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Abstract 
For millions of years, microbiota residing within us, including those in the oral cavity coexisted in 
a harmonious symbiotic fashion that provided a quintessential foundation for human health. It is 
now clear that disruption of such a healthy relationship leading to microbial dysbiosis causes 
wide array infections ranging from localized, mild, superficial infections to deep, disseminated 
life-threatening diseases. With recent advances in research, diagnostics and improved 
surveillance we are witnessing an array of emerging and re-emerging oral infections and orofacial 
manifestations of systemic infections. Orofacial infections may cause significant discomfort to the 
patients and unnecessary economic burden. Thus, the early recognition of such infections, is 
paramount for holistic patient management, and oral clinicians have a critical role in recognizing, 
diagnosing, managing and preventing, either new or old, orofacial infections. This chapter aims 
to provide an update on current understanding of well established and emerging viral, bacterial 
and fungal infections manifesting in the human oral cavity.     
 
 
 
Introduction 
Skin and the mucous membranes in the orofacial region are often affected by a diverse spectrum 
of bacterial, viral, fungal, chlamydial, rickettsial, protozoal and helminthic infections. Such 
conditions may clinically appear as small, localized lesions to diffuse and invasive varieties that 
extend beyond natural barriers, often causing potentially life-threatening complications. Partly 
due to the narrow geographical distribution and effective preventive strategies in much of the 
world, few clinicians will have personally examined or be familiar with the clinical presentations 
and laboratory investigations of some of the orofacial infections described here.  
 
Regardless of the prevalence, incidence and the advancement of treatment strategies, orofacial 
infections, either local or the manifestations of a generalized infection, may cause significant 
discomfort and suffering. Thus, the recognition of the clinical presentation of these infections is 
paramount to their diagnosis, clinical management and appropriate referral. A critical assessment 
of clinical signs and symptoms, likelihood of individual and communal predisposition, the past 
medical, dental and social history, appropriate sampling, and accurate interpretation of the 
laboratory results are all essential in determining definitive diagnoses and management 
protocols. Therefore, in this chapter, we discuss the types, incidence, predisposing factors, 
diagnostic algorithms and management of common orofacial infections of viral, bacterial, and 
fungal origin. 
 
Viral infections 
 
Human Herpes viruses 
Although many viruses can infect the oral cavity, members of the human herpesvirus (HHV) 
family cause the most common viral infections with variable clinical presentations. All 
herpesviruses are structurally similar (enveloped, icosahedral with double-stranded DNA) and 
they infect both humans and animals. Additionally, all herpesviruses are neurotropic and have 
the important property of remaining latent, with the ability to reinfect the host and cause 
recurrent infection a variable period after the primary infection.   
 
A range of different human herpesviruses have bene identified and they are numbered 1–8.   
HHV1 (also called herpes simplex-1, HSV1) causes oral and genital herpes (predominantly 
orofacial). HHV2 (Herpes simplex virus-2, HSV2) also causes oral and genital herpes simplex, 
however genital manifestations are predominant. The primary infection of varicella zoster virus 
(HHV3, VSV) is chicken pox and the reactivation of the virus results in shingles. HHV4, also called 
Epstein Barr virus (EBV) is known to cause Infectious mononucleosis, Burkitt's lymphoma, and 
CNS lymphoma in AIDS patients. Oral hairy leukoplakia, first identified in people with HIV disease, 
is also caused by EBV. Individuals infected with Cytomegalovirus (CMV), the 5th HHV, exhibit 
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infectious mononucleosis like symptoms. Roseolovirus (HHV6) and HHV7 cause a similar 
infection known as roseola infantum or exanthem subitum. HHV8 mainly causes Kaposi’s 
sarcoma and primary effusion lymphoma, thus it is called Kaposi's sarcoma-associated 
herpesvirus (KSHV) (154).  
 
Following section describes orofacial manifestations of HHV1 to HHV3. Epstein Barr virus 
(HHV4) and cytomegalovirus (HHV5) infections are summarized in Table 2. 
 
 
Herpes simplex infections (HHV1 and 2) 
 
Epidemiology  
Children between 6 months to 3 years of age are at higher risk to expose to HSV1 through direct 
contact with another individual carrying HSV1. Approximately 60% of the population has been 
infected By 14-49 years of age, and the infected population rises up to 80%-85% by the age of 60 
years (55). HSV2 is one of the most common sexually transmitted disease and approximately 17% 
of the US adults between 14 to 49 years of age are chronically infected with HSV-2  (86, 167). 
Alarmingly, 95% of HSV-2 seropositive individuals estimated to be shedding HSV-2 
asymptomatically (49).  Recent reports suggested that, in western countries, the incidence of 
HSV-1 in children is decreasing and many are exposed to HSV-1 for the first time during their 
adolescence as a result of an active sexual lifestyle (123). 
 
Predisposing factors 
Children between 6 months to 3 years are of high risk for HSV1 exposure.  Specially through 
kissing, touching the person’s skin, such as pinching a child’s cheek and sharing objects such as 
silverware, lip balm, or a razor can predispose an individual to expose to HSV1. 
 
The susceptibility to HSV2 infection is higher among females. In addition, individuals who have 
had many sex partners, had sex for the first time at a young age, have (or had) another sexually 
transmitted infection and have a weakened immune system due to a disease or medicine are more 
prone to be infected with HSV2. However, greater HIV/HSV-2 coinfection rates were estimated 
among heterosexuals in sub-Saharan Africa and men who have sex with men (MSM) in the 
Americas (27, 96, 187, 243). 
 
Recurrent herpes infections commonly diagnosed in patients receiving cancer chemotherapy or 
immunosuppressive drugs to prevent graft rejection after transplantation or with advanced AIDS 
(215, 216). 
 
Pathogenesis of Herpes simplex infections  
Herpes simplex viruses enter host cell by interacting their surface glycoproteins (glycoprotein B, 
C, D, H and L) with various host cell surface receptors (14, 235). Alternatively, HSV may enter the 
host cell via endocytosis (148, 161). Regardless of the method of entry, viral membrane fuse with 
host cell membrane to facilitate the entry of viral capsid and accompanying tegument (viral 
proteins) into the cytoplasm (62). Subsequently, the viral capsid released to host cell cytoplasm 
reaches the outer nuclear membrane by linking tegument to host cell microtubules. Viral capsid 
binds to the host nuclear pore complex and release the viral DNA into the host nucleus (62, 93). 
Using host RNA-polymerase II, viral DNA are sequentially transcribed (59, 100) in order to 
encode for proteins required to evade host immunity, replicate viral DNA, synthesize structural 
components of virions, including tegument, capsid, and other surface proteins (46, 180).  Capsid 
proteins synthesized in the cytoplasm migrate in to the nucleus and assemble with newly 
transcribed viral DNA to create new virions (98). Consequently, the capsid travels to cytoplasm 
and is coated with additional tegument proteins and enveloped in the trans-Golgi network (234). 
Finally, the virions are carried to cell surface via vesicles and secreted. In contrast, some evidence 
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has shown that HSV are capable of propagating to adjacent cells directly via cell-cell interactions, 
particularly when infecting T cells (13, 113).  
 
As a well evolved virus, HSV targets multiple host immune components to evade immune 
response. These host components include antibodies, natural killer cells, complement proteins  
and, major histocompatibility complex class I or II molecules (104, 130). Once the primary HSV 
infection is established, HSV internalize by fusing the viral envelope with neuronal cell at sensory 
nerve terminals and travel to trigeminal nerve ganglion via retrograde axonal transport. HSV 
reside within trigeminal nerve ganglion and may reactivate when appropriate triggering factors 
(134, 162). Once reactivated, viruses travel along the neurons and develops secondary infection 
in relevant dermatomes. 
 
Clinical presentation 
Classically, HSV1 is known to cause infections above the waist including oral and pharyngeal 
infection, meningoencephalitis, and dermatitis while HSV2 causes infections below the waist such 
as genital and anal infections. However, both viruses have been isolated in primary or recurrent 
infections in the oral, perioral, or genital area as a result of different sexual practices (215, 216). 
 
Primary infection 
In most cases of HSV infections, patients experience prodromal symptoms such as burning, 
itching or tingling sensations of the skin or mucosa for a day or so (215, 216). 
 
Primary HSV infection appears with systemic symptoms, which may include fever, headache, 
malaise, nausea, vomiting, and accompanying lymphadenopathy (80, 79). Usually HSV infections 
are subclinical or may cause pharyngitis. As a result, it is often misdiagnosed as an upper 
respiratory tract infection. Oral lesions appear on the lip or around the mouth, less frequently in 
the tongue, palatal and buccal mucosae and the face.  The blisters or vesicles erupt as clusters and 
ooze with a clear to yellowish fluid that may develop into a yellowish crust. These eruptions are 
extremely painful and break down rapidly and appear as tiny, shallow grey ulcers on a red base. 
Subsequently, they become crusted or scabbed and appear drier and more yellow in several days 
(55). Primary herpetic gingivostomatitis also manifest as vesicles and ulcers on the oral mucosa 
and in marginal gingiva causing acute generalized marginal gingivitis. The ulcers cause intense 
erythema in the gingiva and possible bleeding (215, 216). Cervical lymphadenopathy is a common 
finding  in HSV infections (55). 
 
Recurrent infections 
Upon recovery from the clinical infection, the virus could become dormant in trigeminal ganglion. 
Reactivation of this latent virus can result recurrent herpes infections. Reactivation is usually 
triggered by exposure to cold, sunlight, traumatic events, stress or immune suppression (215, 
216).  The most common manifestation of the recurrent HSV infection is herpes labialis which 
typically appear in the mucocutaneous junction of the lip, often referred to as cold sores or fever 
blisters (Figure 1). Herpes labialis also exhibit burning or tingling sensations of the site of future 
blisters. Small fluid filled semi translucent blisters appear in the lips and may coalesce to form a 
large blister. Blisters dry out within several days resulting a scab formation (55).  
 
Diagnosis 
When the clinical infection is present, diagnosis is made mainly with clinical presentation. 
However, laboratory tests may be necessary to confirm and to establish the diagnosis of  atypical 
presentations (219). These include virologic tests in which the presence of the virus is confirmed 
by the cytopathic changes in a tissue culture infected with the virus (215, 216). In addition, 
cytology smears stained with Giemsa or Papanicolaou stain are used to identify the characteristic 
cytopathic and viral features in the suspected smear (15). Immunological tests such as direct 
fluorescent assay, detection of viral DNA through PCR assays (the test of choice for HSV) and 
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serological tests to detect anti HSV antibodies in serum are commonly used in HSV diagnosis (48, 
76, 220). 
 
Treatment 
The treatment for primary infection is usually palliative. Mild cases of the infection is managed 
by supportive care which includes adequate hydration, pain and fever management with 
analgesics and antipyretics, topical anaesthetics such as viscous lidocaine or a mixture of liquid 
benadryl, milk of magnesia, and carafate to decrease oral pain (217, 218). Antiviral therapy with 
Aacyclovir, Valacyclovir and Famicyclovir are proven to reduce the symptoms if started within 
24-48 h of vesicle eruption (8, 16, 80, 79).  
 
Recurrent infections in otherwise healthy patients are also treated symptomatically. and patients 
with chronic immune suppression, or with severe, painful, or deforming recurrent herpes may 
require systemic antiviral medications (192). 
 
HHV3 Primary infection: Varicella Zoster  
 
Epidemiology 
Varicella zoster infection is prevalent worldwide. Prevalence in adults is higher than in children. 
The occurrence is higher in tropical countries compared to other climates. Varicella exhibits 
classical seasonal fluctuations in temperate climates with the highest incidence of the infection 
occurring in winter and early spring. The seasonal variations are less commonly experienced in 
tropical areas (39).  
 
Predisposing factors 
New born babies, specially within first 28 days of life, pregnant women who have not been 
exposed to chicken pox before and immunocompromised individuals such as those with 
leukaemia or Hodgkin’s disease, or those taking immunosuppressive medications, are at higher 
risk of developing longer and more serious illness (24). Varicella is extremely contagious and the 
risk of secondary attack among susceptible household contacts is as high as 90% (39) 
 
Clinical presentation 
Chicken pox is a benign infection in childhood. It spreads by direct contact with an infected 
individual, especially with skin lesions or nasopharyngeal secretions (215, 216). Symptoms of the 
infection usually appear after 10-21 days of an incubation period.  
 
Skin lesions are intensely pruritic and maculopapular in appearance. The rash rapidly develop in 
to fluid filled vesicles with an erythematous base (‘dew drop on a rose petal’).  Oral lesions, mainly 
vesicles and ulcers, are similar to those appear in HSV infections and commonly seen on the 
palate, pillars of  fauces and uvula (192). 
 
Diagnosis 
Clinical presentation of the infection is pathognomonic. When symptoms are not present, 
identification of  viral DNA in serum, saliva or CSF aids diagnosis (192). 
 
Treatment 
Management of chickenpox is symptomatic such as adequate hydration, bed rest, fever control by 
paracetamol (aspirins should be avoided). Lukewarm baths and lotions are useful to reduce 
itching (24). However, in severe cases, antiviral therapy is recommended. 
 
Despite multiple attempts made for developing vaccines against HSV infections during last 2 
decades, the success of such trials appeared to be minimal and appeared ineffective in either 
preventing the occurrence or shedding the virus (183, 255), usage of viral subunits raised 
concern about potentially developing infection and application of neutralizing antibodies instead, 
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have also been under discussion. However, in a recent trial, a vaccine containing HSV-2 
glycoprotein D showed superior effect against HSV-1 induced genital infections compared to HSV-
1 infections in the same site (21, 32, 94, 183, 255). While latter finding encourages to think that 
promising vaccines against HSVs are likely to be a reality than expected, the field of novel 
microbicides against HSVs is   promising and is likely to generate agents that can cure the infection 
permanently (221). 
 
 
HHV3 reactivation:  Herpes Zoster 
 
Epidemiology 
Herpes zoster (Shingles) is a sporadic disease and the lifetime incidence is estimated to be 10-
20%. Incidence of shingles rises with aging and doubled in each decade past the age of 50 years.  
Approximately, in the USA, 50% of persons living until age of 85 years will develop zoster (39). 
There is 15 times higher incidence of shingles in HIV infected patients compared to uninfected 
while blacks are one fourth as likely as whites to develop herpes zoster. There is 15% household 
transmission rate (6, 201, 208, 214). The lifetime risk of herpes zoster is estimated to be at least 
32%. Herpes zoster has no seasonal variation and may be reported throughout the year. 
 
Predisposing factors 
Patients who have had varicella zoster, those who are older than 50 years, compromised immune 
status e.g. HIV, diabetes, under steroids or cytotoxics or suffering from cancer are at high risk of 
having shingles. Stress and trauma are also known precipitation factors (214). 
 
