a Tg c c T ATa c t Cc TGt t c t c g TGAc a t c Tg a c GTt Cc Tc Ct c t c c t A

HMC1 1 2 d s r A 2 9 1 AAAAAATCCGCTTGGGAACGGAAT TGCCCGCGGATTAGGATACAGTGGTAAGCTGACCAT
SB5 7 5 5 d s r A 2 9 0 GCTCTATACCGTTATATCCCATGT CTGATCCTGAACACCATGGAATATTTCCCCAGCC- -
SB5 7 5 6 d s r A 2 9 3 GCTCTATACTGTTATATCCGATGT CTGATCCTGATCAACTTGGAATAAATCGGCAGCA- -
BE3 1 4 5 d s r A 2 9 0 GCTCTATACTGTTATATCCGATGT CTGATCCTGATCAACTTGGAATAAATCGGCAGCA- -
c o n s e n s u s 3 0 1 g c t c t ATa Ct g TTa t a t c Cg a t g T c t g a t c Ct GAt c Aa c Tg g Aa Ta a t c g c a g C

HMC1 1 2 d s r A 3 5 1 GCCAAGATATATTCGTGGTCCATT ATTAAGACGATCTGTTAT CCGGGGTTATTTGCTTGG
SB5 7 5 5 d s r A 3 4 8 GCTGAAATACAATT- TGTATAATT ATTTTAACAATTTAAGACACTATTTTAAATTATATG
SB5 7 5 6 d s r A 3 5 1 GCTGAAATTGAATT- TGTATAGTT ATTTTAACGATTTAAGACACTATTTTAAATTAAATG
BE3 1 4 5 d s r A 3 4 8 GCTGAAATTGAATT- TGTATAGTT ATTTTAACGATTTAAGACACGATTTTAAATTAAATG
c o n s e n s u s 3 6 1 GCt g Aa AT g Aa Tt TGt a t a a TT ATTt t a ACg ATt Ta a g Ac a C a t t TTAa a Tt a a t G

HMC1 1 2 d s r A 4 1 1 TCGCGT AATTGGCAGACAGGCTCATGTACAAGCGAAGAATAGGCTTAATATG- GAACTCT
SB5 7 5 5 d s r A 4 0 7 TTAT- T GAT- - GCACGTATTTCCCAAAATAAACACACTATTGATACTATAAGTAAACATT
SB5 7 5 6 d s r A 4 1 0 TTCT- T GAT- - GCACGTATTTCCAAAAATAAACAAAATATTGATACTATAAGTAAACATT
BE3 1 4 5 d s r A 4 0 7 TTCT- T GAT- - GCACGTATTTCCAAAAATAAACAAAATATTGATACTATAAGTAAACATT
c o n s e n s u s 4 2 1 Tt c t T g AT GCAc g t At t t c Ca a a a At AAa Ca a Aa t ATt Ga t a c t ATAa Gt a AACa t T

HMC1 1 2 d s r A 4 7 0 TAC- AAAGTAGGTTAATGAGT- - GCTAGT- - TTATTGAATCGTGCTGAGATTTTGA- -
SB5 7 5 5 d s r A 4 6 4 TACTACAACTGGGTACTTATTTAGATGGTTCTTATCGTATGATGGAACAAAATACACA
SB5 7 5 6 d s r A 4 6 7 TACTAAAACTGGGTACTTATTTAGATGGTTCTTATCGTATGATGGAACAAA- TAC- - -
BE3 1 4 5 d s r A 4 6 4 TACTAGAACTGGGTACTTATTTAGATGGTTCTTATCGTATGATGGAACAAAATACAC-
c o n s e n s u s 4 8 1 TACt Aa Aa c t GGg TAc Tt At Tt a Ga Tg GTt c TTATc Gt ATg a TGg a a c a Aa a Ta c a c  

Figure 4.4.  dsrA in Haemophilus ducreyi Strains Isolated from Samoa  

Is Not dsrAII.   The nucleotide sequences of dsrA from 35000 HP and SB 

5755, SB 5756 and BE 3145 are compared.  Strain names are listed on the 

left.   Black, shaded regions indicate identity.   Gray boxes indicate residues 

that are similar to the column consensus.    Numbers to the left of the figure 

indicate the nucleotide number within the strains.   
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HMC1 1 2 d s r A 1 MKMKMKMKMKL TAL MVGL VASNGSL SAQMQPQNFDL GRI KI GDVSFDVDAFI KRVDEL DK
SB5 7 5 5 d s r A 1 - - - - - - MKI KCL VAVVGL ACSTI T TMAQQPPKFAGVSSL YSYEYDYGKGKMTWSTGHGFD
SB5 7 5 6 d s r A 1 - - - - - - MKI KCL VAVVGL ACSTI T TMAQQPPKFAGVSSL YSYDYDYGKGKWTWSNEDGFD
BE3 1 4 5 d s r A 1 - - - - - - MKI KCL VAVVGL ACSTI T TMAQQPPKFAGVSSL YSYEYDYGKGKWTWSNEDGFD
c o n s e n s u s 1 MKi Kc l v a v VGL a c St i t t mAQq p Pk f a g v s s l y s y d y d y g k g k wt ws n e d g f d

HMC1 1 2 d s r A 6 1 NI RDGI GL GDEDFKRKYYSYVDHEL GSMI GSPFI YKEK- - - - - - - - - - - NPL GNGI ARGL
SB5 7 5 5 d s r A 5 5 FNPPGI KTKTKEWI SKQATYHKI T AF- - YASYSCSRDI CTFL L SSSI PL YPMSDPEHHGI
SB5 7 5 6 d s r A 5 5 I KAPRI KMKPKEWI SKQVTYL KL QHYMPYTPVL VTSDVPPPPP- SSI L L YPMSDPDQL GI
BE3 1 4 5 d s r A 5 5 I KAPRI KMKPKEWI SKQVTYL KL QHYMPYTPVL VTSDVPPPP- - SSI L L YPMSDPDQL GI
c o n s e n s u s 6 1 i k a p I k mk p k e wi s Kq v t Yl k l q h y mp y t v l v t s d v p p p p s s i l l y Pms d p d q l Gi

HMC1 1 2 d s r A 1 1 0 GYSGKL TMPRYI RGPL L RRSVI RGYL L GRVI GRQAHVQAKNRL NMEL L QSRL MSASL L NR
SB5 7 5 5 d s r A 1 1 3 FPQ- PL KYNL YNYFNNL RHYFKL YVI DARI SQNKHTI DTI SKHL L QL GTYL DGSYRMMEQ
SB5 7 5 6 d s r A 1 1 4 NRQ- QL KL NL YSYFNDL RHYFKL NVL DARI SKNKQNI DTI SKHL L KL GTYL DGSYRMMEQ
BE3 1 4 5 d s r A 1 1 3 NRQ- QL KL NL YSYFNDL RHDFKL NVL DARI SKNKQNI DTI SKHL L EL GTYL DGSYRMMEQ
c o n s e n s u s 1 2 1 n r q q L k l n l Ys y f n d L Rh y f k l n v l d a Ri s k n k q n i d t i s k h l l e L g t y l d g Sy r mme q

HMC1 1 2 d s r A 1 7 0 AEI L
SB5 7 5 5 d s r A 1 7 2 NT- -
SB5 7 5 6 d s r A 1 7 3 I - - -
BE3 1 4 5 d s r A 1 7 2 NT- -
c o n s e n s u s 1 8 1 n t  

Figure 4.5.  DsrA in Haemophilus ducreyi Strains Isolated from Samoa  

Are Not Similar to Class II DsrA.  Protein alignment of DsrA amino acid 

sequences from 35000 HP and SB 5755, SB 5756 and BE 3145 are 

compared to DsrA from HMC 112.   Shaded regions indicate the similarities 

between the strains.   Numbers to the left of the figure indicate the amino 

acid number within the strains.    