Clinical features 
The initial symptoms range from pain, tenderness, and paraesthesia along the course of the 
affected nerve. Vesicles appear unilaterally after 3-5 days in the dermatome supplied by the 
affected nerve. Vesicles have inflamed bases. When facial nerve (geniculate ganglion) is affected, 
lesions appear unilaterally along the external ear, face and oral mucosa. Unilateral facial paralysis 
is not uncommon causing Ramsey-Hunt syndrome (215, 216). Herpes zoster can affect the motor 
nerves occasionally. Ophthalmic, maxillary or mandibular branches of the trigeminal nerve can 
be affected, and this results in painful skin lesions as well as intraoral lesions along the course of 
the affected branch (Figure 2).  Intraoral lesions are intensely painful (192).  
 
Post herpetic neuralgia may develop as a consequence of herpes zoster due to scarring of the 
involved nerve during the infection (215, 216). Post herpetic neuralgia is intensely painful and 
debilitating condition which may last for many months to years. 
 
Diagnosis 
Diagnosis is based on clinical presentation. Laboratory tests may be necessary for less typical 
presentations. These tests include direct fluorescent antibody staining of varicella-zoster virus 
(VZV)-infected cells, polymerase chain reaction (PCR) can be used to detect VZV DNA, serologic 
tests ( However, it is difficult to distinguish herpes zoster from varicella zoster by serologic tests) 
(37). One study showed that the sensitivity and specificity of detecting VZV DNA in cells from the 
base of lesions after they are unroofed by PCR was 95-100% whereas immunofluorescent tests 
in detecting viral antigens were only 82% sensitive and 76% specific (198). When there is a 
systemic involvement, PCR assays are used to detect viral DNA in cerebrospinal fluid (CSF) and 
blood. It has been recently shown that elevated ratio of anti VZV antibody level in CSF to blood is 
a more sensitive parameter in diagnosing central nervous system involvement of VZV (91). 
 
Treatment 
Antiviral drugs speed healing of the lesions and reduce the duration of severe pain (Valacyclovir 
1g three times a day for 7-10 days). Intravenous acyclovir is required for immunocompromised 
patients. Short courses of corticosteroids such as oral prednisone are often used to control the 
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inflammatory response associated with severe pain (90).  In addition to anti-viral therapy and 
corticosteroids, post herpetic neuralgia is treated with gabapentin, tricyclic antidepressants, 
opioids, topical capsaicin and topical lidocaine patches to assist with pain control (66, 215, 216). 
 
Other Oral Viral Infections  
The foregoing describes only the most frequent oral viral infections belonging to the herpes group 
of viruses. Yet dentists frequently see patients with an assortment of infections caused by RNA 
viruses such as the Rhinovirus (common cold virus), influenza virus, coxsackie virus (hand, foot 
and mouth disease) measles and mumps virus. These infections may or may not present with oral 
manifestations but are important in the context of infection control aspects of dentistry.  
 
There, are new viral infections re-emerging and emerging incessantly in different regions of the 
World, such as the recent Ebola virus outbreak and Zika virus infection in Africa and South 
America, respectively. Increase in host susceptibility due to poor personal and social hygiene, 
overcrowding, societal breakdowns such as wars and civil chaos, poverty and lack of public 
healthcare and, human factors including sexual and substance abuse activities can create 
favorable environments for new and re-emerging viral infections (126). Natural mutations of 
viruses that increase viral virulence (e.g. Influenza), geographical transfer of viruses to distinct 
human populations (e.g. Chicangunya) and viruses crossing the species-specific barriers (e.g. 
SARS, HIV and Ebola) also have major impact on emerging new infections. Though there is lack of 
reports on oral manifestations of the new, re-emerging viral infections, it is still too early to 
exclude the potential of oral complications of these diseases. The Table 1 provides a guide to some 
of these infrequent viral infections that may manifest in the oral cavity.   
 
With emerging new infections as well as isolation of mutant and drug resistant variants of existing 
viral pathogens, specific and sensitive diagnosis are of paramount importance in managing 
existing infections and preventing further individual and communal dissemination. The new era 
of clinical virology is moving towards highly specific new generation diagnostic tools such as 
nucleic acid amplification tests, real time quantitative PCRs, next generation sequencing, and 
mass spectrometry. These technologies not only possess extreme sensitivity and specificity, low 
detection limits, but also produce fast and automated results facilitating early interventions 
(210).  
 
 
Bacterial infections 
 
 
Actinomycosis  
 
Incidence 
Actinomycosis is an infrequent invasive bacterial disease caused by Actinomyces species. These 
are filamentous anaerobic Gram-positive bacilli, commonly isolated in the human commensal 
flora of the oropharynx, gastrointestinal tract, and urogenital tract (236). Orofacial structures, 
respiratory tract, bone and joint, genitourinary tract, gastrointestinal tract, central nervous 
system, skin, and soft tissue structures can be affected with actinomycosis (139, 207, 248). 
Though there are over 30 Actinomyces spp. described, Actinomyces israelii is the most isolated 
species in clinical disease of man (73, 139, 176, 207, 248). Occasionally, Actinomyces viscosus and 
Actinomyces meyeri are also reported (81, 176). 

Human oropharynx, tonsillar crypts, gingival crevices, periodontal pockets and dental plaque 
both supra- and sub- gingival plaque biofilms), and carious teeth harbor Actinomyces as orofacial 
commensal flora (139, 207, 248). Thus, actinomycosis in the orofacial region (also called “lumpy 
jaw syndrome”) is considered to have endogenous origin. Actinomycosis in the orofacial region 
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(also known as cervicofacial actinomycosis) is the most frequent clinical form of actinomycosis, 
representing approximately 60% of all reported cases (139, 164, 207, 248). Patients with 
odontogenic maxillary sinusitis may be infected with Actinomyces leading to maxillary 
osteomyelitis (190). Although more than 30 species of Actinomyces have been identified, over 
70% of oro-cervicofacial infections are caused by A. israelii and A. gerencseriae (formerly A. 
israelii serotype 2) (176).A. meyeri, A. odontolyticus, A. naeslundii, Actinomyces georgiae, 
Actinomyces pyogenes, or A. viscosus have also been isolated in some cases (176). Although most 
infections are monomicrobial in nature (i.e. with Actinomyces alone causing the disease), a 
significant proportion of infections could be polymicrobial, with other bacteria such as 
Aggregatibacter actinomycetemcomitans, Haemophilus spp. and anaerobes acting as co-infecting 
agents (192).    

Predisposing factors 

Over 80% of actinomycosis cases were reported in young adults over 20 years of age despite 
others have noted that actinomycosis can primarily affect from the 3rd to 6th decades of life (69). 
When children are affected, it rarely spread beyond cervicofacial lesions (22). Local predisposing 
factors of actinomycosis include poor oral hygiene (dental caries, gingivitis and teeth with 
gangrenous pulps and pericoronitis) and traumatic events to oral mucosa including dental 
extraction, gingival trauma, irradiation, neoplasms and cervicofacial surgery. Men are more 
susceptible than women for reasons that are unclear. Several early studies suggested that there 
were significant 3:1 to 4:1 predilection among male population compared to females to 
cervicofacial actinomycosis, however, consequential studies have shown that there are no sexual 
or racial predisposition to actinomycosis as the infection mainly disseminated through orofacial 
trauma with mucosal rupture (69, 132, 147).Those with uncontrolled diabetes mellitus, 
immunosuppression, alcoholism, and malnutrition are also more prone to actinomycosis. (101, 
111, 139, 176, 207, 248, 251). However, in an early study, Lerner et al noted that the association 
of immunocompromised status due to leukemia, renal failure, metastatic carcinoma, or AIDS with 
the susceptibility to actinomycosis marginal (132, 229).  

Pathogenesis 

Actinomyces carries a very low potential for virulence and remains mostly as an oral commensal. 
The bacterium is considered neither opportunistic nor communicable. The onset of 
actinomycosis appeared to be multifactorial as depicted by its unpredictable association with the 
extent of the mucosal breach. For instance, actinomycosis can develop after minor oral mucosal 
trauma, as in a simple tooth eruption whereas in other cases, even with significant orofacial 
lacerations, there are no reported incidence of actinomycosis (147). In addition, the repeated 
exposure of the site of mucosal trauma to Actinomyces also considered an important determinant 
of actinomycosis onset (229). 

Actinomyces prefer low oxidoreductive environments, thus, the bacterium inhabits 
polymicrobial communities that create favoring anaerobic niches. During pathogenesis, 
Actinomyces destroy highly vascularized mucosal tissues and replace with poorly irrigated and 
scarcely vascularized granulated tissues which, in turn, further support the bacterial growth 
providing favorable low oxygen tension. Actinomycotic granuloma are histopathologically 
presented as isolated granulomatous inflammatory lesions with suppurative central necrosis or 
isolated foci of suppurative necrosis. Filamentous Sulphur granules develop in necrotic foci as 
characteristic "sunburst radiation" or furry appearance (132). Sulphur granules is mineralized 
host calcium phosphate produced during surrounding tissue inflammation. Ends of the Sulphur 
granules may provide adhesion sites for neutrophils or polymorphonucleocytes to form club-
shaped extensions or rosettes (132). Actinomyces bacteria can be seen within the aggregates of 
sulphur granules as well as outer margin of necrotic core (132). The outer surface of the lesion is 
covered with lipoid cells and encased in inflammatory cell populations consisting of lymphocytes, 
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epithelioid cells, plasma cells, and histiocytes and occasionally giant cells (22). The lesion is 
limited with a remarkably avascular, collagenous and fibrotic tissue. The lesion can expand to 
surrounding tissues slowly with time when there are no bony impediments (22).  

Clinical presentation  

Cervicofacial actinomycosis commonly affects the submandibular region and rarely the maxillary 
antrum, salivary glands and tongue (192). Approximately 50% of cases affect the mandible itself 
and the remaining affected areas include cheek (15%), chin (15%), and submaxillary ramus and 
angle (10%) (199). Other non-odontogenic orofacial locations such as the tongue, paranasal 
sinuses, middle ear, larynx, lachrymal pathways, and thyroid gland may rarely be affected (12, 
115, 122, 195, 239). 

Typical presentation of the disease is a slow growing painless indurated localized or diffuse mass 
which could lead to multiple abscesses with discharging sinuses to skin or oral mucosa. 
Classically, the discharge contains visible granules that are gritty to touch, yellow and are known 
as ‘sulphur granules’ (a descriptive term, as sulphur is not found). These granules in pus are 
almost pathognomonic of the disease. Pain and trismus may occur in the advanced stage. Acute 
suppurative episodes present with fever and pain.  Fibrosis around the swelling and the 
involvement of infected teeth are common. Bone involvement is observed in approximately 10% 
of cases and regional adenopathy is rare (131, 139, 164, 199, 207, 248). 

Diagnosis.  

Dental panoramic radiograph is mandatory to assess apical lesions  and CT scan and MRI may be 
useful to assess any extensive bone involvement (197). If a fluctuant abscess is present, aspiration 
biopsy must be conducted to examine pus for the presence of ‘sulphur granules’; the crushed 
granules are cultured anaerobically for 7 days to observe colonies of typical ‘molar tooth’ 
morphology (Figure 3). Biopsies stained with hematoxylin and eosin and special stains such as 
Gomori methenamine silver, p-aminosalicylic acid, McCallen-Goodpasture, and Brown-Benn 
facilitate the identification in histopathological sections (164). A Gram staining of a colony will 
reveal moderate to large clumps of Gram-positive branching filaments (192). It is important that 
specimens are collected and transported anaerobically and, cultured in strict anerobic 
environment for up to 14 days  in liquid or solid media such as thioglycolate liquid media, brain 
heart infusion or blood agar   (147). Pure cultures are needed to be identified using immunological 
techniques using monoclonal antibodies (164).  
 
With other pathological conditions such as tuberculosis, systemic mycoses, nocardiosis, 
periodontal abscess,  and dentoalveolar abscess  that exhibit similar clinical manifestations, the 
diagnosis of orofacial actinomycosis can be challenging  (139, 207, 248). Particularly, early 
prescriptions of antimicrobial prior to surgeries may complicate the pathogen identification 
resulting false negative findings. Thus, it is usually recommended that discontinuation of 
antimicrobial therapy two weeks prior to facilitate bacterial growth in cultures isolated from 
patients with chronic mandibular osteomyelitis suspected to have cervicofacial actinomycosis. 
However, patients with lumpy jaw syndrome have always been prescribed anti-actinomycotic 
drugs regardless of the microbiological test findings (236). 

Management 

Acute lesions are managed by removal of any associated dental focus, often necessitating dental 
extractions, incision and drainage of the facial abscesses and a 2–3-week course of antibiotics - 
penicillin being the drug of choice. However, poor vascularity and solid capsule may delay/hinder 
the penetration of antibiotics, penicillin in particular, in to the lesion (45). In case of penicillin 
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hypersensitivity, erythromycin, tetracycline and clindamycin are considered good alternatives as 
they are claimed to penetrate hard tissues (22, 124). 
 
In the case of subacute or chronic voluminous lesions surgical interventions such as 
marsupialization or excision and/or debridement of necrotic bone are indicated (29, 139, 164, 
207, 248). Though there are no reliable data on randomized control clinical trials on antibiotic 
treatment regimens on chronic cervicofacial actinomycosis, longer antibiotic course up to 6 
weeks may be necessary for those who are chronically affected and surgically treated. New 
concepts of adjunct therapy of antimicrobial agents, particularly beta lactamase inhibitors and 
metronidazole with forgoing antibiotics are emerging, however, their efficacy is yet to be fully 
established (223). 
 
 
Syphilis  

Incidence 

Syphilis caused by Treponema pallidum is a relatively common sexually transmitted infection. In 
2008,  36.4 millions of infected adults and 10.6  new cases of syphilis were reported worldwide 
(246) (38). Syphilis was frequent in the early 1900s and was a leading cause for heart and 
neurological diseases (118, 196, 238). There was a progressive reduction of the prevalence of 
syphilis and in 2000/2001, it lowest prevalence was reported (2.1 cases per 100, 000 population) 
the USA (9, 65, 119, 158) (38). However, during the last two decades, the disease has been 
resurgent in countries in North America, Europe, Russia and China (9, 31, 65, 105, 119, 155, 158, 
188, 227, 238). For instance, Primary and secondary syphilis rate increased to 6.3 cases per 100, 
000 in the USA in 2015 (38). Sexual promiscuity, decreasing use of barrier protection (i.e. 
condoms), and HIV co-infection are blamed for the change in the syphilis epidemiology (192). 

Predisposing factors 

More than 50-60% new cases are reported among men who have sex with men (MSM, i.e. gay, 
bisexual, and other men who have sex with men). HIV infection, high risk sexual behaviors, drug 
abuse, increased travel and migration that indirectly increase the prevalence of HIV and other 
Sexually transmitted infections (STI), low education and alcohol use are associated with the 
increase in the incidence of syphilis (25, 31, 118, 152, 188, 227). 

Pathogenesis 

Despite a large number of in vivo studies have been reported in animal models, the data on 
syphilis pathogenesis in humans are limited.  This is likely due to the ethical considerations of 
clinical trials of syphilis in human subjects. T. pallidum is assumed to penetrate in to the body 
through various degrees of skin or mucosal membrane breaches (83, 137, 138). As evidenced in 
some animal and human studies, the incubation period and onset of the primary syphilis are 
determined by the size of the initial inoculum of the pathogen (135, 136). Once entered through 
the skin/epithelial barrier, T. pallidum rapidly disseminate to lymph nodes brain, and aqueous 
humor, and in the CSF other distal organs within hours (51, 178, 179). Infected rabbit and human 
tissue samples have confirmed that T. pallidum is capable of attaching to a wide variety of cell 
types including epithelial, endothelial  and fibroblast-like cells (84, 95, 129, 226). 

Due to the specific bacterial adhesin- host ligand interactions, it is said that the number of bacteria 
that can attach per host cell is limited despite the size of inoculum is an important parameter of 
the onset of the infection as mentioned above (95, 103, 178).  Until recently, the mechanism of T. 
pallidum attachment to cells were ill-understood, however, recent studies have indicated that tpr 
family of genes encode proteins that facilitate attachment to host tissue (40, 178). It is believed 
that host cell integrins act as the host ligands for the treponemes (129).   Interestingly, a tpr 
protein, Tpr K is targeted by host opsonic antibodies and the opsonized T. pallidum can be 
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phagocytosed by activated macrophages (127, 151). However, it is argued that these proteins 
show antigenic variations through gene conversions to avoid host immune response. Such 
theories are yet to be established (19, 41, 103, 178, 225, 224). T. pallidum is considered highly 
invasive and its motile nature facilitate this essentially critical virulence factor. T. pallidum is 
shown to penetrate endothelial cell monolayers and intact membranes with extreme efficacy 
(184, 226). 

Irrespective of the stage, all syphilitic lesions are exhibit characteristic endarteritis and 
periarteritis in the vascular involvement stage and granulomatous inflammation in the 
gummatous stage. In primary syphilis, rate ridges are widened and elongated with epidermis 
hyperplasia (74). Once ulcerated, infection site is covered with an exudate rich in 
polymorphonuclear leukocytes, necrotic tissue fragments, and fibrin. Adjacent dermis is 
infiltrated densely with inflammatory cells including lymphocytes, plasma cells, 
polymorphonuclear cells and histiocytes. Swelling of endothelial cells can be observed in 
perivascular area in primary syphilis.  Colonization of T. pallidum can be seen dermal-epidermal 
junction in the perivascular area at this stage (205). 

Secondary syphilitic lesions exhibit complex histological changes. Almost every patient (75-
100%) affected with secondary stage of the infection show dermis infiltrated of dense 
populations of lymphocytes and plasma cells. These infiltrates may progress in to granulomatous 
lesions. Endothelial swelling is spread to small blood vessels. Epithelial cells in the epidermis 
exhibits a variety of changes including acanthosis, exocytosis, spongiosis, and parakeratosis, 
Treponemes are present up to 70% affected individuals at this stage (2, 74).  

T. pallidum possess several interesting mechanisms of immune evasion. In particular, treponemes 
maintain few organisms in distant anatomical sites during the episode of infection and even lesser 
numbers in the latent stages attributed to their slow rate of cell division, As a consequence, 
bacteria manage to maintain antigenic masses lower than the “critical” is required to trigger a 
host response (35, 168). as late latent syphilis must be treated by a prolonged course of penicillin 
to prevent treatment failure (1, 250). Nonetheless, detailed genetic, histopathological and clinical 
data derived from infected human tissues are essential to unravel physiological, pathological and 
biochemical function and processes of T. pallidum. Such knowledge, in turn, is likely to yield better 
insight into the pathogenesis of syphilis and facilitate generating novel therapeutic targets.  

Clinical presentation 

Syphilis has an incubation period of 10–90 days (average 3 weeks) and is characterized by four 
main clinical stages: primary, secondary, tertiary, and late or quaternary (192). 

Primary syphilis    
After 3-4 weeks of incubation period, a primary chancre develops at the site of entry. This is 
usually on genetic mucosae but may be seen in the mouth or oropharynx. A chancre is a flat, red, 
indurated, painless, highly infectious ulcer with a clean base and a serous exudate.  Ulcers are 
marginated with surrounding tissue edema and 0.3-3cm in diameter. However, clinical and 
research reports have indicated that the morphologic presentation of chancre could exhibit 
significant variability, making clinical diagnosis unreliable (42, 44, 175). The ulcerations can be 
single or multiple and last for about 2-8 weeks and regress spontaneously. About 7–10 days after 
the development of the genital chancre, 80% of cases develop regional lymphadenopathy which 
are firm, painless and discrete with a rubbery consistency on examination (63, 102, 196, 231). 

Oral manifestations 
Though the chancre primarily appears on the genitalia, extragenital primary lesions occur in 
about 4 -12% of patients with syphilis (30, 128, 202). Approximately 40–75% of extragenital 
chancres occur in the oral cavity; especially in the tongue, gingiva, soft palate and lips (82). A 
chancre of the lips is the most common extragenital orofacial site (60% of cases, Figure 4). 
Chancres in the upper lip are common in men whereas the lower lip is more commonly involved 
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in women (192). In contrast to painless extraoral lesions, intraoral chancres are usually slightly 
painful due to secondary bacterial infections, as are the enlarged lymph nodes in the 
submaxillary, submental and cervical regions. Lesions are usually single and highly infectious (30, 
128, 202).  
 
The differential diagnosis of primary syphilis includes ruptured vesicles of herpes simplex, 
traumatic ulcers and carcinoma (192).  
 
Secondary syphilis  
Secondary syphilis develops after 2-12 weeks of first contact and two months after healing of 
primary syphilis. However, it is not unusual to observe lack of demarcation between these two 
stages as about one-third of patients with secondary syphilis may have primary chancre present 
at the same time (43, 149, 169).  Secondary infection is due to haematogenous dissemination of 
the pathogen and results in constitutional and mucocutaneous manifestations. The signs of 
secondary syphilis can vary among individuals and depend on the organs affected. A skin rash 
with symmetrical 3–10 mm pink or red macules, papules or pustules are the frequently 
presenting clinical feature (75% of cases) and can be located on arms, palms, flanks and soles of 
feet (20, 63, 102, 196, 231). Minor proportion of the infected population have experienced 
varying degree of pruritic, though these rashes are generally known to be non-pruritic (43). These 
lesions usually heal within several weeks if left untreated and may result scarring, hyper or hypo- 
pigmentation. When scalp is involved, a classic “moth-eaten” appearance can be observed as a 
result of alopecia in up to 7% of affected individuals. Other symptoms include multiple mucous 
patches (33% of cases), generalized lymphadenopathy (50% of cases), condyloma latum in 
intertriginous areas, and ocular involvement such as uveitis, iritis, optic neuritis, joint 
involvement (arthritis, periostitis) glomerulonephritis and neurological involvement. Systemic 
symptoms are 'influenza like', and include fever, headache, weight loss, malaise and general aches 
and pains (82, 192).  

 

Oral manifestations 
The classic oral lesions are slightly raised, greyish white, glistening multiple mucosal patches on 
the tonsil, soft palate, tongue, and buccal mucosa : gingival tissues are more rarely affected (30, 
63, 202). The surface of these lesions is covered with a greyish membrane which can be easily 
removed and contains many spirochetes (82, 192). When multiple mucous patches become 
confluent, characteristic ̀ snail tracks` and mucous patches can result and are seen in about a third 
of those affected (figure 5). Nonspecific pharyngitis, tonsillitis and laryngitis are often associated 
with secondary syphilis and lesions on the larynx and pharynx may cause hoarseness (30, 114, 
163, 202, 241). Similar to the primary chancre, these lesions are also highly infectious and heal 
spontaneously in two to six weeks.  
 
The differential diagnosis of secondary syphilis includes aphthous ulcers, erythema multiforme, 
lichen planus and tonsillitis (192). 

 Tertiary syphilis  
Tertiary syphilis is rarely seen today due to advancement of disease control. However, if left 
untreated, one third of cases could develop tertiary syphilis at any time from two to three years 
after the primary infection (102, 196, 231). Gummata, the classical lesion in tertiary syphilis, 
develope in skin, CNS, liver, spleen, bones and other organs (102, 196, 231). These lesions range 
from a pinhead size to several centimeters in diameter. They can present as solitary or multiple 
lesions and are non-infective as the tissue damage is due to a Type IV delayed hypersensitivity 
reaction (192). 
 

Oral manifestations 
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Gummata are usually isolated to the hard plate, however, the soft palate, lips, tongue and face are 
also relatively commonly involved (82, 192).The lesion initiates as a small, pale, raised area and 
rapidly developes to an ulcer which progresses to a large zone of necrosis. The process could 
denude underlying bone, and palatal lesions may eventually perforate into the nasal cavity (192). 
The midline of the plate is usually affected, and the involvement of soft palate is rare. The lesions 
are painless and have low infectivity (192).  
 
In rare cases, syphilis can affect the mandible and maxilla in the form of osteomyelitis. The 
condition resembles pyogenic osteomyelitis both clinically and radiologically with symptoms of 
pain, swelling, suppuration and sequestration (192). Atrophic/ interstitial glossitis can also be 
resulted by tertiary syphilis. Atrophy of the filiform and fungiform papillae exposes the tongue to 
many noxious stimuli and leukoplakia frequently develops. However, the relationship between 
tertiary syphilis and carcinogenic potential is yet to be determined (192). Secondary and tertiary 
syphilis have been reported in salivary glands (192). 
 
Congenital syphilis  
Treponema pallidum is capable of crossing the placental barrier. Consequently, the fetus can be 
infected during the second or third trimester from a mother either in the primary or secondary 
stage of syphilis (192). If left untreated, syphilis during pregnancy can lead to profound 
undesirable outcomes including spontaneous abortion, premature delivery, stillbirth, or 
perinatal death (85, 108, 177, 233, 244, 245). For up to 40% of infants have been reported to be 
born to untreated syphilitic mothers prematurely and with low birth weights (109, 117). 

Oral manifestations 
Infection of the developing tooth germ by T. pallidum can result in various dental anomalies. 
Deciduous teeth are minimally affected. Infection of the developing permanent tooth germ results 
in either the complete failure of development or a malformation. Early orofacial manifestations 
of congenital syphilis include periostitis (frontal bossing of Parrot), diffuse maculopapular rash, 
and rhinitis. Late manifestations such as dental anomalies, sensorineural hearing loss,  and 
interstitial keratitis of the cornea, may appear at least 24 months after birth (192).  
 

The common dental manifestations include small, hypoplastic first permanent molar teeth with 
poorly developed cusps ('mulberry molar' teeth) and the upper central incisors with crescentic 
notches in the middle of incisal edge (Hutchinson's incisors). Due to their calcification process 
during the first year of the infant’s life, mainly the permanent incisors and first molars are affected 
by congenital syphilis (128). Lower incisors are less affected. Infection of the developing bones of 
the face may lead to open bite and a 'dished' appearance to the face (192).  Atrophic glossitis, a 
high and narrow palatal vault and (Parrot's) radial scars—rhagades—of the lips are less common  
manifestations (192). 
 
Laboratory diagnosis  
Dark-Field Microscopy and direct fluorescence using a fluorescin-labeled antitreponeme serum 
is often used to identify the pathogen from the primary and secondary lesions (53, 118, 181, 196, 
231). However, both dark-field microscopy and direct fluorescent antibody testing carry limited 
value in distinguishing T. pallidum from the other pathogenic Treponemes (103, 181). 
 
Serological tests for syphilis can be either nontreponemal tests for screening, or treponemal tests 
for confirmation (118, 181, 196). The nonspecific nontreponemal reaginic antibody tests such as 
VDRL (Venereal Diseases Reference Laboratory) test, Rapid plasma reagin (RPR) test and 
microhemagglutination assay (MHA-TP) are inexpensive, rapid, and convenient for screening a 
large number of sera (82). Nontreponemal tests detect an anti-cardiolipin antibody present in the 
syphilitic patients’ sera using an antigen comprising lecithin, cholesterol, and purified cardiolipin. 
These antibodies can be used to monitor the efficacy of antimicrobial therapy (192). However, 
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non-treponemal tests are known to possess less sensitivity in early and late syphilis with higher 
ratio of false-positive reactions. False positive reactions are more prominent with increased age, 
pregnancy, malignancy, drug addiction, and autoimmune diseases (e.g. systemic lupus 
erythematosus) and viral, protozoal, or mycoplasmal infection (109, 125, 181, 213).The 
treponemal tests are considered most sensitive and specific (181, 196). These tests include T. 
pallidum haemagglutination test (TPHA), fluorescent treponemal antibody-absorption test (FTA-
Abs), which detects both IgM and IgG antibody, and ELISA (192).  With recent advances in 
diagnostics, PCR and multiplex PCR have been applied in identifying T. pallidum DNA and known 
to possess very high sensitivity, and becoming increasingly popular in routine clinical use (103). 
 
Despite the diagnosis of syphilis is based on clinical presentation and serological findings, in rare 
cases such as oral lesions and unusual presentations in HIV positive patients, histopathological 
examinations can be used to confirm the diagnosis (18, 50, 97, 196, 231). These reveal a 
characteristic histopathological picture such as focal collections of plasma cells, angiogenesis, 
dilation and thickening of blood vessels, mural oedema and large endothelial cells, perivascular 
infiltration of plasma cells in secondary syphilis; vasculitis, fibrinoid materials with necrosis in 
malignant syphilis. 
 
Treatment  
The drug of choice for all forms of syphilis is procaine benzylpenicillin. Doxycycline, tetracycline 
or erythromycin can be effective for patients hypersensitive to penicillin. Follow-up with regular 
clinical and serological examinations is necessary for at least two years and, contact tracing is 
recommended (82, 192, 230, 231).  The type, dose and the duration of the antibiotic treatment is 
determined by the stage of syphilis. Factors such as the degree of spirocheticidal action, 
variability in absorption, level of patient compliance and individual circumstances such as 
pregnancy must also be considered when determining the choice of antibiotic (165, 185). Some 
studies have shown that there is a likely potential of T. pallidum to develop antibiotic resistance, 
however, there are no follow-up studies conducted or measurable penicillin resistance reported 
so far (165, 212). 
 
 
Tuberculosis 
 
Incidence  
Tuberculosis (TB) is caused by various strains of mycobacteria, usually Mycobacterium 
Tuberculosis in humans (61). According to the World Health Organization (WHO) report in 2013, 
nearly 8.6 million people worldwide became infected with TB. There were around 1.3 million TB-
related deaths worldwide in 2013 (112). 
 