 

Phylogenetic analysis of CI, CII, SB 5755, SB 5756 and BE 3145 dsrA was 

performed using neighbour-joing and bootstrap in Mega4.   As shown in figure 4.6,     

521 nucleotides of SB 5755, SB 5756 and BE 3145 dsrA was compared to dsrAI from 

35000 HP and dsrAII from HMC 112 by constructing a phylogenic tree using Mega4 

(Figure 4.6).  The phylogenic tree showed that the samoa strains are more closely related 

to 35000 HP than HMC 112.    
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Figure 4.6. Phylogenetic Analysis of dsrA in Haemophilus ducreyi  Samoa Strains.             

Phylogeny was determined using the neighbor-joining method from an 

analysis of dsrA sequences in H.   ducreyi strains 35000 HP, HMC 112, SB 

5755, SB 5756, and BE 3145.   The value on each branch is the estimated 

confidence limit (expressed as a percentage) for the position of the branch as 

determined by bootstrap analysis.   The scale bar represents differences in 

nucleotide sequences.    

 

4.3  Amplification of ncaA in Haemophilus ducreyi strains  

In order to determine whether ncaA in strains SB 5755, SB 5756, SB 5755 and 

BE 3145 was CI or CII, primers ncaA1 and ncaA2, were designed to CI strain 35000 HP 

(Figure 3.2).   Therefore, whole cells were subjected to PCR as described in materials and 

methods.   As predicted, a 1.3kb DNA product containing ncaA was successfully 

amplified in all strains (Figure 4.7).   A noticeable difference in DNA yield between the 

strains was detected.   The BE3145 DNA fragment was approximately three times more 

intense than the other strains tested, indicating a greater DNA yield.     
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4.4 Analysis of ncaA in Samoa strains 

 Previous studies determined that the C termini of NcaAI (35000 HP) and NcaAII 

(CIP 542 ATCC) were highly conserved; however little conservation within the N termini 

was detected.   Conversely, a comparison of the NcaAII from strains CIP 542 ATCC, 

DMC64, DMC111, SSMC71, and HMC112 showed 100% identity between CII strains 

(White et al., 2005).  In this study, several attempts to determine the sequence of ncaA 

from Samoa strains SB 5755, SB 5756, SB 5757 and BE 3145 were unsuccessful.   Due 

to poor quality of sequence data, characterization of ncaA could not be determined.    

1000 bp

2000 bp

 

Figure 4.7. Amplification of ncaA in Haemophilus ducreyi Samoa Strains.   PCR  

reactions performed using primers ncaA1and ncaA2 produced the expected 

1.3 kb PCR product in all strains tested, except HMC 112.   Previous PCR 

reactions indicate a positive result for HMC 112 (data not shown here).   All 

PCR samples were subjected to electrophoresis using a 0.8 % agarose gel.   

Strain names are listed above each gel.   Molecular weight standards are 

indicated to the left of the gels and amplified DNA fragment lengths are 

indicated to the right of each gel.    
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CHAPTER 5 

DISCUSSION AND CONCLUSION  

Haemophilus ducreyi is a fastidious, gram negative coccobacillus and the 

etiological agent of chancroid.   In nature, this strict human pathogen has not been 

detected in other animal or environmental reservoirs (Trees and Morse, 1995; Bong, 

Bauer et al.,  2002; Spinola, et al.,  2002).   Haemophilus ducreyi is most commonly 

transmitted by sexual contact; however autoinoculation has been reported.   Individuals 

diagnosed with chancroid have commonly visited areas where the disease occurs 

frequently and HIV is endemic.   