Oral lesions due to tuberculosis are extremely rare and seen in only 0.1-5% of all TB infections 
(112). They may be due to secondary inoculation with infected sputum or arise from 
haematogenous spread. Recent outbreaks of extra pulmonary infections of TB are reported due 
to the emergence of drug-resistant TB and AIDS (acquired immune-deficiency syndrome) (17, 
120). 
 
Predisposing factors 
Crowded urban living, poor health and hygiene, poverty, drug abuse, HIV/AIDS and 
immunosuppression are established predisposing factors for the development of TB (249). In 
addition, local factors such as poor oral hygiene, local trauma and irritation, may facilitate the 
pathogen to invade oral mucosa (71, 110, 170).   
 
Pathogenesis 
Alveolar macrophages express various surface receptors such as C-type lectin receptors (e.g. 
macrophage mannose receptors), scavenger receptors (e.g. Class A and B Scavenger receptors), 
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and complement receptors (e.g. Compliment receptor 3) to bind and ingest, M. tuberculosis when 
first inhaled and reach the distal alveoli (200). Although studying mycobacteria and receptor 
interactions is difficult due to the complexity of uptake mechanisms, it is believed that the 
intracellular fate of ingested bacteria depends on the specific receptor (11, 116, 172).  Despite 
most studies on mycobacterial entry have been conducted on alveolar macrophages, the other 
phagocytic cells such as neutrophils, monocyte-derived macrophages, and dendritic cells within 
alveoli also capable of ingesting mycobacteria (173). It is long believed that once being ingested, 
M. tuberculosis prevents maturation of the phagosome to reside long term in it (“intracellular 
bacterial trafficking”) using various mycobacterial lipid and protein effectors (172). The arrest of 
phagosome maturation allows the mycobacteria to prevent developing intra-phagosomal acidic, 
degradative environment as well as to acquire nutrients by recycling endosomes (189). Recent 
findings suggested that the bacterium can even continue to grow and proliferate within the 
immature phagosome (144, 237, 242). As a consequence of complex interactions between the 
intracellular mycobacteria and the host cells, the latter undergo necrosis or apoptosis. Necrotic 
macrophages containing mycobacteria trigger recruitment new macrophages and initiate 
granuloma formation (57). The necrotic cells are rapidly ingested by newly recruited 
macrophages allowing remaining mycobacteria to further expand the population (81, 86 
phillips). Importantly, a fraction of infected macrophages departs from the early granuloma to 
initiate infection at distant sites (47, 56). 
 
Oral manifestations 
Oral TB can be present as ulcers, tuberculomas, nodules, (72, 170, 203) and commonly affects the 
tongue. Other frequently affected sites include the palate, lips, buccal mucosa, gingiva, palatine 
tonsil, uvula, floor of the mouth and salivary glands (72). Occasionally, a periapical granuloma 
may develop as a result of TB.  
 
Primary oral TB lesions are rare, and usually affects young adults. The lesion typically present as 
a single painless ulcer associated with enlarged regional lymph nodes. Most commonly these 
lesions are secondary to pulmonary disease. These lesions appear as single, indurated, irregular, 
painful ulcers covered by inflammatory exudates. Classically, tuberculous ulcers of the tongue are 
pale, irregular, and indolent with inverted margins and granulations on the floor with sloughing 
tissue and are often misdiagnosed as malignant ulcers (145). Though individuals in any age group 
may be affected, the disease is more common in the middle-aged and elderly. Medically 
compromised individuals such as those with HIV disease may exhibit TB at younger ages (112, 
146, 170). 
 
Diagnosis  
Diagnosis of TB is often made with history, clinical examination, chest x-ray and sputum cultures 
and histopathology for detection of acid fast bacilli. Oral tuberculosis lesions can be diagnosed in 
biopsies for the presence of acid fast mycobacterium using Zeihl- Neelsen stain. Fine-needle 
aspiration cytology is indicated for identifying TB in the major salivary glands (75, 112). 
 
Treatment  
The management of oral manifestations of TB must be coordinated in liaison with a respiratory 
physician and a full work up of the patients is necessary. Current regimen of anti-TB therapy is 
based on daily administration of combination of four drugs (isoniazid, rifampicin, pyrazynamide, 
and ethambutol) for the first two months, followed by a course of two drugs (isoniazid and 
rifampicin) for additional four months (203). World Health Organization (WHO)  launched 
directly observed therapy short course (DOTS) in 1997 due to the complexity of the traditional 
TB management regimen (112).  
 
Drug resistance of M. tuberculosis is a global issue of major concern. Approximately 580, 000 
multidrug resistant cases have been estimated in 2015 (209). Multidrug resistant TB exhibit 
resistance to first line anti-TB medications (isoniazid and rifampicin) while extensively resistant-
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TB is resistant to both first line and second line agents (aminoglycosides and/or cyclic 
polypeptides-capreomycin, kanamycin and amikacin) and fluoroquinolones. Fifty percent of 
reported multidrug resistant TB patients showed resistance to a fluoroquinolone, to a second-
line injectable drug, or both (209). Novel drugs such as nitroimadazoles, diarylquinolines, 
oxazolidinones have been recently introduced to overcome both multidrug and extensively 
resistant TB (112). 
 
Precautions must be taken by the dental health practitioners when treating patients with TB. 
Thorough medical history must be taken, and only essential treatments should be provided for 
those with active TB. Usage of routine barrier protection to prevent contact with blood, body 
fluids and mucous membranes of the patient, with  standard infection control protocols  and an  
appropriately equipped room with effective air evacuation are recommended (112). 
 
The oral cavity may manifest many other rare bacterial infections. Please refer to Table 2 for 
further information.  
 
Fungal infections 
Fungi are a large, complex group of eukaryotes, increasingly recognized as emerging pathogens. 
The traditional thinking was that Candida species were the major eukaryote present in the oral 
cavity. However, the arrival of new methodology such as pyrosequencing and new generation 
sequencing (NGS) techniques have revolutionized the traditional views and has revealed a novel 
oral mycobiome hitherto unimagined (68). 
 
For instance, recent data indicate a high prevalence and abundance of the genus Malassezia an 
important pathogen of the skin, in the healthy human oral cavity. Despite these findings, Candida 
infections remain as the predominant fungal infections that are seen by dentists. It is noteworthy 
however that rare fungal diseases caused by species such as Histoplasma, Geotrichum, 
Penicillium and Aspergillus species, essentially seen in compromised population groups, are not 
discussed below. 
 
Candidiasis 
 
Epidemiology 
Oral candidiasis is the most common human fungal infection (3, 4, 88). It is estimated that 
approximately 5-7% of infants less than one month old , and 9-31% of AIDS patients, 65% of 
denture wearers and nearly 20% of cancer patients develop oral candidiasis (4, 36). Candida 
carriage in the oral cavities of general population is reported to be between 20% - 75% (88). In 
particular, 45% of neonates, 45-64% of healthy children, 30-45% healthy adults, 50-65% of those 
who wear removable dentures, 65-88% in the individuals in acute and long term care facilities, 
90% of patients under chemotherapy for acute leukaemia and 95% of patients with HIV carry 
Candida albicans in their mouth (5, 10, 23, 28, 52, 67, 99, 133, 140, 186). 
 
Predisposing factors 
Similar to many other opportunistic infections, Candidiasis generally occurs in 
immunocompromised patients. Oral candidiasis is usually seen in patients with impaired salivary 
gland functions, drugs (Steroid inhalers, psychotropic drugs, immunosuppressives and broad 
spectrum antimicrobial therapy), denture wearing, high carbohydrate diets, age (infants and 
older geriatric populations), smoking, diabetes, malignancies, Cushing’s syndrome, HIV/AIDS and 
other immune deficient conditions (4).In essence oral candidiasis is a disease of the `very young, 
the very sick and the very old. 
 
Pathogenesis 
Candida spp. possess a wide variety of virulence attributes to facilitate its colonization and 
causation of superficial and/or deep seated systemic infections. Like most other microbial 
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pathogens, the key to infect the host by Candida is its successful colonization of within the host 
tissues. In susceptible individuals, Candida attach the epithelial surfaces and acquire nutrients 
from the host to generate pathogenic colonies. This process of colonization is mediated by an 
array of Candida virulent factors which include adhesins, hydrolytic enzymes, formation of 
hyphae, phenotypic switching and molecular mimicry (33, 156). Adhesins, arguably one of the 
most vital virulent determinant of Candida, are specialized set of proteins that facilitate the 
fungus to adhere to both biotic and abiotic surfaces. Among these adhesins, agglutinin-like 
sequence (ALS) proteins (143, 153, 171, 256), morphology associated proteins (e.g. hyphal wall 
protein; Hwp1), morphology-independent proteins. These include GPI-linked proteins (Eap1, Iff4 
and Ecm33), cell-surface associated proteases (Secreted aspartyl proteinases: Sap9 and Sap10), 
non-covalent wall-associated proteins (putative β-glucanase: Mp65, and β-1,3 glucanosyl 
transferase: Phr1), and the integrin-like surface protein (Int1) have been shown to mediate 
Candida adhesion (157, 254). Despite the existence and the role of extracellular proteinases of 
most dimorphic human pathogenic fungi are yet to be fully elucidated, the proteolytic system of 
C. albicans is well understood (58, 87, 106, 107). Recent studies suggested that non-albicans 
Candida species such as Candida dubliniensis (92), Candida tropicalis (150, 228, 253), and Candida 
parapsilosis (60, 150), also possess the machinery of synthesis of Secreted aspartyl proteinases 
(Sap), major class of extracellular secreted by C. albicans. Interestingly, Sap production is 
interlinked with other Candida virulence attributes such as adhesion (Sap 9 and 10, hyphal 
formation, and phenotypic switching. The precise role of secretory proteinases during human 
infections is yet to be fully established (156).  While morphological switching such as formation 
of hyphae is well-known to assist Candida attachment, the role of white opaque switching is yet 
to be fully unraveled.  
 
Unlike most other pathogens, Candida utilizes more than a single mechanism of tissue invasion 
i.e. induced endocytosis and active penetration (54, 157, 252, 254). During induced endocytosis, 
Candida binds to host ligands such as E-cadherin on epithelial cells and N-cadherin on endothelial 
cells using invasins, a group of specialized cell surface proteins (171).  Fungal invasin-host ligand 
interaction triggers host cell mechanisms of fungal engulfment. Candida Als3 and Ssa1 have been 
identified as two major cell surface invasins that induce endocytosis (171, 222). Interestingly the 
viability of the yeast or the morphological status do not play a critical role during engulfment (54, 
166). In contrary, only viable Candida is capable of penetrating host tissues and hyphae plays an 
essential role in active penetration. Despite a little is known on the driving factors of invasion of 
epithelium by hyphae, latest evidence suggests that fungal adhesion and physical forces, Sap 
proteins but not lipases and phospholipases may mediate active penetration (54, 157, 240). Once 
invaded, Candida continue to degrade host proteins using hydrolytic enzymes and establishes a 
superficial candidiasis (157). In some cases, Candida continues to penetrate tissues and blood 
vessels to develop deep seated infections. There are many mechanisms described in relation to 
immune evasion of Candida, particularly using immune modulators and host mimicry and are 
beyond the scope of this review. Deep seated infections, with continuing host immune 
suppression, such as in HIV and malignancies, may lead to disseminated infections. In such events, 
Candida are capable of adhering to endothelial cells, infect distant organs and trigger coagulation 
cascades resulting serious complications to host (156, 157). 
 
Clinical features 
Oral candidal infections can be essentially sub-divided into three groups as pseudomembranous, 
erythematous and hyperplastic variants, as discussed below. There are also a number of other 
conditions such as Candida associated denture stomatitis, angular cheilitis and median rhomboid 
glossitis and the newly described entity, linear gingival erythema which ae mulltifactorial in 
nature and not necessarily associated with candidal infections. In clinical terms these lesions do 
not often resolve by antifungal therapy and there may be other underlying reasons for the disease 
condition. 
 
Pseudomembranous candidiasis (Thrush) 



 

18 
 

Oral thrush characteristically appears as extensive white plaque like pseudo membranes that can 
be easily wiped off to expose underlying erythematous mucosa. The lesions are commonly seen 
at labial and buccal mucosae, tongue, hard and soft palate, periodontal tissues and oropharynx 
(Figure 6). One third of oropharyngeal candidiasis is reported to be of pseudomembranous type 
(4, 191). 
 
Erythematous (atrophic) candidiasis 
This is often asymptomatic but in some cases the principal complaint is burning sensation of the 
oral mucosa, particularly the tongue (Figure 7). The latter appears to be bright red and sometimes 
de-papillated due to loss of filiform papillae (160). The appearance of the tongue mimics the 
manifestations of the tongue in serum B12, folate or ferritin deficiencies. ‘Antibiotic sore mouth’ 
is commonly associated with usage of broad spectrum antibiotics or steroid inhalers (4, 70, 211). 
 
Chronic hyperplastic candidiasis 
Well demarcated, slightly elevated and adherent, nodular, speckled or homogenous white or 
translucent lesions occur characteristically on the buccal mucosa or lateral border of the tongue 
(77, 206) (Figure 8). Unlike the pseudomembranous variant, these lesions cannot be wiped off 
(206). The lesions may progress in to severe dysplasia or malignancy thus refers as candidal 
leukoplakia. However, the association of Candida and the malignant potential is still questionable 
(64). There is a known association between chronic hyperplastic candidiasis and smoking (204).  
 
 
Candida Associated Lesions 
 
Candida-Associated denture stomatitis 
Previously known as chronic atrophic candidiasis this condition is perhaps the most common 
fungal infection in denture wearing elderly These lesions can commonly be seen as an 
erythematous and oedematous area in the palatal denture bearing mucosa, and less commonly 
on the mandibular mucosa (160). The denture stomatitis is usually asymptomatic; however, mild 
soreness or burning sensations may occur in some cases. Depending on the severity, denture 
stomatitis is further classified in to three groups; type I (localized, simple pin point inflammation 
or erythema, Figure 9), type II (diffuse, erythematous lesions covering a part or entire denture 
bearing area, Figure 10) and type III (granular or papillary lesions appearing on the alveolar ridge 
or in the middle of the palatal mucosa, Figure 11) (194). 
 
Median rhomboid glossitis 
Median rhomboid glossitis which is also known as central papillary atrophy is a variant of 
erythematous candidiasis (159). Lesions are well demarcated, erythematous, elliptical or 
rhomboidal area of papillary atrophy in the dorsum of the posterior tongue in front of the 
circumvallate papillae (182) (Figure 12). In some patients, palate also can be affected and is also 
called ‘kissing lesions’. Kissing lesions are resulted due to direct candidal inoculation to the palate 
from the lesions in the dorsal tongue. Hence, this  often called chronic multifocal candidiasis 
(160). 
 
Angular Cheilitis 
Angular cheilitis is characterised by erythema, crusting and fissuring and maceration (Figure 13). 
These chronic inflammatory lesions can be exclusively seen in the labial commissures and often 
isolated bilaterally (182). Angular cheilitis is often seen in older population due to accentuated 
skin folds as well as due to reduced occlusal vertical dimension which result pooling of saliva 
providing an optimal growth conditions for Candida. In addition, lip sucking, nutritional 
deficiencies such as iron, Vitamin B and high carbohydrate diets are associated with the 
pathogenesis of angular cheilitis (160). Angular cheilitis is strongly associated with mixed 
infections of Candida and     Staphylococcus spp. (247). 
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Linear gingival erythema 
This condition, defined as a localized or generalized erythe-matous band extending along the 
gingival margins (between adjacent gingival papillae), was first described in HIV-infected 
individuals; it is however not confined to the latter group. Although Candida are implicated in the 
pathogenesis, and lesions resolve after antifungal therapy in some cases, it is likely that other 
cofactors such as oral hygiene play an equally important role. 
 
Candidiasis and immunocompromised hosts 
A few patients have chronic candidiasis from an early age, sometimes with a definable immune 
defect, e.g. chronic muco-cutaneous candidiasis. Candidal infections in these patients are seen in 
the oral mucosa, skin and other body parts. These secondary oral candidal infections have 
increased recently because of the high prevalence of attenuated immune response, consequent to 
diseases such as HIV infection, haematological malignancy and treatment protocols, including 
aggressive cytotoxic therapy. 
 
Oral candidiasis in HIV disease 
Candidal infections, with oral thrush and oesophagitis as frequent clinical manifestations, are the 
most common opportunistic infections encountered in acquired immune deficiency syndrome 
(AIDS). It has also been shown that the occurrence of an otherwise unexpected mycosis (typically 
oral candidiasis) in an HIV-infected individual is a poor prognostic indicator of the subsequent 
development of full-blown AIDS. However, in HIV-infected populations on antiretroviral therapy, 
the incidence of oral candidiasis has significantly declined. 
  
 
Diagnosis of oral candidiasis 
Diagnosis of oral candidiasis is often made with a thorough history and the clinical presentation.  
Some laboratory investigations can also be used as adjuncts to confirm the clinical presentation. 
Candida pathogens in a smear taken directly from the lesion are commonly identified using Gram 
staining or periodic acid Schiff (PAS) staining, or by culturing the pathogen in Sabaraud’s dextrose 
agar (SDA) (89, 193). Biopsies are useful in identifying the organisms and hyphae together with 
histopathological changes in chronic hyperplastic candidiasis (121). 
 
Treatment 
Treatment of oral candidiasis is primarily based on the identification of underlying predisposing 
factors and correcting them.  Nutritional deficiencies, broad spectrum antibiotics and inhalational 
steroids usage, diabetes mellitus, poor oral and denture hygiene, ill-fitting dentures, salivary 
disorders need to be identified and corrected. When the predisposing factors cannot be corrected, 
antifungal agents are indicated (77, 78). The choice of the antifungal agent is based on the clinical 
presentation and the medical history of the patient. Most oral candidiasis can successfully be 
treated with topical azoles or polyenes.  
 
Effective topical dosage of nystatin include oral suspensions (100,000units⁄mL, 1mL topically), 
or pastilles (100,000IU, four times daily for 1-2 weeks) (78). Recommended Amphotericin dosage 
for oral candidiasis include lozenges (10 mg) or suspension (100mg⁄mL) four times daily for 2-
3 weeks (77). Topical application of miconazole 2% gel, four times daily for 2-3 weeks is also 
effective against oral Candida infections. For refractory and recurrent oral candidiasis, systemic 
antifungals such as ketoconazole, fluconazole and itraconazole and amphotericin may be 
indicated (78). The inability of most antifungals to penetrate robust Candida biofilms have 
resulted an ongoing challenge for both clinicians and researchers when determining an efficient 
and appropriate management strategy in eliminating Candida infections. Particularly, efficient, 
low side effect carrying antifungals such as fluconazole are known to fail in eradicating Candida 
biofilms (34, 174). Consequently, in recent years, studied have been conducted in identifying 
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novel treatment options such as usage of probiotics, plant derivatives, and photo dynamic therapy 
for managing mucosal candidiasis (26, 141, 142, 232). While in vitro laboratory findings of these 
studies are promising, in detailed clinical evidence are necessary prior to implementing such 
treatment strategies. 
 
In addition to candidiasis, several other mycoses also cause characteristic oral lesions. The reader 
is referred to table 3 for these rare important fungal infections that may manifest in the oral 
cavity. 
 
 
Concluding remarks and future perspectives 
Global pandemics are still a major concern in health care and economic set ups and emergence 
and re-emergence of infections is not a new phenomenon. Despite consistent uplift of primary 
health care, serious infections such as HIV, TB still kill millions of individuals worldwide. Factors 
such as ever-increasing voyage frequencies of world population, environmental damage and 
natural disasters, overcrowding and poor sanitation, human-animal interactions, and rising 
sexual promiscuity will continue to challenge human body with a plethora of hitherto 
characterized and new microbial pathogens which will result new or re-emergence of localized 
and/or general infections  
 
The early detection of the infection and identification of the pathogen is quintessential in 
mitigating oral and/or general infections in humans and animals. When determining the 
management of these infections, multifaceted approaches must be followed in identifying all 
aspects that confer antimicrobial resistance, immune evasion profiles, potential mutations and 
genotypic disparities must be followed (210). Timely management not only benefits patient by 
preventing/limiting complications but also benefits public by ceasing infection spread.  
 
Improved continuous epidemiological surveillance (e.g. computer modelling of emerging 
infections (126)) together with early detection and management of infectious diseases is the 
foundation for successful strategies in controlling and eliminating oral and non-oral diseases. 
Emerging novel technologies that are currently under conceptual and optimising and launching 
stages as well as existing technologies that are being progressively improved is likely to assist 
infection management team to identify and treat infectious diseases. Various enzyme-linked 
immunoassays such as fluorescence polarization, micro-particle enzyme and chemiluminescent 
immunoassays are still widely used and being consistently undergoing improvements to identify 
those organisms emerge with various mutations while recently developed methods such as next 
generation sequencing provides extremely high sensitivity and specificity, quick results, lower 
detection limits, automation requiring smaller sample volumes. However, implementation such 
techniques for routine practices remain unrealistic due to lack of funding, resources and technical 
expertise. However, ongoing investigations of using microfluidic technologies such as microchips 
(e.g. lab-on-a-chip) (7, 210) to facilitate diagnosis in regional, resource and space limited settings 
appeared to be promising in future infection diagnostic paradigms.  
 
The importance of proper training of oral and general clinicians and diagnostic microbiologists 
in all aspects of the management of infections of interest must be routinely conducted. For 
instance, oral clinicians need to be equipped with up-to-date knowledge of the clinical pictures of 
new infections, approaches in accurate identification of orally limited infections vs oral 
manifestations of underlying systemic diseases. Management protocols of complicated infections 
such as those manifesting other extra-oral involvement or when they are immunocompromised 
must be determined by a multidisciplinary team including oral clinicians, medical/surgical 
practitioners, microbiologists/pathologists as well as other case-specific specialities. Such 
tantalizing approaches will not only provide personalized and superior care for the patient but 
also directly impact, medical, social and economic outcomes worldwide.  
 



 

21 
 

References 
 
1. Sexually transmitted diseases: Summary of 2015 cdc treatment guidelines. J Miss State Med 

Assoc 2015;56:372-375. 
2. Abell E, Marks R, Jones EW. Secondary syphilis: A clinico-pathological review. Br J Dermatol 

1975;93:53-61. 
3. Abu-Elteen KH, Abu-Alteen RM. The prevalence of candida albicans populations in the 

mouths of complete denture wearers. New Microbiol 1998;21:41-48. 
4. Akpan A, Morgan R. Oral candidiasis. Postgrad Med J 2002;78:455-459. 
5. Aldred MJ, Addy M, Bagg J, Finlay I. Oral health in the terminally ill: A cross-sectional pilot 

survey. Spec Care Dentist 1991;11:59-62. 
6. Alliegro MB, Dorrucci M, Pezzotti P, Rezza G, Sinicco A, Barbanera M, Castelli F, Tarantini G, 

Petrucci A. Herpes zoster and progression to aids in a cohort of individuals who 
seroconverted to human immunodeficiency virus. Italian hiv seroconversion study. Clin 
Infect Dis 1996;23:990-995. 

7. Alyassin MA, Moon S, Keles HO, Manzur F, Lin RL, Haeggstrom E, Kuritzkes DR, Demirci U. 
Rapid automated cell quantification on hiv microfluidic devices. Lab Chip 2009;9:3364-3369. 

8. Amir J, Harel L, Smetana Z, Varsano I. Treatment of herpes simplex gingivostomatitis with 
aciclovir in children: A randomised double blind placebo controlled study. BMJ 
1997;314:1800-1803. 

9. Aral SO. The social context of syphilis persistence in the southeastern united states. Sex 
Transm Dis 1996;23:9-15. 

10. Arendorf TM, Walker DM. The prevalence and intra-oral distribution of candida albicans in 
man. Arch Oral Biol 1980;25:1-10. 

11. Armstrong JA, Hart PD. Phagosome-lysosome interactions in cultured macrophages infected 
with virulent tubercle bacilli. Reversal of the usual nonfusion pattern and observations on 
bacterial survival. J Exp Med 1975;142:1-16. 

12. Atespare A, Keskin G, Ercin C, Keskin S, Camcioglu A. Actinomycosis of the tongue: A 
diagnostic dilemma. J Laryngol Otol 2006;120:681-683. 

13. Aubert M, Yoon M, Sloan DD, Spear PG, Jerome KR. The virological synapse facilitates herpes 
simplex virus entry into t cells. J Virol 2009;83:6171-6183. 

14. Avitabile E, Forghieri C, Campadelli-Fiume G. Cross talk among the glycoproteins involved in 
herpes simplex virus entry and fusion: The interaction between gb and gh/gl does not 
necessarily require gd. J Virol 2009;83:10752-10760. 

15. Balasubramaniam R, Kuperstein AS, Stoopler ET. Update on oral herpes virus infections. 
Dent Clin North Am 2014;58:265-280. 

16. Balfour HH, Jr. Antiviral drugs. N Engl J Med 1999;340:1255-1268. 
17. Bansal R, Jain A, Mittal S. Orofacial tuberculosis: Clinical manifestations, diagnosis and 

management. J Family Med Prim Care 2015;4:335-341. 
18. Barrett AW, Villarroel Dorrego M, Hodgson TA, Porter SR, Hopper C, Argiriadou AS, Speight 

PM. The histopathology of syphilis of the oral mucosa. J Oral Pathol Med 2004;33:286-291. 
19. Baseman JB, Hayes EC. Molecular characterization of receptor binding proteins and 

immunogens of virulent treponema pallidum. J Exp Med 1980;151:573-586. 
20. Baughn RE, Musher DM. Secondary syphilitic lesions. Clin Microbiol Rev 2005;18:205-216. 
21. Belshe RB, Leone PA, Bernstein DI, Wald A, Levin MJ, Stapleton JT, Gorfinkel I, Morrow RL, 

Ewell MG, Stokes-Riner A, Dubin G, Heineman TC, Schulte JM, Deal CD, Herpevac Trial for W. 
Efficacy results of a trial of a herpes simplex vaccine. N Engl J Med 2012;366:34-43. 

22. Bennhoff DF. Actinomycosis: Diagnostic and therapeutic considerations and a review of 32 
cases. Laryngoscope 1984;94:1198-1217. 

23. Berdicevsky I, Ben-Aryeh H, Szargel R, Gutman D. Oral candida in children. Oral Surg Oral 
Med Oral Pathol 1984;57:37-40. 



 

22 
 

24. Better-Health-Channel 2015;Pages. Accessed at State Government of Victoria at 
http://www.betterhealth.vic.gov.au/bhcv2/bhcarticles.nsf/pages/chickenpox. 

25. Bissessor M, Fairley CK, De Guingand D, Bradshaw CS, Chen MY. Delay in the diagnosis of 
early syphilis among men who have sex with men: Need for greater community and health 
provider education. Int J STD AIDS 2009;20:52-53. 

26. Borghi E, Morace G, Borgo F, Rajendran R, Sherry L, Nile C, Ramage G. New strategic insights 
into managing fungal biofilms. Front Microbiol 2015;6:1077. 

27. Brown EL, Wald A, Hughes JP, Morrow RA, Krantz E, Mayer K, Buchbinder S, Koblin B, Celum 
C. High risk of human immunodeficiency virus in men who have sex with men with herpes 
simplex virus type 2 in the explore study. Am J Epidemiol 2006;164:733-741. 

28. Brown GD, Meintjes G, Kolls JK, Gray C, Horsnell W, Working Group from the E-ARMW, 
Achan B, Alber G, Aloisi M, Armstrong-James D, Beale M, Bicanic T, Black J, Bohjanen P, 
Botes A, Boulware DR, Brown G, Bunjun R, Carr W, Casadevall A, Chang C, Chivero E, 
Corcoran C, Cross A, Dawood H, Day J, De Bernardis F, De Jager V, De Repentigny L, Denning 
D, Eschke M, Finkelman M, Govender N, Gow N, Graham L, Gryschek R, Hammond-Aryee K, 
Harrison T, Heard N, Hill M, Hoving JC, Janoff E, Jarvis J, Kayuni S, King K, Kolls J, Kullberg BJ, 
Lalloo DG, Letang E, Levitz S, Limper A, Longley N, Machiridza TR, Mahabeer Y, Martinsons N, 
Meiring S, Meya D, Miller R, Molloy S, Morris L, Mukaremera L, Musubire AK, Muzoora C, 
Nair A, Nakiwala Kimbowa J, Netea M, Nielsen K, O'Hern J, Okurut S, Parker A, Patterson T, 
Pennap G, Perfect J, Prinsloo C, Rhein J, Rolfes MA, Samuel C, Schutz C, Scriven J, Sebolai 
OM, Sojane K, Sriruttan C, Stead D, Steyn A, Thawer NK, Thienemann F, Von Hohenberg M, 
Vreulink JM, Wessels J, Wood K, Yang YL. Aids-related mycoses: The way forward. Trends 
Microbiol 2014;22:107-109. 

29. Brown JR. Human actinomycosis. A study of 181 subjects. Hum Pathol 1973;4:319-330. 
30. Bruce AJ, Rogers RS, 3rd. Oral manifestations of sexually transmitted diseases. Clin Dermatol 

2004;22:520-527. 
31. Buchacz K, Greenberg A, Onorato I, Janssen R. Syphilis epidemics and human 

immunodeficiency virus (hiv) incidence among men who have sex with men in the united 
states: Implications for hiv prevention. Sex Transm Dis 2005;32:S73-79. 