In a 2005 report by White et al., it was suggested that Haemophilus ducreyi 

strains could be characterized into two groups based on amino acid sequence and 

expression of known virulence factors.   Strains possessing proteins similar to parent 

strain 35000 HP were termed CI, while strains possessing proteins similar to strains CIP 

542 ATCC and HMC112 were termed CII.   Two virulence determinants, dsrA and ncaA, 

previously determined to be required for infection in the human and animal models of 

chancroid, were thoroughly examined.   Comparison of the N-termini of DsrAI and DsrAII 

revealed little homology, while the C-terminal domains were nearly identical.   In 

addition, NcaAI and NcaAII were composed of divergent N-termini, but highly conserved 

C-terminal domains.     

In 2007 three children who had recently visited the island chain of Samoa, located 

in the South Pacific Ocean, presented with chronic lower limb ulcerations.   The cause of 

the ulcers was determined to be Haemophilus ducreyi based on isolation of the bacteria 
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by growth on Haemophilus ducreyi media and microscopic examination.   These strains 

were determined to possess a 16S rDNA sequence that was 100% similar to 16S rDNA in 

a CII strain.   We hypothesized that these strains, SB 5755, SB 5756, SB 5757, and BE 

3145, would be CII based on the report by Ussher et al. (2007).   Our objectives were to 

amplify dsrA and ncaA by polymerase chain reaction, obtain the nucleotide and amino 

acid sequences, and determine the percent identity in comparison to the CI parent strain 

35000 HP, and the CII parent strain HMC112.    

In this report, we demonstrate for the first time that dsrA in strains SB 5755, SB 

5756, and BE 3145 should be categorized as dsrAI.   Amino acid sequence analysis of SB 

5755, SB 5756, and BE 3145 revealed that these strains were closely related to 35000 HP 

dsrAI, 71%, 87%, and 92%, respectively, as determined by pairwise alignment (Figure 

4.2).   Additionally, nucleotide sequence alignment of dsrA obtained with primer NM1F 

revealed that identity was highly conserved in the N- terminus in Samoa strains SB 5755 

(90%), SB 5556 (96%), and BE 3145 (97%) when compared to CI 35000 HP and not CII 

HMC 112.    As demonstrated in figure 4.6, phylogenetic analysis of 35000 HP DsrAI and 

HMC 112 DsrAII, in relation to the DsrA in Samoa strains SB 5755, SB 5756, and BE 

3145, supports the idea that the Samoa strains were more closely related to 35000 HP 

than HMC 112.    

While DsrAII is nearly identical among CII strains, immunoblot analysis of DsrAI 

revealed some variation among CI strains White et al. (2005).   In this study, PCR DNA  

fragments amplified with primers NM1F and NM1R revealed a noticeable difference in 

migration on a 0.8% agarose gel (Figure 4).   This finding suggested that some variability 
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may exist in the dsrA open reading frame, the DNA flanking dsrA, or both.   Comparison 

of the DsrA N-terminus among the Samoa strains revealed that SB 5755, SB 5756 and 

BE 3145 were 90-98% identical to one another.    

Examination of ncaA in SB 5755, SB 5756, SB 5757 and BE 3145 proved 

challenging.   Although PCR was successful using primers ncaA1 and ncaA2 (Figure 

4.5), DNA sequencing results were very poor for all strains except BE 3145 and could 

not be used for analysis.   Interestingly, preliminary data for BE 3145 resulted in a 

lengthy sequence read; however the sequence chromatogram revealed multiple areas of 

ncaA that appeared to be a „mixture‟ of CI and CII sequences (data not shown).   Studies 

of NcaA in these strains are ongoing.        

Although Ussher et al. (2007) reported that strains isolated from the children were 

sequenced and determined to possess a 16 S rDNA sequence that was 100% identical to 

the Haemophilus ducreyi CII strain 33921, the data reported in this study does not 

support the hypothesis that theses strains are CII.   Sequence analysis of the DsrA          

N-termini revealed the strains to be identical to that of the CI strain 35000 HP.   In 

conclusion, this study demonstrates that Samoa strains SB 5755, SB 5756, and BE 3145 

belong to CI based on the dsrA nucleotide and protein sequences.   
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