32. Cairns TM, Huang ZY, Whitbeck JC, Ponce de Leon M, Lou H, Wald A, Krummenacher C, 
Eisenberg RJ, Cohen GH. Dissection of the antibody response against herpes simplex virus 
glycoproteins in naturally infected humans. J Virol 2014;88:12612-12622. 

33. Calderone RA, Fonzi WA. Virulence factors of candida albicans. Trends Microbiol 2001;9:327-
335. 

34. Cannon RD, Holmes AR. Learning the abc of oral fungal drug resistance. Mol Oral Microbiol 
2015;30:425-437. 

35. Carlson JA, Dabiri G, Cribier B, Sell S. The immunopathobiology of syphilis: The 
manifestations and course of syphilis are determined by the level of delayed-type 
hypersensitivity. Am J Dermatopathol 2011;33:433-460. 

36. CDC 2014;Pages. Accessed at Centers for Disease Control and Prevention at 
http://www.cdc.gov/fungal/diseases/candidiasis/thrush/statistics.html. 

37. CDC 2014;Pages. Accessed at National Center for Immunization and Respiratory Diseases, 
Division of Viral Diseases at http://www.cdc.gov/shingles/hcp/diagnosis-testing.html. 

38. CDC 2015;Pages. Accessed at Centers for Disease Control and Prevention at 
http://www.cdc.gov/std/stats14/syphilis.htm. 

39. CDC. Varicella. In: Hamborsky J, Kroger A, Wolfe C, editors. Epidemiology and prevention of 
vaccine-preventable diseases. Washington D.C.: Public Health Foundation  2015:353-376. 

40. Centurion-Lara A, Castro C, Barrett L, Cameron C, Mostowfi M, Van Voorhis WC, Lukehart 
SA. Treponema pallidum major sheath protein homologue tpr k is a target of opsonic 
antibody and the protective immune response. J Exp Med 1999;189:647-656. 

http://www.betterhealth.vic.gov.au/bhcv2/bhcarticles.nsf/pages/chickenpox
http://www.cdc.gov/fungal/diseases/candidiasis/thrush/statistics.html
http://www.cdc.gov/shingles/hcp/diagnosis-testing.html
http://www.cdc.gov/std/stats14/syphilis.htm


 

23 
 

41. Centurion-Lara A, LaFond RE, Hevner K, Godornes C, Molini BJ, Van Voorhis WC, Lukehart SA. 
Gene conversion: A mechanism for generation of heterogeneity in the tprk gene of 
treponema pallidum during infection. Mol Microbiol 2004;52:1579-1596. 

42. Chapel TA. The variability of syphilitic chancres. Sex Transm Dis 1978;5:68-70. 
43. Chapel TA. The signs and symptoms of secondary syphilis. Sex Transm Dis 1980;7:161-164. 
44. Chapel TA, Brown WJ, Jeffres C, Stewart JA. How reliable is the morphological diagnosis of 

penile ulcerations? Sex Transm Dis 1977;4:150-152. 
45. Chaudhry SI, Greenspan JS. Actinomycosis in hiv infection: A review of a rare complication. 

Int J STD AIDS 2000;11:349-355. 
46. Chen S, Mills L, Perry P, Riddle S, Wobig R, Lown R, Millette RL. Transactivation of the major 

capsid protein gene of herpes simplex virus type 1 requires a cellular transcription factor. J 
Virol 1992;66:4304-4314. 

47. Clay H, Volkman HE, Ramakrishnan L. Tumor necrosis factor signaling mediates resistance to 
mycobacteria by inhibiting bacterial growth and macrophage death. Immunity 2008;29:283-
294. 

48. Cohen PR. Tests for detecting herpes simplex virus and varicella-zoster virus infections. 
Dermatol Clin 1994;12:51-68. 

49. Corey L. Synergistic copathogens--hiv-1 and hsv-2. N Engl J Med 2007;356:854-856. 
50. Crowson AN, Magro C, Mihim M. Treponemal diseases. In: Elder D, Elenitas R, Jaworsky C, 

Johnson Jr B, editors. Lever’s histopathology of the skin. . Philadelphia: Lippincott-Raven, 
1997:503–515. 

51. Cumberland MC, Turner TB. The rate of multiplication of treponema pallidum in normal and 
immune rabbits. Am J Syph Gonorrhea Vener Dis 1949;33:201-212. 

52. Cumming CG, Wight C, Blackwell CL, Wray D. Denture stomatitis in the elderly. Oral 
Microbiol Immunol 1990;5:82-85. 

53. Cummings MC, Lukehart SA, Marra C, Smith BL, Shaffer J, Demeo LR, Castro C, McCormack 
WM. Comparison of methods for the detection of treponema pallidum in lesions of early 
syphilis. Sex Transm Dis 1996;23:366-369. 

54. Dalle F, Wachtler B, L'Ollivier C, Holland G, Bannert N, Wilson D, Labruere C, Bonnin A, Hube 
B. Cellular interactions of candida albicans with human oral epithelial cells and enterocytes. 
Cell Microbiol 2010;12:248-271. 

55. Davis CP 2015;Pages. Accessed at WebMD, Inc. at 
http://www.emedicinehealth.com/oral_herpes/page10_em.htm. 

56. Davis JM, Ramakrishnan L. The role of the granuloma in expansion and dissemination of 
early tuberculous infection. Cell 2009;136:37-49. 

57. Davis JM, Clay H, Lewis JL, Ghori N, Herbomel P, Ramakrishnan L. Real-time visualization of 
mycobacterium-macrophage interactions leading to initiation of granuloma formation in 
zebrafish embryos. Immunity 2002;17:693-702. 

58. De Bernardis F, Sullivan PA, Cassone A. Aspartyl proteinases of candida albicans and their 
role in pathogenicity. Med Mycol 2001;39:303-313. 

59. de Bruyn Kops A, Knipe DM. Formation of DNA replication structures in herpes virus-infected 
cells requires a viral DNA binding protein. Cell 1988;55:857-868. 

60. de Viragh PA, Sanglard D, Togni G, Falchetto R, Monod M. Cloning and sequencing of two 
candida parapsilosis genes encoding acid proteases. J Gen Microbiol 1993;139:335-342. 

61. Dimitrakopoulos I, Zouloumis L, Lazaridis N, Karakasis D, Trigonidis G, Sichletidis L. Primary 
tuberculosis of the oral cavity. Oral Surg Oral Med Oral Pathol 1991;72:712-715. 

62. Dohner K, Wolfstein A, Prank U, Echeverri C, Dujardin D, Vallee R, Sodeik B. Function of 
dynein and dynactin in herpes simplex virus capsid transport. Mol Biol Cell 2002;13:2795-
2809. 

63. Domantay-Apostol GP, Handog EB, Gabriel MT. Syphilis: The international challenge of the 
great imitator. Dermatol Clin 2008;26:191-202, v. 

http://www.emedicinehealth.com/oral_herpes/page10_em.htm


 

24 
 

64. Dreizen S. Oral candidiasis. Am J Med 1984;77:28-33. 
65. Drusin LM. Syphilis makes a comeback. Int J STD AIDS 1996;7:7-9. 
66. Dubinsky RM, Kabbani H, El-Chami Z, Boutwell C, Ali H, Quality Standards Subcommittee of 

the American Academy of N. Practice parameter: Treatment of postherpetic neuralgia: An 
evidence-based report of the quality standards subcommittee of the american academy of 
neurology. Neurology 2004;63:959-965. 

67. Dupont B, Graybill JR, Armstrong D, Laroche R, Touze JE, Wheat LJ. Fungal infections in aids 
patients. J Med Vet Mycol 1992;30 Suppl 1:19-28. 

68. Dupuy AK, David MS, Li L, Heider TN, Peterson JD, Montano EA, Dongari-Bagtzoglou A, Diaz 
PI, Strausbaugh LD. Redefining the human oral mycobiome with improved practices in 
amplicon-based taxonomy: Discovery of malassezia as a prominent commensal. PLoS One 
2014;9:e90899. 

69. Dusek JJ, Howe AG, Carr RF, Davis LF. Clinicopathologic conferences. Case 37, part ii: 
Cervicofacial actinomycosis. J Oral Maxillofac Surg 1982;40:113-116. 

70. Ellepola AN, Samaranayake LP. Inhalational and topical steroids, and oral candidosis: A mini 
review. Oral Dis 2001;7:211-216. 

71. Emmanuelli JL. Infectious granulomatous diseases of the head and neck. Am J Otolaryngol 
1993;14:155-167. 

72. Eng HL, Lu SY, Yang CH, Chen WJ. Oral tuberculosis. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod 1996;81:415-420. 

73. Eng RH, Corrado ML, Cleri D, Cherubin C, Goldstein EJ. Infections caused by actinomyces 
viscosus. Am J Clin Pathol 1981;75:113-116. 

74. Engelkens HJ, ten Kate FJ, Vuzevski VD, van der Sluis JJ, Stolz E. Primary and secondary 
syphilis: A histopathological study. Int J STD AIDS 1991;2:280-284. 

75. Erkan AN, Cakmak O, Kayaselcuk F, Koksal F, Ozluoglu L. Bilateral parotid gland tuberculosis. 
Eur Arch Otorhinolaryngol 2006;263:487-489. 

76. Erlich KS. Laboratory diagnosis of herpesvirus infections. Clin Lab Med 1987;7:759-776. 
77. Farah CS, Ashman RB, Challacombe SJ. Oral candidosis. Clin Dermatol 2000;18:553-562. 
78. Farah CS, Lynch N, McCullough MJ. Oral fungal infections: An update for the general 

practitioner. Aust Dent J 2010;55 Suppl 1:48-54. 
79. Fatahzadeh M, Schwartz RA. Human herpes simplex virus infections: Epidemiology, 

pathogenesis, symptomatology, diagnosis, and management. J Am Acad Dermatol 
2007;57:737-763; quiz 764-736. 

80. Fatahzadeh M, Schwartz RA. Human herpes simplex labialis. Clin Exp Dermatol 2007;32:625-
630. 

81. Fazili T, Blair D, Riddell S, Kiska D, Nagra S. Actinomyces meyeri infection: Case report and 
review of the literature. J Infect 2012;65:357-361. 

82. Ficarra G, Carlos R. Syphilis: The renaissance of an old disease with oral implications. Head 
Neck Pathol 2009;3:195-206. 

83. Fitzgerald TJ. Pathogenesis and immunology of treponema pallidum. Annu Rev Microbiol 
1981;35:29-54. 

84. Fitzgerald TJ, Johnson RC, Miller JN, Sykes JA. Characterization of the attachment of 
treponema pallidum (nichols strain) to cultured mammalian cells and the potential 
relationship of attachment to pathogenicity. Infect Immun 1977;18:467-478. 

85. Fiumara NJ, Fleming WL, Downing JG, Good FL. The incidence of prenatal syphilis at the 
boston city hospital. N Engl J Med 1952;247:48-52. 

86. Fleming DT, McQuillan GM, Johnson RE, Nahmias AJ, Aral SO, Lee FK, St Louis ME. Herpes 
simplex virus type 2 in the united states, 1976 to 1994. N Engl J Med 1997;337:1105-1111. 

87. Ghannoum MA. Potential role of phospholipases in virulence and fungal pathogenesis. Clin 
Microbiol Rev 2000;13:122-143, table of contents. 



 

25 
 

88. Ghannoum MA, Radwan SS. Candida adherence to epithelial cells. Boca Raton, Florida: CRC 
Press, 1990. 

89. Giannini PJ, Shetty KV. Diagnosis and management of oral candidiasis. Otolaryngol Clin North 
Am 2011;44:231-240, vii. 

90. Gilden D, Nagel MA, Cohrs RJ. Varicella-zoster. In: Tselis AC, Booss J, editors. Handbook of 
clinical neurology. Amsterdam, The Netherlands: Elsevier B.V., 2014:265-283. 

91. Gilden D, Cohrs RJ, Mahalingam R, Nagel MA. Varicella zoster virus vasculopathies: Diverse 
clinical manifestations, laboratory features, pathogenesis, and treatment. Lancet Neurol 
2009;8:731-740. 

92. Gilfillan GD, Sullivan DJ, Haynes K, Parkinson T, Coleman DC, Gow NA. Candida dubliniensis: 
Phylogeny and putative virulence factors. Microbiology 1998;144 ( Pt 4):829-838. 

93. Granzow H, Klupp BG, Mettenleiter TC. Entry of pseudorabies virus: An immunogold-labeling 
study. J Virol 2005;79:3200-3205. 

94. Halford WP. Antigenic breadth: A missing ingredient in hsv-2 subunit vaccines? Expert Rev 
Vaccines 2014;13:691-710. 

95. Hayes NS, Muse KE, Collier AM, Baseman JB. Parasitism by virulent treponema pallidum of 
host cell surfaces. Infect Immun 1977;17:174-186. 

96. Hill C, McKinney E, Lowndes CM, Munro H, Murphy G, Parry JV, Gill ON, Network GUMA. 
Epidemiology of herpes simplex virus types 2 and 1 amongst men who have sex with men 
attending sexual health clinics in england and wales: Implications for hiv prevention and 
management. Euro Surveill 2009;14. 

97. Hoang MP, High WA, Molberg KH. Secondary syphilis: A histologic and immunohistochemical 
evaluation. J Cutan Pathol 2004;31:595-599. 

98. Hofemeister H, O'Hare P. Nuclear pore composition and gating in herpes simplex virus-
infected cells. J Virol 2008;82:8392-8399. 

99. Holbrook WP, Hjorleifsdottir DV. Occurrence of oral candida albicans and other yeast-like 
fungi in edentulous patients in geriatric units in iceland. Gerodontics 1986;2:153-156. 

100. Holland LE, Anderson KP, Shipman C, Jr., Wagner EK. Viral DNA synthesis is required for the 
efficient expression of specific herpes simplex virus type 1 mrna species. Virology 
1980;101:10-24. 

101. Holm P. Studies on the aetiology of human actinomycosis. Acta Pathol Microbiol Scand Suppl 
1951;91:172-173. 

102. Hook EW, 3rd, Marra CM. Acquired syphilis in adults. N Engl J Med 1992;326:1060-1069. 
103. Hook EWR. Syphilis. Lancet 2017;389:1550-1557. 
104. Hook LM, Lubinski JM, Jiang M, Pangburn MK, Friedman HM. Herpes simplex virus type 1 

and 2 glycoprotein c prevents complement-mediated neutralization induced by natural 
immunoglobulin m antibody. J Virol 2006;80:4038-4046. 

105. Hopkins S, Lyons F, Coleman C, Courtney G, Bergin C, Mulcahy F. Resurgence in infectious 
syphilis in ireland: An epidemiological study. Sex Transm Dis 2004;31:317-321. 

106. Hube B. Candida albicans secreted aspartyl proteinases. Curr Top Med Mycol 1996;7:55-69. 
107. Hube B, Naglik J. Candida albicans proteinases: Resolving the mystery of a gene family. 

Microbiology 2001;147:1997-2005. 
108. Ingraham NR, Jr. The value of penicillin alone in the prevention and treatment of congenital 

syphilis. Acta Derm Venereol Suppl (Stockh) 1950;31:60-87. 
109. Ioannou S, Henneberg RJ, Henneberg M. Presence of dental signs of congenital syphilis in 

pre-modern specimens. Arch Oral Biol 2017;85:192-200. 
110. Ito FA, de Andrade CR, Vargas PA, Jorge J, Lopes MA. Primary tuberculosis of the oral cavity. 

Oral Dis 2005;11:50-53. 
111. Jacobs RF, Schutze GE. Actinomyces. In: Kliegman RM, Behrman RE, Jenson HB, Stanton BF, 

editors. Nelson text book of pediatrics. Philadelphia: Saunders Elsevier, 2007:1160-1162. 



 

26 
 

112. Jain P, Jain I. Oral manifestations of tuberculosis: Step towards early diagnosis. J Clin Diagn 
Res 2014;8:ZE18-21. 

113. Johnson DC, Webb M, Wisner TW, Brunetti C. Herpes simplex virus ge/gi sorts nascent 
virions to epithelial cell junctions, promoting virus spread. J Virol 2001;75:821-833. 

114. Junkins-Hopkins JM. Multiple painful oral ulcerations. Secondary syphilis. Arch Fam Med 
1996;5:379-380. 

115. Kalioras V, Thanos L, Mylona S, Pomoni M, Batakis N. Scalp actinomycosis mimicking soft 
tissue mass. Dentomaxillofac Radiol 2006;35:117-118. 

116. Kang PB, Azad AK, Torrelles JB, Kaufman TM, Beharka A, Tibesar E, DesJardin LE, Schlesinger 
LS. The human macrophage mannose receptor directs mycobacterium tuberculosis 
lipoarabinomannan-mediated phagosome biogenesis. J Exp Med 2005;202:987-999. 

117. Kaufman RE, Jones OG, Blount JH, Wiesner PJ. Questionnaire survey of reported early 
congenital syphilis: Problems in diagnosis, prevention, and treatment. Sex Transm Dis 
1977;4:135-139. 

118. Kent ME, Romanelli F. Reexamining syphilis: An update on epidemiology, clinical 
manifestations, and management. Ann Pharmacother 2008;42:226-236. 

119. Kilmarx PH, St Louis ME. The evolving epidemiology of syphilis. Am J Public Health 
1995;85:1053-1054. 

120. Krawiecka E, Szponar E. Tuberculosis of the oral cavity: An uncommon but still a live issue. 
Postepy Dermatol Alergol 2015;32:302-306. 

121. Krishnan PA. Fungal infections of the oral mucosa. Indian J Dent Res 2012;23:650-659. 
122. Kullar PJ, Yates P. Actinomycosis of the middle ear. J Laryngol Otol 2013;127:712-715. 
123. Lafferty WE. The changing epidemiology of hsv-1 and hsv-2 and implications for serological 

testing. Herpes 2002;9:51-55. 
124. Landersdorfer CB, Bulitta JB, Kinzig M, Holzgrabe U, Sorgel F. Penetration of antibacterials 

into bone: Pharmacokinetic, pharmacodynamic and bioanalytical considerations. Clin 
Pharmacokinet 2009;48:89-124. 

125. Larsen SA, Steiner BM, Rudolph AH. Laboratory diagnosis and interpretation of tests for 
syphilis. Clin Microbiol Rev 1995;8:1-21. 

126. Le Duc JW, Nathanson N. Emerging viral diseases: Why we need to worry about bats, camels, 
and airplanes. In: Katze M, Korth M, Law GL, Nathanson N, editors. Viral pathogenesis: From 
basics to systems biology. The Netherlands: Academic Press 2016:215-231. 

127. Leader BT, Hevner K, Molini BJ, Barrett LK, Van Voorhis WC, Lukehart SA. Antibody 
responses elicited against the treponema pallidum repeat proteins differ during infection 
with different isolates of treponema pallidum subsp. Pallidum. Infect Immun 2003;71:6054-
6057. 

128. Leao JC, Gueiros LA, Porter SR. Oral manifestations of syphilis. Clinics (Sao Paulo) 
2006;61:161-166. 

129. Lee JH, Choi HJ, Jung J, Lee MG, Lee JB, Lee KH. Receptors for treponema pallidum 
attachment to the surface and matrix proteins of cultured human dermal microvascular 
endothelial cells. Yonsei Med J 2003;44:371-378. 

130. Leib DA. Counteraction of interferon-induced antiviral responses by herpes simplex viruses. 
Curr Top Microbiol Immunol 2002;269:171-185. 

131. Lerner PI. The lumpy jaw. Cervicofacial actinomycosis. Infect Dis Clin North Am 1988;2:203-
220. 

132. Lerner PI. Actinomyces and arachnia. In: Wonsiewicz MJ, editor. Infectious diseases. 
Philadelphia: W.B. Sannders Co, 1992:1626-1632. 

133. Lucas VS. Association of psychotropic drugs, prevalence of denture-related stomatitis and 
oral candidosis. Community Dent Oral Epidemiol 1993;21:313-316. 



 

27 
 

134. Lycke E, Hamark B, Johansson M, Krotochwil A, Lycke J, Svennerholm B. Herpes simplex virus 
infection of the human sensory neuron. An electron microscopy study. Arch Virol 
1988;101:87-104. 

135. Magnuson HJ, Eagle H, Fleischman R. The minimal infectious inoculum of spirochaeta pallida 
(nichols strain) and a consideration of its rate of multiplication in vivo. Am J Syph Gonorrhea 
Vener Dis 1948;32:1-18. 

136. Magnuson HJ, Thomas EW, Olansky S, Kaplan BI, De Mello L, Cutler JC. Inoculation syphilis in 
human volunteers. Medicine (Baltimore) 1956;35:33-82. 

137. Mahoney JF, Bryant KK. Contact infection of rabbits in experimental syphilis. Am J Syphilis 
1933;17:188–193. 

138. Mahoney JF, Bryant KK. Time element in penetration of genital mucosa by treponema 
pallidum. J Vener Dis Infect 1934;15:1-5. 

139. Mandell GL, Bennett JE, Dolin R. Mandell, douglas, and bennett’s principles and practice of 
infectious diseases. Philadelphia, PA: Churchill Livingstone Elsevier, 2010. 

140. Manning DJ, Coughlin RP, Poskitt EM. Candida in mouth or on dummy? Arch Dis Child 
1985;60:381-382. 

141. Matsubara VH, Bandara HM, Mayer MP, Samaranayake LP. Probiotics as antifungals in 
mucosal candidiasis. Clin Infect Dis 2016;62:1143-1153. 

142. Matsubara VH, Wang Y, Bandara HM, Mayer MP, Samaranayake LP. Probiotic lactobacilli 
inhibit early stages of candida albicans biofilm development by reducing their growth, cell 
adhesion, and filamentation. Appl Microbiol Biotechnol 2016;100:6415-6426. 

143. Mayer FL, Wilson D, Hube B. Candida albicans pathogenicity mechanisms. Virulence 
2013;4:119-128. 

144. McDonough KA, Kress Y, Bloom BR. Pathogenesis of tuberculosis: Interaction of 
mycobacterium tuberculosis with macrophages. Infect Immun 1993;61:2763-2773. 

145. Memon GA, Khushk IA. Primary tuberculosis of tongue. J Coll Physicians Surg Pak 
2003;13:604-605. 

146. Mignogna MD, Muzio LL, Favia G, Ruoppo E, Sammartino G, Zarrelli C, Bucci E. Oral 
tuberculosis: A clinical evaluation of 42 cases. Oral Dis 2000;6:25-30. 

147. Miller M, Haddad AJ. Cervicofacial actinomycosis. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 1998;85:496-508. 

148. Milne RS, Nicola AV, Whitbeck JC, Eisenberg RJ, Cohen GH. Glycoprotein d receptor-
dependent, low-ph-independent endocytic entry of herpes simplex virus type 1. J Virol 
2005;79:6655-6663. 

149. Mindel A, Tovey SJ, Timmins DJ, Williams P. Primary and secondary syphilis, 20 years' 
experience. 2. Clinical features. Genitourin Med 1989;65:1-3. 

150. Monod M, Togni G, Hube B, Sanglard D. Multiplicity of genes encoding secreted aspartic 
proteinases in candida species. Mol Microbiol 1994;13:357-368. 

151. Morgan CA, Lukehart SA, Van Voorhis WC. Protection against syphilis correlates with 
specificity of antibodies to the variable regions of treponema pallidum repeat protein k. 
Infect Immun 2003;71:5605-5612. 

152. Muga R, Roca J, Tor J, Pigem C, Rodriguez R, Egea JM, Vlahov D, Munoz A. Syphilis in 
injecting drug users: Clues for high-risk sexual behaviour in female idus. Int J STD AIDS 
1997;8:225-228. 

153. Murciano C, Moyes DL, Runglall M, Tobouti P, Islam A, Hoyer LL, Naglik JR. Evaluation of the 
role of candida albicans agglutinin-like sequence (als) proteins in human oral epithelial cell 
interactions. PLoS One 2012;7:e33362. 

154. Murray PR, Rosenthal KS, Pfaller MA. Human herpesviruses. In: Murray PR, Rosenthal KS, 
Pfaller MA, editors. Medical microbiology. Philadelphia: Elsevier, 2013:461-483. 

155. Mushinski M. Sexually transmitted diseases: United states, 1995. Stat Bull Metrop Insur Co 
1997;78:10-17. 



 

28 
 

156. Naglik JR, Challacombe SJ, Hube B. Candida albicans secreted aspartyl proteinases in 
virulence and pathogenesis. Microbiol Mol Biol Rev 2003;67:400-428, table of contents. 

157. Naglik JR, Moyes DL, Wachtler B, Hube B. Candida albicans interactions with epithelial cells 
and mucosal immunity. Microbes Infect 2011;13:963-976. 

158. Nakashima AK, Rolfs RT, Flock ML, Kilmarx P, Greenspan JR. Epidemiology of syphilis in the 
united states, 1941--1993. Sex Transm Dis 1996;23:16-23. 

159. Nelson BL, Thompson L. Median rhomboid glossitis. Ear Nose Throat J 2007;86:600-601. 
160. Neville BW, Damm DD, Allen CM, Bouquot JE. Fungal and protozoal diseases. In: Neville BW, 

Damm DD, Allen CM, Bouquot JE, editors. Neville, damm, allen, bouquot oral and 
maxillofacial pathology. Philadelphia: WB Saunder, 2009:224-237. 

161. Nicola AV, McEvoy AM, Straus SE. Roles for endocytosis and low ph in herpes simplex virus 
entry into hela and chinese hamster ovary cells. J Virol 2003;77:5324-5332. 

162. Nicola AV, Hou J, Major EO, Straus SE. Herpes simplex virus type 1 enters human epidermal 
keratinocytes, but not neurons, via a ph-dependent endocytic pathway. J Virol 
2005;79:7609-7616. 

163. Oddo D, Carrasco G, Capdeville F, Ayala MF. Syphilitic tonsillitis presenting as an ulcerated 
tonsillar tumor with ipsilateral lymphadenopathy. Ann Diagn Pathol 2007;11:353-357. 

164. Oostman O, Smego RA. Cervicofacial actinomycosis: Diagnosis and management. Curr Infect 
Dis Rep 2005;7:170-174. 

165. Pao D, Goh BT, Bingham JS. Management issues in syphilis. Drugs 2002;62:1447-1461. 
166. Park H, Myers CL, Sheppard DC, Phan QT, Sanchez AA, J EE, Filler SG. Role of the fungal ras-

protein kinase a pathway in governing epithelial cell interactions during oropharyngeal 
candidiasis. Cell Microbiol 2005;7:499-510. 

167. Patel P, Bush T, Mayer KH, Desai S, Henry K, Overton ET, Conley L, Hammer J, Brooks JT, 
Investigators SUNS. Prevalence and risk factors associated with herpes simplex virus-2 
infection in a contemporary cohort of hiv-infected persons in the united states. Sex Transm 
Dis 2012;39:154-160. 

168. Peeling RW, Hook EW, 3rd. The pathogenesis of syphilis: The great mimicker, revisited. J 
Pathol 2006;208:224-232. 

169. Peeling RW, Mabey D, Kamb ML, Chen XS, Radolf JD, Benzaken AS. Syphilis. Nat Rev Dis 
Primers 2017;3:17073. 

170. Pekiner FN, Erseven G, Borahan MO, Gumru B. Natural barrier in primary tuberculosis 
inoculation: Oral mucous membrane. Int J Tuberc Lung Dis 2006;10:1418. 

171. Phan QT, Myers CL, Fu Y, Sheppard DC, Yeaman MR, Welch WH, Ibrahim AS, Edwards JE, Jr., 
Filler SG. Als3 is a candida albicans invasin that binds to cadherins and induces endocytosis 
by host cells. PLoS Biol 2007;5:e64. 

172. Philips JA. Mycobacterial manipulation of vacuolar sorting. Cell Microbiol 2008;10:2408-
2415. 

173. Philips JA, Ernst JD. Tuberculosis pathogenesis and immunity. Annu Rev Pathol 2012;7:353-
384. 

174. Pierce CG, Srinivasan A, Uppuluri P, Ramasubramanian AK, Lopez-Ribot JL. Antifungal 
therapy with an emphasis on biofilms. Curr Opin Pharmacol 2013;13:726-730. 

175. Prevention CfDCa. Sexually transmitted disease surveillance 2015. Atlanta: U.S. Department 
of Health and Human Services, 2016. 

176. Pulverer G, Schutt-Gerowitt H, Schaal KP. Human cervicofacial actinomycoses: 
Microbiological data for 1997 cases. Clin Infect Dis 2003;37:490-497. 

177. Rac MW, Revell PA, Eppes CS. Syphilis during pregnancy: A preventable threat to maternal-
fetal health. Am J Obstet Gynecol 2017;216:352-363. 

178. Radolf JD, Deka RK, Anand A, Smajs D, Norgard MV, Yang XF. Treponema pallidum, the 
syphilis spirochete: Making a living as a stealth pathogen. Nat Rev Microbiol 2016;14:744-
759. 



 

29 
 

179. Raiziss GW, Severac M. Rapidity with which spirochaeta pallida invades the bloodstream. 
Arch Dermatol Syphilol 1937;35:1101–1109. 

180. Rajcani J, Andrea V, Ingeborg R. Peculiarities of herpes simplex virus (hsv) transcription: An 
overview. Virus Genes 2004;28:293-310. 

181. Ratnam S. The laboratory diagnosis of syphilis. Can J Infect Dis Med Microbiol 2005;16:45-
51. 

182. Reichart PA, Samaranayake LP, Philipsen HP. Pathology and clinical correlates in oral 
candidiasis and its variants: A review. Oral Dis 2000;6:85-91. 

183. Retamal-Diaz AR, Suazo PA, Garrido I, Kalergis AM, Gonzalez PA. [immune evasion by herpes 
simplex viruses]. Rev Chilena Infectol 2015;32:58-70. 

184. Riviere GR, Thomas DD, Cobb CM. In vitro model of treponema pallidum invasiveness. Infect 
Immun 1989;57:2267-2271. 

185. Rodrigues DC, Domingues R. Management of syphilis in pregnancy: Knowledge and practices 
of health care providers and barriers to the control of disease in teresina, brazil. Int J Health 
Plann Manage 2017. 

186. Rodu B, Carpenter JT, Jones MR. The pathogenesis and clinical significance of cytologically 
detectable oral candida in acute leukemia. Cancer 1988;62:2042-2046. 

187. Romanowski B, Myziuk LN, Walmsley SL, Trottier S, Singh AE, Houston S, Joffe M, Chiu I. 
Seroprevalence and risk factors for herpes simplex virus infection in a population of hiv-
infected patients in canada. Sex Transm Dis 2009;36:165-169. 

188. Ruan Y, Luo F, Jia Y, Li X, Li Q, Liang H, Zhang X, Li D, Shi W, Freeman JM, Vermund SH, Shao 
Y. Risk factors for syphilis and prevalence of hiv, hepatitis b and c among men who have sex 
with men in beijing, china: Implications for hiv prevention. AIDS Behav 2009;13:663-670. 

189. Russell DG. Mycobacterium tuberculosis: Here today, and here tomorrow. Nat Rev Mol Cell 
Biol 2001;2:569-577. 

190. Saibene AM, Di Pasquale D, Pipolo C, Felisati G. Actinomycosis mimicking sinonasal 
malignant disease. BMJ Case Rep 2013;2013. 

191. Samaranayake LP. Nutritional factors and oral candidosis. J Oral Pathol 1986;15:61-65. 
192. Samaranayake LP. Infectious diseases. In: Greenberg MS, Glick M, Ship JA, editors. Burket's 

oral medicine. Hamilton, Ontario: BC Deker Inc, 2008:481-508. 
193. Samaranayake LP. Essential microbiology for dentistry. Edinburgh: Churchill Livingstone, 

2012. 
194. Samaranayake LP, Keung Leung W, Jin L. Oral mucosal fungal infections. Periodontol 2000 

2009;49:39-59. 
195. Sanchez Legaza E, Cercera Oliver C, Miranda Caravallo JI. Actinomycosis of the paranasal 

sinuses. Acta Otorrinolaringol Esp 2013;64:310-311. 
196. Sanchez MR. Syphilis. In: Wolff K, Goldsmith LA, Katz SI, Gilchrest BA, Paller AS, Leffell DJ, 

editors. Fitzpatrick’s dermatology in general medicine. New York: Mc Grew Hill, 2008:1955–
1977. 

197. Sasaki Y, Kaneda T, Uyeda JW, Okada H, Sekiya K, Suemitsu M, Sakai O. Actinomycosis in the 
mandible: Ct and mr findings. AJNR Am J Neuroradiol 2014;35:390-394. 

198. Sauerbrei A, Eichhorn U, Schacke M, Wutzler P. Laboratory diagnosis of herpes zoster. J Clin 
Virol 1999;14:31-36. 

199. Schaal KP, Beaman BL. Clinical significance of actinomycetes. In: Goodfellow M, Mordarski 
M, Williams ST, editors. The biology of the actinomycetes. New York: Academic Press, 
1983:389. 

200. Schafer G, Jacobs M, Wilkinson RJ, Brown GD. Non-opsonic recognition of mycobacterium 
tuberculosis by phagocytes. J Innate Immun 2009;1:231-243. 

201. Schmader K, George LK, Burchett BM, Pieper CF, Hamilton JD. Racial differences in the 
occurrence of herpes zoster. J Infect Dis 1995;171:701-704. 



 

30 
 

202. Scott CM, Flint SR. Oral syphilis--re-emergence of an old disease with oral manifestations. Int 
J Oral Maxillofac Surg 2005;34:58-63. 

203. Sierra C, Fortun J, Barros C, Melcon E, Condes E, Cobo J, Perez-Martinez C, Ruiz-Galiana J, 
Martinez-Vidal A, Alvarez F. Extra-laryngeal head and neck tuberculosis. Clin Microbiol Infect 
2000;6:644-648. 

204. Silverman S, Jr., Luangjarmekorn L, Greenspan D. Occurrence of oral candida in irradiated 
head and neck cancer patients. J Oral Med 1984;39:194-196. 

205. Singh AE, Romanowski B. Syphilis: Review with emphasis on clinical, epidemiologic, and 
some biologic features. Clin Microbiol Rev 1999;12:187-209. 

206. Sitheeque MA, Samaranayake LP. Chronic hyperplastic candidosis/candidiasis (candidal 
leukoplakia). Crit Rev Oral Biol Med 2003;14:253-267. 

207. Smego RA, Jr., Foglia G. Actinomycosis. Clin Infect Dis 1998;26:1255-1261; quiz 1262-1253. 
208. Smith JB, Fenske NA. Herpes zoster and internal malignancy. South Med J 1995;88:1089-

1092. 
209. Sotgiu G, Sulis G, Matteelli A. Tuberculosis-a world health organization perspective. 

Microbiol Spectr 2017;5. 
210. Souf S. Recent advances in diagnostic testing for viral infections. Bioscience Horizons: The 

International Journal of Student Research 2016;6:1-11. 
211. Soysa NS, Samaranayake LP, Ellepola AN. Antimicrobials as a contributory factor in oral 

candidosis--a brief overview. Oral Dis 2008;14:138-143. 
212. Stamm LV. Syphilis: Antibiotic treatment and resistance. Epidemiol Infect 2015;143:1567-

1574. 
213. Stamm LV. Syphilis: Re-emergence of an old foe. Microb Cell 2016;3:363-370. 
214. Stankus SJ, Dlugopolski M, Packer D. Management of herpes zoster (shingles) and 

postherpetic neuralgia. Am Fam Physician 2000;61:2437-2444, 2447-2438. 
215. Stoopler ET. Oral herpetic infections (hsv 1-8). Dent Clin North Am 2005;49:15-29, vii. 
216. Stoopler ET, Greenberg MS. Update on herpesvirus infections. Dent Clin North Am 

2003;47:517-532. 
217. Stoopler ET, Balasubramaniam R. Topical and systemic therapies for oral and perioral herpes 

simplex virus infections. J Calif Dent Assoc 2013;41:259-262. 
218. Stoopler ET, Kuperstein AS, Sollecito TP. How do i manage a patient with recurrent herpes 

simplex? J Can Dent Assoc 2012;78:c154. 
219. Stoopler ET, Pinto A, DeRossi SS, Sollecito TP. Herpes simplex and varicella-zoster infections: 

Clinical and laboratory diagnosis. Gen Dent 2003;51:281-286; quiz 287. 
220. Strick LB, Wald A. Diagnostics for herpes simplex virus: Is pcr the new gold standard? Mol 

Diagn Ther 2006;10:17-28. 
221. Suazo PA, Tognarelli EI, Kalergis AM, Gonzalez PA. Herpes simplex virus 2 infection: 

Molecular association with hiv and novel microbicides to prevent disease. Med Microbiol 
Immunol 2015;204:161-176. 

222. Sun JN, Solis NV, Phan QT, Bajwa JS, Kashleva H, Thompson A, Liu Y, Dongari-Bagtzoglou A, 
Edgerton M, Filler SG. Host cell invasion and virulence mediated by candida albicans ssa1. 
PLoS Pathog 2010;6:e1001181. 

223. Tanaka-Bandoh K, Watanabe K, Kato N, Ueno K. Susceptibilities of actinomyces species and 
propionibacterium propionicus to antimicrobial agents. Clin Infect Dis 1997;25 Suppl 2:S262-
263. 

224. Thomas DD, Baseman JB, Alderete JF. Putative treponema pallidum cytadhesins share a 
common functional domain. Infect Immun 1985;49:833-835. 

225. Thomas DD, Baseman JB, Alderete JF. Fibronectin mediates treponema pallidum 
cytadherence through recognition of fibronectin cell-binding domain. J Exp Med 
1985;161:514-525. 



 

31 
 

226. Thomas DD, Navab M, Haake DA, Fogelman AM, Miller JN, Lovett MA. Treponema pallidum 
invades intercellular junctions of endothelial cell monolayers. Proc Natl Acad Sci U S A 
1988;85:3608-3612. 

227. Tichonova L, Borisenko K, Ward H, Meheus A, Gromyko A, Renton A. Epidemics of syphilis in 
the russian federation: Trends, origins, and priorities for control. Lancet 1997;350:210-213. 

228. Togni G, Sanglard D, Falchetto R, Monod M. Isolation and nucleotide sequence of the 
extracellular acid protease gene (acp) from the yeast candida tropicalis. FEBS Lett 
1991;286:181-185. 

229. Topazian RG, Goldberg MH. Oral and maxillofacial infections. Philadelphia: W.B. Saunders 
Co., 1994. 

230. Tramont EC. Syphilis in the aids era. N Engl J Med 1987;316:1600-1601. 
231. Tramont EC. Treponema pallidum (syphilis). In: Mandell GL, Benett JF, Dolin R, editors. 

Principles and practice of infectious diseases. Orlando, FL: Churchill Livingstone, 2005:2768–
2784. 

232. Tsang PW, Bandara HM, Fong WP. Purpurin suppresses candida albicans biofilm formation 
and hyphal development. PLoS One 2012;7:e50866. 

233. Tsimis ME, Sheffield JS. Update on syphilis and pregnancy. Birth Defects Res 2017;109:347-
352. 

234. Turcotte S, Letellier J, Lippe R. Herpes simplex virus type 1 capsids transit by the trans-golgi 
network, where viral glycoproteins accumulate independently of capsid egress. J Virol 
2005;79:8847-8860. 

235. Turner A, Bruun B, Minson T, Browne H. Glycoproteins gb, gd, and ghgl of herpes simplex 
virus type 1 are necessary and sufficient to mediate membrane fusion in a cos cell 
transfection system. J Virol 1998;72:873-875. 

236. Valour F, Senechal A, Dupieux C, Karsenty J, Lustig S, Breton P, Gleizal A, Boussel L, Laurent F, 
Braun E, Chidiac C, Ader F, Ferry T. Actinomycosis: Etiology, clinical features, diagnosis, 
treatment, and management. Infect Drug Resist 2014;7:183-197. 

237. van der Wel N, Hava D, Houben D, Fluitsma D, van Zon M, Pierson J, Brenner M, Peters PJ. 
M. Tuberculosis and m. Leprae translocate from the phagolysosome to the cytosol in 
myeloid cells. Cell 2007;129:1287-1298. 

238. Velicko I, Arneborn M, Blaxhult A. Syphilis epidemiology in sweden: Re-emergence since 
2000 primarily due to spread among men who have sex with men. Euro Surveill 2008;13. 

239. Vorasubin N, Wu AW, Day C, Suh JD. Invasive sinonasal actinomycosis: Case report and 
literature review. Laryngoscope 2013;123:334-338. 

240. Wachtler B, Wilson D, Haedicke K, Dalle F, Hube B. From attachment to damage: Defined 
genes of candida albicans mediate adhesion, invasion and damage during interaction with 
oral epithelial cells. PLoS One 2011;6:e17046. 

241. Watson KM, White JM, Salisbury JR, Creamer D. Lues maligna. Clin Exp Dermatol 
2004;29:625-627. 

242. Weiss G, Schaible UE. Macrophage defense mechanisms against intracellular bacteria. 
Immunol Rev 2015;264:182-203. 

243. Weiss HA, Buve A, Robinson NJ, Van Dyck E, Kahindo M, Anagonou S, Musonda R, Zekeng L, 
Morison L, Carael M, Laga M, Hayes RJ, Study Group on Heterogeneity of HIVEiAC. The 
epidemiology of hsv-2 infection and its association with hiv infection in four urban african 
populations. AIDS 2001;15 Suppl 4:S97-108. 

244. Wendel GD. Gestational and congenital syphilis. Clin Perinatol 1988;15:287-303. 
245. Wendel GD, Maberry MC, Christmas JT, Goldberg MS, Norgard MV. Examination of amniotic 

fluid in diagnosing congenital syphilis with fetal death. Obstet Gynecol 1989;74:967-970. 
246. WHO. Global incidence and prevalence of selected curable sexually transmitted infections – 

2008. Geneva: Dept. of Reproductive Health and Research, World Health Organization; 2012. 



 

32 
 

247. Wilkieson C, Samaranayake LP, MacFarlane TW, Lamey PJ, MacKenzie D. Oral candidosis in 
the elderly in long term hospital care. J Oral Pathol Med 1991;20:13-16. 

248. Wong VK, Turmezei TD, Weston VC. Actinomycosis. BMJ 2011;343:d6099. 
249. Woods RG, Amerena V, David P, Fan PL, Heydt H, Marianos D. Additional precautions for 

tuberculosis and a self assessment checklist. FDI World 1997;6:10-17. 
250. Workowski KA, Berman SM. Cdc sexually transmitted diseases treatment guidelines. Clin 

Infect Dis 2002;35:S135-137. 
251. Xia T, Baumgartner JC. Occurrence of actinomyces in infections of endodontic origin. J Endod 

2003;29:549-552. 
252. Zakikhany K, Naglik JR, Schmidt-Westhausen A, Holland G, Schaller M, Hube B. In vivo 

transcript profiling of candida albicans identifies a gene essential for interepithelial 
dissemination. Cell Microbiol 2007;9:2938-2954. 

253. Zaugg C, Borg-Von Zepelin M, Reichard U, Sanglard D, Monod M. Secreted aspartic 
proteinase family of candida tropicalis. Infect Immun 2001;69:405-412. 

254. Zhu W, Filler SG. Interactions of candida albicans with epithelial cells. Cell Microbiol 
2010;12:273-282. 

255. Zhu XP, Muhammad ZS, Wang JG, Lin W, Guo SK, Zhang W. Hsv-2 vaccine: Current status and 
insight into factors for developing an efficient vaccine. Viruses 2014;6:371-390. 

256. Zordan R, Cormack B. Adhesins on opportunistic fungal pathogens. In: Calderone RA, Clancy 
CJ, editors. Candida and candidiasis. Washington DC: ASM Press, 2012:243-259. 

 


